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vol tage by a source follower out p? transis
a photosensor, for example, a photogate, photoconductor or a photodlode for accumulating

photo-generated charge in the specified portion of the substrate. Bach pixel cell has a charge
storage region, formed on or in the substrate, which is connected to the gate of an output
transistor that is part of a readout circuit. The charge storage region may be constructed as a
floating diffusion regton. In some imager circuits, each pixel may include at least one electronic
device such as a transistor for transferring charge from the photosensor to the storage region and
one device, also typically a transistor, for resetting the storage region to a predetermined charge

level prior to charge transference.

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

output transistor.



WO 2006/ 125192 PCTI US2006/ 019605 [0004] Exenplary CMOS imaging circuits,
processi ng steps thereof, and detailed descriptions of the functions of

vari ous CiWgeek/esget s of an imaging circuit are descri bepcT/iisos/ememspl e, 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; U S.

Patent No. 6,333,205; and U S. Patent No. 6,852,591, all of which are
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t ransi sfiftersgat e 22, which resets the floating diffusion region 18 to the
pi xel supply voltage Vaa-Vpix level as is known in the art. The source
foll ower transistor gate 24 is connected to the

[0006] The photosensor 12 has a p-type region 12a and an n-type region 12b in a p-type

epitaxial layer 14, which may be formed over a p-type substrate. The pixel cell 10 includes the
photosensor 12, which may be implemented as a pinned photodiode, transfer transistor gate 16,
floating diffusion region 18, reset transistor gate 22, source follower transistor gate 24 with
associated source/drain regions, and row select transistor gate 26 with associated source/drain
regions. The photosensor 12 is electrically connected to the floating diffusion region 18 by the
transfer transistor gate 16 when the transfer transistor gate 16 is activated by a transfer gate
control signal TX.

[0007] The reset transistor gate 22 is connected between the floating diffusion region 18 and
a pixel supply voltage (e.g., Vaa-Vpix) line 31. A reset control signal RST is used to activate the
reset transistor gate 22, which resets the floating diffusion region 18 to the pixel supply voltage
Vaa-Vpix level as is known in the art. The source follower transistor gate 24 is connected to the
floating diffusion region 18 by a charge transfer line 23, and is connected between the array

supply voltage line 31 and the row select transistor gate 26. The source follower transistor gate

2



floating diffusion region 18 by a charge transfer line 23, and is connected
between the array supply voltage |line 31 and the row sel ect transistor gate
26. The sO¥@2e6{1g§Wdwer transistor gate 2 WO 2006/ 125192 PEETSUEOHE019605
24 responds to the charge stored at the floating diffusion region 18 to
produce an electrical output voltage signal. The row select transistor gate
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in the
third metallization layer M3 may also be employed above the M2 layer.

[0010] Because the plurality of interconnect lines in the M1 and M2 material layers (and M3
layer if employed) are fabricated from opaque, metal materials, the interconnect lines must be
placed in positions in the array of pixels that do not interfere with the photons 1000 striking the
photosensor 12. This requires a routing of the interconnect lines such that they do not cross the

photosensors 12.

[0011] Additionally, the photons 1000 entering the imaging device 50 can reflect off of the
opaque metal materials in M1 and M2 layers reducing the overall image capture by the
photosensor 12, resulting in a poorer image quality. This too must be considered when routing

conductors in the M1 and M2 layers.

[0012] Accordingly, an imager that facilitates conductive wiring without interfering with the
light path to the photosensor 12 is desirable.



[0012] Accordingly, an inmager that facilitates conductive wiring wthout
interfering with the 1light path to the photosensor 12 is desirable. 3 WO
2006/ 1251%0 POF133832006/ 019605 BRI EF SUMVARY OF THE | NVERGT/EROPGULES The

i nvention in various exenplary enbodi ments, provides an inmagi ng device
enpl oying light transm ssive conductors for mating electrical connections

and which may also be c ' n m as a light

transm ssive portion of t %WEM &é]enbodi ments the
transparent conductive material is configured and arranged to act as a

' i,n others it is configured, and arra. ed to act _as a color
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Cross-sectio representatlon of .a conventlonal devi ce; [0016]

FIG 2 %omem gty thedfransparent,cguduciive maksigy 1sqopfi a@a PEANgs tQ ashAsdi ng
d di t of th
o ent i aRRIENS YAHEd beRTER'OREGel hd afalall ot AEHRLRE MR DO! ot O (he

representations of different stages of the fabrication of the FIG 2

i magi ng device; [0018] MBRIEF/DESCRERTIONOFaHREDRAWINGSSS- sect i onal
representation of a imging device constructed in accordance with a second
exenpl ary enbodi nent of the invention; [0019] FIG 8 illustrates a partial

Cross- 3[6014]0na'THe%b@éiﬁéécﬁbb@fbaﬁfresaaﬂdfmghﬁtﬂ%dd%‘fﬂiiﬁnvéiﬁibﬁtvh!l%%l‘e Rlearly
accordance with a third exenplary enbodi rent of the invention; [0020] FIG 9

i |1 ust rundesstapdtfogm dmﬁollpwm ledtdﬁmp@bn,aﬂlplpb issprovided withireference tageng
devi ces; 0021 | G 10 | Lystrates a partial cross-sectional
appaYElg Eainsdn ey, -

represeﬁ‘\“f’ evice constructed in accordance with a fourth
exenpl ary enbodi nent of the i nventi on;

[0015] FIG. 1 illustrates a partial cross-sectional representation of a conventional imaging

device;

[0016] FIG. 2 illustrates a partial cross-sectional representation of a imaging device

constructed in accordance with a first exemplary embodiment of the invention;

[0017] FIGS. 3-6 illustrate partial cross-sectional representations of different stages of the
fabrication of the FIG. 2 imaging device;

[0018] FIG. 7 illustrates a partial cross-sectional representation of a imaging device

constructed in accordance with a second exemplary embodiment of the invention,

[0019] FIG. 8 illustrates a partial cross-sectional representation of a imaging device

constructed in accordance with a third exemplary embodiment of the invention,
[0020] FIG. 9 illustrates a top-down representation of a plurality of FIG. 2 imaging devices;

[0021] FIG. 10 illustrates a partial cross-sectional representation of an imaging device

constructed in accordance with a fourth exemplary embodiment of the invention;
4



4 WD 2006/ 125192 PCTI US2006/ 019605 [0022] FIG 11 illustrates a parti al
top-down view of a plurality of the FIG 10 imging device; [0023] FIG 12
i || ustrat WO 20§85192al cross-sectional representation of RGT/USAS/860§evi ce
constructed in accordance with a fifth exenplary enbodi nent of the invention
[0024] FIG 13 illustrates a bl ock diagramof a CMOS i mager incorporating an

1T ot 10028 a” SuG R e gt ripo ey S0 FYSi A REIC D aRpRe e
CMOS i ngfde: Of FIG 12 in accordance with an exenplary enbodi ment of the

i nvention. ~ DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0026] As used herein, the
terns "sem conductor substrate" and "substrate" are to be understood to

i ncl ud SefEo : : s : re
shoul d B2 naargy 55 HlsBateR 3 pafia? Lo tadhfng FifREoRI0F I Wlfaihl HFGS "
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sem conductors, epitaxial |layers of silicon supported by a base

sem conduct or foundation, and other sem conductor structures. The

sem conagqpr rrEed 19 atuskates 8blddkiadan o a CNMOSIRERET drafing v irflagdey
germani um-or gallium arsenide. Wien reference is nmade to the sem conductor
subst r adeyiderconstmcted in@etordantevath BIG.@nandor evi ous process steps may have
been utilized to formregions or junctions in or over the base sem conductor
or foundation. [0027] The term "pixel cell,” as used herein, refers to a
phot o- ej0888Nnt HIGt 14 dlustrates aachenmgicaliagrirn o 8 provessoa sybtan smorpiratthgthe cui try

for conyerting photo tq an el ectrical signal. For_ purposes. of .
11 ust raMQsimagees 12dp pecosdange Wi a&e%@mpﬁﬁaerpggdlﬁﬁﬁﬁﬁtﬁe)m@sﬁ%t i on may

be illustrated in the figures and description herein; however, typically
fabrication of a plurahi XI%E | [ﬂé?ﬁ PREERPSERITIONt aneousl y.
Accordingly, the foll ova'trl;g e]t)zRIF%C es?ﬂopt I on 1's not ti(;It be taken in a

limting sense. 5 WD 2006/ 125192 PCT/ US2006/ 019605
[0026] As used herein, the terms “semiconductor substrate” and “substrate” are to be

understood to include any semiconductor-based structure. The semiconductor structure should

be understood to include silicon, silicon-on-insulator (SOI), silicon-on-sapphire (SOS), silicon-
germanium, doped and undoped semiconductors, epitaxial layers of silicon supported by a base
semiconductor foundation, and other semiconductor structures. The semiconductor need not be
silicon-based. The semiconductor could be germanium or gallium arsenide. When reference is
made to the semiconductor substrate in the following description, previous process steps may

have been utilized to form regions or junctions in or over the base semiconductor or foundation.

[0027] The term “pixel cell,” as used herein, refers to a photo-element unit cell containing a
photosensor and associated circuitry for converting photons to an electrical signal. For purposes
of illustration, a single representative pixel and its manner of formation may be illustrated in the
figures and description herein; however, typically fabrication of a plurality of like pixels

proceeds simultaneously. Accordingly, the following detailed description is not to be taken in a

limiting sense.



[0028] In the follow ng description, the invention is described in relation
to a CMOS i nager for conveni ence; however, the invention has w der

appl i cabi WQ 3006/82539, phot osensor of any imager cell, inRCTHBIGE/PHIS| s used
in a charge coupled device (CCD) and other state imagers. [0029] Referring
to FIG 2, a representational partial cross-sectional view of a CMOS

i i A 150 { ted | d i th | di t of
et et 18 the fflaRene festronat Hetererson st Ao EBIa § CUODRRE
pi xel  cl borvdnitavd; %GW.@vé}bﬂfSQﬁ'gxﬁxg% hiLwidek Eﬁﬂlf’cﬁ‘ﬁﬂbﬁt‘% Z@_pﬁowaeasefibpg@) t hat

I ncludes a p-type region 12a an n-type region I'n an epitaxial |ayer
14 pr ovinghger eellencluding pipels sisdabinraxdhargetcoapled device €SP} anyd othert staté Gmagersat i ng
diffusion region 18, reset transistor gate 22, source follower transistor
gate 24 with associated source/drain regions, and row sel ect transistor

havi ng [@8r¢] 26 Reéfelingss 8IGAL, adepresintionnlaantidl egiss8ectionsl dewfofaTMOB, t he

FIG 2 Jmaging device 150 al so I ncludes a transparent colum |ine 111 formed

of a t rimegimedevicedSAgarstTugtedinaeeqrdance vt an exsmplary. swbpdiseny otthe ivgntemis 152

(parti aj 3l. il [ ' ' f row
Sor cct Ve, PRI 2 ibpbetog diRtes TG ridbsifctpall L hhOR ofBedihon I8 10V,
m cr ol efigplefienfedGi aiphgtodivdel giat idcludes a pAPHE Rpiod 128and phatt9peregivn 12B.in dhe
transparent colum line 111 is also coupled to colum |ine pixel readout

ci rcui t¢pjtazial layerntd pravideé oxena p1IG3ubsimie trapsfpcipansistar gata Lmiloptingdiffysion s

it or | BB e RR e pen AR ehquls AT FeL Bhusisthe A ARRR BB e

from t heglphd Wnd ¢eRseistt thehsidfor hating igadi 26 Wit hdd6ciated dowraehdiiitegidie. t r anspar ent
conductive material could thus be selected fromthe group consisting of
Sn02, | Sigadicawtz riePIG. 2rimaginzgdegise4 50 zlssmm;ude@@ZEnm,rer(thxsnﬁmml,ll formed

(1 nasnatao PSR FoR ot T Heghicapt A0 2 oIR8 ot ons 1000

pass t hichegibtidalg ithistatdR tethe desth 1 26 ofkAd rowsdledt I&ahsiﬁtbﬁgaté Det TrmsgREM are
focused through a color filter 172 to strike the surface of the p-type

regi on gatemn dine d hbigfabrieptedisty a micralens fuderusing insidentdight 1900antathe col | ect ed
t b ougPIEEsoR s d fithrdrest PtugIiheda TS Ao Boume LB RBE it Sk lRRR o
%‘ﬁe whi gifeuitby 8 16fokwml i6@hd yrt.coupl ed to the source follower transistor gate 24.
[0030] The transparent column line 111 is formed of a transparent conductive material. The
transparent conductive material could be formed of semiconducting oxides of a material selected
from the group consisting of tin, indium, zinc, and cadmium. The transparent conductive
material could thus be selected from the group consisting of SnO,, In,03, Cd2Sn04, ZnO,
Zn,Sn04, ZnSnOs, Cd2Sn04, (Zn,Sn04)*, Mgny0,)°, (CdSh,06: Y)E, (ZnSn0s)’, (GalnOs)°,
(Zn;;0s)°, and (IngSn3012)", and indium-tin oxide (ITO).

[0031] In operation, photons 1000 pass through the transparent column line 111 such that the
photons 1000 are focused through a color filter 172 to strike the surface of the p-type region 12a
of the photosensor 12 and generate electrons that are collected in the n-type region 12b of the
photosensor 12. The charge is transferred through the transfer transistor gate 16 to the floating
diffusion region 18, which is electrically coupled to the source follower transistor gate 24. The

output signal from the source follower transistor gate 24 is gated to the transparent column line
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out put signal fromthe source follower transistor gate 24 is gated to the
transparent colum line 6 WD 2006/ 125192 PCT/ US2006/ 019605 111 by an

associ at e Lect transistor 26. When a row sel ect sj

conduct orq‘]&@\ﬁ(féﬁlgﬁtivat ed, the signal voltage pr oduce?(ggﬁ%ﬁ?g&/@%@ce
follower transistor 24 is gated to the transparent columm line 111 where it
Is further processed by a sanple/hold circuit coupled to transparent colum
line 111} sbeviated £5vAkeledt ARASiSoNY6.CWhet lalr6w sdliebicdigma Grobfd evmdntioh SERSPect
to FIG 12. [0032] The FIG 2 imaging device 150 having a transparent

col umn activated, 1the signalivoltags prgdugsddryche sauerfollpwes iransistierna4 isigated to Bsd f or

conduct t he sianal. H he_so I r | 4 to
Feadout FRRpR YRR inf 1P BRSEIL fun ofa el by R ool SRR Bl oy o1
as the tréigpatsit dolid$1in® 10l andethetBigrlal pRcesdingdirtcuits, discissedBklow Witk seéspéctital one
or nore_of these layers as the transparent colum line 111 is now noved to
the topFlé} 12he i mager and serves the dual function of conductor and

m crol ens. The transparent columm line 111 serves a dual use of focusing

i ncident |ight and conducting signal. This sinplifies fabrication and | owers
pr oducti0682] cosFhe.FIG0Q3®hging davide i 5@having e transpaspécalnnndinedild tforfocusingr i al s

t hat ca e to formth transparent colum:line 1 e typi | | | ess
oo Thetens D00 ot imidEnLight, AU or Sihdgthng e Seal Rrpeessitncia soutbe foltowér
/ | . : _ e . . . i
To0sa Fésibfor OfyG renbinl cif ity ittt dbhdiRtor iing A EIOM o NP DT O
i || ust relwdn dines (erg:,)| coliimy line P8 (EIG. @ Pl dorrhally preseny imoxe or-morehufititese teyors as

o S By o e e e P bR
| nt endeh,L@PSF doh@hdtd Yhd rﬂic?cflé(ns‘."%e tfaEpa? I’Egﬁfh%ﬁ&el 18! séfles ;ﬁ‘%ﬁluhl sl ogoul d be

fornmed having an n- p-n configuration i'n the epitaxial lTayer 14 is an
n-type fouotsing micklentlight ahé caithictingsignal. This daplifies fabtigation rad leowerd grdbctione d
within a Ps-type region 12b. O her photosensor structures such as a

phot 0ga%8's: phot ot r ansi st ors, and phot oconductors may al so be used. [0035]
Al t hough the transparent columm line 111 is illustrated as having a
sem -el |iptical

[0033] In addition, the transparent conductive materials that can be used to form the
transparent column line 111 are typically less expensive than the materials used for pixel cell

microlenses (e.g., microlens 11 (FIG. 1)), resulting in further cost savings in production.

[0034] It should be noted that although the FIG. 2 imaging device 150 is illustrated as
including a pixel cell 10 having a p-n-p photosensor configuration (i.e., a p-type region 12a
formed in an n-type region 12b, which, in turn, is formed in a p-type epitaxial layer 14), it is not
intended to be limiting in any way. For example, the pixel cell 10 could be formed having an n-
p-n configuration in which the epitaxial layer 14 is an n-type substrate, and the photosensor 12
has an n-type region 12a formed within a p-type region 12b. Other photosensor structures such

as a photogate, phototransistors, and photoconductors may also be used.

[0035] Although the transparent column line 111 is illustrated as having a semi-elliptical
cross-sectional shape in FIG. 2, the illustration is not intended to be limiting in any way. For
example, the transparent column line 111 could have a substantially rectangular, elliptical, or

circular cross-sectional and/or top view shapes.



cross-sectional shape in FIG 2, the illustration is not intended to be
limting in any way. For exanple, the transparent colum line 111 could
have a suBXxzn6¢/i28192y rectangul ar, elliptical, or circulRGT/G3208601865t | onal
and/or top view shapes. 7 WO 2006/ 125192 PCT/ US2006/ 019605 [0036] It should
al so be noted that although the transparent interconnect line is illustrated
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line, or supply voltage line, and is not limt to the illustrated col um
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150. As illustrated in FIG 3, a planarization |ayer 160, e.g., a BPSG

| ayer, phetobensorl? afithe pixiebcel e, tand prdvideafpean dléctrinalaotnentiontie pixebciphuittosensor
12, a transfer transistor gate 16, a floating diffusion region 18, a reset
transi stor gate 22, a source/drain region 30, a source follower transistor
gate 24003md aFIGSy 3éllagtrateranrxemptiry giethod 26 fitaicatifethe FIG Dbdagingdevice

pl anari zation |ayer 160 can be forned of any material, including a nmaterial
sel ect d§0f Asitlusiratedin FEG cd mplanarigation layeri 16008, aBRSGHayen, iy forned over theg| ass

BSG), L h4S (P of £ _siLicate s (BPSG).
b 5 BRI, 1 SRS, RBRp o RN 0.k B2 S5 kG Tota poheTR

pl anar idiffiisiet regloa V18! a 136t tralisedt AR DS 6 kourtéaraieiegiodf 30, A8oGu fslRwen! | over
transistor 24 to the floating diffusion region 18 through vial in |ayer

160. A tppasister gatel 24.candra 1ow selagtiransister gatae2Ghave beer fasmedy dibe plasarizatigh daer at i on

| ayer , | I r.the. | | B i3 | ayer

169 o0 sath® Fintl oF . Ryt SEOSEE L iRk SIERH Blhuihy U bepidheld O ¢

for med sflicen didx@lepbérasilicate glask @BSG), babsphokilicdte glabs (REG), il Butb Phosphossilentd i cal

connection to external circuitry, as discussed below wth respect to FIG

12. [ O@beE BISS). FIG. Bulsorilueetes the chasgeitranséeshiae 24 fermadeguer theipnasization | ayer s

(1 00 L 100 Kifen E0itec SAET: 8 BF shilSe RARNAL kahii8rod HRL nbfiie dtREsili <!
region 18 through vias in layer 160. A patterned layer of conductors are also formed over the

planarization layer 160, which allow for the electrical connection (through vias in layer 160)
between the epitaxial layer 14 and the patterned layer of conductors formed over the planarized
layer 160, which, in turn, provide an electrical connection to external circuitry, as discussed

below with respect to FIG. 12.

[0038] FIG. 4 illustrates first and second inter layer dielectric layers (ILD layers) 162, 164
formed over the planarization layer 160. The first and second ILD layers 162, 164 can be
formed of any insulating material, such as, for example, silicon nitride. Before the second ILD
layer 164 is formed, the first ILD layer 162 is typically CMP (chemical mechanical polishing)
planarized and etched to provide vias. The vias are filled with a conductive material, and a
second layer of patterned conductors are formed over the first ILD layer 162, which allow for the
electrical connection between the epitaxial layer 14 structures and the conductors in the first ILD
layer 162, which, in turn, provide an electrical connection to external circuitry, as discussed
below with respect to FIG. 12.



formed of any insulating material, such as, for exanple, silicon nitride.
Before the second ILD layer 164 is forned, the first ILD |layer 162 is

typi cal | yWOMPO§/t2589% cal nmechani cal polishing) planari zeRCTAHRROBGYHPA] t o
provide vias. The vias are filled with a conductive material, and a second
| ayer of patterned conductors are formed over the first ILD layer 162, which

St ot 6009 anaFRaes Maaes §8 8o R 187er 350 o SBLIR T i 160, (i,

provi dgy I hé CPhd ¥ids ed bel ow
T T ooneh Bt AR %‘%“o%%%?‘t?%&%%%szoom0151%8%%?‘3%%%] AG 5

i || ust candtivematerial add lalj:fanslmye:rt colunrf linergracusag ] 11t formed overthd sepend L3P,

which iis t c rized.an ed to vid The vias are
T e et B4 R shoraEBE nbled A cict Klreg 120 &5 ol Bl n i e hBsmr o
(]:-éIlo? :cclﬁ}u{ngi; qﬁ?%r@&ﬁ’éoﬂlh%?@d‘éﬁﬂﬁtéd[dﬁto {1RYfRhgih Aevité. Shoul d be noted that the

Is typically fornmed beforé The transparent columm |ine
precursor 111 a is deposited onto the inmaging device. [0040] It should be

not ed t ot he ; of

t he sa erllt];ﬁhaﬁllEl rs}%t ;ggﬂﬂs ‘}%)e noef%gdgiﬁgtlayt%ﬁsze]w?zgggggésd@obé?% e vi as

Wit hin otflﬂﬁ‘: saﬂie&ﬂﬁémﬂat[ﬂ shbuldaatwbetﬁﬁed thiat the rdcef3eb tyercatd G2as vaitidn thee | LD

material |ayer 164 can be forne chem_cal et leaxp 1r eactjve ion_etching
T

(RIE), Péanagzafion ?aeearléo,oﬁrsalé%taiml , gud thedblo matem bt Gan beformed B
| et 111
(PG - Sl Aue SEAE i don D TR Rk S Bt Wlng B e S ot e
transparent colum |ine precursor 111a (FI G 5) is then heated such that the
tt | t d.f
o < elPP] cartar e st B omplile Dl R isk0n THE ematipt bR B e 1o
for m t heedutdP3 PRI @IG. 5)@'5%&“&6&1 idi&p étie’kns b fi) phiotosehtdr 19, TRe PRti@fed hat cont act

152 and/ or any of the ‘ot her patterned conductors formed over the
pl anar itreaspavent calpom ligprecursdrd 11a (BIG. Shis thenckratedsuch thay thepatieded treusparsnt d be

For mod Bl B BER R IER milts b ey el e bVR Bl RoRFRlen g

of the material used to form the transparent column line 111.

[0042] It should be noted that contact 152 and/or any of the other patterned conductors
formed over the planarization layer 160 or the first and second ILD layers 162, 164 could be
formed of transparent conductive material, and that these components may be formed of the

same material comprising the transparent column line 111.

[0043] It should also be noted that the imaging device 150 could contain many more layers *
formed above or below the planarization layer 160 and the first and second ILD layers 162, 164,
depending upon the application.

[0044] FIG. 7 illustrates an imaging device 250 constructed in accordance with a second
exemplary embodiment of the invention. Like the FIG. 2 imaging device 150, the FIG. 7
imaging device 250 has a transparent column line 111 for focusing photons 1000 from incident
light onto the photosensor 12 and conducting the pixel output signal charge from the drain region
26a of the row select transistor gate 26 to readout circuitry (not shown). The FIG. 7 imaging

device 250 also has a voltage supply line 131 (Vaapix) formed of a transparent conductive
9



[0043] It should al so be noted that the imagi ng device 150 could contain
many nore | ayers forned above or bel ow the planarization |ayer 160 and the
first andQRINED | ayers 162, 164, dependi ng upon th%c'%{H%QOP@%%%n.
[0044] FIG 7 illustrates an imagi ng device 250 constructed in accordance
with a second exenplary enbodi nent of the invention. Like the FIG 2

I magin Vi 150,..t he .F ' in | S P&, ol um
line 1%13%641%?%6‘%% [ fﬂﬁusrﬂﬂ)otko(%ﬁslz)%gg%? PS%e{%ﬁéhgg%%ﬁg? F‘gﬁ?&&%@ e e?ﬁ!}'f‘ Ysensor
12 and sopplgiiat 1By cilbe Bledteicalbpiédupledsh HitpdoutdeAirgia régionB0 hSinde &#hib corfyconis 26a
of the row select transistor gate 26 to readout circuitry (not shown). The
FI G 7 transparend, it mayiceess dzpopticabpaiiate phojesensosd 2 shppsipnplifying conductes s0ing)
formed of a transparent conductive 9 WO 2006/ 125192 PCT/ US2006/ 019605
material that nmay focus photons 1000 fromincident |ight onto the

phot osdA84f] 12 Thelsignablinesdor a pixpixdell typinallyl@ntaingd ibdheplanaridation layec il ed to

Cr oss CROG S el SRR LY lavest DEEAESFICh & eieBapwese bR STBb sse s

routi NGgate 4S04 HhesTHA rolwHRRict bt 6izniiAined Rhy 8FtHesd dighal PinePinlay ak8BEAIAEES i N
the planarization layer 160 "and/or first and second |ILD | ayers 162, 164

(FI G 6)trinspirenteondustive sextengl aed sdudehin the plesarizatiom tyer 16QandéorSirshread | i nes

of o e SR o el o Hand R Pt PR Eompil o e Ty
160 andhophdtbdepborand second ILD layers 162, 164 (FIG 6) through a Iight

path fromthe transparent colum line 111 to the photosensor 12. [0046] It
shoul d be noted that the voltage supply line 131 could be forned of the sane

transp co i ' Lfg@m ' or a
differ ggt&é]r angg%%{élnd;% @%ﬁ%@%\??ﬁ%@%@s}l PQI?QE]FSBZ%U@;%& élq é}ﬁg%%%?ees an

| magi ngrameydrent cdhductioa siatertdl asithetranseaodrd 2oluemvirtenl 14, oha didferentragiparent of t he
i nvention _in which a voltage supply line 231 forned of a transparent
conductsopduciiyeaateniali s fornmed to have a hemi-elliptical shape. As di scussed
above with respect to FIG 6, the voltage supply line 231 can be patterned

by conventi onal Eho'g ol i thography. The ) ) )
[0047] FIG. 8 illustrates an imaging device 350 constructed in accordance with a third

embodiment of the invention in which a voltage supply line 231 formed of a transparent

conductive material is formed to have a hemi-elliptical shape. As discussed above with respect
to FIG. 6, the voltage supply line 231 can be patterned by conventional photolithography. The
voltage supply line 231 is then treated with heat to form a hemi-elliptical shape. An insulator
180 can be formed on the voltage supply line 231, and take on the hemi-elliptical shape of the
voltage supply line 231. The illustrated color filter 172 is formed over the insulator 180, which
also takes on the hemi-elliptical shape of the insulator 180. The transparent column line 111, in
turn, can be formed over the hemi-elliptical color filter 172, and take on the hemi-elliptical shape
of the color filter 172. FIG. 8 also illustrates an insulator 180 over the voltage supply line 231 to
electrically isolate the voltage supply line 231 with the transparent column line 111. The
transparent column line 111 in this exemplary embodiment has a semi-elliptical shape. The
color filter 172 is formed below the transparent column line 111. The shape of the voltage
supply line 231 may increase the amount of photons 1000 that are focused on to the photosensor
12 of the pixel cell 10.

10



voltage supply line 231 is then treated wwth heat to forma hem-elliptical
shape. An insulator 180 can be forned on the voltage supply line 231, and
t ake on tWO 2086d25¥2| i ptical shape of the voltage suppl qupr 045419604 h e
illustrated color filter 172 is fornmed over the insulator 180, which also
takes on the hem -elliptical shape of the insulator 180. The transparent

col unn phd 11 [ I : . : }; | a1 «col or
filter [%574?? anﬁdlcg'aglggu%t?lgtﬁaeﬁ ;Hr%% eflﬁ(’g? %:g%%ﬂ%ggwgféﬁ%ﬁddcﬁ%%q lﬁt er 172.
FI G 8 aadosdnnce ithtona tof theeambatimemnts of the tventien. Theeillwstrated) emagingdevicd army231 t o
electrically .isolate the valtage s ly lipe 231 wit tr arent colum
line 1f§6° gns 'ﬁ'lﬁﬁsg SEig Eﬂ‘l‘g‘%%ag‘ﬂi‘? qgjfiptﬁ%%ﬁliuq Ct8hi goemsgﬂﬁﬁisoé’i F}rjfé?ﬁt has
a sem <& Qb : 1 i Lter ! JyecTol he
Cr anopaDhrtkhf deviepanty (dCompitedh phiviiyof ffegng I2ALSAralB M 12 131y
i ncr eapeedeteemmet nninber ofidobimms6A10Hid rowa 602 r EIG. Sdllusichtesthe oolumm lplesf bsensor

12 of th i xel, cell 10. 006/ 125192 PCTI US2006| 019605 04 G 9
1 st o 'aé%sg%fm covRladhe iﬁﬁqwrﬁ %W;Séﬁgr Favl%%gaﬁ%%é (B 6.1
accor 499 &fedth plkePBAlI o oxidifal A TS B Qfardd) e SBNERA e 11TMEch hinktd defidi

i magi ng” devi ce array contal ns "at” [east 'one 1 nagi ng device o
i nvent ietiptital .shape ahdGure 2oeXtensive Wit orel dabthes) i.e eachr colitju) line mmgpaticulevi ce array

600 conpyises_.a plurality of imagjng devjces_ arranged in a, predeterm ned
nunber ceﬁln@oﬁs%rﬁﬁ%%a%mats auchffat @b ol ing 111 i joiencuth anadjedsntpalomn ag 111
for med . i | i Aqr ai | fo t:

tranet Seoit LepORLR. HRANGAUR Akl OByck B SROUETA MR ERRER. 1y,
As i | | bstweeh eatbh dffike callinnms 601 treeledtfidaliyasdiate @uch eolwanicol el operatiom, echape and

are coextensiye.with one another, i.e., each colum |jne in a partjcul ar
col urm 08gHehealS im e laage A ueR HTHHIM0 G3a b TeASi QWi FUCRESSIOR S idés"]lﬁp‘i fh an

adj acesﬁgtaﬂ%le}bWth?@s g‘%‘ﬁﬂ@é?e colum. The illustrated i mage device array

600 al as an 1 nsu ormed between each of the colums 601 to
electrically isolate each colum 601. In operation, each row of pixel cells

fur  nolOOREE of At Fa°) Bafle RiE Ry Ul i [IsBHERESF ¢ RO ER iPREHE 200
| magi ndewey iesy, ¥ shalddRtotéd thhi dfSidagi@dedive arrd(s typf2allyrBaiithigls millions of

imaging devices (each having a pixel cell) arranged in multiple columns and rows. It should also

be noted that the shape of the transparent column line 111 could be varied. For example, the
transparent column lines 111 over the photosensors 12 (FIG. 2) of each imaging device 150
could be substantially rectangular over the photosensor. Each transparent column line 111 over
the photosensors 12 (FIG. 12) could also be connected by a metal line or a transparent

conductive material.

[0050]  FIG. 10 illustrates a cross-sectional representation of the imaging device 150 used in
the FIG. 9 imaging device array 600 fabricated with a row select line 701 formed over the
transparent column line 111. The illustrated row select line 701 is formed of a transparent
conductive material, as defined above. The row select line 701 may be formed over the column
line 111 in a hemi-elliptical shape, as illustrated in FIG. 10. Alternatively, the row select line
701 may be formed over the column line 111, and then planarized to have a planar surface. The
row select line 701 may further focus the incident light 1000 onto the photosensor 12 of the pixel

cell 10. It should be noted that the row select line 701 could be formed of the same material as

11



device array, it should be noted that an imagi ng device arrays typically
contains mllions of imaging devices (each having a pixel cel {]é arranged in
nul tiple WOWESINRD rows. It should also be noted t hatPGHESHIRAHAOSF the
transparent colum line 111 could be varied. For exanple, the transparent
colum lines 111 over the photosensors 12 (FIG 2) of each inmaging device
150 c¢ Hosh ; r : @r?}%ar :
transpgl;lléeﬁ%&@gl%unn Hﬁ?%lelﬂﬂl{lOggéﬁi%?iﬁéé%%@%/ggle%@gggﬁ%e& off)%%g?ﬁld al so
be connilfferent than the tmnhsgardnt neluom linet ¥1d n Yprineuibtor ¢ §hibuypicalty prvied hbtweef050]
FIG 1Q i) lustrates a cross-sectional representatjon. of the inmaging,device
150 us b FepiRa! conein §o6 T 5L MG a0 celegk ingy U H SleaBicALE R FAcH CARHSRT
select line 701 forned over the transparent colum line 111. The
illustrated row select line 701 is fornmed of a transparent _ conductive

mat er i aP05Hs o&IGnELillstEates a pardal toprdowmagew of A plurdity oftheddGr 4P @B er t he
| . 11 ] ol Linti ; ) atod. | 0

A tor ndprisBTso: e M BmERkow selblt ¥y 3 B8 eq B the HahE Alfited Baligitent ®;

111, ardhiniithneg] Anafid fakes d0theatigpeofith@hérhi-cllipfict shapélof the e lige11.i Tige 701

may further focus the incident |ight 1000 onto the ggot osensor_12 of the
pi xel Tew|selegidine 101gpa fuatheeiogns the indident light 100Q, ontq e phptosensoni2 @G 0bhe

v anspd St PERARAT RIS 1 1o pY o e il SO BRI o o

a mat erjeteendhd fr@isphident dvdiimh lide 111 RasPheeow selebilifie 710116 eletiicalyisoligdiéaehor 180
Is typically provided between the transparent columm |ine 111 and the row

sel ect oonéuctarol to el ectrically isolate each conductor. [0051] FIG 11
illustrates a partial top-down view of a plurality of the FIG 10 i magi ng
device 150. The illustrated row select line 701 is fornmed over the

hemi - el[0032]i caFIGr Ehdlusirates a cross-sevtiohal représentation of amkmaging devies $0ape of t he

hem -elliptical. sh f t. l i 11. T ) |l ect i 701
fort nercopBisdin2onRtae it s it S uealripatimeniog i Eionds whidhand iy "ot
the pigglecCifle ’ZO(]%QS fdthied bteenthe RRYAEnDD AR Gfe | PREnd e fhﬂ@@érﬁéloﬁ. 180 is

typically provided between the transparent colum line 111 and the row

sel ect Althoagh @ row selestling @il isyllustniedtas hevinp an hemitalliptical shape, the illustration

is not intended to be limiting in any way. For example, the row select line 701 could have a

substantially circular, semi-circular, or rectangular shape.

[0053] FIG. 13 illustrates a CMOS imager 608 incorporating a pixel array of the invention.
Although the pixel array may be formed with any one of the exemplary embodiments of FIGS. 2,
8,9, 10, or 12, FIG. 13 illustrates the FIG. 9 imaging device array 600. The pixel cells 10 (FIG.
2) of each imaging device 150 (FIG. 9) of each row in imaging device array 600 are all turned on
at the same time by a row select line, and the pixel cells of each column are selectively output by
respective transparent column line 111 (FIG. 9). A plurality of row and column lines
(transparent column lines 111 (FIG. 9)) are provided for the entire imaging device array 600.
The row lines are selectively activated in sequence by the row driver 610 in response to row
address decoder 620 and the transparent column lines 111 (FIG. 9) are selectively activated in
sequence for each row activation by the column driver 660 in response to column address
decoder 670. Thus, a row and column address is provided for each pixel 10 of the imaging

device 150 (FIG. 9). The CMOS imager is operated by the control circuit 650, which controls

12



[0052] FIG 12 illustrates a cross-sectional representation of an inmaging
device 550 constructed in accordance with a fifth exenplary enbodi nent of

t he i nvenM®W0§/R25M% ch the row select line 701 is for meRCHENAREH I e
transparent colum line 111 and the photosensor 12. Al though the row sel ect
line 701 is illustrated as having an hem -elliptical shape, the illustration

I's not j 4 ny . wa . r I l'ine
701" ol eRRIEghS 62 e Tok silfmnB o polfbasd ity SR uhirof B Rail
shape. 4nQ05%land t&umhdrivel virtuitry 630,860Mch ppde dritiag volegy BAhéddividrasitore!
array of_ the_invention. _Although the pixel array may be forned with any one
of t he Wthasslested rempndicobmerligss Flcs. 2, 8, 9, 10, or 12, FIG 13
illustrates the FIG 9 inaging device array 600. The pixel cells 10 (FIG

2) of each imging device 150 (FIG 9) of each row in inmaging device array

600 ar d08§4] t urlhegixshoutput sigralstypically melusde apixedwesct bigoal, Visrtekenof@ofthe pi xel
cells ach.colum are sel ective out put. respective transparent

col urmothaﬁ‘gg r&ilﬁ.lstqglr&glo )Ylaii‘?)f(ﬁ'f%ﬁ fllo_ﬁQWSIf %ﬁ%meédfﬁﬁ#}/?’?é@‘(‘?fmﬁar ent
col um gigrRe sy L Idhich iiakéh MfF MUY diiskidreglof§viaihé stréd RUbREr WRISIsER) ar r ay
600. The rowlines are selectively activated in sequence by the row driver

610 i n afist phanges geoenated by-pidmags artdtandferred toitadtie Ve and ¥aspanadnareceddhye | i nes

111 (FIG re.sel ectjixely activated. in ,.sequence f.ar h.rQw activation
byt he CoPIRALE Srctaedst ant B ninh el by B S ol Ber SEL A bdio R s
row a“%ﬂ&‘eﬂé@k_}%@sg’%s— Vﬁ%ﬁé@éﬁbﬁ’ﬁﬂ(ef &1 BRGhidH réﬁllesérﬁ’s ik ahfRini SAEHRY  devi ce
150 (FIG 9). e inmager 1 s operated by the control circuit 650, which
cont r olimpirzing>rhe ixeds 1Dis Pighaldiffeendedis digitizeddycmemslogdo difgtat cgRerterd70. f or
sel ecti .he appropriate raow colum lines f i xel readou . row
ond col T iarabRal et oy Handed om iee ke Ob 1o, 0% g Pumybe distehe
drive t; i ion0 H’:}?@ I Q¥ caRo ] i xel
out put ]g?gﬁa‘lﬁia{d%&négi ?é}ﬁ?tﬁ(gl u e'g3’p1|ﬂ§/el rg(shg%g%:agekiglegéi\;/n%? %ﬁ%ﬂ@f@ a?(;f t he
f | oat i mgmaddnfluctonchip égyg.owaferildO@)he source fol l ower transistor)when it is
reset and a pixel image signal, VSig, which is taken off the floating
diffusion region (via the source follower transistor) after charges

gener at[@d53]y aFIGIB4) shodvsea fybioabprotésest systein 900That ivcludesandlinvfging dévidead08 ar e

read by a
y(such as the imaging device 608 illustrated in FIG. 13) of the invention. The processor system

900 is exemplary of a system having digital circuits that could include image sensor devices.
Without being limiting, such a system could include a computer system, camera system, scanner,
machine vision, vehicle navigation, video phone, surveillance system, auto focus system, star
tracker system, motion detection system, image stabilization system, , and other systems

employing an imager.

[0056] System 900, for example a camera system, comprises a central processing unit
(CPU) 902, such as a microprocessor, that communicates with an input/output (/O) device 906
over a bus 904. Imaging device 608 also communicates with the CPU 902 over the bus 904.
The processor-based system 900 also includes random access memory (RAM) 910, and can
include removable memory 914, such as flash memory, which also communicate with the CPU
902 over the bus 904. The imaging device 608 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.
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sanple and hold circuit 661 and are subtracted by a differential anplifier
662, which produces a difference signal (V~t - VSig) for each pixel cell
10, whi chwoeoesassm2s t he anount of |ight inpinging on tREI/E$2000/960Fhi s
signal difference is digitized by an analog to digital converter 675. The
digitized pixel signals are then fed to an i mage processor 680 to form and

L S TR, R IR I RN Y
1500) . <R BCBIOBnaRRYICTiokY [ £ s0PBIESSBOISIUERRIS. 908, S 1! ahdehLgRS an

i magi ng devi ce 608 (such-as the imagi hg déevice 608 ustrdted I n G 13)
of t he inventiot hasbroddes applicabiity and ymy bauséil any imaging hppayato$. Borsxample, thevi ng

digital circuits that, could include |nmage sensor .deyvjces. Wthout, being
o e e be ot oAt BA G charge oM oI imagts: 78 geen
scan ”erdescr{ﬁ:!;iﬁiitl1 hﬂ@dﬁé&nﬁﬁ@ﬂllu&’ﬁ?& ﬁe?e&bﬁ‘@g%ﬁhﬂébts WhitB AcRBO N e obICHahAECE

system au ocus system star tracker system notion detection system

i mge sindhdvantages ofiths yistentipn., Adthdugit destainsadyamages andprefpiredierabodiments havg 0056]
System, 900, fqr exanple a ra syste conpri ses central processing unit
(Cru) dwen desge eda@oaeﬁﬁeﬁeo%?l@ég#%ﬂ PO DB ieR¥put / out put
(1/0) Jis : ' ' j . with
the CPO-S0BTS IR RS S ot bnah SR BARAAR B EnE BT SHHER, e
r andomsecpeesfshenmnention( Rddprdidgly, thadnveation ismot linhited byntheafokegoimedesgrifdiba bus uch
as flash rﬁe ry,, ,whj ch al s? communjcate with the CPU 902 over the bus 904.
The i ma§PHY %éﬁ@é(%ﬂcoﬁﬁ)? the aoBRMcAElPRSt h a processor, such as a CPU,
digital signal processor, or mcroprocessor, wth or without nmenory storage
on a single integrated circuit or on a different chip than the processor.
13 WD 2006/ 125192 PCT/ US2006/ 019605 [0057] It shoul d again be noted that

al t hough the invention has been described with specific references to CMOS
i mgi ng devices (e.g., 150,250,350, 550, of FIGS. 2, 8, 9, 10, and 12), the
i nvention has broader applicability and nay be used in any inaging

apparatus. For exanple, the invention may be used in conjunction with
charge coupl ed device (CCD) imgers. The above
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description and drawings illustrate preferred enbodi nents which achi eve the
obj ects, features, and advantages of the invention. Although certain
advant ages and preferred enbodi mrents have been described above, those
skilled in the art will recognize that substitutions, additions, deletions,
nodi fications and/or other changes may be nade wi thout departing fromthe
spirit or scope of the invention. Accordingly, the inventionis not limted
by the foregoing description but is only limted by the scope of the
appended clains. 14 CLAIMS 1. A pixel cell conprising: a photosensor having
a charge accunul ation area; pixel cirCUAIMp coupl ed to said photosensor for
operating said pixel cell to produce at |east one pixel output signal; and
a transparent conductive nmaterial interconnect |ine for focusing incident
light onto said phot oseQRk] &eoriiéidd: N9 an el ectrical connection to said
circuitry. 2. The pixel cell of claim1l, wherein said transparent

conducti ve nat eri alphotosenssehaing dubarpe geconriuddionfaren; mat eri al sel ected from
the group consisting of tin, indium, zinc, and cadmum 3. The pixel cell
of claim2, whereiP¥ %&“‘W&H‘é&iﬁ‘f E’rﬁaldcé?%‘tﬁé?%"& or %f%ﬁngéPlﬁipéxeééFlgtﬂ ed from
the aroup congigichaflel R0 YRl VB igiZRA0Y, ZnQ  Zn2Sn04, ZnSnog,
Cd2Sn&4, (Zn25nAA) 4, (Mgl n2O4) 5, ( pZ206: Y)6, (ZnSnB)7, (Galn)S8,

(Zn2I n2GB) 9, and (altrehSpeRént2phdyctian thaterdl intertormeotdirbefor focuding inmideat cel | of
claim1l1, wherein said transparent conductiv material .is indiumtin-oxide.
5. The pixel &8} pnigsaidipbojgsensorprg @iowdé%a%rlﬁﬁqﬁgadépgﬁxﬁweamm Pyt er i al
i nterconnect |ine has a cross-sectional shape that is hem-elliptical. 6.
The pixel cell of claim1l1, wherein said transparent conductive nateri al

i nterconnect |ine 2has dhequxelovhhoftlaine 1 {windreinsadtanspazentfcondnctive gr oup

material is a semiconducting oxide of a material selected from the group

consisting of tin, indium, zinc, and cadmium.

3. The pixel cell of claim 2, wherein said transparent conductive
material is selected from the group consisting of SnO;, In,03, Cd,SnO4, ZnO,
Zn;Sn04, ZnSn0s, Cd;Sn04, (Zn,Sn04)*, (Mglny04)°, (CdSb,0¢: Y)E, (ZnSn0s)’,
(GaInO;)?, (Zn,In,0s)’, and (InsSn30,2)'°, and indium-tin oxide.

4, The pixel cell of claim 1, wherein said transparent conductive

material is indium-tin-oxide.

5. The pixel cell of claim 1, wherein said transparent conductive

material interconnect line has a cross-sectional shape that is hemi-elliptical.

6. The pixel cell of claim 1, wherein said transparent conductive
material interconnect line has a top down shape that is selected from the group

consisting of substantially circular, rectangular, and elliptical.

7. The pixel cell of claim 1, wherein said transparent conductive

material interconnect line couples said charge storage region to external circuitry.
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consi sting of substantially circular, rectangular, and elliptical. 7. The

pi xel cell of claim1, wherein said transparent conductive materi al

i nterconnect line couples said charge storage region to external circuitry.

15 8. The pixel cell of claim7, wherein said transparent conductive

material interconnect line is connected to a gate associated with said

charge storage region. 9. The pixel cell of claim1, wherein said

transparent conductive material interconnect line is coupled to a

source/drain region of a transistor, wherein a transistor gate of said

transistor is capable of resetting said associated charge storage region.
uctive materi al

10. The pixel cell|, of id.transparent  con

i nterconnect lineis c bﬁB xg?%efl%arl% ng" r%Fatlgg'gnﬁpBreéléF?P 60¥%e/ drain
region of sapfitdriapigdrediecttieSs cdmnecttd®o E)gét%'as%@iakedc’sfnﬂ%ﬁd Bhakge Wherein said
transparent conductive material interconnect |ine couples sald char ge

st orage regi shorage regiom.ansi stor gate. 12. The pixel cell of claim1, wherein
said transparent conductive material interconnect line is capable of
applying a voltage to a transistor gate, said transistor gate gating the

output of charge gol | eqhegixeNcAPILIARAT, Shefdh 588 trafdpardnBoRfictive3. A Pi xel
cell conprising: a photosensor having a charge accunulation area; an

associ ated chatygel stacagectleyi isnodped @tmumg/drharr@en atztrandistored by said
phot osensor; pixel circuitry coupled to said ot.osensor nd char e st or age
egi on for  ubeied # fgnialpieds SoRR Edos o rapable et SoeogsedaNocHise) out put
signal; and gndrf ARSRRE FiotONductive material interconnect line for focusi ng
i nci dent

10. The pixel cell of claim 9, wherein said transparent conductive
material interconnect line is capable of applying a voltage to said source/drain

region of said transistor gate.

11.  The pixel cell of claim 1, wherein said transparent conductive

material interconnect line couples said charge storage region to a transistor gate.

12.  The pixel cell of claim 1, wherein said transparent conductive
material interconnect line is capable of applying a voltage to a transistor gate, said
transistor gate gating the output of charge collected in said charge collection

region.

13. A pixel cell comprising:

a photosensor having a charge accumulation area;

an associated charge storage region for storing charges accumulated by
said photosensor;

pixel circuitry coupled to said photosensor and charge storage region for
operating said pixel cell to produce at least one pixel output signal; and

a transparent conductive material interconnect line for focusing incident

light onto said photosensor and providing an electrical connection to said circuitry.
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i ght onto said photosensor and providing an electrical connection to said
circuitry. 16 14. An inmager integrated circuit conprising: an array of

pi xel cells formed in a sem conductor substrate, wherein each pixel cell of
said array conprises: a photosensor having at |east one doped region, an
associ ated charge collection region electrically coupled to said

phot osensor for collecting charge fromsaid photosensor, a first transistor
gate coupled to said charge collection region for converting said collected
charges from said photosensor into pixel output signal, and a second

transi stor gate for outputting said pixel output signal to a first
transparent conductive material interconpect line, said first transparent
conductive materi &t i nf\8ABGAFHdRiCLASICIGHIt SMPHSALI e of focusing i nci dent

light onto said pholosensateinds ORI 0nSakdheir kel Ritrasl aRal 1o

readout circuitry. Integrated circul arm ur

conpri si ng spigabdell girsaidesay rgmprisesui try formed in said substrate and
electrically connected to the array for recejving and processi ng pixel
out put signal s represeAPhpigsenson hayyie at dagi Anecored fagil ar r ay and f or

provi di ng out put data &?Qgsgag%icﬂ%gé%l%ghg?. 'orlgé?ctpi-&qu él?)tsusgh% ?eﬁd circuit of

claim 14, wherein said transparen condu e erra sem conducti ng

oxi de of a materi ghoteghsatforlcdllcoting tlargofrotiBaidphsiosénsog of tin, indium
zinc, and cadmum 17. The integrated circuit of claim 14, wherein said
transparent conduct i vafirgdttapsisior gaje seunled ogard hiasacrrollestinngegienderst i ng of

(Nl h2oh) 5, | ( caspogeridgtitd ElbeaRihar 68 ROk sl ES Grnot RBEEET Iy
(I'n4Sn3G 2) 10, si kigaglpard tri de, and
a second transistor gate for outputting said pixel output signal to a
first transparent conductive material interconnect line, said first transparent
conductive material interconnect line being capable of focusing incident
light onto said photosensor and conducting said pixel output signal to

readout circuitry.

15.  The integrated circuit of claim 14, further comprising signal
processing circuitry formed in said substrate and electrically connected to the
array for receiving and processing pixel output signals representing an image

acquired by the array and for providing output data representing said image.

16.  The integrated circuit of claim 14, wherein said transparent
conductive material is a semiconducting oxide of a material selected from the

group consisting of tin, indium, zinc, and cadmium.

17.  The integrated circuit of claim 14, wherein said transparent
conductive material is selected from the group consisting of SnQ,, In,0;,
CdySn0y4, Zn0, ZnySnOy4, ZnSn0;, CdySnOy, (anSnO4)4, (MgIn204)5, (CdSb,0q:
Y)®, (ZnSn0s)’, (Galn0s)?, (ZnaIny0s)’, and (InsSn3012)'"Y, silicon nitride, and

indium-tin oxide.
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indiumtin oxide. 17 18. The integrated circuit of claim14, wherein said
transparent conductive material is indiumtin-oxide. 19. The integrated
circuit of claim14, further conprising a second transparent conductive
material interconnect |ine coupled to a source/drain region of a third
transi stor gate, said third transistor gate being capable of resetting said
associ ated charge collection region. 20. The integrated circuit of claim 19,
wherein said second transparent conductive material interconnect line is
capabl e of focusing incident Iight onto said photosensor. 21. The
integrated circuit of claim19, further conprising a row select |ine

coupled to said segond_transistor, gate, .said rqw sel ect |ine being capable
of applying a vor 'ageTil?)“g%ﬁrﬁitegéggﬁﬁoﬁ‘il%lﬁ’sﬁsﬁ’@}“%faégtrﬁﬁs.pafﬂ’i‘é i nt egr at ed
circuit of cla{ditide mMELES MEdhditoudse! ect Tine is fornmed of a
transparent conductive material and 1s capable of focusing incident |ight
on sai d photosensor. 18
19.  The integrated circuit of claim 14, further comprising a second
transparent conductive material interconnect line coupled to a source/drain region
of a third transistor gate, said third transistor gate being capable of resetting said

associated charge collection region.

20.  The integrated circuit of claim 19, wherein said second transparent
conductive material interconnect line is capable of focusing incident light onto

said photosensor.

21.  The integrated circuit of claim 19, further comprising a row select
line coupled to said second transistor gate, said row select line being capable of

applying a voltage to said second transistor gate.
22.  The integrated circuit of claim 21, wherein said row select line is

formed of a transparent conductive material and is capable of focusing incident

light on said photosensor.
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