BURI ED CONDUCTOR FOR | MAGERS FI ELD OF THE | NVENTI ON
[ 0001] The present invention relates generally to the

wo c@h@ox267 sem conduct or devi ces and nore part i pOl/as1096/023878
to inmproved conductors for use in inmage sensors.
BACKGROUND OF THE | NVENTI ON [ 0002] CMOS i nmage sensors
are increasi NgIURIED CONPUCTORFORMMAGERS er nat i ve
to charge coupl ed device (CCD) inmmge sensors. In a
CMOS i mage sensor, the active elenments of a pixel cell
perform the neces#ELD OFCTHEINVENTION phot on to
charge conversion; (2) accunul ation of inage charge;
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tion o readout; (
out put and anplification of a signal representing

pi xel charge FACKGROTAND OF TREINVENGFIONMS | mage

sensors of the type discussed above are generally

kjogpp] asCHIOS usagd sehddirs Bl @sirighy DEM@uRH &l a low X
X 256 CMOS Active Pixel Sensor Carrera-on-a-Chip," |EE
altdmuthal tohafigd eslrsiedidevider(OOD)SimagRl senddrsl 20 a GWIOS image
2046- 2050 (1996); and Mendis et al., "CMOS Active
seforgthel avtiye efanentsf'a pikélcellipnfaat thensecessat) €égh¢tivhs of: (1)
Devi ces, Vol. 41(3), pp. 452-453 (1994). Exenplary
phOkISte ceegge senvensiari; (Z)uiccamupatiorestinmagesttepge;t Bptranéfer of charge
and detail ed descriptions of the functions of various
to tomrsingwmed s aeonapanied by dhergoamplification;df)resetting the sensing
descri bed, for exanple, in U'S Patent No. 6,140,630,
nogde $0 aggiosvn stRée befozy theaswanster of clragetn itNG) seegian 866 pixel for

rea%o%t; and (6) output and amplification of a signal representing pixel charge from
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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.



Patent No. 6,326,652, U S Patent No. 6,204,524, and

U. S. Patent No. 6, 333,205, assigned to Mcron
waewhmai2enyy, | nc. The disclosures of each of tPE€T/US2006/023878

forgoing patents are herein incorporated by reference

in their entirety.[0004] FIG IAis schematic diagram
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[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, the 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.



t he phot odi ode charge accunul ation region 22 to the
floating diffusion region 25. [0007] The pixel cell 20
wo eworioes267 ncl udes a reset transistor 28, whi chP€PUS200€623878
a reset control signal RST at its gate el ectrode 30b.
The reset transistor 28 is connected to the floating
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transi stor 26 receives a row select control signal
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traripistpt 3@ | Wiedn M&oMseieat@ah&mlebﬂm@e 3%, isperhateidsan output voltage
coupled to a source/drain region 60 of the row sel ect

is bugmsifserortha pixalivell 20tbrough el eebumgdire 2. ect r ode 30b
is operated, an output voltage is output fromthe
pi xel cell 20 through the colum |ine 22. [0009] As
shown in FIG 1C, the transistor gates 30b are part of
gat e stacks_ 30. Althou FIG 1C shows_only
2 Righer or Asrnirs i1 A se Frauspior eafs oerre ?@rm% stacks 30.
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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.



mat eri al 30b, which serves as the gate el ectrode, is

deposited over the first insulating |ayer 30a. A gate
wa@t@ckoi2zesul ating | ayer 30c is deposited over POEUSENE023878

el ectrode 30b. Additionally, the gate stacks 30 can

i nclude layers of high conductivity material between

the gate el ecy Sww&ﬁxﬁf ﬁﬁm@?ﬁu' ating
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i nvention provide a pixel cell having a

fupthet inctaderatdeast one \coadudtor dn soifaeEwithfthe af st 63¢ €ontact area.
and at | east one contact area from which charge or a

Thei gmalluctor indiuples agrolysilieory athterfalfextatding shitoaighrthelfiayieinsulating
is located over the photo-conversion device and the at
layeyseatd ionendactiveith the adeadftomepion¢dctaedd. Alsof heonductive material,
i ncl udes at | east one conductor in contact with the at
whighdnclydes ableastcaneofensiliqide andraiteftastotymoktadiesnde and in contact
polysilicon material extending through the first
with dug pelysicoayaatesiah i n contact with the at |east one
contact area. Also, a conductive material, which
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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.4is a cross-sectional view of a pixel cell according to another

exemplary embodiment of the invention;
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provi ded below with reference to the acconpanyi ng

drawi ngs in which: [0013] FIG IAis a schematic
wale@gieszydf conventional CMOS pi xel cells; [O00R&f/UF1005/023878

IBis atop plan view of a pixel cell of FIG IA

[0015] FIG 1Cis a cross-sectional view of the pixel

‘;Fjoﬁ%z)f Fi&s5 8 Eragse&cﬁbﬂﬂgv&%f d ?&ei&lﬂgﬁc&%@b another

is a cross-sectional view o pI Xe

ex@fPS bbb PindhtOFEAP irdfantRPodi nent of the invention;
[%ﬂ FI GS. 3A-3l depict t he pi xel cell of FIG 2 at

various stages of processing; [0018] FIG 4 is a

C[0026} sePRIt.@igla blbewd gr@mmf)@ﬁd:M@$ image sérthon gcécﬁdmg to an
anot her exenpl ary enbodi nent of the invention;[0019]

ex€inPlary émbedion@toftke riventionyamdv of a pi xel cel |
accordi ng to anot her exenpl ary enbodi nent of the
invention; [0020] FIG 6 is a block diagramof a CMOS
i 983t seRi§o17 iaaddodk dipgramanf apuewpssar pystetroiichetihg the CMOS
the invention; and [0021] FIG 7 is a block diagram of
imagp seraes S6FIGy6t em i ncl udi ng the CMOS i rage sensor of
FIG 6. DETAILED DESCRIPTION OF THE | NVENTI ON [ 0022]

he foll detailed d t f
mage 10 ?pﬂ“@e&@%ﬁéﬁﬁwﬁéﬁ TRV ESIAON por

her eof diI trat spe i c.enbodipents in which
{001 ok thgif et iﬁé@rlpﬂlﬂnﬂeéer@aw made {q the

reference uneral S deﬁ ri be substanti al IM simlar
aC%O&H'B &W‘én a part hereof and illustrate specific
embodiments in Wthh 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.



several views. These enbodi nents are described in
sufficient detail to enable those skilled in the art

W o00pie2bT ce the invention, and it is to be unPEr/EsWO6023878
t hat ot her enbodi nents may be utilized, and that
structural, logical and electrical changes may be nade
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regions or junctions in the base sem conduct or

200tis sichilaretothe pixsd dell 10 depldle@@HFIGDNA-L 0 except that the pixel cell
sem conduct or need not be silicon-based, but could bg

200dsdudes lasw Iresistange(ies tiigincondnctvity)reondictors 270. Also, the pixel
ﬁal | i umar seni de. [ 0024] The term "pixel" or "pixel

ced @0 maeirshsde @ petypeorelt 24lesiemennding dndClotlbwebitisblntion region
a phot o-conversi on device for converting

12areka pdirrg iveall 242 belpw thedloatingndiffuesichriegiin 25, ghateset transistor
[glg‘iS] Referring to the draw n%s, FIG 2 depicts a

28.ad & RaEEPD 6 the rasieniransigiorel’. dutrthezogs shovon it RHG.42 first,
an (f% Iar(¥ e‘;rﬂsl)di nt of the_invention. The pixel

secid. thgl, aad urth psulating, laygrsads, 2341250025 e pespestively, are

LA Co ex t that the pixel cell 200 includes
foih i oaref Hebatiote L andfhagals stRaks BO; Pystiumelbedst insulating
el i.xel cell, 200 i nclude a p-type
la}\?/\%%%?é?ﬂssb&ré&ga&g%% rsa%hﬁe&?fﬁ/g?%és géol ation region 12

and a p-type well 242 below the floating diffusion

(50261 2 8985 P R g B P
whéch thasde 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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second, third, and fourth insulating |ayers 233, 234,
250, 251, respectively, are forned over the substrate

wda ooamas2bhe gate stacks 30. Portions of the fiP&I/US2006/023878
insul ating layer 233 form sidewal | spacers on the gate
stacks 30. [0026] The conductors 270 are in contact

sebbidd c{iﬁm&ﬁ}e' l\éget?%%ﬁ%gefao fagr:ég@é\”lg is/ng&lg ﬁlﬂf{ijgﬁalodr aac011t18(r)ssite layer

signal can be ou r conduc

. IFees _ .

cof AR IARIYSS hbrE Ao SRl AL PO SIS e seddil conductive
) | EiQHiLr t ' L. o

L e

siledigé tdobERSilR e, Qﬁofgﬂﬁeﬁﬁﬁﬁsﬁfi&ﬂe} beRpiksLB] sifididen thohg others; or a
reset transistor 28, the floating diffusion region 25,

bagtidr metalietRctP niethElgl ef) sG6h ak tﬁﬂ@té@ﬁ&ﬁdb@lﬁi)ﬁhﬁgsten,

28. The conductors 270" include first and secon
titaniut eifride/fumgeten (Z'ﬂ\I/WXJa’&noﬂ%@ﬂﬁsrb.i vely. The first
and second conductive |layers 271, 272 are forned
t hrough the second and third insulating |ayers 234,
280928 For Ashiescipatliot mose de6ili belowonttectonduchora 2Fatee formed after
el ectrode 30b, the first conductive layer 271 also
the phetettiodaRbagt the éirgsevers insulatinglayern?pd, 294 rarel2i0 are
[0027] Preferably, the first conductive layer 271 is a
forragds Theresprey thq phefrdiodekisquatecteshiy the insulating lagers 233, 234,
IS orged over the first conductive |ayer 271, .
wﬁr@e‘@ £y they Gters 278 pee forped: Jn this Bapageidagk cyrrent is not
.. Singl terial or onposite | gyer conprising |layers
lngFa%Efgygﬁh rgwgonéﬁgﬁ¢g8n3¢gpr %hpl e, the second
conductive |ayer 272 can be a silicide |ayer, such as
t enpatd Gl Jtanium syicide, tu n_sui,ci de,
{0851 Rt AP b AR R EHPR o G SPARDF AcRfe ran
: . . QI
exEhph sy Enp SRR e fryelio, 390 PRl TR fder B IGEN g for any of

thé ht@eH R ibed BetdiHNARES Tdr thdMbef Y FeQhilifi{Sthe results of prior
actions. Accordingly, while the actions below are described 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.
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[0028] As described in nore detail below the
conductors 270 are forned after the photodi ode 21 and
wo b@7003261 several insulating |layers 233, 234, panusbo23878
are formed. Therefore, the photodiode 21 is protected
by the insulating |ayers 233, 234, and 250 when the
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required for any of the actions described herein,

sh&3¥8 S¥ith hAladjdteAtphebidBlroy sheat).r The ptvells 2411248 aoé formed by
prior actions. Accordingly, while the actions bel ow

anpkaodeseetHrtl B dxahtde relafor nigphd)ﬂ@r@sisje(net shiown)ean, be
the order is exenplary only and can be altered if

patiesiedaster fRO8MstfatE1 1 BAvirlg arsopening cvepibearessiherzgbe p-wells
at an initial stage of fabrication. In the illustrated .

24’6 4% pratybefdrotidrehp-typeal opand tsuahas borow, candid implanted into the
substrate of a first conductivity type, which, for

substiate 3% dhyuiughythe eipetingsim thephetesesist. The psyelks 24k 242 are formed
region 12 is formed in the subsgatemﬁl and filled,

havingre. priypedopari engcaatratipn thatis bighes han phgosrt pottigns of the
may be an oxide material, for exanple a silicon oxide;

su edlide; a nitride material, such as silicon
nitride; silicon carbide; a high tenperature polyner;

e e T e T 2
i B934 TSP, oo i e
A9TR R ettt g Al conve
foﬁ%gor{éuﬁ'i’érﬁlmﬁﬁthg %s@eﬁ'?anﬁrl%s%tr@%%téﬁs 208, dd\@escribed

substrate 11-as al so shown in Fl A. The p-wells
beld, 242 are formed in the substrate away fromthe

[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, a layer 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 (SiO2), a nitride (e.g., silicon nitride), an oxynitride (silicon oxynitride), ON

(oxide-nitride), NO (nitride-oxide), or ONO (oxide-nitride-oxide).



area where the photodiode 21 (FIG 2) is to be forned.

The p-wells 241, 242 can be shared with an adjacent
w@Roogloox2et | (not shown). The p-wells 241, 242 BCEUS2006/023878

fornmed by any known net hod. For exanple, a |ayer of

phot oresi st (not shown) can be patterned over the

stra 11 havi j
B e R R T Rt T gttt
uch as ,boron, can i.npl ' :
e e AT e BRI G
a
enhea P BRERCh SRR oDl B iaemb, T gyes s 20
socf) 4}% ttﬁé&*? @B&@hfed%d iRt lo forfa ﬂ@n@%&?&ﬁgé@%ﬁc&% BBhown in
e transter transistor 27 (FIG 2) and the reset
Fict lagnsi stor 28 (FIG 2) gate stacks 30. Although not
shown, the source follower and row sel ect transistors
29, 26 (FIGS.: A and IB), respectively, can be forned

g@@i@;f I eid MvBhiioh sheottiimned es tlandrucasd of therpsits stacks 30
7, 28, as described below. [0033] To formthe gate

destkBelbdRe. Addifishalilapersahaybe hdyed ol ghte staks 30 may be
exanple, silicon oxide is grown or deposited on the
altereldsdsriatiesitdd afdd&nbivrsin thesut. at i ng | ayer 30a serves as
the gate oxide layer for the subsequently forned
transistor gate electrode 30b. Next, a |ayer of )
Iqemm]ct i A depicted; ial FIGOBC; & dopedsi-tiae 1giar 24is ipleated in the
ayer 30a. The conductive | ayer 30b serves as the t
sulesiteate Abd Eof example, ﬁﬂmi@wp}slorgﬂst g@t chpyn) yay gﬁgg&e&ed over
gate el ectrode 30b may be a | ayer .of I ilico
thespubstratey] bavg atORIAS Seb e SR FYPSTAie 11 where
e.qg,., .n-type . Seqgo i nsul ati | ayer . 30 r r
phoisdiaterh B ohis Bardosad AhaurRe RgeT by grh 2 pobfforus,
ars%e c(,) or tag n?o\égrr, &a@%&%&aﬁte%c&&%gh o 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] As shown 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 formed 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



The gate stack insulating |ayer 30c may be forned of,
for exanple, TECS, a silicon oxide (SiQ2), a nitride
W@ 200g/095267 | i con nitride), an oxynitride (silicPeI/US2006/023878
oxynitride), ON (oxide-nitride), NO (nitride-oxide),
or ONO (oxide-nitride-oxide).[0034] The gate stack

ophstf e P Bins PaucdRSig T IR RN Gl formec n
sidga gt treaherieiin 20 SREMIE R EPRARE AL ARea LR o

30c are then patterned and etched to formthe

T, 496, 391 e AR LAt 9070 Ty
2o 3iELE 330 P53t syl 00 o ey it

! i it rdn ok RA&8de, ' fbfined b
(o SfoRoHOBIAL, Ade dn o1 ATAM. Amisgh s fmed by

methbss kRbwnkid-thEaft, exanpl e, a | ayer of photoresist (not
shown) may be patterned over the substrate 11 havi ng

an opening over the surface of the substrate 11 where

Do4@]di OEIE. K illibteated the fortratioa dfdhesdrfadnlayet @pevithin the
opant, such as phosphorus, arsenic, or antinony, nay

. subbstrateyiil afin ¢k hsaaghd ethbodimeentng patygei dupant resich as boron, indium,
substrate 11. Multiple inplants may be used to tailor

or tthg otlogri ugtapieopitype dbpamty sy bousad tofexiny the p-ipessgfasg layer 23.
i npl antation may be conducted to formthe doped region _

Altepnatdvely, if Idsslre%:ﬁha susfarolayes 22 gan be forsned hefosp grer-type region
ot her than 90 degrees relative to the surface of the

22{fst3Q@t e 11. [0037] As shown in FIG 3C, the n-type
region 22 is forned froma point adjacent the transfer

g@b Ztnaflp]k%ggst ?rrx]sdulgtxlrtlg a%rieg] 93%; eqicl'rl]e({ ASRURRYL M6, FE: 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]  Asdepicted 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 is 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.
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transfer gate stack 30 and the isolation region 12.
The region 22 forns a photosensitive charge

wa@e@amed2al i ng region for collecting phot o- genePEr/@82006/023878
charge. [0038] The floating diffusion region 25 and
source/drain region 60 are inplanted by known nethods

f@é%?i” FPS"S.S (85, 455 qBORER B2 poPens SormF in the second
da angﬁg ;@q SR 6 8L G12 12y A0Y50LIThE BB 253 can be

orus, ar C, or ant

e e By 44Tt et
elébtfdtﬂ% B PR g&l@ t&¥s30, 3% egpragugt%medré F@imed %‘&é)@ﬁbse the

O1s formed ol a side of th gate stack

fl ffﬁlsidiﬁrefgi&am 88d dbtiicifdraih F@861960.25- [0039] FI G
3D depicts the formation of a first insulating |ayer

233. This layer 233 can be any appropriate insulating

Nfi0d6] al FIGBH depidietheeimytioniof Adist carrtirtived&er 271 that fills
silicon dioxide, silicon nitride, an oxynitride, anong

thebpenmgsf252 253, [Brefertiblggthdfivetwondudtive layér 271046 40hyer of
FIG 3E illustrates the formation of the surface |ayer
pad@silicomi A sehend atrsducttve lager 272 is ierméd oser dtedikst conductive layer
enbodi nent (gm ype dopant, such as boron, indium_ or

274nThetseeond aonduitiyedayeniy2dandeta layayobe smxgéejmaéeﬁaimna

the p-type surface |ayer 23. Alternatively,
cogpgsitedayennonprising dayery of mpze than %?1 frtaftwaal lféﬁ@(énﬂé the

22 (FIG 3C 0041] T t

Sewfﬁ @%@1‘\1‘@9}5@ é@yapsbee%) @H[élélea%}]’%th%’g\ﬁh %&r]tsta;}g@tﬁnls,@wde/

Thy f
nt@aiuéﬁﬂa%cﬂé e R sk Srﬁ’q;yb Y SliAS el sifcidpmong

te st 30 La 3

oferiL 4 Batridt mb AT ol SISt inel li?xef{n%? epifide
(WAGS q/ﬁﬂ%s&goﬁ%gugﬁ%ﬁde/%ﬁges‘%&? T1W afnlz)% fdihgls. Tt 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 current 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
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i nsul ating |ayer 233 can be patterned/etched such that
only sidewall spacers (not shown) remain on the gate

wG@t@ckss280. [ 0042] Optionally, a second insul aPCTyS2006/023878
| ayer 234 (e.g., a TECS | ayer) can be fornmed over the
first insulating |ayer 233 to achieve the structure

h : \ i & =
SFRULEI0 et B0 S SSLB  r  pd coccin

270 e thwailineg 709med ofid cohﬁeéﬁb?xs%’@l@é’fgﬁ@[‘ﬁo@ﬁrﬁoﬁneal:’
the third insulating layer 250 is | ayer of

bor ophosphosilicate glass (BPSG. Instead, the third
i[0848]at | FIgs. l4dy arcrositedtibral View oPsapiRblcellsd00l £cebrding to another
di oxi de, borosilicate glass (BSG, or phosphosilicate
exghplay (€868 d imemb of thet ineeatiofth@he Ipixel cel 400 & sifdldray @ixel cell
250 is planarized by, for exanple, a cheni cal
200+ GaR), excepithit the( fizvPyorsdiegivielayiet] 274ds dvaomed onlyFivithin the third
. 3G _openi ngs 252, 253 are fornmed in the second
insufptinglayey 25@iy Ehe piel eeltid@thenrt e fadmiadsad described apeve in
250.. The, openi ngs 252, 253 can be forned by any known
conngacHangiish Fias. %@éﬂa exgepbBrt after therfinsticondestrslayeh?y] is

ate elecirodes 30b of the gate stacks 30. The )
forgfkf‘éﬁ??é Ee&é the eecopd rendustivs jayseisfaamedoths figt conductive layer
i ffusion ion 25 apd sourcge/drain region 60. [0045]
271eks @1 ke bR LG RamPls, AcheBlicabmerhapical Pebsi (M) step.

| 271 that fills th ' 52, 253.
Acg%éﬁxéglgbpgﬁy @ﬁgeéqqigo@%&gﬁ%yr}%sqéﬁpa'@@qu a |ayer
of polysilicon. A second conductive layer 272 is
f d . i d d Ve 271. Th d
(O3, OSBRI e TR SN G Loyer
B R dC AR o BURE, TRAD NS r UG fcRive layer 272

carG EdsGinhIR, hayeh pdkilidn/dikcife Dk !ah?lﬁ%%%@%ﬁﬁrﬁ%&@?i@g&eﬂacmry

tungsten suicide, titaniumsilici al't si
metad lyyadaipiserattuisl de, or tantal umsilicide, anong

[0050]  FIG. 5 is 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-31,
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



others; or a barrier metal/refractory netal I|ayer,

such as tungsten nitride (WNc)/tungsten, titanium
waoRaorioakest ungst en (Ti NAV), anong ot hers. |t shopdTUR®06/023878

noted that the second conductive [ayer 272 is not

required for applications where | ow resistance is not

S M o O P PLRTR M O iy (T more
trati3Rs: éi&eﬁeﬁ A3 c@ﬁsdglgﬁﬁgwtﬁ?g@?er Gﬁrtéist‘éi‘,rﬂlﬁi}hg& $ab8%h reset

significantly increa or mat i on ‘of

tra@@fs%irécga&r@ 19 thSpRE®-Edivephioh aeiRee TRE S5TS 6! éﬁ&?’i‘zﬁxe& cells
wh te

en the conductofs 270 are forned. In the iflustr

diffSiREnBRI4T piel edIDbp thstR]iBdn iof oheofves, iedhie t&msistors,

first, second, and third insulating |ayers 233, 234,

respledtivel§Ddddh s 4 ehiittér trasdistar, a@MQY phottighté rahsiEfRfand an anti-
‘over the conductors 270 and third insulating |ayer 250
blaaminghtiravsstolh.e Fatthes twihite gecabovernibddin2ntd e desdfibbd in
i nsul ating |layer 251 can be, for exanple, silicon
contnectionewitBSAVI(FESgixebeel BROG 400 A0@ rthe omadntiomois edso apgplicable to
net hods are used to formother structures (not shown)
pixsfl celds in & ehargedouptad dadop(CECD} hhagelsargor.and
nmetal lization |layers to connect conductors 270 to row

lines 70, and other connections of the pixel 200 are
f19P%dd. 4dprip! single chip §M0c8rl§%e$€@@mrc§@| is jllustrased Ry the block

BRI SR ATl B ) o having ne
or e tie) (Bl P PE) 0 PSRl P eamtangonductors
2 B g B s TR 28 2B
g UFAL A8 Wk A4 B SRR K0t v

cellsS400EI@ Ya) delifof oG EFIEBHUCt i ve | ayer

[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 selectively
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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271 is planarized by, for exanple, a chem cal

nmechani cal polish (CWP) step. Accordingly, only the
wa@e@onas26onduct i ve | ayer 272 is patterned. [ O0BOI/US2006/023878

Additionally, in the FIG 4 enbodi nent, the second

conductive | ayer 272 can further include a polysilicon

AR o PR R GO MR AR i e il rese
sl ) PO B eli gl (Ve 3ot ach Bl et bt are read
. ' . j th .
in® PLAFRLE B SR PRAOTT B 2 RS EETBAERY grverese. 4

@i hat ixxel | G . .

TRl eighe] (P iR by erhoia KB ich (R 607 for
oot PRl R R AR R T S R BRI A Gy B10-
did eI : | . ins ) y

IR eHEE AP 09, TSRO LAl 0GR Sha il e
digitized pixel i ' ' iate i

Peoar it e il onege PAAes0] b AR RO Chppepppe o
proesssing bafstd pidvidingaligitalZignalb QeEAIngMr ﬁﬁ&g@oﬁ tabove

enbodi nents are described in connection wth 4T pi xel

cell 200 (FIG 2), 400 (FIG 4), and 500 (FIG 5), the

cleA$6]gurBiG. gillustrates aginvedssoebysterAT0) A€ d D8 Bag@bdhsor 600
exenpl ary and the invention may al so be incor porated

of Fi{z. - ot e progessdr systeou7 @@ istexemplani 6ff eesyestemaviveg digifal circuits
transi stors. Wthout being linmting,such a circuit may

thqtr?@llf@@céu‘ﬂwféégft peaner devices. SWithsiut beingelimniting, sukch wesystem
"Slﬁﬂ r.more transistor pixel cell. A 3T cell omts

co MpHE Systeny, camera FESfemaseanaer,gnachine vision, vehicle

t.r aplsi st.or adjacent tg the photo-conversion device.
navigatisy, Vigeo Pg#&ewrb’? tance gy e arfatocks systeme star tracker system,

j Xe L t he. addi tion. of. one, two, of three
moﬁoglnclléﬁtg?%élg gystem, lmage stagﬁlza[lon system, and c{ata 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
microprocessot, with or without memory storage on a single integrated circuit or on

a different chip than the processor.

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

and illustrate preferred embodiments that achieve the objects, features and
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respectively, such as a shutter transistor, a CMOS

phot ogate transi stor, and an anti bl oom ng transi stor.
wao-anorioer2e7 whi | e t he above enbodi nents are descPCDEs20061023878

connection with CMOS pi xel cells 200, 400, 500, the

invention is also applicable to pixel cells in a

ad{;g%%ggqg #ﬁg?ergs%ﬁ?/ib%@e @%@g@@g@?@ at %Ogrzeker'& invention be
] lustrated by the black dia P e The | .
it g tef Fouadintt “MhP R Gifs Ron Bt e Bfvention
Qr. I.xel I . [ I L F
wifthh PR S 15y e sb Bt fcboppRal Bie f oy dpe i okl e
' : .array 680 are arranged in a
C"%?g‘ye?ég%?ﬁgﬁﬁr@%g’!ﬁé %?]glfé% ums and rows.
Alternatively, the pixel array 680 could include pixe
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 sane
time by a row select Iine, and each pixel cell in a
sel ected row provides a signal representative of
received light to a readout line for its colum. In
the array 680, each colum also has a select |line, and
the pixel cells of each columm are selectively read
out in response to the colum select |ines. [0054] The
row lines in the array 680 are selectively activated
by a row driver 682 in response to row address decoder
681. The columm select lines are selectively activated
by a columm driver 684 in response to col unm 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 colum |ines for pixel signal
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readout . [ 0055] The signals on the colum readout |ines

typically include a pixel reset signal (Wrst) and a
w@Rooglooi2zenge signal (Vphoeo) for each pixel cePCFUBB6023878

signals are read into a sanple and hold circuit (S/ H)

686 in response to the columm driver 684. A

differential signal (Vrst \f to) is produced by

differential anplifier (AF?L}‘\ for each pixel cell,

ac ixel .cellys differ Lals Sian i Lgirt
I0aGar el fifaed s o FrEiafle Siipiloided by Lek&R Patent of
Log-&.o-digital converter 688 supplies the digitized
p§£§9$%%ﬁgFg to an i mage processor 689, which
perfornms appropriate i nmage processing before providing
digPtahqﬁ&Eﬂ&iﬁ: FifinB9 an image output. [0056] FIG
7 illusttates a procesSor system 700 including an
i mge sensor 600 of FIG 6. The processor system 700
i s exeaphatorcoiversiopsdesicehata s\gfaﬂegiftaaﬁub@trﬂgﬁzi ts that
coul d include i mage sensor devices. Wthout being

syt entEaiiil BpREFELAGH Ariafolee B SR

vehi cl e navi gati on, video phone, surveillance system
aut o foutmiteyseesivedt ar tracker system notion
detection system inage stabilization system and data

i . 0057]. ..Th t 700 I
b o B oA bR ol RS eh SR ™ ©
processing unit (CPU) 760, such as a m croprocessor,

that cgiEatiesions contdet areal Bpdt / out put (1/ O device
761 over a bus 763. Image sensor 600 al so communi cat es

with the CPU 760 over hus 763. The system 700 al so
i ncl udeklepshrs ORIty ipeRBiart mﬁvﬁheﬁ easf Qge cgptact

i ncl ude renovabl e nenory 764, such as flash nenory,

Whi ch 24300 TEAY GAk @oWHlBoERb IR Rigyer the bus 763.
| mage sensor 600 may be  conmbi ned™with a processor,

such as a_CPU, digital signal processor, or
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.
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m croprocessor, wth or without nmenory storage on a
single integrated circuit or on a different chip than

w0 b@7po26essor. [0058] It is again noted that peEUSIMOME23878
description and drawi ngs are exenplary and illustrate
preferred enbodi nents that achi eve the objects,

ot M it B B R EREn 27 o RERER e BYGRE b Me ' o

the illustrated enbodi nents. Any nodification of the
pr esengateralerttodmofidriecdt aramsfeniresstrovheelseti and and
scope of the followi ng clainms should be considered
part of the esent invention. CLAIMS [0059] What is
cl ai neﬁo%eﬁgap‘é(ﬁﬁl §P¥%d to be protected by Letters
Patent of the United States is: 1. A pixel cell

conp! i Thaghixed cBNOf Ctag@ny ovltdrei e\t tisfbné comtiatace of
a substrate; at |east one contact area from which

charge or a signal is output or received; a first
i nsul aB¥e3gs plaatingdiffusion 18RIAM- conver si on devi ce and
the at | east one contact area; and at |east one

congu Ci[ﬁé plioke] CR bR ehaithl 1, RviiddBintthela® 8t BRE c&RALACT

ar ea, e at | east one conductor conprising: a

pol ysilicon conprising materi al extending through the
first aresub atsonyed/dspén regidnioéiarttansisteiont act with t he
at | east one contact area. 2. The pixel cell of claim

1, Wh eﬁ“ﬁg 'ﬂi)?el ef %%' %faiin\‘&, lwpie“?5{11‘?'1:ll1eic%')nduc’cive material

comprises a silicide.

8. The pixel cell of claim 7, wherein the conductive material
comprises a silicide selected from the group consisting of
tungsten silicide, titanium silicide, cobalt silicide,
molybdenum silicide, and tantalum silicide.

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.
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over and in contact with the polysilicon conprising

material, the conductive material conprising at | east
woer®7065267 silicide and a refractory nmetal. 3. ACEURIMMED23878

cell of claim1, wherein the at | east one contact area

Is a gate el ectrode.4. The pixel cell of claim 2,

whey ei r.0 | ode of
ondb o Tt PhebBEoPUREh Ly A CuRhg aeRGhd
source-follower transistor. 5. The pixel cell of claim
1, wheihsilatingdagér desrsthe pheto-oomwarsionrdevicsand beloat i ng
di ffusion region. 6. The pixel cell of claiml1,

he at ast. one contact area is a

whereipn t e
sour ce&‘@rfgﬁhu}sb‘g%]éﬁ’e% transistor. 7. The pixel cell

of claim2, wherein the conductive nmaterial conprises
a $it! i ThélpixeB cell BECIRINt Gl wiRIréinChe Polysilicon ¥iRpekingt he
conductive material conprises a silicide selected from
the gr ou? consi sting of tungsten sjlicide, titanium

si | i cimateridhap e toplsusiage ONfoiAMRIBRGM 8 o) yElacgnd
tantalumsilicide. 9. The pixel cell of claim2,

wher ei g dhes coRAUE A a?@x‘ erial conprises a barrier

netal /refractory mnet ayer. 10. The pixel cell of
claim9, wherein the conductive material conprises a
t utgst Ene pixel celéof datratle wheagisra 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.

17. A pixel cell comprising:

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

a first transistor coupled to the photo-conversion device, the
first transistor having a gate electrode and a gate insulator
over the gate electrode;

at least one insulating layer over the photo-conversion
device and the first transistor; and

a first conductor in contact with the gate electrode, the

conductor comprising:
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11. The pixel cell of claim9, wherein the conductive

material conprises a titaniumnitride/tungsten |ayer.
wa20070e6pi xel cell of claim2, wherein the coPdts100€023878

mat erial conprises a tungsten nitride |layer.13. The

pi xel cell of claim1l, further conprising a second

et ow t nd BYPERE A GRE R Al R R G e

of claim1, wherein the polysilicon conprising
mat eri al fisstsingulatingdaydranel the gats arselgtbatecastaet thep
surface of the first insulating |layer. 15. The pi xel

cell of clg%%.werei n a top surface of the
pol ysi | i &8 ?¢#%ing material is over a top surface
of the first insulating layer. 16. The pixel cell of

cl a8m the ikl kel of SaRhi 1Y) Athedeihl diéciddctivemateribbist
areas and a plurality of conductors, each conductor

being in contact with a respeg; ive contact area. 17. A
pi xel e¥el andifprardpeigvith the gobsdinendompisingvi ce at a
surface of a substrate; a first transistor coupled to

the phplgsgon c%in%cg% &ﬁ%eriaﬁ&rﬁioﬁ&hﬁta&%% Shelof
having a gate el ectrode and a gate I nstl ator over the
gate el ectrode; at |east one insulating |ayer over the

phot o- a silickdsamha 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.

20. The pixel cell of claim 17, further comprising a second
insulating layer over the photo-conversion device and below
the at least one insulating layer.

21. The pixel cell of claim 17, wherein the at least one insulating

layer comprises borophosphosilicate glass.
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device and the first transistor; and a first conductor
in contact with the gate el ectrode, the conductor
W@ ow0dRsMg: a pol ysilicon conprising nmaterial BPXI/@RIN6IOR3STS
through the first insulating |layer and the gate
insulator to contact the gate el ectrode. 18. The pi xel

over B LR AAREHS AnigB eiae G BhE el

material, the conductive material conprising at |east
one of layerwonipléseanetracthyt ovthositivateet al . 19. The pi xel
cell of claim17, further conprising: a floating

di ff,usi on.rﬁg‘%on cou Ied.to.the first transistor; and
a L8cofith PBAGRESISPT CAMPEISNEEL with the floating

di ffusion regi on, wherein the second conduct or

conpri agablretep@hdsi | i con conprising materi al
extendi ng through the at | east one insulating |ayer

and the gate insul aqt@glg to contact the gate el ectrode,
and t hen@sraLeiPivel Gelleeatileast ovemiseleell xomymising: wit h
the polysilicon conprising material. 20. The pixel

cel | of ¢ g@h&%%nvfewibn %v%eramaisamge Bf 38688 ate;

insul ating | ayer over the photo-conversion devitce and
bel ow the at |east one insulating layer. 21. The pixe
cel | of a@tgast ofie comtackareattmmarhichabargmer a signhbisi ng

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.

24. The image sensor of claim 23, wherein a conductive material
is ovér and in contact with the polysilicon comprising
material, the conductive material comprising at least one of
a silicide and a refractory metal.

25. 'The image sensor of claim 23, wherein the at least one

contact area is a gate electrode.
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| ayer conprises borophosphosilicate glass.22. The
pi xel cell of claim17, wherein the at | east one

WO p@aloet2smg | ayer conprises tetraethyl orthosi PCT/EEE06/023878
23. An image sensor conprising: a substrate; and an
array of pixel cells, at |east one pixel cel
co I §hag, - i ' e of
o s ramABeRER ek GHE 25 AhARH BE Plre BBl
charge or a signal is output or received; a first
i nsul atthegatesjentrardesof driesofhtrtnsfern resatsiown seleet, ard and
the at | east one contact area; and at |east one
conduct Qr i@ ﬁonta t mﬁ&h the at | east one contact
area, CRBEO 83§¥%%ﬁ§m‘3hductor conprising: a
pol ysilicon conprising material extending through the

fin7 ThednaigeRendcdrcland2d)avidreitieaitiass onet h t he
at | east one contact area. 24. The inmage sensor of
claim 23, wherei,n condu ,&i ve material is over and in
cont ac COMRChakeRds Bgl%gingicg HSOBHSBIO% ng naterial, the

conductive material conprising at | east one of a

suiggi dgpa %a@gﬁ@ﬁé’c_ﬁ@f‘&[éﬁr{@, i’%her%ﬁl thENR 164 GReSENSOT

of claim 23, erein the at | east one contact area is
a gate el ectrode. 26. The image sensor of claim 25,
wher ei §oRiaet gjgads alseargeddrain gegion of a transistor.

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

30. Theimage 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. Theimage sensor of claim 31, wherein the conductive
material comprises a tungsten nitride/tungsten layer.

33. The image sensor of claim 31, wherein the conductive
material comprises a titanium nitride/tungsten layer.

34. The image sensor of claim 24, wherein the conductive

material comprises a tungsten nitride layer.
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the gate electrode of one of a transfer, reset, row

sel ect, and source-follower transistor. 27. The i nage
waensons2ef claim 23, wherein the at | east one PONUSZNG/023878

area is a floating diffusion region. 28. The inmage

sensor of claim 23, wherein the at |east one contact

R e T F e

material conprises a silicide layer. 30. The inage

sensor irsfulatirgg lay2p ovehideghotdleonveribiciéviee bR delok
conprises a silicide selected fromthe group

consi s in& gf tyngsten silicide, titaniumsilicide,
cobal t 15¢ ifata 8§&num silicide, or tantal um
silicide. 31. The imge sensor of claim 24, wherein

t hg6C OTHH G ¥e s8I f @laihorsp ki i@ -

net al / r ef racgory netal |ayer fth%lgér @ﬁgﬁflﬁlg eaglélrl{glcl) of
claim 3], wherein the conductive material conprises a
t ungst @hcqntaet azeas urdya phwraligy of comBuctarseeadhage sensor
of claim 31, wherein the conductive material conprises

Censor Capgtos brigg h RRLERi Y Rpedifus (U HEREF, o

conprises a tungsten nitride |ayer.35. The inmage
seRgor The irohge serz®r of diaimes, fumtier cinmgrisingee dewdt one
i nsulating | ayer over the photo-conversion device and
bel oW fine 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
(if) an image sensor coupled to the processor, the image

sensor comprising:

a substrate; and
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the first insulating layer. 36. The inmage sensor of

claim23, further conprising a plurality of contact
wae@asoaed a plurality of conductors, each conPUI/US2006/023878

being in contact with a respective contact area. 37.

The i mage sensor of cl ai m 23, further conprising at

| east. °§50455%Fg§19f#<§i Qtlte'a?@ccﬁ{edfecﬁéﬁan@%e onduct or,

the lin cwtry ext erna tot e at | east
one pixel cell. 38. The i mage sensor of claim 23,

wher ei n colrpriding:east one pi xel cell is a

four-transi stor pixel cell. 39. The i mge sensor of

lai m 23, wh h |
Chr co-t 1 andt BRGP R BFaOB AR h et dppllatfasd bl o

claim 23, wherein the at | east one pixel cell is a

char ge coupaeldasttiec@nty@arg ftem atith cikgedrar ocessor
system conprising: (i) a processor; and (ii) an inage

sensor coupl.ed to the processﬁi t he i mge sensor
conpri si ng:Signal isSuRtOr ree/i%ear ray of pi xel cell's,
at | east one of the pixel cells conprising: a

phot o- convep g QNngdemting 18Ferbvey "cﬁ@%ﬁoﬁf-c&n%f@i%hf at e;
at | east one contact a ea fromwhich charge or a
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, The system of claim 41, wherein the image sensor is a CMOS
image sensor.

44. The system of claim 41, wherein the image sensor is a charge

coupled device image sensor.
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signal is output or received; a first insulating |ayer
over the photo-conversion device and the at | east one

wa@oeowae26ar ea; and at | east one conductor in CPOL/ES1006/023878
with the at | east one contact area, the at |east one
conductor conprising: a polysilicon conprising

materi al ' . th I rst..insul ati. l,ayer
andS] n Aol Lok 8er oo tregRbanfortp e AT
The system of claim4l, wherein a conductive nmateri al
is oveactad: i n contact with the polysilicon conprising

material, the conductive material conprising at |east
one of a silicide and a refractory netal. 43. The

syst enfBFIBE A Rhoiﬁ',co%ﬂ%?sé‘i’rhd?ﬂée phagerfaegnebr is a CoMOS
i mage sensor. 44. The system of claim41l, wherein the
I mage sers@ite;i S a charge coupl ed device inmage
sensor.45. A nethod of form ng a pixel cell, the

nmet hod con,prisi,ng the acts of: formng a

phot o- koRvag gifest earetarar; a surface of a substrate;
formng a first contact area; formng at least a first

| nsul atdrifing AY RlasY st iNGIRARE R EFer HR bhoto-

conversion device and the first contact area;

forming at least one opening in the first insulating layer;
providing a polysilicon comprising material within the
opening and in contact with the contact area.

46. The method of claim 45, further comprising the act of
forming a conductive material layer over and in contact with
the polysilicon comprising material, the act of forming the
conductive material comprising forming at least one of a
silicide and a refractory metal.

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

48. The method of claim 47, 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.
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device and the first contact area; form ng at |east

one opening in the first insulating |ayer; providing a
w@eioy®di2zeTon conprising material wthin the oprei/ngoa6023878

in contact with the contact area. 46. The nethod of

claim45, further conprising the act of formng a

CORYU C Tiheen SMbEI £l aihPas fwltetein MaGct Bf FRAMAG bt h the

pol ysilicon conprising material, the act of~form ng

the conductive material conprising formng at |east

one of leastone rortagharea coprises frmingtadiloatayg diffusion

nmet hod of ‘claim45, wherein the act of form ng the at

| east gggoﬁontact area conprises formng a gate

el ectrod®. 48. The nethod of claim 47, wherein the act

of formng the at | east one contact area conprises

f 0Bl ndha nyethedelf ettimothe wifereimethefactof foandfigthe aeset ,

-row sel ect, and source-foll ower transistor.49. The

thod, of claim 45 wherein the act of f the at
least st (B PARALAEA CoBiRpler g & Suurce R r it i ng

di ffusion region. 50. The nethod of claim45, wherein

the acteglbnobnmfigistdre at | east one contact area
conprises formng a source/drain region of a

;23?2; %bg rg%tgfl)ﬁ 55}2}%@?1%6'?% egéinctlhg iarcrt]“, §f6f)rovx\7‘g§irnegi t?let he
conductive material comprises forming a silicide layer.

52. The method of claim 51, 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.

53. The method of claim 46, wherein the act of providing the
conductive material comprises forming a barrier
metal/refractory metal layer.

54. The method of claim 53, wherein the act of providing the
conductive material comprises forming a tungsten

nitride/tungsten layer.
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conductive material conprises formng a suicide |ayer.

52. The nethod of claimb51l, wherein the act of formng
wo b@780326Ti de | ayer conprises formng a siliciPeT/U830e6/023878

conprising a silicide selected fromthe group

consisting of a tungsten silicide, titaniumsilicide,

colzgl t Thihethdd, of EiMDSE AR rein thelfteof ﬁ]f&rl& @Heum

silicide layer. 53. The nethod of clai erein

t he act of prOV|d|ng t he conductive material conprises
f or mi n§eRAECHVe MaterAl spmpsisea faringctitaniumyer . 54.

The nethod of claim 53, wherein the act of providing

the co conprises formng a tungsten
nitride ungst gg&?’lgégéj 55. The nethod of claim53,

wherein the act of providing the conductive nmateri al
co®pr i $be methotryg claimi 4% fuxthencamprisitgithgsceof | ayer .
56. The nethod of cl al m 45, further conprising the act

phot or FiRgeBar 5008 e af s s Wit diwerrion  ng

| ayer. 57. The net hod of claim45, further conprising

t he actevice phdrlowithe firstinpdbiag layen conpri sing
material and the f| rst i nsul ating layer such that the

poI SI con terial has at p surtrace on a
5 1%4; er comprising e acto

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.

58. The method of claim 57, 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.

59. The method of claim 57, 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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of the first insulating |layer. 58. The nethod of claim
57, further conprising the act of form ng a conductive
woraioendab7 | ayer over and in contact with the PCT/US2006/023878
pol ysilicon conprising material, wherein the act of
formng the conductive material conprises formng a

lapsi I i . I ir{?ﬂfé' . 59.
'Fl)'ﬁeébsr'rlet ogﬂé@%@{%ﬁ&@fﬁ;ﬁ?%g?&?@%ﬁ%ﬂ SI ngacﬁééie;ct of

form ng a conductive material |ayer over and in

cont actfomhirtg a phurplityyef ¢antact areasaridsfonming aglieality
wherein the act of form ng the conductive materi al

COrP okl A A KRR F SRR N0, T

formng a plurality of contact areas and formng a
pl ur al icbyitaet amsasniliegsin tha polyaiitton@nhprisiag lagerdypose a
respective contact area, wherein the polysilicon

conprisin ayer, is formed wi thin each of the, openings
and inﬁ%’g?‘ié'%/l each of gg?p%mr}%s é‘b‘ii‘bi’:‘?ﬂté%‘éﬂt%@l. The
met hod of claim45, further conprising the acts of:

form nge?iecﬁ@@%bn&@?afeiaﬂe coupled to the at | east one
conductor; and coupling the at least one line to

circuitry external to the at |east one pixel cell.
61. The method of claim 45, 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.

62. 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;
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62. A nethod of formng a pixel cell, the nethod
conprising the acts of: form ng a photo-conversion

walewroes2at a surface of a substrate; form ng aP€T/1S1006/023878
transi stor coupled to the photo-conversion device, the
first transistor having a gate el ectrode and a gate

i nsul ghahifvetirdtipetti@irthecl I@deond distilathglayeeast
one insulating layer over the photoconversion device

and the first transistor;formng a fiyst openjng in
the atandehegatminsukpiinglayet thaljiEst opRpngRXIgREME O

insulating layer, the first opening extending to the

ate ode; viding a polysilicon conprisin
gate GheghliiEenddd g a poly mp g

l ayer TN TSt ‘opening and in contact with the
gate el ectrode. 63. The nethod of claim®62, further
conpr ioniglinge palysiliodn cpmpvistiglgyer sothefést openiager
over and in contact with the polysilicon conprising

| ayer, the conduyctive |aver.c rising at | east one of
a sui & ma??&‘t%\cl%m]?glzﬁ%%t)%/e}reect%e' 64. The method of
claim62, further conprising the acts of: formng a
f | g@t i Tige Hicthot bbdlalrayey fuatheplcethprising éhd acts of:

transi stor; and form ng a second opening in the second

insul ating_ |ayer, fhe . .
prov%dingya condtuctwe layer over and in contact with the

polysilicon comprising layer, the conductive layer
)comprisin‘g at least one of a silicide and a refractory metal.
64. The method of claim 62, 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,.
65. The method of claim 62, further comprising the act of
forming first and second insulating layers over the photo-

conversion device.
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second openi ng extending to the floating diffusion
regi on, wherein the act of providing the polysilicon
W@ owdRsng | ayer conprises providing the pol yBeCT/U8m06/023878
conprising layer in the second opening. 65. The nethod
of claim®62, further conprising the act of formng
fi66t Thd methodficteim 63, iwigereimyiblecouforiifig the at
photoconverS|on devi ce. 66 The net hod of cIa|n162
wher ei e act f. fo g the at_ | east one insulating
| ayer ?%E? eLCHBPHEPIOBAURE R cat e gl ass
| ayer. 67. The nethod of claim62, the act of formng

t he atbbﬁﬁjﬂ R6silibstd Ahdsgydayer conprises formng
t et raet hyl os?hoséll [ caﬁ1 5 %

67. The method of claim 62, the act of forming the at least one

insulating layer comprises forming tetraethyl orthosilicate

layer.
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