;e3eV VWpf 6T + 31 July 2002 woss. ~s~9s ORGANI C DI ODES W TH SW TCHABLE
PHOTOSENSI Tl VI TY CROSS- REFERENCE TO RELATED APPLI CATI ONS Th3gJakigr@oogat i on
clainms the benefit of U S. Provisional Application No. 60073, 346, filed

February ?, 1998, which applicati rated herein by 5 reference
inits entirety. BACKGROUND OF Tl-ﬂmmmmummmnﬁhe present invention relates
to organi c,w§ 987 - based phot odi odes.ga@g«t 0 10 their use iFFTHHREY4HE” t wo

di rensi onal image sensors. In nore preferred enbodi nents, it concerns

or gani ¢ pol yner - based phot odi odes whi ch are voltage sw tchable and which
may be arrayed as image sensors in the formof a columrow (x-y) passively
addressabl e matri x, ‘where the x-y addressabl e organi c i nage sensors (i nage
arrays) have full-color or select -coI or detection capability, or as 15

| i near phot odi ode arrays. The dev MI nmage array photodetectors has
a relatively long history in the Wﬂ deV| ce industry. Early
approaches to imagi ng technol ogy incl'uegg devi ces based on thermal effects
in solid state materials. These were 20 followed by high sensitivity image
arrays and matri QR%GARKEHIODEWIPH ONPFCANBION RHIFTOSENSITOVHEYi ces
("CCDs") made with inorganic sem conductors. These arrays can be sinple
linear (or "one dinensional") arrays which scan an i mage or they can be two
di rensional, like the inage. Photodi odes made with inorganic

sem conduct or s, suchCRQ%—REFEREMGEH&pR&MEmAMPJ,ﬂcAGION@h guant um

yi el d, photosensitjive devices used br invisible light
det ection appl i cat]%hé%@’pfﬁa“toﬁélab'%{ e&éﬂ'ﬂeé?zﬁeﬁj@ Yigpnal %?Bbxauon No.

charact eri st igoadA3y34p! #i8€ Febraaryl 224 998) WhihtappidlatiGg R in@FPRERE heitht Bh nMakes it
31 July 2002 WD 99139395 PCT/ US99/ 02247 -2 difficult to use themin
fabricating H‘F@H"“ﬁ? indfs ed‘&Ff‘éYty, ~-y matrix-addressabl e passive image
sensors. An "x-y" matrix is a two dinensional array with a first set of

el ectrodes perpendicular to a second set of el ectrodes. Wen passive
devi ces such as resistors, BACKdeROUND OFUTHEINYHENTIQN| | s are used as the

pi xel el errentbﬁ @t Eh@ﬁ ﬁ inE ersection points, the matrix is often called a
"passi ve" nat T t to an "active" matrix in which active devices,
such as transi st orhe padsentinesitibo ralans o organteepdlymmer-based photediolestinded . To
effecti 5: ﬂdress an i ndi vi dual &xel fromthe col urm and row el ectrodes
ina-t i eNEF BifdD opadnd W qimepsiqnal ipage sensers. It BIOETRIETSRSSt  exhi blt 10
strongly nonldnﬁmrm&w §1QBhcet d mc {aol.l/rm}-fr-aas@mioa&dxsddssﬁmma@rvo -V
dependence with a t hr eshol d vol hi s requirenent provides e

f oundati on f o™itgBatgand yhick mavtbﬁ-@rrayqdcpésma%e ENEs i@t toe fpsmant ac?@lunw to
construct pa I

phot orespons?gf& %Bgséggﬁéﬁgﬁeg%g: ‘gﬁ‘z‘g :@és{e?%g{*‘%‘é%éécﬁ{r% g‘%gﬁ éih{aqtlnﬁ e:reverse
bi as, phot odissusss (imege adayh) iave figkedlor geniededrdelor dateationsapdbdlitsirar asot 15
practi c?g forl use '? (@égpl xel density, passive imge sensors - there is
t00 much cr os PO IGNAEAYS i xel s. To avoid cross-tal k, existing two

di mensi onal phefeediedgtarrays made with inorgani c photodi odes nust be

fabricated with each pixel w red up i ndivi d(geﬁl ly, al aﬁ)orl ouys and costly
procedure. In the diskveepaeniR! i%ﬁwauahote grars hessrelatelydonder of

i nput/out put }i&desinitR éahe@méde@f&'m&l@t& hEar%DapBHEPﬁés t0fmb d%ﬁg Rickflisgy The

nunber of plxels in comrerclal two di nensional photodio arrays 1s
therefore |i nlinsledectdﬁ@e&@a@%e@ﬁl@méﬂ@f&@snrh@hdﬁfam wateriplss Theservegreif act uri ng

arrays 2ol udsIPhE PRRh R IS el bRl BT el BRI SRR T T U
S3805 16x16 Schargtwoaplmgd&v&u eCCIRY) ﬂih@e \dﬂvmofgamrsbmm‘ondh:amgemeaepl ed

devices ("CCDs") provided an addltl onal apprgach toward hi pi xel density,
t wo- di mensi on%TayFﬁﬁb‘éﬁ%‘éH@d%ar “érdl“é\%‘c’&?“g) ?rfﬁyédfhé‘itbﬁaﬁlgm%%.mﬁey are

different thamexa @qgggﬁﬁ?m&am%mg iagays. The operating principle of
CCDs invol ves serl al trans charges from pi xel to pixel. These

i nt er pi xel transf diwtawigasigs maépwathenbrgarambnnmu@tmnmh@s eﬂl&mge 30

m grati Y/ I e_edge gse devi ces
emg)I oy ggper 'I%E;eg%taﬁ aés &a{i@h%‘la& PRl ‘c ?ﬁ"‘éﬁﬁr‘:&gﬁ{ {%(r:vﬁ#\ pr éavg-[)? eqw re an
extrenel y hi ginsed emhlyqﬁ vizelé ﬁgﬂtlcﬁ&cdw applcdtions in thepast dadddes . HoWever,makes CCD

arrays costly (~$103
they characteristically present a flat current-voltage response, which makes it




31 July 2002 WO 99139395 PCT/ US99/ 02247 -3 10; for a CCD of 0.75" -1" size)
and limts comercial CCD products to sub-inch dinensions. Jhguktuoo2fil m
transistor ("TFT") technol ogy on glass or quartz substrates, which was
devel oped originally for the needs of liquid crystal displays, can 5

provi de act muesomiosi X substrates for fabricating | arge sizepc¥ng9902247
addressabl e i nrage sensors. A large size, full color inmage sensor nade with
anor phous silicon (a-Si) p-i-n phot Qqu | s on a-Si TFT panel s was
denonstrated recently [R A Street, J. Wi, R Wisfield, S.E. Nelson and P.
Nyl en, Spri nggalykahi tBth@fhel\ﬁh%Urf'&'aﬁlla\Q‘ﬁéﬁEfx‘éhde'ﬁ@ﬁ‘# e\ty maﬁﬂﬂad:dr&@é?dléco Apri |
17-21 (1995); J. Yorkston et al Soc m Proc. 116, 258
(1992); R A sesseimagudensars. PADfx- Mam@rrixalsgt\R@déafrrtsmnsgarraet\yxtmaﬁ(st $¥), 20 (

Stroet, U.s PhacoREPbeBnl T iban i o hERushouiy PR BB L 5

on small si zesucaucatlresmcns Mdepbﬂhm&lg@mmdﬂasms@m aEMepitet elenrhogythen
silicon wafers has been re-activated fol yel opments in the CMOS 15

t echnol ogy whi'BSG5HBY PRIBtssths At |5 afigs 6! |aorl?gisfi‘ AR GRUBT 1¢ B ent
progress, See“adﬁrvb Cm&tnxlrﬁtv'ﬂ?c'h,acﬂ-r@esﬁwcl: OGHSh WAFdndis@ed, akellse@%o cochB8Ghe Thi's
CMOS technol ogy allows the photocells to be integrated with the driver and
the tining ci lﬂé’moﬂ@@@chh’aﬁl a nmono-chip i mage canera can be realized. CCDs,
a-Si TFTs, and act (&M% e 0

exi sting/ enmerging ?éggﬁ%f%i& es oél{@gﬁl @ggﬁ%ﬁr({nﬁg}{%&g‘gﬁggﬁ%&mm ver,
because of t helecosich in pracdissedonahpadsiveanatiix, fthadapmela&lemcnts)mummmext

sophi sti cated devices,. their appl i cati oS ar e sever el g

ot hor e, - SHOICETPR e BRHAGH ol L R Ta B daY PO B esses
linmts the CChgthanBresHigd a@tdgveﬂrmsx@cLuu@wéﬁ FEVIaEY the founbiior fo¢ DsifeNgHie

di mensi ons. 25 Phot odi odes nmade wi th _organi ¢ sem conductors re resent a

novel class ofMiHBE Siedessliguig arystal cells 9icRBSIHIcbRassye Kok addresgable disglaysough
there were eaﬂcﬁﬁ'e(répﬁﬁéesthe Bﬁbt&@%}&gﬂ?gﬁnoggmé gP&bS@H 4 vBﬂ%eoiqﬁ%QE&nW th
organi ¢ nol ecul es and conj lgate ti ve y snmalT photoresponse
was observed [if mrveramblaewhemd@ﬂesaaadwwmbUiorgamccﬁlegmnnduqzlhmrmdhbdemot see: G A
Charrberll%l n, Spacf’j‘cal Of us€ i 8}11 ]fl i lodegm %]swelnat hsenéggo eg%oemn%s been
progr ess “usi né ‘CoHj Uy éltsedl po 9m% sytD e actPve eri aelr See for exanple
the follow ng cfo@pamtsemeentmﬁelphm avaid prssall, Bx@@xhg/(v{iﬂ'lﬁmehaﬂﬁalvi nyl ene),

PPV, and its d vVes, 00 991 39395
PCT/ US99/ 0224? °‘&X19§1% 9‘agmw'%dﬁ%@‘%§‘°‘%§ﬂﬂﬁ mwxféf’aﬁéﬂgﬁte t% egch gg93) . H
Ant onadi s, 1xei‘ﬁlr€d"up Wﬁldlﬁhyoﬂat)@nougaﬁﬁ cosBNfRduM 19t dage of YN h.

Met al s 64, 26 ( .1994); G VYu, C Zhang, A.J. Heeger, Appl. Phys. Lett. 64,

1540 ( 1994) 1rmlwu%¢mct1®8Jthwumh¢l10§ mpputpuideady iggrapprtiqralio i j el d, A B.

Hol nes,
romes. 3. ¢, B e TR Stk B (Gl BB Pl o) T the
phot osensi ti vmhgtodmdmrga/aus:thsxefm@hnnlud:tcox bﬁxdéﬂZiﬁedmhalmcb&iduyleeml t ed- st ate
charge transfe S iti.zin m _conductin
w thaccept or SRS BEmngpake BE ROt e hkipRe SERGRRENTT (thiRal"S 1
ﬁeger, Bg Eatpﬁdstbdngdﬁﬁayi&i’ch(dbuhe/sl?eﬂwnsmeml\llog ssg pﬁafoﬂfcﬁdfafaﬁﬁ}taﬂﬁsimﬁl J.
eger, at ent ; aricitftci, L. Smlowtz,
A J. Heeger a aﬁﬁﬂ&”"%&?’@ﬁéépb%‘sdwﬂﬂmw 1992); L. Smiiowitz, 1~T.S.
Sariciftg, R \M The d@%io?)h{ég%fch&rﬁé*cobﬂg@@va@é@‘%"@CDm%lrowEéWﬁl Rev. B 47,
13835 (1993); N.S. Sariciftci eger, Intern. " J d. Phys. B 8,
237 (1994)]. »adifpmal epmdwedwwﬂéngaamclahamm ty-dinegnsonelaniage sénaess.

nbi nat i t h h th
ecornat| on todu UL I GRS B
McBranch, D. Naags, Thbloperaad péndiple of @G@s&wblveb*@@x%rtnanﬁbﬁ@ﬁ chEi‘gt§fror|ne'[ t 21 3,

389 (1993) B. . Kr aabel D. McBranch, N. S. Sariciftci, D. Myses and A. J.
Heeger, Phys. PREto ;BxegOThqsg 513pgrp(@ggg1)sfer€oqur repeatedly and result in the charge
30 migrating, eventually, to the edge of the array for read-out. These devices employ

super-large integrating circuit ("SLIC") technology and require an extremely high

level of perfection during their fabrication. This makes CCD arrays costly (~$10°-



20 Lee, G Yu, D. Moses, K Pakbaz, C. ZzZhang, N.S. Sariciftci, Heeger
and F. \Widl, Phys. Rev. B. 48, 15425 (1993)]. By using char g@JPwaﬂﬁ{zer

bl ends as t he phot osensitive materials in photodi odes, externa
photosensitivity of 0.2-0.3 A/Watt and external quantumyields of 50- 80%
el Jph have Y_“}éeen achi eved at 430 nmat |ow reverse bias volta age %&G Yu,
Gao, THelen) F. Widl and 25 A J. Heeger, Science 2785¢T¥ 2%“1995)

G Yu and A.J. Heeger, J. Appl. Phys. 78, 451 0 ( 199S); J.J.M Halls, C A
Wal sh, N.C. Geenham E.A Marsegliid) RH Frield, S C I\/bratti and A B.

ot conor t | VS G CDRE OGS e ah s ang FH“&SH“*BWB%&%‘SQE Sdlets ' Gibsingl vt ¢

i ndependent g,hehg,aﬁ;s_vol tage [S.M Sze, Physics of Sem conductor 30 Devi ces
(Wley, New York, 1981 Part S]. Thus, the photosensitivity of thin film
phot odi odes made Whe hinfainywansistn &V D teghrdlesy on slassoriananapibairaies. e t o t hat

of phot odi od N addition to

their 31 ng %8?%8;@5%8@ W%@?ggg%@ggﬂaﬁ&ﬁﬁ%ﬁﬁo% osensitivity,

t hese oisgani propideta@td«e@:d&z&xsbbwatealf@d”abiymng targasigs -y sdda¢ssabdd iynabk gt _

I A R e N

}Z\hgs Hléett Esqn &6%261(257%19@%])7’g%ﬁ?_n§555wa15 dé%ﬁtr&eﬁexﬁgm{& AIStrekr, 1 Wil |5 and
CJ. r n n r :

Phys. 73964530&;@?51338158)51 Nefspe a ;Mél%sn p%mmagégeé'@s@f MW?%&S%@F at eg at

oo s enper Akl ST hGBNRLASA0R (1UbLY, Yonkhd b, 'Wisegsl tlve Lo Lhe

operating terrper ture 27 act or 2 fromroom'tenperature

to 80 HO[G Sun. RrocPakb,a%Sa(mQD%,HA I—ﬁe&gﬁrﬁull&ppbf Mateyils Resedrch Sbjet3422

1994 h f tt

(Gusta12]sson ﬁ(l&%&(@ﬁﬁﬁﬁ} g&(’f@%é‘n&a&l%v 'lr?eéelgns ﬂa fgﬁ\éllsl ESgld A J.
Heeger, Natutl®93ﬁkA4§ﬁedt @%9%zenAN&51lﬂa%Br(1@m ﬂide}ieﬁﬂ@mﬂy%drﬂ&l&

Phot oni cs News, Aug. 1996, p.24], h sensitivi t%Moole/msr phot odet ect ors

can be fabri e&¢rben stpalj ﬁ??géma‘fee%&elb‘}‘o grasdasy 9 eMQoleghnokegy 0 r oom
tenperature. s.TB&M@& R bEBRYE. abtwamna\tvmﬂgﬁie%aapﬁémmﬁe Mol hem sphere to
couple with an optical conponent or an optical system, or they can be made
in flexdibbl e tachfoddgyaphich provive suthisrgy wedvdémondvamevagersecent progessabl e one to
fabricate th Ps t fi I pol ymer
phot odi odes gan ﬁ E%%Q'JC’J?%%EF%J[ rW%‘g??%(a?Pé‘%@?%% ’I?l?ggwcg {I’%}Lnl%(ii g%evi ces,
such as an i allegrtht phbtcctelllsm besintegratedswith dendrivef end the ieseg cinduiisieo Bt f eat ures
make pol ynmer %ﬁoto i ades s%gm al for gy novel applications. SUMVARY OF
THE | NVENTI ORIMIRBRERIP 1hage Fdta Fap BealiA®Sup has denonstrated that the

photosensitivity CODe/HSITETH bR &tive l%b%l@%@ﬂﬁﬁdre@’esémﬂieyl ng a
reverse bias. It was further 25 found. that the tosensitivity increases

with refer seCHtg/amsreiag dechoplogies fos Sﬂl‘ﬂ:?‘é‘&é@%“é’ieﬁ@orﬁ nHEPEY-Iseause of nci dent
l'ight intens h tt. 64,
1540 (1994): kﬁe)éo£nﬁ|%2(&bsse9,n§i @QK/@“’Q‘%&" %gtﬁg%? bp é\gb%ged dawfsibﬂs?g)] Thi s
wor k showed apmh@tumsemet'emlytlymafd Rptheymhdrét the ise of SLIC technologies in the

ased 1 hin T HoReRenPEsetees HERC R b andRRE G POR MR e el 2 10
reverse bi asifcAdevibellimeasiohespondi ng to a quant um efficiency of >20% el / ph.

I n photodi odes fapricated with B%y(s octylt |ophene(%§ phot os nsitivity
over O. 31 Jul Yhoip@odasmasisivg USHIHFEPISSEINARRVE! GiRsE Obbser ved

over nost of prl§§eh£d:"rs ﬁ/ﬂﬁ‘bfr&ﬁllsmrgggﬁssaédvaﬂé l?il?h% Véﬁheile Wereldafipkbaz and
A.J. Heeger, Appl. 3422 1 have now f'ound t hat
this vari abl €£Ppﬂbtl@§‘@ri§803,@ffajvrleatmué@t@wdﬁ wmhcqrg@gemgimulehml e

phot osensors erse b V) the
phot odi ode cﬁ%nj%a?s‘(/ﬁ%gﬂga’ d’??m%ll’ ﬁ%ghgﬁ%tgyeﬁgghsfg\% gwe\?gfﬁgéﬁ mbs%\N The
phot osensi ti \oféaﬂyautrora oMQi‘gaﬁgﬁ)h@tdaﬁcﬁlet Get:NB.Al. rml@rnmlrla(nbsollat Celp)g,potential is
sever al orders 8 tude | ower, equivalent to.zero at the out put of a

1Gi

di gi t al3% ead b%@)]cﬂfl‘ ‘99OSFFhe§° hasbeen progress psips coningatef RolpBerg & thied as t he
Xf state of a&trug 0 spéﬂfarg Jﬁ?‘pﬁ@th\é%ilé‘\gﬁa e ¥pdrsAhep h&BxQEI’ﬂUnEe jghot odi odes
can serve as | ndivi 0 pixel’'s 1n passive diode arrays These arrays can
be in the forpniymheuylyneavjdylewaﬂf‘é adrisyderiviativies.a 8o feasg, IWnRaess,&d vi a row
(colum) el ectrodes and cat hodes connected via colum (row) electrodes.
Every pi xel can be selected, and the information (intensity of the incident
light) at each pixel can be read out w thout crosstalk. Alternatively, the
vol t age- swi t chabl e, organi c photodi odes can be arrayed in a 15 |i near
manner. These arrays can utilize the processing advant ages associated with
the fabr| catl on of or ganl c d| ode structures from sol ubI e, sem conductl ng,

T 1 o o o Y " S



20 desired shapes. This al so enables actwe areas to be in flexible form
These photoactive materials can be patterned onto an opticadq yulyr20bgr m
substrate by nmeans of photolithography) mcrocontact printing, shadow
masking and the like. In a preferred enbodi nent for the visible region of

t he spectru ubstrate is opaque for .1<400 nm so that the pixels are
i nsensitive %&w’?gdi ation. 25 The photoactive |ayer enpl oygﬁT’iUﬁg%/%é‘ge

swi t chabl e phot odi odes is made up of organic nmaterials. These take nunerous
forms. They can be conjugated sem conducti ng pol ymers or pol yner bl ends.

For donor-accgptor blen wi th pol [i n , e acceptor. be a
pol ymer, nacr@gfﬁlfoé’{?ﬁ’l M. %(SSPT"@‘HE’E yB‘%%‘ﬁF gﬁoﬁ%ZJPéﬂ(ﬁon‘%@Ev%@S BR.

Al ternativel yHsin! KcAll AbkEGRATY ROJenBRIe, 81, aSi6 R HYntB OMEMEIRNE6 A1994)n0r K
wel | . The hi gher nol ecul ar wei ght conponent in mané cases provid

mechani cal st Pengt & aungriyehiesgeshiem. Bhsndey. 64h 4@dhﬁlﬂ4);alb-b’e@{1%eﬁs<s,bl ends
| b ] | t h |1
can af o,be ey L BB Cro S8 AORRES, 800 AGRRBLOT, hlygi nel|

t he nol eSul ar Mandr @11339 (E94 &, RIHN ¢risnd, e Bu daneant D.IaC e Beaddgyd RiN .sMieks, vat i ves)

pi nacyanol angd its decivatjves. thj ene oligomers (such as

sexi t hi oph~en®.’%§a‘%é&%g§q%$ﬁsdb%£, 8T) and their derivatives and the

l'i ke, phenyl ol i gOTRE ShdtSdendititisy MOFLANERMicoNdu@6is )b BeBahcedd the i ke.

Exanpl es 5 of nol ecul ar acceptors include fullerenes (such as C-,0 and

their functi ofkditedsialacharsedensicnl fprexapple, chwysensiiengthe semirondeatings and t he

ike. In addipiQpe, QR JEARFITRIA%s Bl P AVETR OF sAlgRRLEg AGM conducti ng
0 r he an

materials in or/ accep eroj ®nction or ( um we conf’i gurati ons.
The orgdfi c i Heeger.défiPatest 31 830 Jidy 10hi994); N:BnSanirificand Bal desgero USol or 10

or multi-col og_det [ apahi lit lp these i e sensors col or, Loptical
wavel engt h) sg?tgﬁttf‘g%’@ﬁgﬁgiglgﬁ%)ev&e% gvcé@?@f'ngﬁaogl &ﬁ—ﬁaﬁﬁg%i‘ﬂd rfilter
ganel \lIDViEi h tpegmn,&mgee izﬁa,gwf(eims]gﬁls_. mdldwmgl B S eSwielfiod IR aws, @l lr3 eady

escri bed. | esired, the color_fjilter panel can serve a substrate upon
which the i malEtogHs Oyl iHeegs anddy. Witle Plhivs é%?t"i 36%&3@%55%} NSt he organic

| mage sensor sgadhfidlaa AP HeegRLfehed. Mod! 19, B&S98RNigosRVi ty device
structures as_denonstrated i the exanpl es _oT) the invention. The organic

i mage sdAsor Bhotaipdusgidichangh &ransfed preventseagy tigetreenmelingtion and stebibingstithe can be
used for spec i | L,cat L ons as _f - ronmeters). In
addi tion, enb%ﬁf?%%? grag?lﬁt eéek'p?'reen%1 ) mg(' %‘ggi‘r}?’?gﬁ“%ﬁ’@? %{gﬁ{gf %@%:ﬁj@eﬁn&ge 20
sensors with taelldctieofBr KeabecCiHinLeapaNi¢Briagch, Dn NMbesaN.8r Garicifici amdge

sensors, a filter. panel, is made up of .r e d. bl ue or filters

whi ch are pat tb‘efﬁé gf’rncge’?‘oﬁgﬁﬁst' lc‘gtr &égpﬁo@%ﬁtﬁ g%%abftbndﬁg%ﬁan%{"phot odi ode
array. The paNes. Sdrichfedi{Br Med arldt£0.5 Heggdr,tHgs PREY.EB 5001 §3R3 { B4 pdBHar r ay
are coupl ed (and coqgrdi nated) such that a colored i nage sensor isglg_ormad.

d i
The pat %8 nedL€o1%r Y i [P MosraKel Pakhir: be Zbaeg 198. dirti@lieh §-Jadleepa a8dbst rat e
of the i|Mage SANEWhys Rkl BOUBY)SI8 PaohY| Bpuskiy bt uahiibAYaiswban. T ed.
green and blue colors are detected by threé of "these photodi odes with
spectral respphatescositivemiatesinls30 photadiodd0extemalphowsensitivityrod §2e@8 i vel y.

Differentiati erations, in the read- I L cui tract. (600- 700
nm, green (58‘8‘-”%83“%%‘3@%‘]%“[]‘ 1(‘5 -oggg'%ﬂ%e@#&n‘éﬁe%s%.engggle\;eg%t%}?y 20D2 7a
IR a 1(‘1 i rst asﬁﬁlc‘dllogf F@e}fsa\ﬁﬁi@gbnﬂ‘gepl[@.\/wﬁeli Gas \UC. Charainelens B aWidl andl )

phot odet,gct or c e of .produci.ng a photocyrre in, response t i ght

i npi ngi r?g thef“‘eﬁﬁg‘?ﬁ‘_gﬁ’orﬁﬁ'qnﬁf %ﬂo’é73%@5&)&1?%@%%2’&%1Jg ‘g%q]t gﬁ%s'sour ce,
sai d phot odi odg 432y 15§ JoW1l tHAIR, CAL eWhisRIN &N GreaiHaf, B A IMarseplid, St

el ectrode; 5 a photoactive organic | ayer di sposed on said first el ectrode;

and a second RidcFrieldeS.§ doratitianshA SailioiplesNaiwreidve 49845905 1Aes . and sai d
Ut iy PV 1 g
{Prst el eotr ofune RV Iéne® RN RISEVi AN UF, SMeleH oy BhaBHBIRT 000 P2 0

a phot osensi t ~QRtA/WadW Viriepentbnifdiasavohtgs(SMC See] Phpsicasf Segnidundactand
near-ze@ phobos,ensi tivity at a cut-off ?ﬁésgbstanti aI,I,¥ %ggj valent in 10
magni t ud? t o SgVEeHIViley, Newopeknd 981 Part 3). JBhahojessatvity ofghinfimnt i on
provi des a scannslibgesthifyitd M%fe@aﬁgg%vwéngﬁameﬁdﬂeeaﬂbﬁammmﬁe sides each
having a built-in potenti al aﬁd a predeterm ned photosensitivity range,
said array conbetodiodes mdds witlsinopganic ssmicondegting caystals. sin addider potbieir| ayer
conprising at |east one linear electrode disposed on said support substrate
along a first direction; a photoactive organic |ayer disposed on said

| inear el ectrode; a second el ectrode |ayer Conprising a plurality of |inear
el ectrodes disposed on said 20 photoactive |ayer along a second direction
transverse to said first direction; and a voltage source adapted to apply a
swi tching voltage across at | east one electrode of said first el ectrode

g, o o Y o "



25 magnitude to said-built-in potential. In a third aspect, the invention
provides a nmethod of selectively detecting |ight incident ogq3an2dedy Of
vol t age- swi t chabl e organi ¢ phot odi ode detectors, said array conﬁf?zl' sing a
plurality of photodi odes arranged in a row and col uymm matrix, each

phot odi ode having a built-in potential and 30 adapted to generate an out put
in responsewp(?wr’?qr‘é? dent radiation, each photodi ode conpri si RgT/HS$0R%H

el ectrode, a photoactive organic |ayer disposed on said first el ectrode,
and a second el ectrode di sposed on said phot oactive | ayer, the first

el ectrode of each photodi ode in a row being, el ect"i cal]ly connected to a
conmon anode, MehBhARHHY visY-dgsk gEReNIsiPhRRdiPdsh SRASHIRERFYIAMIE T18B%S%im bei ng
electrically t : i 0 i 8§ ng: 35
cequent i al 1y ‘S g B o D R e B T RS RpuRd R19) 0y 2002
7b appl yi ng amWéper a¢.i ovgr bighsorderlstodgmgnitudsd . tYhe Ho dtakbar aat AddBeegssoci at ed

Vol tage, i mpep Png 0 AL 1S p RSBl Corthd. Sapo oluaRHifh Fa Vet 0 *' 29

phot osengi ti ViddyA.abB¢eset BMdhte apmI 17801 BSE G, - h bny/ AT dpRg&CT.08FpIr €MRi Ni Ng
cat hodes and all the anodes, said cut 5 off voltage being equivalent in

magni t ude to Bmisd 7BuAN0.(905pbt istrokymer photodeseters “PBOP?{é‘eﬂ)HHPB@}! odes of
all col ums Oﬁeh@&amé}%ahﬁepﬁﬁk&eﬂ%igﬂakmiu&gﬁhga@meahm&% &agid i vity; and
sequentially reading out the generated outr'{_)ut of the selected colum of
phot odi odes. temparafuse rdréppasgolmcenly @ Hectori@nirem nogye teipgeatura tor8@ Kdé. of

sel ectively detectdng |ight inci dent a t age- swi t chabl e
or gani ¢ phot ngglg.eﬁagg%ze%r@dtﬁg.,Hese§f:§9xgp ir)'rajllill%'g'()%g)trt'i é%i’ﬁf‘ézgf(bﬂ\é3ha| ity of

phot odi ades ar r angaslisithe casé fo¥ pphtne ¢ighremimhg devices fGh Gubtafsesh, adeCdvavi ng a
built-in potential,_and adapted tqQ_generate an oqutput in response to

i nci dent radi t%pTreé%%- @Y%‘Gf’g‘&eg%ﬁﬂ’iags_ﬁ‘g%a Geg< Né_‘l“éecfsﬂoﬂ-zz a

phot oactive ofgam; & ) 3YREedindN038ds Wpikdig Phétbiiks RbREtARde998¥h 4, second

el ectrode di slﬁ)‘osed on saird phot oactive layer, the first electrode of each
phot odi ode i nhigh sengitiyily mglyresr pheledeteetansicgn be fabasatediin lareg agsphbn anode, t he
second el ectr . o [ j I Sy ' ' |y
connected to gggg%zﬁggioﬁg%%ggﬁtérlr]gateﬂaéglgbonpr?agfl Hr%g{ngdggghé%%?gl |y
activatildg a sepedeed onakcofisphhetiodoadewithyn oppedl gpmgoremt opar giticalg bi as

vol tage across the ca n_anode, associate t.h.said.selected row and all

t he comon ca?yﬁg?aﬁs?r tg%locifngjﬁé’?aéitei’?n e’b‘}’ SOI‘?%]%Y%.%]&&O%J?IF PRI“¥B'%each 20

phot odi ode of advafitag&l #setepdble vk & PBAEAS HaPhbioversyrsalirentty ditdopticadppl yi ng a

cut - of f voltaige across remai ning. angdes and all . the cat hode said cut off
1

vol t age bei ngDR&si YimikHY, RHYmegAhetadiadsssrat be Hypridiped with w@iéqvaqesahd

inmparting to {B&rRANAdRH-0488h & arfihtegf0%6ciRLIIEDN b Bi@or Wefed eTR&GE figh®W
near-zero photosensitivity; and stec)guentl ally reading out the generated

out put A0 t hefesairesarakg pobimasiphplediodes geis! fop many naveljapplicatisifect , t he

i nvention provides an organi ¢ photodi ode detector conprising a photodi ode
and a vol tage source, said photodi ode having a built-in potential and a
prescri bed photosensitivity SEGMMARY OFSPHEINVENTHONdent radi ation, said

phot odi ode conprisjng: a first electrode; 30 a t ogcti,ve organic | ayer
di sposed on said f#?‘%f“ RIPEEET B g%?“?i’@%ﬂff“%’?sgé{épglbag %ﬁ?fﬁllfgk)vﬁtyé’éi d
phot oacti ve opgamicphbBliRtcs citheeAhshc¥®@by agslyne WreReradAm atwhOfudBe Y an
operati g‘& bi asi ngtvol tage across said first electrode and sai d second

: [

el ectrod®, safendithas thephowsensiiyityjasraasenyith gexease\piasaioliags, 8ddithged
photosensi ti Vixﬁyeagm indep%illde-'rH oY irc At light intensity [G. Yu, C. Zhang and A.J.
Heeger, Appl. Phys. Lett. 64,1540 (1994); AJ. Heegerand G. Yu, U.S. Patent,
5,504,323 (1996)]. This work showed a photosensitivity of ~90 mA/Watt in
poly(2-methoxy-5-(2'-ethyl-hexyloxy)-1,4-phenylene vinylene) ("MEH-PPV")-
30 based thin film devices, such as ITO/MEH-PPV/Ca thin film devices, at 10 V
reverse bias (430 nm), corresponding to a quantum efficiency of >20% el/ph. In

photodiodes fabricated with poly(3-octylthiophene), photosensitivity over 0.3



WD 991 39395 PCT/ US99/ 02247 _g_ BRI EF DESCRI PTI ON OF THE DRAW NGS Thi s
invention will be further described wth reference being rr&;zie,jm?zbbg
drawings in which: Fig. 1 is a cross-sectional schematic view o

vol t age-swi tchabl e S phot odi ode of this invention 10 assenbled into a
circuit. TReofkacurrent can be read out by a current nete@grRisedekpad- out
device inserted in the loop; Fig. 2 is a cross-sectional schematic view of
a vol tage-swi tchabl e phot odi ode 20 jg.reversed configuration, in which the
reversed configuration refers the structure with the transparent electrode

contaci ed w tArwidnayds dtRerStd AL ol oftvigb1d pRehi r‘dﬁ‘gel aQYﬁ.‘fV bidsgG. 3rd.§1 an
expl oded schematic view of a 2D | mage sensor 30 made of an x-y addressabl e,

passi ve mnat r iPrkipfz apd|A. bgléew tP@l}?ébﬂ’fB’Sph@ﬂ 0fH,348%(198#)J. 4 is an expl oded
schematic view of We sze ng%&pf'o%d {hgft \%ﬁﬁ!ﬁgﬁ)hégse ggli#rﬁgleggg)&fy addr essabl e

phot odi ode matri x coupl’ed to a coO ane I's an expl oded

schematic vi ewltade- s&mfdhbﬂale phb10kenbdTROAL S ANBIBE bﬁa rmadeelmm xaﬁloeXofyz pgldr essabl e
phot odi ode r| X (ﬂ/ﬂl ch each full ~cal or ree

ot oaerr t b theptdiodide din be el ma M o Ll oRO A The such as

at 700 nm 6%@0@9&{@1?@1@%%03‘[@5'0%56@th&r@erﬂd’l‘?—ﬂhlt-‘?xﬁ) ﬁo’fb%tl?ﬂ@tsafci’glrent as a
function of bias voltage in a 20 | TQ MEH PPV/ Ca device;, Fig. 7 is a graph

" of the transprénss ofmegmiude losyarsghivelentio pamat oAU REBEIESSA-a8nduct | ng
p_0| ymer, el ect Er?&*ﬁs'ﬂ];lg{\%‘g z%xh e ca% tl;x deﬁH as tﬁégﬂgﬁf%of\(\gea?}%(o’loﬁédehurmn eye.

Fig. 8is a dgra tocut rent (C|rc current (solid
25 line) of a ITO’IMEM\FHRVb@GBMMbIepdsrgamdphIdedmdasearpkawmunmenmmlwas t aken
under jte Li t of |nt ~1_? mN cn?. Fbg 13 i.S a rag(gj of the
currenttXol t & SC‘H&’I“%F&Y hesf araxsy AR AT ¢8328lfe dar k

(circles), araeka¥§ wummﬁieedom@l@ﬂ via ré® (E0MaR) eladtroaés%nmaﬁ@aémﬂﬁacxedBO Fig.

10 is a graph of the current-voltage characteristics neasured between a row
el ectrode andimcldyniieve ckeetrpdsgeEvery pixgl ande sgleeredbdind dee infarmasion n t he dark

(I'ines) and Ld%g@é%gg% uﬁog&hx ldéﬂtg?cﬂéﬁﬁn%l c&ﬁbé £ 9ht without crb¥di¥ik 2002 WO

991 39395 PCT/ IS a schematic representation of the
drivi ng schenfdtehmtivaly7ihé@opagetrdicbabde, meganiophotadiagies tande ateyed inked iii terns
of ITO’MEH— PP,~~' PCBM Ag swi t chabl e phot odi odes; Fig. 12 is a graph of the
phot or eSponsdP§# BTt age- swi t chabl e phot odi ode 5 nade with P30T:

These arrays can utilize the processing advantages associated with the
fabrication of organic diode structures from soluble, semiconducting, conjugated
polymers (and/or their precursor polymers). Layers of these materials can be cast
from solution to enable the fabrication of large active areas, onto substrates with

20 desired shapes. This also enables active areas to be in flexible form. These
photoactive materials can be patterned onto an optically uniform substrate by
means of photolithography, microcontact printing, shadow masking and the like. In
a preferred embodiment for the visible region of the spectrum, the substrate is
opaque for A<400 nm so that the pixels are insensitive to UV radiation.

25 The photoactive layer employed in these switchable photodiodes is made
up of organic materials. These take numerous forms. They can be conjugated
semiconducting polymers or polymer blends. For donor-acceptor blends with
polymeric donors, the acceptor can be a polymer, macromolecule, oligomer or
small molecule (monomers). Alternatively, molecular donor/polymeric acceptor

30 systems also work well. The higher molecular weight component in many cases
provides mechanical strength and prevents phase changes. The donor-acceptor

blends can also be made with small molecule donors and acceptors that are well



Fig. 13Ais a graph of the photoresponse of voltage-sw tchabl e photodi odes
with spectral response simulating that of human eye, V(-~,)31Guly2d6B is a
graph of the transmttance of the | ong-wavel engt h-pass filter and the
visual response, V(.l) corresponding to Fig. 13A; 10 Fig. 14 is a aph of
the spectr ¥V PeE¥8nse of a solar blind L'V detector operatPGRUSINZHY  The
phot or esponse of the MEH PPV: C~0 phat odi ode on 1TO/ gl ass substrate and the
phot or esponse of an UV- enhanced Si 'ﬂh‘ot odi ode are plotted for conparison;
Fig. 1 SA |s a graph of the response of a PTV photqdiode; 15 Fig. 1 SBis a
graph of thekipbt G‘rtbg%ngéaféﬂ’leﬁ’“@ mglespar 6?&‘%@8?‘?‘?7%@‘%‘#‘0@% phot odi odes

coup ed Wt NufnGeliRlanlif gl@flvﬂﬁfﬁéalpxnagyaﬂglt s/ i B e Sibfbpbnd dfohieps (T ance

of the col or ters use ener grap In Figs. 1
SA and 15B; @ugh as]@Allhmpbsngrﬁiptncbdct)dthlqmmez 81) apabeir ddrivatwgsand ¢heof

(3ol 1 d i ro1 BBS By Shisdmer bR BTSRRI B2 oo ptil) ARBRDIGL EGBTRE: et ect on
derivedsfr Oﬁbfrhaleddll@ﬂ&cglﬁﬁﬁ(?ﬁtﬁ&& fulerbhed (sukBAs CFiagd thki fuict@nglr aph show ng
-V response of a photodi ode made with PPV in the dark and under

i |1 um nati on¢ erzfsmrri:sg Alggtyps oxgagpmptallismeniperdesiand/thed s o s eddations opmeanodi ode
with a donoréxﬂé&g%x%pL'é%ﬁsodf%?%mc%m%ﬁag&&tﬁg‘fna'té?laishﬁ dgﬁér}%c@é%@orunder

illum nation I's a grap soli1d circles)
phot ocur r ent bet¢rojunchies pr gfanaunP@Efl coifigueatioosle under 8 mwW cn br oad band

white |ight (400- cr ss ectl onal schematl o
views of |inear ﬁg‘t‘ 8%%’8(%’“%% 551)?05?/%“3&%8@)&“? H]%S tg°£ %venlflg% %ougt ors; Fig.
21 is aosket 6hm0fn td16r ddtéctivh tapabidity. tia tﬁ!ésbmagefbenmrsg@mrqmiwt odi ode array;
31 Jufy 2002 WD 99/ 39395 PCT/ US99/ 02247 - 10 Figs. 22A-D show i mages

achi eved by ¥apdength)selegtionhsrsbsdehige a{’ryr%?‘bé‘?‘n&ﬁ)@“ﬁpk?@?r&?é’ipa&eb 5 inch

llength. Fig. w@And &g%lﬁﬁqaé‘ec%je%oré z{mqelag? !;eﬂsor?a%%d aﬁre@d;%é%@r‘i‘bé&mlpr | mage;
Fig. 22Cis a blue Color 1nage; and Fig. Dis a full-color imge

recovered bydevssdrtpesolayfitierand¢an sareets aaw@sttﬁtwmoﬂmh thedmyege s6NSOFi gs. 22A5
C Fig. 23i % c%rr%rda%e%f f@‘tnon \Qﬁ\le?e%gthhoqglgg @ﬁ%xy ﬁl%oemgrs\@aﬁg gbg.xlOZ pol ymer

phot odi ode array, Fi'g angual ar “di'stri utlon of the
l'i ght dif ssi edlediedoy wsu@ﬁsduﬁb)t (3:157: 4 de\éds suuchures afsldemorltsltmtekiumﬂmr phot odi ode
array. examples of the invention. The organic image sensor arrays with the ability to
select specific wavelengths can be used for spectrographic applications (such as
flat-panel spectrometers).
In addition, embodiments of the present invention provide organic image
20 sensors with full-color detection capability. In these organic image sensors, a filter
panel is made up of red, green and blue color filters which are patterned in a format
corresponding to the format of a photodiode array. The panel of patterned filters
and the patterned photodiode array are coupled (and coordinated) such that a
colored image sensor is formed. The patterned color filter panel can be used
25 directly as the substrate of the image sensor.
Full-color detectivity, is also achieved when red, green and blue colors are
detected by three of these photodiodes with spectral response cut-off at 500 nm,
600 nm and 700 nm, respectively. Differentiation operations in the read-out circuit
extract the red (600-700 nm), green (500-600 nm/) and blue (400-500 nm) signals.

30



10 Fig. 25 is a schematic view of a spectrographer made of P30T phot odi ode
array; Fig. 26 is a graph of the transm ssion spectra of a B\July 2002
nmeasured with the spectrographer of Fig. 25. Fig. 27 is a graph of the
spectral response of an organic photosensor in 15 mcrocavity (optic

etal on) structure. DETAI LED DESCRI PT1ION/£OF THE | NVENTI ON Thi s invention
provi des high sensitivity photodi odes with voltage sw tchable

h itivity: nho he 20
DEot P ar s b et e R S A R SRR e BBl "
pi xel s i npkutocatrest)in méspsnselno ugﬂttlmgmgmgntheﬁMbh eorpmmtfgja phlesdiéde @ad aeypikialle e

| evel s. Th(a1 e SW tch%[bﬁht g ﬁsens?R}f ena%l 1 fabrication of either one-
or . di HoRer Siteer arghioRiade 5 Ee Rl Blafly e st e ow (v
addr essabi | i t yafifldnelestraldé;age swi t chabl e phot odetector is constructed in a
nmet al - sem conduc r-rretal 25.thin ucture in which'an
organit film st %\aé’t“éF‘?rg‘?"ﬁﬁl\{L %msﬁ%?fhﬁ&q{irﬁb‘sﬁgﬁﬁ@yor a polymer blend is
used as the ph@tsama le}éetrdnatd@ypbsah onS@ildqjhb@dctﬁ/@b@ganerai&ﬂ dnd-sgidl voltagtedoret i ON
in the vi s 5 and nea{y ;:an be achi eved b COUFéJ g.the.inma ensor to

t athP st

e .
an opti caf ane ta selegtive Yo ArParhing Joliage gtasgsa Hectrade andisaf secopkan)
arid full ele@tods, Satmgﬁtcﬁmg%ltszgeaﬁ@admgw plbm;extswmwpbvmgnm aX-aYpr&ﬁli&t@disam e

30 pol yner di od rix or linear arra col or or

by [ aby | CORTHEE itk ot Jewizet PROERNRY B & iofnbeomushatiul’ St iy soo
nm antD 70fagitude ©Ipidbhiltvialpytenttit 0 optical |l y uni form substrates, or by
fabricating the 31 July 2002 WD 991 39395 PCT/ US99/ 02247 -11 phot odi odes
in mcrocavity structures with defined spectral responses in the red, green
and bl ue Iegisesvad a‘rs]!pdct ageamgﬁ@hp\b{zﬂ;qohmbadnhmdesrlayraifezoua@sd“bﬂcﬂablwxigaiﬁge
sensors. uc f odi S as t sensi ng el e s in col umm- r.ow
ratrix aPsede EtaaPg B Bledshl i AorsaeEnaaT PhcirretuiS ety st

whi ch opesredyedmptitingut crosstal k. Because of the strong vol tage dependence
of thg. photosensiti VI‘E% a columm of pixels in the 2D phot odi ode matrix can
be sef®ected andS{PRPHEFSEHWi t h proper vol tage bias, |leaving the rest of the
pi xel s on ot hea ﬁrsm\mcurmemr tonysrising dt east orei lﬂemteléctrgdmt dispisédnon buids suppgre of
operation ubgtpa?eﬁd}' 1] gtdlrlglct{O(I)IW N colum 2D 10 nmatrix is reduced to N

i sol ated finear: ditode arrays’each with Melenents; ~said isolated |inear

di ode arrays aa phdtmaeeve‘mganudlmpr dnspmsdaismd/\linean’ml@trp@p nates fromfinite

resi stance bet i t

phot odi ode ar rﬁgg&"gﬁy?ﬁ‘gd% lgger% %‘ésgnggé pq‘s)rfi M&F‘? lm\é\gr Qf&r%g{lr ‘gll%r? S@i%?] rslalﬁg

t hr ougfh eplwitoactinelayer albng hecorgtditestion Biansverse toasardﬂrhidure@fonmdt act el ectrodes
are reduced to I LIl kN the
case of indivi dﬁcg ag:%éﬁl ﬁ%@%‘&g%&"x%‘ﬁgg Sgﬁ%@% ﬁoug?e dells ?ﬁ%@})&fe%ﬁc{r%'ﬂ%%&
arrays befistrelegrade tlaysnland etolepstronb electredet ¢fesaiv gﬁhom Rle¢tr0de aylet, ysardl SS\ptICh!yg
arrays na BHR gggwgsg

array, thg(ﬁ% eélgrre\t ?Iq giﬁgs?é usggg{edﬁg&%h%er&%?os%géﬁﬁg lgxe | ectrodes by
500 ti mesopemting pﬁtylel;sprbras prrhrar-gae shotoseasitivity 2@ cauhoff bjss ewtistdatially eqnivelens in
approggh 19 ﬁlﬁ@gﬂogﬁhlbﬂﬂ-lhﬁ]&gﬁlaw ze, low cost, high pixel density, 2D inage
sensing arrays wth a room tenperature manuf acturl ng process. In addition
to being used as the sensing el errents in x-y addressabl e, 2D passive

phot odi od i al so
e used 1 Sl ddAIGUTpRNRS L e I R BT AT of 3

di scl osedarray qﬂnoyagermﬁqbabdmorg@rh@ ph@t@dl@deodeteromﬂ \said) arvayIOpmp(lsmaa)plurdﬁy 9€ nore

} Eﬁ?vg)r(]) 1[?188‘4’&&%\/% ar%lﬂ dqﬁ é%vp Qx{d c%ﬂmﬂlfmﬁn;( %‘szl{%&%ﬂe H%é A8Ein potential and
adapted to generate an output in response to incident radiation, each photodiode comprising a first
electrode, a photoactive organic layer disposed on said first electrode, and a second electrode
disposed on said photoactive layer, the first electrode of each photodiode in a row being
electrically connected to a common anode, the second electrode of each photodiode in a column
being electrically connected to a common cathode, said method comprising:

35 sequentially activating a selected column of photodiodes by;



(>1.3x 1 OS) allows the collection of inage data wth gray scale
resolution of more than | 2 bits ( 12 bit has 4096 gray |evgq guly 2do2ear
phot odi ode arrays nade with these materials can be used for high i nage
quality (over 18 bits), full-page color 30 digital imge scanners. Contrary
to active image sensors, no anal og sw tghes are needed to drive these
arrays. A digital shift register or a BCD decoder can be used for pixel

sel ection. 31 Jul ﬁgﬁQOZ WO 99tl 39395 PCTI US99/,.02247 -12thThe devi%ﬁ .
structure of the |i ARG ALCRTIMIGLP1 S oU5ES ATOSH g Pomipor; gthodpassayatsk Bith ent
gl ass or B¥d sdlédtedscotimin dnd all shedcontndnheboddspsiid Gieding Gas goleagaEiingartiag fo &dkh as
silicon r an.al so be used gs the substrate npterial. In this case,

t he |igh¥%\£‘§°$%‘@i°38ﬁ€§18?ﬁ?‘§°°f%af E’Sg’ﬁﬂt?’g’é%’oﬁ L‘&A}a{g’ shown in Fig. 19B. Wen
organi c ?I PET }‘i I rrSaﬁ)‘lﬁan?_&d;ﬁEv;ﬁHé&cfe@i @?lainiﬂg&aﬂhgmahd dimdanaref,?mdean be .
made i ihle form i C evi.ces W th curved surface can also be use
ot neb subl: Yolige BPE el Bag s 0 il St goRial 30 FRAEE D J° car
be coquI eghdtediadesl of dlldbgfnﬂf& eﬂlen\/\hghhe§él@ted@Qlﬁlinﬁi’:lbardex\éiclﬁeﬁsdnﬁitiﬁitﬁ@ﬁd red

optical arrangenent,k an it esired opti wavefront. 10 Lj near

phot odi ode arréiﬂé‘e‘lf‘éﬁy ﬁéw%ﬂg%lerge’c‘?ﬁ@e‘g?}ﬁﬁltQgﬁiglf‘ilm cg‘“mnloéf’h‘{t?fl'? %t shown
in Fig. 3 with one row and n colums or with one colum and n rows. The
cross sectional views of twg typical deyice struyctures are shown in Fig.

19. The shb% ?@%@gﬁ&hﬂ%@?%éﬁgﬂm mg OSgB%EfﬁF@t.‘Vqt’Bhd%{“ﬁP%?‘é‘i‘tr‘%ﬂde“t on an

]cc:ogf i goir agﬂr@noi( Vilgge-shdfthabld Bn%axhi}: rpﬁabiigameg&k@g &aiﬂrdérﬁz Sofnphifing & Purklty é)fl .
abri cated onf.o, a transparent Ss .Substrate, w th patterne

(511 or Phspindel eatrdriih e an e unEatiay ar RIplodiods EYngd R R Rt A1 y et
§| eft r Odesdafptelﬂ itd) %diieﬁaowanfouﬂpﬂﬁ? rﬁﬁ(}&n’é& fjcﬁﬁclﬂﬁﬁllﬁfaﬂi’aﬁ?rp l@id}illgﬁllitombﬁ@bﬁil prisihg e fiksodes 3
ielectric filn~/1T0Q or netal fi dielectri, i ilayer el ecjrodes}t. The
b ocess oflertiRdbynpavfivsgorienis e iReseH $ o Broh eeRidhot 4 SeoaibeRISH o en
used br oadispyostd oh Gaidt piedtaoli@giags, thehfirstl@Rodddei 6Medh phb@didtde admiaCrdwaypeing 20
{21 Z). can be achi eved. by spin casting, drqp,casting, ,printing,

L et 1BenBeroaity Symmered FLa Simriors ot A rer ot GiEst e Bactkofdiele s colpn ¢ e
fﬁr 31 of abT(Iﬁg élmiﬁay cahaqe] tbabaﬂuno@?aihdme, safalq?mﬂnddﬁmﬁﬂii@d Wi t{] a Si npl ;a.
shadow nmask or patterne nmeans 0 .t hography. I n nost applications
(especial |y fof%“ t'@@’(a%?’@%‘ﬂaﬁglf‘gg&wpﬁgpﬁéﬁl% eﬁﬁ]ﬁg of the sensing nateri al
IS necessary. This sgigngah @eratiyg biasnvdiagederasd the tcaimon hioda agoeinted oith eaid t

PC) board with a drivj ' it .S i Sti tion. techni
5522 Bl TR S oA P B SPORE l=

bondi 2@)) pluitatiederndthe weliaed retva.photosensitieitysbede frok/Wint er boar d connecti on. The
drive circuits can al.so. be arrandged rroundi h r ..onto the
sane substrate. Thi gp pﬁ’gn%%f)@é’?tg‘ioﬁjg/gepa%% Serreglgl&gllg%g%‘?ers %dzaq\f/]\nélg ﬁatg&{?gé%ld %{&iel
density 30ff(wltgge beig® eguixadbr/ innmhgnitude te Isaid ebuslivire potentind and ioipaging danthpe

bonded t 0,4 16 HeRSEaTRS bth Gt L 1ebA rih RSk LG PhotGRIRGSH | Has can Dbe

_ ; Pho SRS o
achi eved Via 5(81 dering, one dimensional conduct ng epoxy-or other existing
connect i on t eckgénsigilemading @1 thegeyeragboutwbodhe S989E roCHf pPlegsii@zR47 - 13 As
denonsg rated in the exanples herein, the spectral response of the pol ynmer
i mage sensors can cover the entire visible spectrumwith relatively flat
r esponse. Infe fifik aspest, he invhmtionipsdvides as peganic photodipdeadetaston eomprisingtasphotadiode a
band- pass,yq, voltage source, said photodiode having a built-in potential and a prescribed photosensitivity
range in response to incident radiation, said photodiode comprising:
a first electrode;
30 a photoactive organic layer disposed on said first electrode;
a second electrode disposed on said photoactive organic layer; and said voltage source
adapted to apply an operating biasing voltage across said first electrode and said second electrode,

said biasing voltage operating to vary said prescribed photosensitivity range.



or |ow pass optical filter. Miulti-color detection in the visible and the
near UV can S be achieved by coupling the image sensor w thgpyqgl2e02filter
panel. A fabrication process for full-color inmge sensors is described with
the x-y addressabl e polynmer diode matrix and a R&B (red, green, blue) color

filter panelyoodnagioli | ar fabrication process can be enpl oyed e a
| i near photodi ode array. 10 Definitions~ndDevi ce gtntet~~s 7%@%@9%
description of preferred enbodimentsgand in the clains, reference will be

made i 0 several defined ternms. One group of ternms concerns the structure of

t he vol t age-swi tchabl e w R!ﬁ*r 95 | wﬁ!,, ' of the voltage
swi t chabl e photodiode is's om;r)]elgﬁ I gféﬁﬁq'he vcll))I agétqgfvﬁlvtchabl e phot odi ode
10 15 is constructBds insempnivhb benfitrdler desotibainditic tederemettaing ivhds-tbthd hin film
devi ce confi gy ation. Eg@ci fically, the device 10 includes: A "photoactive
layer" (layer 12)"S¢8hr*Sed of organic, seniconducting material (s), such as
a conj ugated pol ymag,1 @ aResy-SRkioRdl 8kmatic RRW &BL VdRbeewlienBR Ybl end, a

| ayer of organic molecule or 20 nol ecul ar blends; or a nmultilayer structure
conbi ni ng t hephgtrsdiaderpdthis inyension HRwsseabiaddnto agiwssity diephototumest eamte,  13)

whi ch serve (0} ) ' .0 extract

el ectrons an %%&gsb?%rcggﬁggﬁt%g%e?&?rogf%d%ﬂge %Eﬁiegg{]:ﬁ% 3(830 ‘ayer. One of the
el ectrodes (| ayer Fig. 3 is alerags-séctipnal scheadcitic tvieansfravadtage-owitelabie r ansparent in
t he spectral range pof,.interest ta 25.all.ow the incident |jght 18 to be
absoxbed | n tHEVRLARD i e confietriani8 At T ERr Ot EBrern FHER o o
conducti ng mathesir@hurdintith the ©diepari electrodicdon@idielvath thb gree Gittedeinemat eri al .
This sane rel atiopship of electrodes 11 and, 13 to active |layer 12 and |ight
source 18 (or2c¥¥eyayers found in devices 10) 20, 30 40 and 50 as.depicted in
Flgs. 1, 2, 30 3, de A3 Sepl6daREchiaiEview 6 | 3nEr 9% 2,

el ectrodes 1 i and 13 ar?a cpoér;mecte atlovbeiwas %o?%é%g%r%? n1£d§%\?95 lines 17
and 17', respel@idreisgble Dasactrontrit 6f yoltage-switphabdepligodiodes31 July 2002 WO

991 39395 PCT/ US99/,02247 - 1 rr.ent .meter or read _out devigce) is wired
in series into thilagg"(szlil5 g'ﬁf’fp[}?c%ﬁr‘?%%gha}’g vianweo pah%ut%écroiosrﬁglﬁg%sedléﬂe@ & in the
phot odi ode i nwitlespoydditessablie phbrodiBde Mairix @apkdas b colot finerpaele enpl oyed in
all of t‘g: devi cesF.é 0, 20, g%p g% and 50) e@ilct ?d.i n Figs. 1-5. 5 The
devi ces 'Tray al so imeluda" Pt SorraIRNS it Pl Rllgrolrdpaes tenser S%madthown i n
Figs. 1-5. Thiih bSx-5 a8@febsdble phtoio8¢ mhalrBXdMlifch eachituNlesiop PRI is fuddeovi de
robustness to the diodes and~or to the matrix array of diodes. Wen |ight

i s incident fefdkree nlotasepsitivyematerilgbavingdiffsring langtwavsippgihcubeffs seabsasar ent or
sem transpar efoh Dt ange of interest. dass, polyner sheets or
fl exible pl ast?gb ?]fgn@éﬁgﬁ&sﬁ(ﬁs rates 10 commonly used. Wde band

seni conduct or waf diig. qis aghaphof SieGhoSciNyennas g furetien of bins paltagatin el ow t hei r
opti cal ,gaps used in some applications. In these cases, a thin,
doped r%gi on @n@}lﬂzg‘@mvﬁ% the contact electrode 11. Devices ~ith the
inverted geonetry HHOMS aigfaphiof thedraasmissibs oharacéristics 6f PANIICSHA iins. I n this
configurati O?ﬁ}ﬁ%@% 18 i s .i nci dent froog]gt'hffg" gack',' | ectrode 15 side, and
optically op Fracérentuctipg polpmey egirodes; afve sbowa isthe ¥ispakresnoase: For
exanpl e, by ugiA)SbfdimaRejdani ¢ seniconductor wafer (such as silicon) as the
substrate 14, and by doping the sem conductor to "conductive" levels (as
defined in the follig inggraphieéthephetocurzent §eiroles) st the derki qwerepilselid at e 14 and
t he conpact o t f ant age of
nt eqr ating (e BEF ARUEHARS PCHRAG RO, 158 pBYpGTert Wi PR 1
directly ont aurdmewhirolighaof mtensing clondWotmt. substrate (using integrated
circuit technology).. The incident light 18 (or 18:) is.defined generally ~o
as to include wav l%r?g‘tsﬁ§rqpﬁ "gﬁ?icﬂfr@%_("wﬁgei T ,52’9%‘?/(&“3&6{}?%0?%% he

ul traviol et (pffdde nmfﬂe,daf«k@(yﬁa@d;,%h illimiraRd \AasUM AWM W AP AP§I3 niand

wavel engths in the infrared (70025 2000 nm). Several |ayers are designated
as "transpar d8quares); "seni-transparent”. These terms are used to refer to
the proggrty of a gmat.er.i al i n i rtion of the

i nci dent?| | ght i nci e@t’égﬁ”}g{‘] ?%ﬁé@é’f‘%‘%ﬁ%’%ﬁ%ﬁ%’%@&s 'ug!%asg’%éi to 08scribe a

substrate w trowtelensdsd aridanduniy electidofimnda Thd0 plenediodambtrixriadsdarient” 30 is

used to descr&.be a substrate,vm'tp trapsmttance between 50% to 5%
ines) and under room light illumination (circles);



A "conductive" |layer or material has a conductivity typically larger than
0.1 Slcm A sem conducting material has conductivity of fr(ymj.ﬂyzoozo 10" i
S/cm 31 July 2002 WO 99139395 PCT/ US99/ 02247 -15 The "positive" (or
"negative") bias refers to the cases when higher potential is applied to

t he anode e e (cathode el ectrode). Wen val ues of ne t age
are referrgyﬁj’s’ggs in the case of the reverse bias vol tagg&}éﬂéﬁf‘i\ég&

obt ai n enhanced photosensitivity, t relative values will be stated i n
terms of absolute 5 values; that is,” Tor exarrple a 10 V (reverse) bias is
greater than a -5 V ever bi as e of Y. dr essabl e,
passi ve phot odi od& fsl%fcﬁﬁ%‘ftfcrfﬁﬁlés%’eaﬁ'é’f}ror vén%séBfrEf £‘Ha7ﬁ&§. g. 3. Shown

in Fig. 4 isphbedisi¢matrixl ¢ @fll B dedbribedh @imb BﬁH@/WHQ’TPWQCHWR with the
Xx-y addressabl e photodi ode matrix. In these 10 devices, the anode and

cat hode el ectiVyglablephotodiogiesiar e typical |y patterned into rows and col ums
perpendi cul ar to o 1 13 is not
necessary for pi xg 5 &ﬁ}é}sﬁ}?fg% ﬁ‘{tgﬂse%%né eﬁgﬁggﬁﬁg}iﬂfpﬂé’ ectdFodes
>rach i nt exsedde onthdBOIhe row and col um el ectrodes defines a

h iti I h, dev h
PnFig 1 or Fig. & Thethaohel b ParSieEeEhl Wil S el el il 12

13" define t hamhaptitabreapdne imuPamg thiroehumsh ew; Vix);of color filters 19
(each pixel of the color filter is conprised of red, green and Rl ue col or

filters 19') is c&ifpl &3 isd emph ﬂ@llsﬁae%rte&é%gwépng ﬂa§‘é5'é%‘%Pé55§H'§5t of
color filtersg,ghavidh x]éﬂaohls’?t\flg}c')s&ﬂreg ndﬁ\%llQ'Fl -@padi spl ays [For a review,
see: M Tani and T. Sugiura rocee SID, "Orlando, Florida ( 199Q]
20 can He& used foFig M@qogmp‘oefethe swcualnﬁs'penmteffaeaoiae@hedrb%|dsmmpr t he

color-filter b t e Iﬂ_ﬂ& for the

phot odi ode o@%ﬁﬁﬂg;ﬁi %ngsmgl%apnsp%?@h%{ ‘éy{?@j’(@%‘? exanpl e, nmade
of indiumti rlToxglaiesubktTQ}: afidithelphofobdspomsa o€ an W@énﬂah&d(ﬁilpmbloﬂlddéefe coati ng.
In this confi tion, high pixel densities with mcron-size feature size
can be achi e\P éecnmeaeﬁqnng of "black" material (opaque in the spectral
range of interest) dg MsAfREa gfaFﬁop@lE\P&%an%%?anﬁidi'&m@dé(e' can be placed in
front of t he phot odet ect or ane, formng a "black matrix". This coating is
hel pful 13 n sone suFtaJé’éli%mgrtagh p{ithe phetoresprise OER oG sB PaPIestiseTRaade 8€i ghbor

pi xel s in de . tive organic layer. Black
matrices hav?%@lﬁ%&g@gwoﬁﬁbﬁé?@% ?narf%% 1(f) other flat panel displays to
i ncrease di spl ay FontpGst g gtaphloﬁme tmsmlttkmmthemqlctvreﬁlwsqmedyn thadustry. The
patterning of .t mat ri x d wth standard

phot ol i t hogr %ﬂvat’oﬁoﬁ% dai%%’a]’leetd '8% ff'éﬁ ci)fglﬁfftl ng techniques. 31 July
2002 WD 99/ 39395 [R{gl/6)5994 @raph 6f norifaliked dpecred] egspoese@dphotodvdes madeachi eved

with an_alternatjve approach 50 _as shown thi s approach, each
full - cotdr p.weg | PR (opey sightaresa SLAT ¥ opﬁnatr6‘a§>oa&P€‘é#?'ffe0§6ﬁh 12B with | ong

wavel ength cut - of F%]QBBH)Q grafil? 8f 280greQPariBlud SsibesekdcyiBh Yerividagedi feot odi odes
are made of three otosensitive ma%erl als in 5 the defined areas on the
substrat e. Tf@é@d@&P@nWSngFl@flﬁA\e active Iayers can be achi eved by

Fed, green-and bi GoF dofy Biabf bidies ENAIMERSH ik aRGHRar L BERRY AP 00T 0t
t he stenals (thﬂdarhendmmdrﬂmmlmtionul t) fromthe three sub pi xel s, 12R, 12G
and 12B,_as denonsirated in the exappl es of this inyentio An optically
uni f or nfiat erj al %lég %Ii&e&?‘ag@’ﬂeg Es}b@fmaf“e%%f% (?lg et?ﬁﬁ%ar ent in the

vi rsn':, bl e an?h%gemeceﬁaort%erg hﬁctmlﬁeﬁczﬁel mﬁe &k smtuﬁietsﬁlu{aﬂnﬁm evedey .
conbi ning the device structure shown in Fig. Wi at shown in Fig :
For instance, witHig H@li’m@taﬂhéﬁélﬁn‘grkrﬁ@éwlwlesi’ and photomstentsi(eigrdesyef 4 ni ng
part of the spggt 0 .ront
fine-tunes the re }%oor?gogi%gleglé&eﬁw@ B}oﬁﬁﬁ% Jsévh’{tf %mégﬁfﬁ@s&g jproach 15 for
a phot osensor si mHigt 20/ ahd20B e&meeﬂfonhlmhémﬂmmeweof Miwer phmedaedst | vg~aw-

The phoégaotl ve Iaqe 2 in the vol e-swi t chabl e phot odi odes is made of a
thin sheet ofarBYyHAFCVLR AR EERIOR Perial. The active layer can

conprise one 20 OrF;#TDf §s $ SBCHBTIRESitdug usePidl d+ER tRSlorahi¥ PR diode By, OF 1N
conbi nation with nonh conjugated materials, one or nore organic nol ecul es,
or oligoners. The active |ayer can be a bl end of two or more conj ugat ed
polymers with simlar or different electron affinities and different

el ectroni c energy gaps. The active layer can be a blend of two or nore
organic nolecules with simlar or different electron affinities 25 and
different electronic energy gaps. The active |ayer can be a bl end of

.-conj ugat ed pol yners and organic nolecules with simlar or different
eIectron afflnltles and di fferent energy gaps. The Iatter offers speC|f|c

e 1 " N L Y = Y Y Y e




Exanpl es of typical sem conducting conjugated polymers include, but are not
limted to, polyacetylene, ("PA"), and its derivatives; polsj §ﬂyt1iogﬂaphene
and 15 its derivatives; polythiophene, ("PT")) and its derivatives;
polypyrrole, ("PPr"), and its derivatives; poly(2,~-thienylenevinylene),
("PTV'), and its derivatives; poly(pphenylene), ("PPP"), and its

derivatives W38 ourene, ("PF'), and its derivatives; pol RGIH&EYIRAE
vinyl ene), {"PPV'), and its derivatives; polycarbazole and its derivatives;
pol y(1, 6- hept adi yne) ; pol yi sot hi anaphéhe and its derivatives; 20

pol yqui nol ene and sem conducting pol yanilines &i . e. |eucoeneral di ne and/ or
t he ereral di ne basd&igsoRd-D Feqyr auages achisred gy 2RYT] linver phatediodel asrag pé
described in . Pat 5,4 i S | r; henLehn. by
reference. O Lijtoﬁgls)geg?sr?g{éé? I_a5|]1§91 Eeﬁé)tg\gmvﬁcw?%hﬁség%%g{o% slo%g iFPﬁggybirﬂsnPor gani c
sol vents are preheotoedmbe: &is@20fis & bk rcolor ovassamigFigd2dnisagel-coldb Exanpl es
of PPV derivatives which are sol ubl %i n,common ghgan' c.sol ve%s "\%cl ude
pol y( 2- met hoxyMB8Y OS¢l by SHpTPOSRG Yhered, sterdAPA BHE CPigtpmasrs P! Figsv2dppv)
[F. Widl ,5P.-M. Allemand, G Srdanov, Z. N and D. McBranch, in Mterials
for Nonlinear Optics: Chenical Perspectives, edited by S.R Marder, J-E
Sohn and G D. StucKyg 2Briea araphiof amoptirehbeas argbeeemngde Wik Al n 2aehnes 30
1991)) p. 683. -butyl -5-(2-ethyl -hexyl) -1, 4- phenyl enevi nyl ene),

(" BUEHPPV") [rr‘/’?“?\‘."gﬁlrﬁ’ééﬁ%’gon, G Yu AJ. iieeger, Synth. Metals 85, 1275
(1997)], poly(2, 5- Hig(dhohk gsdpandhe)anguldr dibtaibyli@nefthalifleree)issidn ' Ra@HA- PPV")

[ see U. S 3 \ljullr% 2002 9 I3%3a)§ G’CT/ LJ@S%Q/.O 247 -18 patent application
No. 07/800, s5&aF MeB msasuredy it Iexiple ngar photadieds alayy t he | ke. Exanpl es of
sol ubl e RI's incl udeFipalsy{ 3seekistit RiedbRN®sdtrogtapReihade o BB HBIIdIGIcal KYI
side chains contain nore than 4 carbons, such as from5 to 30 carbons.
Organi ¢ i mage 88@¥sors can be fabricated using donor/acceptor polyblends 5
as the photoactive g:ayer I : } duct i ng
pol ymer/ pol yrer, orFllT)'I»gr:%IgE(F)hﬁ)ﬁgé%&égﬁgﬁg?l?ﬂgﬁ%ﬁsggﬁﬁlﬂp@aﬁﬁa I%gmor gani c
nmol ecul es and/the sperigegraphet af Figc2hol ecul es. Exanpl es for the donor of the
donori acceptor pol ybl ends i ncl u but not limted .to. the caonjugated
ol yrers st mont Hghed et e festie of Mbdil BhidfipRdin) “ing

t hei r solabl e nliGrodevity@biiy ealonkxtargpires for the acceptors of the
donor/acceptor pol yblends include but are not limted to

pol y(cyanaophenyl enevi nyl ene) ("CN-PPV'), fullerene nol ecul es such as Coo
and its functional deripy@rAYEED BRSCRIPAION OP TERIRVENTAON ganonetal | i c
nol ecul es used heretofore in the art for photoreceptors or electron
transport |ayers. Hisneention rapgdesgrghsrpsitisiypeeiedipdes Wil ¥lwgersi ng t wo
sem conductin 1 S A &mgsr : f : 1 i be €.,

bi |l ayer) str u%%hﬁ{c g‘ﬁg% ﬁ%‘it?%rﬁ%gﬁ%r%ﬁﬁ ayer eé@?fr?ﬁ t%a?ebse E%lgﬁﬁée”s%ﬁsoﬁb u’(c‘%’ fjr es,

t he dono20 | ayepplicatioy pf scédigd wltages, thysaby dedoingrmeessitalit detversd pixials imeept or

| ayer is made up_ of | y(cyan h |l enevi.nyl ene) (' CNPRV" full erene

nol ecul es suc ﬁnﬁg ng)"gcgé%/‘i)gla ?'%ﬁi?%ﬁﬁg%ﬁgﬂ%ﬁwggrﬁovagf%p\%gégggf}é'h%g?e 20 PCBM and
PCSCR|), or or gaitc b‘am@bl&lﬁweﬁﬁorbl&%lmléﬁb@l‘fc];ﬂlﬁcﬁxhdﬂéitlﬁhﬁnﬁr or tfmndimlam}i@fameptors
and el ectron transport |ayers. Exanples of this heterqjunction |ayer
structure for (%Sbﬁ’éﬁ%‘é?c‘f‘}agé S?‘ﬁ?@rw‘ﬂh%q?‘ﬁm%’“b‘ﬁt(x‘é{} %dq’iiﬁsaqq“ﬁﬁ ETQG velpgeppy/ o,
MEHPPV/ C~0,  PlhfizRablEptdtoddieotorid ¥stiicted th SRe@Nsenfidsndieior-weerd aMeg-Mpan al so
be made of w de band polyners such as poly-N 25 vinyl carbazole ("PVK")
doped wi #h dydhindilmcsifuetire inovkink amergapisdiosueis it 4 {im of semieandustingi bl e
spectral rang t t. i : LG : Sek k host
bi nder as wel ﬁjoz]i)lsrg?{gp g%?g%%zﬁ)ze@fl rlg%e\mtaggjﬁ pgﬁagtlé\%ﬁgét?%?li S@?‘ﬁgf‘%@%ﬂm ude,
but are not | imultieadldrdeteBdsd i thé bvsibdeand neBMUN/ cah bd achieeedByavodpliRi¢gKhe or onene
and the like. .30 The photoact.i ve . | ayer_ can enpl oy organi ¢ nol ecy] es,

ol i goners or rnBREEHY ”BIaBI‘P_BE‘?aIEWegKﬁ' _agﬁ%'ﬂf‘ ?S_efgfgrf)‘ﬁéﬁﬁgé?@i’]flfve
material can hedmhnt ¢ai-eslot nﬁ%ets@ﬁéarsf drb a&chwe&ﬁsemugﬂh%mw adlipf@sid i on,
nmol ecul ar epitaxy ‘or other 3T July 2002 WO 99/°3939S PCT/ US99/ 02247 - 19
known fi Bén demedyrnéraiiodeguitniaiondiness amey aithladtGBfcolon filtanpanehar & i al s i ncl ude

but are not |igpt inel yde ant hr ] J &rat | ef r.acene
and its deri vaf?%’x{i/ceg'?é ﬁmtﬂgxloggsy\gﬁ‘l? %‘n@%ﬁgﬂlﬁf ?ﬂ%g}relgé%rg?éfeg@ ‘{5’?{’%3’89‘%%0 and its
derivatives, f700lxeH,eeupeétivetyn ontordplicallysurd formsabstitess, ot By fabHeatiag dlei goner s
(such as sixethiophene 5 "6T" and octithi ophene "8T") and their derivatives
phenyl oiigomers (such as sixephenyl "bP" or octiphenyl "8P") and their
derivatives, alum numchelate (A g3) and other netal -chel ate nol ecul es
(mq3) , PBD, spiro-PBD, oxadiazole and its derivatives and bl ends such as
6T/ C~o, 6P/ C~o, 6P/ PBD, 6P/ Al q3, 6T/ pinacyanol, phthal ocyani nel o-chloranil,
ant hracene/ CGO , anthracene/o 10 chloranil. For the photoactive |ayer

T ] - N o Y o o N - o



- 20 PCT/US99/ 02247 phasc(s) with higher electron affinity acts as an

el ectron acceptors) while the phases with |ower electron afgj Qiuiyy dg2r | ower
i oni zati on energy serves as an el ectron donor(s). These organic b% ends form
a class of charge-transfer materials, and enable the photo-initiated charge
Separation defined by the following 5 steps [N. S. rici i, and
AJd. Fbeger"?égﬁﬁgisn. J. Mod. Phys. B 8, 237 (1994)]: Step ?:Tﬁfsg%ﬁu '3DF 4+
A, (excitation on D); Step 2: '''D* 1+1 A" '"""'(D-- A*, (excitation

del ocal i zed on D-A conplex); Step 3:"""3(D-- A* ""'3(Dd~ -- AJ~)*,
(charge transber initjated); 10 Step 4. ''3(Dd- -- Ad')* " ~''(D ~ -- A-~),
(ion radical P 8‘09‘9%8? Weraﬁc,rgcg’('é)b":'t%l.c“ges?}t’@Qeé“?gﬁpesjraﬁeﬁzoniesﬂ Jﬂl\’sgr?d’(charge
separati on) hend Bluedegighes the organic donor and (A) denotes the organic
acceptor; 1,3 denote singlet or triplet excited states, respectively.

Typi cal thi ckness ‘ofltagerewHehablecohotpgeqdes aabepessibia 2D fraggersardredsimggstrom 1 S
units to a f l.=~nas I LS id I_+00- (spL, <. ngstrom uni t
= 10's cm. E?ﬁv%‘f]@ﬁ‘gﬁ‘ﬁ{’]%es 43¢ |S%é§?‘?§r #%%‘ﬁfé a}lgos‘}%ne]}sl rg‘géé a(rg% ’ac"rDll? ?cal , device
perfor mafice cadressaplecpdskive haagengensow esh byconsinmged Wwhicheperhtes withautt h opti cal
densities of |less than two _in the spectral region of interest. 20

El oot r odes ASTERGMN HeHEgE el B e HEPSIHE o UARICBSFBIBLY o thi s

i nvention ar eoR@Séfpi%dIEmHh the 2BHhdModidde Fidithe Eah R, selebteWdhE tirida®nayigani C

phot oactive | ayer is bounded on twa sides with conductive contact

el ectrodes. IPOReH @okagsfhiaguleaying theg wh therpmglyon qthergows isepsativerie theubst rat e
14 and a transpaLé el e 1RPEorE ctrode.

I ndi umtin- OX|ﬁ es ?‘k?&ﬁ&gﬁggﬁé%ﬂgﬁeﬁmg@’ ?‘ﬁiﬁéﬁgact rg%éqq.][iaﬁ@l?kejf
transpat@nt eha@os idducedtieN iadlsted Hiotandeodalarayeanh dathed eeimrotspsaidles (" AZO') ,

al um num doped ,t.i n:.oxi de "ATO' t |.n- 0oxi des d.the like. These.

Conducti g casRE ESe 8RRs Greerh ok Tomars FSuR S TR Bfite e
transparent freQauitedetvkédén ldevibtston diffeRnedblundts. TWRh ehdcID, @daivkl can al so be
made wi th ot her doped inorgani c conmpounds or_ alloys., These conmpounds can be

doped i nto néhglodiqde @gays @ magstcan e Egad oyt vth ¢ pulse yain sspiing theawgB onposi ti on

of th~~tem enh§, tdiuah ¥ethe thitfix, ¥RcatfeGuftivet HEcotBMBBLRD AN are redicelittby 2002 WO
991 39395 PCTI1JS99102249 -21 the norphology of the filnms. These

seni conbfuct i My*Mrinrthe aiy dddreseabironpls, conepakedoaiN¥M in the cagetofandividuad wel |
(Taylor & r aeetO. Jargd k. bRer oSt Bb) iifhed AR Wl @REoralL O |00
Processes in (bh)ﬂpa’rablstcaihbi’high Mélélbhﬁﬂysiis(pﬁ;mmg&omad&/ﬁthD {_ecﬁmllchW)] :
Exanpl es of ch conpounds . j hcl the cuprate materials which, possess
s ung conduct isf'tjﬂr FV%RWE’I %W‘ ﬁ %CB@\" E‘?@r‘%’éﬁ @E’BQGE‘P Prgﬁen%l”dﬁmfoé’rfﬁ‘é‘fﬂﬁi Wge
super conduct Giutaber dNRqEkQICIEAResltly $0D tithés. The(pelynie? imBgddefisor Mlaupan be

formed of a conductive polynmer such as polyaniline in the eneral dine salt
f or m pr éhar edhifsirayideneunigie anpreash to frbnpdinedarep sise.day £pst high rikekhnol ogy

di scl osed in (Hgfﬁ‘g/, Eﬁtiﬁﬁge sr’engi%%?&é% \@Fﬁiair&rﬁ‘%per#@é%an'u%furinggrocggs;1 (1992)

or other suita tec ques. polyaniline fil mwhich serves as the
el ectrode can be dasddifionm beihgieiednas thetshndmgtlements or xrytagdrgssablodh

tenperature. The or.gani.c,conducti.n I I in ination wth polyner
Subotrat o5 afrBY ARG RITER YR Toifb o el B AP LR R te

;abri ﬁat ed i raldobd used toceonbirset lipeanphloliride anravku A s(hewnc'nh wmiplescan be used
or the_.iransparent or semtransparent_ e tro 11.in Fiq. 13 in
Fig. 2) 2$ ncl JB¥1956H Vbt INBsTRIoR; S yatie; qf&n{e\ﬁg‘ /;Jn»&gi %ﬂéﬁéﬂ%ﬂ%ﬁéf g

(" PEDT/ PSS") I%QO Yo G- 2 . er, Synth.
Metals, $Z, 1'%]?6? 1996%()@]1?%3(%%({%\5%{%33 R(I;}Fév‘iafgsmfhﬁ°g)tnii5‘ﬁv° er?@ati ves doped

wi th dodecyl Hehdshe’) aljovsuthe ooilestian pfiinfasPR&A Vittogray s¢ade resdidor] of magao, A. J.
He , J.Y. . 1K th, tal I 9 d the |ike.
A te ﬁlell:l sem t rtgﬁgbgglgsn&zl éﬁngl? gg?os%[gy E‘elvgl\s/?sgl@%arié b%é%dﬁx(ﬁfri% ’m#erﬁi ete.) ecaln ©

al so be used th&ethatertdlednieded forihighhinge quathyl (obdr 1 Sibitd)gfullhagdygdorcal
t hi ckneﬁies for, this semtrangparent netal el ectrode a{lpg in the range of

50- 100074,  wi 4i&ital ppgetcanners. GO 1oATHYS BRABRSERSOB0 IR PAICH SWHChES HF oper
dielectric Copliliodpive Bikst Frrhyde A @Gl shift register or a BCD decoder can be used

for pixel selection.



of multilayer dielectric stacks) can enhance the transparency in the
spectral range of interest [For exanples, see S.M Sze, Phy§i fifly 202
Sem conduct or Devices (John Wley & Sons, New York, 1981 ) ChapYer 13]. A
transparent el ectrode can al so be nmade from netal /conducting pol yner, 30

conducti ng \?8'9& 5{ netal / conducting polymer or dielectric perusoonzar

| ayer/ netal / conducting pol yner structures. The transm ssion properties of
t hese conposite el ectrodes are irrpr_q\}e_d relative to that of a single netal
| ayer of the same thickness. | 31 July 2002 WD 991 39395 PCT/ US99/ 02247

22 A metal L ayerr d il o ant beal ihABARRlLA0GEPRUNAL S PE feed as the
el ectrode 11 for sone applicatrons’in I Ch spéctral ‘respons&€ at certain

wavel engt hs iBrandparent glagstr PETHEmp bat sSesed bt theisthstraen. Dpaqurehamneeds by

fabricating the devjce in a mcro-cavity structure wher he two netal
el oct r odes 1 FUERE THC SRS SPLTGRE GBS LR SHTFBS R g MG bet ween

the two el ectiAlRSHABARRAGINE [P RPAEOSENS shbWhiVFial 198! WaleR oyl engt hs and
results in selective spectral response, simlar to that seen in optical

m crocavity (Ript Diad aretissdon pulhireics dhe linpaediogaarkay candempagddn flgxible Fig . 1
(and L1110 Fi Qe 2ol 8ot UL LAY o IR e aE]sB be nSHCH REafRua Ry Y, MO, AL

In, Cu, Ag, Au and’"soO on. oys can al'so e use el ectrode
mat eri al s. Thase diedeakragd; @€l (hed@saraiivdelzeraf alnr bcavupidd by and mitegextedrpitk,

t hermal evaporation, el ectron beam evaporation, sputtering, chem cal vapor

deposi ti on. . PR AGRERIT 8 CCHA P SRACBN B YHHLS OFRted ABYS of ¢ o

el ectrode 13 yiveogt. 1 (and 11 in Fig. 2) is not critical and can be from

hundreds of angstroms to hundreds.of mcrons or thicker. The thickness can
be cont 18l 1 ed to Usneasphelpdiode ereays cabasmipdeiadhecondgunations smilgpenhdesi r ed,

for exanpl e, §8Gndy P0G Adhaste i bl HELIGHAL ¥/ Ftn G BALAN LR AToRndrRACK si de,

the transparent an em -transparent naterials descri ove can al so be
used as the "dassistctohelctievodef (48 tymcdFidgvicelstiuatwdeslate showki ig. Fi@)19. Tie
patterning of e.row and colunn el ectrqdes_sho ip Fig. 3.a Fig. 20 4
an be achi eveliEyern R patluohidts TRE Ririreg tabPaimfon i 0N

sem conduct orthé NEeks phdtodidadaress ST oxH tefaldiciied daoi arhhdpaagt glas ng,

sil k-screen printing or sta&P (m_crocont act) gri nting etc. These nethods
are wel 13 knowiybstEats &dé)ewha cSiRgdA R (@1 bror oHisT pnspaeniflegiiods matdialsmge

sensor t echnol@® BondRtihFPEIONEr LiB&rodey Rk nReh ERLIRNGS/ Lh@lcugyanpl e, device
lifetinme, 25 operation speed etc.), a buffer layer conprising conducting

pol ymers or hradyrder kilaperslasiradest dielertcia filmATOrps anatad dilinfdigleetrie Simbhayes| ect r ode
11 (or 13) ang

can be chosen ?ért%?ﬁeﬁ'h gb%@%tcéséﬁé Lﬁ{ §£et{ev\n§g§ isﬁﬁﬂﬁg%ynrihtép{ep%{ise&r%%ﬁg ﬁ%c({ ieilgI Ve
pol ymer and thes bpérotsed btdadly imbiCE ieelinologizsndhe tepasitionaif thdwerglnié fager | ayer is
Changed oY b RSRS8O HFBRch 2 1
certain sit uadynfisisbheapoPisesition. The bR eldirb&. inl @Y ESrmRbSONARIIWEBLrS
shape (213), can be vacuum deposited with a simple shadow mask or patterned by
means of photolithography. In most applications (especially for larger pixel sizes),
no patterning of the sensing material is necessary. This sensing array can be
25 mounted onto a print circuit (PC) board with a driving circuit. Several existing
connection techniques (such as card-edge connectors, zebra connectors, bonding
tapes, wire bonding, soldering bumper etc.) can be used for interboard connection.
The drive circuits can also be arranged (surrounding the sensor array) onto the
same substrate. This is especially preferred in arrays with a high pixel density
30 (e.g., >80 pixels/inch). In these cases, the IC chips can be bonded to the glass
substrate, and the electrical connections can be achieved via soldering, one-

dimensional conducting epoxy or other existing connection technologies.



the spectral response of the photosensor. 31 July 2002 WD 99/ 39395 -23
PCT/ US99/ 02247 1 n some applications, nulticolor detection g ﬁﬁ#@gbfd col or
detection are of interest. These can be achi eved by properly selecting the
material for the photoactive |layer along with coupling the photosensor with
a color fi ting. One type of application is a phot rooW,Lh

sel ected s%tggg/r‘?’gﬁggr esponse, for exanple, from 500 to 600 ?ﬁﬁ%@lo%gecti ve
approach is taking an organic phot Qﬁijgde with | ow energy cut-off at 600 nm
(for exanple, a photodi ode nade with”MEH PPV), and placing a

| ong- wavel engt h, fil in front.

l,0 ass t.i cal er (wth cutoff at 500, nm

The spectral respé‘ﬁgg gt "Bﬁ}?aeﬂa'{“k’%ay‘%fﬁ“g lﬁéﬁesch 5 PPBs e Wrer s can be
control | ed bygolyBei fyige@edddes &h@6ve: fidd dhtiey visiBlenpedh@ahiwith rdiaivdlyeSa For
exanpl e, by varying the side chain of the PPV system the optical gap can
be tuned frofiSBYBE N ROSHDRS therisikie WE¢taih g A% bespleaiad iitha MSRIPER ng
bandpass sel geii,00sk 5 feu ﬂgé‘?%@lti%ﬂm&@é&i&%'tl%ﬂhsi@l'e'aﬁ@f elfdaf 79y OF an
or gani ¢ phot odi ode WI? w der spectral response. 15 In photoi nagi ng

appl i catsi onsbe fdlii¢ved by epuplatzabe inmzeisensbr wijuenoloyfikér pantlefefbricalions can be

achi eved by splitting.a sensor el enent pxel ) into three subpixels with
esponce Lo PRTAHORYGeTR e FUEH LostrEED R ary e 880880

(R, G B) spectiodt nfa@i &ita RGB (8ddQ¥eei, bIte) Golodiltdr @i C Al svial 1y, falsdidatibar to t hat
commonly used in liquid crystal display (LCD)_color-display technol ogi es.
20 A sinpl e Bipcesicpbe pployphiooaentre lipgsr pbaiedigde afdge sensors is sket ched
in Fig. 4. In this approach, the photodiode matrix is nmade of single sheet
of active layer without patterning. The active areas are defined by the row
and coll®m el ect r DdbsitiohamdsPevice $thuctisesponse of t hese organi ¢ phot odi odes
shoul d cover the ire visible reqi - (00 nr | |l ection is
achi eved by the cg\n{})l}s ‘fef‘f'EPZ‘r" nosp beie?}geﬁ%%%&?n&é?s a(')]? rﬁiﬁ%%f”ﬁ%s@%ﬁé%

el ectrodes. Wilkbemadetasensrabddimad ermmt ©né¢ glosp of tebhedshsemik the sphatr esponse

covering the entir i si.ble ctrum anpl es. i ncl ude, PT derivative ch
o0 e, NP sk S BESHEbTR FSRTEhon S e 1 Ve =
pol y(3- (4- ockywipasRphbidaisaRhe dwnliMFRE. ANHRoRess-svitchafk ﬁﬁ@todig(d)e Jat vi nen,

T. Hertberg, O Inganas, O Wnnerstromand J.E. Gsterhol .

Macr onolPecul Bscopstrucgmiosingitbe metpl-seurigondygtor-meta éMr3-M)i thiadilargevicge | ke.
Several colo { t } S | oped and have been used
broadly in c%?‘{)dré“gaﬁi;?& aég&ﬁgag@, %@?ﬁ\%f;?gﬁﬁ&ﬁg?ist al technol ogi es, including
dyei ng, 31 Juty 2002AVPphookaB8Isyer” (RFEI LIBTOMPE S Of-oPghnm, gnent - di sper sed,

printing and el ectro-deposition. Tarsi.and T. Sugiura. Digest of SID 94
(Orlando, Flori daﬁ".m%?fglfﬁ% mﬁ%ﬁ[f‘fglsatﬂmhg%%c%‘l‘%altﬁdé’fg?neél de?ogg‘g?ri c coating
based on optical bRrhérdpigneemoBadapsigblend, hahyee bl srgatic inioleenlergment

di spersjon has becone the major prugtcess used in harl%et-gscal e manuf act uring.

Col or 4% ter pane@'%bﬁbﬁégﬁ;@ﬁéé‘ ilpyeL siucturs cprhining the pbgygaatenals 1,

triangular, striped (Ssifl@bnth@ eiéaﬁ&de%hﬂmrm B Pwhith serVé agihdgadl nmosai cs,

with transparent el ectrode coating (such as ITO) are existing art and are

comrerci al |y avai bettathads of ithe photgsliades tarxtraetrejectrony andthplss, rgspestiyay.r at e can
be used in the fabrjcati . 1 - C ' hn. Fig. 4. 10
The phot odet ect orgrrOlﬁlrtg\E/Pgééag‘%Ve?#(gnp@%@éfﬁbg?géreo?g@%&gg e a&g'ﬁt ed to
respond to vari ousaty pesspafent ornsemichnsparésit ¢ the spettrabidngd efiinteresloot ons,
StructUbs & sci nt AIPATGOHERGERDIY GERSPIOTUR o sRBY8A2F i r esponse to
i oni zed parti cl esThdMRdEBEIBE AL iR RinbE add EsnabétingnAEHE! WithRghdr Warlt he
active layer, it can be present as a 15 separate |layer or it can be present
as part of tH&cionshanshe cathodelemetedslsparent el ectrode. In one exanple this
ayer . Exanples of s s SApR Sl RE Taba 13 8 aoBHERLA ARGHBU TR LT
thi s struct useures £8 (ordB8’)ds oupd ipboticesd0, 24, 86 46 amb 50 a6 depicsedanFigsohi2z ed
particlﬁi arg %0 ﬁgaracteristic of X-rays, beta particles and ionized
particl¥s ar & SR 2ctEPsEVeEl. of

As shown in Figs. 1 and 2, electrodes 11 and 13 are connected to bias

voltage source 15 via lines 17 and 17, respectively. Detector 16 (that represents a



gamma radi ation. The invention of voltage-sw tchabl e organic phot odi odes
provides the 25 foundation for fabrication of large size, Iq#wap2002D i mage
sensors based on x-y addressabl e passive diode matrices. This type of
photodiode shows hi gh photosensitivity (typically in the range of 30-300
gua fficiency (even over 100% el ectronsl photon at_ qi everse
bi ases) and%gfp?,gm? ly zero response at a bias voltage cl osquTégﬁg\é@&ﬁzi lt-in
potential. Thus, a row of pixels in ﬁ130 colum-row matri x of such
phot odi odes can be sel ected by setti g the selected ro~ at reverse bias and
t he pixels on t he ot her rom1b|3Fed at ¥ Ita%e.gl se .to.the buil |n
potential . rCWHT MY Or 45eAd QtARRICE IS NITSE FRYeLITT Qs wFclto msgiry e
el i mi nat ed. Tmzorefpansggexaa@@zn MO 3IBOM REGUSISRNU 224 7 Thid Barhérage

ii~forn~ation at the piXxels in the selected row can be read-out correctly
in both the sdichiwawsblee employes ipah af theidevisere(1073 3P bandei®) depieted ime pi xel s
in the other gowsg £an be read-out in sequence or in selected fashion by
setting the row of 'interest to reverse bias. The x-y addressabl e organic
phot odi ode natri cebheptevicesimapalso meiudt ypeptadnaldbisnager sgpsdri 4wks shhwoan be

made in Iarge .Ze h | ow bl’l st,,onto, subst.r.at in desired
Chare o 1 SsintiES 1ol i avahid Har Edetbic By aed i i PR iag ety <
devi ces. Specwfth@dxadééadﬂa@g@ﬁzh@ha&m vy DF Aiide @ MWBER Tight€ iRidedl fr@htthd NCl ude
the 10 ' follow ng i) Ib%mgbam ¢ phot osensors with sw tchable

1)

phot osensi ti vswbytralw eisangiou|d fertianspaners O SURITERwaredhinthy greeddll y i n
the range of {1@9 W @fassaﬁc?lglln %@Qﬁ?ﬁé&ﬁ@lpmsa (e %‘9'5 tes | N€

phot osensi ti vi e swte ective en t eis 15
bi ased dfter ncmiryoray usedv OV tdapendécosembductor Mafers@mcleaqﬁlﬁ,‘dSﬁg) Whnch lre i nternal

potential. (i} dressa e sensqrs.fabricated with
Phe or gani o proeearubetb e SE5A eRssPEash it seliERore rctusBol Bk T ce
read- out can &meesa@mxemgewe@fbntcb@s@o pReSisvie bdﬁam ekefis@y Bl.by 20 neans of
proper electronic )| or. det ecti and

ul.se sequences._ (iii) Milti n
full -col or image SIS‘%‘F%Q“@‘QH‘* B’é‘e‘é@rﬁ%%gﬂﬁ@/‘"’&‘b igng Ahusq ﬁ'ﬁigﬁ“}mt rix with

a color filtefpRadRhs.Omn tmé cBé@%drﬁﬂin‘ 1ght 118G indRIBA: ﬁ&ﬂ% ‘VABE T digetdhg ectly
onto a col or f| | ter panel Organi ¢ phot odetector arrays in conbination

with ot Rér kn%dmarzcsommunpagwsmmr@h cah e neadaasithesuppatyate exgteriabllFoRi t h or gani ¢
material s such, 1@% Ligln SQRrHARE Gehil dYxE’i'Bg afe?gﬁ%gh il ?&gagﬁ%e' on into

| ar ge areas an apes on rigi exi tes, room
tenperature psubs:mesil41gmdby$iepmg|tHe)sbmladnduamran “Wrtdlucmrrf ileels, (asdeoied oopt i cal

opto-el ectric. ectric devjc of fer e 30 S|ze | ow
obst “hi gh piiedhe BURSie). ind FRlF S3tsePirkgth Bufdiitnp s BN G co

aut orat i on, idledtrdbi3tr ThE invuit@eiiub@re offdds he@avahtalofGtvgratseg ded i n consuner
el ectrogl CS. 31 July 2002 WD 991 39395 PCTNS99/ 02247 -26 Exanple 1

Vol t age“8wi tc!H%?SénﬁsﬁafﬂMrwa@ére%% cirgipry byiledirastly epioghe Morsgica 5000A
cal ci um cont agdn; éon@lﬁétopghbgll?ﬁe Jsﬁ‘l@tmtgraédtcﬂbﬁlt Mehdiead)f 1 1 m 12 whi ch was

spin-cast 5 fromsolution onto a |'ass substrate 14. The gl ass
substrate had beenThgrigcidentdight k8ot 1 &) isyieﬁoed geherdliyiroas ¢omelide | ayer 11 of

i urm ¢ 0Ol ks TS ARbYE oS SPRlenBA T HEVIGRANIBS B0 Bo iy, The

MEH PPV filmWas o roma ne sol ution
t enper at ure. Weatedingth ianhd vezusyiih e20onm), avEmM-aReleh gthainbe frfrand (760-1 1 t er at ure
[ F. V\ﬂdl25 P. I\/ioo,(é)\lnlme)rmnd, G Srdanov, Z.
Several layers are designated 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 used to
describe a substrate with transmittance over 50% and the term ‘““semi-transparent”
30 is used to describe a substrate with transmittance between 50% to 5%.
A “conductive” layer or material has a conductivity typically larger than 0.1

S/em. A semiconducting material has conductivity of from 10" to 10" S/em.

[



10 Ni, and D. McBranch, in Materials for Nonlinear Optics: Chem cal
Perspectives, Ed. S.R Marder, J.E. Sohn and G D. Stucky (/Agf3qyi2002

Chem cal Society, Washington, DC, 1991) p. 683]. The thickness of the
active layer was adjusted by varying the concentration of the solution, by
varying th i peed of the spinner head and by applying ] coating
| ayers. 15€v§9§@9?9?cal data were obtained with a Keithley 2§%¥}§§t9?(%2€7|\/easure
Unit. The excitation source was a tgggsten-hal ogen lamp filtered with a
bandpass filter (center wavel ength” 0f 430 nm bandw dth of 100 nn) and

collimated to forma,. honogenequs A X | area of illum.nation, ,The

nmaxi num opt i cal p%ﬁrp%"‘%hg‘)rsﬁ%ﬁggmgs Q@Tﬁr\%%[?f cggesmﬂﬂ%r M ial

cal i brat ed p@é"?’pli@foethe afdds @lec@bded BatictiétalthrodONSVheh Fallds @F segieii-e used for
measurenents of intensity dependence. Fig. 6 shows the nagnitude of the
phot ocur r ent VPBISSSretcéerigd |t} inihe gase ghe réﬁriﬁtb?%@l\?é?&@@ge%wa@om cm-
illum nation -nh : I; 'g Alcne,
i ncreasi ng tg%afé%gpmgf il:gr?ﬁ?v@f Q%T%y@eﬁglug?gvelﬂB?gt\s‘{tegéﬁfeggggﬁﬁb&%o a

phot oserfsi t i waluys; dfat 45 fonkkabiplach -40 Yuaererss) BEs efdreatérahaya f V1836mt) ph. The
rati o of the ?hot osensitivity between the two bias voltages was 3x104, thus
t he photosené"\si vity at 1.5 V bias was practically zero in the read-out

circuit. This degmae s@fictite bf B RNERIILRMMN E Pasivedihalodipde nig(IBUm4gdl D)
convenor of 8-12 bit resolution. The photgresponse increased nearly

linearly wit Py is Aenicied mFig.| 3.95hown indjgr 4 Hohe peucaireiof @ fvlhAjler neasur ed
fromnWcn? t | L0 erved at
20mW cn (thté’ﬂﬁéegﬁgss(?%i ght wiR 4 29 ?E&F%a?{?é’% IR g%grﬁ%\?ﬁ’ 199%1 July 2002
WO 991 3UB95 Mevit¢sSoelapaduand-cathodst dientrodes bli’s1 X wehtypisally patiemedGato rdgsand t he
li ke were al s ed for th gunterel ectr . ig,..1 ) which is the
cat hode 1 n"t RE4ERERgt Birp oS0l Raffet it bTBE hBeile Dl 1 o
5 wer e obser yembtinBecaabdry tdiedelsdet aghicientRpadeibetvadeatadjavait tRgRoddd Eacibal anced

off the internal potential of the photodiode_.varied 5 wi.th the work
function of HEsFeRI! tefawgpd c@v&péﬂ«?&wwg‘&ﬁvgs LSRR B§meHe wor k

function dif{gkepeanRelvesticdiesitBhal Balshods PR, tihg Fid O ampdiqalabl e |
lists the off state voltage found for MEH PPV phot odi odés with several

metal el%ct r ofiths rowiingd celupirelaspdesdds 137 definedheantivg awgeroh eachmixel. | ayer
(0.5-20nm of OneAO&a{rir}(eof @Elto{ahﬁtazk g%&%ﬁ%ﬁkﬂ@ﬂhgcc}io%g ié‘c&rmr?ééd'g‘k | ayer

deposited on top as a curren ng | ayer. e device perforn~ance
is simlar twed,lgatendndbins seldr Aoy &9’) v donpled evit the phatvdiodopareeAmai nl y
detern~ined by the thin t | ayer at .the i.nterfa vices.were al so
fabri oat o wibrralE Aieet o BT Bieets Rl 38 ek Ssedt oD RS TrSYhar ™ poer.
PTV, PPV, Bultvwi&P\éce:BUHTaMRMd TCBugived, Prédeediagiol SO, Orfind3, Flariih(1@9¢)y)e and
pht hal og anine. Simlar results to those sho in. Fi 1% 6 1@ \ﬁre obser ved.
This exdhml e CaRhp ket far Bis numese. Hingrmers refsaebsmbeAimgitethy cBT-ALST eved wi t h

MEH- PPV or ganjage| QQ:?BQg&ea?églﬁr_eHl’?)d@ﬂ o [R\EbsR DR he pHRGIERRIhAHxX. The set

t
phot osensitivity can leved at a given reverse bias. The
phot osensi t i wf transparenbeegwides hleorafkampte, mage ebiadiupi-tr-oxisiet HED oambeh i s

dependent on e el.ectrode rials sel . . i able 1, air
stabl e net al Sél%;ch %d%?rktg?ﬁ%gatﬁl errlscgacg{?é‘r ﬁﬁ{f} goglrfli gé%tlég’erggf %eit%gl-’e?éect rodes
in organi c phwitioslicosiesize fehiuge staeanapbe acliseddenostrates that the off state

vol tage,is determned b , rk function .of the electrode close to the
interfatt area. Tlfr %°3€Réﬂt{lga6§?§8teﬁé%ﬁgﬂedfél%e ipﬁgf%f%’éa?gw%{ﬁ%‘ % ange of
the pol ymer RROireslb&A8en caRh SURABIpixel 84HA pYidedlin BnboKithé shatbdetdcforenabl e

i mage 25 detection with multi-grey levels. Table 1. Of state voltage in

| TQ' VEH PPV/ idang) fopminead ibiagl mafin"a ThiscpopdrieishglpSihitysoma sityptings ou Vo~. (V) |
-5 1.5 1.5 1'fénﬁ)er?eaQcm cfbséhaiCoetwash n‘%i’Hh%onBles YéPde%?éé%r’i&%ﬁ%é&&?@d 022472

_?g9_ Exanple
photoactive organic layer. Black matrices have been used in CRT monitors and

30 other flat panel displays to increase display contrast, and are well known in the
display industry. The patterning of the "black matrix" can be achieved with

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



Devi ces of Exanple 1 were fabricated onto flexible |ITO PET substrates. The
thi ckness of the PET sheets used as substrates was 5-7 m | s3{ g} 20025 pin).
Sim |l ar device performance was observed. 5 This exanpl e denonstrates that
the vol tage-sw tchabl e organi ¢ photodi odes can be fabricated in a thin

Srtructurewehbyfdhexi ble form or in a desired shape to neetpthigsospae al
needs in specific applications. Exanple 3 10 Devi ces of Exarrp(e 1 were

fabricated on glass and PET substratgs. |In these devices, the | TO anode 11
was replaced with organi c conducting coatings or with ITO overcoated with

conduct i ng of gani . fildo i acBAMy GRAeaRe RERHIPSRNRIRVUIgSHoAS JN8. O gani ¢

el ectrode. The PANI-CSA | ayers were spin-cast from nctresol solution
[ det ai | s abowhown epkigad i blrthmfapprlweclPAMh btogtdrprxeh hdl comiris€Svet5 fil m have

hore aner! T Sltoloiodit L 4364 2B opb S Bl GatR s 41200 0B S0y By r

[ Bayer trial npt, @wpedtbvewaesé&modnodedateamh@e dfhigt phidieseastit h@giesakan be
found in the |iterature [ G Heywang and F. Jonas, Adv. I\/aterlals 4, 116 (

1992)]. The dbstefmed areagen @etswéﬁrak?alééw Paftemmegs the achye Lyes £ bhours in a
vacuum oven Qghikfedthydfhot¥ittlgYapP9Xscrded (#rﬂﬁn?%ﬁ@do@f mgﬁmg dmahe fike Tiiel M vere

finally baked at a terrperature over or several mnutes to conplete
the drying prCQUe@SCd 'gh?@ntahd bleneslor pffompasiop saribe th%lhf:fbb)p@llfﬁﬁrmtlatedredt r odes

was control| %’e x?rﬁl @ %rga Irpgglgf‘r}ﬁﬁxtx Eh%rfﬁreg Qi 1fxglw Z’gﬁo 8@g§8t rons.

The opti cal tran are shown
25 in Fig. 7)dem’0ﬁittwhdrig t)daaémmfpre@mfmﬁxﬂmeﬁibnamdm ﬂﬂbﬂﬂﬁﬁfouﬁxﬁﬂeﬁﬂ@ym in Fig.

7 is the spec esponse of the:normnal V(7~).. . The data

i ndi cat that”s‘f‘ﬁ%qs‘é é'éﬁFcYV%é%‘daHé’t‘ﬁmbe“&"ég? ?”élﬁ’g""@aﬂﬁ’ %‘é"'ﬂé@é f or

phot osensors for apelbeatdi&tonichn ¥iss bBhehiSRE By cambin}pdfe dé@éeeﬁﬁ(n%furethe
PEDT- PSS el ectrodes_can al so be used for ultraviolet (250-400 nm and fo

near infraredt O‘ThUBFlﬁt‘hé“tbélll%ﬁﬁ@w%lfleﬁ:lgr%dﬁ%f ipgigncgOvitfethg pbatopensisgot osensors

with full-col r Jut
2002 WO 991 3 Jt?(%@l#‘%ggg‘lf’g‘}rfﬂg[} fﬁﬂgg Pn’I‘ g%l %hglt%s R é@??%l elgs%{lmadeyvm th
PANI - CSA or REDEd RSEom Ifimadyned ¢hd ms;mmedalr&é.tﬁxamﬂeehﬁ wtilizias (hisGippAddch CSA and

| TO PEDJI: PSS i th | | ectrod
were cast in %r‘iﬁ?lﬁosle‘éi?g%m{‘ﬁﬂ Iéheegegp?ﬂsegfﬁ'g %%aﬂﬁ?ﬁ%rgg nggtsorencu;l?t g)s to

maxi m ze the optical transmssion 5 Organic light-emtting de~~ices with
bi | ayer el ectrodes have denonstrated inproved device performnce such as
earner injection dhgthelepettvediayeli|ity. Exanples are shown in U.S. Patent

Applications Seri q{heyﬂétoaaﬁ/emr Pi%h &@@oﬁ%e@gﬁtcﬂiéﬁe th;w&o@&qg ARgost tivities

of the devices with organic arnode el ectrodes or | ayer el ectrodes were
simlar to tHdbi&a shprswhoiganicisgmicgndyctiag maserial. of hwetive dayer eapcoswrisg enf vol t age

in the > to Al senﬁg%n\ﬂuEﬁr%‘éonﬂgﬂéd F19HBlsCal NG Lo AbRSus Rl GORAUCT I Ng

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

25 and different electronic energy gaps. The active layer can be a blend of conjugated
polymers and organic molecules with similar or different electron affinities and
different energy gaps. The latter offers specific advantages in that the different
electron affinities of the components can lead to photoinduced charge transfer and
charge separation; a phenomenon which enhances the photosensitivity [N.S.

30 Sariciftci and A.J. Heeger, US Patent 5,333,183 (July 19, 1994); N.S. Saricifici
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,



as the transparent el ectrodes of the photodi odes and i nage sensors. These
pl astic el ectrode materials provide the opportunity to fabrip?ﬁﬁ Rpgani c
phot osensors in 15 flexible or foldable forms. This exanple als
denonstrates that the polynmer el ectrode can be inserted between a

met al - oxi d%véégzi}? arent el ectrode (such as ITO and the acé)ié_,\ﬁ%&égg to

nodify the'in cial properties and the device performan nple 4
Devi ces of Exanple 1 were repeat ed._ﬁ_thi n buffer |ayer was inserted
between the 1 TO and the MEH PPV | ayer's to reduce the | eakage current

thr ough i nhale GRLER \OISe! BkRB.AL] YRl vl s WGyTBAR! jalopused for

the buffer |ayer via“chem cal Vv ‘6’o§i tion) and

PVK (cast from 2838y coHatheXsdieicHel mid A1) Heddee, lnttint knessd oPhish® Quf f er
| ayer was 100- %0? A.. The phot or esponse of thesZ devi.ces was simlar to that
shown in Fi g.23 (1% Ve achike lapeisan aleg be agerissiod helsrarunctippewiizighi ch i s

caused 11 eqUaBIdYofHOMThEIASAR binuk hBichLORSLES [n the active [ayer) was

reduced i n nmagnitude: ese short-fr evi ces, a photon flux as small
as 1 nW&n2 was dékhechiadilomdéprgdnic andtleaipsy @ron®0 aydancleduwdar.bléfidecapf f st at e

voltage was 1.61. 7 V.in these devices light!ly higher.th Ln the devices
1 Exanpl o 1.5 Hogfeatd D QeSS PR ofeitht) 1hs FB5HHOT BV Rird el o
denonstr at es dnhathigfibed éfdonjuayed poBmebs polpmer/padmbeblesdzn t he active |ayer
and the contact el ectrodes)

to reduce devjce shorts and to inprove the
devi ce resporf¥ rf“"d_/ gieer arshre y"??i‘?’gdﬁﬂﬁ?@re“ Sa‘;'?BPﬂ_E'éhe B’g"ﬁ:ﬁa‘%bﬁb‘?asﬁ?ﬂgani c
ol ecul es Vi alifeB@Y 6/l soARANn E5RMSHh HONeRE oPRiNE SN 16 MBAE BhasepRockdifgugh , - et
casting 5 processes. Exanple 5 Devices of Exanple 1 were repeated.” The

active hateriWhyn niHmPRr pokyblepfivard asedmstihe astivaliyenihs deyickaeandst Li - C0436
in nolar ratigs. 0, 1s. 5 nd.1 % T i ynt hesi zed by
a substituti o%gr}cg%gtqné)onﬂ?xrl%l%%gﬁ’sﬁrﬁgf y?ﬂi%é u(’ a g lﬁ%ﬁ%@%& H%@H)gll phenoxy et her
sul fate) supphoededsgrsPhone- Poul enc Co. [Y. Cao, U. S. Patent Application

Serial No. 08/888,316], Alwas used as the cathode. The photosensitivity was
enhanced in the d 'aE'@es\ﬂ W?ﬂ"jé‘?{a‘&w@?“@)mga%ﬁww% Cfé‘,de’ﬁ%‘féare

phot ocurrent rofGifgRS & pBlyadetyIesd, PP %, ahdiifd deridieves olYidbehidimpWérieAnd

MEH- PPV: Li - OCA36 (10 wt% conpared with a simlar device nmade W thout the
Li - 0c4363  Moribsgigavativepepobythiophence("Fa| ) arbitstarvaidvest plypyrroje, 'RPy"), and

| TQ MEHPPV/ Al; | ( X - : '™ Mkt - Li - OC436
(20% / Al devilésgg?ﬁlv%ﬁ%‘ls’l @?ﬁé%‘g% ge\r/}/%‘)rlg);]g?%’o@%t\ée)’r %/riad(}?si dne?;g%w c’eﬂs% )fY]gvi ng an

| TQ' MEH- PPV/ Lithenydad9/ (RRPR't)r ancititsrderivathves;gfoflyflouedane, (VBFt)agrel itsderivatves, from 1. 1

b0y L0,) O R et S RIS RS 1 0 ©

Si m | ar enhanevetiMes ol (h B-lsdpetdi yre); poliiifotitmiaphere aaddtstdedvaives;st at e vol t age

nas Obs% ved ‘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.

25 Examples of PPV derivatives which are soluble in common organic
solvents include poly(2-methoxy-5-(2'-ethyl-hexyloxy)-1,4-phenyiene 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,

30 1991), p. 683.], poly(2-butyl-5-(2-ethyl-hexyl)-1,4-phenylenevinylene), ("BuEH-
PPV") [M.A. Andersson, G. Yu, A.J. Heeger, Synth. Metals 85, 1275 (1997)],
poly(2,‘5-bis(cholestanoxy)-1 JA-phenylenevinylene), ("BCHA-PPV") [see U.S.



Devi ces of Exanple 1 were also fabricated with a Ti02 |ayer (1-30 nm 25
inserted between the MEH PPV and the Al cathode, and with Tg93,1v 2002
nanoparticl es dispersed in the MEH PPV film (form ng a phase se arat ed
MEH-PPV: TiO blend film Simlar results to those obtained with

| TO MEH PPVBaQ Al were observed. Thi's exanpl e denonstrates that organic
addi tives c¥PBE9¥bded to the active 30 layer or inserted bEHERY 0?
active player and the contact electrode to nodify the device perfornance
i ncludi ng photosensitivity and off stare vol tage. This exanple also

denonstrates that a | ayer of inor an| c dielectric or sem conductj ng 31
Jul'y 2002 WO BYFHgRD L eTNISITRE9525 m%czm-fatﬁﬁasrﬁwsbycra ) 40ddhe BKF bet ween

the active | aié%mal@goﬁJb@ulﬁ@?’f?%lu@k S&%(@Q@yﬁh‘?oﬁeﬂjés }F'P%@\Vlf G 8vIRSLih ffgmance,
i ncluding photosensitivity arid ate 'vol tage he inorganic dielectric

or seni conductaikmbMde)dwmdetauanomlth@ dearppmgesutnanizorn dde 80 cabohsor m and
bl ended with the organi.c.phot osensin

Vol t ace- out 1 chal o G ifaSse s e s TRtrEkb L liing dorinlA8Rpfos Bolvblengs

| TO' MEH- BPV: PaBivic b @hctiveilifiet.aThdse pbiyblendshaibe biends ¢f sethicohtiectingBM (a C~~
derivative) served as an acceptor_in a gonor acce tor pa| r with the MEH PPV
10 acting as aelaswr/pq*w@ea@mﬁad%?féamwn é‘E%P%I‘é‘V’F with gpitableorganicy + - The

bl end sol uti 0%0‘4‘@&%1&5@@8! &fgaﬁ%émm HBIeQul@sA)E@ﬁ‘rp?éD\(oﬁﬂQ dgré)r%@ﬁw xyl ene
solutions v,.aith 2: wel ght ratio. The solution was clear, uniform and

was proc essab Idencatacqtqp@mppéwmdamghde beaire/ngtdinytedee thesonjugaled polsamres box f or

1.5 d. Th
I el B A b L L A
filmthildknesdesvaneee Exaniphs foathgacaeptotsQdGhe2dimOr/accEstor polyblégds ifidludeand Au

were used as the counter el ectrode 1 I n each m was deposited
by vacuum evapbr¥t Pe ’W“’cdﬁotpﬂfyé%ﬁé myl?{’ﬁb‘ﬁﬁlﬁbé?@ﬂ% Prdjf‘hféff’ Neexperi ment,

the concentr akioituRb smeas@cmlwfuﬁ’cﬁﬁmlvmvaweg edd br cgamcqnéleaﬁeslanavl ecul ar
ratio. Higher on state phot osenS|t|V|t¥i’Fand ower on-state operation

vol t age were 8tgsepmedllicanelesylesaisediarefotorgindhe %ﬁ%@h@%ﬂcmg@ orﬂegtrore shows
the 1-V char aﬁ%&r 'o?t%ﬁ:?s of an | TQ MEH- PPV: PCBCRI Al device in the dark and
under light il r% nation. The thickness of the blend filmwas --2000 ~..
The dar KScurrent s&nacat gso pnodwqphbmmi\t;elaxm Bing tamsemhmndilqmg@a@ett
superlinearly,at hi /e).. Ze unnel can account
35 For ths oFbedn ThRBs et RRERpn il S B Bl SR BR InRT 20 0. 65
V Wafsf ~1 x 10struohiresizin th&ies@acireg, ﬁh@%@m lh@ergls A/pﬁldd ally la&bnju%at&/%&lyﬁ& Thg
on-off ratio was 500, Devices with thinn end filns showed inprove
phot osensi ti v:{\‘i,a r afdhe pgeRRier Bvergs made pp 8te p%ﬂﬁi"'f"é?”ﬁﬁb‘?ﬁ?é%?’??(/% was al so

observed in dWW)esrulieaéHelxﬁ@sEaﬂes%&maso@ hd lmaeﬁuaétson@rddmwesqédcﬁ% as the
counter el ectrodes. These 30 i ncl uded A , Li Al, MAg,

BaAl . Oer oP§BM endBEBER) < ofganic maleer qw59¢1ber5q98zrﬁat@g BRLAPT, i ncl _ud| ng
gib]? : e%gter mﬁah%f‘e@eﬁﬁ%%n@%E%&Qadéﬁér[‘&y&x@%%l@%ﬂt}{i%%t‘é?ojuxf’ CHBMhaYet N
structure for a photoactive layer include but are not limited to, PPV/C,,, MEH-
PPV/C,,, PT/C,, P3AT/Cy,, PTV/C,and so on.
The active layer can also be made of wide band polymers such as poly-N-

25 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
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.

30 The photoactive layer can employ organic molecules, oligomers or

molecular blends. In this embodiment, the photosensitive material can be

fabricated into thin films by chemical vapor deposition, molecular epitaxy or other



WD 99/ 39395 PCT/ US99/ 022~7 -32 sol vents. Higher photosensitivity was
observed from MEH PPV. PCBM processed from 1, 2-di chl orobenze:pleggIz@bgon The
phot osensitivity reached 0.2 AlWat 43U nm when biased at -2 V.

exanpl e denonstrates that the photosensitivity can be further 5 |rrproved by

bl endi ng awipepiesgrol ymer with a nol ecul ar acceptor such aspp@sodifaBiM
PCBCR. Hi gh photosensitivity can be achieved at relatively |ow bias and | ow

field~(~105 V/cm). This exanpl e al sogdenonstrates that the photosensitivity
can be switched to nearly zero when bias the device at a voltage bal anci ng

the internal ot mhDadpeligdh lc@hnc(loglg% @aMpfe@BfﬁﬁtaE@trHQQ‘?z)ls inth@e@ata in this

exanpl e show 10 that, due to its low dark current |evel, the.polyner
phot odi ode caate bet lingigad tpmodlecte@@thrma«andngmerlwmstt@tracnnfeafsi itsy | evel of tens

Chan six or dot e el Sl e A7 PAOR GHER Ry R B SaMIBETe 7° ™1

Devi ces si ni | fllefene c"lcrgOS)Earmfnslﬂeamhes Ghmplfeeeba@csmﬁa(mdhm §iketlophailel TO and
PET/1TO gubstrates in é and in 3,8 cm<6 4 cm (24.3 cnR)
using a fabri &t |aB‘i1\°ﬁf‘B‘€élé"é‘e gﬁ)laé they d@ﬁ‘é‘l‘“’&? Plspyhoyigonsrs (sugh as

characteri stigGgeshbfihgd drQclitidh E@@\%nu Rhdi @rivei VB! SupRE] Mifke The

phot odi odes made wi'th flexible substrates were bent 1nto circul ar
shapes any W&M@lﬁtaNdhdwgmeiahclodi@b mojrsvicogrd) t PRPt spiroitB I3, axadiapdle

denonstrat es ntaa} éeplgatwcg dsbein%tsh&ht%w(\éqIé%%éﬁpgﬂﬁqjahot osensors can

be fabricate |nlar e5|zes 't he
phot osensor s Gprxnb@ab&l[lt:hthﬂb@admslol’-dh(tbrahape&ra‘cme/@ggemnﬁirad&ﬁﬁ’d-s in optics,

physi cs 25 and bi opedi cal fiel ds. |l e.8 Devices simlar t ose of
Exanpl 216 vr lqréwfa'fd SRR phoieaChEs ge g a\NIRRIROTEARAD 130 KRS0 ?@lefeppv a

pol ybl end wi t{fe b¥anR 4 BASheAR altéhd 4oLl an@es&rﬁme.phmnm@@%&ﬁaw% and I TO
were used as the cathode and anode el ectr odes, respectively. The nol ecul ar

rati o betweenlayfiifemgonor and the acceptor was varied from pure MEH PPV

(1:0) to pure CN\ Jul'y 2002
WO 99/ 39395 PCT/ ugg\é?‘g’gfﬁL?z’d’@h?hgg%C‘lsvﬁgﬁp?‘?{ﬂ@% bgé b‘c‘?"é‘t"’gb ae“ﬁcled in

devi ces V\,i t h zidditeaem(—wldclame omaélmyuioa{acm\&l) mmodfqumd)tbflmstmehe/dﬁvlcage shifted
to --1 nt|C| tedfro th n ot.ent i an-—i bet ween
the dondd andperlibifis? Biiflt Skt AufvRoBe s bR SRRt sPeRiingh of

Exanpl e 6 werg otigpeates witl hecdm@orehicugel ayer made of sexithi ophene

(6T): PCBCR, a blend with two organi c nol ecul es as the donor and accept or
phases. Simlar | -RAQUHEB1EO8CstMes were obtained to those shown in Fi g. 8.

10 Devi ces vvewn,gerg@t;uegpeg s hiRyltdnkfafy@nn of 1 TQ 6P/ C~o/ A, 1 TO/ 6P/ t-Bu
PBDY Al . The phot oact | ayer” corpri’sed two types of organic nolecules in

het er oj uncti on f orM repessenthprotdre metdl orgraponiam eonntegpnsi | ar | -V

charact 96' stics tQ n is moles of ethylene oxide typically n=2-40).

Application of such anionic surfactants as additives for improving the
performance of polymer light-emitting diodes has been demonstrated by Y. Cao
[U.S. Patent Application, Serial No. 08/888,316, which is incorporated by
reference].

25 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
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.

30 In cases where the active layer is made of organic blends with two or more
phases with different electron affinities and optical energy gaps, nanoscale phase

separation commonly occurs, and heterojunctions form at the interfacial area. The



those shown in Fig. 8 were observed. Exanples 8 and 9 denonstrate that the
active layer of the voltage 15 sw tchabl e photodi odes can b®f dulg2002

nol ecul es arranged in bilayer or rnultilayer structures, a blend of organic
nol ecul es, or a blend of conjugated polyners, in addition to a

pol ymer / mol ggidoRefRkend as denonstrated in exanple 6. The daj ,{ngﬁ@f@e
exanples along wth that in the Exanple 1 al so denonstrate that, for a

gi ven cathode such as Ca, the off stahe voltage varies with the electronic
structure of the 20 active material . anpl e 10 Vol t age-swi tchabl e organic
phot odi odes f | i R3QT i | O TQ P30T/ Au
B ruct ur e, - Tant S e eddbn /AR M el acs BBl e

illum nation @haseswovpwen elecgon &finiy (mrdowtraomeationfenarglyiservends #u i s hi gher
than I TO, the Au el ectraode.serves .as the_anode in.these devices.. Positive
bi a5 vias def 1 AEATSUEHO Rt HESHirBUS DISOREHOT Ic ras! SR A1 TRUEr @l ect r ode.

Li ght was i nCiafi€BableltRépidicifigdtbdelRirdd skplrati®l rotdsodefinedbyithé &n@m%i nment, a
ap

He-Ne | aser at 633 nmwas used as the illum nation source with ot on
density of 10S8ps R chericifitiand i) tHeegep bttermt i aMadn Riys.sBfh 83 bi%848: was
reduced to nearly Vol t sy Thussnit b - St at . the phot odi ode was
shifted to cl ose tggégfo vol s.'bTheD +?1Q%I“3§/ﬁ%0(8’28% 99/ 39395

PCT/ US99/ 02247 - 34Sphat ocur r'ébt +ah “-'A(D V Ays S edcitatibn dtlocaliabd olDaAs 10~ ti mes
hi gher than that at zero bias. Values of the ratio Iph(-12V)/1ph(0) in
excess of 1. SCQmR@*a')’have been realized in similar devices. The
photosensitivity abiep33 nm wag LOQ*mMAPI cost)espeharde Gandfer iitigieant um
efficiency of ~20 % ph/el. The dark, current in the test 5 range was bel ow
5x 10-' Wecm . TheSBRGi ocur ri @At FoArk “cutt emth Daliobragdical RpikiopEed)i han 1000
over a broad bias gnge (-4 »p12 My« phisaexampiesainhi rates that the
off state of the photodi ode can be varied by proper selection of the active
mat eri al and theredPedenatesdharergenic dbmor ami(4) denbteadhe erganibaccsptoritled a vol t age
close to zero yolts. hot.odi ade, natrix fabrjcated 10 with this type of
phot odi ode car(llerllt)oéé %?%léedr% twap?}f:geed {{ag?’ H%Sp\?ﬁq{%ﬁfyrmno- pol arity, thus
sinplifying the drTypiog tisickieed sfthie ackive 1hvar gage ool £ fesviindrddningsabimo and t he

| arge phqgtocurrent/darkcurrent ratio permt ot qdi odes to he  used in
t he fabﬁ%catib‘ﬁl‘%‘f’ajgv%‘a? frg @i%‘@hgﬁf)@gés%“ﬁﬁ‘?{?@ﬂ“ﬁi el density

and with mul tich)eAgradphliRyhie filk 1IN arenol Wi chi,RVRE BBdbrmapboOéRdi ode
matrices were fabricated with seven rows and 40 colums. Pixel size was 0.7

mm x 0.7 mm Tyricadly he dmpeavird by using thinngr dilwe M@ eptcal dgntities of dessthandvect r odes

was 1.27 mm (%Qu?géectrﬂ}%‘ bRLAIQEL] ve area 20 was ~2"x0.35". Typical -V
characteristics froma p%xel are shown in Fig. 10. Wiite light froma

fluorescent lanp on the ceiling of the lab was used as the illum nation
source v&&h intensg’% oI tens of uWcnR. This is much weaker than the |ight
intensity used in t scanners. This exanpl e denonstrates that

pi xel at ed phot odi ode si@i ind&gs. ¢and Rethed riaaby phoatdéstienns thisihvahiohtase and
wi t hout crosstal k. This exanmpl e al so _derL:l)r@brat es. that these devices can be
used for appl i© ‘Eﬁﬁ“ﬂﬁ%‘%'&%’ﬁ%ﬁﬂqq{@éﬂé‘i Ghetle greanic PhGLOgFtVE IR iss t han a

m crowat t/ em-poditéd on ROS VY with 84RILPEEc OBt d16RRd8E. EinRh@Edrifigatation

shown in Fig. 1, a transparent substrate 14 and a transparent electrode 11 are used

25 as one contact electrode. Indium-tin-oxides ("ITO") can be used as the electrode
11. 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 11 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 theelements involved, the valance of the elements or



for image applications under relatively weak |ight conditions. 30 Exanple
12 A scanning schenme for the photodiode matrix was devel opegy (gge0b29. 11
). Due to the strong voltage dependence of the photosensitivity, a colum
of pixels in 31 July 2002 WO 991 39395 PCT/ US991 02247 -35 the ?D

phot odi ode WRt.h/ ould be selected and turned on with proq&g. £ bi as,
| eavi ng thewgig% ngi n the adjacent rows insensitive to the i (/:‘}(sgwﬁ?ufl ght.

Under such operation, the physi cal [\/l,{pw, N colum 2D matrix is reduced to
N i solated Melenent |linear diode arfays which are free from crosstal k

between columms. This 5 is.remniscent of the caonc .that is,used in
solving a 2an1ﬁt"é‘a?’%‘fs'°%°f§%‘ﬁ§ﬁ}%ﬁ “SFeduc? Po"ﬁ:,?mg’?‘f‘(‘)%%b)ccﬁ?ﬂ\?ogmls/a& X)~Lr .j
h(yclo. Wth &hebn 2Dhepassidie: wébddedinested &g ay F. Moit, Magdnsamidge read out
with a pulse train scanni((;rlll‘l?j t hr ough Each &%I urmégf the matrix. Fig. 11

shows a i nst anf2&6bS Zndp %ﬁﬁymréf RREsS ARy 8?)étN-fbMt°i“c?ﬁdiEnA-a 10 7x40
phot odi ode Wavab?g-ﬁle&r&ﬁéfﬁ%s&lsqnN%ﬁ%&sganmamsﬂaﬁa@wﬁlreﬁ WehEroh], ased at +0. 7

V except the pixels in co ) e pixels in columm (1)Were all biased at
-10 V so fs t d94bhi Exemphésgh spdhatoopensdstipatndeyth¢ cunrate matetrabdwhioh poskessat t ) .
The information at gaﬁh’.tof the Igi xel s i%_ca?ll (lilgn lepas, read-out in both
paral | el (V\Atﬁuqﬁmé’ﬂ W ’éfyéblﬁ%? P‘Hauéclsr(scu‘f & W’B Wﬁrﬁ%everters) or serial
(with N channebpetsdatiggors) t ches) 1 S sequences. Pixels in other colums
were selected by switching the colum hias, from+0.7 Vto -10 Vin
sequence. A di gi t afP&elrstiodeddintisr | {R1d iR Etg: phyantisdoppidpfit wefetiveon. To

sinplify the dphURF suchfa€Bblyanilibe HARe HhGARIRRAR tdridirep e RN @gENsor can be
switched on and of f between 0 V and a reverse bias voltage (-2 to -10 V).

Such a 29 noneoysriniinguced pracesgeabikiyi technalopy displosesin 448, Ruaentd&38:631 r at ed
wi th | TQ P30T/ Au. i [ of multi-gray
| evel s was seﬁ@é{ne%?pl'ﬁ]@mn%gg&v&\ggp g@g%ﬁ(gﬁm& Eﬁl[a%el‘[% ﬁ@nof;(eggqﬁ%ot odi ode

matri x fol | owpolyaiiliee Simawhichgersehmske eleamds sadbé casEfeampbriid? withtgglor i gi nal

i mage and the readout inmage were regorded.photographically. The readout
i mage repr odulBPTHY BFIG FHIPI2HEGe W?rﬁa'ﬂg‘é@df"gmgpg?‘ﬂ@#%/?. Thi s exanpl e

denonstrates thabinktis With bagReSHbiieReng ophiaicaldiiodiRgesanoendieed as the
pi xel elenents of a colum-row matrix (as shown in Fig. 3). The 30

phot odi olfes aPheagmsqss hefebeasiedhie fubafedble dorar f @ber cRdyctiveqolXPREs 641 urm and
e 2B P LM SRR g o o
2) include polyethylene dioxythiophene polystyrene sulfonate, ("PEDT/PSS") [Y.
Cao, G. Yu, C. Zhang, R. Menon and A.J. Heeger, Synth. Metals, 87, 171
(1997)1, poly(pyrrole) or its function derivatives doped with dodecylbenzene
20 sulfonic acid ("DBSA") or other acid {J. Gao, A.J. Heeger,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 the electrode 11 in Fig. 1 and 13 in Fig. 2. Typical thicknesses for this
semitransparent metal electrode are in the range of 50-1000 A, with optical
25 transmittance between 80% and 1 %. A proper dielectric coating (often in the form
of multilayer dielectric stacks) can 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,
30 conducting polymer/metal/conducting polymer or dielectric layer/metal/conducting
polymer structures. The transmission properties of these composite electrodes are

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



Exanpl e 14 Devices simlar to those of Exanple 10 were fabricated and their
spectral response was neasured at a reverse bias of -15V. TiaJupi@02re
shown in Fig. 1?. In contrast to the significant sensitivity decrease at
short wavel ength in 5 conventional inorganic photodi odes, the P30T

phot odi odeswebidws ed rel atively flat response for wavel engpdrgushnsiser than
630 run; the apparent decrease in sensitivity bel ow 350 nmwas mainly due
to the transm ssion cut-off of the 179-.coated gl ass substrate. For -15 V
bias, the sensitivity at 540 nmreached 0.35 AAW(a quantumyield of ~80%
el /ph), the sane valm@alasye it l6@bpiicd] rak¥reinasdecad afsb bt Qseli RdRs. Sim | ar
phot osensi ti vi ty val ues persisted into the UV region bel ow 400 nm In sone
devi ces, quantlgftrederlil dpiesomie appligasigps ﬁUﬁh)G}éFl?eﬁHa'(feﬁP&m%%%’é@‘?’ph) was

obser ved unde f & oftpd m of
| oy P3T/ PaHT. BeEye s V\Lﬁﬁere%@rhtmasg%ﬁté? y;%ntb%%h Hﬁﬁhfnﬂ%gdtﬁp gﬂ g e

Quantum ef fi cdmwncafmmmewvil@@%cl&reeﬂem tho ¢ pteotl elecinedss dbsed Veact The

hi ghest \al ue_observe 0% el ect,rons/ pho ai n.mech n| sm may
ol oy o rate | A% RESRAL s, MER el R R B e R PR B T gh
phot osensi ti vpketoRhgaitgcarRahiadeiveilch@nsand refulfsén pelec e §pactral leponse,

si mul taneously, the near UV and the entire visible spectra. This exarrpl e

al so denpnst r Sfdlar fo{hat Sé?rgﬁ’rﬂpécﬁ%f:@ﬁ%‘tla’df’ﬁtr’%al F‘t‘ilotnpiée‘?%)esnet al / or gani c/ et al

sandwi ch struct UreTH@*ba@@"ae&%@tlb”ﬂ B f'P{a‘%qu 19?@ 100k &! ﬁ%@é‘éﬂaOhOton
i.e., possesses a gain mechanism Exarrp e 15 Vol t age-sw Ie phot odi odes

wer e f abr i cat egtal,cuclcas Gaudna Y, ddparish, 28, Ag.ie and !tooolt hMetal %ilmlb caredlgronse of
the hu eye%)%ys(ed ag tbf Erl]zfctrggé/ h&%%%eﬁg rI‘ﬁf:sfe étélce%cl?rgdeyctaﬁ%g% Bidaf3d b

| ong- vvavel eng pass er on ron as’s suiﬂsf rates of
devi ces, sim bamplq thdmake\aiporation, elecitampéan é_\'c'apof’élnen,cspauemg deehdcdlal in this

exanpl e was a Ia\ég of . PPV which Was ¢ nverﬁn(g fro Fﬁ)‘f] R{}ecur or film at
230C. The pholt#PPEdprasuion. @Flt‘f’ﬁQr%E%"éé’ AR LIdickResa of het er are
shown in 30 Fe@errck3A3 i Py, \{'(Wil in P%@')%%d?fmh&ﬁ ahd BB b e hihdreds drsee Fi g.
13B), and the transm ttance of the V optical filter are shown for

conpari son. TRezHMIST dypdrdeolgnicrans opthickeri Barethigkaessicgn basangioHediton t h

V(~,) fofs wavgliengt A0QR\O 991 39395 PCT/ US99102247 - 37 | onger
t han SGO nm V\i‘lhlﬁflg P‘%émﬂb Sgulr% élotnr an§' ttance of the PPV filter foll owed

V(~,) over a br oad\’\ﬂangesmadtfmemm;ﬂ@ foma pimdodiede with dmhi:tiwimrmﬂefrom

denonstrates ol r photodetector with visu 0 entlally

equi val ent to?%{c}é%ﬁ@gﬁrap?abepga}d ngm“ttraflsé)ra ed! mlalglerl(% Stc?”c qbe ﬁg?vﬁecé?l ng and
5 bi ophysi cal aké Béregﬁdth@hheanapbk Cedéaitro8s 13 E:Xlagpl @nﬂiﬂlSﬁlFag 2))I | nd UV detectors
were fabricated w iF%g bl en&hNEH- PPV g glFas anode

and cat hode materi "%18 Eé%wﬂ%q' i elelodel Shiwn g
20 4 can be achieved by standard patterning techno]ogies well-known in

semiconductor industry such as shadow masking, photolithographing, silk-screen
printing or stamp (microcontact) printing etc. These methods are well known to
those knowledgeable of the art of display and image sensor technologies.

To improve the device performance (for example, device lifetime,

25 operation speed etc.), a buffer layer comprising conducting polymers or blends
containing them can be inserted in between the electrode 11 (or 13) and the
photoactive layer. The conductivity of the buffer layer can be chosen from a broad
range (between that of the pure conducting polymer and the photoactive material).
Conductivity of the buffer layer is changed by processing conditions of the

30 conducting polymer (counter-ion, solvent, concentration etc.) and the composition
ratio of the blend. In certain situations the thickness of the buffer layer also affects

the spectral response of the photosensor.



10 fabricated on an WV bandpass filter purchased from Mlles Giot Ine.
(product No. 03 FCG177). Fig. 14 shows the spectral responggjgfy 002 LWV
detector operating at -2V. The spectral response of the MeEH PPV:C~o

phot odi ode on | TQO/ gl ass substrate and the response of an UV-enhanced Si

phot odi ode‘%ggﬂgﬁ.‘tted for conparison. The data show t hat %q_(lﬁwﬂg w

detector was SensSitive to U 15 radi ation between 300-400
photosensitivity of ~I 50 m¥ W conpayable to that of UV-enhanced silicon
phot odi ode. The data al so show t hat The phot oresponse of the MEH PPV

phot odi ode was sup[gr]es€.$d éover 103 times) by the optical bandpass filter.
Thi s exanpl e deno hi gh sensitivity, solar-blind UV detectors
20 can be fabri catigdoby arﬂﬁcﬁﬁbﬁﬁ; nmglcowrtdag:enmﬂs@ha@heolef dasdieon prafodi odes
with L1V pass. optical ters |l e 17 Exanple 14 was regeat ed except

that the act |‘\’?I§’rqséyy1‘e~°‘9v5%“ be %CHICHCWWOQ%Y se]%‘“ﬁﬂ@ myeRalfen the esponse of a
PTV phot odi odgokcaciOMPer! dlors '\Qlth mﬁ"ﬂie?ﬂoﬁﬂ&%&swhﬂgc&% ffier do@i300 to 700

nm |.e., spannl ng the enti e VI Si @le range. Sel ecte etecti on was
achi evedSby i nser tOngtyae bhapppiastonfi bipbtbtosﬁmsq Wl@ngelw@despmgi tesparise.dor i n

front of the dete he resppnses of a blue-col or

pi xel , a greeeﬁ‘aglgf ?051 &dg):tggﬁéng] ret-% ?ﬁ?lcéve ?ﬁpf( qoﬁ)#atalzn%ma? ﬂrggn anel of col or
filters and aghodddiede mhmé?]wgwm%ﬁdwd@ﬁm (Tdr%xﬁmpllsmﬁo&m reddet he
con-espondi ng R g/}B color filters is shown in Fig 31 July 2002 WO

991 39395 PCT1VEbYIHBPRY). and phasing %‘?ﬂwaéehéﬁ%n]@t’vrpéﬁ%%‘“lch'af 11059“%%1 ing the

pol ymer i mage, 3 ensdimnyy ih t?ro‘?&t p’ﬁﬂ:@pc&#a] ?&'p@x'isefdf |sérﬁ1c§ndu€m% Sigopled arlgeCOgNI ti on
can be achieved with a panel of pol yner photodi ode natrix Wth response

coveri ndOent i PAdywessicn be eqnstollediby nEdEXlalgﬁhfeSIQfBCfRedOf npiechpinpdudbires (R, G B}
| det ect 5. Th
col ot ect 1 69 LGk BYGH LA LSO RS VSN LD, Bl 5 e

cut-of f at 50@neahiroqdio) et h@oglmxymhmhtm;mfdayﬂ e:rue)xi,evihEIBklRMass with a
| ong wavel ength cut-off at 600, nm vele th cut-off
at 700 nm © FIeRIRRa0 2lEE o PREIRRSARIERJHIT PR A HreBBis COPIRaF A ¢
t hi ckness betmaslﬂegggrr&g@{;)se Conversion to the conjugated fornms was carried

out at terrperatures bet ween 150-230 C. The conjugated filns formed in this
way wer é3i nsol ubl elntrdotpigaging appdicetionssiulliepler defpsbencisdieauersly of irderestmat eri al s

ona, singl e sthisbih iy 80by By ) RraBARERCARMDS S HhEVEHNLL it andar d

15 photolithography, screen r|nt| g an norna I zed
phot or esponseresgonsditosred (HIE K roade grees (W nm) #ddluel(@P0-5pninT @, @I Blss
tran

vi'sibl o and ot rhdlotsef s BASRRIE habtheEly B Gt PR R e o
achi eved by dinflfiqideerystaltdisplayofLCD) color-display technologies.
20 A simple but effective approach to full-color image sensors is sketched in
Fig. 4. In this approach, the photodiode matrix is made of single sheet of active
layer without patterning. The active areas are defined by the row and column
electrodes. The spectral response of these organic photodiodes should cover the
entire visible region (400-700 nm). Color selection is achieved by the color filter
25 panel in front of the transparent electrodes. There are many organic materials or
blends with photoresponse covering the entire visible spectrum. Examples include
PT derivatives such as "P3AT" [G. Yu, et al., Phys. Rev. B42, 3004 (1990),
"POPT", poly(3-(4-octylphenyl)thiophene) |M.R. Andersson, D. Selese, H.
Jarvinen, T. Hjertberg, O. Inganas, O. Wennerstrom and J.E. Osterholm,
30 Macromolecules 27, 6503 (1994)], PTV and its derivatives and the like.
Several color filter techniques have been developed and have been used

broadly in color displays made with liquid crystal technologies, including dyeing,



the signals fromthese photodi odes (this operation can be done in the
read-out 20 circuit). The differential responses of these Fiala¢@e00es are
shown in Fig. 16B. Red color detection (with response between 600-700 nm
was achi eved by subtracting the signal fromthe PTV photodi ode fromthe

si gnal fronyblags3eHPV phot odi ode. .G een col or detection (WghaisespRese

bet ween 500-600 nm was achi eved by subtraction of the PDHPV signal from
the PPV signal. The blue color 25 depgection. was obtai ned by PPV phot odi ode
directly. This exanple denonstrates that R G B sel ected col or detection and
fullcolor inag NS - he i : rm e tosensitive
materials on gl%gﬁﬁgﬁgﬁaﬁ?%egsm& frﬁﬁﬁ%??g?ﬁ?%gﬁbégﬁht([:lﬁé?gg?%ntrdihfs'tigltl:ésmg?,o Exanpl e
19 Vol t age- swPigehtadf1SéD ¢ Ooldindwd Eforide)] e Anathet appraadh wiasmilhieyerah¢legut ed

pol ynmer pol yp-phenyl vinyl en RPV asphot oactive terial . The PPV filns
S Yy bood g8 P gRteb s PSR B S aBhent 0°) 7o
substrates fr gigpeasio® AbycogatiRtnfHoroEEOtsedin likdeodtai@Mshnuheurign\@idred to

conj ugated form by heati gg at 200- 230% for 3 hours. Al was used as the back
el ectrode. ThBlgdRPee “ithelasigpad pagierps. plien in arangempte/ TLRAPSETeFTBE] cs of this
phot odi ode i n(gihgardd e AR HAESE, 4)) bidThgdhRbl ABsats Switl @¥Miphientdi&irodld - The S
photocurrent/darkcurrent ratio Ts’'in the range of 10~ for white |ight

i |1 umi nation odfatiag {swh sd/ VKM, are Rastingiavaing areosomagriiadyiavaglablevmtheshspdayved i n

forward bias as. co red to.that observ i .0di od f for exanple,
| Exanple 1. RS o1 et SbPS e RTHeRe B PR PR B Bhote! e ever <o
bi as as shownsdnsorkisiownlih.Fighg. phot osensitivity can be switched on and off
by varying the external bjasing 10 vo]tage. For exanple, under white (or
13v) 1idRt illuninaks Biptodefretogreyides L)éﬁg Pigseld oD e YRd8Ds8 19 | rros

hi gher than t orfdltto VAR ARVyLeRof fonél partiies i X RININGo SREBAS B8R ef hat the
phot odi ode can be sw tched on by applying a forward bias (beyond the
vicinity of tRhBisgan bagrsomplished by arrompratng 1 ihe photodetpcter staicksgar se bi as.
Phot odi odes o el | L : [0 ctain
circuit desi g%ﬁt?%ﬁﬁg%ﬂ&%@éﬁa@iﬁgft&%}gg%ﬁ{gh%gﬁéﬁﬁ ? %&E?@I\}Mi’%d R 7}% e

phot odet ect or mateeirkcahdle presantan advhixture matdh the ntive tayer, itvah bepres¢mtastur e as

their active layers. they had an | TO donor,. 20 .l ayer/ acceptor | ayer/ net al
Struct g, ThEPHRICIRE T Be BN RRPHb R PRy BN RE PE SRRy S PPV The
mat eri al usedelk@fodehén aeca@inle th2eintiNaing hiterial livd phodphw, présapbfsd cal vapor

deposi ti on and PCBM and PCB | aid down by drop casting or spin casting. A
data set for SHE BPARAPROSPhYSHBEDBdi ode is shown in Fig. 18. Miltiple

junctions vere Obsggygfed &F bR AEALLERich Mab L Uetetttd Roth@BYic&d ofhis25 ~ O SV
(forward bias was assigned as the positive bias to ITO was seen in the |-V

curve taken i firussrr areihgh energst photms: dlentrongsK-rayy aed waizef particles agevi ces were
i 1lum naped. . ect ] i .54 =04 . sign). The
phot ocurPent / SAFRBIELE Xzl By Bk hlonisRa gl RRARBRHINAT . 2

swi t chabl e phgimmemnsiidtioni ty was seen in both forward and reverse bias. For
30 instance, the on/off ratio of the photocurrent is ~10" between +2V and
+0.1 SV bias. This exanpl e denonstrates that voltage-sw tchable
phot odet ect ors can i i bitignet er oj unction formwith two (or nore)

organi ¢ sem conductors wth ) ) . _
The invention of voltage-switchable organic photodiodes provides the

25 foundation for fabrication of large size, low cost 2D image sensors based on x-y
addressable passive diode matrices. This type of photodiode shows high
photosensitivity (typically in the range of 30-300 mA/W), quantum efficiency
(even over 100% electrons/photon at given reverse biases) and virtually zero
response at a bias voltage close to the built-in potential. Thus, a row of pixelsin a

30 column-row matrix of such photodiodes can be selected by setting the selected row
at reverse bias and the pixels on the other row biased at a voltage close to the built-

in potential. In this way, crosstalk from pixels in different rows is eliminated. The



31 July 2002 WO 991 39395 PCT/ US99/ 02247 -40 different electronic
structures. The photosensitive node can be achi eved in bot a4 fjya082 and
reverse biases in these devices. Exanple 21 S Vol tage-switchable

phot osensors was fabricated in the configuration shown in Fig. 1. G ass

W th pattegrpéhdhdfd Wwas used as the substrate. The size of {;Jﬁﬁ%wpi xel
was ~0.1 cnR. The sensing material used was pol y(3-hexyl t |op%ene , P3HT,
whi ch was spin cast at roomtenperatyyre froma 2.5 wt % sol ution in tol uene.
Simlar to the spectral response of P30T (see Exanple 10), the

phot or esponsgu@e ﬂq@orﬁ’éﬁﬁn aﬁﬂéﬁ&a@wsmenwgd RW dah Be YeiL A QoMY HEAT W
spectral region“such that red, green and blue full-col or reco&nltlon can be
achi eved by dwtlothe ké¢rial eidagr the phmnilejueade. Fhginfdtnasibows thdpixpghotthe and dar k
currents from.a P3|l ~T devi ce wi.th 3150 filrrllthi kpess. The data were taken
Wi th white iRt TS GO ATATGo bt g URF animletisd SBISR BygeRe dRASYES nmy and
Wit h nonochr qAmfdsCiolré\@ide biRO0GhBMyBdddisablelorfanW¥ sHddiode mhiiigesdb¥ide b he
reverse current saturates at lowfjeld region and then increases with the
bi asi ng Vol t 4§, YPooiBD muagespysehphigh caply mads; ig dargersige, Mg Hwardaksinat et

i ncreases ex ent | i f - ; reaching ~1
v cme a3 U oa ke A SRR NARIL LR AR Tl han s
orders of nagptitaldeciccirarhedamidesage range from 1-2 V. The rectification
ratio at 2 Vis over 20 10'. Strong photosensitivity was observed in
reverse bias. The photocurrent at -25 V reaches S.33 mAlcm ' under 8

mVcm , white |iglgpedilit udianfaésdt.thid iventionder the QHOLSD et a
photorei(;&)onsi Vj t\%/, of in excess of 0.5 AAW corresponding to a quantum

ef ficienty I afPéfé Mghan 100% el ect rons/ photon. A high Ip,,(Vo~)/IP,,(Vr~i).
switching ratio wag al $ReAROHIRYEEndoR With Switld¥bie hotokifivied. MYCNEZ, | Ph( 25
2SV)/1Ph(0.5) is 4x10'. %hls swtching ratio is equal to Oor even better

t han the switching rat iphotosen3iFVityearnet gyhichessamigypicallydn hemange 4fi36r gani ¢

sem conductors (1 Ga-1Qn) ... TH&s i .0di 0 I exhibit a high

I Ph(V) /1 ~1~(V) ratio. $ﬂéerq%gﬁlag%?§l?§% fvBRRNOIaReE 7o OX" ) L White
l'ight illum nation, whphitosanpitives cintad swinhel dffieffecliSelyiviien(Re dindelidS) gr ay

| evel s n be resol ved, for,imge appligcations, 30 The high.switching ratio
i mpl i esffhat for an x-?‘aé%‘?"é?géM%aé'ﬁﬁﬁ?&?%ml F?a‘gatrfé’frFFBP%g’fngzi@&?390 pi xel s
(refer to Fig. 3 of thendRaRi@fh), nore than 256 gray levels can be

resol ved. Adopting quad-matrix design (four sub-matrices arranged 31 July
2002 WO 99/ 39395 %@TI UBD9 k(yagdiessable, passive Hpagedarirsaiabaqateditkthehan 1000x67?5

pixels are possibl e W bl RSySRedeanh thiiinicHbRsBlatiRldeisiatcl o even

better than the SVGA s e drive circuit r ot odi ode

matrices is sinplifiedfredrgidtcal catiefachicegi witlethssepadsiBCimagiegensats Wecoder s

can be ed. 5 These photosensors n alsq be us to fabricate high pixel

density Tinear phot odi glfénsa?#:péﬁ%e.re%?‘ﬁ%nécgnf%/seﬂﬁ%'%gsrxel at the node

contributes to thgiipi xeuldaolor detectivntand filibeslor itnage serditigrdaa b achieredt he

nunber of pixels. Hence, the, gray. |evel of the senfgr arr@é can be as high
1terfiege

as 2~g=3x105. These reSYICOWIng4 agfﬁli’fm'twghﬁfﬁlaﬁ ! é’%_sor arrays
constructed from I TQ' PYEHcAng@e ihsete@r ﬁﬁ%?rixfui%uﬂuﬁtb'atdbloklcﬁn:ceffgﬁﬁl.SenSI ng.
i fi

Moreover, the driver circuits for colum selection are si
consi derably and divyi t &reat¢ photedsctor arraysdn combination With othsr knav¥eh be used

directl Thi s exanpl e 1 [, i hgh

Swi £ ohi Y rati o and hi ST Yook Sl AR EHRACRRE Sl b dtrh

phot osensors covers t heushdsisblblei cohjuigated pelgmemsi(easa g fabricstemdntodarger s ar e
especially suitable for consfructj 15 | inear t odi ode arrays and 2D
phot odi ode matrices foPr%FEﬂff‘iﬁiHF {]\%pfsrfgld'@l Bhgé)"lhj@eﬁg?ﬂ“ia?&trpﬁ‘ﬁs. Exanpl e 22
Li near phot odi ode arr aygyysstere pbesamd, @6ke\th hjbridiZtios BaindptichicaBefs. each 20

made wi th P30T as the seniconducting polyner. Two typical structures of the
phot odi ode arrays are Snoeab dpto-glegiric pogleeiriel deviess) offE pramisefondatzesi ze was

0. 635 myx0. 635 Th f ihe. L : A1 2
e o0 o A I B 6 iy B 0

| i near scanner was consffictchiemnationhinandisinial agomation,irt bisinedicalideviceg. 21, no
anal og switching el ementg,25 such as field effect transistors) were used
in this driver. The reABd JLAONEHPEFIGCURRICS.§i gi tized into 8 bit with 256 gray
| evel s. Red, green and blue color filters were nounted on a panel and was
switched in front of the Iinear diode arrgy when collecting the

correspondi ng i mages. The |inear photodi ode array was nounted on a conputer
controlled translation stage for the inage scanning. A full-color inmge 30
taken with this scanner is shown in Fig. 22D. It was recovered by a
superposition of the red, green and blue color imges (Figs. 22(a,b,c))

o o,




31 July 2002 WO 99/39395 PCINS99/ 02247 - 42 image quality was simlar to
that achieved with a commercial color scanner in the same pax@gliyfzor—at (40
dpi) with so-called "nulti-mllion ( 2563) colors" format. Linear

phot odi ode arrays were also fabricated in 40 dpi and 50 dpi fornms with
total pixels of 200 and 240. The total sensing length is close to 5". The
arrays wer eV08@¥dr i mage sensing experinents. Large size RGGSP3247 i gy
quality (8-10 bit), full-color inage, 6;en3| ng was denonstrated. This exanple
denonstrates that organi c phot odi ode“arrays can be used for |arge size

i mage sensing_applications with full-color capability and with nmultiple
gray | evels. 'r:égfg&lﬁﬁrpl e 23 The linear photodi ode arrays denonstrated in
Exanmpl e 22 were al so used for visibl gx@lpld 1LIV sensing. In this
experinment, a visible blockin Wpass filter was placed in front of the
array. The UV i mag¥olressmatcheblephatodipdeswermibricatest by evaperstinns §08%e sensor .

The UV i mage wis, eagouptl e e So0Rl ERIRPOHALS ALY .. T Sypxanpl e

denonstrat es at vi si sensors can be achieve or gani c
phot osensor s, fxantkoﬂdl@hohmeaglé‘(j/gaé%sbmmterm nglmsmnabdmd@bact ed. 20

Exanpl e 24 Li near hotod s were fab dint S
com[rPguratl onP EFé”Ot“Eé{tpaB‘F‘ E)? %‘ chrf‘%iéa!ebﬁLgf’é‘gmﬂﬁu[ﬁl"%&%% Théne of

the sensor arpaug a%%f@&ﬁcheaﬁe%s ORtchPalThE SATM IPA) Hiketval Bast BSH dd1soPPt i cal
field distribution a |aser beam The intensity distribution of the testing

optical fi el d(1%ngkolyiene slytionzas roonhiespsraiurpl Dels g thnsynthgsiasl t hat t he
pol ymer phot Oﬂjﬁlﬁqg‘w&ﬂ%e?&mdth?l#fag\ggi d. g\g}gf,ié pﬁﬁénf?&nddbsgae{ﬂ%' n of an

optical beam function s o ions 1Tn"I'n ri’a
aut omat ilédn. EkXamodd. 28 cBndnar Nmterihls%oﬂﬂdnlixieae@pnqstﬁtendcaid’ersaeatarys was

fab ted PE t t f bl
was. ar ranged FA- 3 oNer A crenB g B D AShEIR FARbas Cstmic SPHEW: a g cen
light enittingahipdenes, PAspdesd). The titetiesy ofahe activd 1ahet Wa? Qslé@ygm 39395

PCT/ US99/ 02247 -4~ the circle, and the angul ar distrjbution g(? t he
intensity was vgré(g)tgéac an:ﬁlt{aﬁgn of the solution, by varying the spin speed of the spmner

head and by applying multiple coating layers.

15 Electrical data were obtained with a Keithley 236 Source-Measure Unit.
The excitation source was a tungsten-halogen lamp filtered with a bandpass filter
(center wavelength of 430 nm, bandwidth of 100 nm) and collimated to form a
homogeneous 5mm x 10mm area of illumination. The maximum optical power at
the sample was 20mW/cm” as measured by a calibrated power meter. A set of

20 neutral density filters were used for measurements of intensity dependence.

Fig. 6 shows the magnitude of the photocurrent (absolute value) as a
function of bias voltage under 20mW/cm? illumination at 430 nm. The
photocurrent at 1.5 V bias was ~3x10® A/cm?, increasing to 9x10™ A/cm’ at -10V
reverse bias corresponding to a photosensitivity of 45 mA/W and a quantum

25 efficiency of 13% el/ph. The ratio of the photosensitivity between the two bias
voltages was 3x10*, thus the photosensitivity at 1.5 V bias was practically zero in
the read-out circuit. This degree of difference eriabled an analog-to-digital (A/D)
convertor of 8-12 bit resolution.

The photoresponse increased nearly linearly with light intensity (I°**) over

30 the entire range measured from nW/cm? to tens mW/cm?. No signature of
saturation was observed at 20mW/cm? (the highest light intensity in the

measurement).



cun~ed sensor array. The result is slto~~~n tit Fig. 24. This exanple
denonstrates that the polyner linear photodi ode arrays can 3eidiypRoozat ed
onto flexible substrates or on curved substrates to fit into an optical 5
apparatus or to probe the spatial distribution of an optical field. The
fabricatio rocess and the thin fi Imarchitecture of the polyner

phot odi ode%g]??gévg%al so allow themto be integrated with el (?E:frf“éﬁ?/??zﬂri vers
on a silicon wafer or integrated with an adapted optical conponent. 10
Exanpl e 26 A P30T phot odi ode array wWds used as the detector of an

UV-visi bl e spectrogeter for transn ssjon measur.enent. The tup is shown in
Fig. 25. A transni Franetals sig ‘ﬁrﬁslg}f“ §“t ﬁgﬁnsﬁ]@ S‘waeﬁf)fil?‘byi?ﬁgﬂvg‘éne
vinyl ene), PP%unwec%aéwegerg. h) WRRHASIReMRnoliE NEMEscRIROIEdi Qf@aar rays. The

result is shown in Fig. 15 Thi s exanpl e denonstrates that the organic

phot odi ode arpl@jasersaivitis todatistonn isFegt § vgreapticryed ppill heseidsmises. Benpl e 27
20 Vol t age- sW 4 hot.asensor - [ ' tal (1.

)/ ParThner ai () Saanair e GR TS e iSRRI M obied ang

met al (2) Swas wWth thEhveork hinckorestheetahghfofflsayrevol@s isvdetérathddrbgme®om t o 80
nm and the optical jransm ssion of the Au | ayer varied fr SOpto ~1
% The opti Ca{un?tgﬁqc@{(qrp&qb@queﬂgmemetpla O%égggg\ﬁglra}”@%o .]‘hgﬂ%}?t he
thickness of §ieaflvoRBud BYRT FOPREEHIPPEY BHMGHIIRQ With seS&tal Mathl diésrotigf | ect ance
was al nost 100% Such a net aI/or?anl c layer/netal structure forns an
optical mcrocavi thhigeiperiman wasalsonppeatadi with # Hin yes@Sc2tnm) ofegt oh wher e
the optical  3asalenid Rl 10f 1WIRR N AY Bled FonbSledoh G ¥ 4 QlfbenSuch 2

m crocavity structure possesses optical resonance at selected wavel engt hs.
The centlér wacoabenggliayendTliddevivapdifbaiidncots siindarsenist digcdBeditoive, | vatican be
adj usted by changing the reflection . of, the netal electrode, by the

absor ption cotgff’ﬁj’csilagﬁ’of]mgﬁ@am%é demiped %ﬁ@t‘@ﬁtme ﬁd‘“feﬁét 'gﬁ?‘ﬁ?{ﬁ"@g's of the
organi ¢ |ayer. Fi g)ev2c7es%%sdﬂﬁ@d@a@&ﬁ&ftﬁbth&ﬁﬁlﬂﬁ%ﬁv@ﬁrgﬁhﬁ_@fihdﬂ&léils?e- 31
July 2002 WD 991 39395 PCT/ US99I| 02247 -44 M crocavitv devices were al so nade

in the "reverggudigg PIATUPQPE BEY P Y.BUHIE PYh BHR PP i G- 63 6P, spiro- yj t h

i ght incide 0 r ; LGEB:  Wer e nade
bt h cont | guralt anarel-ald by BE e S BT AAy it AR BRI g oo

nrn)/ VERP PPV/ were8bxervadi ). I n these devices, Au 5 acts as the anode and Ag

as the cathode. Selective,spectral. response rved in,both .

structures. These hé%%ﬁa{‘?‘ea‘geﬁ%%éﬁ?‘ai@af*ﬂéﬁf’ P%@?%‘%%?ﬁ?c%? & ‘re’l"%(iz;‘fvfthg t he

wavel engt h seMEH-PRE of@n@hstodibdes hidef rdversd Hpar @he desited phatosssitivitppaque

substrat es. Theﬁ)g results al so dermnstrg_:he hhat t he. devi ces ggn b§ desi gned
eP edplc

so that the |§3be aflieyedeat ggiven sireeediash rosensiiiyity canbg trode.

10 Wavel engt haraqir&fet bMe vOIRHRE SFRISIO UepahRER ohl tBOclbaRide Gmdt@ihlydeldotedugt r at es
contai ning an optical stack (sometines called DBR) Defractive Bra

Ref | ect @P). THeWnindshlt 4 sdibsiabie metads wisiRweak funptipnsgysr ﬂ)h’o%aaéaér\@@r@rg\gmr e

fabricated as " Bﬁﬁégg@/zﬁlﬂ- . gagg el ective
spectral resp@%ggkﬁ%sbﬁ@%é vméth-h[ ~ nﬁf{;‘}i{ﬁﬁw t(ﬁﬁcnl%ﬁ¥ﬁ%gﬁg§<hgﬁpﬁ?e al so
denonstrat es stitavoltdpe indagaminediiychowerls imstiaraof the electnsterclast éxithed t h

wavel ength sel ectivit f. narrow bandw dih ui.l di such a phot odi ode
ATy or 20 e i Hhis ARt Rerorirdtes T trpad SrericBete B of 1 o
forms a fl at-panatr ghediddesRidyhamitiese WhioH s wiffideitic ambhavnggr eat
potential for inmage sensing, spectrographic, biophysical and bi onedi cal
appl i catPons. desestion with yyly-greydlevelsis WHAT 1S CLAIMED IS: 1. A switchable

or gani ¢ phot odetect or capabl e of producing a photocurrent in response to

| i ght i npinging thereupon conprising a photodi ode and a vari abl e voltage
source, said phot oBatdeld: IQff-state voltage lin ITO/METERPVdinetab phatodindes i si ng:

Metal cathode Ca Sm Yb Al In Ag Cu
Vo (V) 1.5 1.5 1.5 1.1 09 07 04
30



a first electrode; a photoactive organic |ayer disposed on said first

el ectrode; and a second el ectrode disposed on said photoact BYgufy 2002 C

| ayer; and said voltage source adapted to selectively apply a sw tching

vol tage across said 10 first el ectrode and said second el ectrode, said

swi t chi ng Woblbagees Nnparti ng a photosensitivity above 1 nmN W@Eiushon2247
presel ected operating bias and near-zero photosensitivity at a cut-offbias
substantially equivalent in magnitudegto said built-in potential. 2. A

phot odi ode array conprising a plurality of photodi ode detectors of |I S

G aim1l wherein: said detectors havi rgkandjé 2 phot odi odes arranged in an
array, each_of said photodi odes bei n% sel ectivel y addressable as a pi xel of

said array. said aPgusesebmprmples! werejtayicated qatofisxitds IWBEIsubWBiEsand at
| east one col , i j SE 06 C ewith a
common anode,Tl}ng&hggjéﬁg%gpﬁﬁ%\%ﬁgg%s%%%gﬁgé%ﬁgi@mﬂ% ﬁ{"gdlcﬁggﬁgh cat hode,
the first el eSimiaddevite mafoinmpinetvodiocbdaveaf. a row bei ng connected to said

comon apode, the second el ectrode of ch phot odj of a.colu bei ng
connected to said ‘@Bﬁmﬁnﬁsgﬂawm?ﬁiﬂﬁ%VPE@%‘%W%@C86?&5&083°i°§}1°355p| y said
swi t chi ng vol ¢agR fAsiacks ifth thif 3Ghct@REInRTROfoRM O n AN siddd dheestb nfgee  common
cathode to thereby selectively 25 actjvate at |east one pixel of said
array. 3. A shaspesil seedsingpesifioapplieaiionswi t chabl e or gani ¢ phot odi odes each
having a built-in potential and a predeterm ned photosensitivity range,
said array conprising: a support substrate; 30 a first electrode |ayer
conprising at |east one |linear el ect Exmpe Sposed on said support substrate

al ong a,first diregti.on; hot cacti ve organic,| aye .sposed sai d

| i near ébect rode; e‘g%eéé)r@xg'ing%ﬁrgarg fgbé'ifggg%ﬁbarsf é’?c{n%élgs'gqsﬁ?lgf'i of |inear
el ectrodes di sipsesdelices) tsalTD plvde QAGHds \r€plhcdy vithargangc eordeanizctodhng®@@t i on
transverse to Stﬁl d first 35 direction; and % volta%e source adapted to

apply a sw t cWIRETQaverspatediith sendpicting geganig fdme BANIGRS od RERHPPPr st

el ectrode | aygereangh Althd 6Rahic QNRUBUE CTHOEENRESAGhybrs RERNFiIFIRCHIRYIR | ayer,
said switching voltage thereby inparting to at | east one sel ected 31 July

2002 - 46 phot gasadaedutiopldstails abwit preparajion pbthe PANIACIntian and PAPBIGHA ng rever se
bi as andsnear ; it Yt i = QT < b u j

i val aat 1 ninbAclhag) BROBRIGL Utba Badd 5kes Rb! 5 1283 5, SRE BEDT Y

sel ectivel y dflnecwéemgadt ifight an smpiedesndispersian(1ad% 3/ Vof whicl ulas sppliedby chabl e

organi ¢ phot ogdi ode det ect or sal conprising a plurality of
phot odi odes aﬂ?’éeﬁ wer ﬁ" PO ‘aﬁh%@ﬁﬁdﬂﬁﬁ? u{ %’géwtﬁ?fbst%ib(?%%uqqavi ng a
buil't in pot ejpitthélitctdicre 3G RIe§ah® 20EPEI6HaE, Adv. MatEILs U1 683 PIN)F ETHO

i nci dent radiation, each photodi ode coongri Si na? a first electrode, a
phot oacti ve ofa§afims wep grendiakerbadll-Sh CIoT 8FvETal BRUrs e Y3UH®, OVER AT B &second

el ectrogg di SRO&[LLRN 15 tHeCaWHIFEST/PYS, theYifhs whidGirlall BhkeliQu §! €ctrode of
each photodi ode i'n a row being electrically connected to a comon anode,

t he second el EaweEdue overd 90 RC domteyeriabmenuies te ceroplaterithydtying rspesss. rTheal | y

connected to ﬁliﬁ% P ife tongﬁjc%i’n]glp%ﬁjr?cr &5‘8&&&_@% tﬁ% Qg:fro%gyewmn%%édy .
activating a sel'ected col'unn of "phot odi odes by; “applyl ng an operating bias
vol t age acr osAngdtensaoadew ciubadicAdgstrassoci ated with said sel ected col umm

and all the common_anodes, said operating biag voltage i rting to each
phot odi ode of the 54 %FEHY%W“&pBﬂ@t%gm%W% WQ%BIS&E&P ?ﬁﬁgww'hppl yi ng
a cut - obfvol t agEg ag!iasiading Maiatdis PANINCSIE andPEDRLASS. helsa BRAasin Bai 7 cut - of f

vol t age being, equivalent I'n magnitude to said built-in potential 20 and
i mparting to stk yeerad despaesy ofthemermabhumenseyst Meb)- dihadaphiedicas bat ed col um

near-zero phojQ LEd ML T i i ted
e 0 DSBSk My SRt e TR BBl G Bocasie o
det ecti ng | i gimvisibleisperttal mnganMarecvgr, tie PEDT-PSS electrodes can aiso be used for
uitraviolet (250-400 nm) and for near infrared. Thus, the polymer electrodes can
30 be used in photosensors with full-color (white color or R,G,B three color)

detection.



25 vol t age- swi t chabi e organi ¢ phot odi ode detectors, said array conprising a
plurality of photodiodes arranged in a row and col um matr i34, Judlp20b02

phot odi ode having a built in potential and adapted to generate an output in
response to incident radiation, each photodiode conprising a first

el ectrode, w@ g active organic layer disposed on said fi ode,
and a secong 5)/‘[?"g‘cét)r ode di sposed on said 30 phvtoactive Iaylg(fs]t gghﬁ&%?rst

el ectrode of each photodiode in a rg gv being electrically connected to a
common anode, the second electrode of each photodiode in a colum being
electrically conngctg h}‘i’%b riSiNg:
sequentially acti I\?]a%l ﬁlé)%gogé S ect e esﬁgév&g?ﬁl ﬁﬁﬁlg: ode xf;q,g’g 511031'61 ying an
operating bi dswwsl»\teag&bacmemmth hﬁOﬂUMs@SAmadH@@m HSEdillayeth sai d

sel ected row e common cat hod id operatin i as voltage

i mparting to® ‘H’aﬁh{ﬁ‘ttg‘éﬁctfﬂ%es ‘Ihef’ﬂ g@@f‘g@ S Woth &S ﬂ&t‘g%‘(g?%eftl vity above 1
Y W 31 J%'thﬁ(:kx?é%@@f a fely ﬁ\ﬂﬂ'réﬂ Ng%s&oﬁltﬂmt@ftfo &%ih Y /h AGHRAPrdSMRLIBHNY anodes
and all the cathodes, said cut-offvoltage being equivalent in magnl tude to

sai d buid t - i rgrvicaighitamiting devipesrwithhjlayer ¢lpriroghobaygidstiesstestedai | rows ot her
than the sel t V. ntially

readi ng out '? ér%g%ifge\r%t %a‘t%ngf 9&?’ a?%gﬁl%%a ecc!tué%a?%gv&%&%%ﬁ gdl odes. 6. An
or gani ¢ phot cEdamplles gletshatoin B@Tﬁammmlmamﬂm&daldﬂm a&aoaswmdage sour ce,
sai d phot odi @?}5 9?133,1”9 a built-in potential and a prescribed

phot osensi ti 9 ge in response to incident radiation, said photodi ode

10 conprising: a fh¢ phoi&letsitivivdeos e BOGERIAELT WHBarfE 8idticGIdcRu@ls ofli Sposed on
sai d flrst el ectrode; a second el ectrode di sposed on sai d photoactive

or gani cl4 ay ePllayspaleeizqdgs were gdaste ihase S‘éfd’éfpt"éﬁét 6 el priys fmdpeat i ng

bi asi ng vol t age @¢[9%81 xﬁtﬁe’ rS% ag&nefdegtrd%ge and said second el ectrode,
sai d biasing voT tage operating to vary said prescribed photosensitivity
range. 7. A phot oﬂhmd&ampllealymoomqssha’ngomdqgtmg pelymef nqatmtakscstarobkeu&ctét ectors
of Claim®6, sajd.detectors havi hotod| ode ar J.an array,
cach of 'saf dLHerataEC Bar s B BRP BRI el fr 8o S THEE Pl "Sary
array which sktwoddpexssd provideltheoppgrtphitelosfabridatedariaxit pngom@bram on in the

For dot Bkt | ngerhisoxiIgRPIF foriio ThISsPRlrghso SmoTReAEs GRPEPNBECa) ode

detector of Elegirdean BE fHskhQNBdthv¥erCORBal-8ki08 transparent EibdiRide REICRYET | ayer,
said scintillation over layer emtting photons in response to incident high

ener gy i oni z8BOpandithe hasiye layer t phdifioths injerfaginl peensstiesand yherderices or gani ¢
phot odet ect Oﬁ)erfc? I@e or gani ¢ phot odi ode detector of Claim8, wherein said
ionized particles are selected from hi gh energy photons, electrons,
characteristic of X-rays, beta particl es and gamma radi ation. 10. The
organic d)hot odet ector arrays of d alﬁ l rein the switching 30 voltage
varies %mong pi xel s so that inhonoge ’éﬂ‘@eo phot osensitivity can he
conpensated w th e»emEME)bmﬁe 1 wereorspé%&a Ay thikbuffdilayehwas Mserted

. Al h@ AUy. Af . AuS. AL{ S9. A AS AN@ A(S. ANy. AL. ANy. A@ A9f . A&, . A;
S.A(f.AFE. A&@PtW&ﬂSth&@ Q@lﬁﬁhe RM@W AQdUCA lﬁﬁagcﬁu&\@m through
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Devices of Example 1 were also fabricated with LiF, Li,O or BaO layers

LT S AR L b i = oo

[ ] wr ]rrhc] V\I] Ul ?ﬁxhﬂu?aieiﬁa&)?ak eiadrfa}?a]c]aﬁ&n?a];g ]aigmﬂ aat]eczglwg%]vca]olbeﬂg@aﬂ ]cg] ca] ca] c
a] ca] ca] ca] ca] cal] ca].ca ca] ca]ca]calv VA ] v cajca]c
a] ca] ca] ca] ca] ca] cla]"c“éﬂﬁ]"(fé"é@]’l’?a]] T é‘é]’ &y @a‘re&]l E‘%z gﬂg’}'&é}ﬁ’ ] ca] ca] ca]
o ol caf o] cof e RS R MY BY el il uRls ?};3 ?A‘T‘a”éﬁ’?’éﬁ‘?’%i‘%%@] calcale
Ksi K-10% o0& (dxs;ie@%omt}(e)MEmBP)ycﬁ&h(@om&gca%lm&e s(eparsteﬂ(M/E PVW:TiO, blend

igzﬁ Si- 8 - 10% %kof‘ )‘“(‘ifig‘?tﬁ)"élghtlc’*‘g‘(gsgl g%%oﬁég P] %%@éﬁ%ﬁ%ﬂpﬂp@éﬁg&lg% 0& ()-L31
0% 0& () - 1y108Bse¥ied) - 0! 10% 0&' () -. 10% 0& () -, &10% 0& () - Bwmop} xmbCY+F10% o

& "S10% & 10'o_10'0 10' 0o, Y10% o0& () - 9100/ 0&
10% 0& (E) 223 10% okhig pxample demonstra(t)es thag %rgamc adodmves gan%e added to the active

MU Cl38S" 10 ] 0%&' *
| 385" 10%& g ( f)g%r(rgrb(sul%\/ Czﬁgvgg‘er{g 9{18 & @E&% p:l%éf“ aﬁ?d t@& coﬁty&%lelgcés&?é C{'(){%Odo i§‘$he1 ()-

| +&s0! 10% " & qguce&srtbﬂ%r&ediﬁdxﬁgﬂjmﬁnﬂl‘(l)y ami)qff-smewglta;gp This example
0, & 0, e
845 k((&) ( ; 123/(1 g\%ﬂ%s? % at% thg:l?ayer éf)lnorgamc icldr semchnductmg

10944H& () - Z109& () - &LOY%& () -1 109%& ()-M 109%& () - 109%& () - aB P, #*109%& ()-!9ys
"1 1098 () - SYL0YR () - L$SL0%& ()- 9! s109& ()-z& 109%& () - zD\ OdEMPL, #8109%& () - 37
109& () - 0109%& ()-S/:!1109%& ()--109%& ()-,, 109%& ()--b@ #! ! 109%HH& ()- Y

10944& ()- 109%4& ()-"S, 109%4& ()- 10 10 10Y: 109%& ()- - ~

"$WU3h@ 0! 10%OHOH& () - & +! 10%-H+H&' () - & +! 10%-H+H&' () - & +! 10%-a+a& ()- & p! 1
0%p& ()-Y ! W 10%H& ()-Y ,




$URE8888T P@ 0! 109OHOHE' | 109658 () - #y109%6&' ()- 1044 1044

10441 41 10%44& () - & 0! 109%9HOHE () - &&' +(2))) @} *?P@ 08z 109%5&34 \Julp2602 () - & 10
058 ()-10%8& ()-!syl0vs5& ()-z!3 10%e

e& ()- @*(+s++g, , aBP@ 0s' 1096&' () - & $&1096& () -y&" 1096& () - &L! 1096& ()- ! &&S

109%F& () - z%@%gs(, ,--U...aBP@ 095g109%%¢& () - 94GLOY%GE& () - ?&93@% é}ﬁ | & f

10965& () - ). y*@O09B& ()-.6////1/00 =10!!y"10%as&
& ()-"S10% & ()- 105 105 10598109%6& (?ﬁ OF71098& ()-0' 1u22P4b45wX6_=! | >
1 10%rY& ()-y"10% & ()-!&" 10%& ()-!y"10%H& ()-!!Hy"10%& ()-!!y"10%& ()-5'7

7899999z APL" l ! %8 () Z. 1 10% & () -
100 ()299 £ g‘é&@?{%@%ﬁ“ g’lgﬁ’%’ﬁ?jq’ W‘:‘:@{% E‘Leﬁy 6&&}‘%%@‘1%‘5?&%? @ 0
L0 () -1/ 'hm;wl Rvige ()):rfc@g@&BSBTLBU&WBmOB}sme&#@:@W e vdlag O The

10 s10% () oo%e (10 v 100 ()L LOXE 109 [} oB1 Co - et =1

"10%&' () - ff 10%End mc@oﬁﬁ%ﬁ&gzeﬂgﬂi\whﬁﬁﬁ@?a(rﬁdﬁ%%s/@hs(r)gm atd@& () -

" 109 ()-!as$l0% ()-S " 10%& () - CFFFF a?g\ =l 3

" 1098 () -S@10%: ()- F" Z10%& ()- &L0%&: ()- Y

109%& ()-!11 1$10%& ()-T, |U|JvJJ'>LLLLd5%£af%&

101 9T109%&' () - 33" 10%&’ () - gy2$10%& () %) - - F" 100& () - g+10%& () - LLLLLMM
CNKY:/ 10, #10%& ( VoRBdO9Bitdhabik phaa@iaes w2 EHae) i thsRictyre 8y - 1098 () -

" - " 0, $ /R’ - f " /R’ - - /R’ -
L e Bl AN Sohinstly S bR ik 4r e €% O
MLOY&' () - | 10%@efdarivil SeFHafas @) asvepldt Wb to(r g)alr with the MEH-PPV

10210%&' ()-110%&' ()-,3"109%& ()- +109%& ()-) 109 3(109& () - UJ_VWWWb@
10! ny 16 ()act'nfgﬂ;%o&or( ) Thetagtiyargnqtithesg deyices was ~0.1 cm’. The'blend™

"109%& () - 4YL0Yulidn WYL WYY 5 nd R 0.8% MEH-PPV and 2% PCBM/xylene solutions

with 2:1 weight ratio. The solution was clear, uniform, and was processable at
room temperature. Solutions were stored in a N, box for over 1.5 years and no
aggregation or phase separation were observed. The active layer was spin-cast

15 from the solution at 1000-2000 rpm. Typical film thicknesses were in the range of
1000~2000A. Ca, Al, Ag, Cu, and Au were used as the counter electrode 13, In
each case, the film was deposited by vacuum evaporation with thickness of 1000-
5000A. In another experiment, the concentration of the acceptor PCBM was
varied from 0 to 1:1 molecular ratio. Higher on state photosensitivity and lower

20 on-state operation voltage were observed in devices with higher concentrations.

Fig. 8 shows the 1-V characteristics of an ITO/MEH-PPV:PCBCR/AI

device in the dark and under light illumination. The thickness of the blend film
was ~2000 A. The dark current saturated at ~InA/cm’ below 3 V and then
increased superlinearly at high bias voltages (>E/e). Zener tunneling can account

25 for this effect. The photocurrent was measured. The photocurrent at 0.65 V was
~1x107 A/em?, increasing to 5x10™ A/cm® at -10V bias. The on-off ratio was
~500. Devices with thinner blend films showed improved photosensitivity and
higher on-off ratio. Similar photosensitivity was also observed in devices
fabricated with other metals or metal alloys as the counter electrodes. These

30 included Ag, Cu, Ca, Sm, Pb, Mg, LiAl, MgAg, BaAl.

Other organic molecules were used as the photoacceptor, including C,.

Other mixtures were prepared using the Cg, derivative, PCBM with different
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10 that due to its low dark current level the polymer photodiode can be used to

detect weak light down to intensity level of tens of nW/cm?. Thus, the polymer

photodiodes have a dynamic range spanning more than six orders of magnitude,

from nW/cm? to 100 mW/cm?®.

15 ) Example 7

Devices similar to those of Example 6 were fabricated with glass/ITO and
PET/TO substrates in 4.5 cmx4 cm (18 cm?) and in 3.8 cmx6.4 cm (24.3 cm?)
using a fabrication process similar to that of Example 6. 1-V characteristics similar
to that shown in Fig. 8 were observed. The photodiodes made with flexible PET

20 substrates were bent into circular shapes any without change in their
photosensitivity.

This example demonstrates that the high sensitivity, voltage-switchable
photosensors can be fabricated in large sizes. With flexible PET substrates, the
photosensors can be bent into desired shapes for special needs in optics, physics

25 and biomedical fields.

Example 8
Devices similar to those of Example 6 were repeated with the active layer
made of MEH-PPV:CN-PPV, a polyblend with two polymers as the donor and
30 acceptor phases. Ca and ITO were used as the cathode and anode electrodes,
respectively. The molecular ratio between this donor and the acceptor was varied

from pure MEH-PPV (1:0) to pure CN-PPV (0:1). Similar I-V characteristics to
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shown in Fig. 8.

10 Devices were fabricated in the form of ITO/6P/C /Al, ITO/6P/t-Bu-
PBD/AI. The photoactive layer comprised two types of organic molecules in
heterojunction form, made by thermal evaporation. Similar I-V characteristics to
those shown in Fig. 8 were observed.

Examples 8 and 9 demonstrate that the active layer of the voltage-

15 switchable photodiodes can be organic molecules arranged in bilayer or multilayer
structures, a blend of organic molecules, or a blend of conjugated polymers, in
addition to a polymer/molecule blend as demonstrated in example 6. The data in
these examples along with that in the Example 1 also demonstrate that, for a given
cathode such as Ca, the off-state voltage varies with the electronic structure of the

20 active material.

Example 10
Voltage-switchable organic photodiodes was fabricated with P30T as the
active layer in an ITO/P30T/Au structure. The I-V characteristics in the dark and
25 under light illumination are shown in Fig. 9. Since the work function of Au is
higher than ITO, the Au electrode serves as the anode in these devices. Positive
bias was defined such that a higher potential was applied to Au electrode. Light
was incident from the cathode (ITO) electrode. In this experiment, a He-Ne laser
at 633 nm was used as the illumination source with a photon density of 10
30 mW/cm?,
The built-in potential in this photodiode was reduced to nearly zero volts,

Thus, the off-state of the photodiode was shifted to close to zero volts. The
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voltage can be set t0 a voltage close to zero volts. A photodiode matrix fabricated
with this type of photodiode can be driven by pulse trains with mono-polarity, thus
simplifying the driving circuitry. The large on/off switching ratio and the large
photocurrent/darkcurrent ratio permit the photodiodes to be used in the fabrication
of x-y addressable passive matrices with high pixel density and with multiple-gray

levels.

Example 11

Two-dimensional, photodiode matrices were fabricated with seven rows
and 40 columns. Pixel size was 0.7 mm x 0.7 mm. The space between the row
electrodes and the column electrodes was 1.27 mm (0.05”). The total active area
was ~2"x0.35”, Typical I-V characteristics from a pixel are shown in Fig. 10.
White light from a fluorescent lamp on the ceiling of the lab was used as the
illumination source with intensity of ~tens of pW/cm?. This is much weaker than
the light intensity used in document scanners.

This example demonstrates that pixelated photodiode matrices can be
fabricated without shorts and without crosstalk. This example also demonstrates
that these devices can be used for applications with light intensities equal to or
much less than a microwatt/cm?®. Thus, polymer photodiode matrices are practical

for image applications under relatively weak light conditions.

Example 12
A scanning scheme for the photodiode matrix was developed (see Fig. 11).

Due to the strong voltage dependence of the photosensitivity, a column of pixels in
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Fig. 11 shows a instantaneous *'snap-shot” of the voltage distribution in a
10 7x40 photodiode matrix. At a specific time t, all the pixels were biased at +0.7 V
except the pixels in column 1. The pixels in column 1 were all biased at -10 V so
as to achieve high photosensitivity (tens-hundreds of mA/Watt). The information
at each of the pixels in column 1 was read-out in both parallel (with N channel
converting circuits and A/D converters) or serial (with N channel analog switches)
15 sequences. Pixels in other columns were selected by switching the column bias
from +0.7 V10 -10 V in sequence. A digital shift register was used for the column
selection.
To simplify the driver circuit, it was preferable that the photosensor can be
switched on and off between 0 V and a reverse bias voltage (-2 to -10 V). Such a

20 mono-polarity, voltage-switchable photodiode was demonstrated with
ITO/P30T/Au, as shown in Example 10.

Example 13
An image of multi-gray levels was sclected, the image was scanned with
25 the 7x40 photodiode matrix following the scanning scheme discussed in Example
12. The original image and the readout image were recorded photographically.
The readout image reproduced the original image with excellent fidelity.
This example demonstrates that the voltage-switchable photodiodes can be
used as the pixel elements of a column-row matrix (as shown in Fig. 3). The
30 photodiodes at each pixel can be addressed effectively from the column and row
electrodes. Image information with multiple gray-levels can be read-out without

distortion.
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10% & () 57 Eav'é@%ve%porqaq inorganic photodiodes, the P30T photodiodes exhibited relatively
flat response for wavelengths shorter than 630 nm; the apparent decrease in
sensitivity below 350 nm was mainly due to the transmission cut-off of the ITO
coated glass substrate. For-15 V bias, the sensitivity at 540 nm reached 0.35 A/W
(a quantum yield of ~80% el/ph), the same value as obtained with UV-enhanced Si
10 diodes. Similar photosensitivify values persisted into the UV region below 400
nm. In some devices, quantum efficiency of over 100% el/ph (140~180% el/ph)
was observed under reverse bias.
Devices were also fabricated in the form of ITO/P3HT/P3HT:PCBM/AL
White light was used as the illumination source. Quantum efficiency of over 100%
15 electrons/photon was observed. The highest value observed was ~1100%
electrons/photon. A gain mechanism may play a role in these multilayer devices.
This example demonstrates high photosensitivity organic photodetectors
with response covering, simultaneously, the near UV and the entire visible spectra.
This example also demonstrates that organic photodetectors in the
20 metal/organic/metal sandwich structure can have quantum efficiency over 100%

electrons/photon; i.e., possesses a gain mechanism.

Example 15
Voltage-switchable photodiodes were fabricated to achieve a response
25 similar to the visual response of the human eye, V(). The devices were fabricated
by coating a long-wavelength-pass filter onto the front panel of the glass substrates
of devices, similar to those shown in Example 15. The coating material in this
example was a layer of PPV which was converted from its precursor film at
230°C. The photorespoﬁses of the devices with and without the filter are shown in
30 Fig. 13A. The visual response of the human eye, V(A) (see Fig. 13B), and the
transmittance of the PPV optical filter are shown for comparison. The

photoresponse of the P30T diode closely coincided with V(A) for wavelengths
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This example demonstrates a polymer photodetector with visual response
essentially equivalent to V(A), which is of great interest in optical engineering and

5 biophysical/biomedical applications.

Example 16
Solar-blind UV detectors were fabricated with polyblend MEH-PPV:C,,.
ITO and Al were used as anode and cathode materials. The devices were
10 fabricated on an UV bandpass filter purchased from Melles Griot Inc. (product
No. 03 FCG 177). Fig. 14 shows the spectral response of the UV detector
operating at -2V. The spectral response of the MEH-PPV:C,, photodiode on
ITO/glass substrate and the response of an UV-enhanced Si photodiode are plotted
for comparison. The data show that the polymer UV detector was sensitive to UV
15 radiation between 300-400 nm with photosensitivity of ~150 mA/W, comparable
to that of UV-enhanced silicon photodiode. The data also show that the
photoresponse of the MEH-PPV photodiode was suppressed (over 10’ times) by
the optical bandpass filter.
This example demonstrates that high sensitivity, solar-blind UV detectors
20 can be fabricated by integrating voltage-switchable organic photodiodes with UV

pass optical filters.

Example 17
Example 14 was repeated except that the active layer was a thin PTV layer.

25 The spectral response of a PTV photodiode is shown in Fig. 15A, which covers the

range from 300 to 700 nm; i.e., spanning the entire visible range. Selected color

detection was achieved by inserting a bandpass filter or a long wavelength filter in

front of the detectors. Fig. 15B shows the responses of a blue-color pixel, a green-

color pixel and a red-color pixel made with a panel of color filters and an array of
30 PTV photodiodes. The transmittance of the corresponding R,G,B color filters is

shown in Fig. 15C.
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5 Example 18
Red, green and blue (R,G,B) color detection were achieved following the
approach shown in Fig. 5. The materials used for the active layers were PPV with
a long wavelength cut-off at 500 nm; poly(dihexyloxy phenylene vinylene),
“"PDHPV", with a long wavelength cut-off at 600 nm; and PTV with long
10 wavelength cut-off at 700 nm. Films were cast from solutions in their precursor
forms with thickness between 1000A-3000A. Conversion to the conjugated forms
was carried out at temperatures between 150-230 °C. The conjugated films formed
in this way were insoluble to organic solvents. Thus, patterning of these materials
on a single substrate in dot or strip shapes can be achieved with standard
15 photolithography, screen printing and the like. The normalized photoresponse of
these photodiodes is shown in Fig. 16A. An ITO/glass substrate was used in this
experiment which is optically transparent in visible and opaque in UV.
Red and green selective color detection were achieved by differentiation of
the signals from these photodiodes (this operation can be done in the read-out
20 circuit). The differential responses of these photodiodes are shown in Fig. 16B.
Red color detection (with response between 600-700 nm) was achieved by
subtracting the signal from the PTV photodiode from the signal from the PDHPV
photodiode. Green color detection (with response between 500-600 nm) was
achieved by subtraction of the PDHPV signal from the PPV signal. The blue color
25 detection was obtained by PPV photodiode directly.
This example demonstrates that R,G,B selected color detection and full-
color image sensors can be achieved gy patterning three photosensitive materials

on a substrate with uniform optical characteristics. \

30 Example 19
Voltage-switchable photodiodes were fabricated with the conjugated

polymer poly(p-phenyl vinylene), PPV as photoactive material. The PPV films
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33\ 3334444d YNy, mW/cm,. Relatively low dark current was observed in forward bias as
compared to that observed in photodiodes of, for example, in Example 1. This
allows photodetection in both forward bias and reverse bias as shown in Fig. 17.
The photosensitivity can be switched on and off by varying the external biasing

10 voltage. For example, under Wi‘litC (or UV) light illumination, the photocurrent at
+5V or -5V is 2000 times higher than that at +0.95V (or 0.3V).

This example demonstrates that the photodiode can be switched on by

applying a forward bias (beyond the vicinity of the voltage corresponding the off
state) or a reverse bias. Photodiodes operable in both switch polarities are useful in

15 certain circuit designs and applications.

Example 20
Voltage-switchable photodetectors were fabricated which had a
heterojunction structure as their active layers. they had an ITO/donor
20 layer/acceptor layer/metal structure. The materials used for the donor layer were
MEH-PPV and PPV. The material used for the acceptor layer were C,,, laid down
by physical vapor deposition and PCBM and PCBCR laid down by drop casting or
spin casting. A data set for a MEH-PPV/C,, photodiode is shown in Fig. 18.
Multiple junctions were observed in these devices. A build-up potential of
25 ~-0.5V (forward bias was assigned as the positive bias to ITO) was seen in the I-V
curve taken in dark. The other junction was revealed when the devices were
illuminated. The overall effective barrier is ~0.15V (changed sign). The
photocurrent/darkcurrent ratio was 10° over a broad bias range. Voltage-
switchable photosensitivity was seen in both forward and reverse bias. For
30 instance, the on/off ratio of the photocurrent is ~10° between +2V and +0.15V bias.
This example demonstrates that voltage-switchable photodetectors can be

fabricated in heterojunction form with two (or more) organic semiconductors with
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Example 21
5 Voltage-switchable photosensors was fabricated in the configuration shown

in Fig. 1. Glass with patterned ITO was used as the substrate. The size of each test
pixel was ~0.1 cm?. The sensing material used was poly(3-hexyl thiophene), P3HT,
which was spin cast at room temperature from a 2.5 wt% solution in toluene.
Similar to the spectral response of P3OT (see Example 10), the photoresponse of

10 P3HT sensor covers the entire visible and near UV spectral region such that red,

green and blue full-color recognition can be achieved by color filtering techniques.
Fig. 19 shows the photo- and dark currents from a P3HT device with

3150A film thickness. The data were taken with white light illumination of 8

mW/cm? (between 400 nm and 700 nm) and with monochromatic light (600 nm at

15 1.1 mW/cm?). In the dark, the reverse current saturates at low field region and then
increases with the biasing voltage, to ~2x10™° mA/cm® at -25 V bias. The forward
current increases exponentially under forward bias (for voltages >1 V), reaching
~ImA/cm? at 3 V bias. The exponential forward current covers more than 5 orders
of magnitude in the voltage range from 1-2 V. The rectification ratio at 2 V is over

20 10°, Strong photosensitivity was observed in reverse bias. The photocurrent at -25
V reaches 5.33 mA/cm® under 8 mW/cm?, white light illumination. This number
corresponds to a photoresponsivity of in excess of 0.5 A/W, corresponding to a
quantum efficiency larger than 100% electrons/photon. A high L, (V  W1,(V o).
switching ratio was also achieved in this devices: under 8 mW/cm?, In(-

25 25V)/1,,(0.5) is ~4x10”. This switching ratio is equal to or even better than the
switching ratio of TFT-based photosensors made with inorganic semiconductors
(10°-107). These organic photodiodes also exhibit a high L(V)/ g (V) ratio. The
L/lsa at -25 V is ~4x10° for 8 mW/cm’ white light illumination, which implies
that more than 18 bits (2.6x10°) gray levels can be resolved for image applications.

30 The high switching ratio implies that for an x-y addressable 2D photodiode
matrix of 400x390 pixels (refer to Fig. 3 of the 2D patent), more than 256 gray

levels can be resolved. Adopting quad-matrix design (four sub-matrices arranged
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5 These photosensors can also be used to fabricate high pixel density linear
photodiode arrays. Since only the pixel at the node contributes to the pixel dark
current, there is no restriction on the number of pixels. Hence, the gray level of the
sensor array can be as high as 2'*=3x10°. These results suggest that the organic
photosensor arrays constructed from ITO/P3HT/Al can be used for high quality

10 image sensing. Moreover, the driver circuits for column selection are simplified
considerably and digital shifi registers or digital decoders can be used directly.
This example demonstrates an organic photosensor with high switching
ratio and high I,/1,,, ratio. The photosensitivity of such photosensors covers the
entire visible spectral range. These sensors are especially suitable for constructing
15 linear photodiode arrays and 2D photodiode matrices for high quality image

sensing applications.

Example 22
Linear photodiode arrays were fabricated with 102 sensing elements, each
20 made with P30T as the semiconducting polymer. Two typical structures of the
photodiode arrays are shown in Fig. 20A and Fig. 20B. The pixel size was ~0.635
mmx0.635 mm. The length of the total sensing area was ~2.5”, longer than any
linear photodiode array commercially available. A full-color linear scanner was
constructed with a sensing circuit shown in Fig. 21, no analog switching elements
25 (such as field effect transistors) were used in this driver. The read out circuit was
digitized into 8 bit with 256 gray levels. Red, green and blue color filters were
mounted on a panel and was switched in front of the linear diode array when
collecting the corresponding images. The linear photodiode array was mounted on
a computer controlled translation stage for the image scanning. A full-color image
30 taken with this scanner is shown in Fig. 22D. It was recovered by a superposition

of the red, green and blue color images (Figs. 22(a,b,c)) taken separately. The



10 10" F9®109%& ()- #109%& ()-&3"109%& ()- 109 ()-L 109 ()- 109 ()- R2Sf SqSS
TTAESH= 10 10  9010%&' ()-9.! 10%&' ()- & 10%&' () -1 +10%&' () - s| @1Qky 00D

109& () - TTNUUU2V3V4VEVAYNC 10 10 10 10 10 9109 ()-, 810% ()-L6@

109& ()- 5109 ()-s 3109 ()-5VBVDW, WAWJ A?YNC 10 10L310% & () -

10% & Y 10%_L&' ! Y 100AN& ()-s"10% & ().- SYdEYNC
10 108&03}%@3%9%0/ & ( - 0 & hLr RIS

10% & ()-10% & ()-y10% &'() 10% & ()-sYYZZZ[ [dEYNC 10
10& 10% & ()-39%40% & ()-#10% & () - %cr&'() y

10% & ()-y10% &

10° 3109 & () ‘%o%ﬁf“&y% S’Fllléwgg?(t)agh’i\tf&“&‘h(i}°°P1'B%7%J gglog geanner in the
10% & ()-]d] ]s]ain]e]p]ifem@mﬁ } h&tm&%ﬂ&i EoholtibARGES (356°)@iordOforhd) . 8
10% & ()-6 10(V&'/5)& 48109 -AOMAN@  aBb@ 10

10! &ML0%6&' () - 109 nqa)rpbqtedﬁ fryays Yoy c(f}abn@@oméo(dpl arg Sodpg fems

“abaaaBb@ i o1al pixels of 200 and 240. The total sensing length is close to 5”. The
5 arrays were used for image sensing experiments. Large size (5"x117), high quality
(8-10 bit), full-color image sensing was demonstrated.

This example demonstrates that organic photodiode arrays can be used for
large size image sensing applications with full-color capability and with multiple
gray levels.

10

Example 23
The linear photodiode arrays demonstrated in Example 22 were also used
for visible-blind UV sensing. In this experiment, a visible blocking, UV pass filter
was placed in front of the array. The UV image generated with UV ink was
15 projected onto the sensor. The UV image was read out with the organic
photodiode array.
This example demonstrates that visible-blind UV sensors can be achieved

with organic photosensors, and that image in UV spectral region can be detected.

20 Example 24 i
Linear photodiode arrays were fabricated in the same configuration as that
of Example 22 (1x102 pixels, 40 pixels/in). One of the sensor arrays was used as
an optical beam analyzer to test the optical field distribution a laser beam. The
intensity distribution of the testing optical field is shown in Fig. 23. This example
25 demonstrates that the polymer photodiode array can be used to detect spatial
distribution of an optical beam. This function is of broad applications in industrial

automation.

Example 25
30 Another 1x102 linear photodiode array was fabricated on PET substrate (7
mil in thickness). The flexible sensor array was arranged in a semicircular shape.

A point light source from a green light emitting diode was placed at the center of
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5 apparatus or to probe the spatial distribution of an optical field. The fabrication
process and the thin film architecture of the polymer photodiode arrays also allow
them to be integrated with electronic drivers on a silicon wafer or integrated with

an adapted optical component.

10 Example 26
A P30T photodiode array was used as the detector of an UV-visible
spectrometer for transmission measurement. The setup is shown in Fig. 25. A
transmission spectrum of a thin film of poly(p-phenylene vinylene), PPV, was
~ measured with the polymer linear photodiode arrays. The result is shown in Fig.
15 26.
This example demonstrates that the organic photodiode arrays can be used

for spectrographic applications.

Example 27

20 Voltage-switchable photosensors were fabricated in a
metal(1)/P3HT/metal(2) sandwich structure. In one case, metal(1) was Au and
metal(2) was Al. The thickness of the Au layer was varied from 20nm to 80 nm
and the optical transmission of the Au layer was varied from 50% to ~1%. The
optical reflection of the Au layer varies correspondingly. The thickness of the Al

25 layer was more than 100 nm, so that its reflectance was almost 100%. Such a
metal/organic layer/metal structure forms an optical microcavity (optical etalon)
device in the spectral region where the optical absorption of the organic layer is
relatively low. Such a microcavity structure possesses optical resonance at
selected wavelengths. The center wavelength and the bandwidth of the sensing

30 profile can be adjusted by changing the reflection of the metal electrode, by the
absorption coefficient, the dielectric constant and the thickness of the organic

layer. Fig. 27 shows the spectral response of such device.
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5 acts as the anode and Ag as the cathode. Selective spectral response was observed

in both structures. These results demonstrate the flexibility of fabricating the
wavelength selective sensors on either transparent substrates or opaque substrates.
These results also demonstrate that the dev?ces can be designed so that the light is
incident onto either the anode or cathode electrode.

10 Wavelength selective photosensors were also fabricated with substrates
containing an optical stack (sometimes called DBR, Defractive Bragg Reflector).
The transmission of the DBR was ~2%. The photosensors were fabricated as
follows: glass/DBR/ITO/MEH-PPV:PCBM/AL. Wavelength selective spectral
response was observed with ~ 2nm bandwidth.

15 This example also demonstrates that the organic photosensors can be
constructed with wavelength selectivity of narrow bandwidth. Building such a
photodiode array or 2D matrix in which each pixel has a different sensing profile
forms a flat-panel spectrometer. These kinds of devices have great potential for
image sensing, spectrographic, biophysical and biomedical applications.

20
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a first electrode;

a photoactive organic layer disposed on said first electrode; and
a second electrode disposed on said photoactive organic layer; and
said voltage source adapted to selectively apply a switching voltage across said
10 first electrode and said second electrode, said switching voltage imparting a
photosensitivity above 1 mA/W at a preselected operating bias and near-zero
photosensitivity at a cut-offbias substantially equivalent in magnitude to said
built-in potential.
2. A photodiode array comprising a plurality of photodiode detectors of
15 Claim 1 wherein:
said detectors having their photodiodes arranged in an array, each of
said photodiodes being selectively addressable as a pixel of said array.
said array comprises at least one row of photodiodes and at least one
column of photodiodes, each row having associated therewith a common anode,
20  each column having associated therewith a common cathode, the first electrode of
each photodiode of a row being connected to said common anode, the second
electrode of each photodiode of a column being connected to said common
cathode, said voltage source adapted to apply said switching voltage across at least
one common anode and at least one common cathode to thereby selectively
25  activate at least one pixel of said array.

3. A scannable array of voltage-switchable organic photodiodes each having a
built-in potential and a predetermined photosensitivity range, said array
comprising:

a support substrate;
30 a first electrode layer comprising at least one linear electrode disposed
on said support substrate along a first direction;
a photoactive organic layer disposed on said linear electrode;
a second electrode layer comprising a plurality of linear electrodes
disposed on said photoactive layer along a second direction transverse to said first
35  direction; and
a voltage source adapted to apply a switching voltage across at least one
electrode of said first electrode layer and at least one electrode of said second
electrode layer, said switching voltage thereby imparting to at least one selected
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4. A method of selectively detecting lig'ht incident on an array of
5  voltage-switchable organic photodiode detectors, said array comprising a plurality of
photodiodes arranged in a row and column matrix, each photodiode having a built in
potential and adapted to generate an output in response to incident radiation, each
photodiode comprising a first electrode, a photoactive organic layer disposed on said
first electrode, and a second electrode disposed on said photoactive layer, the first
10  electrode of each photodiode in a row being electrically connected to a common
anode, the second electrode of each photodiode in a column being electrically
connected to a common cathode, said method comprising:
sequentially activating a selected column of photodiodes by;
applying an operating bias voltage across the common cathode
15  associated with said selected column and all the common anodes, said operating bias
voltage imparting to each photodiode of the selected column a photosensitivity above
I mA/W;
applying a cut-off voltage across remaining cathodes and all the
anodes, said cut-off voltage being equivalent in magnitude to said built-in potential
20  and imparting to the photodiodes of all columns other than the selected column
near-zero photosensitivity; and
sequentially reading out the generated output of the selected column of
photodiodes.
5. A method of selectively detecting light incident on an array of
25  voltage-switchable organic photodiode detectors, said array comprising a plurality
of photodiodes arranged in a row and column matrix, each photodiode having a
built in potential and adapted to generate an output in response to incident
radiation, each photodiode comprising a first electrode, a photoactive organic
layer disposed on said first electrode, and a second electrode disposed on said
30 photoactive layer, the first electrode of each photodiode in a row being electrically
connected to a common anode, the second electrode of each photodiode in a
column being electrically connected to a common cathode, said method
comprising:
sequentially activating a selected row of photodiodes by;
35 applying an operating bias voltage across the common anode
associated with said selected row and all the common cathodes, said operating bias
voltage imparting to each photodiode of the selected row a photosensitivity above

| mA/W;
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photosensitivity range in response to incident radiation, said photodiode
10  comprising:
a first electrode;
a photoactive organic layer disposed on said first electrode;
_ a second electrode disposed on said photoactive organic layer; and
said voltage source adapted to apply an operating biasing voltage across said first
15  electrode and said second electrode, said biasing voltage operating to vary said
prescribed photosensitivity range.

7. A photodiode array comprising a pluraty of photodiode detectors of
Claim 6, said detectors having thereon photodiode arranged in an array, each of
said photodiodes being selectively addressable as a pixel of said array which said

20  pixels including pixels for detecting radiation in the red range, pixels for detecting
radiation in the green range, and pixels for detecting radiation in the blue range.

8. The organic photodiode detector of Claim 6, additionally comprising a
scintillating over layer, said scintillation over layer emitting photons in response
to incident high energy ionized particles, said photons being detected by the

25  organic photodetector.

9. The organic photodiode detector of Claim 8, wherein said ionized
particles are selected from high energy photons, electrons, characteristic of
X-rays, beta particles and gamma radiation.

10. The organic photodetector arrays of Claim 2, wherein the switching
30  voltage varies among pixels so that inhomogeneity of photosensitivity can he

compensated with external bias.



