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[0001] Disclosed enbodinents relate to the field of
sem conduct or devices, particularly to inage sensors
using thin filmtechnol ogy. BACKGROUND OF THE
I NVENTI ON [ 0002] Typically, an inmage sensor array
i ncludes a focal plane array of pixels, each one of
t he pi xels including a photo-conversion device such
FRANSBARENPHOHUNNEL THIN FIbM TRANSISTGR-BASED PIXELS
photodiode. FIG 1A illustrates a cross section of a
porti on ofFQR HEGVERERFQRMMYCE IMAGEHSENSQRS
havi ng a pi nned phot odi ode 114 as its photo-

conver si on devi ce. ' the entire
pi xel 100 circuit ﬁ%&ﬁﬁ%ﬂéﬁ%ﬁ phot odi ode
114 is adjacent to an isolation region 110, which is
%tgmﬂt e@ls%%s%dsé?ﬁbbeﬁheﬁfsex@ﬁ?e kS Ph&kibRNof s%ﬂx)coh@ﬁ'cﬁﬁ devices,
he phot odi ode 114 includes an n-type region 11
particulaglr foyinigetseprsofdidingethirfitnh tédl@nolngOS] The
phot odi ode 114 converts photons to charge carriers,
e.g., electrons, which are transferred to a floatlng
di ffusi on regi BACKGRGUND OFEHEINVEREFION: 119. |n
addition, the |IIustrated plxel 100 typlcally i ncl udes

q et tran i Stor con ﬁ our Adrgin £ pixel

1008, Toeftapy,an é%‘é%? sHESEEro TP a AL BTRRE ey o pixels

each orn%QifQHe %A%}E ﬁ'lé'i‘ud @caﬁgells?&%le%g QHLh &S, é/ al%'c@‘ﬂotogate,
prior t ar ge tr erence I'n operation, a

photoé Shd 06t drraap}SM@)H%déAEI(G HA&illdéhratesbpubss s’iecti@htcifgﬁportlon of a
representing the charge on the floating diffusion

conventghalCIV0S imager pixeln 00 hawirigha pifhed phjodihda 1d4m@ewts photo-
select transistor 152 (FIG 1B) for the row .

conversion gewicsg Hbe1Biillustrates the eatire piredd00 circuit in schematic form. The

photodiode 114 is adjacent to an isolation region 110, which is depicted as a shallow
trench isolation (STI) region. The photodiode 114 includes an n-type region 115

underlying a p+ surface layer 116.

[0003] The photodiode 114 converts photons to charge carriers, e.g., electrons,
which are transferred to a floating diffusion region 140 by a transfer transistor 119. In
addition, the illustrated pixel 100 typically includes a reset transistor 121, connected to a
source/drain region 136, for resetting the floating diffusion region 140 to a
predetermined level (shown as Vaapix) prior to charge transference. In operation, a
source follower transistor 142 (FIG. 1B) outputs a voltage representing the charge on
the floating diffusion region 140 to a column line 150 (FIG. 1B) when a row select

transistor 152 (FIG. 1B) for the row containing the pixel 100 is activated.

[0004] CMOS image sensor circuits, processing steps thereof, and detailed
descriptions of the functions of various CMOS elements of an image sensor circuit are

described, for example, in U.S. Pat. No. 6,140,630, U.S. Pat. No. 6,376,868, U.S. Pat. No.



[0004] CMOS i mage sensor circuits, processing steps
thereof, and detailed descriptions of the functions
woboosarizes CMOS el enents of an inage sensor cPeT/U$1007/018934

are described, for exanple, in US. Pat. No.

6, 140,630, U.S. Pat. No. 6,376,868, U S Pat. No. WD

2008/ 027392 PCT/ US2007/ 018934 6, 310,366, U.S. Pat.

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

No. 6,333,205, assigned to Mcron Technol ogy, Inc.

The di scl osures of each of the forgoing patents are
6,310,388 ©].5\ Patc N 6/32esb2h Y. $.aiar Noc 6,200,524 cand &NnSi Pat Wo. 6,333,205,
. [0005] In the conventional pixel 100, when incident
assigned ghtMiron eeshnhlogyu ifia cEhefiscldaurps of eaiftodbtheiforgoing patents are

_~charge carrjers, (electrons), are generated in the

hereinjpgprarated Byireference intdel-entirghltt i on (bet ween regi on

115 and region 116) of the photodi ode 114. [0006] As

e segn fraom El 1 1 8 .
0001, BRI Bbil pPRLAED o Ben HERBENRRL Brhes e surface o
L L et i . , Lifi . _ _ _

the pHERARAE UNERAGESaAEI AR L BEA U iy 4 Bihon region o
the p-lpsnd@ion Herkleefiiregion Bl5ded fdgion 186pvhHthihphdtddivde 114.

fewer, (e.g., 3T), as well as nore (e.g., 5T, 6T

etc.) transistors. As | size is scaled down in

i xel si I
HPEPelr eAs|canihsrsespfsemat 1Gsh AR 1 BakMOByensrsdypically use
ransi stor.s and correspondi ng interconnects bec S,.
several TSI RER IR YR FURICOE O HEUR PRI Lm0 ABp B FRfon
h var sion.deyi € Con e
Altholb FRR 08 SR BLaRey [ R BT HESBE paRY bifts are also
knowh RBUGH ha®BIbveY, (e)g. 28T, B4QRIILE Riore ¢é.8N G, 6T 0@ ltrdrivistors. As
addition, there are several imaging applications that
pixel sizg]isi scaled dbwngunadnghreshlitivnesemgors; e hrgx tadden byathese transistors
have uni que mavelen%th requi renents, such as shorter
and correspsinding yateseppnectabecames signifient pngrreducas thepixgharea
hot o- .conversi on devi ce area. i

. e size of the S
availabliior ¢ BROYCERRBRIRT dFRCby EROLa BV e evice area should be
made 55 ?agéle gllpggsglze i E\%\é’ih%er sensitivity and quantum efficiency.

[0007] In addition, there are several imaging applications that require high
quantum efficiency, small pixels, and have unique wavelength requirements, such as
shorter visible wavelengths and ultraviolet light. Increasing the size of the photo-

conversion device area is particularly imﬁortant in such cases.
BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1A illustrates a cross-sectional view of a portion of a conventional

imager pixel circuit.

[0009] FIG. 1B illustrates a schematic view of a conventional imager pixel

circuit.



[0008] FIG 1A illustrates a cross-sectional view of a
portion of a conventional imager pixel circuit.

wO o®me027361 G 1B illustrates a schematic vi ew OPCHUS2007/018934
conventional imager pixel «circuit. 2 W 2008/ 027392
PCT/ US2007/ 018934 [00101 FIG 2 illustrates a
cross-sectional view of an initial stage of formation
of an inmager pixel circuit constructed in accordance
with a first enbodinent. [00111 FIG 3 illustrates a
cross-sectional view of a subsequent stage of
fe0Hadt | BYG .oF illustratesye crgsisxsectionalcuiew, okarb gdtiabstage ®f formation of

~ what is illustrated in FIG 2. [00121 FIG 4 .

an imager pxel@raiihcongructed in pgerndapce with afirstepbgdiment.

stage of formation of an inmager pixel circuit,

gﬁ@fﬂg UFIG A il “{?raa‘te £ chddsRLHBRSOLN B & aGsut?sfeane%‘?%?’Jge of

Cross-sec |ona

formaBHRTE GrnEM agdradfifeldirdE, @ﬁbb&{héﬁt t@@vhmg @fluﬁ'r&(t‘:éh in FIG 2.

circuit, subséquent to what Is illustrated in

[00141 FIG 6 illustrates a cross-sectional vi ew of a
40032 UEIG. Silhgeravés a trossesectonalf view ofhagebsegjuesat stage of
circuit, subsequent to what is illustrated in FIG 5.

formafion 16 BrAntages pikel drquihisebsequenttervahatds ilbustratedindiiG. 3.
enbodi nent. [00161 FIG 7 illustrates a bl ock diagram

Appifly' PR S IR Re 8 BT B D encih E S edfuipg' Sfae of
ol A S G SOl

THE | NVENTI ON [00181 In the foll owi ng detail ed
deer4] pFiGrs ilhstatedns eross-seationalovieleof a subsequent stage of

formation of an imager pixel circuit, subsequent to what is illustrated in FIG. 5.
[0015] FIG. 6A illustrates in schematic form another embodiment.

[0016] FIG. 7 illustrates a block diagram of an image sensor according to an

embodiment.

[0017] FIG. 8 illustrates a processing system utilizing an image sensor

incorporating the imager pixel circuit of the described embodiments.
DETAILED DESCRIPTION OF THE INVENTION

[0018] In the following detailed description, reference is made to the
accompanying drawings, which form a part hereof and show by way of illustration
specific embodiments in which the invention may be practiced. These embodiments
are described in sufficient detail to enable those skilled in the art to practice them, and it
is to be understood that other embodiments may be utilized, and that structural, logical,
processing, and electrical changes may be made. The progression of processing steps

described is an example; however, the sequence of steps is not limited to that set forth



acconpanyi ng drawi ngs, which forma part hereof and
show by way of illustration specific enbodinents in
wondniog/mBéee i nventi on may be practiced. These PCT/US2007/018934

enbodi nents are described in sufficient detail to

enabl e those skilled in the art to practice them and

it is to be understood that other enbodi nents may be
utilized, and that structural, logical, processing,

and el ectrical changes may be made. The progression of
processi ng steps described is an exanple; however,

hereintdiri citarifedsdciBkriv O the gt adth thd dalepsieh (ff@té}iis
3 WD 2008/ 027392 PCT/ US2007/018934 herein and may be

necessahidyn gechraing n & cexkain ordene art, with the exception of
steps necessarily occurring in a certain order.

hg&%‘ﬁ] ﬁ? éél‘?lasn}g@a (%Jg)str%gg? feh% |aut§g§i ﬁ’@%élln;f FE%H) be understood
o 0 R W AP P U 8 s,

dopedaaﬁq_i ahB&ped %@hﬁ@&sﬂm&efs, %B%Hf %nlEdeJ&émacmwn

reference is made to a "wafer” "substrate" in the

Furthdroddre)wh@n désrentis madepo evivomfs:r’p bo ¢ ealsstrates e tlse faljowing
have been utilized to formregions, junctions, or

descriptionr pawqmag/prcs:ewngrstmmavﬂmmns@hhm tufqren regions,
structure or_ foundation. _In addition, _the

junctionsyPg sRrtgEirblayfER %Wﬁeﬂge thSéﬁ%%%uctsaﬁtfesmra qsoundation.

In adcﬁﬁééﬂﬁhggsegrl}lcgrt\%é?t oﬁ@& on f%giz ﬁx%fﬁgﬂfb e based on silicon-
germailﬁﬁ;liu:ﬁe %efrr@ﬁuﬂﬁe alﬁ%‘iﬁ 'apserﬁ&é Bt %tltaéi' o ESBHUQO‘?WM

ontdi ning a photf osensor associ at ed
transi stors for converting photons to an electrica
qo02e]l . TRetemmn‘poetS asfused| hextiratrefens taa phogb-@lement unit cell
representative pixel and its manner of formation is
contammgjeph@t@@nsnr and asseqinted taanbistere fqrpqqrbwrheg @hﬁ)tons to an

electnﬁg];gggarl pr é)é' %%lgl? {%b%%wg s%{g:lg he %g{){att}/ve pxxef and its

manner of formation is 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, and the

described embodiments are defined only by the appended claims.

[0021] The term “transparent,” as used herein, to be understood as including

embodiments using translucent materials.

[0022] The disclosed embodifnents relate to a pixel circuit including a photo-
conversion device, a floating diffusion region for receiving and storing charge from the
photo-conversion device, and a transparent thin-film pixel transistor, which can be
formed at least partially over the photo-conversion device while allowing image light to
pass therethrough to the photo-conversion device. The thin-film transistor may be used

as a substitute for one or more conventional pixel transistors, such as a source follower



the follow ng detail ed description is not to be taken
inalimting sense, and the described enbodi nents
warzmes/deBined only by the appended cl ai ns. [ 0024(T/T$2007/018934
term"transparent,” as used herein, to be understood
as including enbodinents using translucent materials.
[ 0022] The di scl osed enbodi nents relate to a pixe
circuit including a photo- conversion device, a
floating diffusion region for receiving and storing
charge fromthe photo-conversion device, and a
transidtos Tefarteavisistor,row kédept itehsibtozNans-bldomivg efansiston) éf used, etc.,
formed at | east partially over the photo-conversion
and isgevticelawnly iseful as)witr@sfemtgmsiq}tgmfom deliyering stored charge from the
t heret hrough_ to thefPhoto canversi on devi ce.
photowpnyersionderigedodhs flaatingdifiusien region. M%fmdmf dorrging the pixel
nventlonal pi xel transistors, such as a :
C‘fc‘“*s"’dﬁnag%’ ﬁg’%Ff 4 WD 2008/ 027392 PCT/ US2007/ 018934
transi stor, reset transi stor, row select transistor,
g0b2310! 'Pﬂglaeﬁvé EégésHdRcto? tfnak'&@ﬂ ofesreﬁ'uconéﬁ&o'r%n insulator (SOI)
particularly useful as a transfer transistor fo
technalegies avillny picailyebe edraned a$ aehirt filn qa»hobn-msml\aamg material
device to the floating diffusion region. Methods of
(typically aiidg)t withgthieknesses of the samicenduectar fidmdsing, fayexample, less

The active seni_conduct or teria
than og egnabinibA- d cPRESH MK eswsonqo%ﬂhmaéav@sww fypically have a

MR AR e H—
allow g%ﬂfﬁcﬂ'gm&n@ 48 RAL&Gpodver c@ffﬁﬂﬁbﬁonl 8 adtiéfedin integrated

to 2000 A. In contrast, bul k sem conduct or

circuitdahan icah bei dchidvwad wath sinﬁhl\telmultts hitiligieg dulk nudtetialst
about 200 m crons. The thin sem conductor of SO
technology can aIIOM/hlgheréBerfornance and | ower

0R4] consmipaTated ciscwit dgviedpaticambe ferégecépé@lzmg SOl
techncﬁlpéfqglilﬁ b‘tdgggks%?n‘g}lga Chlfl ﬁ/wetgar\{\gltstlg)rs(mg ith the lt“ R “thin film”
referring to the thin semiconductor film of the SOI construction. In particular, the
semiconductor material of the SOI construction can be silicon, and, as such, the TFTs
can be fabricated using recrystallized amorphous silicon or polycrystalline silicon. The
silicon can be supported by an electrically insulative material (such as silicon dioxide),
which in turn is supported by an appropriate substrate. If the semiconductor material
comprises silicon, the term SOI is occasionally utilized to refer to a silicon-on-insulator
construction, rather than the more general concept of a semiconductor-on-insulator
construction. However, it is to be understood that in the context of this disclosure the
term SOI refers to semiconductor-on-insulator constructions. Accordingly, the
semiconductor material of an SOI construction referred to in the context of this
disclosure can comprise other semiconductive materials in addition to, or alternatively

to, silicon.



[0024] An integrated circuit device that can be forned
utilizing SO technol ogies includes a so-called thin
wd 2dogmimensi stor (TFT), with the term "thin fikat/us2007/018934

referring to the thin sem conductor filmof the SO
construction. In particular, the sem conductor
material of the SO construction can be silicon, and,
as such, the TFTs can be fabricated using
recrystallized anorphous silicon or polycrystalline
silicon. The silicon can be supported by an
d0@23]r | Naw yeferring & thefigatey, wdieredikemwuraesdls designate like
di oxi de which in turn is supported by an

elemelalppFK@r diustratessa crass-sertionakviewnpEam initiabstagatod fornation of an

nprises silicon, the term S IS Qccasion
imagef,ppiq! suguit?00sppstrugted 1) ?qcea AR 1 %ﬁ gbodiment where the

transxs%gt %r%Jé:& {rgngftelg %{an51 §1t' ea I’Erg(rﬁs ?h Conglegrcult 200

senlcon MEVG

mcludgg a's?héd?i @ﬁ") .ﬁmeﬁé QQ§ o? Qgﬂ f Ebﬂ&\?ctﬁgw %e, ah g’h'r@glor\ 210, Wthh

I sclosure 1 term SO ersto

is fornse&dNirt kiU sbrat® D05 aﬁdlsatrﬁmrcdm&w iilates . piRek OTTeE $TI pegion 210 is
the sem conductor material of an SO construction

filled wethear dizdedtricimatehial.cdndeped oégiohi2d5 afiassecond condantivity type is
npri se other. sem conductive materials in addition
formEtien the substratg20pyang whigh will begomme park® zaoalamzmrswn device

214 (F{G A6 2 QBPE GiPrId RGP ALk GriBr Bt et ipstate 205 for

exam;ﬁé Q% aISths# %fcﬁ#r %?o@es%r ‘?ﬁ%ﬁ@%hﬂﬂ@ Kb@%&(véﬁ'glon dev1ce 214 (FIG.

ormati on of an ger p1 xXel Circul

3)isa %%&D?ﬁbfddib&@ ANs@GE EHid RREPAL, ttheQﬁgt SR RAL type is p-type,
wher e transistor forned is a transfer transistor

and thesecangicertductivityitype iw-tppeelypidatly, phd@Bconversimhedevice 214
silicon (Si) substrate 205 of a first conductivity

(FIG. 3)ypay estercinnte ghe substrate 2ffitete depthiefraheytiliumpe
substrate 205 and surrounds and isol ates a pixel. The

TURGSTHED bt B bbb L oL P ThBt e o
formation of the imager pixel circuit 200. A doped surface layer 216 for a photo-
conversion device 214 is implanted. Doped surface layer 216 is doped to the first
conductivity type. Illustratively, doped surface layer 216 is a highly doped p+ surface
layer and is formed to a depth of approximately 0.1 um. A p-type dopant, such as
boron, indium, or any other suitable p-type dopant, may be used to form the p+ surface
layer 216. A layer of zinc tin oxide (ZTO) 225 is formed over a portion of the STI region
210, doped regions 215, 216, and part of SiO: layer 220. The ZTO layer 225 is
transparent to visible high-frequency light at short wavelengths and near ultraviolet, as
well as to all visible wavelengths, and is a semiconductor material which will form an
effective second selectively conductive channel for a transfer transistor 219 (FIG: 6), as
discussed below. Optionally, the p-type dopant may be incorporated into the ZTO
layer 225 during deposition (in-situ doped ZTO) or afterward.



formed in the substrate 205, and which will becone
part of a photo-conversion device 214 (FIG 3) and a
wodos/opmodi oxi de (Si Q2) layer 220 is fornmed onpdmes2007/018934
substrate 205, for exanple, by a strip/regrow
process. In this exanple, photo-conversion device 214
(FIG 3) is a pinned photodiode. Also in this
exanple, the first conductivity type is p-type, and
t he second conductivity type is n-type. Typically,
phot o- conversi on device 214 (FIG 3) may extend into
t{o@2A ubAT Oathén F)nsthea e bimptidicéctaiptical band gapO0dGiradtefistic in the
3 illustrates a cross-sectional view of a subsequent
range of 3gdod*9 eVorThis induefto aHargeursteipr Meiss shift in thigpuatepial. The

T
conce 4 5 SPRMHE it Rl AURLAL DABh e PRy v respec

to oxidtbrl #nd EHRAg! Shd ﬁﬂggfcﬁl A ARPRERX I RINMObilitPlin ATO is one of the

p-type dopant, suc boron, indium or any other

best amvhgdicavi tiappatemanetalliapxiesysnd therefarerhigherapies of on and off
surtface |ayer 216. A layer of zinc tin oxide fZTC)

currer@® are¢ possibpleswithBFOarglative tmotferitransprrentagietallic pxple gate

doped regions 215, 216, and part of Si Oz |ayer, 220. )
materiph Baieﬂdqaay@wrﬁz Pator th%@@ﬁ?gﬁ 235sserlna charinel region for a

.highzf.,requency |ight at _shart vel engt h n

eransiglp? BE (HePIED ot Gl 15iGs R Yt BRI BI I HTO tayer 225 by
of . - r .

con e A Ty 1 SRRy e nadively,
sourcé/d?e_ﬂﬁfregiddsalﬁi Ginde Brthddbdiothé ZTGriayedi226 besditedtaheotsl

Optionally, the p-type dopant may be incorporated into
deposition.ZTO | ayer 225 during deposition (in-situ doped

ZTO) or afterward. 6 WD 2008/027392 PCT/ US2007/ 018934

[ 827] T [n films have broad direct optical band

JABED ks hiserased 7 crons seEfigasioniew of ¢ ShaSesp? Sge.of
formaﬁgf\go#?la% (i)m%ﬁlgiaf)&eel Bia1S08: Wﬁ%ngpélfe%t'd?el'épﬁ-?‘c layer 230 is formed
over part of ZTO layer 225. Dielectric layer 230 is typically constructed of a material
such as aluminum oxide (Al203), tin oxide (TiO3), or atomic layer deposition silicon

dioxide (ALD SiOz).

[0029] FIG. 5 illustrates a cross-sectional view of a subsequent stage of
formation of the imager pixel circuit 200. A transfer gate electrode 240 is formed over
at least part of dielectric layer 230. A reset gafe electrode 241 for reset transistor 221 is
formed over part of the SiOz layer 220. The transfer gate electrode 240 may be any
suitable conductive material, preferably one that is transparent to radiant energy,
including but not limited to doped polysilicon or a transparent material such as indium
tin oxide (ITO). The transfer gate electrode 240 may cover part or all of the dielectric
layer 230. The use of a transparent materials for transfer transistor 219 allows transfer

transistor 219 (FIG. 6) to be directly placed over at least a portion of photo-conversion



Bur stei n-Moss effect is conduction band filling wth
an increased free electron concentration. ZTO al so
whamswssdrl properties, including chencal stalit/us3007/018934

with respect to oxidation and etching, and physical

robustness. Carrier nmobility in ZTO is one of the

best anong known transparent netallic oxides, and

therefore high ratios of on and off <currents are

possible with ZTO, relative to other transparent

netallic oxide gate material based transistors. Part
devic®p14 hﬁnZiFQlécaIy@ElaZ:%B drdirdBedvésthe pluorenvesgonlevive 214,

transi stor of the pixel. Source/drain regions 281 can :
providingf drastid improfemzniOin fjldactze andyquantuve efficdendy. Embodiments
. dopi ng, preferably with very | ow Schottky barriers.
includq 3 thigkpessappge of shpubA Oy 2» % #2409 grf@‘ %’gfy layier 2255 2hamt PO A to

s00 AJRe e G 3o 50514 e AR o 20
The tﬁ%&gﬁ%%étl%g%rﬁS mb rﬂ@ﬁlgﬁ}gﬂ(ﬁ)r Bmeﬂeﬁﬁgﬁﬁgg%ﬁﬂfxlés. For example,

Cl rcul anspar ent ectric | aye

thinndralo"Rduce¥uBsofAdn Wss,ak(d HrayRér 2 plathd@tA(3d. | ‘Fillas&or” is a
230 is typically constructed of a material such as

measwalewsfi the sizexofdelig il R03] tive regiomiinle ghotodjgderelati omtacthe surface
| ayer deposition silicon dioxide (ALD SiQ2). [0029]
area of it pixely gy étqtiveddxal 3an5es (4£S) tegharolegewagh pixel includes

.subs nt stage of .formation of the inmager pixel
trans‘ﬁ'iorrﬁﬁ“ﬂ"ll{ef?ﬁ‘@‘.a%q'lercérr%‘f"@r gate el ectrode 240 is forned
over at least part of dielectric |ayer 230. A reset

Iftio30F! @feﬁ'{e{’é’iﬁk%ﬂésé QbnbiSRSS alé ﬁB?ii%ﬁPEer?s?ﬂ-vé fegibRs AR therefore
over part of the SIQ2 layer 220. The transfer ggate

reduceltié tillgdeto2 ¥ alpixebsina@ yheystikedpate ¢arrfatetiares) which otherwise
material, preferably one that is transparent to

could reedisedt foe imerggsingithe laneid of thruphotodidden t ed t o doped
polysilicon or a transparent material such as indium

Dot oLl g o AU 50,101 o the reser
transig%)g 22:[ l(%%%.r@:}gggkg ?&ﬂf%&h‘ @}L Enb@n ltnre%c.fls? rinél[xﬂﬂ?é gtp%sma—
assisted doping (PLAD) process. The floating diffusion region 245 and source/drain
region 251 of the reset transistor 221 are formed as regions of the second conductivity
type, which, in this example, is n-type. Any suitable n-type dopant, such as
phosphorus, arsenic, or antimony, may be used. The floating diffusion region 245 is
formed between the transfer transistor 219 (FIG. 6) gate stack and the reset transistor
221 gate stack. The source/drain region 251 of the reset transistor 221 is formed
between the reset transistor 221 and the second STI region 211. The floating diffusion
region 245 stores charge collected from the photo-conversion device 214, through a first

channel between doped region 215 and the floating diffusion region 245, under the SiO:

layer 220, which functions as a dielectric.

[0032] FIG. 6 illustrates a cross-sectional view of a subsequent stage of

formation of the imager pixel circuit 200 constructed in accordance with the described



transistor 219 (FIG 6) to be directly placed over at
| east a portion of photo-conversion 7 WO 2008/ 027392
wEansRA0D7/ 018934 device 214 It may al so be PCHUSIH07/018934

entirely over the photo-conversion device 214,

providing drastic inprovenent in fill factor and

guantum efficiency. Enbodi nents include a thickness

range of about 100 A to 2500 A for ZTO | ayer 225,

about 50 Ato 300 A for dielectric layer 230, and

about 500 A to 1000 A for transfer gate el ectrode 240.
embodiheerithi Thadsmsbér Zafriby 922t stayk hrclaldesr atdhiopoint, the 510z

di fferent applications. For exanple, thinner to

layer 2204 theeZb5layst 23p thesticlestrir labet RE), anst thet tapmsfes getegriectrode 240.
e e e 555 e R oS8 22, s

: . I . .
e Yo, SRS g P omcon g
stack, Hicall bg‘rép&ki\ﬂ% kAt f(ﬂ]ov[r&@ﬁ?] fdRBahIeY a dtrg%&ﬁl process or by

transistors are not |ight sensitive regions an

materfal depbsition dralleeh Bdrk. fA bbufdefd@in eégion@8ldh ZTOdayer 225 is
t hey take space (surface area) which otherw se could
connegteditodhe flpatingodiéfusionregion 245 shrsjughhseysirat possilele schemes,
0031] A floatinq di ffusion region

enabligsdge ;QP ANEI2EG Srf‘-‘ESEZBES precPRd éﬁﬁﬁ?élgﬁg g granste transistor
’ . ) | .
219. Séflcé 3%?3155,1?@?‘3"3% A Enetel('%?:f) é@oc@gg EQ gh ﬁ%%&aiﬂlﬁ%tgor? and

! _ r'ed “dopi' ng Focess. T
contacth b Rihg! G APuGBH RRUCRITHAN 266,42PR 18 ifterconnect

e reset transistor 221 a ormed as regions of the
processeng silividatedn;\drid/(3) byeed aunitadt, conettihg fRyating diffuston region
n-type. Any suitable n-type dopant, such as
245 tophresififcthuetigh rsomdeicting spacemchyerefore, ransfesdrarpigior 219 has two
floating diffusion region 245 is forned between the

channels#hat Bqtiomnta wansfep gharge fromgphotereorstesgipn Ry isgl4 upon
R N AT
between doped region 215 and the floating diffusion region 245, and the ZTO layer 225
between source/drain regions 281. Charge collected in the photo-conversion device 214
may reach the ZTO layer 225 by carrier drift, as an electric field exists in ZTO layer 225,
or through diffusion (for, e.g., red photons). The source/drain region 251 of the reset
transistor 221 is connected to a pixel supply voltage Vaapix, enabling reset transistor 221

to reset the floating diffusion region 245.

[0033] A readout circuit 600 (shown in schematic form) is connected to the
floating diffusion region 245 via line 260. The readout circuit 600 includes a source
follower transistor 610, having a gate connected to the floating diffusion region 245
through line 260, and a first source/drain region connected to the pixel supply voltage
Vapix. The readout circuit 600 also includes a row select transistor 620 for selecting the
pixel 200 for readout in response to a signal received at the gate of the row select

transistor 620. The row select transistor 620 has a first source/drain region connected to



bet ween the reset transistor 221 and the second STI
region 211. The floating diffusion region 245 stores
wa@ basgersepl | ect ed fromthe photo-conversi on depcTesd?g18934
through a first channel between doped region 215 and
the floating diffusion region 245, under the Si Q2
| ayer 220, which functions as a dielectric. [0032]
FIG 6 illustrates a cross-sectional view of a
subsequent stage of formation of the inmager pixe
circuit 200 constructed in accordance with the

a secofdsourbgdrait MRIAVOBIH G de REITOWER BRAASIGOBI, and a second
enbodi ments. The transfer transistor 219 gate stack

sourcé/dcaindegioracommgcted &b an arrdecdinGin ohfyerlirk20, t he ZTO
| ayer 225, the dielectric layer 230, and the transfer

T R TR e p—
4 | d I )
e e 555 R 35 30ROl

phototdb‘?{v‘é?iibﬁ dWi@ K| A8n SER bkl ﬁ&kéé&%nﬁho&@fna be used to

exanple, a dry etch process or by erial depdsition
compleltiad pixeb20k. Fér exumphy, diiailatinggshisldifg, drid metalliaydon layers to
225 is connected to the floating diffusion region 245
connechgatedineseard stheroensinsiclions e tee pixed 360 mayybe frrnpa Also, the
. layer 225 to functjon as a second channel for th
entireisufase Bhay bg seVerest Wity passiEpiar IRIdnPhIRHTE) ?g)foaﬁxample’

4. A ntergo t oce hr quagh . lhzatio n .
siicon, 1B 8 BG, PG SRBPsFo wtieh 1M 187185 AR sipbego provie
contadt Hfle %PhichZre thé? HitdtallZe8 o PHOVHde cHRBERS T eMional layers of

silitcrdation; and (3) butted'contact connecting

condudietantirdul {tosd vayrslgh o used to lintertdrnetd théd Strac@itesiand to
conducti ng spacer. Therefore, transfer transistor 219
conneabipixehd00 &t pariphsraligincuityyict i on to transfer charge
from phot o- conversi on device 214 upon application of

ToBBSF, G Sabiten ol 3R SRS R EA Bl sl s dsmepe
consnélzlgeé [Pl A9nflbl HESIHLd S8 ot tRe tHILrdFartsiSol 316! Using the
illustrated four transistor pixel shown in FIG. 6, any one or more of the transfer
transistor 219, reset transistor 221, source follower transistor 610 and row select
transistor 620 may be constructed as a TFT in the manner illustrated in the embodiment
with respect to transistor elements 225, 230, 240, 255, 256, 281, and be provided partially

or wholly over the photo-conversion device 214.

[0036] Also, the embodiments may be employed in pixels having fewer or
more transistors than illustrated in FIG. 6. As should be apparent, any or all of the pixel
transistors may be constructed as described above with respect to transfer transistor
219. For example, as illustrated in FIG. 6A, some pixels employ an anti-blooming
transistor 343 and/or storage gate transistors 345, which are coupled to the photo-
conversion device 214. These, too, may be formed as TFT transistors in the manner

described above, and be placed partially or wholly over the photo-conversion device
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bet ween source/drain regions 281. Charge collected in
t he phot o-conversion device 214 nmy reach the ZTO
wo 200802325 by carrier drift, as an electric fietDus2007/018934
exists in ZTO | ayer 225, or through diffusion (for,
e.g., red photons). The source/drain region 251 of the
reset transistor 221 is connected to a pixel supply
vol t age Vaapi x, enabling reset transistor 221 to
reset the floating diffusion region 245. [00331 A
readout circuit 600 (shown in schematic form is
214. Ttendwetibddiconbddimdnte ahiregseliHe fill ifadtor bgitavidg franisistors which are
line 260. The readout circuit 600 includes a source
transplagéniievisibletight and/@g 1to highifrequencyans nearreldrasyialet light, formed
the floating diffusion region 245 thrqugh Line 260
over aj lrpsh aar§ienQiiipe é’i‘&f‘aﬁcﬁ“?’%@i‘% dgvicedhotnd &mpraves the quantum

iR AL G KRR RS sy S8R0 e o
sane QA Hpb R ISRy S USSR means,

such s8ahefdhaséd &ilisfagtcyr 620 has a first source/drain region
connected to 9 WD 2008/ 027392 PCT/ US2007/018934 a
second source/drain region of the source fall ower o
t[083Z} sThin, d1anspanental KEcharnels aie eenyrastad aaysiligon-dioxide films

connected to an_arra | u out put, li.ne. [0034]. The
for speRBATARSHOF RISl They 1 Befipn it Pty 3 tasparent

filmiransistor TET) § ' .
materfh S AER B o Ty, E el OB SRS devicessuchas
a phofR4r & IVEaS8d Zﬂ@\@n(éﬁli%g‘}mﬁ%\éﬁ{gdt‘?ﬁ #Il eSSt §Gantum

met hods may be used to cOnplete the pixel 200. For
efficiep¥NTIhere bitsals@lenitthdifidngs i whiclaopdlyreipalrt of el toansistor is

| ayers to .connect gate |ines, and other connections '
transpavenhéngluding pagts mejetihandhegate Magl, Tephniguesiexist which may

ncres S ot LoD TR STkl gypicty
changias the WoidotmenS B BleAdREE RS MR ENEMNES RERY G, change the
transmission coefficient. Also, by incorporating rare-earth elements, such as erbium,
optical loss can be reduced further. There are also other techniques, such as placing
anti-reflective (AR) films on top of the ITO or ZTO layer to reduce reflections at the top

interface.

[0038] As illustrated in FIG. 7, pixels constructed in accordance with the
emodiments may be formed as part of an image sensor having a array of pixels. FIG.7
illustrates a single chip CMOS image sensor 1100 which has a pixel array 1111
containing a plurality of pixel cells arranged in rows and columns. The array 1111
includes one or more pixels 200 constructed as described above in connection with

FIGS. 2-6A.

[0039] The pixels of each row in array 1111 are all turned on at the same time

by a row select line, and the pixel signals of each column are selectively output onto
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contact holes, which are then netallized to provide
contacts. Conventional |ayers of conductors and
wo peglztzer s may al so be used to interconnect tPer/us2007/018934

structures and to connect pixel 200 to peripheral

circuitry. 10035] In addition, other transistors

wWthin a pixel circuit may al so be constructed in the

manner descri bed above for the transfer transistor

219. Using the illustrated four transistor pixel

shown in FIG 6, any one or nore of the transfer
columnreaddst limesiPrespestive cohmensetact ides. Tharow finéd aweelectively

transi stor 610 and row sel ect transistor 620 magobe

activategrby # fewvedrixer BlSiAn respense v addresssdecedeg 1190t he column

et AR STty B ARy L BRI B35 S5BY328% g

t : - ' ' . .
scaredf1ldokep {581 1R B SEAD RIS ALY 52 Rl B Mol cirui
1152, WRI coRitrolSatArédsalrodless $15072154 kdriplédr@ttheppropriate row and

As shoul d be apparent, any or all of the pixel

columhiarsifet pixel signabeeadimst r uct ed as descri bed above w th
respect to transfer transistor 219. For exanple, as
illustrated in FIG_ 6A _ sonme pixels enmplo

. : Oy an .
400401 Bamsiggals oy Hhg colymm readaiy/linesdy picalfy igghude a pixel reset
. agQsi gtors 345 which. are upled to th hot o- .
signal (4] Brd i aburass Senal ed WP 58ch bl ol Pidils are read intoa
N . . : b
R A A R A T
differei@ial 6ignh0 (VR wH0H/9 ??8&&&295& dS2erAHAL 83 2r AMIPY 1156 for each
described enbodi nents increase the fill factor by :
pixel, fnad ieach pixel'sidifferentiahisignad isamiplifiesprrd digitised byi drladog-to-digital
l'ight_and/or to high-frequency and near _ultra-violet . .
convertegADF) dAfdd Thg\pé\alqg-tq»gléglttalapo’&y,eﬁeéﬁlé? sypplies the digitized pixel

. hot o; conversion deyice 214, apd inproves.the quantum .
signalEfy PRIEABH AFACSSaT LLPh wiaIcE PR HERP i HE ! BHECECEssing
before! utif A0 sigd 28 alHfidPan image. Although the embodiments are

g 8
described in connection with a CMOS image sensor 1100, the embodiments are also

applicable to analogous structures of a charge coupled device (CCD) image sensor.

[0041] FIG. 8 illustrates a processor system 500, for example a still or video
camera system, which generally comprises a central processing unit (CPU) 505, such as
a microprocessor for controlling camera functions, that communicates with one or more
input/output (I/O) devices 510 over a bus 515. Imager 1100 also communicates with the
CPU 505 over bus 515. The system 500 also includes random access memory (RAM)
520, and can include removable memory 525, such as flash memory, which also
communicate with CPU 505 over the bus 515. Imager 1100 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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scattering, although, anobunts of translucency may be
of fset by gains of other neans, such as increased
wo pdoB/otmer or. [0037] Thin, transparent TFT chapeeis20a7/e18934
constructed on silicon-dioxide filns for specific
transistors in the pixel. The channel region is nmade
out of transparent material so that they can be
directly placed on top of photo-conversion devices,
such as a photo-conversion device 214, enabling
i mprovenent in fill factor and quantum efficiency.
T0e42] aTheJrocessobsyikternfad ismnvrarhplndfya systemt hafingldigital
transistor is transparent, including parts other than
circuitsitbapepwldsinghide meagmsanses dexices. WMi Aubhging lm@@&eﬂuch a system

cou TSPt ek Sl S BB AR, v
h t t
woviGlah oS S SR AR ADBY6hl LRI PRE oy,

monof\EHeQe&ﬁH ggzﬁéﬁ\”ﬁﬁbge s@%ﬂi‘zﬁ?or?&*ﬁté'm anARidta %brﬂﬁi‘%sxéﬁ%ystem
be reduced furfher. There are so ot her techniques,

such as placing anti-reflective (AR) filns on top of

t[06043]TOWihilZ Tl@ atxywer embodiedents arefdesctibed sn a:onnh@iqroprith the

interface. [0038] As illustrated in FIG 7, pixe
forma@@mfrmp@a-tyﬁe Finned pRhetodipdp, wmbﬁéwmﬁtagew ligpited thereto.

N T e P
or ol ey ULy B Y i GEAPR A

substrEb@ Pphtbghie br ol prAtBeGRd @ter OIf FPhPnRypelphotBfiode is formed the
onstructed as descri bed above in connéction with

doparitla®d cahrdifetiigo84les Tf allptraitaresf woald chamge accnrdingly. In addition,
1111 are_ all turned on at_the sane time by a row .
although tha emppdimgnts have hsendilusirgted in dre ensdronupenhaf afeur transistor

sel ect | out put .ont.0
(4T) pixel, it s ouicy be appreciated that t]he embodiments are not so limited and the

pixel circuit 200 can be implemented in a design with either a higher or lower number
of transistors with or without the presence of a transfer transistor. The embodiments

may also be used in pixels of other solid state arrays.

[0044] The processes and devices in the above description and drawings
illustrate examples of methods and devices of many that could be used and produced
to achieve the objects, features, and advantages of embodiments described herein. For
example, the described embodiments may be used in a digital camera, a video camera,
or any other device employing image pixels. Thus, they are not to be seen as limited by
the foregoing description of the embodiments, but only limited by the appended

claims.
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WD 2008/ 027392 PCT/ US2007/ 018934 col umm readout |ines

by respective columm select lines. The row lines are
wa@eedeorizvel y activated by a row driver 1151 iPCT/US2007/018934

response to row address decoder 1150. The col umm

select lines are selectively activated by a colum

driver 1153 in response to columm address decoder

1154. The pixel array is operated by the timng and

control circuit 1152, which controls address decoders

1150, 1154 for selecting the appropriate row and

colum lines for pixel sidgdbBAIMSdout. [0040] The

signals on the colum readout |ines typically include

a pixel reset signal (Vrat) and a pixel inage signa

( vph¥het is gpiraed 3s giexe pnd plesiredtgbg rrojected bydletigrs Fatent of the
. le.and hold circuit (S/H) 1155 associated with the

Umte‘ig%ﬁﬁlsdri ver 1153. A differential signal

(Vrst-Vphoto) is produced by differential anplifier

1 AVR) phkpQirkat Bafrisigxel . and each pixel s

d|ffeFent|aI signal is anplified and digitized by

anal og-to-digital converter (ADC) 1157. The

anal oga pheth-gohed¢rscmmndevicesr 1157 supplies the

digitized pixel signals to an inmage processor 1158,

whi ch perfarns_appropriate i mage processi ng before

out put?® ﬁﬁghagg#l%aﬁwgw TRaPR feretecaivigs andisterdes CE\P{%{I@H\ the

t he enbodigen%s are. dgscribed in connection with a

Oﬁ?é‘@'@ LRASEV' LG8 t he enbodi nents are al so

appl i cabl e to anal ogous structures of a charge coupl ed

devi Cea t@Rbpald dariestoPfor hd0hldpdrhfonDfithé phtdiat es a

processor system 500, for exanple a still or video

canera system which generally conprises a centra

pr oceswhegeinrthe tfaPRPpratlransistor asat lgast partiatlycess dhe photo-

for controlling camera functions, that conmuni cates .

vianyessienslevigs such that the rhate-corweysion gleyise 1eegivsy Light passing

bus . .l mager 00 al.so comruni cates with the CPU
g@goﬂggil?%g@néﬁ%fe“% y6PEm 500 al so incl udes random
access nenory (RAM 520, and can include renovabl e
menory 525, such as flash nmenory, which al so

2. The pixel circuit of claim 1, wherein the transparent transistor comprises a
transfer transistor, the transfer transistor operable to deliver stored charge from the

photo-conversion device to the floating diffusion region.

3.  The pixel circuit of claim 2, wherein the transfer transistor comprises first and

second channel regions for passing charge through the transfer transistor.

4. The pixel circuit of claim 1, wherein the transparent transistor comprises a
reset transistor, the reset transistor operable to reset the floating diffusion region to a

predetermined reset voltage state.
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conmuni cate with CPU 505 over the bus 515. Inmager 1100
may be conbined with a processor, such as a CPU
walzagshza39si gnal processor, or m croprocessor, RET/HS207/018934
wi thout nenory storage on a single integrated circuit
or on a different chip than the processor. 12 WO
2008/ 027392 PCT/ US2007/ 018934 [00421 The processor
system 500 is an exanple of a system having digital
circuits that could include i nage sensor devi ces.
Wthout being limting, such a systemcould include a
5confihe grixelystant ofccdabn 4, syletreim thedammsparenttrhnsistor comprises a
vi sion, vehicle navigation, video phone, surveillance
sourcesfplloaygr thanwistosciie soyseefgllosver transistasrconpled iy the floating
. notion detection system image stabilization system
diffusionfegign; conpressi on system [00431 Wile the above
enbodi nents are described in connection with the
formati on of an pnp-type pinned photodi ode, the
enbodi nents are not limted thereto. There is also
applicability to other types of photo-conversion '
6deviThepirel gralipseelaiond, whereiththvegeapurent transisRuradmprises a
as a photodi ode formed fromnp or npn regions in a
row sededttdransistor,athgronosgpled transistop aoting @adusovidehingfdevice coupled to a
npn-type phatodi ode is fornmed the dopant and
5°““3£§4ﬂﬂﬁﬁ@??ﬁs¥vpes of all structures woul d change
accordingly. In addition, although the enbodi nents
have been illustrated in the environnment of a four
transistor (4T) pixel, it should be appreciated that
the enbodi ments are not so limted and the pixe
7Ci I Thietpix€l0cieaiit dfclaii 1o whereich fhe taankgsirgnt whhbiskirtdoetprises an
a higher or |ower nunber of transistors with or
anti-blgioniggt tramsistor ésepreventing chazge baerflewfsomt e phite-conversion
~enbodi nents may al so be used in pixels of other solid
devicest gt e arrays. [00441 The processes and devices in the

above description and drawings illustrate exanples of
nmet hods and devi ces of many that could be used and
pr oduced

8. The pixel circuit of claim 1, wherein the transparent transistor comprises a

storage gate transistor.

9. The pixel circuit of claim 1, wherein the transparent transistor comprises a

thin-film transistor.

10. The pixel circuit of claim 2, further comprising:

a reset transistor for resetting the floating diffusion region to a

predetermined reset voltage state;
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to achieve the objects, features, and advantages of
enbodi nents descri bed herein. For exanple, the
walsmenibed enbodi nents may be used in a di gi t ACWES®IBY18934
a video canera, or any other device enploying i nage
pi xel s. Thus, they are not to be seen as limted by
the foregoi ng description of the enbodi nents, but only
limted by the appended clains. 13 WO 2008/ 027392
PCT/ US2007/ 018934 CLAI M5 What is clainmed as new and
desired to be protected by Letters Patent of the
Uni t ech flaglioer cirguitfor fequdingloutia sighal Isaserors chaxgea stored at the
phot o- conversi on device; a floating diffusion region :
fflratingediffuishon segiontamd the fitsh copaditanee idirsuit;
phot o- conversi on device; and a transparent transistor
for use in operation of.the pixel, erein th . —
{ r ans aT B EPUAYEL FaPsj oL eoyrigd o SHF floabing ffusiqn,egion; and
phot o- conversion device, such that the

phot 0- £ AAN QERICP Frat@istEadtRhy £ Switcig Basite@upled to the source
t hrough the transparent transistor. 2.  The pixe

Tblewiet tafnsedtar.m 1, wherein the transparent transistor
conprises a transfer transistor, the transfer

transi stor operable to deliver stored charge fromthe
phot o- conversion device to the floating diffusion
region. 3. The pixel circuit of claim2, wherein the

118! aﬁﬁ\%&{i)r(%lgﬁgg ngc' {.)P Clafi? 1P WIS él\resttl'?lﬁs[}}%aﬁgﬁ{aﬁﬁggistor comprises a

tha S"Tor passing charge
transistbA0RAiSRel! iRGhREi%0r channel comprising zinc-tin oxide.

12.  The pixel circuit of claim 11, wherein the transparent transistor further

comprises a gate dielectric, the gate dielectric comprising aluminum oxide (ALO:s).

13.  The pixel circuit of claim 11, wherein the transparent transistor further

comprises a gate dielectric, the gate dielectric comprising tin oxide (TiOs).

14. The pixel circuit of claim 11, wherein the transparent transistor further
comprises a gate dielectric, the gate dielectric comprising atomic layer deposition

silicon dioxide (ALD SiO»).

15. The pixel circuit of claim 11, wherein the transparent transistor further

comprises a gate electrode, the gate electrode comprising indium tin oxide.
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4. The pixel circuit of claim1, wherein the
transparent transistor conprises a reset transistor,
w0 hesneset transi stor operable to reset the fle@Etusmor/018934
diffusion region to a predeterm ned reset voltage
state. 14 WD 2008/027392 PCT/ US2007/018934 5. The
pi xel circuit of claim1, wherein the transparent
transi stor conprises a source follower transistor,
the source follower transistor coupled to the floating
di ffusion region. 6. The pixel circuit of claim1,
16wheTeepikéleitadnsipdaintl, whensirsther pluatoprareessian deyice comprises a
sel ect transistor, the row select transistor acting as
photodioglgi t chi ng devi ce coupled to a source foll ower
transistor. 7. The pixel circuit of claim1, wherein
the transparent transistor conprises an anti-bl oom ng
transi stor for preventing charge overflow fromthe
phot o- conversion device. 8. The pixel circuit of
170Ia¢p%g“ﬂ@ﬁ@uﬁkg 1h ansparent transistor conprises
rage gate transistor. 9. The pixel circuit of
claim1, wherein the transpar ent transistor conprises
a thianphbtodibde;nsi stor. 10. The pixel circuit of
claim2, further conprising: a reset transistor for

resetti g t.he oating diffusion region to.a
br edetBHRPHBE ditiddo BioRy EPTsesriving anA\Stong chatassom the

PRSI B934

a transparent transfer transistor for transferring charge from the photo-

conversion device to the floating diffusion region,

wherein the transparent transfer transistor is at least partially over the
photodiode, such that the photodiode receives light passing through the

transparent transistor.

18.  The pixel circuit of claim 17, wherein the transparent transfer transistor

comprises:
a first channel region, the channel comprising zinc-tin oxide; and

a gate electrode, the gate electrode comprising indium tin oxide.

19. The pixel circuit of claim 18, wherein the transparent transfer transistor

comprises a second channel region, the second channel comprising silicon.

17



a readout circuit for reading out a signal based on
charges stored at the floating diffusion region and
wo b@shem3si capacitance circuit; a source foll op€r/us2007/018934
transi stor coupled to the floating diffusion region;
and a row select transistor acting as a sw tching
devi ce coupled to the source follower transistor. 11.
The pixel circuit of claim1, wherein the transparent
transi stor conprises a transistor channel, the
transi stor channel conprising zinc-tin oxide. 12. The
2P XA n ginlg,gg} Heofce%ﬁiq;@igﬂlg: wherei n the transparent
transi stor further conpri'ses a gate dielectric, the
gate dielectric conprising alum num oxi de (A1203).
13. Thanpirsegt ofcpixelicircwits, @t ddast samewfaheipixelpircuits comprising:
transparent transistor further conprises a gate
di el ectric, the te,dielectric conprising tin oxide
(Ti ®B). 14. aﬂ?tgame;ci rcuit of claim11l, wherein the
transparent transistor further conprises a gate
di el ectric, ,t i i Js -in%gargg ]
| ayer deposiatfln%rﬁ?ésﬁfﬁ%%%ﬁgléékﬁ(fgp%ﬁ) SFrQR) . Qt%&gl'ﬁ(\earge from
pi xel g'\e_rphbfodaf)dgjaa{dn 11, wherein the transparent
transi stor further conprises a gate electrode, the
gate el ectrode conprising indiumtin oxide. 16 WO
2008/ 027392 apGPispsrenutiranss®y fos use e opesesioreof the pixek the
claiml, wherein the photo-conversion gevice conprises
o photiaasbaient ansiabp by e 2 IFext A Al oer e Phglodiode, such
ohot od| ) . 4 , . <
and st gl'?éljtﬁtlé\e h;drtgg}dfdr%r%g%’]%fgyﬁ%ﬂ? p%gghgrlh;&;gﬂ ?r?eeerhg}garent
transistor; and

a readout circuit for reading out a signal based charges in the

floating diffusion region.

21. The imager device of claim 20, wherein the transparent transistor comprises a
‘transfer transistor, the transfer transistor operable to deliver stored charge from the

photodiode to the floating diffusion region.

22. The imager device of claim 21, wherein the transfer transistor comprises first

and second channel regions for passing charge through the transfer transistor.

23. The imager device of claim 20, wherein the transparent transistor comprises a
reset transistor, the reset transistor operable to reset the floating diffusion region to a

predetermined reset voltage state.
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phot odi ode; and a transparent transfer transistor for
transferring charge fromthe photo- conversion device
w0 mos/her3éd oati ng di ffusion regi on, wherein thepCcT/US2007/018934
transparent transfer transistor is at |east partially
over the photodi ode, such that the photodi ode
recei ves |ight passing through the transparent
transistor. 18. The pixel circuit of claim17, wherein
the transparent transfer transistor conprises: a
first channel region, the channel conprising zinc-tin
240Xi Ube intuger degiiefellsiot 2OORhetdin thatarsbasdritadensistor comprises a
conprising indiumtin oxide. 19. The pixel circuit of :
sourcecfddliower@randistoei thetsoarce folkpeertransistorsiosipled b thesfloating
) conprises a second channel region, the second channe
diffusiongegienng silicon. 17 WO 2008/ 027392
PCT/ US2007/ 018934 20. An imager device conprising: an
array of pixel circuits, at |east sone of the pixe
circuits conprising: a photodiode; a floating
di ffusion region for receiving and storing charge from
25t he TRlaaiiHep diRvicatt chailr 20 SWREAAH the HisphfdntitPdnditBr comprises a
in operation of the pixel, the transparent transistor
row sdlectrigarsistoeahe rpar seledtl tyarmigtor ahéng lastacwibctengdestice coupled to a
that the photodi ode receives |ight passing through the
source follesyrirtspmsistoransi st or; and

26. The imager device of claim 20, wherein the transparent transistor comprises
an anti-blooming transistor for préventing charge overflow from the photo-conversion

device.

27. The imager device of claim 20, wherein the transparent transistor comprises a

storage gate transistor.

28. The imager device of claim 20, wherein the transparent transistor comprises a

thin-film transistor.

29. The imager device of claim 20, wherein the transparent transistor comprises a

transistor channel, the transistor channel comprising zinc-tin oxide.
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a readout circuit for reading out a signal based
charges in the floating diffusion region. 21. The

wo pag®e73devi ce of claim 20, wherein the transpeeBENE2007/018934
transi stor conprises a transfer transistor, the
transfer transistor operable to deliver stored charge
fromthe photodiode to the floating diffusion region.
22. The imager device of claim2l, wherein the
transfer transistor conprises first and second
channel regions for passing charge through the

301 r alisé hapgeadevieaf cldt 29 heheérsig ehe dansparenit tedrasistor further
20, wherein the transparent transistor conprises a

comprises atgate diglestrisy the gaterdiglectnic eprmipsistng ahunipia exade (ALO:).

reset the floating diffusion region to a
predeterm ned reset voltage state. 18 WO 2008/ 027392
PCT/ US2007/ 018934 24. The i mager device of clai m 20,
wherein the transparent transistor conprises a source

31 ol TRYSaEEA BB REVF 141829 AVhERIH Phé BMREphFet It &is¥tor further
coupled t0 the floating diffusion regionh. 25. The

compriseB @etatd eli¢leetriyf, tied gata dilecwhiec@nprisiveg tihamdda(Eids).

transi stor conprises a row select transistor, the row
select transistor acting as a sw tching device coupl ed
to a source follower transistor. 26. The imager
devi ce of claim20, wherein the transparent transistor

32¢0 nﬂ\é 52 e? pg\%ﬂ:%-.i o’f%z?ﬁrg}@ QvhEAR itﬁé Wanfsﬁsreg'g%yﬁggtgg .further

charge over rom pghot 6-conversi o Vi C€.

compridi§ a gREHieReMiE thOfakd dielBckic coPriifg hbsmid RYePaESHsition
transi stor conprises a storage gate transi stor.
silicon dioxide (ALD SiOz).

33. The imager device of claim 29, wherein the transparent transistor further

comprises a gate electrode, the gate electrode comprising indium tin oxide.

34. The imager device of claim 20, wherein the photo-conversion device

comprises a photodiode.

35. A method of forming a pixel circuit comprising;:
forming a photo-conversion device in a substrate;

forming a floating diffusion region in the substrate for receiving and

storing charge from the photo-conversion device; and

20



28. The imager device of claim20, wherein the
transparent transistor conprises a thin-film
wo ea@n®2Bvonr. 29. The i nmager device of clai m 20PCTMIs2007/018934

the transparent transistor conprises a transistor

channel , the transistor channel conprising zinc-tin

oxi de. 19 WD 2008/ 027392 PCT/ US2007/018934 30. The

i mger device of claim?29, wherein the transparent

transi stor further conprises a gate dielectric, the

gate dielectric conprising alum num oxi de (A1203).

31. THermning artralepatentarandisionfdPusaireoperatidmeof the pixel, the

transparent transistor further conprises a gate

drasnsparentctrangistog beingifarmed at keasopautiadlymyverithe ghioje-conversion

(TiO3). 32. The imager device of claim?29, wherein the

arent transistor further conprises a gate

dielectric, the gate dielectric conprising atomc

| ayer deposition silicon dioxide (ALD SiQ2). 33. The

I mager device of claim?29, wherein the transparent

transistor further conprises a gate electrode, the

36gat Thelnkethioddst (d4irm BS Sivhgrdindhd fotrningdsf fhe. trddspalkbRt transistor

i mager device of claim 20, wherein the
comprdestforrong e tsirsferdeansistor opepablede delivhpstonted gbargsfrom the

met hod of formng a pixel circuit conprising: formng
photoﬂgorane{se%éﬁwﬁpghe feogtipg diffugianiRgiPRte: forning a

floating diffusion region in the substrate for

receiving and storing charge fromthe

phot o- conver si on devi ce; and 20 WO 2008/ 027392

PCT/ US2007/ 018934

37. The method of claim 36, wherein the forming of the transfer transistor
comprises forming a first and a second channel for passing charge through the transfer

transistor.

38. The method of claim 35, wherein the forming of the transparent transistor
comprises forming a reset transistor operable to reset the floating diffusion region to a

predetermined reset voltage state.

39. The method of claim 35, wherein the forming of the transparent transistor

comprises forming a source follower transistor coupled to the floating diffusion region.

40. The method of claim 35, wherein the forming of the transparent transistor
comprises forming a row select transistor acting as a switching device coupled to a

source follower transistor.
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formng a transparent transistor for use in operation
of the pixel, the transparent transistor being forned
w@tookerse2 partially over the photo-conversi on BHENUS®07/018934
36. The nethod of claim 35, wherein the form ng of the
transparent transistor conprises formng a transfer
transi stor operable to deliver stored charge fromthe
phot o- conversi on device to the floating diffusion
region. 37. The nethod of claim 36, wherein the
formng of the transfer transistor conprises formng
41a f ThetmeattbdoSdam@5Sc hdenein therfopaiisg bf tisdtriagsparent transistor
through the transfer transistor. 38. The nethod of
compri$esi fmrmng whardi-hladmeirfgoiransigtogfopenablertarpneaenhcharge overflow
%‘ istor conprjses formng a reset transistor
from Pé%ef%g’éldet"ﬁ@ floating diffusion region to a
predeterrri ned reset voltage state. 39. The nethod of
claim 35, wherein the form ng of the transparent
transi stor conprises formng a source follower
transi stor coupled to the floating diffusion region.
4240. Theanswidibdf hirnl33] mhibeinwherfermingd ef titd trangpadent bansistor
transparent transistor conprises formng a row sel ect
comprisesrforming astoiage gate rangistethi ng devi ce coupled to a
source follower transistor. 21 WD 2008/ 027392
PCT/ US2007/ 018934 41. The met hod of claim 35, wherein
the form ng of the transparent transistor conprises
formng an anti-bloom ng transistor operable to
430" CYPRImENRIDGE QYRR BEOWhCEEAThE ffsnahrv.)% 8t BRAMERSHARNt transistor
devi ce. The net hod of clai m 35 erein
compﬁgésrfbamnﬂg atthﬁ\-flﬂmﬂ&ﬂﬂs’lﬁﬂ’dr. transi stor

44. The method of claim 35, w‘herein the forming of the photo-conversion device

comprises forming a photodiode.

45. The method of claim 35, wherein the forming of the transparent transistor
comprises forming a transistor channel, the transistor channel comprising zinc-tin

oxide.

46. The method of claim 45, wherein the forming of the transparent transistor
further comprises forming a gate dielectric, the gate dielectric comprising aluminum

oxide (ALOs).
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conprises formng a storage gate transistor. 43. The
nmet hod of claim 35, wherein the form ng of the
wa zmgsmasent transistor conprises formng a tiiTU$00TI018934
transi stor. 44. The nmet hod of claim 35, wherein the
form ng of the photo-conversion device conprises
form ng a photodi ode. 45. The nethod of cl ai m 35,
wherein the form ng of the transparent transistor
conprises formng a transistor channel, the transistor
channel conprising zinc-tin oxide. 46. The nethod of
47c| alThe4hethahkbofdlair 48, ivdrereingthefforinéng b Hsperaagparent transistor
transistor further conprises formng a gate o )
furthegicengrises forming g gate diadeasticr the gasaphi¢leriris comptising tin oxide
. .oxide (AlhG3). 22 WD 2008/ 027392 PCT/ US2007/ 018934
(TiO3)47. The nmethod of claim45, wherein the forni ng of the
transparent transistor further conprises formng a
gate dielectric, the gate dielectric conprising tin
oxide (TiO3). 48. The nethod of claim45, wherein the
formng of the transparent transistor further
48; onihesAstHod 6f ¢lgin 43avhetein) etforing be tigatransparent transistor
di el ectric conprising atom c |ayer deposition silicon
furthedicoripréses A0DBigR gatel dielddteici theggate dielectricadorpprisimgsgomic layer
wherein the forming of the transparent transistor
depositign ﬁ’é‘Foﬁﬁ’rﬁ¥id§’é§Ifg%|S|‘t@ﬁg a gate electrode, the gate
el ectrode conprising indiumtin oxide. 50. A
processi ng system conpri sing:

49. The.imager device of claim 45, wherein the forming of the transparent
transistor further comprises forming a gate electrode, the gate electrode comprising

indium tin oxide.

50. A processing system comprising:
a processor; and
an imager device comprising:

an array of pixel circuits, at least some of the pixel circuits

comprising;:
a photodiode;

a floating diffusion region for receiving and storing charge

from the photodiode; and

a transparent transistor for use in operation of the pixel, the

transparent transistor being at least partially over the photodiode,
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a processor; and an inmager device conprising: an array
of pixel circuits, at |east sone of the pixel circuits
w@eowpneBdng: a phot odi ode; a floating diffusi oOPCT/E§100TI018934
for receiving and storing charge fromthe photodi ode;
and a transparent transistor for use in operation of
the pixel, the transparent transistor being at | east
partially over the photodi ode, 23 WO 2008/027392
PCT/ US2007/ 018934 such that the photodi ode receives
i ght passing through the transparent transistor; and
a readout csudhuihat the phetadiinde oetei vessligintpadsisg through the
charges in the floating diffusion region. 51. The
processi ng 98sRaFeBt tranaistarpandwher ei n t he transpar ent
transi stor conprises a transfer transistor, the
transfer transis r e to deliver I e har .
fromthe phot odi %géea(?(glﬁtﬁg&'f"i %)a{trfﬁémtﬁ ??ﬁ%%%ﬁig} éﬁ%&%&arges n
52. The pr ogmd}glgsaﬂ,%,ﬂeé;bﬁi_m 51, wherein the
transfer transistor conprises first and second
channel regions for passing charge through the
transfer transistor. 53. The processi ng system of
cl ai m 50, wherein the transparent transistor
conprises a reset transistor, the reset transistor
510p2]f“a§ pPEotRssg Ystemeofrqlaim phgvhereindhe fransparent transistor

comprpsreg %el-traerqs er ?r%nrsi%;?oert, tl\/eolr%faigf%r Hadlsstor operable to deliver stored charge

from the photodiode to the floating diffusion region.

52. The processing system of claim 51, wherein the transfer transistor comprises

first and second channel regions for passing charge through the transfer transistor.

53.  The processing system of claim 50, wherein the transparent transistor
comprises a reset transistor, the reset transistor operable to reset the floating diffusion

region to a predetermined reset voltage state.

54. The processing system of claim 50, wherein the transparent transistor
comprises a source follower transistor, the source follower transistor coupled to the

floating diffusion region.
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54. The processing systemof claim50, wherein the
transparent transistor conprises a source follower
wWa 288273901, the source follower transistor corqi/eskodm018934

the floating diffusion region. 24 WD 2008/ 027392

PCT/ US2007/ 018934 55. The processing systemof claim

50, wherein the transparent transistor conprises a

row sel ect transistor, the row select transistor

acting as a switching device coupled to a source

foll ower transistor. 56. The processing system of

55| amRe3ftockbiene kPstefifof ERNRKA GHerbirdth@ t#Aparent transistor

conpri ses an antl-bloom ng transistor for pr eventl ng
compries geow \seldct eranbiston, the rgivotelect tamsister actirgpas aewitching device

The processing systemof claimb50, wherein the
coupled tma sares folloaveyi arsistozonpri ses a storage gate

transi stor. 58. The processi ng system of claim 50,

wherein the transparent transistor conprises a

thin-filmtransistor. 59. The processing system of

cl aim 50, wherein the transparent transistor

56 0MHeSH® céssﬁﬂ@@?bt%h@bf ERANBY, wHeieirl thRnsusdpiirefh@ansistor

conprising zinc-tin oxide. 60. The processing system
comprifescdraanti §flpomling ¢fansidter forgpreyenting chaggesowerflow from the photo-

further conprises a gate dielectric, the gate
convegsienglevigec conpri si ng al um num oxi de (Ab@B). 61. The

processi ng system of claim59, wherein the transparent

transi stor further conprises a gate dielectric, the

gate dielectric conprising tin oxide (TiG). 25 WO

2008/ 027392 PCT/ US2007/ 018934

57.  The processing system of claim 50, wherein the transparent transistor

comprises a storage gate transistor.

58. The processing system of claim 50, wherein the transparent transistor

comprises a thin-film transistor.

59. The processing system of claim 50, wherein the transparent transistor

comprises a transistor channel, the transistor channel comprising zinc-tin oxide.

60. The processing system of claim 59, wherein the transparent transistor further

comprises a gate dielectric, the gate dielectric comprising aluminum oxide (ALOs).

61. The processing system of claim 59, wherein the transparent transistor further

comprises a gate dielectric, the gate dielectric comprising tin oxide (TiOs).
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62. The processing systemof claimb59, wherein the
transparent transistor further conprises a gate
walkekertsd c, the gate dielectric conprising atmm/gs2007/018934
| ayer deposition silicon dioxide (ALD SiQ2). 63. The
processi ng system of claim59, wherein the transparent
transistor further conprises a gate el ectrode, the
gate el ectrode conprising indiumtin oxide. 64. The
processi ng system of claim50, wherein the
phot o- conversi on device conprises a photodi ode. 65. A
pi xel circuit conprising: a photo-conversion device; a
floating diffusion region for receiving and storing
charge fromthe photo-conversion device; and a .
62 aﬂglresstr@reessmg sstemypigaim 5P oy hereinytbe frangparepfetransistor further

compritedin Bl AiFCTI & ToF ol RIS FOm T PE RISy B ep geposition

0 . . . .
silicon lrogidé {yi‘ﬂD]iﬁéz scattering, wherei n the transistor is
a east partral’ly over the photo-conversion device,

such that the photo-conversion device receives |ight
passi ng through the transistor. 26 WD 2008/ 027392
PCT/ US2007/ 018934 66. The pixel circuit of claim 865,
wherein the portion of the transistor which transmts
63} i giiheiproeessang sy Bem efglaim 5Pi whereigrhe fransparenisirapsistor further

wavel engt hs of . |ight. 7. The pixel .circyit of claim

compraies a g atsetrorte. i Bpts elertrodt Bt s im By Sxide!
transmts light is capable of transmtting |light wth
no nore than 10% scattering.

64. The processing system of claim 50, wherein the photo-conversion device

comprises a photodiode.

65. A pixel circuit comprising:
a photo-conversion device;

a floating diffusion region for receiving and storing charge from the

photo-conversion device; and

a transistor for use in operation of the pixel, the transistor having at least a
portion which transmits light within visible wavelengths of light, with no more

than 10% scattering,

wherein the transistor is at least partially over the photo-conversion
device, such that the photo-conversion device receives light passing through the

transistor.
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68. A pixel circuit conprising: a photo-conversion
device; a floating diffusion region for receiving and

wotsimgoxharge fromthe photo-conversi on deviCBUS®OM018934
a transistor for use in operation of the pixel, the
transi stor having at least a portion which transmts
light. 27

66. The pixel circuit of claim 65, wherein the portion of the transistor which

transmits light is capable of transmitting light within visible wavelengths of light.

67. The pixel circuit of claim 65, wherein the portion of the transistor which

transmits light is capable of transmitting light with no more than 10% scattering.

68. A pixel circuit comprising:
a photo-conversion device;

a floating diffusion region for receiving and storing charge from the

photo-conversion device; and

a transistor for use in operation of the pixel, the transistor having at least a

portion which transmits light.
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