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[0001] The invention relates generally to

sem conductor imagi ng devices and in particular to a

sem conduct or - based i magi ng devi ce havi ng structures
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hybrid focal plane arrays. CCDs are often enpl oyed for
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whi ch nakes it € i ncunbent technol ogy, particularly
for small-size imaging applications. CCDs are al so

FIEL[?WJ?@ ﬁVEFfﬂ@l\f ormats with small pixel-size and
hey enploy To

W- noi se char ge-domai n processi ng
techni ques. [0003] Inherent limtations in CCD

t €qHHPI109Y hB &N PerficR R A6s %m@éﬂylto sem@dBg uictmgatagifg devices and
possi bl'e use as a | ow cost imagl ng-device alternative.

in paARvid BeRnRoRliREiol-Paget nayiep debizd leageg struntiresifor reducing
| owvol tage operation and | ow powerconsunption. Al so,
opticAINeGsstalkgenong pixebonpat i bl e wi th integrated on-chip
el ectronics (control logic and timng, inage
processi ng, and signal conditioning such as

anal og-todigital conversion). CMOS i nagers al so enj oy
DISCIUSHON @brRERATER £4Bdts as conpared with the

conventional CCD inmagers because standard CMOS
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applications. CCDs are also capable of large formats with small pixel-size and they
employ low-noise charge-domain processing techniques.

[0003] Inherent limitations in CCD technology have promoted interest in
CMOS imagers for possible use as a low-cost imaging-device alternative. Advantages
of CMOS imagers over CCD imagers include low-voltage operation and low power-
consumption. Also, CMOS imagers are compatible with integrated on-chip electronics
(control logic and timing, image processing, and signal conditioning such as analog-to-
digital conversion). CMOS imagers also enjoy lower fabrication costs as compared with
the conventional CCD imagers because standard CMOS processing-techniques can be
used.

[0004] CMOS imagers of the type discussed above are generally known as

discussed, for example, in Nixon et al.,, "256x256 CMOS Active Pixel Sensor Camera-on-

a-Chip," IEEE Journal of Solid-State Circuits, Vol. 31(12) pp. 2046-2050, 1996; and



Devi ces, Vol. 41(3) pp. 452-453, 1994, the entireties
of which are incorporated byreference. CMOS i magi ng
W@ R00cH23182 processi ng steps thereof, and det ai P€HUS2006/033175

descriptions of the functions of various CMOS el enents
of an imaging circuit are described, for exanple, in
U S. Pat. No. 6,140,630 to odes S.. Pat. No.

Mengisl JEO8 Asliseicl s esanso [FiES Beargations on Electron
LRhodes, U.S. Pat. No, 6, 326,651 . .. U S,
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use common (e.g., alum'num netal |ines at upper

arei_ﬁ&}f?b)%at@ameté@ﬁ@{ integrated circuit to conduct
el ectrical “power and signals. From an optical
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instead sgrikey a heighhoring pixelgdheshisdirection oftnsomasdeem meflections

.. 1 represents optical crosstalk occurring in other
withipthepigehtteustriyer s as well. Pixels 1, 2 are
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[0007] FIG. 11is a simplified schematic illustration of light reflection within an

imager and attendant crosstalk problems. FIG. 1 shows a cross-section of a portion of
an imager having two adjacent imager pixels 1, 2. Although the imager shown is a
CMOS imager, FIG. 1 represents optical crosstalk occurring in other solid state imagers
as well. Pixels 1, 2 are representative of a plurality of pixels making up a pixel array in
the imager. Fundamental features of the pixels 1, 2, shown simplified in FIG. 1, include
respective photodiode photosensors 3, 4, which collect photons and convert them to
photo-charges. Conductive metal lines 5, 6, 7 are located in an upper portion of the
imager integrated circuit. Additional layers 8 disposed above the metal lines 5, 6, 7

include, for example, an insulating layer (Si02) and a color filter array above the



i nclude, for exanple, an insulating |layer (SiQ2) and a
color filter array above theinsulating |ayer.
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t he phot odi ode photosensors 3, 4. [0008] FIG 1
illustrates a path that photons 11, 12 might take to

msul‘a&ﬁg@wé%éi%%@eéwregams? gres § 3&)?{93%%‘:%6’1%&;”?% @il photodiode
' I 8. Instead of b f d
phot% §£Se%g%?y3| nho%\%r phgfo(nealloi S ?IeP?ac?ggsgy o

m#@ﬁ(%]en%ég ?reﬂ.l%txlealftézsgff)%% ({1’15.9@1‘18 duGt iy ?rggﬁf ?Elkel toMfie ?)ixels 1,2.

an-u er e’ ne
Phot%ﬁgg%nt&gm cﬂ@]ﬁ 9 be aéééds I§§g grll g%cggvla@g Ofg?%?éhzﬁ le >Yol{l'le color filter

array ﬂlr 1a§&PEP 1 te B ofDARS Hﬂctus@cfi oﬂgﬂ{&ﬂséﬂs& Br hJSW@ger, photon 11 is
p otosensor 4 |nstead of phot osensor

refrabte@ISt @idtbler| RE1d ffleehA 6! é@ﬂh@ﬁ%'ﬂeﬂaﬁﬂﬁe 5 in an upper
accurrul ated at phot osensor 3 accunul ates instead at
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signal for that portion of the inage, the signal
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contai ns i naccuracies. [0009] The state of the art
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absorb I'i ght, however, the dinensional -scal e of the

refledtbugidaesgs ahoelfertive vaithiness! aierewrangt @€ wdfelengths; (2) dark or
i nci dent wavel ength (typically half-m cr oneter for
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| arge for an imager to contain; and (4)

thickhipgliienticn o thit eratiagmateriahhsrmally is required: tight spaces and close

tolerances within the imager would not allow for added layers several microns thick;

(3) reflections can be reduced by surface-roughness that can scatter and absorb light,

however, the dimensional-scale of the roughness should be at least the same order of

incident wavelength (typically half-micrometer for visible light): surface features of

this size are too large for an imager to contain; and (4) higher-conductance materials

(such as Al, Ag) have correspondingly higher electron densities, so these materials are



(such as A, Ag) have correspondi ngly higher electron
densities, so these materials arenore efficient
w@bavozsiabsor bers: hi gher el ectron density, hoME/E82006/033175
al so corresponds to higher undesirable reflection.
[0010] Accordingly, there is a need and a desire to
provide anti-reflective propertuﬁi to tge condu?tive
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the reflecting surface. Total reflectance is reduced
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BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The above and other advantages and features of the invention will be
more clearly understood from the following detailed description which is pfovided in
connection with the accompanying drawings.

[0013] FIG. 1 is an illustration of crosstalk caused by light reflected from metal
lines in a CMOS imager;

.[0014]  FIG. 2 is a cross-section of a portion of an array of CMOS imager pixels

featuring anti-reflective films according to an exemplary embodiment of the invention;



[0016] FIG 4 is a graphical illustration of optical
properties (reflection and transm ssion) of a variety
w@boogpzant i ¢ netal -stack structures based on tPEI/US2006/033175
generalized structure of FIG 3; [0017] FIG 5 is a
cross-section illustrating steps in the fabrication of
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fabrication of "an anti-reflective conductive-Iline

strucstifeUsftRICGe 3accordi ng to an exenpl ary enbodi nent of the
invention; [0020] FIG 8 is a cross-section
i 1[00B7A]r atflGg5 delal ctasswadticat dustrating Beefsdhrthe fabrivatioh afran anti-
anti-reflec.tive conductive-line structure according
reflettiveacorekmtiviedine snddiemmordifigtthani exesrplagnempodiagnt of the
. FIG 9 is a cross-section illustrating an alternative
invemigetrod for fabrication of an anti-reflective
conductive-line structure according to an exenplary . .
% nﬁge fa%ncatlon of an
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' iy . ‘ . .
s B S e P Bty Smboctment of
. ?t i-reflective conductive-line structure according to
IMVeRROTLy enpl ary embodi ment of the invention; [0023] FIG
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theiﬁﬁer{tﬁr? cross-section illustrating additional steps in
- the alternative nmethod for fabrication of an

gnr[bbzaj ef IFeG! 8 Yea eRJ3EIMELHOtEH s LIAL el tihrtal BEGS i tRE fAlitication of
an anti-reflective conductive-line structure according to an exemplary embodiment of
the invention;

[0021] FIG. 9is a cross-section illustrating an alternative method for
fabrication of an anti-reflective conductive-line structure according to an exemplary
embodiment of the invention;

[0022] FIG. 10 is a cross-section illustrating further steps in the alternative
method for fabrication of an anti-reflective conductive-line structure according to an
exemplary embodiment of the invention;

[0023] FIG. 11 is a cross-section illustrating additional steps in the alternative
method for fabrication of an anti-reflective conductive-line structure according to an

exemplary embodiment of the invention;



exenpl ary enbodi nent of the invention; [0025] FIG 13
illustrates an array of CMOS i nager pixels constructed

w0 poogoezsinziance with an exenpl ary enbodi nent of P€THES2006/033175
invention; and [0026] FIG 14 illustrates a system
i ncluding an imagi ng device provided with the inmager
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[0028] The term "substrate"” is to be understood as
including silicon, silicon-oninsulator (SO), or
silicon-on-sapphire (SOS) technol ogy, doped and
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accomip AR PBATANGY HN QYIS GATS aiee] SHLTUSUGHe SRihe feemplary

e R SO B R PRk Aol G B sdooa

ke rgiSFeft hpSEy TRrer Ol e Sl S FRER B A PPk, ese

embord%fn%hfs iR cﬁis?ﬁb&? [@m%.e‘ﬁt rd@?d%]?ﬁo' é%ﬁbiehﬁosg Qpilﬁﬁ%l{ﬁg aft to
Vi sual” sensation (visible I'ig as we as

pract%egcﬁ% [ru%@ﬂﬂﬁ[ ¢ i t%dc;eaﬁlj\&&s@é‘dﬁhgﬁomer khfbodiments ma Sbe utilized,

spectrum 1n general, ght as used herein

and tR&f stk Addafical| dPbi8ctiReEl @Han@Rs nithi bd flaBeSwiFR68t departing fro
br Oséld| y to toﬁgraenti re %I ectromagsrsleti c spéactrum cpatting rom

the spigit bheWcapé vf eheiventiggnet i

[0028] The term "substrate" is 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 "substrate” in the following description, previous process steps may have been
utilized to form regions or junctions in or over 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, for example.

[0029] The term “light” refers to electromagnetic radiation that can produce a

visual sensation (visible light) as well as electromagnetic radiation outside of the visible

6



radi ati on that can be transduced by a solid state
phot osensor into a useful electrical signal. [0030]
wab@7oesins " pixel" or "pixel cell" refer to a PCTUSI006/033175
el ement unit containing circuitry including a
phot osensor and transistors for, in the case of an
i sensar, .cpnvert i I NCi . eleciro netk.c,.
speciIRP drviers) HEREHauer s RNt b fHAE G ion, but refers
: tion Ve Di . ¢ . -
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- . r' . o .
radiaf RN thABLAE B BBt o ol o2l pRBRRERlb: i B ASERH clectrical
signdfletail ed description is, therefore, not to be taken in
alimting sense, and the scope of the invention is
dqbamgd heltbanappReIast ‘Piréltell” @31 afaétene eREndr unit
FI'G 2, a portion of a CMOS imager array is shown in
conta@higscif@GtryAncludiney pabtddensdr fRNEhhsietdrs &8¢ af thd\@ist ©f an image
an exenpl ary enbodi nent of the invention. Although the
sensomveatdréingiincideateletieomaphbtic eidtdbon eo b ebectli€dd sigradeFor
array, it also can be applied to other solid state
purpbsesgerillastratien, mpresehtative pireld aspillaystméed Tethe drawings and
Accordingly, the description which follows is only
descrgidom hargino fypheallyfebriertivenef alhpimelsdin arnienagarenill proceed
. may be used. [0032] FIG_2 shows a portion of CMOS
simufipRepusly in a¢ipyet faghivrofThedodevrng siesadlesl depcaiptioayis, therefore,
side of pixel 13 exenplifying an enpodi nent of e
not tp ho &leqruin a HRUting sensepand %Sv@@@m Tﬁ% IERIiogy is 251(@216‘@@ by the
transj stor (4T) pixel, though the pixels may have any
aPPerieé]é t circuit configurations. Representative
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surface’region 20 is provided over the n-type
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[0032] FIG. 2 shows a portion of CMOS pixel 13 and portions of adjacent pixels
on either side of pixel 13 exemplifying an embodiment of the invention. The pixel
portion shown is part of a four transistor (4T) pixel, though the pixels may have any of
several circuit configurations. Representative pixel 13 of the exemplary CMOS imager
array includes a photodiode photosensor 14 formed in an epitaxial (EPI) p-type layer
16, which is formed over a p-type substrate 17. An n-type accumulation region 18 is
provided in EPI layer 16 and accumulates photo-generated charge produced from

photons striking the photodiode photosensor 14. An uppermost p-type surface region

20 is provided over the n-type accumulation region 18. The pixel 13 further includes a



EPI layer 16 as part of an adjacent pixel. A transfer

gate 24 is forned above a portion of p-well 22 and
wa@oadjoaoeiin2 t he phot odi ode phot osensor 14. The tPEREE®06/033175

gate 24 serves as part of a transfer transistor for

el ectrically-gating charges accunul ated by phot odi ode
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near the upper surface of the EPI |layer 16. In an

gate X TR 264t 6ARGIEIITES bonridtee D) £ vOkagesdiaye (.45 Vg through a
deposited over the entire upper surface of the EPI

sourdedd@iin t&giohahlddwedtibys toheraiepoes irédettingfolthge to the floating
pol ysilicon [ayer 48. The polysilicon |ayer 48 can be

diffusiotapgibn 26 peatefal isilation betvsensthgadircent pixplsant eithes ide of pixel
a dopant, for exanple. An insulative capping |ayer 50

13, is(poacredent by ehajlow teeinch ésdlgtion (G Hp s¢gi0n%14£ 44TECS) ,

Si SOCZHS) 4, oxide, or nitride) is fabricated over the
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e.g., an tal layer), sem conductor |ayer 96, and
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Thes8 %ayess 86,018) 50N 0ptiohalB3y, at thepasdsked veitl b patteshetbphoforesist and
etched to form the structures shown in FIG. 2.

[0035] A conductor 36 is in electrical communication with the floating
diffusion region 26, as well as a gate of a source-follower transistor (not shown).
Conductor 36 routes through a conductive path in an interconnect layer 40 (e.g., an M1
metal layer) and connects to other conductors up through interconnect layer 94 (e.g., an

M2 metal layer), semiconductor layer 96, and ultimately conductor 97 in interconnect

layer 98 (e.g., an M3 metal layer).



conductor 97. Anti-reflective film99 prevents photons
that enter pixel 13 through m crolens 108 and col or

wo dovmesiez ray 106, intended to strike phot odi OPET/US2006/033175
phot osensor 14, fromerrantly reflecting to an
adj acent pixel and striking a phot osensor of a
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detaﬁ % Fd0Fch zo G4 %M@hfi‘ﬂtgs%teé Q%@ﬁéraﬁl%e&’ %Sﬁstifﬁ’ctldheof an

osensor layer).” As the size of the conductors 97

alunﬁjﬁﬁfrﬁ(gkz‘f %oﬁﬂ‘@ctbp og eIt Witd O cbARARIN GV edtital-Sideeurface with anti-

of providing the anti-reflective may out wei gh
reﬂe&thee HFRO9V e Hsul i©2) 1a¢ ép%(é?%kthem\wﬂéllear{cqﬁﬁéd) is

The arrows in FIG represent paths taken by photons
depdsttedl oartée anti-reflective film 99. It should be understood that although the
description relates to applying anti-reflective film 99 to conductors in the M3 dielectric
layer, the invention is not so limited. Other reflective surfaces can be coated with the
anti-reflective film 99, including conductors 97 in the M2 and M1 layers (closer to the
photosensor layer). As the size of the conductors 97 decreases and the depth within the
pixel increases, the cost of providing the anti-reflective may outweigh the improvement
in optical crosstalk, however.

[0039] The arrows in FIG. 3 represent paths taken by photons that are

transmitted and reflected by a vertical-side surface of the conductor 97 coated with the



transmtted and reflected by a vertical -side surface
of the conductor 97 coated with theanti-reflective
wo 2oomi02802 The Si Q2 i nsul ating |ayer 98 is depoBCT/€82006033175
the anti-reflective film99. It should be noted that
al t hough alum numis di scussed as a comon conductor

L T TR
fitm 55 1t e O B ar et afoaRin gl BeSlrabi B ooy
b T SOFRIE e e b
fﬂmefd;%&‘%g%?‘y ected at the MSiQ2 interface, (i.e., the

8 interface) where Mrepresents the

afﬁb%oﬁ ef gzt%ﬁg&d@e éﬂd ;Fﬂm (ﬁ»vet n}gl%tﬁ%%éé &Fkh@fcohﬂﬁﬁﬁfﬂl&& of layers 97, .

IS un-re cte ansmts into the

98, 94N§é£f5e ﬁtﬁanﬁﬁea %?%h&d@?fn b ivafiofs 1i 1;ghe phit@hthatiphéforkheill take.

erface | ayers 99/97 interface). T2

Path R@% $@hEs thedbrba 9f Atophingdiditehetds refidttedat HaylisiO2
Si2 interface. [0041 guation 1 represents the

mterﬁa@é el €hd REeioID/98 irttbatdelicreM rePiselS thasad-reflettiree film. T1
l'i ght pat hs "above and taking into account the

is theapdritionedf iedinieg fighinthadid inn-céfdetad and tchramitsisno Fhe Mhlayer. R2
coefficient afor the anti-reflective film99: R =

represgits-refegtiorempthedight T2t (thy MiAlioterfaga (ie.r el 1@35@113\9@/97 interface).
treatnment, alum num exhibits a very high_ reflectance

T2 repmamtﬂrgnsmlssmmf refle¢ted dfght fe hﬁY@ﬂé MISEPP dpteaticeo

incident |ight froma dielectric For num

0.[804135 1 Equation Ageprrsents nlilieﬁO#aéy%ﬂeC&Pnéﬁtthe 8? 4%99 based

film99 reduces the total reflectance
on thefight petheakqyeang fakegiTte agéwttttga alekﬁEﬂsctﬁYﬁ fjlm 99 thickness d

account the ngterial i ndex. The

and ghpbsqrRHPB PR Eil%f}tloiﬁoééﬁﬁg%rrﬁﬂie 5 8% ed such t hat
the reduction in refl ectance provi ded is effective at
subm cron di nensi ons [ 0042] Adding the

ef lec v§ tween the alum num and the (1
%ﬁ I-IQ }d er\? vvo?p%?poses The anti-reflective @

f|In199 reduces the refl ectance R of the conductor
surfaces, as discussed above and nore specifically

Withg)rﬁlt QWP EESCﬁ%rréa%ﬁdtt g?ﬁﬁltﬁl élgﬁg% h%et n§‘ %ﬁcggﬁla"‘elf%t@geirrgé kralue R
(ie. ‘r&géeﬂ‘ ol H(}?l? %ﬁ%f@%@reﬂ@cfeﬁecoﬁﬁffﬁﬁﬁt H’éh@i‘@ﬁl%ém‘lét@ﬁcw Hdr
aluminum, R is 0.89 @ 516 nm. Adding a thin layer of anti-reflective film 99 reduces the
total reflectance R. Anti-reflective film 99 is selected taking into account the material’s
complex refractive index. The anti-reflective film 99 material is selected such that the
reduction in reflectance provided is effective at submicron dimensions.

[0042] Adding the anti-reflective film 99 between the aluminum and the 5i02
layers serves two purposes. The anti-reflective film 99 reduces the reflectance R of the

conductor surfaces, as discussed above and more specifically below. The lower

reflectance R results in less optical crosstalk in imagers that utilize aluminum
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al um num conductors from one pixel onto the

phot osensor of a nei ghboring pixel. In addition,
wa@eao7/02aht ective film99 serves to absorb | i gheCT/US2006/033175

photons, thus further reducing the light intensity at

the MA interface (FIG 3). [0043] In order to

R
H . . ] . (2 . ) ) '

oA Sk AR PSS T 4 Bl AL e BSms il o
.1 i i i t i i : 9 . ‘

BP0 BB BRI 0b BBbe i

: p r tkpn 2 as follows: where nl
11ght$ﬁ%ﬁ9§%g?%ee§/91ﬂ&§ﬂgffgc{gﬁ% 2); refractive indices of -
t ,vr@o;%t eru[i Qrder & dbternfindthe Wa?f&]écﬁ%ngﬁbbide%{fﬂ)}?ﬂ{é M§ers 97, 98,
film 99. 0044]j Referring to FIG 4, optical propert
99 it Me_’tess%rf edpvhRd td Rfleaditia bt A theantbrRicad)t.eg ltREBAYSSO2
having utility as exenplary anti-reflective filns when
interfiRBOSAd &k PHAR Nt facE plddhBghpibsoabtiph (Petrbh@fiseing in the anti-
determ ned at a vvavbe?]gngt hgof 51?)nm ?%Ieﬂe band). The
~ refleatiitd filne Ob e Tigivareflettionaisthbdnteefhcabf ewblliffkreed snatbriay can be
nmon alum num N ne sets of data are shown in FIG 4:
représantedidhy Equation alagdolloms: t he ei ght anti-reflective
filmmterials include the metals chrom um (Cr),
~cobalt (Co), nickel (N), tantalum (Ta), titanium
(Ti), tungsten (W, vanadium (V), and silicon (Si).
[OEALSQ%F—YZ% Hkcobtai ns four superinposed graphs, one @)
for -e@tghnof J(qelluckgpti cal properties. Beginning at the
front of the graph, the first row contains total
reflection data for each respective anti-reflective
filmdisposed between al um num and Si @2, and for
whes@l M- fKInG AR+ V2t e ebniplek Réfedctiveiingicepbf twelthgwetiakee.g.,
film The second and third rows tabulate information
alunfietimeachttendnti-refldcgiot ifitm 9t eri al provided as a 10 nm
filmrespectively, on alum num and under Si Q2. More
s{{6044]i c Reffgrrirtghte Héc dnapticlvptdperdy data Rebmpitett firmduminum (Al)
refl ectance data for each of the eight anti-reflective
and ¢ighheledepdshevingadility bo exemplatyrarghreflachiva dilmswileen deposited on
third row (Metal /Si Q2 Ref) contains reflectance data
alumfigime Jldie epptical prepeyies wearadstesminnd iat payavalength gfiflamm (blue

on_ which SiQ2.is_ ) . .
band). The anti-reflective film was formed at a thickness of 10 nm on aluminum. Nine

sets of data are shown in FIG. 4: in addition to aluminum, the eight anti-reflective film
materials include the metals chromium (Cr), cobalt (Co), nickel (Ni), tantalum (Ta),
titanium (Ti), tungsten (W), vanadium (V), and silicon (5i).

[0045] FIG. 4 contains four superimposed graphs, one for each of four optical
properties. Beginning at the front of the graph, the first row contains total reflection
data for each respective anti-reflective film disposed between aluminum and SiO2, and
for aluminum/SiO2 without an intervening anti-reflective film. The second and third

rows tabulate information for each anti-reflective material provided as a 10 nm film,
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deposited. The fourth row represents transmttance
data for each of the netals alone. [0046] It can be
wa@e@n/otyiem t he total reflection data (first romT/URENG6/033175
antireflective filnms made of either tantal um or
titaniumw || reduce light reflection as conpared to
untreated surfaces of alum num conduct or g} i mul atl ons
reSp@tmm patalymi e rchgnden S0 Mprespac qsegond W

T
(Metglzgi gg ,T@%t;%%?ﬁ \éetpgqrég agqa Fq%‘ a tr edlugg@gu-reﬁecnve films

depoiied averd 1o SRR aﬁwﬁ@w oF 1%@2'9%‘:@%@%{92 B contains
reﬂeqtg:a?qmg%tlg} 8h e%&b t | b kkgqftlgﬁ gﬁwrs %hich SiO2 is
oyt g@%ﬁ;rgwrr%%&%ﬁ %}gﬁ%% TS o
ik L SR PSRkt 461 15 o s
reﬂeé’cﬁﬁ%ﬁqrﬁs hallle Wt etk faﬁn 1&9‘1 Bt tlfeﬁﬁﬁﬁﬁvﬂ!l YedTFcteétht%EHeétﬁ)n as

ess reactive t Ta also is known "as a goo

Comlpﬁ%ﬂ'tg ﬁln@ﬁta?éd Alrfadas oh al’M%Hirﬁnﬁ lcend dens. difeilafBhethow that
fusion, and has been widely studied for its barrier

mtroﬁﬁ@irig'%ﬂa'y@ﬂ f Whpi>@ARREY 10 Al tarkhlurR(T4)A@kween Al and SiO2,

zation, and suicide formation. [0048]

reduResieEilireflsctivn frofad vilefel Q8D et, 89% refleaisnca)tout.3DER) 31%
(50% refl ectance) woul d be considered sufficient to
refle¢tante)f yn abafientprit bé abont thred faddt i ve film 99. Furt her
reductions in total reflection, to about 0.40 (40%
r fP048t adeaalunvand Heanivay @featmth@oatpaélbé%mﬂdﬁhﬁgﬁtager fabrication
the invention. Actual reductions in reflectance wll
procexspe it ditanivan gridkixfnrms allmygueithwlumipnm during higher-
anti-reflective materl%b and, t he_t hi ckness of

tempﬁﬁ@ﬁﬂﬁéba@eﬁnd@fﬂlnﬁﬁ%? Hrﬁf?éémgt A BUPY- %ﬁmaﬁonrethe total
reﬂe&*ﬁ’fi? il e o EP B S REB A PRSI (< _3.0)
Tanefim FuS A teR e B ragﬁ&'yirétﬁt'%eanfsﬁéés. £1g83 peactive than
Ti. Tghﬂggﬁelg‘f?o% UR 5 %oﬂ%oa(lﬂhegﬁbag%giﬂ%%?%oﬁﬁpél c’ﬂ(gwﬁ'b er metal

I mager CO onen al um s discusse

st A0SR TRLANETRAON Bl (136 Racohy et o
silveR{ ABY mid 1z A SHandBilidible $HQHA G0N,

[0048] Reductions of total reflection to at least about 0.50 (50% reflectance)
would be considered sufficient to justify adding the anti-reflective film 99. Further
reductions in total reflection, to about 0.40 (40% reflectance) and below, are achievable
according to the invention. Actual reductions in reflectance will depend on the
particﬁlar conductive and anti-reflective materials, and the thickness of the anti-

reflective film will impact the amount of absorption that occurs. Depending on the

materials, the anti-reflective films can effectively reduce reflection when deposited on
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be noted however that other anti-reflective film
materi al al so exhibit desirable properties and reduce
W edodlo2y1ef | ect ance. Sonme of these may incl ude PEBUS2006/033175
el ements di scussed above in connection with FIG 4, or
all oys thereof. The anti-reflective filmmterial and

eSS T 8 AR St s
oSSR PR
I Lol Lt £ pIa I i fcusod e

due tatitd dvie@aR Tow reflb ABMRCATTIUE I capakify {Pdll® Wilh aluminum. It should
anti-reflective film other conductors and

be natad honefvee ehdt\oehés dritbreffdeeikre #idmi Mateial aierd pesit dbsiysble
in connection with FIG 4, could be used instead.
propéfies bhdRetlere total tefleBiaGBe. Soe ofthescannpy adtude thoelefr@nts
coating an al um num conductor with an anti-reflective
discuspe¢dhrabevesimozomneTien metthBiG.clo ot dllops tieeebfa Thpeariti-oéflddiee film
process of form ng layers 97, 98, 99 for the pixels
materip] gd thiclsaessvit) g used thabareembsiefadtivie zekerk nombhir@dOBith the
.proocesses, and begins by depositing the insulatin )
Partlw&%izorg%lqt@t §-8- Sy apdetilveneanceinsutaunading upe&gle pixel
. as shown in FIG 5. The insulating |layer 98 is masked
CI'CULEy et ched to form openings 197 as shown in FIG 6.

UL TR o S SRS s
R Y L -
' i The... . .

B e A EE R
films,@f&htdSQHog@dé%b%H%%vg\MgE%e h%ﬁﬁ%?qg {8 be used instead.

anti-reflective f1Im?9 ottom of t’he al umi num

CUUBITt ORefRfrink o $S6 1M, arl %rﬁ}%}é@ MHEh6Q @9#@639{11%9%% aluminum

could then be éncased in the anti-reflective fi

condtitopwath & BhiigeflBetivapiiny ishovili The &lahbd vbafd BE libd®as part of
film99 to the top of the al um num conductors 97 after

the priepssof fooming ldyees D7)98| 89 forghe Pixdl3 illayere®dh BIG. 2. The method

pl anari zation. [0053] Referring to FIGS. 9-12, anot her
utilizexlengivarGM@4 poxte$ses, arahbegigs by depositing the insulating layer 98 (e.g.,
S5i02) over the semiconductor layer 96 as shown in FIG. 5. The insulating layer 98 is
masked and etched to form openings 197 as shown in FIG. 6. Referring to FIG. 7, the
layer of tantalum 99 is formed on the vertical sidewalls of the openings 197. The
openings 197 are subsequently filled to form aluminum conductors 97 with anti-
reflective film 99 on either side.

[0052] The layer of tantalum 99 also could be formed on the bottom of the

openings 197, in addition to the sides, which would provide the anti-reflective film 99

on the bottom of the aluminum conductor 97. If desired, the aluminum conductor 97

could then be encased in the anti-reflective film 99 by patterning and applying a film of
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al um num conductor is shown. The nethod begins wth
depositing a sacrificial |ayer 298 over sem conductor
wo 2008102862 as shown in FIG 9. Sacrificial |ayePCRB82006033175
patterned and etched, for exanple, to form openings
297 as shown in FIG 10. Openings 297 are filled and
i Hfidqeal |-Ss -
ARS8 Sl )l 4 AR RIS ol Do o

insulbfih (ﬁ@QPéaWﬁ%ﬁ%Qﬁ@ﬁ opposi ng si des of

conducto 12. Subsequent fabrication
. (n i > | . _
e O L e Rty pRSHo@ pthnting an
alumPi@vi @adiRters showh! el mettod bBe@hs Wath @épuBiN a sacrificial layer
opposi ng vertical sides of an al'um num conductor. As
298 ovet semidondeictaatibper Twoarhihoty & BIG! RrBdcrifiefd] &6tdr\o8 is patterned
films can be utilized. In addition, the conductors
and etelpat], fot exemplratefbrondyernings 087 aeshowalin ¥Ge$0. Dipenings 297 are
conductors al so could be coated on the bottom (i.e.,
filledfaawsl Hiyp sagvidicial layer BAdisomamnsed) todiortrogugriinem cdrabiators 97, as
away fromthe photosensor). Mreover, the conductors
showaigigl (b d 1 ¢ dvipi-eeflaciive fidms¥hisishowm depasitefll awcoppesing sides of
[0055] FIG,_13 illustrates an exenplary inagi ng device
condyqtyrs AR 1yl (Supgeqierd falnjcation ssep%@msh@w énglgde providing

e I Sl ) Sl e a0
d R [ ecti I,
oM, 88 T RS R L s S o
i o SRARD B S5 B ELA BULLERE S5  ore, ovr
condh86L B SREL RS 2081 5L 60! DS LED o

not b8 %89@@&11%30@1' thé4Rrtic gi u'rqn tphglcoﬁhﬁ@f&rg aI]s_%At’:oﬁhc?i %2 co%tfg on the

controls the row an 0 river circuitry

bottohP@6]falingatRaed Ephetddehsirybr & 6! j.,tfaéiag ASSPELAL Bk

with the colum driver 120 reads 'a pixel reset” signal
photdéedbond/erdovis lthé bEEEuGbH @WulYbeGohgletdy eatRed in an anti-

pi xel s. Adifferential signal (Vrst-Vsig) 1s produced
refledbiwedilfif.er ential anplifier 130 for each pixel and is

digitized by anal og-to-digital converter (ADC) 132.

The058hal BY=t 13 illugiratels an exemplary imaging device 110 that may utilize an
array 112 of pixel cells 13 constructed in accordance with the invention. Pixel array 112
features a plurality of pixels arranged in columns and rows. Row lines are selectively
activated by a row driver 114 in response to row address decoder 116. A column driver
120 and column address decoder 122 are also included in the imaging device 110. The
imaging device 110 is operated by the timing and control circuit 124, which controls the
address decoders 116, 122. The control circuit 124 also controls the row and column
driver circuitry 114, 120.

[0056] A sample and hold (S/H) circuit 128 associated with the column driver

120 reads a pixel reset signal Vrst and a pixel image signal Vsig for selected pixels. A
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converter 132 supplies the digitized pixel signals to
an i mage processor 134 that forns and outputs a
waele@rnzdio: mage. [0057] FIG 14 shows a syst em BODUSH06/033175
typi cal processor systemnodified to include an
_imaging device 110 (FIG- 13) of the invention. The
diffeperdiz sigmal (Vist-ai3iHQS prod@ocelty differbhtial SWHLALE 19 idt%ach pixel
digital circuits that could i'nclude imger devices.
and igictigisized hyi arglog-to-digiea] concbrter SBTPIBZOThE ahBRIgUELdBital
conputer system canera system scanner, nachine
converter 632 supplies|the digitiged ipdvel sigradotopdoimags prowissdreiddehat forms
system auto focus system star tracker system notion
and Qgpas 7 digitalémege. | mage stabilization system and
ot her systens which require an inmage input. [0058]
5\195%7&1 5§ Mothawampy wem 2Wha typicgkpracesayersysient ynodified to

. onpr.i ses a centr rocessing unit (CPU) 502, such as
incluge %Eémﬂ&l% devise ,1% RAG. dahet thedaveationt b aiprocessor system 500 is
i pput /output (1 /0O device 506 gver a bus 520. |magjng
exemp . of 0 e DVl L G BRI ok o KRl 0iznagRs deness.
. 4. The processor.- based.system 500 al so i ncl udes
WithBYEHER il RO ST RR o8 HIUR AR sHeem, camera
YA Ly : yoSuch as.fl ash nor whi ch .al so
systef:rg@!m;um g’:’in e W ieﬁ’lgéé' Y%B&g(f?"%or}’ Hgg%gﬁg%_suﬁgﬁance system,
to fdmgi | e i ' rocessor, .. .
auto [ L0 &0 ¥l ek s PRl p AR AGE Ao BRE8E Sabitization
systefH, GhERJR Vs WH; ' [¥ Storage on a
Y esi ngl e int gréhgsed éﬁ%ﬂ@%&gﬁa?g&r erent chip than
t (@058 0C8petoth. 50D0RRUx BIAARSS §PsteRY oHRY i
d(lg?pr?be above 1l lustr tee preferrzsél né(g%o%fsaqﬁc(ﬁ)mprlsesacentral
procesyipigaalit (ERULER, olicirafy nhidadproeedstr tBatié®endiflcates with an
) produced. The above description and dr aw ngs
inputy¢utpst (O devibe 806rontisa bub b2t Rahgiegsyshen ab) aldoScommunicates
.. features, and advantages of the invention: However, it
with the GBY 503taviet dak bhinb2G. HBhé puamessoprbdsed systient 590 hlsoiiheddes
to the above-described and illustrated enbodi nments.
randog\aceRsg PRTRAEY GFAM) R84 ganc rass velude remhovalse eadihory 614, such as
the i nvention that cones within the sBi rit and scope

flash gremory, Payiehyalsa gormarsatmwithdhe £136 R97 @werthedains 5265 The

. the i nvention. . .
imaging device & 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.

[0059]  The processes and devices described above illustrate preferred methods
and typical devices of many that could be used and produced. The above description
and drawings illustrate embodiments, which achieve the objects, features, and
advantages of the invention. However, it is not intended that the invention be strictly
limited to the above-described and illustrated embodiments. Any modification, though
presently unforeseeable, of the invention that comes within the spirit and scope of the

following claims should be considered part of the invention.
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15 n I /fr"r> eCLAIMS What is clainmed as new and

desired to be protected by Letters Patent of the
wQioymes18t ates is: 1. A device conprising: a pPEEUS2006/033175

array containing a plurality of pixels, each having a

pi xel circuit; conductive lines for electrically

connecting with the pixel .gi jts; and an

anti-reflective film provgﬁéé at | east portions of

the conductive lines. 2. A device as in claim]1,

ant 1 VFgt FRREPe! Andl ahaattefthu e s Blec i kY ABRafip1 B of e

Umteéibpaec s's3' A device as in claim?2, wherein the
I NSu a%l'ng | ayer conprises Si2. 4. A device as in
claiml, wherein the anti-reflective filmis a

refi'apAq@Oié%clflg%hﬁgﬂ alloy of a refractory netal. 5.

A device as in wherein the refractory netal is

one ofa bt aix’d?]c@ﬁ&hﬁihgwmmli@- of/biﬁéi&,' éehdtvirle gl aim
1, wherein the conductrve lineS conprise a reflective
met al .p&elﬁr@ﬁui ce as in claim®6, wherein the
reflective netal includes alum num8. A device as in

cl ai m donduletivellines frar gheotabaldy canndctingreithibSppiet el
circuits.

circuits; and

an anti-reflective film provided on at least portions of the

conductive lines.

2. A device as in claim 1, further comprising an insulating
layer provided on the anti-reflective film on a side opposite

the conductive lines.

3. A device as in claim 2, wherein the insulating layer

comprises SiO2.

4. A device as in claim 1, wherein the anti-reflective film is a

refractory metal or an alloy of a refractory metal.

5. A device as in claim 4, wherein the refractory metal is one of

tantalum and titanium.

6. A device as in claim 1, wherein the conductive lines

comprise a reflective metal.

7. A device as in claim 6, wherein the reflective metal includes

aluminum.
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9. A device as in claim1, wherein the conductive
lines are provided with the anti-reflective filmon at

WO e@s231om opposi ng sides. 10. A device as i n BPCHUA006/033175
wherein the conductive lines are provided with the
anti-reflective filmon the two opposi ng sides and on
at Least .17 c@w{ as
in %] a?‘rﬁ1 ‘%Hg%ﬁelrnedgﬁlg%?& %ntf%é gis')qle%élrélﬁt e?eo
conduc are provi ded W|th t he antl-reflectlve
film %%(\é?ﬁxlrcfﬂ\?slsce as in claiml, wherein the
anti-reflective filmhas a sub-mcron thickness. -13. A

devhce Adgevife &4 & dhikk 1, Wﬂ%fe% Phd BshddisHNass d4ré | ess
than or about 20 ran. 14. A device as in claim 12,

wher ei prd}xhﬁe& Rkhﬂ*_s ﬂfészint_iéeﬂé%ﬁ%etfﬂﬁ{b&ét REs a0 run.
15. A device as in claim1l, wherein the

anti - r@f;b@ﬁh’ ¥Ridsi | m reduces total refl ectance of the
portion of the conductive lines. 16. A device as in
claim 15, wherein the anti-reflective filmreduces

t ofldl Aeddwdcd anireclaim &, whkrsin bied comdibabivie lhes.atg. A
device as in claim15, wherein the anti-reflective

fil m rpeerdded motlathe astti-eeflentive film en thel trveo bpposingbout
0.4. 18. A device as in claim1l wherein the conductive
| i nes gideprndenatieasione of g topandvdbattam. in claim 1,
wherei n each pixel circuit conprises

11. A device as in claim 9, wherein only two opposing sides of
the conductive lines are provided with the anti-reflective

film.

12. A device as in claim 1, wherein the anti-reflective film has a

sub-micron thickness.

13. A device as in claim 12, wherein the thickness is less than or

about 20 nm.

14. A device as in claim 12, wherein the thickness is less than or

about 10 nm.

15. A device as in claim 1, wherein the anti-reflective film
reduces total reflectance of the portion of the conductive

lines.

16. A device as in claim 15, wherein the anti-reflective film

reduces total reflectance to a value below about 0.5.
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at least M, M2, and M3 netallization |layers, and the

conductive lines are disposed in at |east a sel ected
woepr@7osiohe M, M2, and M3 netallization | ayerBCT/RS2004033175

CMOS i mager conprising: a substrate; and an array of

i mger pixels arranged in rows and columms on the

Supst rﬁtﬁvi%aa% | TRGE] R/%ﬁ&binct?\%%tﬁfé?ﬂécg% ‘fi%'ﬁi t
el €nent's 1 ncl'uding a pHot osensor arranged an

conf | Guedel B ISEALNENEORPI A apeaRguct | ve 11 nes

el ectri y connecting the circuit elenents; and an
anti-reflective filmprovided on at | east portions of

t heg CONQHEGHdVAR ithidtEfh 1, 3bherir M dnREEHedmeln clai m
20, further conprising an insulating |ayer provided on

t he arﬁoimpﬁ§é geahiviani.i | mon a si de opposite the
conductive lines. 22. A CMXS imager as in claim2l,

wherein the insulating | ayer conprises Si Q2.23. A CMOS
i m@erAakevice azliaidaiz0], whereii eadhhsixahtiteuieédraptisee
filmis a refractory nmetal or an alloy of a refractory
met al .at3dast MONS, anchlytr mataliizatidralayes3 andtibeei n t he
refractory netal is one of tantalumand titanium 25.
A CVOSondaigtive dimep arecdliapasezDin aieassiarseldetectonelatthieve
lines conprise a reflective netal. 26. A CMOS i mager
as in 1%9112&% 28d Np setpllizaien lasteréct i ve netal i ncl udes
al um num

20. A CMOS imager comprising:
a substrate; and
an array of imager pixels arranged in rows and
columns on the substrate, each imager pixel comprising:
circuit elements including a photosensor
arranged and configured to receive incoming light;
conductive lines electrically connecting the
circuit elements; and
an anti-reflective film provided on at least

portions of the conductive lines.

21. A CMOS imager as in claim 20, further comprising an
insulating layer provided on the anti-reflective film on a side

opposite the conductive lines.

22. A CMOS imager as in claim 21, wherein the insulating layer

comprises SiO2.
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27. A CMOS inmager as in claim20, wherein the
conductive lines are provided with the anti-reflective

wo ptomoziiont | east two opposing sides. 28. A CM3S/URWGE033175
as in claim27, wherein only two opposing si-des of the
conductive lines are provided with the antireflective

Lin% " arpadoeet MERFHeRl A0y PRl R 50
e e R B R e L

claim 20, wherein the anti-reflective filmreduces

tojal A @N’I@Stlﬁﬁg%r 84 irl B8IMOB! wsaeﬁelﬁfmé P&ré‘&f) aldrye
li'nes to a val u€ of about 0.50 or |ess. 32. i mager

Syst eny 6REBF ta9itAlfim anBHRSSSSL ; andan i magi ng devi ce
electrically coupled to the processor, the imging
devi ce conprising a CMOS pi xel array, at |east one
pi2gel ATNOS iatapay as htglalfi20gwhetein thé ceh@n@iNslines

i ncludi ng a photosensor arranged and configured to

r ecei wenipriserd reflekfighimetalonducti ve |ines electrically
connecting the circuit elenments; and an
anti-reflective filmprovided on at |east portions of
t Ha6. c M EMOBmagenasin daim 2R, whatrin the reflectivaimetdd,
further conprising an insulating | ayer provided on the
ant i - re¢lpdes ANty on a si de opposite

D

27. A CMOS imager as in claim 20, wherein the conductive lines
are provided with the anti-reflective film on at least two

opposing sides.

28. A CMOS imager as in claim 27, wherein only two opposing
sides of the conductive lines are provided with the anti-

reflective film.

29. A CMOS imager as in claim 20, wherein the anti-reflective
film has a sub-micron thickness.

30. A CMOS imager as in claim 29, wherein the thickness is less

than or about 10 nm.

31. A CMOS imager as in claim 20, wherein the anti-reflective
film reduces total reflectance of the portions of the

conductive lines to a value of about 0.50 or less.

32. Animager system comprising:

a processor; and
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the conductive lines. 34. An imager as in claim33,
wherein the insulating |ayer conprises Si2. 35. An

WO pgeesisystem as in claim 32, wherein the PCT/US2006/033175
anti-reflective filmis a refractory nmetal or an all oy
of the refractory netal. 36. An inmager systemas in

f:aﬁ‘t Qaﬁﬁmﬁﬁé %@gﬁtﬁﬁiﬁ&‘%‘gz{@ﬁ?ﬂ%ﬁ B st g
Pt odb P arTic B KMV NE S idRFafs, o7
wher eir;ﬁxél ?tﬁgfa{‘ﬁ&tncioc glfgra%tlglz i ncl udes al um num 39. An

i mager system as wherei n the conductive

lines are Rﬂ%\ﬁktde?&n@?tlsﬁfrﬁﬂhggfgt %PP(BK%HQ&E Dasiles W th

the anti-reflective _I'mager systemas in
cl ai ma%%,c&@fgﬁﬁé@t@mdi@%c&aﬁﬁ%i ;Sides of the

conductive lines are provided fhe anti-reflective

film 41. Apndieaes linysdlemRally Boshaitgdthe cifeailei n the
anti-reflective filmhas a sub-m cron thickness. 42.

An | medehestssaedn as in claim41l, wherein the thickness
is less than or about 10 run. 43. An imger system as
i n clai m 32n atereflentiva éilmrgroviddd e tt least postiomsdiices
total reflectance of the portion of the conductive
| i nes the candadtirne lidesl ess t han or about 0.50. 44. A
nmet hod of reducing crosstalk in an imgi ng device
conpri si ng:

An imager as in claim 32, further comprising an insulating

layer provided on the anti-reflective film on a side opposite

the conductive lines.

34. Animager as in claim 33, wherein the insulating layer

comprises 5i02.

35. Animager system as in claim 32, wherein the anti-reflective

. film is a refractory metal or an alloy of the refractory metal.

36. Animager system as in claim 35, wherein the refractory

metal is one of tantalum and titanium.

37. Animager system as in claim 32, wherein the conductive

lines comprise a reflective metal.

38. Animager system as in claim 37, wherein the reflective

metal includes aluminum.
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coating at | east the sides of an
el ectrically-conductive netal line with an
w7zl ective film and depositing an i nsul BET/H§R006/033175
| ayer over the anti-reflective film 45. A nethod as -
in claim44, further conprising coating at |east one

RER T R N o R
o SRR AALSAN 0 AL B AR gl soRuct v

as in LiplAAfve i ei n the coating step includes
covering opposite sides of an al um num conductor with

tant_al um 48._A met hod as i_n _cI aim47 wherein the
caogl. | N&n $th8Pet §§Fs|tétﬂ%§ A eRAsI I Ahekdia drﬁ\jﬂ‘t@bum to a

t hi ckness of | eéss than or about 10 ran.” 49. A

conducdppting sifles ongie doatluetive BARS il o vadddweth Ble
electrically insulating material, a conductive netal

| ayer ,ardicbfRatiaafilmt ef | ective | ayer between the
electrically insulating |ayer and the conductive netal
| ayer, the conductive |ine construction having | ower

r efl. echmimegeingy sty e in dbsvrBantderes the pptitleflecfive
including the anti-reflective layer. 50. A conductive
| i ne d8mshagesulomnigion Hudimesen 49, wherein the
anti-reflective |ayer conprises a refractory netal or
an alloy of the refragtory netal. 51. A copduct,ive
14 AR ETPEER BHTR @SR it WiersiAdhe thickRess 15

less than or about 10 nm.

43. Animager system as in claim 32, wherein the anti-reflective
film reduces total reflectance of the portion of the

conductive lines to a value of less than or about 0.50.

44. A method of reducing crosstalk in an imaging device
comprising:
coating at least the sides of an.electrically-conducﬁve
metal line with an anti-reflective film; and
depositing an insulating layer over the anti-reflective

film.

45. A method as in claim 44, further comprising coating at least
one of a top or bottom of the conductive metal line with the

anti-reflective film.

46. A method as in claim 45, further comprising coating all sides

of the conductive metal line with the anti-reflective film.
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" anti-reflective |ayer conprises one of tantalum and

titanium 52. A conductive line structure as in claim
wdo7nkdnei n t he additional netal |ayer is tanp@el/us2006/033175

deposited to a thickness of |ess than or about 10 ran.

47. A method as in claim 46, wherein the coating step includes
covering opposite sides of an aluminum conductor with

tantalum.

48. A method as in claim 47, wherein the coating step includes
depositing the tantalum to a thickness of less than or about

10 nm.

49. A conductive line construction comprising a layer of
electrically insulating material, a conductive metal layer,
and an anti-reflective layer between the electrically
insulating layer and the conductive metal layer, the
conductive line construction having lower reflectance and
higher absorbance as a result of including the anti-reflective

layer.

50. A conductive line construction as in claim 49, wherein the
anti-reflective layer comprises a refractory metal or an alloy

of the refractory metal.

51. A conductive line construction as in claim 50, wherein the

anti-reflective layer comprises one of tantalum and titanium.

52. A conductive line structure as in claim 49, wherein the
additional metal layer is tantalum deposited to a thickness

of less than or about 10 nm.
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