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-This application clains the benefit of U S. Provisional Appl

10 15 20 25 60/073,347) filed February 2) 1998, which application is

i ncor por at aglo begeedan by reference in its entirety. STATEMpNFukis@Mp NG
FEDERALLY- SPONSOREDRESEARCH AND DEVELOPMENTThi s invention was nade
partially with Governnment support under G antNo. N00421-97-C- 1075 awar ded
by the Departnment of Defense. The Governnenthas certain rights to this

i nventi on. sSBACKGROUND OF THE | NVENTI ONFi el d of the Invention~ ~This
invention relates to solid state inmaging el enments useful in

el ectroni ccaneras and other related applications. It provides a class of
hi gh sensitivityi mage sensing el enents which are assenbled into arrays for
nmonochromatic orfull-color image sensing devices. These inage el enents are
made of a thin |ayer(or several Iayers) of organi c sem conductor sandw ched

Pﬁﬁlz\f?gn;wTﬁgn%&gwﬁé%can epr owgkkz&%\% ?@W&%\grb\n th the

two el ectrodes. The spectral response of thelnage sensors can be nodified

i ough devi ce t hi clotioes REFrEk ThlRa AR oS 77 7S

Sever al appr oacheShik applatiineldimgthe dechefigsfd e, Pravisiodd! Appliaation Nolet ect i on

ormultiple cal L in.o esir ectral re discl osed.
Thesesensi ng ® gﬁgﬁgﬁigﬁggﬁgﬁgy.n %@r%@@hﬂ@‘“WV FVH?E@HmﬁfgﬁmB her el ectronic
or opti cal devéfefice inits ddtirelyll y 2002 WO 991 39372 -2 PCTI US99/ 02242 Severa
types of inmage sensor devices have been devel oped based upon

opt o- elettronic effects in solid state material s. Exanpl es i ncl ude

char ge- coupl ed devlmm)m@&knmcmlgmnﬁvrsmmwmsﬂde wi th CMOS
t echnol ogy, and | arge size |nag§ sensors nmade conbining a matri x of

anor phous_ si | i con phot ocel RESE, (%?ﬁ%ﬁ%QEV%#O? Field effect transistors,

TFTs, (R A Streefpisdhved¥on was mi sddidlydvithGdrembiRhsR &?‘f\%d?x‘ Gl en) Spring
I\/betl ng of Materials Research Society) San Francisco) April 17-21 {1995);

J. Yorkston &b NP04211\HC-1g¥awanisd by tighepmtment ofiRefensp58hq Gawpgpyent R A,

Street, 1Bul | ghd Rndih i¥BiseS ibdifveRgsearch Society 11 ( 17), 10 20 (1992); L.E
Antonuk and R A Street, U S. Patent No. 5,262,649 (1993); R A Streﬁgg

U.S. Patent No 5, 164, 809 (1992)]. CCDs are integrating devices.; th
accunul ated charges generghegdoURD GeTHIE MVENTIOENSItY are seque Iy

passed to the end of each row of pixels. This operation mechanismp $
ri gorous Field of the Invention = ;:5
This invention relates to solid state imaging elements useful in electronic §
S
15 cameras and other related applications. It provides a class of high sensitivity —

image sensing elements which are assembled into arrays for monochromatic or
full-color image sensing devices. These image elements are made of a thin layer
(or several layers) of organic semiconductor sandwiched between two conductive
electrodes having different or similar work functions. The image signal can be

20 probed by a circuit connected with the two electrodes. The spectral response of the
image sensors can be modified and adjusted to desired spectral profiles through
material selection, through device thickness adjustment and/or through optical
filtering. Several approaches for achieving red, green, and blue color detection or
multiple color detection in other desired spectral ranges are disclosed. These

25 sensing elements can be integrated or hybridized with other electronic or optical

devices.
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demands on material quality and processing conditions. These requirenents
make 15 CCD arrays costly 0$103-104 for a CCD canmera with di mfgﬁg'o%oaf
.0.7S" -1 ") and thus limt conmmercial CCDs to sub-inch dinmensio y
Recently, research and devel opnment on active-pi xel photosensors with CMOS
t echnol ogy woemiskizcon wafers were re-activated foll ow ngpeathesaesszof this
technol ogy to subm cron resolution [For a review of recent progress) see:
Eric J. 20 Lerner, Laser Focus Wrld 32(12) 54, 1996]. The CMOS technol ogy
all ows the photocells to be integra%'ed with both the driver and the timng

circuits so tgat E Egno-chi p i mage canera can be realized. However, even
with the stat®e technologies (< 0.3 umresolution), there is
still linmited spasevddlyypesofihiganeator bedes hibebeblideloped thaeeduipse! ar ea)

avail abl e for the photo xel reals (o]o] pled by the
necessary el é’é’f“r?]ﬁ?‘i?“‘@ﬁﬁgﬁ?\'é‘r??&ﬁ)%?tfzEaﬁ"gffé‘ﬁ"g °F Ui §PW§""§’PB ¥dot the
driving ci rcLuehcesT(ts@m;aaawlarpﬁ&b@ﬂsoahﬁ@slmawtvahUmm&m&og?%dmt rices

desi gned_to be used. for | mage sensing

nsit
appl i cat P ons. la“ﬁ%“?‘i”r’ﬁf"ﬁ%@"ﬁ‘ﬁ%“‘f‘ﬁ’qﬁf e { gﬂ‘?‘g?%?“sé'é‘ﬁ%'br areal pi tch

area) to cl osfhofoBelb@Rda nﬁhﬂh)f&ﬁrﬂﬁél& effbck MansRtoE TETAPRN. Stée/y. fand, m
phot osensor antays_ (each_sensor is 30 often referred to as an i mage

el ement) ar e Rid¥sisfiedd, Scfe Nelspmanddh dyles) Snvws Mestingof Matgrialelessareh be hybr i di zed

on top of theg 9 in Warkdcs g7y @?Sxtmméwv M. REsTséespnol ogy. 15
Jul'y 2002 WO 99/ 372 PGT/ UsS99/ 0224 Phot odi odes made with organic

sen conduct orBsoa £6, 368 (i%9nB - A StestBrilletin piMateridnRessprch Seqiey A7 t hough
there wgpe eay ¥9§2‘5‘&0Et1§modu'ﬂ ahdIR. 4%%@& UQfPJtéblPNbcﬁ?é odiggSR Wi th organic

nol ecul es an con gat ed I\P i/mars relatively smal’'lT photoreésponse was
observed [f orSteget b‘\ﬁ BotesNoeh Fi4 300619023 CoPg amsiinteSatigrievigendes) see: G A

Charmber | i 1, Skl CElyePecdiel 98RIhn s R DS 0ud R o Do

progress using conj ugat ymer ot 03ensi Ny rat see for
exanpl e the ftotieeni nfeackeor afpixsls. Theomomslpﬁunmlams rigorous

2oL Y (Bher| gl e R S s Snlfitag .73 V-
Hsi eh) NFA. Al wirays cosslyA-S 10 e idra, CQAD cavherHwish RimenSymt df 0. 761 ¢ 14) ad64, 265
(1994); G YL{huscl:mlzco%ugérmAl éCDSH%%&)—lnbh é'Pt{%nsmns.
Recently, research and development on active-pixel photosensors with
CMOS technology on silicon wafers were re-activated following advances of this
technology to submicron resolution [For a review of recent progress, see: Eric J.
20 Lemner, Laser Focus World 32(12) 54, 1996). The CMOS technology allows the
photocells to be integrated with both the driver and the timing circuits so that a
mono-chip image camera can be realized. However, even with the state-of-art
CMOS technologies (< 0.3 pm resolution), there is still limited space (typically
much less than 50 % of the pixel area) available for the photocells. Most of the
25 pixel area is occupied by the necessary electronic components (field effect
transistors etc) of the driving circuit. The same problem also limits the active TFT
matrices designed to be used for high pixel density (>100 dpi) image sensing
applications. To improve the fill factor (the ratio of sensor area/pitch area) to close
to 100%, high sensitivity, processable, thin film photosensor arrays (each sensor is
30 often referred to as an image element) are desired such that each element of said
array can be hybridized on top of the driver pixels made by CMOS technology or
TFT technology.



Phys. Lett. 64, 1 S40 (1994); R N. Marks,1.J.M Halls, D.D.D.C. Bradl ey,

R H Frield, A B. Holnes, J. Phys.: Condens. Matter 6, 1379 (J’ﬁ‘?@

Heeger and G Yu) U S. Patent No. 5,504,323 (April, 1996);

A.B. Honmes, D.D.C. Bradley, R N Mrks, U S Patent No. 5,523,555 (June
1996). 1 Sweesmsni72pr ogress denonstrated that the phot osepstiusssiobaszi n

organi ¢ phot odi odes can be enhanced under reverse bias; ~90 mA/Watt was
observed in I TO MEH PPV/Ca thin filmdevices at 10 V reverse bias (430 nm,
corresponding to a quantum ef fici eﬁCy of >20% el/ph [G Yu, C Zhang and

A.J. Heeger, Appl 64, 1540 : r..and G Yu, US
patent 5,504, 323 P(hﬂ}?p@ ‘%d” thgEanic semip ‘%{%%‘?’88’6’?‘?‘%%“8‘&?‘8% with

pol y( 3- OCty|fo}Mcﬁ@hﬂnet)onsphnh@tgalﬂ&ré%fbbaﬂ)gepc&tsem th'BB0QoB A/ VALt was
observed over nost 8{) vi si.bl e “j}?g e unger -15 V blea}n wi t h quantum
ef fici ency offBiicagpe diedss qrﬁ‘ml aB‘S yeafed palymsts. relativ H. Pakbaz

and A J. Heeggiii phoRdsporSEas oﬂsa'tvéd [f%rcﬁé\ggféé@%ﬂ on diggniphot osensitivity
in organl c sem conductors at |law b ds can be 25 enhanced by

exci t eddst at Bhogqdidgs s¢ef Qréf%mb?réﬂm é?@ﬁﬁ?les 8, 47, (19830 Injthe HPO¢,Haere

sem conduct i g pBG progeEss hihflc &fgfg@ﬁh bIymeH @l tRphbtosedbing MateAigls] afokves [N. S.
Sariciftci and A J‘* S(g elr£| Pat gnlt%% 331, ?3 SJullng 15 19894) N. S.

Sariciftci agk@mplethe ﬁée‘ges Teports pnihg ﬁbotgcﬂensesaeol(f@bﬁnyéem\ilgye)e) N. S.

Sariciftci, #pv%ﬂhhtweﬁvamveevslxalieques@r\d lfakaIM SGIWRREE syml, 1474
(1992); L. Smlowtz, Sariciftci, 3}' Gettingér, A |l. Heeger

and F. V\ﬂdl  Mptals4, 439\ 19%3)4H Antgrgadis, ﬁ)@é}mw %ﬁ“@ws Ai JenekdieA J. Heeger,
Intern, dstofk2YSynttBMbtal £ 265 49 zﬁ )& YR Iflf)?ﬁéﬂgdﬂc]eﬂe%@ Agﬁl transfer

prevents ear y tine reconbi nati on stabilizes the 15 July 2002
WD 991 39372 E@SNS@QQ‘DZQ@Z(W%)&%MMSDH Mt Helise ByD. Brﬁx@m@dlmRtPhe cattier

quant um y| el r 0 D. McBranch,
O ens N BidQa BURRRILS 6 bé‘%ﬁeg’%g[?‘% LiTrasen. A?*E&F‘!f'e“g‘ﬁ? 389
(1993) ; N s. Y&dJ.5chatant No. 5046323 (prilCl 998h Rl l%mdd/AB HéteesgBD).CAppl . Phys.
Letters 62, a1 Kr S. 5 Sariciftci, D.
Mbses and Agﬁ%g@gﬁﬂ@%ﬁ%§ %@E\?‘?Nﬁ %23'\%%3@9%@4 C.H Lee, G Yu, D
Moses, 18 Pakbaz Re@:ntﬂmrﬂgs dilOSstr&irthaiItﬂetpbpgosehswvuy-meggmﬁaind F. widl, Phys.

Rev. B. 48, ]h%f‘b%é dgi (?ag%)alenhaﬁ%eg;ﬁggél}g%%g@i)% bbgtgf/thv? serve 3 the

phot osen5|t|Q/ terial ext er 5Sensitivities of 0.2
- 0.3 A1W anH‘OéMEHrPW/Cqﬂamﬁlmnﬂin@katledvf r&B&sﬂﬁi%(@lB@ mh), kavespiidlary achi eved at

1300 31 0L o sHRUSBTS S0 W g o M bR T U0
Appl . Phys. mM8s. 14164, (154(9(9594), A, Hd&@er&ﬁd‘re m\m pngit 5,504,823 @pait psensi tivity
o L1 Y BBNC o B8RRI B3R e VbR SEn
1981) Part Sgreatdriihis, 0.3 hBNatt was observed over most of visible spectral range under -15
V bias with quantum efficiency over 80 % el/ph in the blue spectral region [G. Yu,
H. Pakbaz and A.J. Heeger, Appl. Phys. Lett. 64, 3422 (1994)].
The photosensitivity in organic semiconductors at low bias fields can be
25 enhanced by excited-state charge transfer; for example, by sensitizing the
semiconducting polymer with acceptors such as Cg,or its derivatives [N.S.
Saricifici and A.J. Heeger, US Patent 5,331,183 (July 19, 1994); N.S. Sariciftci and
A.J. Heeger, US Patent 5,454,880 (Oct 3, 1995); N.S. Sariciftci, L. Smilowitz, A.J.
Heeger and F. Wudl, Science 258, 1474 (1992); L. Smilowitz, N.S. Sariciftci, R.
30 Wu, C. Gettinger, A.J. Heeger and F. Wudl, Phys. Rev. B 47, 13835 (1993); N.S.
Sariciftci and A.J. Heeger, Intem. J. Mod. Phys. B 8, 237 (1994)]. Photoinduced

charge transfer prevents early time recombination and stabilizes the charge



15 photosensitivity of thin film photodi odes made with pol ynmer charge
transfer blends is conparable to that of photodi odes nade vm'tq gm
-sem conductor crystals. In addition to their high photosensiti 9‘{']'&3’

or gani ¢ phot odi odes show | arge dynam c range; relatively flat

phot osensi tygighyosthas been reported from 100 mMVcn2 down te-r)dbseslss |- €.,
over eight orders of magnitude [G Yu, H Pakbaz 20 and A J. Heeger, Appl.
Phys. Lett. 64, 3422 (1994); G Yu, J. Gao) J.C. Humrelen, F. Widl and A J.
Heeger, Science 270, 1789 (1995); @&-Yu and A J. Heeger, J. Appl. Phys. 78,

4510 (1995)]. The dynamic range is, again, conparable to that of
phot odi odes feraeatign.itherebysnhanging thesmmcp Aeiibyield fespbseavenperiiedfinst ect or s can

be operated @ .90 (CCHPE ealbtmesmaaﬂntmsaamrsomﬁici hﬁau Heggp relatively
insensitive o the Operatin erature Yu, K. Pakbaz and A J. Heeger,
Appl . Phys. Chem.Ples, Letig218, ? g; ) NﬂsSfmlftChé) Brays, 60&%&%& l'i ght

em tting devi [ I avetter, N
Col aneri) angﬁggej ‘&i-ie Zgifetcl{lir?ﬁzr esi(%gl@%) ngm%%%’g I-Ee and J. Long,

pt i cs & Phofeticifis, INeMBSGS»mbA J1ezger, Blyzzll}gv |5QN8:§®3 (sléﬂé)i CLH/lltey Gol ymer
phot odet ect okg, ?alolope% ﬁ%&b&%%aﬁédﬁ@rﬂﬁmﬁ&aﬁ% ﬁxﬁgm%%%m fr omasol ution

at roomtenperature, they can be i n unudual es (e
hemi spher e t ®hyoBpt.&8. \ﬂB,tllﬁ4%1-‘n(181bft)] c&l“mmemn@rb@ndmtth«:al system, or

they can 18 dHlots 00 S A IR Boad AP s iy i Bl e or

fol dabl e for HES cessi ages enabl'eé oné to ricate the
phot osensors anti esmndlyqunm:mymb!sdéﬂ -80% bérhshaVSbfrm lachié¢ved ap4A Oyt oxphot odi odes

can be [Blbrl I'C-V T CleS @f%cﬁbagqu ]Cne{:ew}-]&l%h %flg%l S such as

integrated circuits on ton wafers ese uni que fﬁés make pol yner
phot odi odes 8tien@70Ma89 on9957)aﬁ}yYnamiaA Jaﬂi@gerchmpph?hysl m8,i458@Ea9IsHNsi ng

devi ces made th inor conduct.or tﬁ]\? ot asensi ng | ayer nust be
pi xel ated t oA\é\Af@\f@Hf WP%EZ ﬁ'oﬁl& scegﬂt“gﬁ' "?8}3"5 'F@?ﬁ"‘éﬁ S¥P8ing al ong the
horizontal dph&6dibdes is MAIW)att, hﬂepseahait bfisihgyvoltae [SAMMrSze Phyeibd 6fi ty in the
or gani ¢ sem ¢ongduct or ﬁé t.he ﬁﬁlitet g iﬁg ﬂf{gtpﬁoﬁ sensing | ayer becones 10
unnecessary PRBJuciopgEcesLHd ?‘rg5 g e B sinmlifyi ng the
fabricats on Bﬁ&@@ﬁﬁmﬁlygﬂltﬁlﬁ ﬁﬁﬂﬂplh@(odlcﬂdbfh%Ywﬂ:poTﬂEerchEM r Thi s invention
di scl oses sever . confi %’ir ations f or ) s%ﬁ}gl e col.or and 15 nmultipl e-col or
i mage sensi ngle@ Se‘ﬁﬁ?ﬁ‘%ar q Adhas prpiRtodiogrgnate s d?%rga%gg’écqnﬁ‘%‘g el enents are
nmade of a thiRstaRyRradfifion flihdit REEpHoRIsEsRIVILP the3E BiRAIE pHAOAIERI HhiS OF S
sandw ched b? ween two conducti Vﬁ el ect r odes. pe i mage  Si gnal i s probed by
a arge dynamic range; relatively flat photosensitivity has been reported om 100
mW/cm? down to nW/cm?; i.e., over eight orders of magnitude [G. Yu, H. Pakbaz
20 and A.J. Heeger, Appl. Phys. Lett. 64, 3422 (1994); G. Yu, J. Gao, J.C.
Hummelen, F. Wudl and A.J. Heeger, Science 270, 1789 (1995); G. Yu and A.J.
Heeger, J. Appl. Phys. 78, 4510 (1995)]. The dynamic range is, again, comparable
to that of photodiodes made with inorganic semiconductors. Polymer
photodetectors can be operated at room temperature, and the photosensitivity is
25 relatively insensitive to the operating temperature [G. Yu, K. Pakbaz and A.J.
Heeger, Appl. Phys. Lett. 64, 3422 (1994)].
As in the case for polymer light emitting devices [G. Gustafsson, Y. Cao,
G. M. Treacy, F. Klavetter, N. Colaneri, and A.J. Heeger, Nature 357, 477 (1992);
A.J. Heeger and J. Long, Optics & Photonics News, Aug. 1996, p.24], high
30 sensitivity polymer photodetectors can be fabricated in large areas by processing

from solution at room temperature, they can be made in unusual shapes (e.g., on a

hemisphere to couple with an optical component or an optical system), or they can



circuit connected to the el ectrodes. These i nmage sensors can be integrated
or hybridized with electronic or optical devices on the sanme substrate or
-on different 20 substrates. The spectral response of the imge sensing

el enents can be nodified and adjusted to desired special 1grafiil 55t hr ough
mat eri al Se\be%/j.«ﬁﬂ’ t hrough devi ce thickness adj ustnment n%tw " Izough
optical filtering. Several approaches for achieving red, green; and bl ue
mul ti-col or detection are disclosed. These methodol ogi es are al so suitable
for achieving nmultiple-color selectiwve detection 25 (wavel ength

mul ti pl exi ng) and achi eving detection in desired spectral ranges ranging
from W t hr ougbimai® inTlexible on aldebleoforms: GRhe gesessingadvantagbodismsamalsiepse Wi t h

el ectrode/ orgapj cJel ect.,r ode i t .0F _LISe as sensing el enents
of pi xel at ed%pﬁ%‘?%’g% %%}}og smﬁé’r%{aﬁ é‘é&f&g}n Foyorpgg%%?% gd?‘“é’ﬁ*é%@.’“&h of incident

| i ght with 3ghstodibdeskan ephybtidiadd vbitinajgical ldaviceser ele@emic devites, suchant i on
provides full color .i e elenents risin ed, qreen and bl ue

Sub- pi xel s ( PESHE GTRET @ HER vea e by make 580 2002 wo

991 39372 PCTphkioBodea adidctive farahany sipvet yaplicatioagient a and yel | ow) fabricated in
the configuration shown in Fig. 2 thraygh 7. .These sensors can provide

mul ti - band phot os®@lE38%SenyRe (&g‘r‘fg‘i 'H@J‘éﬁ’\' ‘ﬁ'gflorgﬁ"g‘f‘r%eﬁ’t’?r\ak"i‘?fs’d Sired

pEot OL €SPpons ghdtdsehlding l@j’/dﬁlﬂ‘tusﬁﬂqﬁtelaﬁﬁ t pregasn tﬂermbwdidn@ed:cl?argw fgdml , and UW. In
t he photon or_ inmage sensors, the photoacrive sensi ayer between two
contact el ecfi’rsB‘Hggg algpg ‘Eﬁkwﬁtﬁ‘e‘egﬁ‘b‘f"eilﬂeé%&‘eﬁﬁﬁ’ﬁ %‘B‘f’ﬁg‘W’é‘“ﬁ‘B Wcul es,

sem conduct i [gthe BigHE émicshdiitorg,ahephtpingroF tife phbtobdnSing fayebicahéd Ng t he
material s mentioned above_ in single qr multjlayer forns. Conducting
el'ect r otfes cHPREETHABY r%feosaabaéawﬁ%sgaﬁiceh% ‘Ef%osﬂfe?lbfb'g‘gé*fei 0 doped

sem conduct i RbrEAERPrbeEs siphicidilg. | | ke and al so can include buffer |ayers)
inserted at one or nore electrode/organic interfaces. Buffer |ayers can

i ncl ude conducting polyners, thin layer of organic or organonetallic

nol ecul es, and i norgani c CQUMMARY, OFUYHE BSVENTFIONaF, BaO LizO NazO
other netal -florets, netal-oxides and netal-sulfites) netals or netal

al l oys. The i mageltigingention diselpses pevery! sanfigyrations £oy single celasand odes sandwi chi ng
the orgmni ¢ RRRRS@IGiMskd Bkl elchBitsiking 8fghMt 9ARbEndRY Cflel ihlapt forns a

m crocavity and possesses_se| ective response at resonance wavel engths. In a
preferred coplemgils areimsde of abindavsr (& rpuitiplq layeay) of ofigamic sgmieendueiersdi el ectri ¢
constants cag,i&icRtd HAGRH tdv&'c&ahﬁ&fv@@l‘ebtﬂﬁei?ﬁl@'iﬁ@gé%ﬁ&?&e&%& mrror. \Wen
the two contact electrodes function as optical ninors. The el’ectrode 20
faci ng the i picquiiepencrted ipthe eleqtrofies: Naeseymage sansees cam he infagratedsr t he | i ght can
pass t hr oughyyrdizlh it efebtrdn®y &%Pii&al HAYRE bARE AmSLbifkd 8 OnfdPHdIB @

m crocavity device (optical eta on}, and possesses sel ective response at
resonamntfe wasubsEren Hbe sperisal response af 1Be imagg gasiv glementg canshemedifigdes can be

formed with mcﬁfdﬁﬁéﬁ kd desired special profiles through material selection, through device
thickness adjustment and/or through optical filtering. Several approaches for

achieving red, green, and blue multi-color detection are disclosed. These
methodologies are also suitable for achieving multiple-color selective detection

25 (wavelength multiplexing) and achieving detection in desired spectral ranges
ranging from UV through IR.

This invention provides organic photosensors with
electrode/organic/electrode sandwich structures for use as sensing elements of
pixelated photosensors, particularly capable of detection of incident light with

30 multiple spectral bands.
In one aspect, the invention provides full color image elements

comprising red, green and blue sub-pixels (or sub-pixels with their complementary



sensing sub-pixels in both stacking structures (simlar to Figs. 3, 3, 4)
or planar 25 structures sensing wavel ength at red, green and ye S@ﬁj tral
.ranges. | n another aspect, the inmage sensor el enments supporti g[}'b [

[at e
which is an optical device. The inmage sensor elements of the invention can
al so suppor womegbdyst r at e whi ch conpri ses switching circui per/bsvomnidt zed with
each sensing pixel. These switching circuits can conprise

met al - oxi de-sem conductor type thin film 30 transistors. Exanples of the
sem conductors include crystalli ne &i1icon, pol ycrystalline silicon,

anor phous silicon) anthracen d.its derjvatives entacene_and its
derivatives, Slr$EHEY "‘Pgﬁ“&ﬂqgﬁg‘%&ﬂé}@ﬁ?ﬁ‘g‘p “%’fl‘é’ng%ﬁ‘g@tsﬁ'ﬂﬁn in ]?L‘S'rb\] uly 2002 WD
991 39372 PC T34 2242 substrate can also include large scale integrated

circuits for colum-row sel ecti o_g angd. for ﬁi nal read-out. .In a saoand
aspect, tile inverREs eRPEFAYRLVidemuti-band g ‘ﬁgﬁ‘%’ JESIB RHA ch at | east one

or all of itsygrHEd With GlskaEoforadpdhsE RIidret bpluasaiRs meivlRg IR The
phot odet ectores can S have a comon el ectrode@séharg%@by at least a portion

of the pBot osusuebead UN. dmibe ghoton,or impgs sepsors, the PPRISHENE FSREINE daYslt | east two

di fferent wavighenqts ctact N6l coh S SRAES MRt Aaogabnitag: an enhanced
pi xel density by having at |east two different sensors |ayered upon each

ot her in accondeqileshsemheondycsing ipalymstsy ¢rajugpied pelimens of blepdsgentaiming3' o 4.

These phot odef eqt, atia @ beAYched MbvE R dirlgfst nfidajid Ysima, Coating of 10 bl ack
matrix in the space between sensing pixels is placed in front of the sensor

panel . The phot oddéndetiog elastrodssscan aemprise Horsd ingigasicesemidendustaseel on nmeans
wher ei n ygach éo?n@d ?enﬂwnhh&i% %ﬂi.p&lhﬁs aﬁh&%‘lﬁeéﬁﬁmﬁ idcfude et G AGNt |1 ght at

di fferent spectral region. e wavel engt ection neans car Include
interfering finkerted at ondioemersteteccodeorganiganterfacep t Bufter layers cotiavindd es (et al ons),

or liquid cryst ?%Cé‘i‘%k’%‘i‘g’gﬁs gcipgg'é'e&%if@gﬁg’%%m?&ﬂm h‘gﬁ‘él%g Ly / photoacti ve

| ayer/ mrror N4 d in’this 1>nvention. sensi ng pi xel s
possess nar r oinefgaiccongsypodss sich s dFf W&, Ba0, Lis.SVa@githe meidlostnsor s can

i nclude conprising.ywavel engt h:sel ecti v n tical filters, such
as liquid cryrg?talrf]‘g‘l’qe\? %r'g?tglmgﬁ% ﬁgtf’ Sé)?glee{r%ﬁel{o%\y/a@gellglﬁ%{)%'s‘ﬁor%?m'f fe opti cal
20 filtdass) imi{rmreyiti thaaltteodeysaodwithingtheergasinpbotesessindlape. Bhcasi ng vol t age,

pressure etc. In a third aspec the.iny i an _pr.ovi -a high pixel
density opti c‘&1“°|r/a 'cia ﬁ@%&roégdﬁp???g?cﬁ%cagl%?‘nﬁrp 3%5%)%4 %Fe %tc')‘?egrﬁs °C phot osensor s
arrayed on a sossmnrcswietengthe, Ingpraerpdatufigangion,awe dctecomimyersswitty an acti ve

A TR ERIR Ok e e W T A
el ect rode andmfdfor. When the two contact electrodes function as optical mirrors. The electrode
20 facing the incident light is relatively thin so that part of the light can pass through
it. The metal/organic layer/metal structure forms a microcavity device (optical
etalon), and possesses selective response at resonance wavelengths.
The full-color image pixels or structures can be formed with microcavity
sensing sub-pixels in both stacking structures (similar to Figs. 3, 3', 4) or planar
25 structures sensing wavelength at red, green and blue spectral ranges. In another
aspect, the image sensor elements supporting substrate which is an optical device.
The image sensor elements of the invention can also support a substrate
which comprises switching circuits hybridized with each sensing pixel. These
switching circuits can comprise metal-oxide-semiconductor type thin film
30 transistors. Examples of the semiconductors include crystailine silicon,
polycrystalline silicon, amorphous silicon, anthracene and its derivatives,

pentacene and its derivatives, oligomer thiophene and P3ATs. The supporting



the other side by a second electrode, with a detector bridging the first
and second el ectrodes and capable of detecting an electrical output from
‘the photosensor in response to the incident |ight sensed by the
photosensor. 30 15 July 2002 7a In a fourth aspect, thels pygnbben

provi des a swos9ngp72l enent capabl e of sensing nore than onecmessehagt h of
| ight conprising a substrate; a first el ectrode di sposed on the substrate;
a first layer of a first photoaetive organic material conprising a

sem eonducti ng conjugat ed pol yrrer zll ng an opti caI band gap correspondi ng

to a first of th retha dIS {5t portion of
the first el ecP¥ g'ap%m&a‘f‘%’aﬁé‘ E) egn\‘,s\l%a 8&%3pelcg%l O{W’glprgg'e B he | ayer
of first phot eadtorsnairgalout. material, wherein said first electrode, first
| ayer of frst photoactive organic mat et al d secgrc]d el ect rode nake
up a first sensor 3‘&%“8‘5’1“@5‘5‘?”%5‘?‘%‘?"3 aapnxe@fndé]c'h%hrdlﬂc“amf YTt n i ght of
the first wavekamgfis sessmgmxﬂ@.mawmm&uds féstsieds RS PiotodetesREsal | ayer of
a second photQaetive organic risi n‘%rﬂl? m conduycti ng

conj ugat e polhﬁYFe"rch?HW’t gﬁd“g%‘f’ﬁ Yatt]ﬁ?ﬁ e eeé’t?&’ﬁﬂtsﬂtj“tg‘ea second of
the nore thangag Tyehepdiclondicpasrest o dffsemondeclfithd fthafisibige first

el ectrode; and a’'transparent third el ectrode disposed on the |ayer of

second phot oadPieEMAng 51 haverar epneed PirFlEieRtity bgéPYi“iF atrleast odtifforele, sai d
llayer of seconghspRelRaal F&?ea@ﬁ BRE if 2B ikPthe AGkiTEAd b Sibvi ifCt r ode nake
up a second sensor capab generating an el ectrical signal when |ight of
t he second M\F&Se%@t,wrﬂsThweph@?ﬁetea%m%%ﬁ BalFesssam bayg@reoating off fifth
aspect, jfe i DR aﬁﬁ d?'itfé‘é %eaea%ﬁtlﬁep&én@ﬁmte&amtgtﬂé seRglSI ng nore

t han one wavel engt conprising a subStrate; irst electrode

di sposed on tmenee‘ruﬁhft pmtcelccteptqrtarrsts qaayeludewa‘eplmﬂwlegmmms whaeior gani c

mat eri al conpr, | AR AMEls kR Bors O tHORE RN Bk n optical
band gap correé%o I'ng ‘tﬁgl" ﬁE??jrst o?o ﬁ tm)i?lel ?’ng}%toégg{ﬁ\c/\e/at@ie/%pgng?hs di sposed
on the first etg®trode; a transparent second el ectrode di sposed on the

| ayer of first pho Bk | de, wherein
said first |ayer O?‘R«?\ﬁ%\,sc%/cﬁ gtagdzygitil ve S%Eull g]ﬁtugéﬁn%?%%héﬁﬁ r?t’dﬁ second

el ect r odbs mak etacks, ‘a)ticalnslt:roswy@(ﬂd@mhbr hq1941 cyetplcfiliers. ﬂ@}eamS_mE@ote}Si cal signal
when T1gnt of obj Je'ntlﬁt,%m}g%ttwa%ﬁﬁmmt ORI GidtRA0s A idvEiph, Sensor: a
second | ayer O secon oactiive organic materral conprising a

seni conduct i nadospsigepirels msbqpmommd@smnsoptdlﬁabmmmdcw dber espondi ng
to a second of IS h ransparent
second el ectrd téaggﬁp;“?‘“{‘ég%ﬁ‘&%%?%w?‘Jh“gﬁ%m?‘é‘%t ra?r%%ﬁ%ncgg tselF on ’the | ayer
of second phoswhes liged oryglahfilersywhereindbe, cenhewaehnsth(smomeomtam ectrode sai d

| ayer of,seco ] rode make
up a SeCOOFId sgiﬂg’gg?%%%ga+a%ﬁ °g@}é§‘§ ng‘;‘gﬁl%?gg‘ é?%%]&gé Een | i ght of
t he second wavel ength is incident upon said second sensor. 15 July 2002

7b In a sixth aspect, the invention rﬁr ovi des a sensi ngdel enment capabl e of

sensing nore than Jn@ thisd asrach tihe Brentiogprovidas high pixebdensity, eptigabnt

substrate; a t.magéeeﬁ@atcoﬁapraﬁg 8|pﬁﬁélﬁy)dl%r§érﬁ@Qﬁﬁdséﬁ%oﬁsf‘&réﬁb%hra?‘te a first
layer of a first photoactive oﬁganl c material npri sing a sem conducting

conj ugat ed polSPREROTLSHhstgtes said P‘@é?“st?éﬁt%?c@a?ﬁ"%'ﬁ“@@ﬂ Y$\§Yeo a first of
t he nore23 han QRfprish @n@?@éﬁiénﬁteﬁﬁp&ﬁﬁpr&ihgté‘ébrﬁlbérﬁucﬁﬂt 6érij@ted @

transparent second eFectrode di sposed on the |ayer of |rst phot oacti ve

organi ¢ mat er .p&tvm%%a*%?ﬁlveatwrbp%qedétrbmer%%bv 2 firsgelectreqe ?’éﬂ/@? of first

phot oacti ve origasther Q‘Bé(bylaadecatﬁhjelééttéﬂesﬁﬁﬁije&lcﬁﬁtbheﬁﬁg K frstghcp first
sensor capable of generati n an electrical sig en |ight of the first

wavel ength i s SeAeT %'ﬁ?tr%’ﬁér’f‘ d.cagale Pg‘?e@gﬁ‘g(ﬂ“ e'%P"é“@éBWB“‘ th&f a second
phot oacti ve onfatusensBHig fdspbnseloRiid MidBntdightsBreea By tid pribtésenkagat ed pol yner
havi ng an optical band gap corresponding to a second of the new the one
maveleng%hs di sposed on the second el ectrode; and a third el ectrode

di sposed on the | ayer of second photoactive organic material, wherein said
first electrode, said |layer of second photoactive material and said third
el ectrode nmake up a second sensor capable of generating an el ectrical
signal when el ectronmagnetic radiation of the second wavel ength i s incident
upon sai d second sensor. In a seventh aspect, the invention provides a
sensing el ement capabl e of sensing nore than one wavel ength of |ight
conprising a substrate; a first el ectrode di sposed on the substrate; a
first layer of a first photoactive organic material conprising a

sem conducti ng conjugated pol yner having an optical band gap correspondi ng
to a first of the nore than one wavel engt hs di sposed on the first
eIectrode a transparent second eIectrode dlsposed on the Iayer of flrst

[ e o, o, Y



15 July 2002 WD 991 39372 PCT/ US99/ 02242 g_ process is shown in Fig. 2A to
Fig. 2D. An alternative of this configuration with separated el ectrode
contact is shown in Fig. 2E. Fig. 3A shows the cross-sectiofssik re of a
full-color image el enment (30A) conprised of red) green and bl ue organic
sensors in a stack configuration; 5 Fig. 3B shows the cross-sectional
structure of a full-color imge el ement,(30B) in the reversed structure
relative to that of Fig. 3A; Fig. 3" A shows the cross-sectional structure
of a full- colorl ue
organi ¢ sensors i %Rg Sa?g(getné m& é&off‘ mg@%})%{sge;ﬁn ?%E%TJH?%? lﬁé Sﬁ %qmprﬁl g. 3A
but wi th dieheut wawlehgthof Bghs eqﬂapratngmgumm offirstt digstrad®: d!hpbéedroeme col or
sensors; £ol or image
ol oment (s0%ayatE THASRLbEapREE P b b el s, '
4A shows theuug*atw:polymctlnavmglansptroabltaud gamq‘orraspbndmglo(alfmst of thagwreethentmat (40)
conprised of vari.abl escol cryst cplor filt and, a, broad band
15 organic phgef‘n 5r(1hssgosed Onaprs% c"gﬁ‘f"u%ﬁtrege tlr%ﬁ allII—ansPare Seco'gpezleétm jow t he
Ccross-sect ldmmsledsﬂﬂladm'wdﬁrsmphdtmnmdngumcsnmrial @Gxﬂrfelrgarda"frst@hstrodéa’Irstand 40",
for a full I tio i r I
color-filt (laly Qr (grﬁléit nﬁ(lg—gacgveé)igﬂl [ mﬂer?aﬁgpdcsg% sgcogg%\f{eét%ﬁlg rpucft‘rgtr%gsg
full-color camrh@ef gdnelrmlng anZi(DBC(rE‘@lA)gnabmmlhgh!d)f dfe frrﬂdvav@)q:rrgdris angleiglugen or gani c
sensors S..Sonstruc rganic
phot osensorszggg‘ﬁsélset" hree eco" tliyg Vyase(foth ﬁo‘???c{j$ E?%%hmger%?gompggglgg sect i onal
structure sém1aon‘dud:ting(cahmgatqdmaymeelhawmgmn o(ﬂﬁ@B)and papt dogrespendings®d ss¢ondiof ur e
relative tgq that shaq | . structure of
a full-col g’r more than A ‘gavefn%t%sd% g’ﬁ?,‘?ﬁ onas)ré&gée %1{ (9‘%[3;3 15t etlecfr)] O zcllndbaI
sub- pi xel Stramipa!eﬂit tlmsi glatrededisplosedon dle la)etemttsecmld pbmtmdvd)agmmgmml,c sensors
2’?(rju2t ﬁ(rjleog rem salldlfI r; 1e§tlflo%se sa%tlaYeT ofl sgcoglz P@(B?a\l\ﬁvet or}gan?crn(?astena?gr?dt sa%qgi

electrode make up a second sensor capable of generating an electrical signal when light of the

second wavelength is incident upon said second sensor.

In a fifth aspect, the invention provides a sensing element capable of sensing more
than one wavelength of light comprising a substrate; a first electrode disposed on the
substrate; a first layer of a first photoactive organic material comprising a semiconducting
conjugated polymer having an optical band gap corresponding to a first of the more than one
wavelengths disposed on the first electrode; a transparent second electrode disposed on the
layer of first photoactive organic material, said first electrode, wherein said first layer of first
photoactive organic material and said second electrode make up a first sensor capable of
generating an electrical signal when light of the first wavelength is incident upon said first
sensor; a second layer of a second photoactive organic material comprising a semiconducting
conjugated polymer having an optical band gap corresponding to a second of the more than
one wavelengths disposed on the transparent second electrode; and a transparent third
electrode disposed on the layer of second photoactive organic material, wherein said second
electrode, said layer of second photoactive organic material and said third electrode make up
a second sensor capable of generating an electrical signal when light of the second

wavelength is incident upon said second sensor.



conprised of red, green and bl ue sub-pixels, which is nmade with three

I denti cal broad bandsorgani c sensors and an optical dispersion device (a
prismor a grating); 30 Fig. 8 is a graph which shows the phgygiyespgnse of
an image elenment made in the I TO P30T/ Au structure and is conpared with
that of photovoltaic cell nmade wi th anorphous silicon; 15 July 2002 WO
991 39372 PCT/ US99/ 02242 -9 Fig. 9 is aygraph which shoms t he phot oresponse
of an inmage el enment made in the | TQ P30T: C60 bl endl Al structure; Fig. 10 is

Ty N PRV MEH B baef e AAGTPRERFiAR, A0 LBARAELBALe FRAG MG 1% 1

t he devi cethap pheomavelehgsh MEighPRIrigipe p tr@@imrcmt@gl)stratﬁ;l zgransmrqnsﬁat glectrplie whi ch
shows the ~I Al
truoture; TRREE! GRRPARGLRE o i lffRR Ak PRRacRFR R bl COMPRME T e

el ement s neadcdndudting wm‘@mﬁmﬂxm&mvmi@ wwwamnguwwm to a@irgtipfghe 12B i s
the. ot ruot PRI phegbls YR el BE g ok FRA8 1350 Bhoch BT lesiTRR < Made 17
| TO/ 6P/ FP@MQ&M orftheglayer3f fisst photnagtiple wﬁan@;maseh@mhmhm Sp)ﬂ(ﬁlt@pl@gpvdp.§ﬁidof an I

i mge el e e visua
resgonse g? g&?@% gﬁ%aé@tcﬁg:%n%%ep%em@ld L&i%papc%aeslg&e \tia\/rl’lfl r%h shows t he
photorespom&sn@mmahﬂﬁgﬁwcmhmmlMﬂﬂg@l%@EhEMmIQUnﬁﬂwébd“@wdﬂeﬂﬂsgmebm and

bl ue, Pl X! SpdyAbil i@l Bl 6P AUEA R RROV: Bl Syl 15 15 @

gr aph mhlc sho {oresponse 0 | mage
conpri sed sfmicadyctigg e@nuwml pblymer lpiviog kg owtmblrhamagmorrcspomwg afé¢cgud eﬁ i on

the new the one wavelengths disposed on the second electrode; and a third electrode disposed
on the layer of second photoactive organic material, wherein said first electrode, said layer of
second photoactive material and said third electrode make up a second sensor capable of
generating an electrical signal when electromagnetic radiation of the second wavelength is

incident upon said second sensor.

In a seventh aspect, the invention provides a sensing element capable of sensing more
than one wavelength of light comprising a substrate; a first electrode disposed on the
substrate; a first layer of a first photoactive organic material comprising a semiconducting
conjugated polymer having an optical band gap corresponding to a first of the more than one
wavelengths disposed on the first electrode; a transparent second electrode disposed on the
layer of first photoactive organic material, wherein said first electrode, first layer of first
photoactive organic material and second electrode make up a first sensor capable of
generating an electrical signal when light of the first wavelength is incident upon said first
sensor; a dielectric layer disposed on the second transparent electrode; a transparent third
electrode disposed on said dielectric layer; a second layer of a second photoactive organic
material comprising a semiconductor conjugated polymer having an optical band gap
corresponding to a second of the more than one wavelengths disposed on the third electrode;
and a transparent fourth electrode disposed on the layer of second photoactive organic
material, wherein said third electrode, said second layer of second photoactive organic
material and said fourth electrode make up a second sensor capable of generating an electrical

signal when light of the second wavelength is incident upon said second sensor.



shown in Fig. SA; Figs. 16A and 16B are graphs which show (a) the

phot oresponse of a fullcolor image el ement conprised of red, green and blue
pi xel s fabricated in the configuration shown in Fig. 6, and16mm¢20a2
transm ssion characteristics of the color 25 & ters used; Fig. 17 is a
schematic cross-sectional view of the test circuit used to produce the data
of Fig. 16A. Fig. 18 is a graph which gbows the photoresponse of an inmage
el enent which is sensitive to two spectral bands in the LN and in the

visible; 30 Figy é@e.gﬁth%saé&meweﬁgoﬁb&wesB%eaeﬁgteie%erﬁeém of an

or gani ¢ phot osensor W sh harrow ban ectral response 2002 WO
991 39372 Pwswtgggot@ztlzarzonqwamerrmtnefwmg@npmmm sepsoravingpafirst ON

Def [ ni 11 ONglebifodd! h3ayd? 8F4 pRotoBVE ol Fialehl) GERARLTBNS fRPBletfodde cl al s,

reference 0 several “terns I'ned. One group
of terms ceaidehetoactive osganicmatesis! emprising aregreicendyrting sonjagated pelgwer:onal

views of t d'%‘iﬂ% ?@ﬁl% organic
sem conduc%gﬁﬁ%ﬁﬂkﬁcﬁd (%__lQ&rd §S&‘§h%&gn5| S Bhbto enen %'?%A gnd 10B
and 10") |matﬂﬁlﬁbmhecwreelaldﬁraﬁglem@dmawlngeem ah@m@@ttyenmrm m@tﬁnstandthu n

F Dhot oact | ol BBedrlkiciod mapBibld Lot depableordindfitng 8n tericafeiaS: A

"phot oactive [ayer rise gani c, sem con

mat er i al ( sWhersabramof ightdaving severa wammgth%lsmlMppm eaid se@pnd

pol ymer/ no ki I1ic
nmol ecul es %lrEEt\'Bq%eB% }h@aﬁf‘ é’% ;c '@ﬁ?“@éf"%ga er Jégilg\{éy%%tﬁ tP g'ﬁg@;ﬁ%ﬁ%ﬁg t he
above mat e@flahhsucnﬁb%teonim pertian of the§ewabwawgths igdncidentupen theel ow, Two
"contact e 1) 13) which serve as the anode and cat hode
of the pho%%% % dég@?ﬁ@?elel ectrons and hol es)

BRIEF DESCRIPTION OF THE DRAWINGS

This invention will be further described with reference being made to the
drawings in which

Fig. lA‘is a cross-sectional view of a single-color image element (10A)
made with an organic photodiode assembled into a circunit. The photocurrent can
be read out by an current meter or other read-out circuit (16) inserted in the loop;

Fig. 1B is a cross-sectional view of a single-color image element (10B) in
the so-called reversed configuration wherein the transparent electrode is in contact
with the free surface of the active layer;

Fig. 2 is a cross-sectional view of a full-color image element comprised of

red, green and blue sub-pixels with a common electrode (2D); the fabrication



respectively, fromthe photoactive layer. At |east one of the 20 el ectrodes
(e.g., layer 11 in Fig. IA) is made transparent or sem transpgs§of dog2al | ow
the incident light 18 to be absorbed in the active layer (12). Thése
el ectrodes are described in nore detail below. The anode electrode is
defined as WO®BBIti ng material with higher work functi OrCTABbease t he
cat hode material. The devices may al so i nclude an optional substrate or
support 14, as shown in Fig. 1. Th_ii_is a solid, rigid or flexible |ayer
designed to provide robustness to the photosensors and/or to the matrix
array of the j S. 2 AER e 9N hiferl a6l d bstrate
side, the suﬁg@%ﬁ Séglsohou: fél%b%a traﬁ'si%r%%%l&(ﬂaﬂg%ggg%c% s%lgﬁgﬁy at the
wavel engt hs ckpanpet clectrode coBlagtsis shpwain Fig. Pl ymer sheets, or flexible plastic
films are commonl y. u €5.¢: YV o] t fers (such as
S G S1- whi oh ol TR SRt bl RBiollohrd20ts AERRRAME Bndf PeT, (<115
July 2002 WO (9®A)39BipHsed@T fed39e¢nCind e ofighniosensomlin @ steckgponfigpstionan al so be
used in sonme appl i.cati . R, doped region can al so
serve asSthe cont Bk Bk dbrb3eipiA SRR ol LhilcokPRRRe TR s comet r y
shown in Fi g.(308) iathe reessed starefurd relativd toitisat oOFigi 3A4r ati on, ight is incident
t hrough the electrodeg,13 in.contact .w the free 5 surface; thus,
optically opaque E&tgf\l g\ogs‘&h&fmgﬁ's 38'8’5 gtgucgﬁ%%t{artﬁp-ézggr ERecsem o) by using
an i nor gani c (3@R) eaiptisat afired)picar ardblietorgamicsehsoesdn h sask édnfigamfisi r at e 14, and
by doping the, sem conductor to."conductiye" levels (as defined in the
fol | owi ng), tsﬁ’é‘ﬁ\ﬁé‘f‘gf“ SE%‘?’I" ’é‘é‘f‘%é‘@%‘f W‘tgglereﬁg‘céﬂﬁgstsF giing gach he contact
el ectrode 11.diffdrént coloevehsdes; structure of fers the advantage of integrating
t he photosensor wth ,éo dri inglread-out circ itré tl)ui,lt directly onto the
i nor gani ¢ seni configct BehEYES £ Tsé“cftffé‘f‘lrf’g“?‘ﬁ‘teé’gf“gil eplQriimags gleedt hnol ogy) .
The i nci dent (ba'@it tHevebsed StnicheelreBfiRetorhitbr Fig. 3'Acl ude wavel engths in
vi si bl e (400-700 nm, wavel engths in the ultraviolet (200-400 nn)
wavel engt hs in vaElfufd Sraysdls dessseqtion] strinyre ob frllpelos inasegicieanepty t he near
in&ared (7002HQBmpriscABY a vasR¥RIcBlor iGHEESstAr Blod GREINA L SFbaABaltd aNsparent or
sem -transparent. These terns are used to refer to the property of a
mat er i alls whi OREaDICPHSIRFINEOr AN B 8iprkicapigUEAtioBor ti on of the incident |ight
incident on it. Thg 48k 4¢ GRNSIAAEERIsectioRalfrh@itetisBolbteffaG i e @
substrate with transmttance over 20% and the term "sem transparent” is 20
of ten used t copfigEations 4@ a8difX’s forp Silboloripage lgmant Icambinatiorawitiea bet ween 20%
and 1 % A " GnduestaY&lold Mppangf; Material has a conductivity typically
| arger than 0.1 SlI'cm A sem conducting material has conductivity of from
10e4 to 10'i Sl cnFigasA ghewstbe erogs-segfiongstructuee of afilheplonigpes elementmt eri al  has
a conduggi vi t(?’OA)}{:Bfn Alelr J’cﬂ,"ﬁ'éentan@mu}gf Ao séidr ) idi{'8 cotBaletd ?mb (or

) v%nere a ﬁl gher

"negative") biras refers to situations potential 1s applied

to the anode tkeidentisdlebréadanberaanit photasensels and¥hess optitaleslons; negative vol t age
are referred to, ﬁ%t 58 shilfs @56 QJeg[:tF]oiﬁgl shﬁé’tﬁfe%‘?a I I&Qﬁé?ﬁge?%ne@xppl led to

obt ai n enhanced p osensitivi t§/s, e relative val ues w e stated in
terns of absdb@B)eintiad reesgsed strichutre fetativé torthaofifigl 8); a - 10 V (reverse) bias is

greater than a - 5Fi\é. g’ gnows?ﬁ/eecrrésg)secgg% structure of a full-color image element (60)
25 comprised of red, green and blue sub-pixels, which is made with three identical
broad band organic sensors and a color filter/ITO substrate;

Fig. 7 shows the cross-sectional structure of a full-color image element (70)
comprised of red, green and blue sub-pixels, which is made with three identical
broad bandsorganic sensors and an optical dispersion device (a prism or a grating);

30 Fig. 8 is a graph which shows the photoresponse of an image element made
in the ITO/P30T/Au structure and is compared with that of photovoltaic cell made

with amorphous silicon;



The spectral response of the inage sensing elenents is determ ned by the
optical band gap and the el ectronic properties (such as carrlﬁé nP éd

of the 15 July 2002 WD 991 39372 PCT/ US99/ 02242 -12 sensing gup;

the structure of the sensing elenents and by the transnission

characteri S{6essosf, the optical filters, substrates, or ot 4Lng layers
in the optica path as denonstrated in the exanples in t |s app |cat|on

In addition to single band, visible inage detection (often referred as

bl ackl white, or npnochronatic i mgé® -sensors), there is great demand for

i mge sensors with full-color detectivity. Full-color detection is often
achi eved by spI i tlflgrﬁblstﬂméapb“éﬁ%sbo%ﬂmﬁpﬁ@% of pi wage elsaeriteadeegi ons, t he

red (600- 700 C%ﬁp‘g,dgggtrm ecand blue (400-500 nm fundanent al
colors. A fu or signal can be represented by the intensities of the
i nci dent 1ight |nF1ghlé>9eagnpbéfhmbs : phatoresponse of yrimagaglemenitenent t hus

refers to a”éa?%ﬁ%h@ﬁ‘d/ﬁ%{ﬂﬁ%ﬂﬁ PPV IPRBM Bl@x‘xd/ﬁ[‘&fﬁ%l Jg/d}éégf%dr ed, green

and bl ue spe ranges onetinmes, their conplinenta ors, cyan,
magent a Sand y@hxbmwwféeémeﬂ)houtah@ MEHPBV dapictisireles) ect col or and | i ght

intensity infor (ack” materi al

(opaque |yn t he g?é’étragggﬁﬁﬁgh{g}fik?oﬁ{y&e?éh?k&esﬂéfg% ér)éeh?i et ween each

sensi ng pi x_eh}'adamtbteITp]/léRié'ﬂi(,JAi sfucture; of t he phot odetector plane, formng a
bl ack mat ri x ZCAOQtaIgrQl h\vﬁgﬂ%ﬂl(ﬂvst“\ ph%to?é)srrgnsgs cEIU b Oﬂexgcr;} further

Thi
reduce cross-tal kﬁﬁe% weén ®n 1RO NV RS unpatter ned
phot oacti ve ﬁrageajmthelTé)j@r/Alﬂlda'n‘S@/msg/Abmcﬂnma;e been used in CRT nonitors

and oth flat p 0, incr e contras and are wel |
known it the 20 §p'|2%) F \ééfvﬁlvhsh‘wg Y’T’@Fﬁ?@gf“’ﬁpﬂ?“ f98& natrix” can
be achi eved wleinbnts madeianik spatek bfnmgmpg,\w caiphdpwith 418V jfider 40d SCr een
printing techg(h(g{%? The photoactive |layer is made of a thin sheet of
organi c semi & PREMaterial . The active | ayer can conprise one or nore
sem conducting, crEgj 3gah gApP@hicElicvs R pho@raponisdlo @ Thiagodlemént Wi t h

non-conj ugated materjals, one g organic lecul es, or oligonmers. The
active | ayernB%WB'éP%V’lglA@ﬂM{QﬂR i arisep it é‘éﬁvéﬂalp‘ﬁm?ﬁﬁfroéc with sinmlar

or diffgrent S@L@fd}{m@évmﬁi es and different 30 el ectronic energy gaps.
The active layer can be end of two or nore org;mlc nol ecules with

simlar or differdgti4df %E?P%Wh‘ﬁ\‘iﬂ?%stﬂ?eég‘°%ﬁﬂpﬂ’is?? heolor #R28f oni ¢ ener gy
gaps. The actiementlcaMmprised d3PredSaréenfah@ BRle pikels Yblibded g dhdd@hiiglRatonand or gani ¢

shown in Fig. 2D;

Fig. 15 is a graph which shows the photoresponse of a full-color image
20 element comprised of red, green and blue pixels fabricated in the configuration
shown in Fig. 5A;

Figs. 16A and 16B are graphs which show (a) the photoresponse of a full-
color image element coplprised of red, green and blue pixels fabricated in the
configuration shown in Fig. 6, and (b) the transmission characteristics of the color

25 filters used;

Fig. 17 is a schematic cross-sectional view of the test circuit used to
produce the data of Fig. 16A.

Fig. 18 is a graph which shows the photoresponse of an image element
which is sensitive to two spectral bands in the UV and in the visible;

30 Fig. 19 is a graph which shows the spectral response of an organic

photosensor with narrow-band spectral response.



15 July 2002 WD 99139372 PCTNS99l1 02242 -13 nolecules with similar or
different electron affinities and different energy gaps. The J,@?‘tj@rzoa fers
speci fic advantages in that the different electron affinities © he 10
15 20 25 30 conponents can | ead to photoi nduced charge transfer and charge
separ at i on;wasgserzonenon whi ch enhances the phot osensi ti wcrypsisizta2
Sariciftci and A J. Heeger, US Patent 5,333,183 (July 19, 1994); N. S
Sariciftci and A.J. Heeger, US Patent 5,4S4,880 (Cct 3, 1995); N S
Sariciftci, L. Smlowtz, A J He'eg(g‘r and F. Widl, Science 258, 1474
(1992); L. Smlowtz, I Gl i inger, A J. Heeger and
F. Widl ) Phys. Rev. P ) ?@gf%g%‘?ﬁﬁ‘lgh@gﬁ@ﬁ. and A.J. Heeger,
Intern. J. Mod. Phys. B 8, 237 (1994)]. The active layer can also be a
series of heteroj gnﬁtl ons utilizing |ayers of organic materials or blends
as indicated above: onset of photoresponse is related with the opti cal
absor pt idon gap i mﬂdﬂgg&bﬂ;ﬂﬁh@f prieferfed %@dﬂgmﬁrﬂgﬂﬂﬁfc_lairhs rﬁl&r@:&i@[rﬁ band

sem conductors is their relative .ease |n ndg engi neeri ng. e bandgap
of conj wgat eWilhea Paderta S?YFraLWB?StWIBﬁb?‘Fﬁt ?"%ﬂﬂia"ﬁgosﬁeggﬁgﬁ %&F@‘sr" TSMSd to t he
nol ecul ar st {HGirkdi@reHSf thd ihapCE@RENt Wirdss-ttibiad views Bf Gddintbodinhtsionst ance,

pol yp- phenel ene) PPP or si x- heEyI é,)tgP has an, opfical band gap of 400 nm

I nserting a YeippasTensng slements OEARY SHRISPRAVERE A hgwhdr Fig- 1.

pol y(phenyl efife iy kasiay cRMnt@100hdda0RRILd PY) BRenstititd Ssiddge Re@adgap to 500
nm Repl aci ng the benzene ring with a thiophene ring fornms polythi ophene
and shifts tPFémEfﬁldP?,‘&']'mEféHﬁb§§A)tthé@B dayice ‘I"Hgé‘f‘rﬁti“ﬁ‘g%ﬁ’%ﬁ‘iﬁi“WFfene unit in
bet weenyeach gt fidc0pRsRAudesNg fornms pol y(thi enyl ene vinylene) PTV and shifts
t he bandgap to 700 nm For polyners and ol i(gomsrs.with a given main chain,
the optical bandgApprhofgictiyedgyepdlayemi@ycagprised efmganis. eaieQududing nol ecul ar

groups) on to side chgjfasiadokich s SR Ste@PolSkaPbivmbieARs 1 cal gap is at
500 nm for regul ar PPVJVB\?}A%SUt side C ugi ﬁs?og'? foir). ngPVevaavl'th al kyl side
chai ns. They are usef wplymsr/mpleple palyblend, dlayer of osaanic mofseulgs,t achi ng al koxy

side chains onto the %?%5@%%%% l&%xﬂdi'fbhﬁp lgnﬁor?a,lg]gg%%rti ons) of PPV,

the optical gap shifts . ese nol ecules are materials for
fabri catd ng green pi xeiracturacemiphing theahensanayeralsp These maderialsaie t he vinyl unit

of the PPV chain for i the optical gap to 700 nm CN PPV
( ; “%%HB‘P et deloty; P gap m
is a good material for i él‘Dll?)(atl ngear?eﬂ:fopl’xel S. The practice of shifting the

,3 s.. r, 15 Jul'yo 200@actc@glegUbiyers PLTISVBYBh 62 the anvdesrsr gy gap by side
chain engi neering is %Lﬁ]g&tdf\g%é@?{ﬁdﬂﬁ'ésx EﬁraE&\%cﬁXﬁ%@@%o%gti effective

generally to all the sem con g org%nl C nolecu s well Irnown,
t he processability of respemimely, from the phasactealapdrs At lvastad¢ ofthed by si de chain

gpgi neefy ng. Wth pr 0%?%%%‘:9@.,9%91 ﬁxinq:‘? AR Rnd PGy o 0Pt @i n a set of
gani ¢ nol ecul es with e d r phot gsensi‘tive response for red, green
and bl ue pixels, and atmitrapsparentde ajovothe dxidentijght 1dtolbe apsorteddettic f or t he
color pixel fabrication The hbj infll fB8le IRl AR S5hgs O i gomers and
below.
The anode electrode is defined as a conducting material with higher work function
25 than the cathode material.
The devices may also include an optional substrate or support 14, as shown
in Fig. 1. This is a solid, rigid or flexible layer designed to provide robustness to
the photosensors and/or to the matrix array of the image elements. When light is
incident from the substrate side, the substrate should be transparent or
30 semitransparent at the wavelengths of operation. Glass quartz, polymer sheets, or
flexible plastic films are commonly used substrates. Wide band semiconductor

wafers (such as SiC, SiN) which are transparent for photon energies less than their



be fabricated with thermal evaporation, chem cal vapor deposition (CVD) and
so 10 on. Thin filnms of conjugated polyners, polyner/polyner ?‘L)‘énfs

pol ymer /ol i gomer and pol yner/ nol ecul e bl ends can often be fab HYeQPOBy
casting directly fromsolution in common solvents or using simlar fluid
phase proceaséwsgizz\When pol yners or pol ybl ends are used apct/osssazisz ve | ayer,
the devices can be fabricated onto flexible substrates yielding unique,
mechani cal 'y flexible 15 photosensors. Exanples of typical seniconducting
conj ugat ed pol ynmers i ncl ude, but able not linited to, polyacetylene, ("PA"),
and its derivatives; o y| sq h%ﬁana hene an vatives; lE)OI yt hi ophene,

h
("PT"), and ‘?H“§ald’8?rﬁ¥/ FBiE 4P "prsdﬁl FaCHEL 24D vat i ves;
pol y(2, 5-t hi gupyd &Igﬁ)wlcmyhlm)weaé ﬂE’EMn)xcte&Btdodetls derl vatives; poly(p20

phenyl ene)) (" PPP" and its.deriyativ f ene, ("PE" and its
derivatives; pol R'Jdﬁ@ﬁwﬂéﬂ'ﬁ W’ﬂ" {rde gegme ?f('f*hsgv‘%“{gaﬂﬁ ai“'t‘gs"dgF“lF(/i‘h ves;

pol ycar bazol ﬁls%aﬂfg&&odqtghvaﬁm@ﬁt thivRkly hd efcthigtiah dongakt witlolhy 8ot hi anaphene
and its derivatives; ax&w nol ene and sem c nductl ng ol yanl lines (i.

| eucoen®r al &%@C%HH'F‘&P“? ORIYF MALFNA cﬁ‘h‘é"e“sf’ U EXABRIE- o
pol yani i ne gpiGidlAliforgdn® @ffcohdders waﬂ-,r kduéh as%ﬁlcﬁ’ﬁ)tz@ﬂk sabsk@R, 1444 which is

incorporated "herein by reference. Cf these materials, those i ch exhibit

solubility |WWQ‘&H‘F‘J@GF’VEW@@C'&F@"ﬁ‘P@P%tPVF leveeeadeinedin tpei r processi ng

advant ages. {%ﬁa\m %he%fPF% §8fel Do ds\(RSsubditate 40 E 1R bt RlekflodeOMMON Or gani ¢
sol vents include poly(2-net ox§-5-(2' - et hyl - hexy ong/ ) -1, 4- phenyl ene

vi nyl ene), 30 (T‘WFEP#F’M')“C{“FBO eaqyantme ofintegrating t hog,sqm@rov,tth Z. N and

D. MBrgnch, hRbktRrSuifrPbuilNaRdu) @ thidh ctives,
edited by S.R dﬁ I\%tré der : ir !HD ‘8 hn artlp Gott) %’%%n?%?épnga%ﬁs??%gﬁ Chem cal

Soci et y) V\asmlngtr@wwmr'cmi?«"wwﬂquhooz VO 991 39372 PCT/ US99~a2242 - 15

1991 683. ls I
(" Bu)EH IE’PV') (}\/l T 1%:(%}1@%%\#8édé@ne@tggﬁ/érili}33§mc)udgw%v Qx%ﬁﬁé kﬁg?ﬁ'gnéSGnié?S

(1997)], pol (400760 tehk (evedengths dmibg yhraviolet @eeﬁg)g embwamgltr@ﬂes)m (" BCHA- PPV")
ot or Snfe] pa%aa“%fﬂEﬂ'fgwfzﬁ?‘f?@%z“ﬁpaf%%“%?&éﬁ‘? e
pol y( 3-1al kyl ath).ophenes), ("P3AT"), wherein the
Several layers are desxgnated as transparent or semi-transparent. These
terms are used to refer to the property of a material which transmits a substantial
portion of the incident light incident on it. The term "transparent” is often used to
describe a substrate with transmittance over 20% and the term "semitransparent” is
20 often used to describe a substrate or layer with transmittance between 20% and 1%.
A "conductive" layer or material has a conductivity typically larger than 0.1
S/cm. A semiconducting material has conductivity of from 10" to 10" S/cm.
A 'dielectric’ or an 'insulating' layer of material has a conductivity typically
lower than 107'° S/cm.
25 The "positive" (or "negative") bias refers to situations where a higher
potential is applied to the anode electrode (cathode electrode). When values of
negative voltage are referred to, as in the case of the reverse bias voltages applied
to obtain enhanced photosensitivity, the relative values will be stated in terms of
absolute values ; that is, for example, a -10 V (reverse) bias is greater thana -5 V
30 (reverse) bias.
The spectral response of the image sensing elements is determined by the

optical band gap and the electronic properties (such as carrier mobility) of the



al kyl side chains contain nore than 4 carbons, such as from5 to 30
carbons. Organic i mage sensors can be fabricated using donor/ggge@tor

-pol ybl ends as the photoactive |ayer. These pol ybl ends can be 2

sem conducti ng pol ynmer/pol yner, or blends of sem conducting polynmer with
sui t abl e or gayyeRe33P nol ecul es and/or organonetal | ic mol ecpGssoo sy Pl €5 foOr
t he donor of the donorlacceptor polyblends include but are not Timted to
t he conjugated pol yners just nentioned, that is PPV, PT, PTV, and

pol y(phenyl ene), and their sol ubl el@erivatives. Exanples for the acceptors
of the donor/acceptor polyblends include but are not limted to

pol y( cyanaopsemsjiganateriabylydhesructurgeftim sensing glemenisand by the tigpsreissignes such as

Cbo and its ch£&%&¢% of & bptihi RS, mﬁwat&r%ec%%sgg%ﬁﬁho%mﬂ

organonetal lic nolecul es used herefofore | toreceptors or
el ectron transthoas demopstrated ithe examples isdhipericationphot oact i ve | ayers usi ng

two sem conducti ng 2444 tgmhggg{m% }"glbiae lgl%pic{tergg&te@hg{mﬁ?}ﬁg%% unction (i.

bllayer) structure or alternation ayer res. ese structures,
the donos | ayﬂackl“sntbwmmbﬂyoraatwompgmnm)pmrymeat dopeand derdmagee accept or

| ayer e TR i Pl XY AAGRRE WHENGY UL B oden RERY), Tl er e

mol ecul es suchfi™: erivatives (suc s PCBM and
PCBCR), or orsgnunng thﬂ:tyisﬁdukwsuum; atb theeeastpafate 3gllonlS, theeedx(600-700 nrph ot oreceptors

and el ectron tra 0 Vi terqjapction |ayer 25
structure forfg" (g)t%dgc a%& luegfbﬁl ncgﬁ"&ﬂmg }lco%tg‘]lf:dﬂic llé?fnl to, PPV/C-,
MEH PPV/ C~, Rign@ltcan Bak’ﬁte@czjted%?\thﬁﬂmmiumfm mé[dlmthgmm/thcdeabtedf can al so be
made of .y de ba rs suc N .vi n car.bazol PVK") doped with
dye ol é@nul estﬁa"‘?o’dgﬁ’h & "PHSEE g’é’ﬂ”ﬁﬁ%ﬁs}}oﬂ 98 dgYIeE et iﬂE"Bectral range.

I n these Cas&ﬁcctrfaMam&kanlﬂ&rrdl (gregmmd:blmaﬁal mRgd@idmekinks, ki bi nder as wel |
as hole (or el ec[;mon%%trans ort nmateri npj es .i ncl ude, hut are not

limted to, C81ers Cy2pnRigen'a ‘ﬂYﬂ]@meéﬁWs?"}l@’é(‘}F’bWBH‘QC and the |ike.

15 July 2002 c%‘&&%lBB&’dZ:gRGﬂehﬁ@Q{nﬁaﬂaﬂBnm11@1ﬂ'&1ﬁ:npl|ightt oactive layer can
enpl oy organi c nol ecul es, "Ec))l i orrers F nol.e uI ar hlends, In this
enbodi ment, the pHOtdY A g2} °§Pq“8é‘ht B &Per) ranga LEMISTSP N thin il ms

by chemisal vapaEa w@ﬁleﬁdmﬁsm@m Bdrie piaRed GonO6f thE pdtodsieargh
filmdeposition technol g lg i Ulﬁmlges of s |t§B§e mat.eri.al s i nclude but
are not |ini tRAARetiSTUAR Ay ﬁ‘g‘d@tﬁ%d scogiing iy helplylia somesipuationido and its
derivatives, Méﬂ?&d@@c\/@éysﬂﬁk ameéntrﬁelgm 24 M ASvicdd Wi QM anitteabdl 1ts
derivati ves) fullerene ("C6 k and its derivatives, thiophene oligoners

(such as si xehpioasive ﬁ%ga“‘sﬁ‘yera lck mafrices baye bere usegin CRIAoNNEI2Rd der i vat i ves,
phenyl ol i gOnges nhpard ditplad esemﬂ@ege/&spx@Pconeﬁst %& iR RRNXhowin the and their

derivati ves, al unm num chel ate a her 10 netal -chel ate nol ecul es
(m q3) 20pPBD dispjsiyinsdustep, T fwamra!z!s Péthan'daqktrgat% rasy be pohieyed with

standard photolithography, stamp, ink-jet or screen printing techniques.

Materials
The Photoactive Tayer

25 The photoactive layer is made of a thin sheet of organic semiconducting
material. The active layer can comprise one or more semiconducting, conjugated
polymers, alone or in combination with non-conjugated materials, one or more
organic molecules, or oligomers. The active layer can be a blend of two or more
conjugated polymers with similar or different electron affinities and different

30 electronic energy gaps. The active layer can be a blend of two or more organic
molecules with similar or different electron affinities and different electronic

energy gaps. The active layer can be a blend of conjugated polymers and organic



and bl ends such as 6T/ Cbo, 6P/ Cbho, 6PIPBD, 6P/ Alq3, 6T/ pinacyanol,

pht hal ocyani nel o-chl orani |, anthracene/ C~, ant hracene/ o-chl or,?gi I @ t he

- phot oactive |ayer containing nore than two types of nol ecul es, PHly [g’ani C

| ayer can be in a blend form in bilayer formor in nmultiple alternate

| ayer fornwo®mB93I7A sone enbodi nents, the active | ayer coRQT/USS®2MNE Or nore
organic additives (which are optically non-active) to nodify and to inprove
t he devi ce perfornmance. Exanpl es of, the additive nol ecul es include anionic

surfactants such as ether sulfateswith a common structure) R(OCHZCH-)~0S03
M+ 20 wherein R represe | . . oton, netal or
anmoni um codﬂ?lg?"l]%ﬁ?]&ns(ﬁﬁlgﬁr?g 15%&8?41%%4%@?%%&&%% é%@%ﬁ%&? § n=2- 40) .

Appl i cat i on THe lsite bifas sEaific advanfagest ia titag tha diffedait elestmn affnitigsmbthevi ng t he

performance of polymer | ight-enmft ] i n nstrated by Y.
Cao 25 [U. S.“OPRPRSIES A jad g"aéhu°g°r‘1rqi°t“§éedrr1°|%%‘%° &g&%gﬁ@gﬁ?@@ﬁa\%pﬁ i's
| ncor por at edpheyoriéio ivhivhehhanCishies photosesitivity f¥8i SavaficiiandAUde solid state

el ectrolytes or o | C t gl ude. pol ylene j de),

it hi Ut (RS Po ST oA PR SPkar S BEfig =AY 1B U mront um
dodecy! benzepwgitb o0 88050rNY] 1995); NiSk Saridifig] L.cSimilowitfA I3 HezgelaneFect rol yte to
| um nescent pol yners L nvent ¢ f . new g of Jight emtting devices
have been deﬁlﬂﬂgﬁ‘&‘f%g%ﬂ“& @%jﬁ'gi;e §°‘§‘,'26§y2£03 °‘£‘ﬁ’d%5¥‘7’%‘546. 15 July
2]902 WO 99/ glééﬁd eE@[{\'ﬁQi&/g&?aaég. W, Plhgs.%/e15 ésmﬁsasst(tvs}?ﬁt%yfeflaye{ i s made
of organic ends . wi WO Or _nore phases W ifferen

el ectron af ffasicHickandh} %iﬁgFchtcr%n{ar%UQ‘g 3 gﬁams‘ii?“é]-ﬂﬂ‘&é@“@epar ation

comonlyy OCCldhes karPd1sh thal A& of RGtklofnstidng Lifliddg lafies sfibr@hiAsiietairea. The
phases) with higher electron affinity acts as an el ectron acceptors) while
the phases vilendspbindicaled 8%¥Fon affinity (or lower ionization energy serves
as an el ectron dofgihs) of phbRERpskaRMISePWRRA B ob R optiaS gapdh the _
charge-transfer materials, and enable the photo-initiated charge separation
process def i oranigfim. faneragyangage Afthe prgguic pemicondugiprsds theiprelativeease It Heeger)
Intern. J. dgdp BYiSinedAn®, TReHandgh 3¢ 2dnjugle@ Bolymers of sHort-chat lerptiY)

(excitati onl\{%(r}]l %)% %{%png: n 'af‘)’*éag A "n'“'lgg(eDB??m&) *0', S(gax‘i:i t afli#'ggﬁ del ocal i zed
on D- A l8onpl digpmers is related to the molecular structure of its repeat unit on its main chain.

For instance, poly(p-phenelene) PPP or six-phenyl 6P has an optical band gap of
400 nm. Inserting a vinylene unit in between each phenylene ring forms
poly(phenylene vinylene) PPV or oligomer-PV and shifts the bandgap to ~500 nm.
Replacing the benzene ring with a thiophene ring forms polythiophene and shifts

20 the optical bandgap to ~630 nm. Inserting the vinylene unit in between each
thiophene ring forms poly(thienylene vinylene) PTV and shifts the bandgap to
~700 nm.

For polymers and oligomers with a given main chain, the optical bandgap
can also be tuned by attaching different molecular group(s) on to side chains.

25 Taking PPV as an example, the optical gap is at ~500 nm for regular PPV without
side chains, or for a PPV with alkyl side chains. They are useful for fabricating
blue pixels. By attaching alkoxy side chains onto the benzene rings (for instance at
2,6 positions) of PPV, the optical gap shifts to ~600 nm. These molecules are
good materials for fabricating green pixels. Attaching cyano groups on each of the

30 vinyl unit of the PPV chain forms CN-PPV and shifts the optical gap to ~700 nm.
CN-PPV is a good material for fabricating red pixels. The practice of shifting the
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Step 3: "'

(D-- A* """"(D+ -- A)*, (charge transfer initiated); Step 4:
" (D+ -2 A " (DE~ -- A-~), (ion radical pair formed); S Sinnns ' (D+~
( ) ( ). p ) .Lg&,,& 2002 (

.-- A~") " D+~ + A-~, (charge separation} where (D) denotes th
donor and (A) denotes the organic acceptor; 1,3 denote singlet or triplet
excited st av@syaosmspectively. Typical thiclaiess of the actrivg®hager range
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itsld@ivytives;qoh€ S-tipalyleatyingere), § INTVY)) ahdits derivhiives;poHin- [ Y. Cao, G
R. n d A.J. Heeger nth. JMetals,. $2,.. 171 ( 1997)],
;’hegyle%sﬁﬁﬁgtaf@iﬁs SRR sﬁ X‘c’f(%eégjl}‘\?vi ) ﬁnddgtfé%?ﬁjﬁé’gﬁﬁz ene
folf(phEyREh} vinylend) (EPP Y, atld fitd derlatives/palycateageand iR0 J. Y. Lee and
Hénr{fati\lr\e/%;t ;%llyil,g-%’cptg 1)]r'nes;]p%?y§s)o&)ia%gaxe%ch aendI ilskdeer'ivatives;

polyquinolene and semiconducting polyanilines (i.e. leucoemeraldine and/or the

emeraldine base form). Representative polyaniline materials are described in U.S.
Patent 5,196,144 which is incorporated herein by reference. Of these materials,
those which exhibit solubility in organic solvents are preferred because of their
processing advantages.

Examples of PPV derivatives which are soluble in common organic
solvents include poly(2-methoxy-5-(2'-ethyl-hexyloxy)-1,4-phenylene vinylene),
("MEH-PPV") [F. Wudl, P.-M. Allemand, G. Srdanov, Z. Ni and D. McBranch,
in Materials for Nonlinear Optics: Chemical Perspectives, edited by S.R. Marder,
J.E. Sohn and G.D. Stucky (The American Chemical Society, Washington DC,



A thin semtransparent |ayer of netals (such as Au, Ag, Al) In etc.) can
al so be used as el ectrodes. Typical thicknesses for this sem 5éﬂn&p%ao{ognt
netal electrode are in the range of 50-1000 ~, with optical t U nce
between 80% and 1 % A proper dielectric coating (often in the form of

mul til ayer diogbgsatsic stacks) can 25 enhance the transpargRGysobihziie
spectral range of interest [For exanples, see S.M Sze, Physics of

Sem conduct or Devices (John Wley & Sons, New York, 1981) Chapter 13J. A
transparent el ectrode can al so be -fade from nmetal / conducting pol yrer,
conducti ng pol ymer/ et al / conductin ol ymer or dielectric

| ayer/ met aUco‘r?éUet’-i ?f@-]SQPlﬂSTW}Y;IS'@l%P’gk}E‘i}VQ'SI34'ﬂ*}?§ylF’f‘°é’H’é’|lﬁ“§%f SHEHr operti es of
these conposigps/¢\al radess 6. YHPAQY edegep| ShihvBieta® ssbmsgjrgg?ﬂ;m ngl e metal

| ayer of the sane thickness. 15 July 2002 WO 991 39372 PCTIl US99] 02242 - 19
A metal | ayerpolti(.profsgrholspanoxy)- L.é-pheyisnevinens). ERCRALE Vhkisesde: as t he

el ectrode for,,zane ARbh N8t 09860553, Bdrpbrael 86y réBRA) Sfd @b HES! t ai n
wavel engths i's of interest. The photosensitivity can be enhanced b

. : y " 1 y
fabricat fng tBremeley pEsoluble BT siipctyds peky(d-alylsuonhencs) € Pandr)e whereintligo net al
el ectrodes 1 Ju AQHe d3iRContih Horé@aPPLirbuts, SYLH 5Fci 5 b WarogisOnance bet ween
the two el ectrodes enhances the photosensitivity at certaln wavel engths and
resul ts in sel ect i O@aipsrage sgnsere sandrefabricatednsing dangr/adseptoradiblands opt i cal
m croeavity ( | ) i 1 1 ] 13 in Fig. 1is
typically ma g%fﬁgloﬁg{vgka?&sﬁﬁ%ggﬁcga-%b%aﬁgﬁ,ﬁkﬁ&élﬁg& , Ag, Au and so
on. Metal al lmjsnar/alyaiks or tends obetmicondinting polgmerwitlosidtabla orpanial s. These
metal ehot r GRS Gan0G df ARbinE@E thobkulel Obxb R ne dAGI e VaPorali on,
el ectron beam evaporation, sputtering, chem cal vapor deposition, nelting
process or otdesor/acesphompblybicrds inclive butvire kotdmyted to thheopigatdpoyeneds3 in Fig. 1
(and 11 in Fi.g., 2)..1 . Gt hGa hundr e of Angstrons to
hundr eds of rhgsérm %%ongcri’q%fsgiﬂe\%’?% ]é@’t Fﬁglggplsﬂgm{l:ée{%fn edjt(l:lglrrl 70 l? ed to 15
achi eve a dedleriedivsurBxamples fon theateeptorsof tfionodesipt@golyblendsincude e for a
phot odi ode wi,t h detect.ivity . .on both front. and |,fle. .t he transparent
and seni - t r af&h&F Eﬂtﬁlr‘ﬂfgﬁf‘é‘? ¥(ﬂ¥@yaﬁg%pé’?‘?}ﬂeé‘8w%8’\‘/eéQ%Pg*’goﬁ’ggreﬁ% ed as the
"back" abect rmdleculed 4udhay Cgandhnfuhttipnnladericnivés, pad érgafic Makbwlesthdd i ce
conftgurations have heen described with reference to Figs. | A and 1B.
Ful | ol or | iRgmoBranE L E vesg Railorcinde 8 SR Shiobalerr's) but

W t hout addi ttraaspaktt 19ptsi cal filters, in the structures shown in

One can also produce photoactive layers using two semiconducting organic

layers in a donor/acceptor heterojunction (i.e., bilayer) structure or alternation layer

20 structures. In these structures, the donor layer is typically a conjugated polymer
layer and the acceptor layer is made up of poly(cyanaophenylenevinylene) ("CN-
PPV"), fullerene molecules such as Cg, and its functional derivatives (such as
PCBM and PCBCR), or organic molecules used heretofore in the art for
photoreceptors and electron transport layers. Examples of this heterojunction layer

25 structure for a photoactive layer include but are not limited to, PPV/C,,, MEH-
PPV/C¢y, PT/Cyy, PIAT/Cy,, PTV/Cgpand so on.

The active layer can also be made of wide band polymers such as poly-N-
vinylcarbazole ("PVK") doped with dye molecule(s) to enhance photosensitivity in
the visible spectral range. In these cases, the wide band organic serves as both host

30 binder as well as hole (or electron) transport material. Examples include, but are
not limited to, PVK/o-chloranil, PVK/rhodamine B and PVK/coronene and the
like.



Fig. 2. These inmage elenents are constructed with three organic

phot odet ectors, 25 each with a different | ong wavel ength CUt-iy' Bbgﬁe
.devi ces can be fabricated on a silicon wafer with a netal el ed?P4l an
el ectrode nade with doped silicon. They are thus suitable for hybridization
Wi th a readwoteggisrcuit fabricated on silicon wafer. For tgheanseyines nmade on
optically opaque substrates 14, as shown in Fig. 2D, the red sensor pixel
is made on top of the electrode (21) with an organic 30 sem conductor film
(r) with optical band gap at 700 ndP-A thin, sem transparent net al

el ectrode (22) (or transEareint | TO ehectrode, or transparent conducting

pol ymer el ect r ode Y PEBHOIQaREYE Igyer cansmplay aepnisnolpeules oiEgmerSL ed pi xel ar ea.
The area of tfgecuReblefdsy Ithisihbbligitng eieiphedsdayitivemmiiaigad he red sensing
filmr (for exanple, 15 Ju 20Q2 WD 991 39372 PCTI US99/ 02242 -20 by | aser
abl ation or Hgbrisptsd e @l“cﬁﬁ“ﬁgy chemiga, xapor deposifign Ylef epitakper heken and bl ue

pi xel s (see Rhgwn AM)-depbbifiofeBIRBICERIRS Banples I d8itable rdlerldAdlide bae M conduct i ng
film(g) with optical absorption_gap at .~600nm A thin, semtransparent

metal |ayer (@m3otlimited losptypasneind fiydsrivpidvesrigipseneand tf derifativesnt conduct i ng

pol yner el ectadRlymie ahdduehfathal pidadtaasl 8 itk Beivh@rs dndbk @Eo§n pi xel
area. The organic )(ayer for green sensor also acts as the

short - wavel erad its dagtvayvep.ithippliepg oligemersdgnch angixgthiopheae 1475 andB) . The organic

filmfor greguifRPRQE "s'm-)mﬁhma@ivaﬁ%@,lphasﬁanéoﬁe&m{ibhrasm\eﬁfingnd the bl ue
sensor is fabricated by castin ayer of” organi c sem conductor film (b)

a |
with optical "8RswoptinhenylGé) endg Wejpdeniyativencalpmmemsbalaisi(Alg3) ensiathest ed by
deposi t jfig 1%&31.%% moRulbsT@-§%) ,?BW%HFOL%,QQLM%QMH%Xﬁéﬁwfaﬁ@s over the
p S for t I

bl ue pi xel area. atterning’I's necessary he organic m for the
bl ue sensor (aséblemsgucloapT/Ce 6P/)e 6R/PBBORAIG 6 Hbinadyanoleach col or pi xel can

be di fTerent githoEalinds ARLAA! it @ndL! MR LASLRET FQLARNCE. S nce the

active filnms™or shorter wavel engt seffsors al $o ac he short 1 S

wavel engt h- cphotbadtive lagerfcontaining mageithen tweetypdsefi gioleceles; erosganicHayee i s
intrinsically littl ral,. I i ghbor i col or pixels. The
full-col or séﬁ"s%er'“ég)rlle?lg? uéi,%"?t')lgycﬁxg(L e %fﬁwﬁﬁgﬁﬂg%lg‘g?ayﬁﬁfra%? follow ng the
Cl E col 8% st andar th solleembbdimentsydhesdctnglayer comprides oigf or@achorgeisor pi xel can

be adjusted in.detail. by usi rgani ¢ fil with.different .optical gaps
and/ or by varagﬁhﬁ‘éesgﬁiéw}t‘ %ﬁegéthcgg g%rgo v H%m85’3%?1‘}dé°é‘ﬁpff’}“ﬂi?§5°v)\?? exanpl e of a
full-col or i pedgenmedces iExgnplesofeind additide molechiBeinclodd dnfonicdurfactardd suchg. 2D i s
provi ded in EXx i e sensors can be made in the alternative

anple 9. Simlar i
structures sﬁfﬁ\'lﬁgisﬁlf d’f"‘%"i“ﬁ"?ﬁ'ﬁﬁ“@i ectrode 21 is patterned to give a

separ ati on bet weer(0OCE,CH), 0805 Mpi xel s. Alternatively, the color sensors can
be fabr'(gated W t h transparent sltrates 25 (such as glass or quartz). In

sub
this ca t TSR, FePEperis Rk, élrlfg@}ryrayers is altered to B, G R (counting
fromthe substrat M'séptesgnts profeay methl driaghioniutm @ahtetiord, hr ough t he substrate and

be sensed by eachrl Siﬁg(ﬁés'rf’cfleg‘ej@}‘%r”g eg%igé:]y&r;‘ag@}.rrent, the substrate i s opaque

to Wradiation so filter i s needed.
Application of such anionic surfactants as additives for improving the

performance of polymer light-emitting diodes has been demonstrated by Y. Cao
25 [U.S. Patent Application, Serial No. 08/888,316, which is incorporated by
reference].
Other types of additives include solid state electrolytes or organic salts.
Examples include poly(ethylene oxide), lithium trifluoromethanesulfonate, or their
blends, tetrabutylammonium dodecylbenzenesulfonate and the like. Application of
30 such electrolyte to luminescent polymers and invention of new type of light-
emitting devices have been demonstrated in U.S. Patents 5,682,043 and 5,677,546.



Ful I -col or i mage sensing el enents can al so be fabricated in the structures
30 showmn in Fig. 3 with red, green and bl ue sensors fabricateg n a stack
configuration. They are constructed using three organic photo Ul 2A02 i ¢ h
different |ong wavel ength cut-offs, at 500 nm 600 nmand 700 run, simlar
to the nat ewbadrseath scussed above. The device can be fabrimah®dyebsa
transparent substrate ~s ~uiy Zooz WD 991 39372 PCTI US99l 02242 -21 14
(See Fig. 3A) with patterned I TO conducting polyner, or semtransparent
netal el ectrodes (31). The bl ue se'n‘§0r is fabricated with a |ayer of
organic film(b) with es onse edge at. 500. and coated with a thin,
seni t ranspar ent né‘i%ﬁscsg‘!é}lfé the,a t‘l(FT”&“ég??%?fé’r%@“th a3 MR SHROGFO he bl ue
sensor (32). phhfs QfitB@iffeasht clectrbh aﬁﬁutﬁs&h@@ti&ﬁl@dex@? ghfienmoédaRGRasef! the green
sensor. The green,  sensor |s madm an, or% c sem conducting film(g) wth

phot or espons SeRAR§iON SeMIMEPIY AReUrss AR heterpiHNGUOnS Iop ot e Wt facial argdet e or | TO or
conduct i Ng PGILYIERS vﬁtﬂﬂ%er(éféﬂmh SEfERP Ak és%ﬂexelm a%&w&‘(s§ %ﬁme thagai n, serves
as the common el eCtrode t he_green and sensors. The red sensor is
made of & serdhashHiBIwRy e]sﬁtrwéﬁmzvr(yr WF%O‘HWBF%%WS%QE 10 at 700 nm
Finally a metal. &l @&Iof(epqhes%ﬂo}gahﬁ @&BP%%@lagibﬁcﬁﬂgélﬁm‘iéﬁé? nfddaRde for the
red sensor. The spectral responses of the red) greeén and bl ue col or pixels
are simlar taderrbleshpphoigyinifiatedcharge separationprogess defipedhy the foliowingn in Fig. 2.
The organi ¢ | gyeh sUREALIAQ" &Jﬂqrh‘éé NaMeneRIMadS PRROESS ah 9 osgfjve as the

| ong wavel engﬁ% ggss slor - \g/avgé3 ength cut) fﬁsﬁt ers fog)l ﬁl col or
sensors of |onger SW.vaeI engtmiAﬂB*ép‘bd?’fC&Fﬂqﬂ@!?@hses can al so be adjusted
by changhng sensi teri abp{ and« BRYS ARG tch the CE
col or s?gndard gggggser t hese thrgz ba)ng &ao?%?ghogg%dg?gn%ot restricted
to the red, goempkxhind bl ue spectral regions. They can be designed to any
desired spectral 50N fro b0« Lk ar ge elenments
can al so be fabri (gza ed in the st ckegﬁcon@gda{%{i%ﬂhs’s ?hgatedgawth opaque
substrates as shodepidn Fi g." (B8 - AMi)t‘hP@’cage), (ioneaditahpaii fognaider of the
color sensors is site tigpfhat,-shgwn \n F| 3A wih the red sensor
close to the subsgpegg A trD;sparZ ﬁ Iyrger eIs arh(()) e can be used as the
top el edfr odevledl(D) datdsuhd mgmﬁmononmgéAbdwu@mﬂm orgamcaécsptobd X¥abricated in
the stacked sdte ecgllrjlrlgtortxg)%exmeds tes res edtivel ghi ch the red, green and blue
col or organic %enso?s 'R R ed con |g&1rat|on Si mlar to that shown in
Fig. 3 but with dfrgbxeﬂumclmmaymes:c@&lmdraagefrmpaﬁevahundgadeimgbtrml or sensor.
The structures. sho n Fi 3 are useful t ances. Fe Cross

cont ani nat i ot v@‘é@%“ﬁ%& gr‘d‘ R oy ersl%sp(ﬁg‘ éOﬁ tB?‘?b‘%‘f\A@ﬁ becomes a
concern or II’bn{)h&ltﬁafgﬁshmﬁﬁbﬂhﬂﬁickm@:&baﬂeﬁlﬁic&ﬁmﬂr\ddi)ﬁiaWrﬁﬁ&eQ:&nsensorS is
needed. qQrtant .advan e.of the sensi el e nts in Figs. 2, 3,
Bna 3 22" haYP Y o mPIoGLEY Gie e s Rie ol Bt P&i ng o,
green and bl ygteepeétral redibn dftihterestD02 WO 99339372 PCTI US99102242 -22 sensors.
Anot her advantage for the stacked structures shown in Fig. 3 and 3' is that
the sensing area of the red, green and blue pixel elenent is equal to the
total col or pixel Efkcig@lesi - €., the fill-factor (the area of the nono-col or
subpi xel to that of the full-cqlor pixel) is 100 %  Full-col or inmage

el ements can al solbbe Fonfieprationshopy in E‘Se » AFARTRatsAt sybstrate and a

25 transparent electrode are used as one contact electrode. Indium-tin-oxides ("ITO")
can be used as the electrode. Other transparent electrode materials include
aluminum doped zinc oxides ("AZQ"), aluminum doped tin-oxides ("ATO"), tin-
oxides and the like. These conducting coatings are made of doped metal-oxide
compounds which are transparent from near UV to mid-infrared.

30 The electrode can also be made with other doped inorganic compounds or
alloys. These compounds can be doped into metallic (or near metallic) form by

varying the composition of the elements involved, the valance of the elements or



variable color filter panel with a w de-band organi ¢ photosensor 40, as
shown in Fig. 4A Variable-color filters have been devel oped V\%t

| i quid-crystal technology [T.J. Scheffer) WS. Patent 4,019, 86 J“b(p?qqz 26,
1987; P.J. Bos, U S. Patent 4,635,051, Jan. 6, 1987; P:J. Bos et al., Ml.
Cryst. Liq. ¥88372 113,329 (1984); 10 G D. Sharp and K SPEI

El ectronic Yv%gl na Conference, Jan 27 - Feb. 2, 1996]. T?%%@%gglgil}gzn in red,
green and bl ue col or regions can be achi eved by variation of the external
bi as applied between el ectrode 41 alfd 42 with transm ssion profiles in
desired wavel ength ranges. In Fig. 4A, the substrate 14 of the liquid
crystal filt ethe morholedy phithe flyms. These svmiggndyetingor gwkllic gompowslearsor nade up of
15 el ectrode A4, and, of SAcEmSE NENES, 4 Petal Th B and 4C
provi de ot hersknéggﬁaqhecon gucr atlpd(yrcls 40%%8 14@% ﬂﬁmmge band,

phot osensor nEnsities, hd@dmalbﬂ’adh?r &oFrmmaLQlebarwS@) MibsMetiiand BA. wi t h

vari abl e col . gur, ns, the color
filter does ﬁ%% 'Sng%% mgglé%sg%stuﬁeirqle)}ggl i(l)lr;l‘f)li\%%lﬁi§l§ ggﬂFAd &xt&l’ gi ngI e filter

t hat covérs tm9)anExmmplesmfsunh campeungis include theedprat® magrial vdodhopossees | nages can
be achi eved b roper.l Qnl ulse sequences between
t he sensor %ﬁ"'@ﬁ “X(P{é‘}/@g'p%rpefrwgﬁssqg%%ﬁu ,&ﬁ‘g?‘ﬁgr ““eature of the liquid
crystal filtedfupersomluahnslter function. V\hen the filter is zero biased, no
light is passing t s...needed for
the i mage sensor st@bsni?%gociet%a w# "F\‘e(f °‘l>-ﬁ|3°°89%°|‘“’%¥ QF“%’&P%{}anWFYP@ P Lence, a
full-col or dilgitﬁeadmeeaialme s ltdfeum inepamﬂmng&hmohﬂchdnﬁmﬂu&epmwabnﬂwackI white

i mage senso Iaced wi t.h th r filter

pl aced jp t he'eghnglgsy ﬂ%ﬁegé'hﬂgta t?tgﬁl%gﬁg egh@dllpéﬁpﬁp{i’{‘yﬁ 98 %ﬁ er functions
as both the shodz)er obarduititee lBcHnighes Oitepolyhhitify Sim Whikh sdi(iﬂs@hh'ermge el enents
can al so be fabri ateg in hhe struct‘gla go hown in FI%@ In_this case, a
broad band or&HPee GAEE sEL ey solution withhig géﬁ%’i"ﬂ@‘ FAWhehlSs for al |
the col or el egpaificconfating Ble@fesin dombidaticnolitl pokthe Ghbs@iss #lddraafti eved by
optical etal on devices ated. in front of the sensors. The

spectral resp§HLL@YS al{oﬁ"eth?sé(!?ﬁoﬂsreé%ﬂ%‘r%brtﬂaﬁé in iy flexjbledomn. Lptherpr i mari |y

determ ngd bycohitilé folFHES Sdne lﬁ&lﬂbﬁiﬁ&&ﬁﬂsgﬁﬂeﬂtsor@émﬁrhx% fe@lpuslrvi ces. The
bandwi dt h and t he 15 Jul )% 2002 WD 99] 39372 PCTN899182242 23 central

frequency of @h& Figahshi3&ikis %Md&ﬂ’okyﬁ‘éyié?eaq‘@ﬁ’“ﬂaﬁpeb‘épodbﬁ‘ﬂwed by the
thi cknesses ofyifbife, wmms&;g QR! G ¥4) CaRFariR. MRhé ardra i Bdegat ri ¢ m nor

| ayers (51, 53) to fit the col or standard. This nethod provi des
ful | -color i rbh dYieaedls T U907, BHY@uEolE) o its Snctionderivatives fopeden a net al
is used as thgHiduelybeRY&E stifdlc acidt("§B§R"‘)‘6$§th@§acmtJ hghdla Pnfidegd! mrror for
the etal on and as a contact el ectrode for
20 J.Y. Lee and C.Y. Kim, Synth. Metals 82, 221 (1996)] and the like.
A thin semitransparent layer of metals (such as Au, Ag, Al, In etc.) can also
be used as electrodes. Typical thicknesses for this semitransparent metal electrode
are in the range of 50-1000 A, with optical transmittance between 80% and 1 %. A
proper dielectric coating (often in the form of multilayer dielectric stacks) can
25 enhance the transparency in the spectral range of interest [For examples, see S.M.
Sze, Physics of Semiconductor Devices (John Wiley & Sons, New York, 1981)
Chapter 13).
A transparent electrode can also be made from metal/conducting polymer,
conducting polymer/metal/conducting polymer or dielectric layer/metal/conducting
30 polymer structures. The transmission properties of these composite electrodes are

improved relative to that of a single metal layer of the same thickness.



sensor. Wien the mrror (53) is nade of dielectric material, another
transparent or semtransparent el ectrode |ayer should be added_in between
53 and the active organic |layer 54. The requirenent for the séﬁsﬁ”ﬁgzq%er
is that its photoresponse should cover the entire spectral range of

i nterest. Awodsaspl e of color inmage 10 el enents nade in tpdGudhhMet ure is
given in Exanple 1 1 . Full-color inmage elenents can also be fabricated in
the reversed structure shown in Fig. SB. In this case, an optical opaque
substrate (such as silicon wafer) THit be used as the substrate material 14.

The etalon type of optical filter allows a netal |ayer with | ow optical 15
transmission to be Ws@H2yE Withdow ppiaal tapemyangefan alsg, B psed #hthe et hodol ogy

provi des col OfieHBHSHRY Sor¥¥ dpPlidGBEY in WRIthadckrl redpBsclaedrinniRlehgtnO. | f ~ per
square for an Au | ayer of 150A), a feature which is especially suitable for

hi gh pi xel deissf inferdshpThePiptogsasitivity afibe puliapeqd by {absicatinedhs devicgina red f or

contact el ectfode. NG ERANEFhird the (w0 mEREcIdRUAN TR 93 Qataissa;o;fdc&nt ers can
al so be replaced with dielectric optical filters (such as dielectric stacks

or Dif&aéti vemidroayd ighireseranst ketwespihe warelegtrrdes enhanees thepbplegensifivitier s
comonl y used, .0t 06, bk hnd RS il ¥lect¥iePednifreGof@NlimipghRRCt i ve |ayer

is of relatively I'ow absorbance (for Instanhce, a'layer olﬁhg~ or PCBMin the
Vi si bl e spect sean inroptjtab microcavithoptiesd piglon) davicks. 25 wavel engt h sel ecti ve
response in ther “HeLLleModl 18 Fif 9 RNfaNy B4 ' d i ng the
devi ce struct uresq(sli’ﬁogv\:n% [ ne%lrog. 1; ilge. , Q’g?/ s%ﬁﬁw@%rﬁéﬁf %‘%R%%Swoact I ve

| ayer 12 bet werenY.tMg Alwe, Gutsd, Asland sq erd ddetaliallgysban also Béesed aotheret al

el ectrodgs al | ' | b1 t ' t he cont act
ol cct rodls. AR BE WaeAls IR KRS cho Aitchlel By, 16 BEHIY Lated by the
t hi ckness of théreaBévapdratiamaciedtios beany evaporptrs sudtetinga thepvisal apor f abri cati on of
the red, greep and bl u I xels W t he ,same .0r gani ¢ erial .. Again) these
nmuf ti-col or i#ﬁ&sé“oenl’ Ie"ﬁ@ﬁ? grog?séorrf())ti‘grt%cgf'?l?%?séﬁ £ gmf eﬁfsggﬁlggkgté??ﬁ bl ue
spectral regiBnaFend (andtl 1 neBigr 2)d$ s ctitical imdeen bpframhahdredsgifons. Thei r

spectral 15;J uk 20312 ‘X\O 991 39372 PCTI USB% 2242 -24 responses can be
desi gned to a‘?&gs érgf fedign rﬁ%sc(i%ﬂ?ro?seoé itgeker-¢ i g RBXLF C?'W?’ﬂ?iftgd with
speci f i asbandah@tdia desired surface conductivity.
When desired, for example for a photodiode with detectivity on both front
and back side, the transparent and semi-transparent materials described above can

also be used as the “back” electrode.

20 Device Configuration
A pair of basic device configurations have been described with reference to
Figs. 1A and 1B. Full-color image elements can be made with organic
semiconductors, but without additional optical filters, in the structures shown in
Fig. 2. These image elements are constructed with three organic photodetectors,
25 each with a different long wavelength cut-off. These devices can be fabricated on
a silicon wafer with a metal electrode or an electrode made with doped silicon.
They are thus suitable for hybridization with a readout circuit fabricated on silicon
wafer. For the devices made on optically opaque substrates 14, as shown in
Fig. 2D, the red sensor pixel is made on top of the electrode (21) with an organic
30 semiconductor film (r) with optical band gap at ~700 nm. A thin, semitransparent
metal electrode (22) (or transparent ITO electrode, or transparent conducting
polymer electrode) can then be fabricated on the top of the red pixel area. The area

of the red polymer is then defined by removing the red sensing film r (for example,



When a wavel engt h-vari able, narrow band filter is placed in front of an
organi ¢ photosensor, the filter/w de band sensor forns a phot 3?‘?@02 (Mth
spectrographic function. One type of wavel ength variable filt y 3%
optical etalon made with a liquid crystal medi um sandw ched between two
metal fl at ayoevedesa dielectric mrrors with transparent elpegiusoas,e Wen the
bias of the liquid crystal changes, the effective optical |ength changes
due to the change in dielectric constant. Hence the resonance wavel ength is
varied. The liquid crystal can be 4% replaced by other dielectric materials

wi th nonlinear optjcal (gr ogfrti es.. ag})l es | ncl?upgtg %I ectro-gopti cal
crystal s traby 1255aRaRqn QoY lapmgp elching)ip Hiegrsas reserveffar g grsrr andlivg, { ypes of
wavel engt h v?&a@@b@ﬂgm@e THE R Benddr@s Mhdeyraa rghnit Sékisénduting@R&L r 0gr aphi c

applications) in optical cqommuni caiions,, biophysics and bi onedi cal
appl i cat i ons(g) withppligal ghsprppron ngé“éqoé%h“t in, sitrpnsgarg el layeni ed in the

structure shewor HaxﬁpﬂcntQT@%lc@%dePonfaﬁ%eBdeﬁﬁ% Bfl%épéledﬁéﬂb)be used for

the sensing elenents. Substrate 64 (in the formo

(61) / colSor - f fantthen s fyhrigatgd en the p of theggrsenipixel 1783 ) The oggapie layer fose el ect r ode

wi th col or Sgéea%ew alsd BitSasitiPshoRlwaHIBSIK-Blt g1 ®r R Y& é@%ﬁjfs@é Figinal ly for
color LCDs (Tiquid crystal displays). In this approach, full-color 20 inmage
el enents can2Bke Thglorganisdidm forpreepsenserdp the biug nixgh preg isdhenygmayed apdunt er

el ectrode f Of R sedNGr iP fbiEl il B)ckaltinglallsy POt offfic deAYhdictor Hifh ?ﬁsar y. Color

filter panels wth designed patterns, often I'n arrangenents il square,
triangul ar, withpptisd! abserptigregsp @hi00mas alThedluagenser iscamplsied byidenssidiog r odes (such

as | TOLAr e SRIRERITRS bico@ihbliimb 1 A2 Bl @ity ahey are made

by several techniques inclu _ ng, ‘pi gnent-dispersing, printing and
el ectro depopatteiming ingecesvrry Torrthe enganid filngfog therbde spisgetsee kig. 2DTH4 ( Or | ando,

Florida)], AQSASE naRRKORG I Gons BLONE LDBEALALG LM BELRAERFT 0 O 1 10

use multil ayer el'ectric coatin ased on optical i1 nterference. Because of
bett er st abi bptimize gevigaperforthiangeer si on has so far beconme the nmjor process

used in |arge-scal.e nuf.ac i - ¢O 'ﬂgﬂe el nts were
fabricated in t hzélrslcter uec%cﬁ?eeﬁs s()f&n%h?'ﬁegf—ﬁgggé.dmfﬁlaése%%gf CeE tlﬁéc;rsglﬁ{ti cal broad
band phist osewsalagtrat fisedfoathetidngesenslength sémsomsthae isBatihsiedlly litteur es shown

col or “sel cot PORAAT RBEFTRaH ot SRy BR T bhieslstbersd R vt oy & pri om
15 July 2002bdAtadS4i8A8gPcdREPutiSTOUBERg e CP5 caldr standéindohe siortt he device. Wth
an optical plat

C i Si an array, of .mcr ri.s arr.ayed i.n front of
the gl ass/ | TyRweTelhiatoff phiciof snds PPLoan b5 pdibed i GBI PR ISIBLHERIS ang
full-col or i figevid differaitoptcab gaps Andordty. vaflirpathe thickhdssadiof fherogdanig devi ces such
as grat,j.ng fiJns can also.be used.for the color selection.. The bandw dt h of
the s a'or ' Birber S a8t S SRE im e sbitpe Sl tens e SRS R 1 ol at f ve
posi tion bet yE@g 20hie ppefisdin Panple and t he di spersion devices (prisns or
gratings). It can,alsq be aglﬁ{?trjsteg % the width . of a slit acing in front

IRGES

|
of the di spersi or> I Page seqjprican i thesaligmatiys spptyres Showadi o £ or
const ruct i onpiged M vidteldctrbde F10k Pittetiied fdgive ASsparGonbeiwechitivaigdsor purity.

10 The approaches of nufti-color imge sensors disclosed in this invention
are pixels. Alternatively, the color sensors Can be fabricated with transparent substrates
25 (such as glass or quartz). In this case, the order of the sensor layers is altered to B,
G, R (counting from the substrate side) to permit light to enter through the
substrate and be sensed by each pixel. In a preferred embodiment, the substrate is
opaque to UV radiation so that no additional UV cut-off filter is needed.
Full-color image sensing elements can also be fabricated in the structures
30 shown in Fig. 3 with red, green and blue sensors fabricated in a stack
configuration. They are constructed using three organic photodetectors with
different long wavelength cut-offs, at 500 nm, 600 nm and 700 nm, similar to the

materials discussed above. The device can be fabricated on a transparent substrate



not restricted by the applications of red, green and bl ue sensors. They can
be used to construct multiple band photosensors wth speci al Bgﬂﬂﬁ and with
‘desired spectral response. An exanple of UV plus visible two y 2002

phot osensor (which can be used to construct sensor matrices) is disclosed

I n Exanpl e 3 Adasd)si ng an approach sinmilar to that shomwsﬁgggﬁ‘,g, an

organi ¢ photosensor and sensing elenent with response near tical to
that of the human eye is disclosed in the Exanple 8. 20 Exanple 1 |Inage
el ements were fabricated in the nefht/pol yner/ netal sandwi ch structure as
shown in Fig. A In this exanple, a thin P30T film (12) of~2000A was

spi n-cast ontld (Seetfig Ad)with pattemed) 5P oondusting polymer, pr spmitranaparest r oom

t enper at ur e. . RS hsEVa BRFidt & W ter
el ectrode (1 .tag i|‘E"§1{(r:(led§%/ g) ;%%\R/ork fsﬁl\r/llction tof Aua?ag&hﬁgﬁ%?ﬁtfﬁgw}t hat of

| TO, the anoddthphototrisprngesfge at 508 nm, angreateth with a kigsemitrpnsparent metekt r ode i s
t he cat hode ' ' [ k1 :f he visible
PR R Brectihl 8o E Vificte SR DI sBRoNAS) ORBSRAASE (o) 14

and in the oresponse data set neasur . I'as is shown
in Fig. 8, anaBiouscdastsanthedexifthe gréen serison: dihe greom senseyfis maggaftanvol t ai ¢ cel |

made wi th amgrnh I d ) | mggg ggm S e .t he pol ynmer
phot osensorS% Eéﬂfggém%gljgg&?%rﬁhggpﬁw%]ﬁ 0 !\)/r?gl e?aﬁmsﬁh%lgﬁthl% th high
phot or esponsistmitriatspareiftmaetauadTQor edndiieting polymiesanade (f3d1 dapositérhtThef

phot ocel I s made, wi 4.h. 1 no e ] . 5 l,y 2002 WO 99| 39372
P26 Exampt e SeH DtsaPowats g SMARLAUTORL o e dfdpndradafid "Vert pov
filnms and wi tThe Rid\¢erdsot ismaidaoftdremeonducting plymer () fwithi phototesponséedgeer ned TTO on

gl ass suybstra S ed as th ubs te, and, Al was use t he counter
) oot r ol (13} Sr0ER. 350 Anclat SRR R Taso i o PR S ER Ry ot ocel 1 s
was 50100 mAthAAtd seheor. phot on energy shorter than 5 80 nm thus
denonstrating an ani c. phot osepsor sensiti to, the green and bl ue
portions of the v?é‘?s@F%raE%épfpfeﬁﬁFﬁ’?ﬁeg?gﬁg{%‘é‘i’rﬁ?icf"o\??'txﬁlga’fcS Bhot ocel I s
was 50150 mAlRAAkisidglenenGintade @te gyucaifdish@wn inlFig) 24 8Be Biganit Mysrsdenonst rat i ng
an organi ¢ phot ofsensor onl ‘}%‘ensiti e to bl#‘ﬁ and 1JV radi a}si\%g. 10 This

ct

exanpl e deroN&digr harigrygyel §EBI0L° RRAAETVEAY IR Ingswvelength pass ral

respons Ies can waeelwipth @) firsTohecolsseots 0¥ Ton@ér wdvelefgtBaThe spdarhlosensi ng
mat erial. Exa

charge transf® J’IEEESSB%%’FgﬁﬂE%It ] n}?h?%%ﬁ‘%a l e“i‘ﬁ%"%?“@&lﬁ’l@e : e"gg‘\:,i\‘nét Pu?l g(r)gger
nol ecul @ W t lgap) to match the CIE color standard. Moreover, these three band photosensors are

not restricted to the red, green and blue spectral regions. They can be designed to

any desired spectral region from UV to infrared.

20 Full-color image elements can also be fabricated in the stacked
configuration structure with opaque substrates as shown in Fig. 3B. In this case,
the stacking order of the color sensors is opposite to that shown in Fig. 3A, with
the red sensor close to the substrate. A transparent polymer electrode can be used
as the top electrode (31).

25 Full-color image elements can also be fabricated in the stacked structure
shown in Fig. 3', in which the red, green and blue color organic sensors in the
stacked configuration similar to that shown in Fig. 3 but with dielectric layers 35
and 35' separating each color sensor. The structures shown in Fig. 3 are useful in
circumstances where cross contamination between the organic layers during

30 fabrication becomes a concern or in the cases when electrical isolation between
color sensors is needed.

An important advantage of the sensing elements shown in Figs. 2, 3, and 3'

is that no additional optical filters are needed in achieving red, green and blue color



el ectronic properties simlar to that of Cue. The spectral response of the
I mge elenents with thiclrness 2500A is shown in Fig. 9. The data were

‘obt ai ned under reverse bias of -2V. The response profile is sitA vy 2002 ¢ hat
of P30T devices for wavel ength shorter than 650 nm The response tails into
the near i n{ycgeaehst or 20 wavel ength longer than 800 nm This,&%a3p €
denonstrates that high photoresponsivity can be achieved 1 n organic

phot odi odes made with charge transfer blends at |ow bias voltage (field).
The spectral response can cover theé2tV, visible and near infi~ared spectral
regi on by proper selection of the organic materials. 25 Exanple 4 | nmage

el ement s” wer eenseipr Avetba@dyantagn for thystackedptryrturspeirymEFIBRY amCBItIV00A) | Al
structure. ThR SRGEIFAlof HRIALBREN it BHPML! bRmBAGs eq%Ql-toﬁ{éqoﬂgigdaLd?PV layer in

these devices provided nultiple functions. Because of the etter fihn
form ng propeixelsize: qxe thfill-foter (the area efcthemonpscolorisubrizg! 1o theted theo | nprove t he

devi ce stabi kit V... W . tical gap at 590 n It acted as an opti cal
. 201 ?Me S1bo2R! gap m p
filter and mk}gllt e tpel spectral response of the MeEH PPV: PCBM devi ce

wi t hout & he NMEH- PPullHgelpf image elpments canpiso be fapricaiabby\imegoti@odz2 PCT/ US991 02242
27_ Thi i C o b hi g
— s ex@gf)alb?e cgﬁ)pﬁﬂéré{aﬁ%l ?mk@@&?@é@ Qrééh;/}gﬁaﬁé\tﬁfeﬂ%?g)ﬁs%ﬂ{o&ﬂﬂ € achieve

ina mltiplelayer stru u mquality,

desi g ned opt FigakAt Naﬁ&hé@é?rd'ﬂtt’rpgmew;ieva}@gecbmiﬂdlliméd-mysﬁgl tb@(agbgwr t Tﬁr operty
can be inser | e r i nctions. e
spectral respggssgﬁec{#r’yf i]?r%éghg"% é?@ehééﬁﬁ%%édgéﬁy/a%sgg%w #ﬁnqa buffer layer.
Exanpl e 5 | nagas,eslehamné,d 98&Pel. Bapetiat Avield Ciyst. Lie CryFQ) RPBR2TEI9BMAL bi | ayer

(het erojunct |-00)e. St ru re. . Th ' s pf ea r gani.c Y, was 1000A.
The. 10 by’ o ER R IO Toud 08 Sk EEFSRe SrnelionBar et 157, "Toom

t enper at ur e. 2,Tive6prieansmission fri fed) grexs abdblne calonregivrisdan bé schizoed bigat ed PPV by
heat treatnent.at 200C for .2.hours..The C ~ | r deposited by thernmal
evapor ati on ¥ O%ggtgﬁ?ﬁt%ﬂﬁﬁéfppd?d R'Efge?"oelu‘?‘:.tm%‘g %‘3’2@%’?@ response obt ai ned
fromthese i omRgmigion PRlls in Sestrbbwavelengthirghgesl IIn Fid @A ftht subéeste 108t ai ned with
t he device under 15 re se bias of .-10 V.. Thi s, exanpl e denpnstrates that
hi gh photoregﬁg‘ﬂg1 \?W?Yfglré‘?ﬁlso‘ge‘g@kf?@f@bo"i thsoxeaticd B’rq’g"t"ﬁ?fi"&ﬂéé’?’ fade in the
heéI er oj 1nct :c elecxﬁ;gemmm lafrdmgmesehgag lay&@ I FigE 4B aAd wyﬂ)fﬁrickﬁﬁle} IV, visible
and near infrar spect.ral, reqiqns by. proper selection of .the_organic

mat eri al s. 2Bseéﬁﬁ?fﬁ{)g@raéoqs@g@%éﬁeh‘éﬁg"ggﬁ‘\fé‘ﬁg’af“i@#’?@%ef’% MBS YF gani c

mol ecul es i Nepha@ddeon adypdrata Ribstidté By @1ith Srlablelcolof; Siquidlte sePeRdr 81 responses of

i ph I 6P [ d SO / C~-(800R) het ' ti devi
?sZﬁ)c(i\IMpcﬁgé H){éfe\ﬁ)@g&ge%%g%% cﬂﬁ)r?xﬁgr does got hav(e to be attet%d?r[tc? inl)J(ngtetlion evice

form. A single filter that covers the entire sensor area can be used. R, G, B color

20 images can be achieved by properly synchronizing the sampling pulse sequences
between the sensor matrix and the color filter panel. Another feature of the liquid
crystal filter is a shutter function. When the filter is zero biased, no light is passing
through the filter. No additional shutter is needed for the image sensors constructed
with liquid crystal color filters. Hence, a full-color digital camera can be made

25 with the wide-band, black/white image sensor placed at the focal plan and with the
liquid crystal filter placed at the traditional shutter plan. The liquid crystal filter
functions as both the shutter and the R,G,B color filters.

Full-color image elements can also be fabricated in the structure 50 shown

in Fig. 5. In this case, a broad band organic photosensor is used as the sensing

30 elements for all the color elements. Red, green and blue color selections are
achieved by optical etalon devices B, G, R integrated in front of the sensors. The
spectral responses of the red, green and blue color pixels are primarily determined

by the transmission characteristics of the etalon devices. The bandwidth and the



25 el ectrodes) are shown in Fig. 12A. They were nmeasured under reverse bias
of -10 V. The organic filnms were thermally deposited in a vacqgm& er.
The phot oresponse of 6P devices is purely in the UV. The short \ﬁg e gt h
cutoff is caused mainly by the transm ssion of the ITO el ectrode. By

substi tuti n@yd fyped720 el ectrode with a semtransparent pol rode
such as PANI - CSA or PPy, the 30 photosensitivity was ext eﬁgﬁ/gssz?{gfz%o nm In

the 6P/ C~ heterojunction devices, the magnitude of the photosensitivity was
enhanced) and the spectral region-@-sensitivity was extended iota the

vi si bl e spectral range through absorption by the Cue. The photosensitivity

in the visi bleentye frequenersefdbe wsmbsiymgfg\dtom&letemwbgaﬁumd bytis July 2002 WO

99/ 39372 PCTI ; . P s - i &hout

senai t1vity I ofee ohibe ifteify 3 AR o e o nffinleld IO

transmi ssi ve $3atdidssCHE dolag staindard. rThi method previdés(fBlhoslpy i@agseled@)ts as shown in
Fig. 12B. Wde.band el.ectr S t.0. S tjtute the C~
| ayer. 5 The “f)'f“lhg]?'%? %a%?nséftgl?{@&g’?%%%fﬁ%’ﬁ%ﬂ%%ﬁ?xﬁg e19 eégg%?’sle al so shown
in Fig. 6b. \desediscoli theoptidaldeiror for the eladonaot ey cuitant ¢léntrote fpthecal fil ter

wi th phot osensiti vi ver. 2 : t...conmparable to fhat in phototubes
made with catfigge W&%/'é Fa %or??% I\é\g%n%ﬂg?e%ci%%m#ﬂw%ﬁ%aﬁpﬁrgﬁ %at al og,

| 994) . Thi s esaitphspackandeasiodalaps shdwdd bdrddéd iplbetweeeShandshe/actiye can be
achieved in 10 organi ot odi.odes e W.th organic | ecul es. The
spectral resPSFEE 84H g%g{\jléerre?“r\'gmfw, fg‘&ﬂ% fhpee Qﬁﬁqﬁ{tg’ﬁtr‘tsi%ﬁ?‘l"gf‘%c’d's% pect ral

regi ons by prsapdd coel thelkentira sgectril hage pHiatiast. vai examplesf cdlbeinfapect ral response
can al sQ_be adj usted aryi t he t hickness f the.organic | ayers.

V- onl yqaet ec"?‘%“bet‘?tsvﬂ“‘l‘ﬁﬁh%’?éﬂ%ﬁﬁwv p ﬁ’“ﬁ'ﬁée \?/fsé) ‘Bll"é’?‘%fé‘ﬁa%ée?%mseved with
U_V-gnl yv\?enSidah)ﬂeqBélgax?@ali‘edﬁﬁﬂﬁrré»@}s&liqu;:tﬁ;tridhoﬁnbﬂﬁgCBBlﬁnhﬂ?&sEi,Qﬂslor gOUpl ed
with a Wpass qgptical filter anpl e e exper|ments o anple 6 were
repeated wit rPPBEﬂ‘%a-QBﬁé‘W‘i”éﬁ@)‘E’?ﬁﬁgﬁ'f‘?n ales) G hepised 4Rk SRl ¢ b PCBM a C~
derivative Wgdlerdampq.oved solubility. 20 Using PPP derivatives which are

soluble in organic_ solvents, single |ayer PPP devices, PPP/Cbo bilayer
devi ces, and PPP: &beetplon hpegbenticadiltgpsliows ameta! laverwigh lowmpical ast i ng. “ Resul t s

simlar 50 t RRaEniSHENMS Hesddiad the blechBile®df BlalsaisBe OrhishhétBodB IRy plRiddenONSt r at es
that the UV detectors can be fabricated by spin casting uSing soluble

nol ecul es ando}9FEPaYF With Joyvergontast/wirng resistance (~0.1Q per square for an Au
layer of 150A), a feature which is especially suitable for high pixel density

applications in which low resistance is required for contact electrode and
connection.

20 The etalon type optical filters can also be replaced with dielectric optical
filters (such as dielectric stacks or Diffractive Bragg Reflectors, DﬁR), or other
interference filters commonly used in the optical industry.

When the organic photoactive layer is of relatively low absorbance (for
instance, a layer of C,, or PCBM in the visible spectral region), a photosensor with

25 wavelength selective response in the red, green or blue region can be achieved
following the device structures shown in Fig. 1; i.e., by sandwiching the
photoactive layer 12 between the two metal electrodes 11 and 13. The two metal
electrodes also serve as optical mirrors in addition to being the contact electrodes.
The center wavelength and the bandwidth can be adjusted by the thickness of the

30 photoactive layer. This fact allows for fabrication of the red, green and blue pixels
with the same organic material.

Again, these multi-color image elements are not restricted to red, green and

blue spectral regions and not restricted to three spectral regions. Their spectral



| mage el enents were fabricated with P30T and PPV filns in the

PPV/ I TQ P30T/ Al structure. A PPV filmwas used as an optical filter in
front of 30 the diodes. The photoresponse is shown in Fig. 13 18rtulxad@aired
with the visual response of standard human eye V(~.). This exanple
denonst r at egolohyadszd Mage el enents can be nmade v-~rith orgarpcqﬁ@%fgéensors;
sai d i mage el enents havi ng phot oresponse which cl osely natches 15 July
2002 WO 991 39372 PCTNS99/ 02242 -29 that of the hunman eye. The out put of
such image sensors is, therefore,-Poportional to |um nous intensity rather
than to the radiation energy. This exanple, along with Exanple 2, also
denonst r at edrespvasesichrebesraigneddp apedgsisedspeeital egions &\etogearinkaredin  be

mani pul at ed j | engt h range by selection of organic film

t hi ckness, 5“'?‘?1%’%?6{"?’%5‘16@5‘5';) of the organic material and optical filter

|l ayers in front OVhéerewavietengthokaahie: narrowshandifilter i placed in fiohinf ap mage el enent s
were fabricated.] I . | | ' red, green and
bl ue t hree- cOPoT q’eozt:%g%s?{’it%(rﬁlg%lﬁled%%\%gh%{)@g%?ﬁé?oet%lg{/'\%%wphr ee organic
phot odetSect ospectvagrdphiifufctipmnOneiype efaravejansth vifiable didten is an opticafetddon cat ed on a
silicon wafer wt!. | [ L di device with a
r eadout ci rcﬁ'l"'%g “ﬁ@ﬂ%ﬁ%@%gﬂtiﬁ%{@%&aﬂ%‘g%%y@%%t"?oe@&g{et?]aggo%ﬁ‘g?er was made
from P3HT wi dibletthit olimes with ira@pQomt.elebtredes.nWherythe bigobthO AQild etystalas t hen

deposited | on t f .the r Lxel area. The,area of, the red pol yner was
t han defi ned%gﬁsetﬁgsfi?eﬁav‘? ?Pémgg?#h'fc?'fmrﬁef §‘§F ¥ -é’s? é’PméBIma@FlScnm%r pl asma
et ching) in ¢dnsant Hase ti@rredohacgweetiengthds tdried. Phedijuid drgedl cknlse 2A) . The

3 et r dlle o St fteBE e i e BRb i Pea T JePPR <6 act s as

t he short waehédgedirocapticdlichystals thaditionallg useddoseteeaoopicbmodflatbisg. 2B). The
MEH PPV fi l rr%ll&ﬂ t he EI ue gi el . 5ea was then r m)\éed and the blue sensor
was fabri cat SRFIBYPEE QEYRVSlS IVQ'S‘/% e'ﬂ?g%ifﬁﬁqfwt}ﬁ‘a? dUSI58 Rt i ng the top Au
el ectrode. Negegiadgraphitiapplicaicns/ia opticabsomrdiicatiBig, bioghysicEaridi bisghmddal t he bl ue

sensor (see Fig. 2D). The spectral responses of the red, green and bl ue
col or pi xel s2RRAfasions.
15 Full-color image elements can also be fabricated in the structure shown in

Fig. 6 as 60. A broad band photosensor can be used for the sensing elements.
Substrate 64 (in the form of ITO (61)/color-filter(62)/glass (63) substrate (63))is
used as the electrode with color selection. This type of substrate was developed
originally for color LCDs (liquid crystal displays). In this approach, full-color

20 image elements can be fabricated in two steps: polymer coating and counter
electrode forming. No patterning of the polymer layer is necessary.

Color filter panels with designed patterns, often in arrangements in square,
triangular, stri,ped, or diagonal mosaics, with transparent electrodes (such as ITO)
are commercially available to the display industry. They are made by several

25 techniques including dyeing, pigment-dispersing, printing and electro-
depositioning [M. Tani and T. Sugiura, Digest of SID 94 (Orlando, Florida)].
Another approach to achieve the color filters in Fig. 6 is to use multilayer dielectric
coating based on optical interference. Because of better stability, pigment
dispersion has so far become the major process used in large-scale manufacturing.

30 Full-color image elements were fabricated in the structure shown in Fig. 7
as 70. Three identical broad band photosensors are used as the sensing elements.
Both structures shown in Fig. 1 as 10 can be used for the sensor pixels. Red, green

and blue color selection and position to the three pixels can be achieved by a prism



25 neasured; the results are shown in Fig. 14. The red, green and bl ue
responses are very close to the corresponding CE chromaticit)i col o
-standards. The spectral response can be adjusted in detail by 9&’“?\%0% he
optical gaps and the thicknesses of the sensing layers. Simlar experinents
wer e repeatyw@oddosa ot her substrates such as glass or 30 ggRisden2dhe device
performance (current-voltage characteristics, spectral response etc.) was
not sensitive to the substrate materials. A transparent coating was placed
in front of the semtransparent Au2®iectrode, and the spectral response of
the color pixels was re-tested. It was found . 15 July 2002 WD 99| 39372
PCTI US99/ t 12%lin frogpofithedevices WA1han optical PiglecrRpRsing auEy 0§ BUS™r front of t he

top el ectr odgiGRNmYFHDIn KBA FRRGALHTO SiHBRAS for inldiatePR ARG NG Rt he
photosensitivity at certain wavel engths. This exanpl e denbnstrates that

red, green asesdst and felbpoler image elpmenthire pelligvedoPBier lighhdispassingdeyicenin be
fabricated i 4 cf(n) ?seﬁrlﬁiﬁ}[g 1Y e ALY beRQVRr {HR chloPselettiot m%gﬁd\édtﬂ%?ﬁa for

additional c ters. The fabrication process can be carri ed out at
room t edper atalergixetscas bpadivsaddhnough the pixelsizeand thegelativeiposition ever sed”
structure is ' ' e &ierDi et 52@1 | Ct,l circuits
(swi tching d%e\?\?gcgl?}ﬂg‘rm*\r/ééﬂs&gﬁ&ﬁ?% (;{SE%EH?C%C |%ngibr\r$t%lgg%hitsc\é{r§i conduct or
waf ers or onalsaisddiusied§y thelyddthaf e slit pl@ingin frpntef #@ dispkisicn dedeesi nage el enent s

vere 1abr! catAduob R, GhIHRL Wi RIR nkiloflburgd Aol hhboi s Jumgioen, and bl ue

sensors fabrica I'nt configuration. ey were constructed with
t hr ee or gani argyhwitbdghecloopyity.each with a different |1 ong 15 wavel ength

cut-off, at 500 60 a0 ' Miag! . e material s used in the
Exanpl e109. The dglr\ﬁleggpr\g%@ ng abr |“(?:g§)‘8glmgﬁg‘Léé%(irgélgélgsﬁ%&tP {agf}%ve\’/]\;’?rhar% Patt erned
| TO el ect r odsot fSfricjed by tlee dpbliatismsd oed, praen dralbliecatses. Viheycan beaydr of PPV

el ect 1 ode { 38XoiHE Mo et Bt rdas AR il boed R IRESRE Pode of e
gr een sensorspedifubregpaned) Rdexaemiearf UMaplusraisibleaio birtd ghbsénsdrwhaikR00 A) . Then a
thin (100- 409391 'be used to construct sensor matrices) is disclosed in Example 13.
15 Using an approach similar to that shown in Fig. 2, an organic photosensor
and sensing element with response nearly identical to that of the human eye is

disclosed in the Example 8.

Examples
20 Example 1

Image elements were fabricated in the metal/polymer/metal sandwich
structure as shown in Fig. 1A. In this example, a thin P30T film (12) of ~2000A
was spin-cast onto a transparent ITO/glass substrate (11/14) at room temperature.
A gold layer was then evaporated on top as the counter electrode (13). Since the

25 work function of Au is higher than that of ITO, the anode of this device is Au and
the transparent ITO electrode is the cathode electrode. This device shows high
photoresponse in the visible and in the UV. A photoresponse data set measured
under -15V bias is shown in Fig. 8, and is compared with the photoresponse of a
photovoltaic cell made with amorphous silicon.

30 This example demonstrates that the polymer photosensors can be used for
detection of visible and UV light with high photoresponsitivity. The quantum

efficiency is as good as that of photocells made with inorganic semiconductors.



sem transparent Au |l ayer (33) was vacuum deposited. The Au el ectrode serves
as the common anode for the green and red sensors. This anode gl e\ctioage can
.al so be nade with organic conducting materials with better op? tl,

transm ssion. The red sensor was made from P3HT (thickness of 2000A).
Finally an trode (34) 25 was deposited on top of ilm and
served as t 992J9?7%ode of the red sensor. The spectral reé’%?’r‘{g%élﬂ%'? the red,
green and bl ue col or pixels were neasured; the results are shown in Fig.

15. The blue sensor |ayer served al-$6-as a blue-color cut filter for the
green sensor and the red sensor. Siml arIy, the green sensor | ayer al so
served as the green-color cut filterE¥amplgRe red sensor. The 30 spectral
responses were, thyg, %Mﬁ{s%@mbm%d%ﬁﬂmh wmgfan&mp%me to match
the CIE col or standa 5 accur at el In fact, these nulti-color 1nage

el enents are nmﬁlclcedigurwpeéffle k epmﬁﬁl’(éemgwubﬁm&we@@draalthw egi on.

ot araq, " ISHbRAL 5 9% 0821500 SARGUIBIIAON 0BG 0 TR

el enent s ﬂerephbtssrnﬁlamy efMEJ-RPY photocelisawds S8~ Hi0musfWiattfos blaoten énargffi g. 3B. | n
this case, al W f as the
substrate mat é‘ﬁ‘?efﬁl ﬁ '2‘? s|Sng E)’% g&?bﬂgnﬁ?ﬁh‘@@seﬁs&oﬁ%{gﬁgy@g& opposite to
t hat shown | n gﬁegmdablycwmbnstotﬁélenmbismm c'll'lms&betbsmsltmneofsﬂl’b/st rate. In 5

this case, BUuE | ch | ubl.e at room

t enperat ure) \Pg_ &exé&/afgéiiﬁggsbgﬂaﬂﬁ OPen?&g’fW‘?]] I%r el ectrode
was used as t hiembayoratdgmtorgaé fhdtbsensérdnly enditive to bhxgandaUMiammonwer e al so
fabri cat in the gtacked.structure ich dielectric

| ayers V\E&e i nsert etfSF m@ﬁ%& ey states a{'ﬁ?ngmgg?ﬁ‘?f?vﬁ&f’ﬁtpcg{g spegffRls exanpl e
dermonstrat es tr&@bnseed) bogfaﬁedlbyaﬁldp&ﬂselectﬁﬁbﬁﬂm&@%ﬁﬁbﬁotﬁfbﬂmﬁ@hﬁteﬁ@ or image

pi xel s can be fabricated in the configurations shown in Fig. 3, Fig. 3" and
Fig. 4 without additional color filters. These structures are not only
suitable for fabricating col um-row Bghaigle 3abl e passive inmage sensors, but
al so readily 15 hybridi zed with actiye circuits such as mcroswtch devi ces
made by netal - oxi déNSERERDFY QL EAMRIFOERS rereatid; Wiheardyme chrgo st or waf er s

or on inggl at ipkgd $Has With PEOT:PUBM &l whick PCBH ik B fiffiefbne tholRilefwithd usage in
situations when the organic_ layer is subject to cross cgntam_nation during

the fabricati GFF%?‘B%E‘?B“B?S SRl o that offfen ThF sRSS1re! TespaRsgof 815 M&seneen col or
sensors i s neggafintsAthiiakARLE-2580A is shown in Fig. 9. The data were obtained under

reverse bias of -2V. The response profile is similar to that of P30T devices for

wavelength shorter than 650 nm. The response tails into the near infrared for
20 wavelength longer than 800 nm.
This example demonstrates that high photoresponsivity can be achieved in
organic photodiodes made with charge transfer blends at low bias voltage (field).
The spectral response can cover the UV, visible and near infrared spectral region
by proper selection of the organic materials.
25
Example 4
Image elements were fabricated in an ITO/MEH-PPV(1000A)/MEH-
PPV:PCBM(1000A)/Al structure. The spectral response is shown in Fig. 10. The
MEH-PPV layer in these devices provided multiple functions. Because of the
30 better film forming property, the MEH-PPV layer acted as a buffer layer to
improve the device stability. With an optical gap at ~590 nm, it acted as an optical
filter and modified the spectral response of the MEH-PPV:PCBM device without
the MEH-PPV buffer layer.



Ful I -col or image el enents were fabricated in the structure showm in Fig.

SA. In this case, a broad band photosensor nade w th P3HT was 3&6\&% t he
sensing elenment for all the color pixels. Red, green and bl ue ! 02

sel ection was 25 achi eved by a matrix of optical etalons int egrat ed in
front of thg 3 layer. dass was used as the substratg., r of AI
(~SOOxt) was ep05|ted on top of the glass as a mrror of t e

| ayer transparent to visible light (6P in this experinent) was then
deposited by thermal evaporation. -Bde thickness (d) of the 6P | ayer was

adj usted at each sensor site to be 2nd=650nm SSOnm and 450 nm 30 where n~
| .6 is the indexThis cxantpiedemansiraigs thad highphoigrespansivitgerg-bsackifvedas t hen

dep05| ted on Vi d ARsitfe e4 HT was then
spi n cast from"@gﬁ# %sﬁ{elﬁg&sol utlgrrai&g?, ]{rh(%%éle “thgi %héﬁﬂmg | ayer was

t hen deposi t exnasissidnepropertyoud gewém@sdrenmﬂpme@emmglsenmmes 15 July
2002 WO 9913 t he red,
green and bl %gv'g%;gkrv »3{&23@?’ legfg%cgllﬁ’rtﬁ{/)%gwazlecﬁ %?ggﬂﬁﬁﬁ%g% nm ~550nm
and 450 fim rebpmutambbyaneﬁwewamuéfenbmﬂ y deternined by the transm ssion
characteristics of the etalons (which function as optical filters in this
case). The detail bandw dth and the central frequency of the 5 transm ssion
band can be adjusted by the thicknebmmgfie She Al and Au el ectrodes (51, 53)
to fit the CIE color s [ col or inmage

el ements with hi ghn%afaq@gtgév%feecg ﬁite uri ?f’l‘(ﬁ’@ﬁchﬁﬁl 1F"'P'ecol or i nmage

el enent s ar e(liKDErQ]llﬁﬁtofl) stmemiret dhe ﬂnckmessi ofgrchergamndhybiws ~1p0@A r The r egi ons.

The ca ned t esir ons fromWto near

i nf ?lare %?'?ﬁg ‘i“fsi% H‘t‘ﬁmel%ﬁ" E/‘TC‘%‘&EJSP@E% HagEn msErs were al so
fabricat eg | ITht b&cﬁ‘kdrlmmufae tish Gunveited lﬁtog‘.gnﬁlgatedhl’l)\t b% heat G&fmera At opt: cal |h y
opaque substrate (sj]ico er) was  used as the substrate material. The
sgngor el emﬁﬁé%?%L?%%n{%}W ra§f1°RRﬁ‘f°ﬁ pAIgmal eXaporaandn &) on r esonat or s
with optical vbétﬁﬂﬁdﬁhﬁsér(bmw Ntofre The §iceted)d r@ﬁahsbbuanédemrﬂmm ¢ han
fabricated. 15 This strates that tg green and bl ue col or
sensors and felgmentsdy PWT‘ j& ldrngg‘f’gatéé’ﬁrelﬁ’ “W’&Br’”‘ ShVICRUIE confi gurati on
shown i 5 Fi g.reverse Blas bftiggr.at i on of w de- band organi ¢ phot osensors with

optical etal on devices. No substrate heating was .involved in the
fabrication. The &PisFHRPIGIcRANsEALEs At B’&PBP“?HCFR%?%HW*‘N‘?CH?*g‘ﬁ’eétﬂ or purity.

A met al |aye'br%§cttbhbtbﬂﬁbaé%%a@9‘d th@hetérbR& B SEhcdite VBFe sHEctHht REpaage t he anode of
t he sensor; a con uration ch i s especially suitable for high pixel

density appl .cetafeqv e P, fistblerpnd aw.lré”@r@tsa?férél PRioRhyLRIPRSEI SHRFioR SNt act

el ectrode an@heRpii@chadihls, This structure is not only suitable for
fabricating col um-row addressabl e passive i nage sensors, but also readily
hybridi 2&d with active circuits (such as a CMOS driver or a TFT matri x)
nmade on silicon wafers or 25 gl ass,paafhier e, or polyner substrates.

Exanmpl e 12 L
Image elements were fabricated with organic molecules in single layer and

bilayer structures. The spectral responses of a sexiphenyl (6P) device and a
6P(800A)/C,,(800A) heterojunction device (sandwiched between ITO and Al

25 electrodes) are shown in Fig. 12A. They were measured under reverse bias of -10
V. The organic films were thermally deposited in a vacuum chamber. The
photoresponse of 6P devices is purely in the UV. The short wavelength cutoff is
caused mainly by the transmission of the ITO electrode. By substituting the ITO
electrode with a semitransparent polymer electrode such as PANI-CSA or PPy, the

30 photosensitivity was extended to 230 nm. In the 6P/C,, heterojunction devices, the
magnitude of the photosensitivity was enhanced, and the spectral region of
sensitivity was extended into the visible spectral range through absorption by the

C,, The photosensitivity in the visible was adjusted by varying the thicknesses of



Ful | -col or image el enments were fabricated in the structure showm in Fig. 6.
A broad band phot osensor nmade with P3HT was used as the sensing el enents.
30 ITO'color filter/glass substrate was used as the col or sel eE $¥y 2803de
el ectrode. This type of substrate is an existing art which has been used
broadly in the fabrication of LCD color displays. Color sensors and

full -col or iYWRE¥*¥Menents can be fabricated in two steps: PEEUSHN2R0at i ng
and counter electrode formng. Ag 15 July 2002 WO 99| 39372

PCT/ tJS99102242 -33 was used as theygounter electrode. The transm ttance of
the ITAcolor filterlglass substrate and the coitespondi ng spectral

response of tied,/HRE 6P GlyeREWNSody Ewitld@¥enditivify il theMsibld) efecBHPWR €
denonstrates that red, green and bl ue col or _sﬂensors and fully color imge

pi xel s can beadhigleq bspladng HUY fgnapisgyehagd fen 0 fent o6 WE| gurati on shown in

Fig. 6, usi n%ﬁgmmﬁg(g@o@w)ys igah limbigel2BTA col or filterl gl ass substrate.
This i mge el enent _can be used to construct colum-row addressabl e passive

phot odi ode arrays Widehend eleglrop aeceptaneansiio b urd e substituledhs Ge layesors. The
sensor Mgt r i XTrAhoRResporiivitg o 2AITOI6PIPPOPRYERICE YellsoMRowh i Eiglpaf er or a
TFT matrix 10 made with inorganic or organic sem conductors. Exanple ~3

Ful | - col or i nijibleblindd /Y detggiop isashieyedaritngui optical diligy widephatesersithii 1 n Fig. 7.
Three broad bmﬂz@&%%ﬁ,%g{ﬁmﬂ@%hwiﬁ Phdictiilles WRAE with Stnéf: rﬁﬂ?ria%ens' ng 15
elements. An I TO gl ass substrate was used as the anode el ectrode. Red,
green and bl udoreshmplec@uial RGeSl gatados 1998).r el ative to the three pixels
wer e achi eved by | I I i ! an opti cal
plate with an arr g@?‘?ﬁpﬁgﬁbﬁ?&%‘c?tggﬁ%p}ftaLoeréng"ésg‘s?t Ic%b%%@sc? %‘a‘ e) col or
sensors 1@nd ferginiephotrdiddenedavitnerganic meleenicte hba specttlackpomecaw st eps:

pol ymer coati ! : f%ge@ 3 : esponse of
the i mage el e%gﬁ’ta@gumgg%%ge;aagé%q% osﬁ%gfa %&Bﬂﬁ?ﬁp}ﬂ&%&?&%@%{: ﬁgtpé obt ai ned
];3 ; ombt hed_br pgdgmmateﬂdnoﬂhrsgml Tespiongegen ellsehgaﬂjuS&dddxy varyirexhepl e, dsgle Fig.

, but divi in r i scretessectigns. jn. red, .green an ue
regions, res ptgfzc |e\7°’eﬁ%;9?&§t% F%a“glg% Slg'r @ﬁ%ﬂ}gf‘%&%}%‘%‘g‘ﬁ S“r’ﬁﬂ%"‘gi‘a‘ l e
denonstr at es tikible chiebk achiceaiwiindVkinlyesensitiverorganitanateriaiat with d brdd col or i nage
pi xel s n be fabricated in.th onfiguration shown in Fig. 7, with two
sinple s epse?@gﬁﬂ's%rcgmwgﬁg I ypaiﬁl%f?’fgﬁt@r‘l TQ' color filter/glass
substrate. This imge el enent can be used to construct col um-row
addr essabl e passi ve phot odi ode arrays as; |1 as the sensing elenents in
active sensors. The sensor matrix caf BE®hYbridized with a CMOS driver on
silicon wafer or &hékedpefiaientsxf Bihniele wede trépeated with polg(paphenylgwehi C
sem conduct or Jul v 200 9372, PCT/ US99/.02242 - 34 Exanple 14
i 1V and vi si bft&F bgéﬁfiﬁrb‘f%yesiaﬂéaépg%gﬁéﬁ% %é’l‘"%“vfé{‘ﬁﬁ?‘ilﬁlafoéad fi‘ﬂ’(‘lﬁé‘ st acked
structur® si niiing PPIddrivafives ivhick argsoRibIEGn orfhsic balyents, singlefaybr P t he gl ass
substrate is as.fo L T 6P(200QA) L Al (300~) / P30T: C~( 2000A) | Au. The
nunbers in th "?%h’ggﬁﬂt@laé‘?’ge‘f‘%‘é’ "t"ﬁi’%&ﬁ‘s %’?‘%ﬂ"cf%‘@erﬁ&s’%‘g di ng | ayers.
Thig senSﬁr V@%@%ng@ﬁadtsisﬁ?i&f)fﬂtﬂﬁdisﬁommﬁg. irllmwEiw:gmtal&dic An Alhl ayer/\Na/S
used as the comon_cat hode .0 ot ensors.. The readi gdromthe | TO/ 6P/ Al
sensor indicated t ‘?"P‘i“glﬂldﬁ‘f‘?'ﬁﬁati"%‘%i‘tt@e Wé’ﬁ@&‘ﬂséﬁn lg%@g'awteﬁd SPHe readi ng
fromthe A/ PaidgAding@615Ble niolddueaiRipolydferd, adi ation in the visible region of
the spectrum The spectral 10 responses of these two sensors are shown in
Fig. 17.25This exanpl e denpnstrates an i mage el ement with two spectral bands
in the Wand in the visible. These two signals can be probed
si mul t aneously. By selecting proper sensing materials for each layer,
phot osensors with two (or nore) speBxsmpler®egions separated at a specific

wavel engths) can B, achiikiedvird rbRcatcitith FSOTRRAPEV films in the
PPV/ITO/P30T/Al structure. A PPV film was used as an optical filter in front of

30 the diodes. The photoresponse is shown in Fig. 13 and compared with the visual

response of standard human eye V(A).
This example demonstrates that image elements can be made with organic

photosensors; said image elements having photoresponse which closely matches



Exanpl e 15 An organi c photosensor was fabricated in the structure of

| TO PPV/ C6~1 Al and was integrated with a mrror/liquid crystahé%yﬁpﬁtype
m crocavity filter in the 20 order simlar to that shown in Fig. 3. e

m crocavity liquid crystal cell fornmed a narrow band optical filter which
determ nes the spectral response of the integrated sensor. The band-w dth
of the resp¥@i3 ¥ dfele can be varied by the refl ectance BfT¥H¥0RZ rors.

Al um num was used for the mrror material sandw ching the Iiquid crystal

| ayer. The response wavel ength of _bhe i ntegrated detector can be sel ected
by 25 the thickness of the liquid crystal [ayer and can be tuned by a bias
appl i ed to t gy fPthEhih&d &eSHitbitpahbfgc ifigé beistrdisCihetord, ptoppRional Thi S
integrated device fornms a flat-panel monochromator w th spectrographic
finmction. Sudeluminas igtensity e thaniafhe ReBHeR Breeye dhisssanrledlong Widasur e

spectral di Stﬂx%l&g%ifas@éemsti@aitﬁﬁme PEAA redfoRsCOfMRY ifABOIeétits dagPeat ed wi t h
anot her type o vel ength adjustable 30 optical filter - interfering

filter. A wavenenipuhteddp desirethWevelangrange by geledtipe ef organig filyy thicknaske
comer ci al prtﬂé;ﬁ“ﬁitga‘%% bfthe o @6 mAQriNUNB BpticAlMR) 14083 iPhER ]j%@' thefmigeont of a

broad band org ot odet éctor nade in the stracture o

| TO MEHPPV: PGRNfeals. | n contrast to the nmetal mirror used above) these
interfering filters 15 July 2002 WD 991 39372 PGI/ US99/ 02242 -35 are nade
of dielectric coatings. The spectral response of the integrated device is
shown in Fig. 19. The wavel engt h sdixample? range was from 400 to 700 nm

The result indi Catﬁlil féibﬁﬁg‘&égﬁﬁmh‘g%%t@ﬁ&@gfrp‘ﬁgﬁﬁﬁffﬁﬁ’?’?%@?%nar row

spectral response ( wavel en ect 0 nnm.
W99/ 38302 3@DWtiTred Sr@inand/bDe Hieeid®lar uéopgriG@r TheT Mge3ongaew@ with A hi gh

pi xel density, optical . g risi ural i .0r gani c
phot osensor s)hérf" ?%r gt CB%°@§8%%&5d6§§% é)*) g%apga é’lg 'dﬂf)%%et%gg té%g gatbgcaé%gh
conpri si ng arpnacilicer waty with e Apeleciodg) ramnseganhybridiveé devade witngr i si ng a

e Condc | o ERIPL R RS bondPag T a) kB FRLBRRLAT, 0 5 0
det ect or bri dgHTYwitthtickinessof ~2000/% eA dhial lagbrq;_bld(admsA)mak thapidpbsitedf det ecting
o e Rl P B . BREARRSRISE RuREP BRSSO
than one wavetReghdithe P3HD filrh gt lasepalation ionplasnda aehigd) fiiedhe areas fot het el ect r ode
Tt or' 8l ComTeR A be BURE GBRECT g b BRFRARS D S TEN VAR an opt | ca
band gap cor respRadiipe AR with a200A Asateledfrodelvn t6f rEhe NIEM-POVEfi(yR lopn gt hs
di sposed on %f ];ticrrgc} pigg)r z&l:!;ooarc]:tsoafs thteg or]; iverwseﬁengtlh%ﬁtt 151839 ?o;r the red sensor (see
20 Fig. 2B). The MEH-PPV film in the blue pixel area was then removed and the
blue sensor was fabricated by casting a layer of BUEH-PPV and evaporating the
top Au electrode. No patterning was necessary for the organic film for the blue
sensor (see Fig. 2D).
The spectral responses of the red, green and blue color pixels were
25 measured; the results are shown in Fig. 14. The red, green and blue responses are
very close to the corresponding CIE chromaticity color standards. The spectral
response can be adjusted in detail by varying the optical gaps and the thicknesses
of the sensing layers.
Similar experiments were repeated with other substrates such as glass or
30 quartz. The device performance (current-voltage characteristics, spectral response
etc.) was not sensitive to the substrate materials.

A transparent coating was placed in front of the semitransparent Au

electrode, and the spectral response of the color pixels was re-tested. It was found



a transparent second el ectrode disposed on the |ayer of first photoactive
organic material, wherein said first electrode, first |layer of_fi s#

phot oactive organic naterial and said second el ectrode nake u65&u(yi 092
sensor 20 capable of generating an electrical signal when |ight of the
first waveh@yglhszhs incident upon said first sensor; a sgeppgholpsysr of a
second phot oactive organic material conprising a sem conducting conjugated
pol ymer having an optical band gap corresponding to a second of the nore

t han one wavel engt hs di sposed on a3&econd portion of the 25 first

el ectrode; and a transparent third el ectrode di sposed on the |ayer of
second phot ohatta trapspareghdiclectiiaceatipg in fraph ef the iopslecaodeicp varpthect r ode, sai d

| ayer of secgnd, PRASAE khd ERhRARL e BRGYchdHhviBM ol hllehtin! ect rode make

up a second sensor capdbl e of generating an electrical sig when |ight of
t he second wavel efigs bxample3temonssiaths that redogreanzand bhie colntisessmsand full. The
sensing el enent .of C.3aj i AN , first

el ectrode an((:i)rl1 rﬁrga%e%"?él & gﬁp@ggfgé‘g@%% rla]éﬁ) p%{ragﬁr?(}%ﬂfh Fggé‘ﬁ@lﬁtg el enent
capabl e Sof smed forgddiberal tdianfilerse Thefablicatigh lprooéss kamfietcagiedpni srcogn 35 a

substrat e; first electrode di.sposed. t he substrate; 15 July 2002
W99/ 38372 gﬁ?‘fﬁé@ﬁﬁBﬁ?i’ﬁtrgﬁhegh?@rssr?qqlrgdy?er of a first photoactive organic
mat eri al conpri si Tigs &regesudt andtued is agpecialiy wistite tbr pybridimatiorhwith sagivan opt i cal
band gap corr.espondi to a first of. the more.than one wavel engt hs di sposed
on the T stCiBPERePine dvitp e S S RSP atte SRErRURRSET on | he

| ayer of firwifeplpbomeilatitg sobsrates.c material, said first el ectrode, wherein
said first layer of first photoactive organic material and said second

el ect rdfe make up a first sensor capable of generating an el ectrical signal
when light of the first wavel engt lExample©id0dent upon said first sensor, a

second | ayer of econd photoactive ani ¢ terial conprising a 10
sem conducti ng cgﬁﬁh g‘fré’ﬁ‘gﬁfcﬂsmfs%?/ghg“&ﬁ ) e isEupturp shedda figc or r espondi ng

to a second 3 witheedBreén dnddluecBomdtticaBdinibe dickRosMMr0n Pyt r anspar ent
second el ectrode; and a transparent third el ectraode disposed on the |ayer

of second ph¥¥essiYedVilhtiree orgepisphatpdeteetass sach ity afilfereridonse| ect r ode, sai d

| ayer qk secgfdiehsxhRIOSDACHGOMEN, BOQARIaRd THLRH, IsHhilad Wkhs Ablrihib béed i€ ect r ode
make up a second sensor capabl e of .generating an el ectrical signal when

bl f
light of theheExample falha dexige s Rbricitsdgadielaspenbsteals Witk e Bylsmedensor. 5. A

sensi ng el engey 1 &aBad3®). Ofne PRRSEMREr WRRbricRaAwARE 13y8VsPeRadh of |ight
conprising: 20 a transparent substrate; a transparent first el ectrode

di sposed on (t'ﬁ@oét)l%(i goated with athin £100~4Q04), ssmiteansnarest Alplentiode 3RV e or gani ¢
material COMfel gleiréde (32) also served as the cathode of the green sensor. The green

20 sensor was made of MEH-PPV film (~2000 A). Then a thin (100-400A),
semitransparent Au layer (33) was vacuum deposited. The Au electrode serves as
the common anode for the green and red sensors. This anode electrode can also be
made with organic conducting materials with better optical transmission. The red
sensor was made from P3HT (thickness of ~2000A). Finally an Al electrode (34)

25 was deposited on top of the P3HT film, and served as the cathode of the red sensor.

The spectral responses of the red, green and blue color pixels were
measured; the results are shown in Fig. 15. The blue sensor layer served also as a
blue-color cut fiiter for the green sensor and the red sensor. Similarly, the green
sensor layer also served as the green-color cut filter for the red sensor. The

30 spectral responses were, thus, adjusted by the optical gaps of each sensor to match
the CIE color standard accurately. In fact, these multi-color image elements are
not restricted to the red, green and blue spectral region. They can be defined to any

desired spectral regions from UV to near infrared.



sem conducti ng conjugated pol yner having an optical band gap correspondi ng
to a first of the nore than one wavel engt hs di sposed on the fi1r55Jtu| 200

el ectrode; 25 a transparent second el ectrode di sposed on the Iayery o? %i rst
phot oactive organic material, wherein said first electrode, said first

| ayer of fiwelogpédet oacti ve organic material and sai d secosergogehinde nake
up a first sensor capable of generating an electrical signal when |ight of
the first wavelength is incident upon said first sensor; 30 a second | ayer
of a second photoactive organic neteéri al conprising a sem conducting

conj ugat ed pol yner_ havi ng an tical ban ap. correspqondi ng to a second of
the new the one \/\/a}:\}’é‘r"@%?rﬁ‘ége& Btﬁé‘ﬁ"tfﬁsotdfﬁtg‘”g'@ggh eétgé‘fgf &€ and a third
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Example 11
Full-color image elements were fabricated in the structure shown in Fig.

SA. In this case, a broad band photosensor made with P3HT was used as the
sensing element for all the color pixels. Red, green and blue color selection was

25 achieved by a matrix of optical etalons integrated in front of the sensor layer.
Glass was used as the substrate. A layer of Al (~500A) was deposited on top of the
glass as a mirror of the etalon. A layer transparent to visible light (6P in this
experiment) was then deposited by thermal evaporation. The thickness (d) of the
6P layer was adjusted at each sensor site to be ~2nd=650nm, 550nm and 450 nm,

30 where n~1.6 is the index of refraction of 6P. An Au film (300-500A) was then
deposited on the 6P layer and patterned into the pixel size. P3HT was then spin
cast from a 3% toluene solution at room temperature. An Al layer was then

deposited as the cathode electrode of the sensing elements.
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high pixel density applications in which low resistance is required for contact

electrode and connection. This structure is not only suitable for fabricating

column-row addressable passive image sensors, but also readily hybridized with

active circuits (such as a CMOS driver or a TFT matrix) made on silicon wafers or

25 glass, sapphire, or polymer substrates.

Example 12
Full-color image elements were fabricated in the structure shown in Fig. 6.
A broad band photosensor made with P3HT was used as the sensing elements.
30 ITO/color filter/glass substrate was used as the color selecting anode electrode.
This type of substrate is an existing art which has been used broadly in the
fabrication of LCD color displays. Color sensors and fuli-color image elements

can be fabricated in two steps: polymer coating and counter electrode forming. Ag
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Au mirrors sandwiching the liquid crystal layer. This integrated device forms a
flat-panel monochromator with spectrographic function. Such novel flat-panel
monochromators can be used to measure spectral distribution of an incident beam.
The experiment was repeated with another type of wavelength adjustable
30 optical filter - interfering filter. A wavelength adjustable interfering filter similar to
the commercial product (Oriel, catelog number 7155) was placed in front of a
broad band organic photodetector made in the structure of ITO/MEH-
PPV:PCBM/AL. In contrast to the metal mirror used above, these interfering filters
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a transparent first electrode disposed on the substrate;

a first layer of a first photoactive organic material comprising a
semiconducting conjugated polymer having an optical band gap corresponding to
a first of the more than one wavelengths disposed on the first electrode;

25 a transparent second electrode disposed on the layer of first
photoactive organic material, wherein said first electrode, said first layer of first
photoactive organic material and said second electrode make up a first sensor
capable of generating an electrical signal when light of the first wavelength is
incident upon said first sensor;

30 a second layer of a second photoactive organic material comprising a
semiconducting conjugated polymer having an optical band gap corresponding to
a second of the new the one wavelengths disposed on the second electrode; and

a third electrode disposed on the layer of second photoactive organic
material, wherein said first electrode, said layer of second photoactive material

35  and said third electrode make up a second sensor capable of generating an
electrical signal when electromagnetic radiation of the second wavelength is

incident upon said second sensor.
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photoactive organic material and said second electrode make up a first sensor
capable of generating an electrical signal when light of the first wavelength is
incident upon said first sensor;

a dielectric layer disposed on the second transparent electrode;

a transparent third electrode disposed on said dielectric layer;

a second layer of a second photoactive organic material comprising a
semiconducting conjugated polymer having an optical band gap corresponding to
a second of the more than one wavelengths disposed on the third electrode; and

a transparent fourth electrode disposed on the layer of second
photoactive organic material, wherein said third electrode, said second layer of
second photoactive organic material and said fourth electrode make up a second
sensor capable of generating an electrical signal when light of the second
wavelength is incident upon said second sensor.

7. The sensing element of Claim 6, wherein each of said substrate, said
first electrode and said fourth electrode are transparent.

8. A sensing element capable of sensing more than one wavelength of
light comprising a sensor having:

a first electrode;

a layer of a photoactive organic material disposed on the first
electrode, said photoactive organic material comprising a semiconducting
conjugated polymer; and

a transparent second electrode disposed on the layer of photoactive
organic material, wherein said first electrode, said layer of photoactive organic
material and said second electrode make up a sensor capable of generating an
electrical signal when a beam of light having several wavelengths is incident upon

said second electrode; and

, 3
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10. A pixelated photodetector comprising the sensing elements of any one

or more of claims 2-9.



