AN | MAG NG DEVI CE HAVING A PI XEL CELL WTH A

TRANSPARENT CONDUCTI VE | NTERCONNECT LI NE AND THE
wOBTHHERs10F MAKI NG THE Pl XEL CELL FI ELD OF THE POVENI(0&R9605

[0001] The invention relates to an imgi ng device

having a pixel cell wth a transparent conductive

PR P A BRERCBRE o g rRE RE P08 LR TRRS TG ReNT
CONDUCTFIVE INTEROONNEC T LI ANSITHSVVEEEH OB BF MAKING THE
conpl ementary netal oxide sem conductor (CMOS) sensors

have comonly been used RIXIIh6¥d.Ii nagi ng appl i cati ons.
A CMOS i nager ci rCU|t i ncl udes a focal plane array of

pi xel cells, each for Iﬁthﬁl udi ng a
phot osensor, for exanp ) a pho oga?ﬂﬁhphotoconductor
or a photodi ode for accumul ati ng phot o- generat ed

[0001£ihire eciéll(}?ﬂtﬁ)% rélBFeE ltct 51? gn%%éé hegfncecﬁav r%n 5’ ngSt 1% %anspal ent

condubﬂiwdrheteﬁ'aﬂbﬁtet@tnﬁect\hhe Cdmdltlie memneetfﬁﬁkhg thélgar@@t e _of an
output transistor that is part of a readout circuit.

The charge stor constru ted as a
floating di ffusﬁ’gﬁﬁ(ﬁg(bgﬂlﬂgﬁ N:I rcuits,
each pixel may include at |east one electronic deV|ce

such as ransistor, for transferring charge fromth
[000210 h ot%ﬁ@%@%ﬂﬁ@u@% chyyee pepleshdayinss éreDdevd é@mplan@atary metal
oide SLERNEKACHBTSLALN! A8 bLASLIR B A0 picans
A CMOSansger @reog indlods 3] fotal ptan€diBy bfipigel cells feachont wethe cells including
erformthe f

| f i xel |
B PR T T A
photo-SERf818d clﬁz?tée [rﬁtﬁ@tsﬁécﬁgzdtﬂ'b%&{ of 88 §uﬁsﬁ‘gfeo Hakb® gﬁei‘é@ﬂﬁs a charge

St at e; ( transfer of cargetot estora regil on,
storagg¢ Bgiane fastedon afin ﬁlersuhsttatef ovhicheia dourtectedria ﬂ(eagatmf aututput

vons QAP e e ALl RSB st s

floatink fd@ﬂflllsiicﬁﬁrelgmnt |Iﬁlsc_)|_rﬁ§1 ahfer eFEUUERNIpPEE] DRGIACludOatllBRt one electronic
storage region e

device such asga transgi:]stor 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.



charge at the storage region is typically converted to

a pi xel output voltage by a source foll ower output
wonerssizser . [ 0004] Exenpl ary CMOS i magi ng ci r cBCTAIS2006/019605

processing steps thereof, and detail ed descriptions of

t he functions of various CM3S el ements of an inaging

irc re bed, f.or exanple, in U.S.
10004§' ;s Bxeralari CERS e ko, i3t Sopr Brephrg deisd

descngtlé’?ﬂs%falﬁ@ﬁm%&is dtalafBhs @MOS@@I&%@n@ %?an i‘ﬁl%ll‘ﬁg Qli'r&ﬁ{ arglﬁescnbed for
24; U.S. Patent No. 6, 5; Pat ent

exampl@ méJ §5Pateg No. £ 1406800k S Bfawn’eNas(SB’éﬁ;&@B {bS MatersNo. 6,310,366;

S R 5380 65 Ry ol S son £ Bl 7R Soc b 20miane U

Patenﬁ‘Nb | 6,832/59 1], @A O IvhithCRB Y iKned Pt oA Tleblgh | 6. Sthe disclosures of
such as a CMOS imager, is illustrated in G 1. The

each qf/fheyforgping orcderaty Ine@perated yapleramsaln Wi colitsfis 11
forned over a four transistor (4T) pixel cell 10.

ght froma subject being inmaged is incident as
[0005ibhot ArwnI@Ur@nmaﬁHMWﬁﬂow ag h@M@ﬁumﬁgmmallustrated in FIG. 1.

the GRS, W SO RS € RS o e 41 v

cell 10.1 Dight Bbmen dubfREBEhY EnsgRaas fricliedsPhotdhs P86 andPpAY@hrough the
to the photosensor 12 of the pixel cell 10. A color

convegidpnahgucroleng d 1) whish intypicady formsd ever acalenfgéerdf72. Each éoslor filter
allow%ﬁ%ﬂnﬁﬂhﬁf 1?Ey&'a?%£&8meos{pe&ﬁ b 6108 td Eafs% 'ti‘ﬂ‘&é%lg% ytlé?fﬂgo\?rvgsmsor 12 of

the piﬁc(lilwl) 10i At ey is [l to Dh élghﬁﬂivﬂ%@nmmﬁ]ﬁaﬂmfavmtmgﬂis Typical

colo 0 S RS 2 b Bl V)

filtersSubstrate. The pixel cell 10 includes the photosensor
whi ch may be i nplenented as a pi nned phot odi ode,
transfer transistor gate 16, floating diffusion region

000f, TR A0S 398 R0 R AR LU ip s o

epitaxiad bAyen4, velnch maybs ddrdd dvennpitgiesubgizdte. Zhe pixtheell 10 1ncludes the
oSS S LB 0L on T PRV OSErpr 12U e 1
ﬂoatlrngﬁfoﬁoﬂgeg}i’dh 1818cdef BRI RS oI LSIRL fARGRY gr@néﬁ’c@f"%att@% with

transfer transi'stor gate i's activated by a transfer
associgigd gowroertirain regiapsaandxw 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



[0007] The reset transistor gate 22 is connected

between the floating diffusion region 18 and a pi xel
weupplsmwoel t age (e.g., Vaa-Vpix) line 31. A re®et/US2006/019605

control signal RST is used to activate the reset

transi stor gate 22, which resets the floating

diffusion region 18 to th i.xel . suppl [ta .
24 xesdolf 38 e St R B i FiistBBlot 430 bifgg an clecrical
outpuf RHaB¥EIenll AME k&% QElcBIAt Msitbr iofteBND8GHRMabR ByErow select signal

floating diffusion region 18 by a charge transfer |ine

SEL forselestigely sonunstiag thecsobiseielkowertieansiston gate 34 gng ity obtpatyeoltage signal
' r sel ect transistor gate 26. The
toac@%@?é%éggﬁgg&ggﬂPﬁg%sistor gate24 responds to the
charge stored at the floating diffusion region 18 to

rod a | ectrical .outbu Lta S| .. The .row . .
rooosf e ffioth fip Bl Grd S0 tirite 1oy RpfaR gizg Of iy Verall imaging
devic$$0 RAimisdddiiathe Silltitheé oSRYES tal ateinbEIPEER th® BrdcBS of reading the

source follower transistor gate 24 and its out put

photox-gpreagied shagaaputias the piselael- Astwt oBe efampleiBlet 1 analudes a
. COFLR . e _
metalf ARy MU ey BB U R Bt 0 ot ooy couples

the fldating tefthston region 18k tHeudearceffoll@yataintibiat gaea4i nvol ved
in the process of reading the photon-generated charge
out of the pixel cell. As but one exanple, FIG 1

[0009] ncl| magdithnRiling daidedD dlgy@elulibs ihadditiong] mellideoh REer M2 that
.Charge transfer line 23, which electrically couples
may inqhederthe selprg g rpliagedines ¢gi dh 1 shauld baaotsd that the specific conductors
i r r . . .
k84 405002 09366 S R0l BT} Ac o in G 1,
but typreslhyt dtileaat fvanmbailenti &R layha M ey 2 ianchraskat. t Inemorel domplexndksigns a

. . valtage |ine 8, 31. It should be noted that the
third @ﬁ@i‘?&?@ %Wji\@%flﬁﬁ’sa}s&rtfeaﬁﬂgﬂyqdrﬁbpﬁ%t Makyene | ayer of
a solid state imager may differ fromthose shown in

fIG. 1, bu% typically at least two netallization
[0010] 5y gBecappe theplugaley of B¥erennerhlings e thedvh pad Micwitsrial lgyers (and M3

1 o 1 I D 1 .

e AL T 0 a0 BTLENEA, s e

placed intpesitionnimahe hiraesf pirels et Nb nanidtdvrenwitie theaphot@g 080 striking the
and ayer .if enpl.oye are fabrijgcated from opaque

photoge R ey P AV S ARBHR D EPe HAGEREEt o SHek thapihop g agheross the

photodefsd@$2tions in the array of pixels that do not

interfere wwth the photons 1000 striking the
phot osensor 12. This requires a routing of the

[0011] Nt eA&ANRSALy, tHePBStoRY F006 BRbrid GY 1HReilQteREOSE ci R flect 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.



phot osensors 12. [001 1] Additionally, the photons
1000 entering the inmagi ng device 50 can reflect off of
woheosopsgpe netal materials in M and M2 | ayer 8CT/US2006/019605
reduci ng the overall inage capture by the photosensor
12, resulting in a poorer image quality. This too nust
be consi dered mh i n conduct M and M
| ayers. [0012] ﬁ%&%&ﬁi ggﬁfﬁﬂggm$a0|litates
conductive wiring wthout |nterfer|ng with the |ight
ath to the photosensor 12 is desjrabl e. BRI EF SUMVARY
[00130F TS inNRtien BN Fi0ws Sempiey ermbedinests, Previdss igb iigagng device
§ [
empl IR e AR PR ol Yl AR BR iR 8 which may el
be consﬁgn:dscf amlairraugeﬂfex:sier\@ras adiytht Wb sniissies/patiso obthe imaging device. In

ur ed and arran to serve as i ght
some GRBatHeag el eahcg@u@tw& mﬁa@?lﬁ@%@]\ﬁug% anfl preggged to act as a
microRiA®, %[Eeiﬂto‘%héri‘ﬁ i§ EHIZRAUSRH 2R ARcHAGH 'aMteds'EBJO%r' fier] S
confi gured and arranged to act as a mcrolens, while
in others it is configured and arranged to act as a
color filter. BREEEP TENOF CHETMRADANGINGS [ 0014]
The above-descri bed features and advant ages of the

invention will be nore clearly understood fromthe
[0014f oI | Ohé aigbvdsteac'prﬂmd fepdures apd advantaged eifthe svgntoon wdbbavnote clearly

undent S P Re vy R PaT Covap e, rPA e Prsatis i ifigpnoe to te

accorﬂéﬁﬁ%ﬁ%ﬂfdvﬁhF@ﬁwﬁlcﬁ conventional ineging device; [001
lustrates a partial cross-sectional

representation of a imaging device constructed in
[0015R.C COFRRNCHuYdt&y @pefrh&l%oﬁ&%&ﬂrﬁf MepRABRNIES 2 QovEffonal imaging
_Invention; [0017] FIGS. 3-6 |IIusFrate partia
devicgsr oss-sectional representations of different stages of
the fabrication of the FIG 2 imging device; [001 8]
FIG 7 illustrates a partial cross-sectiona
[0016} epr EKe 2t illtistoatesodf paatidliemggsrsgetthen] xepresentation 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



constructed in accordance with a second exenpl ary
enbodi nent of the invention; [001 9] FIG 8

wolbesgis@tes a partial cross-sectional represeRCaUSV6/019605
of a imagi ng device constructed in accordance with a
third exen‘pl ary enbodi nent of the inventi on; [0020]

illustrates a.top-down r
[00225 | ur Elfhl;} lisratis & parfinitp agwaém lfltﬁgiési?P {pp E18 19 imaging
devick;| | ustrates a partial cross-secti onal representation

of an imaging device constructed in accordance with a
fourth exenpl ary enbodi nent of the invention;[0022]

I G i t
[0023g Lur a 12 1&1#1&1‘%95 aﬁﬁa&\ﬁaﬁgtgl r.;;g%’c}o%lgprg I\C/é:é%heté(ﬁcﬁlv\ﬁcﬁ%] ﬂl&%l&.g device
constdi2teil lih amorms withpdifth etemplaysadedinient af the invention
representation of an i magi ng device constructed in
accordance with a fifth exenplary enbodi nent of the
[00244] nv eBRIG.d3 i[lﬁﬁfm:}s dleck didgiat ofst CRIGSSinaaget mckrpdramgamimaging
i nco at n an i magi ng device ‘
deVlC%EfF&S{YP%FE PGBV HARIG 4P F1 G 2: and [0025] FIG
14 illustrates a schematic d| agram of a processor

ystemlnc?rporatln the CMOS imager of FIG 12 in
[00253 ¢ c oF Hanldellnpteatesaschzatin %}ﬁgramf@onrﬁﬁﬁoro%fstﬁmnwmoratmg the
CMO 8%1%%1? 09@1(5552 dﬁherggdf%tgﬁgf%{e %?B g?}ﬁygw Bgﬂe invention.
substrate and "substrate" are to be under st ood to
i ncl ude any DSEAIEERIDESORIBESE Oft THE INVENTIRN
sem conductor structure should be understood to
i nclude silicon, silicon-on-insulator (SA),
[0026%i | i Asuus@iheseippﬂhb ltmr(sSm)li,comddc'tamnlmatna’mhd ﬁsuh}iupieﬂ agtd be

ndoped s m conduct o pi t.axi al ers of | lico
underé*fa%% %9“%5%%“‘@‘8@ 2’6??&&8?6@? PR “%Fﬁ’dsmcmre should
be un@r&t86d ﬁ)eiﬁblﬁﬁé‘ gﬂﬁ%ﬁ) rs1l%ﬁlb%t1H§1ﬁ§tor @Ul Ssﬁmoﬁ%dééﬁféﬁ’i'fe , silicon-
not be silicon-based. The sem cohductor coul

germagionedopedrant uedoped semizosdisiats epitivaal layadre pEsilieon sippetie by a base

semictalg%utcpo% 6‘5 ligjgfﬁﬁglg? { %{% %%?%teé ?ogtsg'agtu 8§gnﬁgg%uctor need not be

silicontbhdetiZ ¥He Eéinfc@ﬁdﬁdt(ﬁgioﬁrdﬁbeog’ermh!ﬂﬁﬁﬂ &t llidih HseNET WHRE reference is
base sem conductor or_ foundation. [0027] The term

made 'tcpﬁhg gemicenductorsybsizatelimibe &llpwing flescsiption, previous process steps may

have lﬁglaﬁ hﬁflfé(ﬁtg%ltn‘l Hggl&ns 0? I!lnc?lglrlg 1%' di loggr e 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.



phot osensor and associated circuitry for converting
photons to an electrical signal. For purposes of
wolbasgis@ei on, a single representative pixel aRdTiUS2006/019605
manner of formation may be illustrated in the figures
and description herein; however, typically fabrication
of a plurality of |ike pixels proceeds_simultaneously.
[0028Ac c ol golpwing desceiptiomi theyingentign) is desgabed Injelagan faa FHLOS imager

to _be taken j AR
B S L A
imagef eblitinélidih @ pixeNSed immglerrgd evuptedriceice €GCP) ahdutheestate imagers.
the invention has wi der applicability to any
phot osensor of any imager cell, including pixels used

[0029] N aReRAiKE 0TI efreitasbmietiddaChrtialndosst seetiorsl fied of a CMOS
i mgers. [0029] Referring to FIG 2, a

imagipg deiee hronsEagtedinraceendargegwish speianyvany spbogimgnt of the invention is
| SERY oty GRet e .
SRR A A0 RS, D SRR othbor 12
(impléthéniad a4 giebtodibde) FhaBinudesagi-tyge eepiorc E2alfmd anmetypd esgien 12b in an

. pixel cell 10 having a photosensor_1 i.mpl enent e S ipm.
epitaxial Jaxst o) pw&fedﬁvglf a Prized §iraje JIang{Ge %ﬂés%?qg‘hgai% 2&4?9&%% diffusion
regiof 18, Y0t HEHRE htd23, RodBe FlidviY hiahsidtay Sfte 34 whthQ¥keMed source/drain

ovér a p-type Substrate, transfer transistor gate 16,
regiorfs|, axat fomgseltict fraisdisior ravirigngeted 3G with setociatedrmoimesiraigaegons.

. .22, .sour foll ower transistor. gate 24 with associate
Signi Bl T F G7r? PR TG O eERah < P et EI R ThE g1 formed
of a ti9AdfArefP cMdubti RS oEtHal &ebtS QU CRFledbi} alcOHHRAGK 152 (partially

Si gni fi cant lci/' the FIG 2 inmaging device 150 al so
schenatichlipidlystzated) dn sheadraintregion damof thasow saleptdransigtos atg 26. Transparent

tran r.ent .con LV Il . ri L
counf{ AP B ERIUS0 YL e SHRECFIER, b3 50098 e
photokdnseiSt 2. aftedyarisparbiiteotlinih liné €0l ©RIs3@auplEd tdeolumw line peed readout
. transistor gate 26. Transparent colum line 111 is
CHUMFX@FK@@W@H”%ﬁﬁ@-a m crol ens for focusing incident
light 1000 onto the photosensor 12. The transparent

colum line 111 is also coupled to columm Iine pixel .
[0030f eaddhe trensperent ealums lingdwh 15 fermpdobg ranspargsbyondhetive material. The

. L p | i . , . .
s ESTRORE LTS A08, ek LT, LA s
from thetgesiipadonsistithgoien, imtinmdziat, adrhdaivth cThangarspadasconfluetive

mat erial selected fromthe group .consisting of tin
materjah gpylhthusihsselegisd f@aramemupmémﬁl%gé%néh Eﬂz@w@@zéppv’ezllo:
71,8104, ZnSn0s, CdaSnO4, (ZnSn04)*, MgIny04)°, (CdSb,06: )P, (ZnSn0s), (GalnOs)?,
(Zn,In,0s5)’, and (InsSn3012)'°, 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

6



material could thus be selected fromthe group

consisting of SnO, In203, Cd2Sn®4, ZnO, Zn2Sn(4,
wan®wdds19ed2Sn, (Zn2sSnM) 4, (Mgl n2A4) 5, ( CdSke2oarsX)06/019605

(ZnSn@B) 7, (GalnG)8, (Zn21n206)9, and (1n4Sn3012) 10,

and indiumtin oxide (1TO. [003 1] hi operation,

hot ons, 1000 pass through the transparent, columm |ine

111 by an assgeiatedpay selee! tramsistn 261 Oenaa W 5e556 slgna!Fasm gigonductor SEL is
. | ' ' . -

i, s 01RO TATE Sl B 4o

transpateat toloms linkdtl 1 avhercciv i facthedprocessdiebyre saypde/heldi oirouit 2bupled to

of th hqt osenso 2. .The charge i.s transferred .
”anSPPWB%gHI%PﬁIIéthﬁéﬁE gt 5ighal pEgcsssipmiBouie: qigrusted Delow with respect to
FIG. fd oating diffusion region 18, which is electrically

coupled to the source follower transistor gate 24. The

out put signal fromthe source follower transistor gate
100328 PP % eIk R 130 Rl R R/ B Yor focusing
photos§ YO0l frém amident gy andofor SEidvicting theisignabpiocessed By teaburce follower

wansig 2B GaRogt PG Y S e iE Coter v iR HerE Y fayers as the
columindirled {d. £ €601MAIRR I8GFRY. 19) SR/ HRALAL ifiioh B fnofPsitheR layers as
to tr ansEar ent colum line 111 and ot her signal

the trapgprsesi sio ling: i t is powimsevedde thetiep ofitheiimageremgdserves the dual

Fl 12. 10032] . The FI 2 imai ng,devi.ce 0._havi a
functi S hpetel EiaAEnT P PP R € pHEeD gl B of
focusihp Oweidene ligigtind| cofticting BignhI0 ITIEO sl N Giblibation Gddbwers production

processed by the source follower transistor 24 to
Ccosts.r eadout circuitry sinplifies the conductor routing in

the M and M2 |ayers as the colum lines (e.g., columm

line 28 (FIG 1)) normally present in one or nore of
[0033] hesh 3dgitions thedranprarent gau@wtisn matesialithal dap de psad fosorp e

t t r e .

canspRHE o 10 110 Bl 1o B len IO R ol S o pivelcell
microteakdse.gl, infieroleht 18 €F L& S )R rébutingUs €urtifer tog Wavings inprodletibn.

i ght and conducting signal. This sinplifies

fabrication and | owers production costs. [0033] In

[0034pddi LtisRsuld bb @ofetl AN RRESIB tEBOPRIECY imt@inadefidealss i$ NRktrated as
can be used to formthe transparent columm line 111

includifgen pixpl Godll |0havings: prRpephoteasnsgs sanfigisatinn @ei. alpstyne egion 12a
formell aﬁ).h-)f%e r%gioh 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.



m crol enses (e.g., mcrolens 11 (FIG 1)), resulting

in further cost savings in production. [0034] It
wehoewslidstve noted that although the FIG 2 i magPa®/us2006/019605

device 150 is illustrated as including a pixel ceII 10

having a p-n-p photosensor configuration (i.e.,

0036 5 MRS Ak P S e B S 1%?%%11%%

and de%éﬁbed'ab a'tﬁnﬂ%reﬂt RbRAGELhd 0 1DR cbﬁlﬂ'ﬂe'aﬁg itBrcBiYecBYe thEPfs typically
exa pi xel cell 10 could be forned havi ng a

used i pmnﬁclmﬁfy, Gu-at ¢amd bethghV askpix ﬂme,abatg&iraasfer hye rresrﬂccnﬁrol signal
substr t he 12 has

line, a%]\%v s%ltgé/tﬁlgl& o1 Supply Vfogtla%%féln%a{% ttﬁ?iﬁ{éégge I ég?%’ﬁte%ﬁ?lumn line 111.
The trédspgentiuoatiasBrIMercohnidtt lidé BRisSBicdapasie af Arasiagy dikkt onto the

phot ot ransi stors, and photoconductors may al so be
Photoaf}g@a 12 pf ayixelicel d Qgandmevide frgpslestricat eMmmerion fegpixel gircuitry.

is illustrated as having a sen1 elliptica
cross-sectional shape in FIG the illustration is

[0037hot HISeAdaliusteatpan qumlarwgmrthociawyfabmﬂtlngéhe ElaRgmaging device
150, ADRARRPRNENS, EPUMIABRRA fof BiLiL BYS 1oy ymed ver

epitaxial Dyer Be@tand rmalwlﬁﬂdé photbmscw 2Va W@ﬁﬁi&&&ﬁ]ga’td 16 a floating
shoul. d al so be noted that alt hou;gh t he .transparent
diffusipp Fegieth Hhadesqt {ABSIFIET $4t¢ ddtar SQUEE d&ﬁ& regieR P9 fetpures fgllower

transistdr3RPA &l a & ?}JJ W8t aR8isthe date b Th alananzatlon layer

|nterconnect ne that 1s Pypica y use in
160 capnibedonnadyqf apy gnateridl, molmﬂhhgtaenatbleal\da]aeqed frolm ﬂne gr@l]mogmstmg of

siliconlt 41&{;32 g{or(l%%lw]teygrlg%ﬁ(b§gﬁ nggl{o(ﬁ)]léhosg atel g&l‘as's1 Zqu} 8 g So(t-e]lbl%spho silicate
glass (B'PSG') | Fusty atednsehidthe! chﬁl%e %rllﬂsfer-ﬁli}f‘e yx} ﬁﬁﬁ@@{)%}tthe planarization
conductive interconnect |ine nust be capabl

layer 6@cwhichgonmneagts the gate of He sohtse deléoveayrtrangistof 24 hethpuﬂ;oetmg diffusion

reglongl% )zdéjio%gh Pf%ﬂ ?1% . Ovi[fg)ogg}oatﬁ lagecrté)rf IC?)TI ? o e f%rmed over the

planarR¥E6¥Plagéry1 GUE RN Dowl R t’ﬂe%ﬁ’éctrﬁ&l &(ﬁﬁie&ﬁ&a (tl%ohg’ﬁigi!aﬂ ¢h layer 160)
device 150. As illustrated in FIG -3, pl anari zati on

betwegngthe epifaxgal layeg 14 and fpgatieagé fayer of mﬂn@ars(fv@ned ¢eer the planarized

layer 1%63%121;8161,?‘1&1@112%@ gtfé dn%l?c@rq?g@oﬂ%ﬁf 10 ng?%ﬁ?ﬁ' hgszdisc%ssed

below et respetBio FIGL €3et transi stor gate 22, a source/drain
region 30, a source follower transistor gate 24, and a
row sel ect transistor gate 26 have been fornmed. The

[0038]p| arFG! Z dllusetes fiy®fand 6€topd ntbeElaf@rdhaectat 1aa/eﬁs (MDD @dyieds) 162, 164
ormecli: g% ,l“glgelt gﬂ%ga?@g&éf lralyglrI 16SOe|"l§h%tﬁergt afntlgrerclzgnrc]leIL% 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.



silicon dioxide, borosilicate glass (BSG,

phosphosilicate glass (PSG, and boro-phospho-silicate
wglems1268PSG). FIG 3 also illustrates the chaPg®us2006/019605

transfer line 23 formed over the planarization |ayer

160, which connects the gate of the source follomer

tQr 24 to the f ting diffusi
10039} 1, ot softusiares Theepn B3 a4 brmediorsage A 1 tayer 162,
Whlch%’%ib%ﬁg @/ﬂ\al\‘g%n@lllz%ﬁ dn@efRdd ﬁrov{de &idd| aMBNiA3kd Alled with a

| ayer ich allow for t ctrical connection
conduqu\rermatghalyaraka franspanget col@oh line presersor hid agpfarmeidaiver the second ILD

y nd th ter f.c ctors for
tayer (3 B il BB S010F Hradl 2 enice D O B PetiyR T fansparent
colum#lin€ lpfselifsbE 8l 1269 ABRSEitE® Bntb @h &M iMpedevide! C Ui t ry, as
di scussed below with respect to FIG 12. [0038] FIG 4
illustrates first and second inter |ayer dielectric
[0040] 2y el Shdulld-b: hA¥ fl thbGst ahfi4edHITED 18Y&5 160 el 64 need not be formed
pl anari zation | ayer 160. The first and second
of the paematetigh It signi¢ algo be npisd et tl@fremyesﬁﬁ sigatet Ylﬁfngthln the

N MY Y e

chemitdl Btchie fead i ios etchitieq@IE), oEMRef ﬁi'éﬁ[ﬁl df&;kealﬂiﬁg Rani cal
pol i shing) planarized and etched to provide vias. The

vias are filled with a conductive material, and a

[00415eC oI, bal@frafh tIRASInRSIBRE A SNAN EREST F. erﬁeq'zdiﬁﬁar%‘t%lumn line
the first ILD layer 162, which allow for th

precurgqreldd p (Bl&1 5¢ ratedtediinte p@@@mé@ﬁertth@phﬁpseaﬁqram | Thpeattgmed

transp%étfjc%%% ﬁnéaﬁ% u(?rnﬁqggg\f/(% %é?sé fllllelé fqga“at%c{r % Cﬁtthatg%n}éﬁr\éa eg transparent

columh Gineyteetinat 1 Clarmbelistanyd, forkss Ah&aillelEptcadD shape babsddon tBS Pagice tension
to FIG 12 0039] FIG 5 ilJustrates the second ELD

of the ma{sxjel ussd to %@eWE$PaF% colupgyline bl ayer 162, which
|s typically CWMP planarized and etched to provide
The vias are filled wwth a conductive materia

I as.
0042]an d Iasltquédq%mt@%tha& eniaah 157 ped/pr anyinfdhe othen paiterned conductors
| g.~b

formeti 8 éi‘glqei ﬁl‘é}?ir%z]%ﬁgn fkg) <H‘tger h gﬁd ge%{)lnd iLD %Psf 1332{,72%4 could be
formedbef arepinent domamap@rmtmzdpdnalrthatl theye cpmpewrﬁsamagt bt f@mnied of the

deposited onto the i maging device, [0040] It should be
same [gPiel CORESMgAnT rnspasRLLQlwE e 1D | ayers 162, 164

need not be formed of the sanme material. It should

| so be noted that the recesses to create vias within
0043]t he 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 (Vaa-pix) formed of a transparent conductive
9



pl anarization |ayer 160, first ILD | ayer 162, and the
ILD material |layer 164 can be forned by chem ca
webtetsimgozr eacti ve ion etching (R E), or other POBAIS2006/019605
creating vias. [0041]] FIG 6 illustrates the conpl eted
i magi ng device 150. The transparent columm I|ine
precursor llia (FIG Hf)Eols etched into_patterns over

maten@h@afgn@y mﬁﬁmtouszlooﬁ  sncidanh Bghtionimiis shatesenser 1imThe voltage
e Qr S t t
- supply LAY G 8 3ol 2 ol b BT VRBIB M Wik iR conductor s
transparene httrna}adsrdssf the optical hatirite phdtognsaral2, fhvapeniladgmg condudie routing.
surface tension of the material used to formthe
transparent colum line 111. [0042] It should be noted
[00457 hat Tigodigrat lindSdr alpﬁiebl':elhtyplo@ﬂy theaintderthp @Iatne]nmﬂ)n layer 160

nductors forned over the anari z t| on | ayer r
and/on gt K sepondT L BoER Ao LS4 (Eﬁ%r@ ngiide romiessd gpis sgnat lnes, ransfer

gate mgg{élg@@g gﬁn@p %Oﬁg%?? %@%@Qﬂgﬂg& Aﬁgfo'ﬁ%e%é ki rr%l lﬁrrigg ga?rgaflso be made of
a transperept tcsidugti\tdmattenalrmﬁaomacﬂ icthe piamahzamnla)&r 1p06dBbr fitst and

seconciﬂ[ﬁlkl C}I/ﬁl%l ?ﬁ%&g&e&/ hcgltght %ﬁ%&&e&#ﬁ%@l cgﬁlgllndline 111to

* the phBlodéiRbt ZAtion layer 160 and the first and second ILD
| ayers 162, 164, depending upon the application.
[0044] FIG 7 illustrates an imagi ng device 250
[0046F ONSk S Ho hote AR URAREE X 1A RLLANDUBKRITIAEY of the same
nmbodi ment of the |nvent|% . 'Li'ke the FIG 2 i1nmaging
transpaiem oadidde miterifl|aGtheftrinspgentgrotionn bee PHIQ ohadifferent transparent
g transg nt colum line 111 for focusing photons 1000
condughvgNatsitlyent 10 ght onto the photosensor 12 and
conducting the pixel output signal charge fromthe

r ai on 26a of the row S|stor ate. 6 ..
10047f 0 * Bt S ref g ing GVl S SO SR o ol i & third
embocﬁﬁl\éhﬁﬁ tRofhvehidsh f‘ﬂaﬁnéh 4 96&5@9:% ﬁ;&l?@ﬂnﬁ 2B1 Bmkd bl a transparent

(Vaa- Pi x) formed a transparent conductivenateri al

conduetiregt mamlyalfls &rmegﬁ@hm h@m@elhptmi sheoe.désdisciigghd abeitegvith respect

ok BERARIR 3R R T KRR P PR Py, o

Voltag&sﬁ}ﬁﬂy hhe 33 cRnBsckeited with hadt$® &4 herhitel cacp El(ﬂii)‘é thinsulator
opti cal @{)ath to photosensor 12, thus sinp pg

180 candyecformest o thgtvoHage JupplasinePid, anddalks on rh@'él@nwih icpj shape of the
Voltag§ g@pﬁf Ylﬁé 5?1 .l ¥né ﬁﬁgt%tgc? golblnﬂfté}el 7@'1?&)%1 é %%rC{He irﬁﬁﬁfor 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



and/or first and second ILD |layers 162, 164 (FIG 6)
i nclude row reset gate signal lines, transfer gate
weigrsaksiogenes and row sel ect gate signal |inesPCAUS26/019605
these signal |lines nmay al so be made of a transparent
conductive material and routed in the planarization
r first and second |LD |ayers

roods] B &g Wy fBligh e B ynt pusFim e a0 0 gbricated in

accordadeiiith bhd18f thd EmbBdinkatUTARORGBSRIN. The BRI ihlagin c%evice array
shoul d _be noted that the voltage supply line 131 cgu d

600 cogainsyt pgagt effe iptagingaienioe of thepayation foad 1569,i256, 3t @f FEES. 2, 7, or

: . line 111 . or different .
o) SRR A FOLAT LSy ey e L m o
predetérnlinet mahies of BolufRgic0 Y af®ivwaes 035 FIGON siliistiales thel ddlumn lines 111
ccordance with a third enbodi nent of the invention in

formed,pq 3-3ingle 8¢ t coypling s dyaip regiompatithe gewselegfiragsistor gate 26 (e.g., FIG.
) e . . )

o IFRRERCATS EQAUEILNE B APl SR 1 TP By o
ellipticabshapGandb aretchextendivagith snpmiothdr] ine, 284 celamndine in a particular

erned. by conventi onal . phot ol jthography, . The . _

cotum bt 55O SR Bkt | S 95REN s MSiiecan cotumn e
111 infiey dBl@nReThe AldsirRted %ﬁbgescr@fb%-anﬁg 6bf b %‘é@én i]rlgglafb?@8? ormed

formed on the voltage sSupply Iithe 231, and take on the
betwedneagrh ef thie gplusals 69 4p eleotricallpisvlate cagl celupml 6011 inep&3ton, each row

- illustrated color filter 172 is.forned.over_.the _,

orpix LB PG L0 LB B S SR i e
detail isdh@p &itfreépgeet forfga@. aor 180. The transparent col um

line 111, in turn, can be formed over the

hem -el l'iptical color filter 172, and take on the
[0049]hemiAlgobER TG, ShRRInS e¥iBEa) 600 il @hiel 42 a 101588 iflaging

., also illustrates an rnsulator I80 over the voltage

device aupplifshoukebeomited habireimagingddvice anlyatypiceHy coolainagellions of
o I [ - 1.4 h transparent .colum line 11
imaginf BRE¥s (A& e Kbt ik AR R i So i g Ry T should aso
be noteginthatdhergtipe bathearaeparerelcbiupid K@ 119hRR1 beWMiRied OIFBF example, the

filter 172 is formed bel ow the transparent colum |ine
transpagepf .Cof;m@ lanesdd 1 ever the phefpseagers 42 601G 2) pheachimagipyg device 150

' e t re. f S
could S SRREL e AN 0 00 O 3l G LA 11 over
the phaEdsBnsds i 2 (RISt 12) emildalso pe donectet dw aahetalliried Q@ thgisparent

conduc%\e/glm% eraal." &Y 600 fabricated in

[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



accordance with one of the enbodi nents of the

invention. The illustrated i magi ng device array 600
woanicanfms2at | east one i nmagi ng device of the | REEUSRME019605

(e.g., 150, 250, 350 (of FIGS. 2, 7, or 8)). Inmaging

devi ce array 600 conprises a plurality of inaging

devi c rran dn
the tragEpprit o PR TRG L RGO SPRFLSEY A GO IRechs e Phbaterial
differchl thah @hd®shspsre coluifth Bné il NE Aﬁ%@ula‘?& 1t8st %Pdaﬂé‘i)?&h&% between
of the row select transistor gate 26

the traggparens rlamndistel 1 1 gnd shesomagelest Houy @l ip. elﬁérmalllbfusﬂatate@qh conductor.
the columm lines 111 each have a sem elliptical shape
and are coextensive with one another, i.e., each
[0051k ol Uik, IL1l mldustrates apartial mpkmwmmibwmf aa@maléiy@fﬁh@FI& d0ahaging
i S, oi n d W th

dev1ceslg;%2 hafl%sglia%ﬂr{g}%l s% t]_]f]? 1§ %rméegl OV RIE eﬁqﬁ%u-elhptlcal transparent

columh |11th3111 ,3n€dale8 Bl ehelub€ 6 Mk hei-80f)tiddl SRSt tBd column line 111. The
i nsul ator 183 fornmed between each of the colums 601

row selest Bpe ¢9Y max furfher dosua thee iagidpntdight o0 0swto thephetrsersor ¢ (FIG. 10)
el [

ot BRSIAPH BHOPLS° SBI b0l FROBIRY. 186 £0p My TR
betweelethaitlanipataicoiuinn liresiie eid tige olvGelctPling PD40]elAltidaliydddlate each

the FIG 9 imaging device array 600 is illustrated as
condugfokn X 8 i mmgi ng device array, it should be noted that

an |nag|ng device arrays typically contains mllions

devi ces (each, having a pixel cell) arranged

[0052]| n rﬁlﬁt ﬂ% straies AeEosansertioakreptesenidiion) of 28 imaging davce 50

constr%c%ﬁc} in %@01%.@[?0% dﬁ{ ia:h?tﬁ exbid ngég}%rﬁﬁ&d %Mmhé I nt‘}z)]rfm nv%rthch the row

e varile exa ransparen
select liilm'é@l ik ¥arnoeddretwéen théotspereadecurh hﬂlEll(Bl add tl@fp}ﬁwsbnsor 12.

cqQul d be bst anti ally. rectangul ar

Althoyghdfte fofes 63 5 g iﬁgb“‘r hgteated 3 g g anhemiclinieal shepe theyiflustration
is not i‘ﬁ‘t’e@qﬁe& Wo@l‘ﬁﬁftfﬁ%@ﬁ %ﬁ’}{ Fa}2FoFGmple oW it Bfe B8 could have a

connect ed I'ine or a‘transparent conductive
substanigalkyrdizghlar, [S@%@jrctﬂmGOr i0tangilasshagees a cross-secti onal

representation of the imgi ng device 150 used in the

FIG 9 imaging device array 600 fabricated with a row
[0053]sel U6. 13 dsioiks & CMOS imager GOR dndorporstigy € pitkecartaynof the invention.

Altho%?ﬁeeé'l}(éf arg}]fgyé! L ep%}“é% %?thra%yo%g lo? ‘ﬁ'ie egc‘largpe)lagg élmi)odiments 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



conductive material, as defined above. The row sel ect

line 701 may be forned over the colum |line 111 in a
woemeriesiorpt i cal shape, as illustrated in Fl G pa0US2006/019605

Alternatively, the row select line 701 may be forned

over the colum |ine 111, and then planarized to have

Y S M R,
and ro@f arld®1phX 8Hvé&Rideuits- 610t 660 QHicH agﬁly%ﬁ% YdMake id e 'El;éi% transistors

select line 701 could be forned the sanme materia
of the gele¢ted ravameealamn lises-urm |ine 111. The row sel ect |ine
701 could also be forned of a material different than
the transparent colum line 111. An insulator 180 is
[0054} y pi Bled piyelmugmit dignals éypiesdly intlede 2 pixshmsa signely Murtaken off of the
. 11 nd the row select Line 701 t lectrically oL
foain 31806 {hfor GUABE e 1B Fmsslod B {15 it ng aping! image
signal Pl wWlchti® prkd oFf thé Bvataie AfRioN Adgidn/(ve the Beurkd B11o%Rr transistor)
I magi ng device 150. The illustrated row select line

after chyyrges generntofbly evinageisee ansferesd tp i iThg| Vit pad Yisasignals are read by a

i n .t e of.4h :
sl QLTS A0 an 8 SOAERD { IRRIRRGRAP e, i procuces
differemet sighall(Vpe- VQJ)) fonyachpixtdhesll | @cutsich Reprdsants derimdung bf light
. . 1000 gntq the_photosensor 12 (FI.G 10) of the pixel
mpingigg pn {hy Rigeles Thigpignpk diffsrsureisisifardy aanalasre digital converter 675.

T BB AHPLAS RSP s i
image.7 0l additial, @s tlepictat iy FIG dBathe BMOS inmpeluteyive .60B @yXHe included on a

. FI.G, 12 .i |l ustrat cross-sectional representation
semicqpdugior thin 0¢-8 W g‘?ﬂe@g&%o constructed in accordance
with a fifth exenplary enbodi nent of the invention in

whi t ow select line 701 is _formed between the )
[0055) ¢ a%&a PE skt vl PiRgeseqnsyaivEn 24AhpBeldenap fmagng device 608
(such A thb 8t H&ié@%@iﬁh@c&&edl i'n'TﬁhIG? 93 dSné 1r{v9§t§cﬁf'?‘tﬁfé Cpg§clesssor system

_having an hem -el liptical shape,” the illustrati
900 is geemplatyearfdeystem lpying digital pgcnits thatycowhlinclEde iragenpher devices.
.. the.row select.line 701 coul d have a substanti all
withol it WpieCfiena SSrseiERe e R A G SHapsatettyspm, scanner,

machitd Wsiod SvehldietaivigdtRn, WdedpRorcBaesi 11808 shRear ARG FdulJydem, star
pi xel array of the invention. Al though the pixel array

trackeqﬁyyteg)e nfoiopwigtogtiom systeyn, amegostabilisationeiygkay yand other systems

I s of FIGS. 2, 8, 9, 10, or 12, FIG 13
emploﬁppgg#@%%s the FIG 9 imaging device array 600. The

pi xel cells 10 (FIG

[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 (I/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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2) of each imging device 150 (FIG 9) of each rowin
i magi ng device array 600 are all turned on at the sane
woOiow/byi9a row sel ect |line, and the pixel cell scofusemeh19605
colum are selectively output by respective
transparent colunn Iine 111 (FIG 9). A plurality of
um. | i ne nspar ent colu ne
10057} 21 off S 28 e BOER e ABFNBRE i P9 s G L ss@dhedvith specifi
referefidet & CRAOS 11’;[ nd WitdsNES., 356 50! £, 1596 of FAGK! .3, 9d10 Mand 12), the
sequence by e row drivér 610 in response to rd
inven bs)adelcma‘tﬁ]z@' saddndyhiee u%énswmmppmtum Fos example, the

bbbl 300y Gl TR, e v

descrip@sPadsRaw s ﬂldétfﬁlte@ﬂ@féﬁ&@ elﬁB&ﬁﬁﬁ@ﬁts Gvifich ddhiksve tlfi’e dS‘tg ¥éts, features,
and colum address is provided for each Elxe

and advpatagesedithryinventiose Aldwugkpetaigydvantage Teferige rembgdlments have
been cf%?cq'{b%& Fis a%é Fﬂeolsgg lgfeig% ] gtl}lg %H' %“9%5%8 }ﬁl}%é t1 t1ons, taﬁdltlons

deletiappnodifications aai/onothet cHanges hayBsmhde WﬁIhizilﬁ| depﬁr@d@ ifom the spirit or
a row and c¢ol u river C|rCU|tr¥ 610, 660 which

scope aggﬁw&ﬁﬂ% n 0%5]?)&3/ thegnygpions Rt limilgddysthe faregsing description but

égg% [ 0054] The pixel output

is onl}i%ﬁg& I's %h;?%l tﬁ@ngd gﬁg}sxel reset signal, WVtst
taken of f of the floating diffusion region (V|a t he
source follower transistor)when it is reset and a
pi xel image signal, Vsig, which is taken off the
floating diffusion region (via the source foll ower
transi stor) after charges generated by an inage are
transferred to it. The Vrst and Vsjg signals are read
by a sanple and hold circuit 661 and are subtracted by
a differential anplifier 662, which produces a
di fference signal (Vrst - Vsig) for each pixel cel
10, which represents the amount of [ight inpinging on
the pixels. This signal difference is digitized by an
analog to digital converter 675. The digitized pixe
signals are then fed to an i mage processor 680 to form
and output a digital image. In addition, as depicted
in FIG 13, the CMOS i mager device 608 may be incl uded
on a sem conductor chip (e.g., wafer 1500). [0055]
FIG 14 shows a typical processor system 900 that
i ncl udes an i magi ng device 608 (such as the imging
device 608 illustrated in FIG 13) of the invention
The processor system
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900 is exenplary of a systemhaving digital circuits
that could include i nage sensor devices. Wthout being
woizmeli2ey2 such a system coul d i ncl ude a conmpuPer/US2006/019605

system canera system scanner, nachine vi sion,

vehi cl e navi gati on, video phone, surveillance system

auto focus system star tracker system notion

detecti on system i mage stdiMS at i on system , and

ot her systens enpl oying an i mager. [0056] System 900,

{ WrhaPKAMRId 3 FAPBARISYRH b FOMREEARALAIELPLER of the United States

processing unit (CPU) 902, such as a m croprocessor,
is:  that communicates with an input/output (1/0 device

906 over a bus 904. Imagi ng device 608 al so

conmuni cates with the CPU 902 over the bus 904. The

pt.ocesAgrixdlaskdompdsiagn 900 al so i ncl udes random access

menory (RAM 910, and can incl ude renovabl e nenory

914h such as flas menor y ich al so conmunicate with

t BRI Pg A (RERSAGEHEBIA IO A3 mgi ng devi ce 608

may be conbined with a processor, such as a CPU,

dp et @cufiioitabledto §£i8 $Bbtos@isofios bPRBRAEESHEDpixedlhtoor

w t hout nenory storage on a single integrated circuit
produeg at depshong mikelosinut sigpgl &hn t he processor.[0057] It

shoul d again be noted that although the invention has

R SRAL LAt N RasRenb b oph i hERT Bal e
light oifo id gihtosensbr haj pravieding an eletireal dvasedirondd szid
applicability and may be used in any imaging

paratus. For exanple, the invention may be used in
conjunction with charge coupl ed device (CCD) inmagers.

The abgve description and drawi.ngs illustrate,
ptef er Lhepeshesiltheinm W%@Wl%ﬁ%ﬁi Eouspicat SRCA
terin PR W RRoonBRdiBOKAY FH96Ratefiall BR clel R (R t hough
e erlcert ain Oggvan%%ges aﬁgl p?e %rsr eg ee\nf‘%g%il: mrgﬁ? have been
consistieg of filnaddiabypviac, dandosdmgkinl | ed in the art will
recogni ze that substitutions, additions, deletions,

nodi fi cati ons and/ or ot her changes nmay be nade wi t hout
dépar t Thgpixebeulitdfel=mni Y, mthemrin sadd pensphrenheoridnvtev i on.

materipE 85671 P BERIPGIBERS & Sy D GGy AME scope
Zn,Sn®,, ZAShRAPLAIGES], @S 4)‘9'@91!§M§o\4f,a{cds%2@%ﬁ)m{zn§ﬁo ew
an p by Letters

desired to be proteédte at’ent of the
(GalnQpi (Bt I81Qx) e end (InySn301,)'°, and indium-tin oxide.

circui

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.
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is: 1. A pixel cell conprising: a photosensor having a
charge accunul ation area; pixel circuitry coupled to

weaim/iphiok osensor for operating said pixel cel PCTWS2006/019605

produce at | east one pixel output signal; and a
transparent conductive material interconnect line for

f pcusi inci dent. |i.ght onto saij hot osensor. . and
p{rs)'ovi d? negp%%l Ceeﬁe0 tchng;’ WE‘SWHEW‘# gﬁlg)ﬁpﬁregg‘?%lﬁe?t}‘@ui try.
materidl infefcdnRkoteine ¢:@s b tf doiiadbd thaiQeRbRd $RndliHer@bigPar ent
. conductive material is a sem conducting oxide of a
consis{iag af substagiallycaieylarreptangiBargauslgllipiesdi st i ng of tin,
i ndium zinc, and cadmium 3. The pixel cell of claim
2, wherein said transparent conductive material is
bl ect Bep pixelraelliod clpirop whotesi sid ansparesha@dudti2Cs,

. n n A, .ZnsSn Cd2sn4, (Zn2Sn4) 4,
materi SRo b AT ST Onar s Ok Hosy g

(zZii201i206)9, and (Li4Sn3012)10, and indiumtin

oxi de. 4. .The nixel .cell . of.clajml, wherein said

t gr('ans pg?ee?%f(gccg ﬁ(ﬁ%g iaiu}}?’ Waetsn S?.?Fd ?@SPW&PWPﬂLV&i de.
materiél infehdnpéot ¢ine ¢eddnmedtedtord atd asswbiglcd WatSRidcHak@nspar ent

conductive material interconnect line has a
storageregdl sect i onal shape that is hem-elliptical.6. The

pi xel cell of claim1, wherein said transparent

conductive material interconnect |line has a top down

shape Theaix¢lsel of elpinad, Whenin sasl gaspprestooesilsdtiveg of

: { iakly.circular, rectangul ar elljptical.
matem@f‘lﬁ%}c gﬂ%«%c)? gllng %:Se(iolupi(jefi %% Pg?%ce_:@r %qgéqnno@gra@skst nspar ent
wherei@richusiistoy @ateRif 4itl AtankiBloL1sCAPAIRE bl tekABnE SHP S cimRKd

charge storage region to external circuitry.
charge storage region.

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;
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8. The pixel cell of claim7, wherein said transparent
conductive material interconnect line is connected to

wa gsiiesassoci ated with said charge storage regComs26/019605
The pixel cell of claim1l1, wherein said transparent
conductive material interconnect line is coupled to a

. [ region of .a transistor, wherein. a
BLEESGRER Bk € Aabibe Beidh 1o AR Riec Ry
said plictsehtdrng sai d associ ated charge storage region. 10.

The pixel cell of claim9, wherein said transparent
conductive material interconnect line is capable of

AP EYaRYitY GPyPled de s#id Phatosrnsei andeharegistoragsgiesionder sai d
' I ' C f claimi,
operat e QoM Proade ot TR BTl B Bl
i nterconnect |ine couples said charge storage region
t otranspergnistostivetivgatgeridl Antefdoangit kint fardbéusifg intidenn 1,

. er ej aid transparent conductive materi al,

light O\ﬁﬁtsg} c@?‘?ﬁ‘@@?solr iaﬂ‘ip oyiding ap electhical copnealing tasgid) t age t o

circuitdy.t ransi stor gate, said transistor gate gating the
out put of charge collected in said charge collection
region. 13. A pixel cell conprising: a photosensor

hpyingAghﬁggggﬁegﬁ&gqﬂggﬁEaﬁggﬁg%;an associ ated charge

storage region for storing c s accunul ated by said

phot osensor; pixel circuitry coupled to said
pATEY e Piiel aells fotmasdyio astcoricapdustoysubstritor whereinatating

1ﬁxd¢%ﬁ5@s$h§ﬁ£ g§£ﬁﬁ§§_produce at | east one pixel output
signal; amd" & ransparent conductive materi al

i nterconnect line for focusing incident |ight onto
sai d phytotssensoo having apleastiofle dgpaivegloact ri cal
connection to said

an associated charge collection region electrically coupled to said

photosensor for collecting charge from said photosensor,

a first transistor gate coupled to said charge collection region for
converting said collected charges from said photosensor into pixel output

signal, and

- asecond 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.
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circuitry. 14. An immger integrated circuit
conprising: an array of pixel cells fornmed in a
weemstianact or substrate, wherein each pixel ceCi/usk006/019605
said array conprises: a photosensor having at | east
one doped regi on, an associ ated charge collection
ion Iectrlc l.ed, t o sai.d phot osensor for
cggl ect ﬁﬁlt%ﬂtﬁt?gélr%/qlbﬁ’#‘ﬁﬁ%l"p éeEde pad fransparsnf o ¢
condubfi@1RhRHN is g@tﬁlc%ﬁ&tt&tﬁg e%'aqn& 1961e684 h%ﬁt fh@"
region for converting | coll ected charges from said
group shngtissgxgrod ¢im, indivon,piince bndeadmitmsi gnal , and a second
transi stor gate for outputting said pixel output
signal to a first transparent conductive materi al
[ ih’i er thmmtd%grhtie«hei,rcm'mfoblaﬁhfrm whesains ped éntspasmtuct | ve

i.nterconpect_|ine being.ca | e of focusing
condufiys aiftal P irih G Tdhs BOIRGOBRHEIT Sk Beftiuot | ng
Cd, St Zn®] X&8nOYt RSN CS) e&@hot,o(zhmw (Mgtrﬁe )ls ricdshiog: The
I nt eg rated circuit of urther conprising
Y)°, (Zznsgﬁhi) (rdoOski (ngzIm@sauland yhltSm@eﬂ mh@m wtrelgbantd at e
1ndum§ﬁgo ctrlcally connected to the array for receiving
6}0Ce55|ng pi xel output signals representing an
|nage ach|red by the array and for providing output
The .inte rat

entl . sal d. . mag .
ot eur B FRe e a GhABPf. Seertt fa BpSibad
condu€tdRHtetives i @hitRlodige.2a sem conducting oxide of a
material selected fromthe group consisting of tin,

i ndium zinc, and cadmum 17. The integrated circuit

of9g.cl aTmR ffegrB@ERdH SNt TR RSBRE 8HhpAARLH Ll

material is selected fromthé group conS|st|ng of
transp@pcondpet(3®, 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.

23. A method of forming a pixel cell, said method comprising:
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Cd2SnH4, ZnO, Zn2SnO4, ZnSnG3, Cd2SnM4, (Zn2SnO4) 4,

(Mgl n2¥) 5, (CdSbh206: Y)6, (ZnSn(3)7, (Galnd3)8,
wOZoln20s) 9, and (1 n4Sn3012) 10, silicon nitri geT/uanme/019605

indiumtin oxide. 18. The integrated circuit of claim

14, wherein said transparent conductive material is

i ndiumtin-oxide. 19. The int egrqt ed circuit of claim

15prming 7 patoBipMaEingg Aargs@eetN P HsHent conducti ve

mat erial interconnect |ine coupled to a source/drain

.« " ine cc o a sourc
R e e b e i S

accumabsathpsad podtasepesorgol | ection regi on. 20. The
integrated circuit of claim19, wherein said second

RRSREHER S AR TR
regiorpﬂaﬁbﬁ&wad Pixdl celine prdttueghtAb &t osd pixsl dutﬂ(jlft stdnai; @nd 9,
e

further conprising a row select line coupled to said
second transi storq@ate, said row sel ect. Iine being

I
c Epange Brnsppisnisonguetiegnatagd intsreoanest dag fydocusing
. . | (0] g o r m
e R R e O
circuifry.anspar ent conductive material and is capabl e of
focusing incident |ight on said photosensor. 23. A
nmet hod of formng a pixel cell, said nmethod
coapr i Thagictlmdrofrinia Bhohesensat trivsparegt condhetivge
accumnul ati on area; tgorrri ng an associated charge

materig] BexERIOERIGINSS Farh theicRId{EAnsPALPRl CONIUCHYRNAUTEY by sai d

interc@REARRNNDlos LAH TG Blokfle 1£4i0H 1 4 Eite 6PHRLAG O Sal d

- ercp ot osensop egn% gh%%ae Ogégrra%e r egléoﬁ for opser ating
said pixel cell to produce at |east one pixel output
shgnal iy @fflinod of claim 23, wherein said transparent conductive

material interconnect line is formed such that said transparent conductive

material interconnect line couples external circuitry to a drain region of a gate

associated with said charge storage region.

26.  The method of claim 23, wherein said transparent conductive
material interconnect line is formed such that said transparent conductive

material interconnect line couples said charge storage region to external circuitry.

27. A pixel cell comprising:
a photosensor having a charge accumulation area;

pixel circuitry coupled to said photosensor for operating said pixel cell to

produce at least one pixel output signal; and

a transparent conductive material interconnect line associated with a

microlens formed over said pixel circuitry.
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form ng a transparent conductive material interconnect
line for focusing incident |ight onto said photosensor
wandemewedi ng an el ectrical connection to sai 8CT/US2006/019605
circuitry. 24. The nmethod of claim 23, wherein said
transparent conductive material interconnect line is

sych that sajd.trans nt conductive maferial .

i #’er c%ﬁﬁ@&‘?ﬂ ?%@E%‘Eﬁﬁé” LRy S H?@Q@Pﬁ?%c?@gi on
materfaPis@ @Af®nBhctigl xS BhteridelelRA I HREEfp Cl @i m 23,

wherein said transparent conductive materi al

consistifg of tBrindienl, kingeanidscaflmivrad such that said transparent
conductive material interconnect |ine couples external
circuitry to a drain region of a gate associated with
sa?.d clhbe piecktebirdgnimel§, vhereRbsaid transpatehbebndhicttteai m
23, erei.-n sai d transparent ducii v erj
matenﬁn]tsg\ré\f:%tﬁﬁ Gop t?eﬁéoqpséopgﬁ%og%g%’ Eﬁgt’” @%ggbﬂ’lj&ﬁgpar ent
ZnySnCRIERRHO Y €AIBIOR! (2, SHOHEIRESY', (Cd8B,0000) R3nSAOL',
chgrgs st orage Hﬁgion tg expepnai10|pCU|try. 27.
(GalnQy)x. el Qs) ¢ B8R IInaInag12) o 3ddndiyenénexidavi ng a char ge
accurrul ati on area; pixel circuitry coupled to said

phot osensor for operating said pixel cell to produce
a80. eahe pirel gsibadiclabmt2Fuwhsictmssii] transgargnt ccnds@aweent

materiﬁf)i'gqllfcﬁﬁ#.ny[ﬁq- perial interconnect line associated with
a mcrolens TorFmed over said pixel circuitry.28. The

pi xel cell of claim 27, wherein said transparent

et o . o . :
e Bt VS B B e R R
materibNi@tedftnn&dt e had cfREEdithal28apeTis: i j!héﬁi-em?hkalof claim

28, wherein said transparent conductive material is
selected fromthe group consisting of SnQ2, |n2QG3,

Gt SnOfthe #iRED cell of claim 27, 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.

33.  The pixel cell of claim 27, wherein said transparent conductive
material interconnect line couples said charge accumulation area to external

circuitry.

34.  The pixel cell of claim 33, wherein said transparent conductive
material interconnect line is connected to a gate associated with said charge

accumulation area.

35.  The pixel cell of claim 27, 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.
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Zn2Sn™4, ZnSnO3, Cd2Sn™4, (Zn2SnA4)4, (Ml n2O4) 5,
(CdSbh206: Y)6, (ZnSn@3)7, (GalnG3)8, (Zn21n2Ck)9, and
wOkwtan3012) 10, and indiumtin oxide. 30. The PpCXAIS2006/019605
cell of claim27, wherein said transparent conductive
material is indiumtin-oxide. 31. The pixel cell of

ifer o SRRBEET P Sl 1. SGRn Sl ORI F At [ o
materfaBfiter€drnebt 1irfeak capdBle of pﬂlﬁﬁ vORlh t9faif L(ﬁitf@/@r?tin

. Wherein said transparent” conductive nmateria

region gfiseiddemsistor ghiene has a top down shape that is
selected fromthe group consisting of substantially
circular, rectangular, and elliptical. 33. The pixe
cél.l offthepricheedlf civerdy, wheminsdid trasgpareantondoctiiect i ve
material interconnect |jne couples. said charge

materiF o Tire et dine coRBlet orid dhatin SqcuBioRarsR (O 8Atalsitier pi el

gate. cell of claim 33, wherein said transparent conductive
material interconnect line is connected to a gate
associated with said charge accunul ati on area. 35. The

paxel ¢Ré bixef el Foid 1, wHRRNELdd §3hGatnPOGRAE
conductive material interconnect line is coupled to a

materighigtesegnaiedti lineriegfipebleif applyingresvatage fo aviransstor gate, said
transi te of .said t i stor. i bl e .of
i3 S 8 o o3 BORRL G o BRuf

area. The pixel cell of claim35, wherein said transparent

conductive material interconnect line is capable of
applying a voltage to said source/drain region of said

t3@Nnsi Atykel @all Brraddompitnddi xel cell of claim 27,
wherei n said transparent conductive nmateri al

i nterconnect |ine couples said charge accunul ation
a# plyralisy af photpsensary each having a charge accumulation area;
a plurality of pixel circuits respectively coupled to said plurality of
photosensors for operating said pixel cell array to produce pixel output signals;

and

a plurality of microlenses respectively associated with said plurality of
photosensors, said microlenses being part of an electrical signal path for electrical

signals associated with said pixel circuits.

40.  The pixel cell array of claim 39, wherein at least one of said
plurality of microlenses is formed of a semiconducting oxide of a material

selected from the group consisting of tin, indium, zinc, and cadmium.

41.  The pixel cell array of claim 39, wherein at least one of said
plurality of microlenses is formed of a material selected from the group consisting
of Sn0,, In;03, Cd28n04, Zn0, Zn;Sn0y, ZnSn0O;3, Cd,Sn0O4, (ZnSn0s)’,
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gate. 38. The pixel cell of claim1l1l, wherein said
transparent conductive material interconnect line is
woapmwhhkeidof applying a voltage to a transi stor PQamws2006/019605
said transistor gate gating the output of charge
collected in said charge accunul ati on area 39. A

(Mgh&:fé? g@ﬁéﬁg%@ﬁ%ﬁ@@t Z‘énlgo&ﬁa&l&gﬁgéﬂ at i on area;

(Imsr@oﬁbllgr@}dllh&ﬁuﬁlf_mpb%ﬁg circuits respecti veI y coupled to
said plurality of photosensors for operating said

pi xel cell array to produce pixel output signals; and
aspl ur rFa"y(H r at ed
vv|4?h sglhgf)%(legéfegn% ty %ﬁ?tgo?g%?g{r%\{gigg?%sm g{rdol enses
pluralite bfugpiquallensesfis fonmed eﬁmdlmltmmxg&eal path for electrical
signals associated with said pixel circuits. 40. The
pi xel cell array of claim 39, wherein at |east one of
said plurality of mcrolenses is forned of a
sem conducting oxide of a material selected fromthe
group consisting of tin, indium zinc, and cadm um 4
1. The pixel cell array of claim39, wherein at |east
one of said plurality of mcrolenses is fornmed of a
materi al selected fromthe group consisting O SnQ2,
I n2G8, Cd2Sn™4, ZnO, Zn2SnM4, ZnSn(CB8, Cd2Sn4,
(Zn2Sn™) 4, (Mgl n204) 5, (CdSb20C6: Y) 6, (ZnSn(B) 7,
(Gl n@3)8, (Zn21n206)9, and (1 n4Sn301 )10, and
indiumtin oxide. 42. The pixel cell array of claim
39, wherein at | east one of said plurality of
m crol enses is fornmed of indiumtin-oxide.
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