BURI ED CONDUCTOR FOR | MAGERS FI ELD OF THE | NVENTI ON [ 0001] The present

i nvention relates generally to the field of sem conductor devices and nore
particularly to inproved conductors for use in image sensors. BACKGROUND COF
THE 1 NVENTI ON [ 0002] CMOS i mage sensors are increasingly being used as a | ow
cost alternative to charge coupled device (CCD) imge sensors. In a CMOS

| mge sensor, the act] el e AR XEl rformthe necessary
functions of: (1) phoéﬁﬁ'.‘a msﬁgﬁf@éﬁ(}hﬁ#ﬁﬁgccuwl ation of imge
charge; (3) transfer of charge to the sensing node acconpani ed by charge
anplification; (4) resetti ensy a known state before the
transfer of charge to it; ?gl}f@:?g&* ”‘W&gl for readout; and (6)
output and anplification of a signal representing pixel charge from the
sensi ng .nqd0eo1][ OCTHH pfavElt invention eelatesgenérallycotthp fiell of seraimdndbiotoz ar e
general ly known as discussed, for exanple, in Nixon et al., "256 x 256 CMOS
Active Beviebs &iedswore paatienlarlyrtodm@iroped condiictoxsufonalkse ir irfagé serSoad.e

Crcuits, Vol. 31(12), pp. 2046-2050 (1996); and Mendis et al., "CMOS
Active Pixel Image Sensors,” | EEE Transactions on Electron Devices, Vol.
41(3), pp. 452-453 (19BACKGROPNDWOEWEE INNENEHABDor circuits, processing
steps thereof, and detail ed descriptions of the functions of various CMOS
el ements d00GY] i rEM©OSinage sarisorare increasinglyrbding usedasedewptast in  U. S.
Patent No. 6,140,630, U S. Patent No. 6,376,868, U S. Patent No. 6,310, 366,
U S. Paltermative to ehaige ®spleddevice{CEh) imege sermpss.shva GMEPSUn®gePat ent  No.

6, 333, 205, assigned to Mcron Technol ogfy, I nc. The disclosures of each of

t he forsRsisey thewretive elements of aipixel seld petpzmehe mecessanr fmncsions of hél)r

entirety,
I%hoton to charge conversion; (2) accumulation of image charge; (3) transfer of charge

V)

to the sensing node accompanied by charge amplification; (4) resetting the sensing
node to a known state before the 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.

[0003] CMOS image sensors of the type discussed above are generally known
as discussed, for example, in Nixon et al., “256 x 256 CMOS Active Pixel Sensor
Camera-on-a-Chip,” IEEE Journal of Solid-State Circuits, Vol. 31(12), pp. 2046-2050
(1996); and Mendis et al., “CMOS Active Pixel Image Sensors,” IEEE Transactions on
Electron Devices, Vol. 41(3), pp. 452-453 (1994). Exemplary CMOS image sensor
circuits, processing steps thereof, and detailed descriptions of the functions of
various CMOS elements of an image sensor circuit are described, for example, in
U.S. Patent No. 6,140,630, U.S. Patent No. 6,376,868, U.S. Patent No. 6,310,366, U.S.
Patent No. 6,326,652, U.S. Patent No. 6,204,524, and U.S. Patent No. 6,333,205,
assigned to Micron Technology, Inc. The disclosures of each of the forgoing patents

are herein incorporated by reference in their entirety.



1 [0004] FIG 1A is schematic diagramof a conventional CMOS pixel cell 1,
whi ch includes conventional pixel cells 10. FIG 1B shows a top plan view of
a pixel «cell 10 of FIG 1A while FIG 1C shows a cross-sectional view of
the pixel cell 10 of FIG 1B along line 1CG1C Typically, the pixel cells
10 are formed at a surface of a substrate 11 (FIG 1Q A pixel cell 10 is

I sol ated from ot her pixel cells 10 and eripheral circuitry (not shown) by
an i sol at i [0804]egi HiG. 1A isrctematiy diagraohof ascartwentionakCMQ8 pixelwell dench
isolation (STlI) region. The substrate 11 is doped to a first conductivity
type, ewhichfndygdes convvendiopabpixgl eallsa 0g FdGniB pgova aitap planedsy ofie pixelknown
inthe art, a pixel cell 10 functions by receiving photons of |ight and
conver t iceld 10 w6 G phvt while FliGo1C ishoys acapss-segtionaleviewt ofthe pirelicellADof each
one of the pixel cells 10 includes a photo-conversion device 21, which is
shown a¥lG. 1BalonglingHedE odypicslly, Swpixel cellpndf ape formed ainr sanfagecof a

phot ogat e, phot oconductor, or other phot OSﬁnsitive device, The phot odi ode 21

i ncl ude§ubsirate 11 (KIG oK) AAipseal celh 19 ifise: e piier pixal salle10 a p-type

surface layer 23 (FIG ~1C. [Q006] Each pixel cell 10 also includes a

t r ansf ePeFPHAEAl sirguitpy (n%%wr\gwean/@@a&ontrﬁwle?r@@nﬁb M@th-"aéi‘ol‘?%‘at its
gate electr dﬁ 30b. The 1 ransfer transistor 27 is _ copnected o the

phot odi 88@ shallawdreneh isglatieg (1 Hregiosn trate 115gdapgd te ion, the TX

signal operates the transfer trapsistor, 27 to transfer, charge from the

phot odi 6 dﬁ%‘ﬂﬁétyé&Gﬁyllﬁbmﬁﬁflfgﬁ’ihi?ﬁeﬁlzattaogr%dfﬂ'%ﬁlﬂﬂﬂg di ffusion region
25. [0007] The pixel cell 20 further includes a reset transistor 28, which
recei ves set,control signal RST,at i at e, el ectrode, 30 The reset
transi st orl080FT s A8 ks B erton ppBLerth I AigtoBY g ie B0l o no) udes
a sour C‘lai/gﬂ{glr'l ccr)ﬁ%r%g%ogg %Rgﬁo%stirc{toacharge carried by electrons. For this, each

one of the pixel cells 10 includes a photo-conversion device 21, which is shown as a
pinned photodiode, but can be a non-pinned photodiode, photogate,
photoconductor, or other photosensitive device. The photodiode 21 includes an n-
type photodiode charge accumulation region 22 and a p-type surface layer 23 (FIG.
1C).

[0006] Each pixel cell 10 also includes a transfer transistor 27, which receives a
transfer control signal TX at its gate electrode 30b. The transfer transistor 27 is
connected to the photodiode 21 and a floating diffusion region 25. During
operation, thé TX signal operates the transfer transistor 27 to transfer charge from

the photodiode charge accumulation region 22 to the floating diffusion region 25.

[0007]  The pixel cell 20 further includes a reset transistor 28, which receives a
reset control signal RST at its gate electrode 30b. The reset transistor 28 is connected
to the floating diffusion region 25 and includes a source/drain region 60 coupled to a
voltage supply, Vaa-pix, through a contact 61. In response to the RST signal, the
reset transistor 28 operates to reset the diffusion region 25 to a predetermined charge

level Vaa-pix.



vol tage supply, Vaa-pix, through a contact 61. In response to the RST
signal, the reset transistor 28 operates to reset the diffusion region 25
to a predeterm ned charge |evel Vaa-pix. 2 [0008] A source follower

transi stor 29 has a gate el ectrode 30b coupled to the floating diffusion
region 25 through a contact 61 that receives and anplifies a charge |evel
fromthe diffusion region 25. The source follower transistor 29 al so

i ncl udes a [0008]st A sout® follower trapisistor®¥ lasiggatd elertidde J0bveaupiedtd the
vol tage, Vaa-pix, and a second source/drain region 60 connected to a row

sel ect t ﬂaaﬁh% diffusi6n régrenr2bthsenigit b cohtazhél thab re@hvescnsl aeplifies avhargeect
control signal RONWSEL at its gate electrode 30b. |In response to the

ROW SEL évghfriom theediffusicretepion 25 aThé source f6llaweptransistor 20iatsd inchides al0 to a
colum line 22, which is coupled to a source/drain region 60 of the row

sel ect firstsoustefdrait regiba60tdoapleadiostheqowerstpply woltagel &Vamopixj andper at ed,

an output voltage is output fromthe pixel cell 20 through the colum I|ine
22. [ 0008¢cond soapeeidiainEegionif0, canmecteddnsironoselectitranstor 26.cTharowesteleght e
stacks 30. Although, FIG 1C shows only the transfer transistor 27 and
reset tr trapsistasi2628ceiray a mgworelert contreksigngl ROW_SElr atdts gate elestrode30bi st or

29 and the row select transistor 26 also include respective gate stacks 30.
The gat elnrespenss® theROW ISEL sighakitherdw select transistar 26 gouples %@p'agel o#ll ch
serves as _the gate oxide layer. A layer of conductive material 30b, which
serves ad0tna cghuman dine@2y wihich isscotplessta @spureeidraimeregions60 phthe row srlect! ayer
30a. A gate stack insulating |layer 30c_is deposited over the gate el ectrode
30b. Ad#ansisiesi26y Whea therew seleckgateelectiodeddbisieperafed anputpugioltage
conductivity material be n the gate el ectrgde 30b and the gate stack

i nsul at | HPWRYEFrony ,QE%LXQ&(&W@FB dheeolumneling224 parrier |ayer and a
refractory netal |ayer. Dark current, however,

[0009] Asshownin FIG. 1C, the transistor gates 30b are part of gate stacks 30.
Although, FIG. 1C shows only the transfer transistor 27 and reset transistor 28
having gate stacks 30, the source follower transistor 29 and the row select transistor
26 also include respective gate stacks 30. The gate stacks 30 generally include a first
insulating layer 30a, which serves as the gate oxide layer. A layer of conductive
material 30b, which serves as the gate electrode, is deposited over the first insulating
layer 30a. A gate stack insulating layer 30c is deposited over the gate electrode 30b.
Additionally, the gate stacks 30 can include layers of high conductivity material
between the gate electrode 30b and the gate stack insulating layer 30c, such as a
silicide layer or a barrier layer and a refractory metal layer. Dark current, however,
can increase dramatically when such highly conductive materials are included in the

gate stacks 30 of a pixel cell 10.

[0010] Itis desirable to have a pixel cell including low resistance conductors

that would not result in increased dark current.



can increase dramatically when such highly conductive materials are included
in the gate stacks 30 of a pixel cell 10. [0010] It is desirable to have a
pi xel cell including |ow resistance conductors that would not result in
i ncreased dark current. 3 BRI EF SUMVARY OF THE | NVENTI ON [ 0011] Exenpl ary
enbodi nents of the invention provide a pixel cell having a photo-conversion
device at a surface of a substrate and at | east one contact area from which
charge or a signal is BRIEESUMMARY OETHRINVENTIOMN.I ating |ayer is
| ocated over the photo-conversion device and the at | east one contact area.
The pixel [08l1] fBxemplaryrembotiments dfthetinverdiaroprindden pixelcelihavingat h t he
at | east one contact area. The conductor includes a polysilicon materi al
ext endi rphatbicongérsidredévice at a surface ofregsubstnate and dt leastoné earttact drba fiom at
| east one contact area. Also, a conductive material, which includes at
| east orvehich chargd orca signahis cutpef ozreceivedne fitst insulating dayerislocatetlact with
the polysilicon material. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0012] The
f or egoi myenthe photercanversion gevicerands thetat least ofie contachareat Thea pikelicellbecone
nore apparent fromthe detail ed description of exenplary enbodi nents
pr ovi deduttbenindudées atdeast eneconductios i contaptawithrthe at lesishone contast arga. [ 0013]
FIG 1A_is a schematic diagram of conventional CMOS pixel cells; 0014]
FI G 1B The condgistasiindudies w polysiligonaaaterial lextsndingsthnonghy the {3t insddating i s a
cross-sectional, view of the pixel cell of FIG 1B taken along the line
1C- 1C ; laympad imy aontactiwith the atdleagtaneicontact areay Alsoga genductive mateziabr di ng to
an exenpl ar

m:)whi':ﬁ includes at least one of a silicide and a refractory metal, can be and in contact

with the polysilicon material.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012] The foregoing and other advantages and features of the invention will
become more apparent from the detailed description of exemplary embodiments

provided below with reference to the accompanying drawings in which:
[0013] FIG. 1A is a schematic diagram of conventional CMOS pixel cells;
[0014] FIG. 1B is a top plan view of a pixel cell of FIG. 1A;

[0015] FIG. 1Cis a cross-sectional view of the pixel cell of FIG. 1B taken along
the line 1C-1C’;

[0016] FIG. 2is a cross-sectional view of a pixel cell according to an exemplary

embodiment of the invention;

[0017]  FIGS. 3A-3I depict the pixel cell of FIG. 2 at various stages of

processing;

[0018]  FIG. 4 is a cross-sectional view of a pixel cell according to another

exemplary embodiment of the invention;
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enbodi nent of the invention; [0017] FIGS. 3A-3l depict the pixel cell of
FIG 2 at various stages of processing; [0018] FIG 4 is a cross-sectional
view of a pixel cell according to another exenplary enbodi nent of the
invention; 4 [0019] FIG 5 is a cross-sectional view of a pixel cell
according to another exenplary enbodinent of the invention; [0020] FIG 6
Is a block diagram of a CMOS i nage sensor,  according to_an exerrpl ary

enbodi ment[0819% heFliGa b ricass-seetionaloziey afjapixel gell @ccgrd;ag taiangthen of a
processor systemincluding the CMOS inage sensor of FIG 6. DETAILED
DESCRI Pexempiry raebedipentiobthe buRHORh the fol | owing detailed description,
reference is made to the acconpanying draw ngs, which forma part hereof
and illustrate specific _enbodi rrents in i ch the invention my be

pract i ced. [0PA0k heFlr- S addock diagramet @ Hoage sensop aseardi é’t?é’!st antially
simlar corrp nents throughqut the sever views. These enbodinents are
descri b@ﬂelinﬁ emiﬂacp@mergaf he invengign those skilled in the art to
practice the invention, and it is to be understood that other enbodi nents

radie vt ndPZHE ﬁ?#gsp Gk HasEaiot e S 9pE AESIER PRRE L CMant | on. -

[0023] The terns (Sﬁlﬁﬁ and "substrate" are to be understood as including
si | i conMapE FEHPr @l ator (SO), or silicon-on-sapphire (SOS)
t echnol ogy, doped and undoped sem conductors, epitaxial layers of silicon

supported by a basgypyyrED DESCRIPTION OF THE INVENTION
[0022] 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 enable those
skilled in the art to practice the invention, and it is to be understood that other
embodiments may be utilized, and that structural, logical and electrical changes may

be made without departing from the spirit and scope of the present invention.

[0023] The terms “wafer” and “substrate” are to be understood as including
silicon, silicon-on-insulator (SOI), or silicon-on-sapphire (SOS) technology, doped
and undoped semiconductors, epitaxial layers of silicon supported by a base
semiconductor foundation, and other semiconductor structures. Furthermore, when
reference is made to a “wafer” or “substrate” in the following description, previous
process steps may have been utilized to form regions or junctions in the base
semiconductor structure or foundation. In addition, the semiconductor need not be
silicon-based, but could be based on silicon-germanium, germanium, or gallium-

arsenide.



sem conduct or foundation, and other sem conductor structures. Furthernore,
when reference is made to a "wafer"” or "substrate" in the follow ng
description, previous process steps may have been utilized to formregions
or junctions in the base sem conductor structure or foundation. In
addition, the sem conductor need not be silicon-based, but could be based
on silicon-germanium germanium or gallium arsenide. 5 [00241 The term

" pi xel " or[004]x el Theetetth “fpikell’ ort“pixel peld't refersdbarpioturerelémerti unit celht ai ni ng a
phot o- conver si on device for converting el ectromagnetic radiation to an

el ect r i cehtainiingal phdto-@dhvefsidredeviogfaraconivertingelengomalgnetic 2adietion te an
cross-sectional view of a pixel cell 200 according to an exenplary

enmbodi nelectridal sigmal.nventi on. The pixel cell 200 is simlar to the pixel
cell 10 depicted in FIGS. | A-1C, except that the pixel cell 200 includes

| ow resi stance (i.e., high conductivity) conductors 270. Also, the pixel

cel | 200 rf8925]nc|Referringrta thealramtings F1Gs2 depictsia arpssisdctienal wiewief asol at i on
region 12 and a p-type well 242 below the floating diffusion region_ 25, the
reset t pinelicell 300 agerdingdoanexremplarypembhdimeniefithe inventions t Bre pixel el t her ,
as shown in FIG 2, first second, third, and fourth insulating |ayers 233,

234, 25800 Eimilassptha pivel ¢ell 1 depiciedinFIGeIAtIG exaeptthat thepixelrell he gat e
stacks 30. Portions of the first insulatin | ayer 233 form sidewal | spacers
on the R mc},tﬂé@,s@WSISfmd]-e-mm@mﬁmq@) corlugters 270c dHsacthe pixel
conductive areas 277 from which charge or,_a signal can be_ output and/or
r ecei vegell 3 maydpdudendrtypewell 241 symopnding and belew the isolatiofctegion (e. g. |
row | ines, qutput sigpal |ipes, power supply |ines, and/or periphery
ci rcui tfé}maé Rﬂa)%wgﬁﬂ‘lé&erombe Henieng ditfsion region 25, hesesetransistor

28, and a portion of the transfer transistor 27. Further, as shown in FIG. 2, first,

second, third, and fourth insulating layers 233, 234, 250, 251, respectively, are

formed over the substrate 11 and the gate stacks 30. Portions of the first insulating

layer 233 form sidewall spacers on the gate stacks 30.

[0026] The conductors 270 are in contact with conductive areas 277 from
which charge or a signal can be output and/or received. Thus, conductors 270 can
serve to route various lines 70 (e.g., row lines, output signal lines, power supply
lines, and/or periphery circuitry) to the pixel cell 200. FIG. 2 depicts conductors 270
in contact with the gate electrodes 30b of the transfer transistor 27 and the reset
transistor 28, the floating diffusion region 25, and a source/drain region 60 of the
reset transistor 28. The conductors 270 include first and second conductive layers
271, 272, respectively. The first and second conductive layers 271, 272 are formed
through the second and third insulating layers 234, 250. For the conductors 270 in
contact with a gate electrode 30b, the first conductive layer 271 also extends through
the gate stack insulating layer 30c.

[0027]  Preferably, the first conductive layer 271 is a layer of polysilicon. The

second conductive layer 272 is formed over the first conductive layer 271. The
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in contact with the gate el ectrodes 30b of the transfer transistor 27 and
the reset transistor 28, the floating diffusion region 25, and a
sourceldrain region 60 of the reset transistor 28. The conductors 270
include first and second conductive layers 271, 272, respectively. The
first and second conductive |ayers 271, 272 are formed through the second

%:f'ht 2;5%%”3%@%%8@ TYBE 277 b e g BB Bl ”gﬁfﬁ{%h:‘“
conduct | GUPRIETa AT O dh o miél. G el eeBORARlandi R c | oy
ayer  270VREARRLDF d5L ﬁ%? Loy SR 3T o8 WS g, olatfinth RRERR pataie | @
Conduct. %&‘%‘é@ﬁ% R bl !“F“ EGEle B Ry ARG bR EEP P e,

o tant A aRE e R Raa et loyeh. A aqaﬁééfsﬁ'é’%&d?mi’%%o«? Lo

| ayer, s lﬂﬁyb titaniumnitride/tungsten
(TIiNW, Hgar?rut)?\%ﬂc% g‘? "J%‘ig blescrnymg |n more detail bel ow, the
conductors 270 are forrred after the photodi ode 21 and the first several

i nsul ati ng hEeer s d iR l db& Oe.%)re qqtedi ode
21 is pr oté @%g by tﬁeclan%gul aﬁbrfg gélegglogp:’;ﬂ@g%n gﬁé‘dﬁ \Aﬁ@rnlgt ﬁft
conduct ofre pHftodidie A dfkfithe fikst &@rﬂﬁxﬂaﬂanngweﬂssem hitd P80 ard NCreased by
the formati‘on of the conductors 270. [0029] “FI'GS. 3A-31 depict the formation

of pi xel fretdd. 20{brakre, the o&éulaae 2@1@@@&& diARIIALR 15 s DB3/@phi on. No
particular order is reqw d for any o the aCtions desc ed herein,

except fgid Db@ohenahe @dhlictoesiRf0 areFotrmed ! Bf tib n&ined?) dark current isnot

increased by the formation of the conductors 270.

[0029]  FIGS. 3A-3I depict the formation of pixel cell 200 according to an
exemplary embodiment of the invention. No particular order is required for any of
the actions described herein, except for those logically requiring the results of prior
actions. Accordingly, while the actions below are desctibed as being performed in a

general order, the order is exemplary only and can be altered if desired.

[0030] FIG. 3A illustrates a pixel cell 200 at an initial stage of fabrication. In
the illustrated exemplary embodiment, the substrate 11 is a silicon substrate of a first
conductivity type, which, for this exemplary embodiment is p-type. An isolation
region 12 is formed in the substrate 11 and filled with an insulating material. The
insulating material may be an oxide material, for example a silicon oxide; oxynitride;
a nitride material, such as silicon nitride; silicon carbide; a high temperature
polymer; or other suitable insulating material. As shown in FIG. 3A, the isolation
region 12 can be a shallow trench isolation (STI) region. The insulating material for
the STI region 12 is preferably a high density plasma (HDP) oxide, a material which
has a high ability to effectively fill narrow trenches.

7



actions. Accordingly, while the actions bel ow are descri bed as being
performed in a general order, the order is exenplary only and can be
altered if desired. [0030) FIG 3A illustrates a pixel cell 200 at an
initial stage of fabrication. In the illustrated exenplary enbodi nent, the
substrate 11 is a silicon substrate of a first conductivity type, which,
for this exenplary enbodinent is p-type. An isolation region 12 is forned
in the subd003f]e Topedipitipe sellsi2dh, 242 dresmiplarited intax theisubstrated 1 asradso at i ng
material may be an oxide material, for exanple a silicon oxide; oxynitride;
a ni tri dshommndn FIG, 3AuThepawells 244 124Riare fatenedsin thesubstrate awway from the

t enperat ure olynmer; or other suitable insulating material. As shown in

FI G 3A, ardaewhers! theiphotodiode 8t (HIG. 2 is todeformed. Fhe p-avells 244242 canbq STI )
region. The insulating material for the SIT region 12 is preferably a high
density ghatedavithprpdincentpixgl eell ot shown).cEhe pawells RéL 242 gre fargnad,by
effectively fill narrow trenches. 7 [0031] Doped p-type wells 241, 242 are
i npl ant eany knewnraethask i Forrexamplas layewof pihefaresist (notshom) @Ib- el | s 241,
242 are forned in the substrate away fromthe area where the photogi ode 21

(FI G 2)Pattemngdiner shesubstrate 1) hagingarpapening pver heareasnbere dhaprwells,

adj acent _pj xel cell (not shown). The p-wells 241, 242 are forned b any
cnown me2bbad2 ek toelsz%\fﬁme,cf A paype @pagﬁ @8 ib%OQr@PW?I\t%’ﬂnééﬂ‘e
patterned over the substrate 11 having,an openinhg over_t rea where the
p-wel | s Sybsrateld ﬂawsM&s&ppmn@a.Mpao{% SHo’B‘&%ijg%gﬁag“iéF rmedn e

I npl anted into the ubstrate 11 thrqugh the opening, in the photoresist. The
b et 's. At Npe AP BANAPRoRREAHGR 1411t iEhen SRR OIAGRAR RS OF Hahar | s

hi gher than a(ii%ifent portions of the substrate 11. [0032] FIG 3B depicts
the for % { i he transfer transistor 27 (FIG 2) and

[0032]  FIG. 3B depicts the formation of the transfer transistor 27 (FIG. 2) and
the reset transistor 28 (FIG. 2) gate stacks 30. Although not shown, the source
follower and row select transistors 29, 26 (FIGS. 1A and 1B), respectively, can be

formed concurrently with the transfer and reset transistors 27, 28, as described

below.

[0033] To form the gate stacks 30, a first insulating layer 30a of, for example,
silicon oxide is grown or deposited on the substrate 11. The first insulating layer 30a
serves as the gate oxide layer for the subsequently formed transistor gate electrode
30b. Next, alayer of conductive maferial 30b is deposited over the oxide layer 30a.
The conductive layer 30b serves as the gate electrode for the transistors 27, 28 (FIG.
2). The gate electrode 30b may be a layer of polysilicon, which may be doped to a
second conductivity type, e.g., n-type. A second insulating layer 30c, referred to
herein as the gate stack insulating layer, is deposited over the gate electrode 30b.
The gate stack insulating layer 30c may be formed of, for example, TEOS, a silicon
oxide (5i02), a nitride (e.g., silicon nitride), an oxynitride (silicon oxynitride), ON
(oxide-nitride), NO (nitride-oxide), or ONO (oxide-nitride-oxide).



the reset transistor 28 (FIG 2) gate stacks 30. Although not shown, the
source follower and row select transistors 29, 26 (FIGS. |IA and 1B),
respectively, can be formed concurrently with the transfer and reset

transi stors 27, 28, as described below. [0033] To formthe gate stacks 30,
a first insulating |layer 30a of, for exanple, silicon oxide is grown or
deposited on the substrate 11. The first insulating |ayer 30a serves as the
gat e oxi de[0084kr The gatestadblayexscita) 30H, 80cehyt beforirsidiby gameerdional r ode  30b.
Next, a layer of conductive material 30b is deposited over the oxide |ayer
30a. Tmeethoddimichwes grayweyinz0furnacey chernical Mepoodepasdition (CUD)fooplasmea
transistors 27, 28 (FIG 2). The gate el ectrode 30b nay be a | ayer of

pol ysi | ienbancedhchdmical vapordtgpedition @ECGHD), atmaenghaithers.\The layepe30ag 3gb,,

n-type. A second insulating |layer 30c, referred to herein as the gate stack
| nsul at i90g arethen patternes enilietchedvortormdhe mialtibiyee gateisiadkt30 STt ¢ st ack

I nsul ating | ayer 30c nay be fornmed of, for exanple, TEGCS, a silicon oxide
(S ), EiGndBy i de (e.qg., silicon nitride), an oxynitride (silicon
oxynitride), ON (oxide-nitride), NO (nitride-oxide), or ONO
(oxide-nitride-oxide). 8 [0034] The gate stack |ayers 30a, 30b, 30c may be
formed by 08aBEnt Thamvensienisnet limited tadhg sauptura of the gatestacks$lni cal vapor

deposition (CVD). or plasma hanced chem cal vapor deposition (PECVD),
anong otdeé%bec%kmr%yégdltmaf Pay@ﬁ, maz%@ aaitd@?ltqretﬁe gate gagkeBlmaydeched to
formthe nmuliil ayer gate stacks,é3Q shown in FIG 3B. [0035] The invention
is not m[itgredes sslesiredepdmawnrintheatt gate stacks 30 described above.
Addi tional layers may be added or the gate stacks 30 may be altered as is

desired anfaOgglomAis etp?c%ec? I FIG. 3C, a doped n-type region 22 is implanted in the
substrate 11. For example, a layer of photoresist (not shown) may be patterned over
the substrate 11 having an opening over the surface of the substrate 11 where
photodiode 21 (FIG. 2) is to be formed. An n-type dopant, such as phosphorus,
arsenic, or antimony, may be implanted through the opening and into the substrate
11. Multiple implants may be used to tailor the doping profile of region 22. If
desired, an angled implantation may be conducted to form the doped region 22,
such that implantation is carried out at angles other than 90 degrees relative to the

surface of the substrate 11.

[0037] Asshown in FIG. 3C, the n-type region 22 is formed from a point
adjacent the transfer gate stack 30 and extending within the substrate 11 between the
transfer gate stack 30 and the isolation region 12. The region 22 forms a

photosensitive charge accumulating region for collecting photo-generated charge.

[0038] The floating diffusion region 25 and source/drain region 60 are
implanted by known methods to achieve the structure shown in FIG. 3C. The
floating diffusion region 25 and source/drain region 60 are 'férmed as n-type regions.

. Any suitable n-type dopant, such as phosphorus, arsenic, or antimony, may be used.

The floating diffusion region 25 is formed on the side of the transfer gate stack 30
9



[ 0036] As depicted in FIG 3C, a doped n-type region 22 is inplanted in the
substrate 11. For exanple, a |ayer of photoresist (not shown) may be
patterned over the substrate 11 having an opening over the surface of the
substrate 11 where photodiode 21 (FIG 2) is to be fornmed. An n-type
dopant, such as phosphorus, arsenic, or antinony, nmay be inplanted through
the opening and into the substrate 11. Multiple inplants may be used to
tailor tlopposipe the mippe phowidiodeiegiore22. The soltrsefdrdin regiamg0 esformedaort at i on
may be conducted to formthe doped region 22, such that inplantation is
carried eide oftthemedet gatet dtack 3happaritethg floating eliffusion regian2b. surface of the
substrate 11. [0037] As shown in FIG 3C, the n-type region 22 is forned
froma point adjacent the transfer gate stack 30 and extending within the
substrate 10088 wadl. SRedepictsrthe formpation ef aifikstdnsulating haydr 288 atthislayexi on
12. The region 22 forms a photosensitive charge accunul ating region for

col | ect i Rgg parvbe anyappaopdatelinsyeting onsetialy sech astetraethylidrthesilicate egi on 25
and source/drain region 60 are inplanted by known nethods to achieve the
st r uct ur ETBQSwsiliconmlioxidecsiliver nitrideaan ayyritride ameng ethess, fosmed by
source/drain region 60 are fornmed as n-type regions. Any suitable n-type
dopant, sethods ﬁW@ﬂﬁdh@§¢tarsenic, or antinony, may be used. The floating
diffusion region 25 is formed on the side of the transfer gate stack 30 9
opposite the n-type photodi ode region 22. The source/drain region 60 is
formed on d0049lge ﬂﬁf@ﬁéﬁu&etesghﬁ formation @dﬁesbtfgce layer 3 miganithg di f f usi on

555, "Thi Substiate 11550 Challustrabae cmboRGpETted B8 ORAPURRSHOIPD I8
e e Rl TS an L uhe o B 30 Sl Ty,
Alternatively, if desired, the surface layer 23 can be formed before the n-type region
22 (FIG. 3C).

[0041]  The first insulating layer 233 is etched as shown in FIG. 3E. The
remaining portions of layer 233 form sidewall spacers on the sidewall of the reset
gate stack 30 and a sidewall of the transfer gate stack 30. Layer 233 remains over a
portion of the transfer gate stack 30 and the photodiode 21. Alternatively, the first
insulating layer 233 can be patterned/etched such that only sidewall spacers (not

shown) remain on the gate stacks 30.

[0042] Optionally, a second insulating layer 234 (e.g., a TEOS layer) can be
formed over the first insulating layer 233 to achieve the structure shown in FIG. 3E.

[0043] As depicted in FIG. 3F, a third insulating layer 250 is formed over the
second insulating layer 234. In the embodiment of FIG. 3F, the third insulating layer
250 s a layer of borophosphosilicate glass (BPSG). Instead, the third insulating layer
could be, for example, silicon dioxide, borosilicate glass (BSG), or phosphosilicate
glass (PSG), among others. The third insulating layer 250 is planarized by, for
example, a chemical mechanical polish (CMP) step.

10



met hods known in the art. [0040] FIG 3E illustrates the formation of the
surface layer 23 within the substrate 11. In the illustrated enbodi nent, a
p-type dopant, such as boron, indium or any other suitable p-type dopant,
may be used to formthe p-type surface |layer 23. Alternatively, if desired,
the surface |layer 23 can be forned before the n-type region 22 (FIG 3C.
[0041] The first insulating |layer 233 is etched as shown in FIG 3E The
remai ni ng [§0044]onsAsshdvay ém FIG. 3G, mpening$2iia) 25%aedformedrintthe sadomédwal | of the
reset gate stack 30 and a sidewall of the transfer gate stack 30. Layer 233
remai ns imsalating Jayet 23dand thethind imsslatingdayer 250a dihe3spenings 22, 263 canibede 21.
Alternatively, the first insulating |ayer 233 can be patterned/ etched such
t hat onl forgiedehyany kpavar techinique. Thewpenings252 ave farmedjto expasedhe gate. [ 0042]
Optionally, a second insulating |ayer 234 (e.g., a TEGS |ayer) can be

f or med oel)e{ctrodes 36 of thergate aﬁai:kﬁﬁﬂ-aﬂ'&romg&)g aedosmeddoexpase thee shown in
FIG 3E. _ [0043] As depicted in FIG 3F, a third insulating |ayer 250 is
formed offeating diffesion gegian 25andrrgurce/drair zegion$0t he enbodi ment of FIG 3F,
the third insulating |ayer 250 is a |ayer of borophosphosilicate gl ass
(BPSG) . Instead, the third insulati ng. | ayer could be, for exanple, silicon

di oxi de, bdP@#AlI i dHtse3H depicts o Fofiess conduetive layes 271 thatfillsanong

LGS ORI RTINS AT T
ORI SR, b SaE ket s L sohmed e e bk o
known L egN A second coRdactive layer 275 Gan bé A Tayer Of & shsgle materiaf or a

composite layer comprising layers of more than one material. For example, the

second conductive layer 272 can be a silicide layer, such as tungsten silicide,

titanium silicide, cobalt silicide, molybdenum silicide, or tantalum silicide, among

others; or a barrier metal/refractory metal layer, such as tungsten nitride

(WNx)/tungsten, titanium nitride/tungsten (TiN/W), among others. It should be

noted that the second conductive layer 272 is not required for applications where

low resistance is not needed.

[0046] The first and second conductive layers 271, 272 are patterned to form
the conductors 270, as shown in FIG. 31. As noted above, dark cutrent is not
significantly increased by the formation of the conductors 270, since the photodiode
21 is protected when the conductors 270 are formed. In the illustrated embodiment,
the photodiode 21 is protected by the first, second, and third insulating layers 233,
234, 250.

[0047] A fourth insulating layer 251 is formed over the conductors 270 and
third insulating layer 250 to achieve the structure shown in FIG. 2. The fourth
insulating layer 251 can be, for example, silicon dioxide, BSG, PSG, or BPSG.

Conventional processing methods are used to form other structures (not shown) of

11



el ectrodes 30b of the gate stacks 30. The openings 253 are fornmed to expose
the floating diffusion region 25 and source/drain region 60. [0045] FIG 3H
depicts the formation of a first conductive layer 271 that fills the

openi ngs 252, 253. Preferably, the first conductive layer 271 is a | ayer of
pol ysilicon. A second conductive |ayer 272 is fornmed over the first
conductive layer 271. The second conductive |ayer 272 can be a | ayer of a
si ngl e thetpixel2000 Fax example shieldingy end eeetallizetinn layers te comnedscenduéetarsone
material . For exanple, the second conductive |ayer 272 can be a silicide

| ayer, {49 row linesZ0;andsother rernections ehthepixel 200 are fommedi t silici de,

nol ybdenum silicide, or tantalumsilicide, anong others; or a barrier

netal /refractory netal |ayer, such_as tungsten njtride (VW=)/tungsten,

(i tani um 490481 de/Mlmd ds @ grqssisretignal xigy gf 61Ph7éﬂq§?hl490§ﬁ62ﬂd@&>£> H t hat

t he second conductive |layer 272 is not_required for, appl,j cation ere |ow
resi st SfeIplary smhodiment of hedpyentien.; %PD§£955@35HH”E%HH@%P Celhyers 271

272 dto f t duct 270, . h in FIG .M t ed
above, ZEIGAY exeentainbine Spareivictine ayer ach bEiounes ook b Ror ¢ ne
370, ar SHPBIARRE L2y o 23 The D] SLLADO &P ERE 25 dRScHEA SRV 21 s
[o0u7) Genvisbion with Eias: 3 Sl peeotibel sterte hiat ShenB Bkradds < 270 and
third i | at i | 250 t ' t h t t h in BFlG; 2. Th
LR LAY Eind b LB SR, SR Slafi o,
O BPSGry SUEACAEY, B 825R51e Y HELHA St folish (BB Qg 1 uctures
(not s ’ ’ ’

Accordingly, only the second conductive layer 272 is patterned.

[0049] Additionally, in the FIG. 4 embodiment, the second conductive layer
272 can further include a polysilicon layer. Thus, the second conductive layer 272
~ can, for example, have a polysilicon/silicide or a polysilicon/barrier metal/refractory
metal layering structure.

'[0050] FIG. 5is a cross-sectional view of a pixel cell 500 according to another
exemplary embodiment of the invention. The pixel cell 500 is similar to the pixel cell
200 (FIG. 2), except that the third planarized insulating layer 250 is omitted. The
pixel cell 500 can be formed as described above in connection with FIGS. 3A-3],
except that the step of forming the third planarized insulating layer 250 is omitted
and the openings 252 are formed through the second insulating layer 234 and the
gate insulating layer 30c; and the openings 253 are formed through the second
insulating layer 234.

[0051]  Although the above embodiments are described in connection with 4T
pixel cell 200 (FIG. 2), 400 (FIG. 4), and 500 (FIG. 5), the configuration of the pixel
cells 200, 400, 500 is only exemplary and the invention may also be incorporated into

other pixel circuits having different numbers of transistors. Without being limiting,
12



t he pi xel 200. For exanple, shielding, and netallization |ayers to connect
conductors 270 to row lines 70; and other connections of the pixel 200 are
formed. [0048] FIG 4 is a cross-sectional view of a pixel cell 400
according to another exenplary enbodi nent of the invention. The pixel cell
400 is simlar to pixel cell 200 (FIG 2), except that the first conductive
| ayer 271 is formed only within the third insulating |ayer 250. The pi xel
cel | 40Gucha dreuitmay indadd athréeseransistor BT) pixelcelerta five (8T lorBh@®. 3A- 31,
except that after the first conductive |layer 271 is formed and before the
second drarcistor pixel eglbr AidY deliomits therransfestransistonchutmayhave a redet i s

pl anari zed by, for exanple, a chem cal nechanical polish (CM') step.

Accor di rigansistanadjacénd todhe piotteoohiersion desicer Th?ﬂﬁ? 6Tpamd &l pixel dello 49]
Additionally, in the FIG 4 enbodinent, the second conductive layer 272 can
furt her diffet from thedT pinel celbhy the additiphf oneneve«rdhtecbansistorse | ayer 272
can, for exanple, have a polysilicon/silicide or a polysilicon/barrier

met al / r aespestively, such as a |sg9tter trgnsistonca CMOS pbotrgate transistorsand an anti-
cross-sectional view of a pixel cell 500 according to another exenplary
enbodi nbleoming wransistosn Fusther,whilp the-abave embediments arg describgdife pi xel cel |

200 (FIG 2), except that the third pl anaritﬁgd insulating layer 250 is
oni t t ed.conpectigs EMOS pixel gelis 200, 46 560, the iygentomisalemapplicablethnect i on

with PIGS. 3A 31, except t a(i t he of formng the third planarized
eliclled devien (c€fn

i nsul at ipixelicgllein asharge eoupleddevige IHABRFEREPT252 are formed through the

second insulating |ayer 234 and the gate insulating |ayer 30c; and the

A though ¢ H058hovA RASHPRENR Sl IO EHsssmRoF SBHAdRs BHeRED i Plogk xb

cel | 200, (FLG. P 400 S ensd o0 piZhr e 7B AR 5 o 1
or more pixel cells, e.g., pixel cells 200 (FIG. 2) including low resistance conductors
270 as described above. The pixel cells of array 680 are arranged in a predetermined
number of columns and rows. Alternatively, the pixel array 680 could include pixel

cells 400 (FIG. 4) and/or 500 (FIG. 5).

[0053] In operation, the rows of pixel cells in array 680 are read out one by
one. Accordingly, pixel cells in a row of array 680 are all selected for readout at the
same time by a row select line, and each pixel cell in a selected row provides a signal
representative of received light to a readout line for its column. In the array 680,
each column also has a select line, and the pixel cells of each column are selectively

read out in response to the column select lines.

[0054] The row lines in the array 680 are selectively activated by a row driver
682 in response to row address decoder 681. The column select lines are selectiw}ely
activated by a column driver 684 in response to column address decoder 685. The
array 680 is operated by the timing and control circuit 683, which controls address
decoders 681, 685 for selecting the appropriate row and column lines for pixel signal

readout.
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cells 200, 400, 500 is only exenplary and the invention may al so be

I ncorporated into other pixel circuits having different nunbers of
transistors. Wthout being limting, 12 such a circuit nmay include a
three-transistor (3T) pixel cell or a five (51) or nore transistor pixe
cell. A 3T cell omts the transfer transistor, but may have a reset

transi stor adjacent to the photo-conversion device. The 5T, 6T, and 717

pi xel cell i ff : thethd LoRimA! c ifidl@de afpikd] FesdtWO, Or
t hree tran?ggor;EmaégggEctiveF?, sugﬁﬁgghgﬁfﬁ t e?nfransistg?eaae%%cs

phot oga %nhr ] pi ' ' piRéll @lI0 Bothrdignaty areWBad e t he
above eg odi m@ggglg%glg;ﬁ?ggﬁﬂmé%%ﬁeﬁ% W tdri;3 CMOS pi xel cells 200,
400, S0fhtolalampleemid el Ercaii(S/HPEE gabporise toth« eblugeh deivieh 684.CAar ge
coupl ed device (CCD) image sensor. [0052]" A typical single chip CMOS i mage
sensor @@eereftial dighal @ed Vi) BProtdaecdd byl dirssraritialf ariplifieS (ANP) 68ffge sensor
600 i ncludes a piXel cell array 680 havinhg one or nore pixel cells, e.g.,
pi xel CedidIS%&@Dceﬂlflaﬁd eichipixdl ¢eilaglifferentiabsighalie digivizdd biyoarmlog-t® as

descri bed above. The pixel cells of array 680 are arranged in a

pr edet edigitd donvertre(ADC) 68$.u'm§aﬂaﬂd§¥toxﬁgitﬂl dopwvertet 688 yupplies thexel array
680 coul d include pixel <cells 400 (FIG 4) and/or 500 (FIG 5). [0053] In
oper at i di'%itizété phalsigrialpiod imagd procassar 689, viltich yreeforaecappropeiate imyageone.
Accordingly, pixel cells in a rowof array 680 are all selected for readout
at the pseuwssihgibefine providingeligital sigrads defimingamhinpagesbutpait! in a sel ected
row provides a signal representative of received light to a readout |ine
for its colum. In the array 680, each colum also has a select |ine, and
t he pi xel [0856]s JFIG:&dHustratesa proeesset system &0 indadihgan image sansoné60t o t he
columm select lines. [0054] The rowlines in the array 680 are selectively
act i vat oflFKy. a Fheyprhdessar system 700 is exemplary of a system having digital circuits

that could include image sensor devices. Without being limiting, such a system
could include a computer system, camera system, scanner, machine vision, vehicle
navigation, video phone, surveillance system, auto focus system, star tracker system,

motion detection system, image stabilization system, and data compression system.

[0057] The system 700, for example a camera system, generally comprises a
central processing unit (CPU) 760, such as a microprocessor, that communicates with
an input/output (I/O) device 761 over a bus 763. Image sensor 600 also
communicates with the CPU 760 over bus 763. The system 700 also includes random
access memory (RAM) 762, and can include removable memory 764, such as flash
memory, which also communicate with CPU 760 over the bus 763. Image sensor 600
may be combined with a processor, such as a CPU, digital signal processor, or
microprocessor, with or without memory storage on a single integrated circuit or on

a different chip than the processor.

[0058] Itis againnoted that the above description and drawings are exemplary

and illustrate preferred embodiments that achieve the objects, features and
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682 in response to row address decoder 681. The colum select lines are

sel ectively activated by a colum driver 684 in response to colum address
decoder 685. The array 680 is operated by the timng and control circuit
683, which controls address decoders 681, 685 for selecting the appropriate
row and columm lines for pixel signal readout. 13 [0055] The signals on the
colum readout lines typically include a pixel reset signal (V1 t) and a

pi xel i NEgParth etrdf th¥Hiesat ihGentRiC it ¥ netlinkaded tﬁamxesmlaﬁitan%ﬁdrew into

a sanple and hold circuit (S/H 686 in response to the 'colum driver 684. A
di ff er enfiiniledtbdha illustiited eMilsdiinents. ARy nrwlifiGatich of &feﬁ%kbé{t invaitidn er
(AMP) 687 for each pixel cell, and each pixel cell's differential signal is
di gi ti zeghhith éstReOWifan the Spiritlanddoype dfthe(fOI6ViNB BlairhB 8hafRl b&- t 0- di gi t al
converter 688 supplies the " digitized pixel signals to an i nmage processor
689, whi edhsidrbdipat epfieqreb@itdnvemtih. processing before providing digital
signals defining an inmage output. [0056] FIG 7 illustrates a processor
system 700 i ncluding an i nage sensor 600 of FIG 6. The processor system
700 is exenplary of a systemhaving digital circuits that could include

i mge sensor devices. Wthout being limting, such a system could include a
conputer system canera system scanner, machine vision, vehicle

navi gati on, video phone, surveillance system auto focus system star
tracker system notion detection system inage stabilization system and
data conpression system [0057] The system 700, for exanple a camera system
generally conprises a central processing unit (CPU) 760, such as a

m croprocessor, that communicates with an input/output (1/0O device 761
over a bus 763. Imge sensor 600 al so comrunicates with the CPU 760 over
bus 763. The system 700 al so i ncludes random
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access nmenory (RAM 762, and can include renovable nmenory 764, such as flash
menory, which al so conmunicate with CPU 760 over the bus 763. |nage sensor
600 nay be conbined with a processor, such as a CPU, digital signal
processor, or mcroprocessor, with or without nenory storage on a single
integrated circuit or on a different chip than the processor. [0058] It is
again noted that the above description and drawi ngs are exenplary and
illustrate preferred enbodi nents that achi eve the objects, features and 14
advant ages of the present invention. It is not intended that the present
invention be limted to the illustrated enbodi nents. Any nodification of
the present invention which conmes wAmNS the spirit and scope of the

foll owi ng clainms should be considered part of the present invention. 15
CLAIM5 1. A pixel cell comprising: a photo-conversion device at a surface

of a substratﬁ;JQ§8&?3§¢“QQ§Bﬁ%ptact_area from which charge or a signal is
output or recCeived, aftir I'msul ati ng | ayer over the photo-conversion

device and the at | east one contact area, ar‘llﬁ at | east one conductor in
contact with t het RIPIQ-eoersypaexishataguriapeaf a URYIale | east one conduct or
conprising: a polysilicon conprising material extending through the first
insul ating | ayeit leapicpns sprigetiapeadinm wbich\change presigpal iseputofe cont act area.

received;

a first insulating layer over the photo-conversion device and the at least
one contact area; and

at least one conductor in contact with the at least one contact area, the at
least one conductor comprising:

a polysilicon comprising material extending through the first insulating
layer and being in contact with the at least one contact area.

2. The pixel cell of claim 1, wherein a conductive material is over and in
contact with the polysilicon comprising material, the conductive material
comprising at least one of a silicide and a refractory metal.

3. The pixel cell of claim 1, wherein the at least one contact area is a gate
electrode.

4. The pixel cell of claim 2, wherein the gate electrode is the gate electrode
of one of a transfer, reset, row select, and source-follower transistor.

5. The pixel cell of claim 1, wherein the at least one contact area is a floating
diffusion region.

6. The pixel cell of claim 1, wherein the at least one contact area is a

source/drain region of a transistor.
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2. The pixel cell of claim1l1l, wherein a conductive material is over and in
contact with the polysilicon conprising nmaterial, the conductive materi al
conprising at |east one of a silicide and a refractory netal. 3. The pixel
cell of claiml1, wherein the at | east one contact area is a gate el ectrode.
4. The pixel cell of claim2, wherein the gate electrode is the gate

el ectrode of one of a transfer, reset, row select, and source-follower
transistor. 5. The pixel cell of claiml1l, wherein the at | east one contact
area is a floating diffusion region. 6. The pixel cell of claim1, wherein
the at | east one contact area is a source/drain region of a transistor. 16

7. The pixel geltheqixdtlcall B daim'd) Sitkdin thBRoSRIRANCIhiéBalBRhpriséda CONPri ses a
silicide. 8. The pixel cell of claim7, wherein the conductive nmateri al

conprises a siljghgle selected fromthe group consi sting of tungsten
silicide, titanium silicide, cobalt silicide, nolybdenumsilicide, and

material comphi soie pel AT pPUARE Shereit e SRl o mBEF AR E S The pi wel
cell of claim9, wherein the conductive naterial conprises a tungsten
ni tri de/ t ungst erfilicideeselected fropyhe groug|copssting of tungsiepmsibicidgHiamipm t he
conductive material conprises a titaniumnitride/tungsten |ayer. 12. The
pi xel cell of clsdiadecobaltesiliwide, molybdemutusiti¢ide anditantdlerh sidisider i ses a
9. The pixel cell of claim 2, wherein the conductive material comprises a
barrier metal/refractory metal layer.
10. The pixel cell of claim 9, wherein the conductive material comprises a
tungsten nitride/tungsten layer.
11. The pixel cell of claim 9, wherein the conductive material comprises a
titanium nitride/tungsten layer.
12. The pixel cell of claim 2, wherein the conductive material comprises a
tungsten nitride layer.
13. The pixel cell of claim 1, further comprising a second insulating layer over
the photo-conversion device and below the first insulating layer.
14. The pixel cell of claim 1, wherein the polysilicon comprising material has
a top surface on a same plane as a top surface of the first insulating layer.
15. The pixel cell of claim 1, wherein a top surface of the polysilicon
comprising material is over a top surface of the first insulating layer.
16. The pixel cell of claim 1, further comprising a plurality of contact areas

and a plurality of conductors, each conductor being in contact with a

respective contact area.
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tungsten nitride layer. 13. The pixel cell of claim1l, further conprising a
second insul ating | ayer over the photo-conversion device and bel ow t he
first insulating |ayer. 14. The pixel cell of claiml, wherein the

pol ysilicon conprising material has a top surface on a sane plane as a top
surface of the first insulating layer. 15. The pixel cell of claim1,
wherein a top surface of the polysilicon conprising material is over a top
surface of the first insulating layer. 16. The pixel cell of claim1,
further conprising a plurality of contact areas and a plurality of
conductors, each conductor being in contact with a respective contact area.
17 17. A pixe} cgblxeFQMRbhhiSgg: @ photo-conversion device at a surface of a
substrate; a first transistor coupled to the photo-conversion device, the

first transi StOrJyhﬁ?o"édﬁge@loﬂ%waic?&tealcshffg& f%@qbﬁﬂeate i nsul ator over the gate

el ectrode; at one I nsul aye over e photo conver5|on devi ce
and the first nS|stor an f|r conduct or, | h the gate
Glect rode. the cdTIERIRCT edib e Magho-BovgSion deyfe. SGirel Eailsiote or i o

extendi ng through the first |nsulat|ng | ayer and the gate insulator to
contact the gat &2ungeagaiscdectroge andipeeay ingylatergver e galelehirede; wherein a
conductive material is over and in contact with the polysilicon conprising
mat eri al, the cahbtastitone msniatieg lagér oveothp phetpregnversidbredeicecand thf first si | i ci de and
a refractory netal .
transistor; and
a first conductor in contact with the gate electrode, the conductor
comprising:
a polysilicon comprising material extending through the first insulating
layer and the gate insulator to contact the gate electrode.
18. The pixel cell of claim 17, wherein a conductive material is over and in
contact with the polysilicon comprising material, the conductive material
comprising at least one of a silicide and a refractory metal.
19. The pixel cell of claim 17, further comprising:
a floating diffusion region coupled to the first transistor; and
a second conductor in contact with the floating diffusion region, wherein
the second conductor comprises the polysilicon comprising material
extending through the at least one insulating layer and the gate insulator to

contact the gate electrode, and the conductive material over and in contact

with the polysilicon comprising material.
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19. The pixel cell of claim17, further conprising: a floating diffusion
region coupled to the first transistor; and a second conductor in contact
with the floating diffusion region, wherein the second conductor conprises
the polysilicon conprising material extending through the at |east one
insulating layer and the gate insulator to contact the gate el ectrode, and
the conductive material over and in contact wth the polysilicon conprising
material. 18 20. The pixel cell of claim 17, further conprising a second
insulating | ayer over the photo-conversion device and bel ow the at | east
one insulating layer. 21. The pixel cell of claim17, wherein the at |east

one insul atip@ |'Biégixel ¢OINBS d15iAS] D ArtlePNEsHiIRGig d 3R i ddting & The pi xel
cell of claim1l7, wherein the at |east one insulating |ayer conprises

tetraet hyl orthqsi.li _ i i S NG ubstrate; and
y Celflet iéllE ?islta’toact%ﬁferé}@n ué@&ema%@@w thf ?Pi(@:éét ohd'"Bisulatthg® o

an array of pix east one pixel ce onpri si ng:
photo-conversioq q$vice at a surface of a substrate; at |east one contact
area from which ¢ arge or a signal is output or received; a first
insulating | ayer,_over tg aqto-convers'on device and.the at |east one
contact ar ea?xan]a’eé’t‘qué E?P HE YoMberetnghe He%:gbﬂ?ea‘é‘ﬁ“q@ﬁ"c AY%e at | east one

contact area, the .
comprises borophosphosilicate glass.

22. The pixel cell of claim 17, wherein the at least one insulating layer
comprises tetraethyl orthosilicate.
23. An image sensor comprising:
a substrate; and
an array of pixel cells, at least one pixel cell comprising:
a photo-conversion device at a surface of a substrate;
at least one contact area from which charge or a signal is output or
received;
a first insulating layer over the photo-conversion device and the at least
one contact area; and
at least one conductor in contact with the at least one contact area, the
at least one conductor comprising:
a polysilicon comprising material extending through the first
insulating layer and being in contact with the at least one contact

area.
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at | east one conductor conprising: a polysilicon conprising materi al
extending through the first insulating |ayer and being in contact with the
at | east one contact area. 19 24. The inmage sensor of claim 23, wherein a
conductive material is over and in contact with the polysilicon conprising
material, the conductive material conprising at |east one of a silicide and
a refractory netal. 25. The inmage sensor of claim 23, wherein the at |east
one contact area is a gate electrode. 26. The i mge sensor of claim 25,
wherein the gate electrode is the gate electrode of one of a transfer,
reset, row select, and source-follower transistor. 27. The inmage sensor of

claim 23, whgq e'Thetlﬂﬁ @§enk<ﬁ‘%§klaﬁﬂ93 SoREréf c@ﬁ(ﬁﬁtwémﬂterlgll 196{1érrbﬂdd' ffusion
reglon 28. The |nage sensor of claim23, wherein the at | east one contact

area is a sourggl glg]@aw ?95?5“% o ARSI fri She JpRyliaGe sensor of

claim 24, wherein e conduc a srlicide layer. 30.
The i mage sensor of ctive material conprises a

silicide sel ect dBAfy r‘f?'["ﬂﬂ“@g Bﬂgeigﬁé‘?ft@ﬁ%ﬁé&oﬁnﬂ%ﬁ &N 159l ¢j de, titanium

silicide, cobalt_silicide, %ngnunls|I|C|de or tantalumsilicide. 31.
The i mage sedorT l@fm@gem;emsog@ clafre 2di whareia theah dpgskang Somastarsads aconpri ses  a

barrier netal/refractory netal |ayer.
gate electrode.

26. The image sensor of claim 25, wherein the gate electrode is the gate
electrode of one of a transfer, reset, row select, and source-follower
transistor.

27. The image sensor of claim 23, wherein the at least one contact area is a
floating diffusion region.

28. The image sensor of claim 23, wherein the at least one contact area is a
source/drain region of a transistor.

29. The image sensor of claim 24, wherein the conductive material comprises
a silicide layer.

30. The image sensor of claim 29, wherein the conductive material comprises
a silicide selected from the group consisting of tungsten silicide, titanium
silicide, cobalt silicide, molybdenum silicide, or tantalum silicide.

31. The image sensor of claim 24, wherein the conductive material comprises
a barrier metal/refractory metal layer.

32. The image sensor of claim 31, wherein the conductive material comprises

a tungsten nitride/tungsten layer.
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32. The image sensor of claim 31, wherein the conductive material conprises
a tungsten nitride/tungsten layer. 20 33. The inmage sensor of claim 31,
wherein the conductive material conprises a titaniumnitride/tungsten

| ayer. 34. The imge sensor of claim 24, wherein the conductive material
conprises a tungsten nitride layer. 35. The image sensor of claim 23,
further conprising a second insulating |ayer over the photo-conversion
device and below the first insulating layer. 36. The inage sensor of claim
23, further conprising a plurality of contact areas and a plurality of
conductors, each conductor being in contact with a respective contact area.

37. The i mage3 serRqmapé senbét ofciatn 31 UWADER tABRAURVE Shatdrial EiSpriseee | i ne
coupled to the at |east one conductor, the line coupled to circuitry

external to the af.._ . . i ell. 38. The inmage sensor of claim 23,
wherein the at |%@%?&§ﬁ§&€?@§ﬁ&%é‘b@$s a four- transistor pixel cell. 39.

The i mage sepsor_.of. claim 23, erein the at |east one pixel cell is a
Chreer o anePbr oFeimaes seibfof it 2 heri 48 conflagive GRsRLIESES wner ef n t he
at | east one pixel cell is a charge coupled device-type pixel cell. 41. A
processor systeﬁﬂ@@ﬁﬁﬁﬂﬁ?ﬁﬁﬂﬂw(i) a processor; and (ii) an inmage sensor
coupled to the processor, the inmage sensor

35. The image sensor of claim 23, further comprising a second insulating layer

over the photo-conversion device and below the first insulating layer.

36. The image sensor of claim 23, further comprising a plurality of contact
areas and a plurality of conductors, each conductor being in contact with a
respective contact area.

37. The image sensor of claim 23, further comprising at least one line coupled
to the at least one conductor, the line coupled to circuitry external to the at
least one pixel cell.

38. The image sensor of claim 23, wherein the at least one pixel cell is a four-
transistor pixel cell.

39. The image sensor of claim 23, wherein the at least one pixel cell is a three-
transistor pixel cell.

40. The image sensor of claim 23, wherein the at least one pixel cell is a
charge coupled device-type pixel cell.

41. A processor system comprising:

(i) a processor; and
(ii) an image sensor coupled to the processor, the image sensor

comprising:
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conprising: 21 a substrate; and an array of pixel cells, at |east one of the
pi xel cells conprising: a photo-conversion device at a surface of a
substrate; at |east one contact area fromwhich charge or a signal is output
or received; a first insulating | ayer over the photo-conversion device and
the at |east one contact area; and at |east one conductor in contact with
the at | east one contact area, the at |east one conductor conprising: a

pol ysilicon conprising material extending through the first insulating

| ayer and in contact with the at | east one contact area. 42. The system of
claim41l, wherein a conductive material is over and in contact with the

pol ysilicon conprjsiffate®ddr i al , the conductive material conprising at

| east one of a silicide and a refractory nmetal. 43. A nethod of formng a

pi xel cell, the ”Eﬁm?% i 1'he°1'ls,”£11é£??&%f§he35bée1fcel‘is0€o'iﬂ fjng: Phot o- conversi on

device at a surface of' a substrate; ormn Irst contact area; formng
at least a first insul

. ting | ayer over the.photo- opve[sipn device and the
first contact area; ?83%?68“&?‘?%Q?Q“HﬁéswﬁgﬁPﬁésﬁﬁ‘?ﬁe first insulating
layer; 22 at least one contact area from which charge or a signal is output or
received;
a first insulating layer over the photo-conversion device and the at
least one contact area; and
at least one conductor in contact with the at least one contact area,
the at least one conductor comprising:
a polysilicon comprising material extending through the first
insulating layer and in contact with the at least one contact
area.

42. The system of claim 41, wherein a conductive material is over and in
contact with the polysilicon comprising material, the conductive material
comprising at least one of a silicide and a refractory metal.

43. A method of forming a pixel cell, the method comprising the acts of:
forming a photo-conversion device at a surface of a substrate;
forming a first contact area;
forming at least a first insulating layer over the photo-conversion device

and the first contact area;

forming at least one opening in the first insulating layer;
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providing a polysilicon conprising material within the opening and in
contact with the contact area. 44. The nethod of claim43, further
conprising the act of formng a conductive material |ayer over and in
contact with the polysilicon conprising material, the act of form ng the
conductive material conprising formng at |east one of a silicide and a
refractory netal. 45. The nethod of claim43, wherein the act of formng the
at | east one contact area conprises formng a gate el ectrode. 46. The

met hod of claim45, wherein the act of form ng the at | east one contact
area conprises formng a gate el ectrode of one of a transfer, reset, row

sel ect, and sourgévifiahaPoBkilichREsthsriste matérial WithinBhk RPehiRg akd ial m 43, wherein
the act of formng the at | east one contact area conprises formng a
floating diffusi QRk&FiPhe cdftact ARG, Mt hod of claim 43, wherein the act of
formng the at | east one contact area conprises formng a source/drain

region of a ansi staof. . The t hod of.claim4 wherein the act of

provi ding t h%‘{'con(‘fu%qﬁ?/de()&iﬂ?le i’g{ﬁ% ro%n}plrggl§ tﬁ%?%"ﬁ&’“&"ﬁﬂ i cide layer. 50.
The net hod of cl ai m 49, mherF‘n t he act, of forninﬁ t@e,silicide | ayer

conpri ses form rfgnductive mafegial faxsraveranddn patary Wathdhg pelysilicallel ect ed from t he
group consisting of a tungsten silicide, titaniumsilicide, cobalt silicide,
mol ybdenum si | i clotrisinganaterial.aheiant of formingdhe egpductiveanagdrial The et hod of cl ai m
44, wherein the act of providing the conductive material conprises formng
a barrier netal /doefptiging dorynimgeatdeast eneaof.a silicide and a refractory metal.

45. The method of claim 43, wherein the act of forming the at least one
contact area comprises forming a gate electrode.

46. The method of claim 45, wherein the act of forming the at least one
contact area comprises forming a gate electrode of one of a transfer, reset,
row select, and source-follower transistor.

47. The method of claim 43, wherein the act of forming the at least one
contact area comprises forming a floating diffusion region.

48. The method of claim 43, wherein the act of forming the at least one
contact area comprises forming a source/drain region of a transistor.

49. The method of claim 44, wherein the act of providing the conductive
material comprises forming a silicide layer.

50. The method of claim 49, wherein the act of forming the silicide layer
comprises forming a silicide layer comprising a silicide selected from the
group consisting of a tungsten silicide, titanium silicide, cobalt silicide,

molybdenum silicide, and tantalum silicide layer.
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52. The nethod of claim53, wherein the act of providing the conductive

mat eri al conprises formng a tungsten nitride/tungsten |ayer. 53. The nethod
of claimb5l, wherein the act of providing the conductive naterial conprises
formng atitaniumnitride/tungsten |ayer. 54. The nmethod of claim 43,
further conprising the act of formng a second insulating |ayer over the
phot o- conver si on device and below the first insulating |ayer. 55. The

nmet hod of claima43, further conprising the act of planarizing the

pol ysilicon conprising material and the first insulating |layer such that the
pol ysilicon conprising material has a top surface on a sane plane as a top

surface of thBe fifsShethdd bt @hin@, WhERIN the Get oFPRoVIBRASAR cBhductiad m 55, further
conprising the act of formng a conductive material |ayer over and in

contact with the (B:t?limséohj&)?ig%fgﬁﬁﬂg%ibﬁﬂ.rfégm%!/%ﬁia@éog el ﬁgé} the act of

formng the conductive nprises rormng a polySilicon/barrier
nmet al / refractory, et ayer.. 57. The nmethod of .clajm55, further conprising
the act of f $m T 133%8%8@3'{’] ée erg}'ihglaalogyéor"“ﬁ%h’ea‘fﬂﬁdqchv%ont act with the
polysilicon conprising materjal, wherein the act of form ng the conductive
material  conpr i Gasrialsomprgesfopying atyngstsm nitiide/wngaten layesr . 24 58. The net hod
of claim43, further conprising the acts of formng a plurality of contact
areas and fobdi nGheamgthad af ¢laiyn 2, wherin thgsct of podvidipgthergndwtived to expose a
respective contact area, wherein the polysilicon conprising |layer is forned
Wi thin each of thetefipleldhipgiSesaAbfining a ticaniume hitide/tingsten layer.
54. The method of claim 43, further comprising the act of forming a second
insulating layer over the photo-conversion device and below the first
insulating layer.
55. The method of claim 43, further comprising the act of planarizing the
polysilicon comprising material and the first insulating layer such that the
polysilicon comprising material has a top surface on a same plane as a top
surface of the first insulating layer.
56. The method of claim 55, further comprising the act of forming a
conductive material layer over and in contact with the polysilicon
comprising material, wherein the act of forming the conductive material
comprises forming a polysilicon/barrier metal/refractory metal layer.
57. The method of claim 55, further comprising the act of forming a
conductive material layer over and in contact with the polysilicon

comprising material, wherein the act of forming the conductive material

comprises forming a polysilicon/silicide layer.
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respective contact area. 59. The nmethod of claim43, further conprising the
acts of: formng at |least one line coupled to the at | east one conductor;
and coupling the at least one line to circuitry external to the at |east
one pixel «cell. 60. A nmethod of formng a pixel cell, the nmethod conprising
the acts of: formng a photo-conversion device at a surface of a substrate,;
formng a first transistor coupled to the photo-conversion device, the first
transi stor having a gate el ectrode and a gate insulator over the gate

el ectrode; formng at |east one insulating | ayer over the photo-conversion
device and the first transistor; forning a first opening in the at |east

one insul ati By | PyeheBOE of NISnD, QurtHeP SothSHsiidht %f%f fofifhgfal gighligPeni ng
extending to the gate el ectrode; providing a pol yS|I|con conprising |ayer

in the. first op (%Fc%gtag{hqedsrlng (g&h}% %Y}%alilﬂl c%fh)%er%ﬁ%se 8§Jheo%teﬁlg ?0 %gl The met hod

of claim 60, further conpr|5| provi duct i ve | ayer
over and in contact W th t i con I sin 25 t he
conductive | ayer oc?éﬁ%elaerWﬁaé @étﬁgttar%ghﬁ?mat[‘%??ly %l &‘E‘y%?HH’”é"tgef ractory
metal . 62. The nmethod of claim60, further coq?r|5|ng the acts of: formng a

floating di ffu5|%erl%@émeéwﬁbl%chﬁftbﬁép%%ta nsgogtagt with aand  forning a

second opening in the second insulating |ayer, the second
respective contact area.

59. The method of claim 43, further comprising the acts of:
forming at least one line coupled to the at least one conductor; and
coupling the at least one line to circuitry external to the at least one pixel
cell.

60. A method of forming a pixel cell, the method comprising the acts of:
forming a photo-conversion device at a surface of a substrate;
forming a first transistor coupled to the photo-conversion device, the first
transistor having a gate electrode and a gate insulator over the gate
electrode;
forming at least one insulating layer over the photo-conversion device and
the first transistor;
forming a first opening in the at least one insulating layer and the gate
insulating layer, the first opening extending to the gate electrode;
providing a polysilicon comprising layer in the first opening and in contact
with the gate electrode.

61. The method of claim 60, further comprising the acts of: providing a

conductive layer over and in contact with the polysilicon comprising layer,
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opening extending to the floating diffusion region, wherein the act of
provi ding the polysilicon conprising |ayer conprises providing the
pol ysilicon conprising |layer in the second opening. 63. The nethod of claim
60, further conprising the act of formng first and second insulating
| ayers over the photo-conversion device, 64. The nethod of claim 60, wherein
the act of formng the at | east one insulating |ayer conprises formng a
bor ophosphosilicate glass |ayer. 65. The nmethod of claim60, the act of
formng the at | east one insulating |ayer conprises formng tetraethyl
orthosilicate |ayer. 26
the conductive layer comprising at least one of a silicide and a refractory
metal.
62. The method of claim 60, further comprising the acts of:
forming a floating diffusion layer coupled to the first transistor; and
forming a second opening in the second insulating layer, the second
opening extending to the floating diffusion region, wherein the act of
providing the polysilicon comprising layer comprises providing the
polysilicon comprising layer in the second opening.
63. The method of claim 60, further comprising the act of forming first and
second insulating layers over the photo-conversion device.
64. The method of claim 60, wherein the act of forming the at least one
insulating layer comprises forming a borophosphosilicate glass layer.

65. The method of claim 60, the act of forming the at least one insulating layer

comprises forming tetraethyl orthosilicate layer.
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