; FGHI e3e. +D] X6>Tr 31 July 2002 WD 99/ 39394 PCT/ US99/ 02239 X-Y ADDRESSABLE
ELECTRI C M CROSW TCH ARRAYS AND SENSOR NMATRI CES EMPLOYI NG TBHENUBAE86EROUND
OF THE | NVENTI ON *cooo02* 5 The present invention relates generally to the
fabrication of electric mcroswitches with thin sem conductor filns and

col ume- r ow %Mlﬁgagtaddr essable electric switch natrices COE@M’%’%%S%W th

such mcroswtc These mcroswitches are two term nal rough
which electric current. electric potential or their derivatives or

i nt egr al ¥-Yc ADDRESSABLE tELECTRIOMIARASWOTAH ARRAY $1AND C5ENSORNMATRAEE SOEMPLOEINQOTHENRI t Y Of
an external bias. They are made of sem conducting thin filnms in netal /

sem conductor / netal, thin filmconfiguration. Colum-row addressabl e

electric mcro-switch matrices can be nade to cover |arge area
pi xel density. Such matrices can be integrat ed vvlth one (or semw IMH m mm ll

additional layers) with el 8¢k ERY (lfO %th g“l(\j ry in respongg.f
on ra

external physical 15 conditions as pho i on, tenperature

pressure, X-rapigld ofegrevdndofi el d and so on), thereby f or i ng a variety of
detector patrices. Jraditiqgnal electric SWI tches,  are el ectronechani cal

devi ces sfich as reIHV?"?SG‘P‘ ipventien relptes ggperally;tg thefabtisatiosfi slecici ons. On the
other hand, thgf,dwchNiththin28micBh&IcR? filth{lardl Blunki-ro®/ (xﬁ%?&dr&s‘éﬁbl&o' urm- r ow

addressable electric mcroswi tches for various sensor I catl ons
Swi t ches made #ledtiic sivish metecesooristmétechvith schysicraswitthep Thesky, too large in
size and often too s/ dfor t.hi.s applicat) Fewer than

102 channel s a?]écr?sybﬁc@eéla ng‘é‘g#n?ﬂﬂ% %ﬁo ygh whieh ‘3?‘“’5‘8@ nf- ﬁfeftﬁ'é aut onat i on

control i ndust potentidPor@heiipderivaties bl integtald caﬁ>ble gRitstRiof aNdisfE bpthe ( CMOS)
t echnol og and field effect, transi stors have been used to fabricate

swi t chi nd ci r clpgnitu,on the pelarity 9f gn external biag| hextse mags oftremirgyducting
PCT/ US99/ 02239263 SRl Pélnfiddn@uktdry meta?) tﬁfn)ﬁmoﬁﬁ &mdégmf. JW ers.

Typical switching circuits are constructed by a ser es of ef f ect
transi st ors ansfidgassableredastricamicereswitch npattiges garpbermads to Sanehlapgeqraaswithches have

heen used 1 n AR bBLIRTCsubh HeRh HIRNSIL Ko S bARGF SEARNRHAY oY

devi ces. Howeve erl a ss cost ave 'Tmted the use
of such acti velapats) Mmharemqmc pmpéraesg\ehxshzaryaﬂtemmappkleﬁat phym%al The thin

filmtransistor (TFT chn n, glass or quartz substra
§ onSimong (suceflm as pgotog ¥ad1anog temperaturegpressure X-rays. magnenc field

and so on), thereby forming a variety of detector matrices.

Brief Descriotion of the Pri

Traditional electric switches are electromechanical devices such as relays

for large current, high power applications. On the other hand, there is general

20 interest in high pixel density, column-row addressable electric microswitches for
various sensor applications. Switches made with discrete mechanical relays are too
bulky., too large in size and often too slow in switching speed for this application.
Fewer than 10% channels are typically seen in a single control board in the
automation control industry.

25 Complementary metal-oxide-semiconductor (CMOS) technology and field

effect transistors have been used to fabricate switching circuits in large scale

LT
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devel oped originally for the needs of liquid crystal displays (LCDs).
provide another exanple of active-nmode (AM mcrosw tch subgt gaty@so2! n
addition to use in AMLCDs, a large size. full color image sensor nmade with
anor phous silicon 10 (a- Sl) p-i-n photocells on a-Si TFT panel s was
denonstrate ly [J. Yorkston et al., Mat. Res. Soc 116)
258 (1992); a'ﬁgiﬁgsg%reet, Bulletin of Materials Research Somg?'?g/ﬁ{f%?ﬂ
(1992); L.E. Antonuk and R A. Street2-U S. Patent No. 5,262,649 ( 1993)

R A Street, US. Patent No 5,164,809 ( 1992)]. FETs are thr ee-termnal,
active devi cednteprhred oissiits ¢SIga @ semicadducrartwalekd Bypddal switdhiry divoiitss are of t en
called active matrices. _The drai g,lecur%ent of each FET can be swi tched on

and of f by it @rgeansraekadibygseriesaf dieldelsetrirapsistprs apd areknown ps JFUvaMAKR range of
104- 108. A dGRRRS1Sieh Rksbiikhl sha CUERLLANN ALkbnSiBlgh pPAASHS bShes can

al so be made fromtwo-term nal) passive devices such as net
seni conduct or iSegeosehdoys g mhrmtyedmmt Hbweves.ghé metedaicnd the/prm'ssaiost(s VBM

devi ces, p-type m. conduct e sem conductor .(p-n uncti on devi ces,
or ety semPau HLTERS el Pt Brm i STEA 1 B AP b e

seni conduct or (p-i TR} tHinfieh iradistR(TEDIechiblogLbieglhdsior gt sabdrakan be
switched on and of f by the magnitude or the polarity of an external bias.

25 Thi's i nventdeyiiorsd SEpnalksior g@e%%équ'ﬁFgﬁtabih%WSd%ﬁQﬂ Pro¥ider oswi t ch

matrices conpr, hézh i @d&aﬁ@ﬂ&@hwMmmmsﬁs%es Ofp adam%gw&s%ures of
its variations. vention also discloses a nethod of fabricating such
| arge si ze, mgHM}LQBIS ajlergmstzy fusil colosimage bensartmade @6th aifveptwessibamduct or

Thi n 1§ 1k devitk80 THAORREs PsPOEET Boat i deb Pt iienbl Safuaf L "

ger mani um  si let ﬂQMat%sS&‘ocaShﬁyl&oc 49825841990y, RO Syeet) Bullettsm devel Oped for
decades. and have_ been used in é)?&%l i cations, 31 July 2002

99/ 39394 PCTNY¢rigpResearch S%@tmdi(ﬁ 98205 Frifi- énismgk G%Rtl’msére@n‘éfsgy
conver si on. Opgani Qo 32939 35995?% NBdtier, wg@aieﬁmewksqm BEEMioohyn film

structure have al so béen st for réviews of devi ces made wth

or gani ¢ nol ecul es &Eds vsrﬂ}r@n;mmapwwdmcessybcrowm@aoyls madaniten,

Pol yacetis enco, SRR el ARy A AL BB Ry Y, 12
Kani cki, in Haadbooktchéd ﬁﬂmwfbmqu%(dwhmges THE .oA/offSiathd fsey;m-alllzdn theDekker ,
New Yor k) 1986%4gg Ir—l?(\(xe the performance of these early devices (as

det erm ned by Weharacteristi cs) was insufficient to enable use as

el ectric sw tches. AL@eMbrisiraled en INFIARAAEE RlidDdtatd RiidtosWitcRed @b aBUdki ty and
device fabrication processes, organic MSM devices with rectifjcation ratios

of 105-106 wemade SeBHMOSeraERRaEs ¥ deyicTsucasmptabingmicondugipraighqttky oo p| |

Phys. Lejters 4 1984 heeqal. Appl.
Phys. Lett. 64%58340 (igéﬂ‘g(?;huértﬁreﬁpgg;{ Sﬁ‘?a%?%ﬁgrg oércnicr?nbe fﬁ{ther

i nproved by i rlimmdmmpn@cmrapehum@lobldewmsng qatyoeme@daﬁdr/inyulstpmrct ur al
f J
Ao O Mo Y on R I et S Ml (ARG RGO R edd  OF BY

selecting dif nt'ac carrier injection [I.

Parker. J. Applrreritiysbe stiichdddband of84hd magiitide or thepolarifyofadexermsls can be
operated continuously over periods in excess of 104 hours at current

densities of PHFSmA cne [u. Yu, C Zhang, Y. Yang and A J. Heeger) 20 Annual
Conf erenge of Mat efmﬁl.mﬁ@&ﬁﬁg&&eme%tz& higiPPixEl Ry ShitrosHREH thatdiS&5J -

comprising passive devices in MSM structure or in structures of its variations. This
invention also discloses a method of fabricating such large size, high pixel density
microswitch matrices. The semiconductor, which can be either organic or
inorganic, is in a thin film configuration. Thin film devices made with inorganic
30 materials (such as selenium, germanium. silicon, Ge-Si alloys, ZuS. CdS or CdSe)

have been developed for decades. and have been used in many applications,



As disclosed in this invention, these thin film MSM devices with high
recitification ratio can be used for fabricating | arge area3tsdily@002at e

m croswitch boards (panels) with high pixel density. STATEMENT OF THE

| NVENTI ON 25 The present invention discloses electric mcroswitch devices
conpri si ng woissrassni conductor filnms and a net hodol ogy f or PEEESEEB? ng t hem
The present invention al so discloses,a nethodol ogy for fabricating
colum-row (x-y) addressabl e el ect rit"m croswit ch arrays (matrix panels)

with such mcroswitches as.the individual pixel elenent,s., These

i Cr oSwi tches’%f‘gl“}gvx’gr ?’@meﬁgﬁmo&%‘\%’%&a@(@hﬁrﬂ%h TRAME AiodFsadhs ¢ current,

or electric paletiMorghictétalt MSMIthiddiin\sdhétiRhat¥ also bebn dullivd BBPRviedsi Nt egr al s)

can be switched on and off by the nagnitude or the polarity of an external

bi as. They ar &f MSdédevices e with geaanis gnalequies anqd ¢asiyeatcd pelymesdsee:

sem conduct or / i [N - i addr essabl e
thrﬁés%:.w. Qﬁl?e’n f’&&%g&%qé%]e@%ﬁfl%t%g@slcg Bnd @Je“?ﬁﬁ&i}eﬁg .

electric swwtch nmatrices tan areas, W pi xel
densi ty. 5Such Chapiteri K292\ cademify®rlande d 0 78)eq. AviGhlaméaeriaim Solar Celjsed. 40 t h

electronic 5 erfies whjch vary in response to external physical

condi tions (sggﬁgﬁsf' %%Un‘%%ﬂ&%&f?oﬁgﬁﬁ“%ﬁ%ly ﬁ‘frrspfrﬁt ?Q‘Ptge‘?’ag‘?'ati on,
tenperature, gpEdRE NeR BRRUMR6)]) TREREVr Ghé p&fimAd 0B the QBhrly HNRERIRK fOrmng a
variety of detector matrices. Tn a first aspect, the invention provides a

m croswti ch afetagmipeshipr their by chatgptavigtich) wasdnsugficéant to epabilg usei asielsiict ches, each
nmenber of the_pl o lity of mcroswitches being in first el ectrode/

seni conduct or /' "second el ectrode | ayer formw th the sem conductor |ayer

bei ng aldnit body Widrthdiniprotehrennaitodr matefialighaitaatddeyviceldrieationeach of the
el ectric mcrosw tches ha | -V characteristic wths asymmetri c shape
as shown in FPEGFE. ayganig MSM deviges Wibiecyisationiaion it 19560° Wa¥ Fereats econd

aspect, the i guacstraiRd PIbOSatiesndan MHdeberc ABPEPysVeieASR; B FdaklE® sensor
array conprising a mcroswitch array lurality of electric

m cr oswi _tchesXuv\ﬁelléanﬂ.an@édhﬂmet-Mpbﬁ’byngﬁ-Wo?S%){&%}]w tches is in a
first swtch elect ﬁ‘ﬂg%titﬁ&%&ﬁﬂg Uil G fuhﬁééﬁgaém%?f&ﬂﬂnéachnigyéﬁde?Ct rode

configuration, whereln the sem conduct or er 1s a un y 20 shared by
at | eastl5t wo obfending ppicessed dntl py sfrudtirel Gsiatiorcdfake davicessuplasst wsingechii n a def i ned

sories it n_a EseBushRadng 1B aEhF el MrrReARIF Sl IRFRLEL o

el ements, at kiraafriepitfectibn {INParkérll. Alppl. Phod. 75,6656 (1904 g.nBidhsrgunéduci ng an
electrical signal in respgnse to,a stinujus bei,n&_sensed. %5 In athird
aspect, the i%ﬂt"ﬂ‘)‘ﬁesﬁ% ¢ ersgated coatipeRyslyovpr REHOMS IRGXeeshefdCo bW e &h array

conprising a phidmbbdsitie9bs Al BRII’GGTYG! ©SMahg e SYanB AN ANEABRGEr, Of the
plurality of mcroswitches being in first electrode/ sem conductor |ayer/

second élect r daaual Gionfeganee of Materiglh RessarchtSegieyebardoppirse.crprildg®tl i s a unit
body shared by at %\gaﬁl:lo\%sn n Bis DG Bh Uh&e dhi¥ fth M@Ifirdgvci%s'»ﬁﬁﬂﬁ%lpr S

patterned defined form erei n the sem conductor |ayer conprrses an
organi ¢ seni costdiftchtion mdd eat tedis@&Dfof fabricdting lgrgoanpa sdid stast miggpswitclconj ugat ed

organi ¢ sem cgndyc}i ng .pal rs, ,conjugated organi c sem conducting pol yner
bl ends, seni cg’ﬂﬂg%{ﬁ“hﬁsw‘ﬁ‘ﬁm% p‘f‘rﬂldé‘é%‘lye& sem conducting organonetal lic

nol ecul es, nol ecul ar bl ends or sem conducting organi ¢ nol ecul es and

mul tilayer structures of such nmaterials, the nethod conprising: |aying down

an el ect r ode- seni conduct or - STATEMENT QETHE WVENTKWi t ch on top of an 35
array ofyssensor el ?H?E%?em invgh]tioﬂ Hlleog&Q?ech%%icroswitch devices comprising

thin semiconductor films and a methodology for fabricating them. The present
invention also discloses a methodology for fabricating column-row (x-y)
addressable electric microswitch arrays (matrix panels) with such microswitches as
the individual pixel elements. These microswitches are two terminal devices

30 through which electric current, or electric potential (or their derivatives or



In a fourth aspect, the invention provides a nethod of producing a
mcroswitch array conprising a plurality of electric m crosvgfmggo gach
menber of the plurality of mcroswitches being in a first electr e?

sem conductor |ayer/ second el ectrode |ayer configuration, wherein the

sem conductor layer is a unit body shared™y at |east two of the plurality
of m croswiches or is 5 patterned a defined form wherein the

sem CO“dUthPxEé b‘é%@&ﬂ&ﬂeﬁ%ﬁ f’i‘d‘oi‘PB fHainfa lﬁﬁb%ﬂﬂgyf}l%x%o%ﬁ&é&érﬁﬂb a5 Oth,

group consi strng o conj ugate organi ¢ sém conducti ng rs, conju ted
organi ¢ semreonaligcefi srpnigradyating thinefis, mselmtmdddmtqugumrgahpt@dmlﬁam ilms,

Ser conauct ieBhRA0 LA tE odRh G B8l BUES WMol B HP nlfc &e{%%&gc“ ng
organic mol ecur and ayer structures of Such eria

conpri si ng: with highpixed dehsign §nchamatayeso:hn be imtegrater] witle atssnson layepwidh elastroaicr ay
of el ectg od iy hal
aspect, & herp ot ah3h hdish il A5HEN Col b SO BRI el I
of el ectri censigyr mstwile cidagion, seoperatenebeirfacd ptebsyrepmagadtict fjeld fandrise o) wheretye s
being in fi onductor/ second el ectrode | ayer form
with the seﬁﬁ“&‘ﬁa% gtec{g’?ét?r%g‘%% a unit body shared by the menbers of the
array, wherein each of the electric mcroswtches is conductl ve ("ON'
state) whengb t I

Cformard ok iaE il s Biskilo fttiact B BB i chbotflete BhATer dhled?
bi as colfli tmwmsmtclwal bachsmcmbqreo/feﬁlseplmahis/ of megbivotrhds” ben@ms dirlti elgctrode/

ol t age. | DE MR R e ol Mok Sy PR P e it By
t hi s i nvent sheredibyche dembers of ftlel 4roap wgerseoetacfonﬁthe Bildcaic rdewmtqjltes bm of I-Vhe

Dr awi ngs 2 RAGREION BImblA B! & hi5dh FRAHIENIA BR! EL JEFOR! o (N

THE DRAW N s nvent scribed’w t "erence bei ng
made to thellrawings in which 30 Fig. 1 is a cross-sectional view of a
solid sﬁ te mcroswitch (10) made with a sem conducting film( 12)

sandw ched between two conducting electrodes ( 11, 13) with different or
simlar work 4 serond espsct, the inghtigupyovien2 multi-elé'ngnt Poltagessweitchatde sensercarraynal

view of ‘a Syghe Qﬁghﬁn&m&cgw&m& \Blﬁfr‘ﬂ &L TR ositRbs, GRERA! ST NG a

m croswi t ch a a sensing device ectrical properties Lsuch as
conductivity, potahof e Idumhtyr@mlelpsmhemls\/larwﬁrismw@bp@hsléodp seadcandvier

envi ronment lagé?f‘%&dd%ﬁtch ebtrétte c%ﬁl@!rnﬁaﬂ%n C\We?én ?&C%!m‘? HiucYdrg ePf s £hit Body.

alternative Structure to that whi ¢ e sens ayer is
arrangedf c| theesd by et ledsetwonf Srephurdity 1croswt1ches or is patterned in a defined form;

each of the plurality of electric microswitches is connected in series with a
corresponding sensor element from a plurality of sensor elements, at least one of the plurality of

sensor elements producing an electrical signal in response to a stimulus being sensed.

25  In a third aspect, the invention provides a method of producing a microswitch array comprising
a plurality of electric microswitches, each member of the plurality of microswitches being in
first electrode/ semiconductor layer/ second electrode configuration, wherein the semiconductor
layer is a unit body shared by at least two of the plurality of microswtiches or is patterned
defined form, wherein the semiconductor layer comprises an organic semiconductor selected

30  from the group consisting of conjugated organic semiconducting polymers, conjugated organic
semiconducting polymer blends, semiconducting organic molecules, semiconducting
organometallic molecules, molecular blends or semiconducting organic molecules and
multilayer structures of such materials, the method comprising:

laying down an electrode-semiconductor-electrode electric microswitch on top of an

35  array of sensor elements.



Fig. 2Cis a schematic diagram of the equivalent circuit of Fig. 2A and
Fig. 2B; Fig. 3A shows the structure of a colum-row addressgial &X?m
matrix 1 Q (30) constructed by an array of row el ectrodes (3 an array
of col umm 31 July 2002 WD 991 39394 PCTI US99102Z39 -5 el ectrodes (31 ); at

each junction between a colum and a row®lectrode is a swichable sensi ng

elenment simlar to that showmn in Fig. 2; Fig. 3B shows the reverse

structure 9 f&{}altaspefc%ﬁiﬁ%ve%g A{F é 'ﬁBW%f prdguc f 'ﬁéi?}agﬂﬁchsa]rfag E&B%r% ng

8x14 sensor matrix are a set
| -V char act plnialityiof sle¢taiy namsw@hQSL ¢ach ateinber ofh¢ pluraly qfiwicroswitches hﬁnlmsmnat C h

made in thg.f Qfefﬂr(@fa /. Sdrie b tb Yayerr feF ﬁ)&ﬁ eleQibN QBc&E ufheidfe! wh nQE}%phS ¢ a

whi ch show t he characteristics rectl [ catl rat’i
m croswi t clamirauidncion layerds & gnitrbasly shared/Bs-htlensRg/ofithe pyrglity ofmuawd/tlms are a set

f h t
o 91785 A £ W e TAG LA B SR S
and 8B ar ssekctse fromfthggraygheonsiktinglof sérgugated erganie sehapnthmtg silyness, (cal)_lugafedand
PAANPSAL VAEE s Pifongiind P, el Aol S b Sl e
char act er i sganometabiy mptéculex;trpélenﬁn blendsabor os,emRondl(cbx)g afrgaicrinolesles t ald made
0 the ¥ or oyl TRl ks s el B g SR RRUCT O was amor phous

silicon fi AT s Set Baphs whi ch show t he
char adOer i st i cdayifig ddwni array/of shsor €emeitts pipop oamdanmyrqfeht:trodwtsagmamdugtnr-i nt

ldV - V (c&ecggdeael&h%rrﬁg%&l&lﬁegade in the formof |ITAO MEH PPV/ Cg;

In a final aspect, the invention provides a microswitch array comprising a plurality of

electric microswitches, each member of the plurality of microswitches being in first electrode/

156  semiconductor/ second electrode layer form with the semiconductor layer being a unit body
shared by the members of the array, wherein each of the electric microswitches is conductive
(“ON”™ state) when biased with sufficient voltage in the forward bias direction (“forward bias
voltage™) and insulating (“OFF” state) when biased at zero bias condition as well as in reverse

bias direction (“reverse bias voltage”), regardless of the forward bias voltage or the reverse bias

20  voltage.

DETAILED DESCRIPTION OF THE INVENTION
The detailed description of this invention includes the following sections:
Brief description of the Drawings

25  Deseription of the Preferred Embodiments

BRIEF DESCRIPTION OF THE DRAWINGS
This invention will be further described with reference being made to the
drawings in which
30 Fig. 1 is a cross-sectional view of a solid state microswitch (10) made with
a semiconducting film (12) sandwiched between two conducting electrodes (11,

13) with different or similar work functions;



Fig. 11 shows current vs tenperature characteristics of an | TQ MEHPPVI Ca
device in the tenperature range between -73C and +127C (200I<3£9 IﬁéOéQOK);
Fig. 12A and 12B show the current inage (pixel current distri ueT on al
Ox 10 tenperature sensor matrix (a): and the correspondi ng tenperature
imge fromthe sane matrix (b). 31 July 2002 WD 991 39394 PCTNS99/ 02239 -6
DESCRI PTI ON OF PREFERRED EMBODI MENTS | n-4dyx s description of preferred
enbodi nents and in the clains, reference will be made to several terns -

whi ch nust be degj,ned : : ures of the

m croswi t ches angigf%elssagggsggegfbgﬁgﬁ ssf eyl@gﬂg?:‘g(?l% ro fis%ﬁ%g%ss- sect i onal
views of twelesrhi(@0)nm@ntpsising amiicroswitchamdiatsetsog daviee siitbweleciricalFi g. 1 and Fi g.
2. The switch ili' cgns’{ructfd .u,?i ng, th dgqu?ct roqﬁ-sem conduct or el ectr ode
thin film dEAPERICXSHER &5 FoRdycHys ’gﬁl&w AHIGrenGS) Whieh iy IRSRORE fdes: A

set ni conducleki@ghal ehvRbnhénd borfddigas] Si Ng organi ¢ or inorgani c sem conducting
material (s). Exanples of organic sem conductors include 10 conjugated “
pol ymer s3 pol ymeFigh?B iscscrossoestiongl/ vioy etan altemetiyattantyee tojtkay ef Figf  or gani ¢

nol ecul es, g, tal li I ] | I .(alloys); or a

mul til ayer gtA 3@&%& éﬁec%ﬁiqr”&ﬁgfflﬁgﬁggggg%ﬁ ‘gﬁ‘{:g{“%s?‘“@zgﬁm es of inorganic
sen conduct ors i Rigl 20 & adchenTftic diagranbof ke eqlivalts cirduitaf Fig 28, andiFg2, CuO, etc.
Exanpl es of _grgani c sem conductors include polyacetylene (PA) and its 15
derivati ves,ZBfo‘oI yt hi ophene (PT) and its derivatives, polyp-phenyl vinylene)
(PPV) and its d?ngYf‘A'sng s s &@re%ﬁ'ﬁﬁﬁ%n-r&&hh&@&ﬁﬁe GhlsGGHafis Such as C-
and its derivatives, bucky tubes, anthracene, tetracene, pentacene, Al g3
and other méiQkotsaiictedby & drdly df ypeeloctyminn(38) ad dnamapbfealies and so on. The
| ayer 12 can al so be a conposite conprising organic and inorganic nmaterials
or in the formof bi-layer 20 or multiple-layers of such materials. The

| ayer 12 can be a sem conductor doped with one or nore dopants. Extra
charges are conmmonly results from dopants with different val ance el ectrons.
A doped senmi conductor with electrons as majority charge carriers is called
n-type sem conductor and a doped sem conductor with holes as mpjority
carries is called 25 p~type sem conductor. The doping levels in the |ayer -
12 can distribute i nhonbgeneously -and can change sign fromp-type to n-type
(which forms a p-n junction inside 12) or fromp-type to undoped region
then to n-doped region (which forms a p-i-n junction inside 12). Two
"contact electrodes" (layers 11, 13) which serve as the anode and 30
cathode of the switches to extract electrons and hol es. respectively, from
the sem conductor layer. In sone enbodi nents at | east one of the el ectrodes
(e.0., 31 July, 2002 WD 99139394 PCT/US99/Qz239 _7_layer | 1 in Fig. | )
is made transparent or semtransparent. These el ectrodes are described in
nore detail below. The anode el ectrode is defined as a conducting nateri al
wi th hi gher work function than the cathode material. The devices nmay al so

i nclude an optional substrate or support 26, as shown in Fig. 2A. This is a
solid, rigid or flexible |ayer designed to provide robustness to the
switches and/or to the matrix array of switches. In sone enbodi nents the
substrate is transparent or sem transparent at the wavel engths of
operation. d ass



quartz, polyner sheets, or flexible plastic filns are comonly used
substrates. 10 Wde band sem conductor wafers (such as Si C 3y 2082 al so
be used in sonme applications. In these cases, a thin, doped region can al so
serve as the contact electrode 21. Devices with the "inverted" geonetry
shown in FiyggoxRRaare al so useful In this configuration, |pchbsskssnci dent
through the electrode 21 in contact with the free 15 surface; thus,
optically opaque materials can be used as substrates. For exanple, by using
an inorgani c sem conductor wafer (such as silicon) as the substrate 26, and
by dopi ng t hetlsaradesiddliateseh ivpctiandistes id gelumnapép sow glsctdkiined in t he
follow ng), t rvVe.: tsate 26 and the contact
g\%t&@gl? .E»eyglgg Fﬁ%ﬁle%ﬁ sugﬁ'{rlqc;/ ﬁ'%tn {hGQIF Ex’fjeﬁg 3

el ectrode 25 circui rec 0 norgani ¢ sem conduct or
substrate (using integrated circuit technol ... .I'ncident light is
defined general I y2‘?‘%' ﬁ@gwa@%%wﬂa‘t‘% 9 Wa\ﬁfg}?%l)Bé"(400 700 nm,

wavel engths in the ultraviolet (200-400 nm, wavel engths in vacuum

ul traviol et (<200 Figg4 shoves thesasivalegt ¢isuit of aimix 1A seasof mawriay ed (700- 2500 nm) .
Several |ayers are designated as transparent or semtransparent. These 25
terns ar® used to Figf A ahd SBhee psev pigraphs ewhich shaw dreilaV chdraadristicsapmits a
substantial portion of the incident .light ingident _on i term
"transparent” a’?dsfeﬁﬁce&‘fwg%ﬁvgb)ﬁé&‘?fs ‘éfhé’ﬂPBSf"r'gt’émm ‘EtIHTPZ;‘Zﬁ’é‘m ttance over
20% and the tppwcasem transparent” is often used to describe a substrate or
| ayer with transm ttance between 20% and 1% A "conductive" |ayer or

mat eri al has a corfigt6Avind $Brayan sehpf graphs mdiéoh show thed-Y chayactristies (a)
sem conductin i Vi Ly, Qf  f - o S/cm 31
Sy 2005 o Bl Bl AR RS A58 Eliotwichlnglt Rt fomfor ifEn. SLET |

| ayer o#0nmat ePP¥lAlhas a conductivity typically lower than 10'" S/cm The
"positive" (or "negativye" ias refers to, sitpyati.o ere a .higher
potential is applieé lt% aP%lngBé‘FFo?j%"t ge@gthsav&léch(sﬁ%\yHggzv\é\?geqt;rgags)(gpmen

val ues of 5 nagakitiRaid bR @) bafidoiwitthinde asthe fork6f ITBAGERE t he reverse
bi as vol tages_applied to obtain enhanced photosensitivity, the relative
val ues will bBPYEFSBMALN ternms of absol ute val ues; that is) for exanple, a
-10 V (reverse) bifgge kR 10h 8BLRAS a L rBphis Whith(ShEW MeICV cRiraQerisfibapPeCt 1 al
response of optical "I mage sensing elenments which one often 10 coupled to
its swidZhes sl rd@'tf@atiﬁmetéb.l&j(h)h)gamicrbwwhbmdd inythp fernuoftAgPANECt r oni ¢
properties (SFRRNE’%MH-WV@M lity) of the sensing material, by the
structure of the sensing elemehts and by the transm ssion characteristics
of the optical filRigs 9A aadbBlared &5 df graphstwhivh shoathelgV lchytadteristics aphe opti cal

path; as denonstrated,in th anples in this appli.cati 15 |In,addition

to single banffdrgiidicgion rF%ge?‘éégg&‘f%ﬁw'{cﬁ?fW%ﬁ "f@‘Fé‘?‘?’b‘&ﬁi@/Pﬁi'g{é‘H%i te, or

nmonochr onat i CwhitRER sSRIRSAIuSor wal &h6rphSusGiiRah filgmand for inage sensors with

full-color detectivity. Full-color detection is often achieved bé splitting
0

the visf®l e spect r bigsi 19401 GG are a setof srapbewhighyshomcthe ehasacteristiesad@l/d¥o nnj |
green (500-600yRm) G@ﬂﬂ(bWaH&’&&zﬁ%@%rﬁ&%tﬁmmflw.d@rf@mfad xﬁﬁ?&s%éh mAdd i?-l' | - col or

20 signal can be ‘represénte € Intensities of the incident light in
these three bémdem ofITQMEddPM/Casmage el enent thus refers to an i mage
device with three tral channels in the red .green. a I spectral
ranges (soneti rres,ﬁé)'ﬁgi ?"°<‘9’8&B'F‘f%ﬁf"§rp§’a§% %hra’s?‘e{:’g‘é"ﬁ,&r%‘ggﬁa‘égﬁhd yel | ow,
are chosen), PPWCaaievipé mwhaenfpe:rafmfangﬁdmeanm%j @A t+127eRe0K Yo | nf or mati on
on the incident light. 25 A coating of "black” material (opaque in the
spect r aPd rang®0%: i nterest) in

Fig. 12A and 12B show the current image (pixel current distribution) on a

10x10 temperature sensor matrix (a): and the corresponding temperature image

from the same matrix (b).



the area between each sensing pixel can be placed in front of the

phot odetector plane, formng a "black matrix". This coatings4 gu@eidghul in
sonme situations to further reduce cross-tal k between nei ghbor pi'xels in
devices with an unpattened photoactive organic |ayer. Black matrices have
been used Wwo®R¥MONitors and 30 other flat panel displ ayETU§%@Yease

di splay contrast, and are well know% in the 31 July 2002 WD 991 39394,
PC r NS99/ 02239 -9 display industry.” The patterning of the "black matrix"

can be achieved with ' =X Lk jet or screen
printing techniques. ?’gﬁmﬁﬁﬁaﬁﬁzpkWFMBémmwwﬁ g. 1, a
transparent subst rigtigs aaeriRion of pRfERAEMBbIiIRIAS bidahasigsinidSRftréage ONe cont act
el ectrode. | nda]lcjl{m%%jg-tom de?sg( "IT%‘)\ Catnb(gt%gﬂ{lqusqiﬁ% as the0£$l ectrode. O her
transparent eVecis PrEfVeaf KImas VIHEDR oye! Ryl G EHEW Oz (GRS eXNCHes (" AZO'),
al umi num dopegle il 8155 ARG bhes bhAHSEIRS: ARerk i idsGonifese conduct i ng
coatings are nade of doped net all-oxi e conpounds ICh are transparent from
near WV 30 m Qrossifectoretl vied® ofltwe estbodimentief demiatoswitthes amdbown inlFipt her doped
i norgani ¢ conmpoupds .or..all ogys, These conpounds can be.doped into netallic
(or near netatf? g% Hhesy iGhisonsirupRd u §fo”ir95Ff'88'F"Ct°H @enent s

i nvol veg, Eheelb@lloﬁ@ﬁxt‘?n tlallfm ame%ﬁﬁ@g&tﬁmplsp%(chmn}z_rm@étlﬁ&ﬁyn@jde&ge fil msl- | These
sem conducting or netallic conpounds are known in the art and are we
docurment ed (e.g., AseiconsivetingNtes(12) pemprasingRiganse oringrgani¢ ons, 2nd edition

(Tayl or & Fr P ; . Ja - i.s, Electronic
Processes | na%oﬁ&ggétg@gﬁateﬁéﬁﬁb%?%lF%o?u arce%glrll&n@df%%ﬁ % wfé?Q)] . Exanpl es
of suchl@onpocomiigated pblyoherst prdymenhiaikis, prhner/imaleuleipolyblepds ayarsof
superconductivity at,|aw t enperat.ures 0-cal | ed high erat ure

super conduct o?r_§?'_¥° 5‘6‘ F 0@%‘8??‘?}5%"’85%‘5’]6% f Wﬁ?ﬁ'&l%ﬂe'ﬁsg‘gﬁﬁﬂc?ﬁa\/e pol ymer
such as pal yamuhildyer dticiufecotibaiigd it B6ovedhdterfa®y BxRmpRA6EHogEdi0g t he
counterion-induced processability technol ogy disclosed in U S. Patent
5,232, 631 andscfmcorgytors pielugde S, St Ge, S Gezileoys, £d3.deiBe, D020t WretSui t abl e

t echni ques. Tﬁﬁmﬂﬁé Vo2 Bkdakh; j (WolaPREy-Yy lehd l.5§1:5 ode can be cast
fromsolution wth Shi gt#ahﬁ??&o’rch‘lmtu%asﬁ ?oo (ﬁy}rcrereat g)rpg.a q’he 25 organic
conduct thg el darivatintepoiythiophebe (Rit)ianditnvierivapsypaiy(poberst vaykese)dPRVor gani ¢
active layers,_al.low.t hese ot ﬁnﬁgr; e f i i ul I,y flexible
form O her c%nﬁladlﬁ% f'%aélvﬁsoﬁuggr‘]rﬁsr @%c an ’Zuﬁ%ggq?%&%gg%hr%%b%fi étrslt or

sem t r anspar eddrivetives thuokhetubes] dnthfacene getrdcend, p&itadene, Ailg.and Alhet methlide

pol yet hyl ene di px i Qqphene pol ystyrene sul fonat e, (" PEDT/ PSS" Y. Cao, G
Yu, C. Zhang,%t%éﬂbﬁtwra%v%ﬁhé@@@%%@m pp- ‘&’feé,B?paZ’,a‘Qf ( 1997)],
pol y(pyrrol e)a empdsite donititsingRdr@ficiand idor@micianethls orda thhibim 80Hdayd0 991 39394
PCT/ US99/ 02239 - 10 with dodecyl benzene sulfonic acid ("DBSA") or other

aci d [ J20 Gao. oranytiplpdaygesrof syclymatedielsand C. Y. Kim Synth. Metals 82, 221
(1996)J and the |ike. ' ] ABbed FUE such as Au.
Ag, Al. In etc.) c'igﬁ l?@é?%%%?er%ﬁlg@g%g%t ?%%les. ?lfg{rg{ﬁé%?%t&nesses for
thi s sem t r anExtea chatgesmt abmmbaly resuliefrémalopantynwitindifierentealoke 86ct®dO0 ~. with

optical transpgittance.be en .80% and 1 %. A proper dielectrdc coating

(of ten in' ¢ herrBPH ERIRRoRr Qyyelaram. B rae ty BRE muerh SR E it he
transparency semitdagucqremt habpédasgitconductdrtvithales(ab majopixperpieds cale® S. M Sze,
Physi cszgf Sem conductor Devices (John WIley & Sons, York, 1981 )

Chapt er 243 J. P-ixpe Acrpicondusior.c Fae dopmgtievsindn dherfaer 4 & candistbiue f r om

nmet ai / conduct j , i @nﬁi& i pl ynmer or
dielectric | a?‘gg'?ﬁ%%‘gﬁ@c?ﬁggi}f#ﬁgé po d;ﬁ%?@?éﬁ?ﬁ?éﬁ Th?ﬁ%n‘g?ﬁ ssion
properties of junttemdnsideni2) or fremektgpd toanideped regiomthertpgddapet] segione t o t hat of a
si ngl e netal L@é rf of the sanm thiiékn ss. A netal layer with | ow optical
transmttance oS Bisn fEHon SR AN 5 ¢ ectrode for some applications in
which spectral respaN&@n@bt dRErbddsM (1RYe] £19) WHich Ser@f asithe £o88dnd The

phot osensitivity can be enhanced by fabricating the device in a

m cro-cd%ity eathade ofithe swiehes ta ¢xiragtiglecirensand dplesrespatively framdhe1 3 act al so as
optical T Ofgyicdrhll ILRSCNANGE RELNGRA Mol iR, 51 HEbAHAS, @RhanCes the
photosensitivity at certaln wavel engths and Fesufts Th selective spectral
response. simlar to that 20 seen in optical mcrocavity (optical etal on)
devi ces. The "back" electrode 13 in Fig . 1 is typically made of a netal,
such as Ca, Sm Y, My, Al) In, Cu, Ag, Au and so on. Metal alloys can also
be used as the electrode materials. These netal electrodes can be
fabricated by) for exanple, thernal evaporation, electron beam evaporation,
sputtering, chem cal vapor 25 deposition, nmelting process or other

technol ogi es. The thickness of the electrode 13 in Fig. 1 (and 11 in Fig.
2) is not critical and can be from hundreds of Angstronms to hundreds of

—— b1 o o o o v o

-




30 and back side, the transparent and sem -transparent materials described
above can al so be used as the "back" el ectrode. 31 July 2Q0/n\epéP! 39394
PCTNS99/ 02Z39 -11 As denonstrated in the exanples of this invention,

m croswi tches with useful 1-V characteristics can be fabricated using
contact | ayghgohi relatively high resistivity. For exangdysosidhils PAAVPSA
with a bulk resistivity of order 105 S2cm can be used as the anode materi al
of mcroswitches with good switching--V 5 characteristics. For exanple, in
a mcroswitch fabricated in the structure of M/ MEH PPV/ PAN - PAAVPSA/ Ag,

t he 1-V char alayerlilsh Figs 1)pis enalle ftianspdrebyortskmitsaosparehts iidtescoriectofiesANl - PAAVMPSA
and My. Ag serves agnly a conduector in the test circuit. The advantage of
usi ng a cont agetscré‘?egd?}/'l?&eg%rﬁt%i:ol‘ﬁ'gh bulk resistivity is that when the

| ateral resistancerhesanbiddle@oddigdefily ap b ePRIuctHR aedHVidhighbewdul k 10
resistivity, the thickness of the high resistive anode material and the

di nensi on of fusetiqs then by cathede matesiak- t al k bet ween pi xel s becones
sufficieatly snall . i t j [ Shi Vi terial is
ot necevsaty. Twor LA anphERel Rl e difiofll Wit br SERTH ML el ©
cat hode of t hin Kig.coteShisds & sylidctigie befidxita hyandtsigoddas pravéepelatsineslty, i nto the

sem conducting | ayer | (12). ILn the devi.ces with undgped sem conduct or
as |layer 12, éﬁﬁ?ﬁ&éﬂf@?fé&g’m@}’f %""Hé’_ff isﬂé’épcésl“tsﬂ@eﬁ °f H‘s_?lﬁl atively
hi gher work f yibehkd1OR trahSpatediCordeMivfaBshakint & tRs WavelenPthé ofopethleh.i Glasd N the

| ayer 12, the anode el ectrode is defined as the one in contact with the
p- doped regi ofivartzrpadyrherishests; prsfiexible plastigidee ag gpmmenkyasedalisteptest he el ect r ode

wi t h higher p@t: i al i I,Sqi j e. In

addi t1 00t oo iEh blyRseBlERLIP R Efin oF i) TR BRAHEMN G ERAE. " ot
organi ¢ and i appligativine) Inabese adse althén,opell mgioh han darenetas tetcentaall s of 1 | and
13. An exanpl & of dugLng doped silicon as the anode of organic |um nescent
devi ce has be%ﬁmﬁ)l{:/ " by LD. Parker and H Kim Appl. Phys. Letters 64, 1
?74 ( 1994). Exanpbesiced ®FMAKS Tivehtel) gebetes sHowh)in Big. 2B afusohlgulpt ymer s such
as pol yaniline-(canphor sulfonic acid), PAN 25 CSA, PEDT-PSS, and

pol ypyrrol e) Bisconfigurations lighs deigcident gravighths ¢leatiods 2bincogiagt withthe fise been

di scl osgd in anﬂemséﬂ;ﬁca @;a&& BAEkRh IHE RLddCR Subisifate CA%: Sharille, U S.
patent 5,232,63l; G staf'sson, Y. Cao, G M Treacy, F. Klavetter, N

Col aneri and By using ascisopganic Smiiconduect@SyaferAFaeh(as sitiggn) aythe vabstrate@6S.  Pat ent
5,723,873: G n d F. Jon ALl L,16,(1992); Y. Cao,
2 30 vu. c S RRhe e seimicontittieg %I\i%“e%{g‘% %@?n@%éef%? B ‘h% 1997): J. Gao)
A.J. Heeger, hli¥wirggehawaletall serie both Sythe kubsivide 2b anBde caitdct ele&8dle] . 31
July 2002 WD 991.39394 ., PCT/US99/02239 -.12 The ~qn~|conduc~r Laver The

sem conduct or g?‘él{fé‘fm‘l il dixectly pntg the jaoreani 8?“‘8?“?’%8? J@‘ﬁﬁfage @Fm% rgani c

sem congdoict i NihtdgRdt@l dirkhit tdcRIgaNi ¢ materials include Si, Se) Ge. CdS. CdSe.
TaO. Cuo. etc. The sem conductor |ayer can conpri se Qne or _nore

sem conduct i ng. 5 lBgidenidightds defined gerierally dp Biglude wayslengthisiin KisibledAOQi t h
nhon-conj ugat e%mf(}\),a@é[l&lgt e th@ulti9iofet ?z"db@aﬂ}o%np.%@&%?tﬁs iMac@lm gonMers. The
sem conducting nmaterial s also serve as active l'ayers In the sensor devices
to whi ch t hesultraviblet (260 mmy, abé wealqnigths tithe Tibar infoar¢d@0Q26Q0Mm). | ayer can be a

bl end of two or noge conjugated.polyners with simlar or different el ectron

affinities and dif e&?@ﬂ@&?ﬁ,{?g&?%ﬁ]a& eaﬁé?'bs\}mélgposrfe RNy %'g‘t {l‘(n/egel ayer can be

a bl end2®f t Werfi§ argkdd t6 kdérib the FedpRay bLsmaletil vAlicH frakmas a slikfastint el ectron

affinities and different electronic ener gd‘ﬁ?aps. The active |layer can be a
&R

bl end of conj BRyHeRef theingidentdiehhincideny anite utraaspatenth isfion usgd to
different ele kbl d | ol : vter offers
specific advaﬁ%sgg%sﬂuﬁéﬁé?ﬁ?ﬁ@&l Ee{ {Z‘;r?t? Qée%%@ﬁ%ﬁ“ﬁ???‘r}ﬁgl gxlegt,? tlsfhe
conponent s caofténased toadeddsibp hatlsirad oc lagerokitr asmitanes betwaen Q0% md d &.

separation; a phengprgengon whjch enhances the oft.asens.i tj vit N.

Sar et tel and A JA ESGHEe Brersnraiecad SoRuR B oAl foibhan O, <
Saricifagi ang/ch. A selﬂﬁ%as‘dcxinﬁa@ﬁams cohdtiahi @9 fromClio-' 8o 1598RY, N. S.
Sariciftci, L. Smlowitz, A J. Heeger and F. Widl, Science 258. 1474
(1992); L. Smlowitz, N.S. Sariciftci, R Wi, C GCettinger, A J. 20 Heeger
and F. Widl, Phys. Rev. B 47, 13835 (1993); N S. Sariciftci and A J.
Heeger, Intern. J. Mod. Phys. B 8. 237 (1994)]. The active |ayer can al so
be a series of heterojunetions utilizing |layers of organic materials or

bl ends as indicated above. The thin filnms of organic nolecul es, oligoners
and nol ecul ar bl ends can be 25 fabricated with thermal evaporation,

chem cal vapor deposition (CVD) and so on. Thin filns of conjugated

pol ynmers, pol yner/polymer bl ends, polyner/oligoner and pol ymer/ nol eeul e

bl ends can often be fabricated by casting directly from solution in comon

oy o o



WO 991 39394 PCTNS99/ 02239 -13 Exanpl es of typical sem conducting conjugated
polynmers include, but are not limted to, polyacetylene. (' :ﬁAJl)ly 2008l its
derivatives; polyisothianaphene and its derivatives; polythiophene, ("PT"),
and its deri vatives; polypyrrole) ("PPr"), and its derivatives;

pol y(~, 5-t\Rb 5@ g‘pew nyl ene), ("PTV'), and its derivati vg@r/umjon(;gp 5

phenyl ene) ? , and its derivatives; polyflourene. ("PF"), and its
derivatives; poly( phenyl ene vi nyl en®), ( PPV'), and its derivatives;
polycarbazole and its derivatives; poly( 1.6-heptadiyne);

pol yi sot hi anaphend 'dgldcttic'or eke'nnsuhtmg/@e/er fahaperial E@Iamqedtaﬁdit)stenkdbnducti rig

pol yani | i nes ener al di ne and/ or the eneral di ne base forn).
Represent at i @%"%%@Aﬁ@% materials are described in U S. 10 Patent

5, 196, 144 whi ch i Fhé TesitipOT (8t '@Rgdiveibihs bifers & Gfuaieit whefe diig@ee naterial s,
t hose which exhibit solubility In organic solvents are preferred because of

thei r procesgPsatiahénappliedgashe @M?@@dﬁfcaﬁmﬁ destrioged iWhes vilestf are sol ubl e

to co n or I

ool y (2 Hot nosgb by SAEER ek B8 st o o e prcre b pofagea goplisd

(" MEH PPV") [td:obtamdhhan&d pﬂbtoéd:rismuysdhe x@lan&‘ v \will Be sthfied anedmi3. of MeBr anch. in
Materials for n ear tics: Chem er s tives ite y S. R

Mar der, J.E. %I\Iﬁ‘ﬂ ‘éf’sdhﬁ 1S, &%ﬂ?pl(eﬁ ?Yeﬁsgﬁgﬁ‘éﬁfeéﬁfg%éﬁse Y,

Washi ngton D@evek@9 biay, p. 683.],

pol y(2- butyl -5-(2-ethyl - hexyl ) - phenyl enevi nyl ene), ("BuEHPPV') [M A
Ander sson, G Yu, The spectabgagaense gfﬁmlﬁal lmsEaﬂegm%elermgvswtnm9m)qften20

poly(2, bi s 0 [see U S
pat ent gppl i g%%ﬁghgwg%%%éégggﬁm ngr‘é'\é {%ég ﬁa?el i;géeérafe) erence) and
the |ike. Exampkriss GhclsslcatrieemBhiityi) nﬁﬂudmspxglnya(ta*aalbkylhetmapheﬁd&)

("P3AT"), wherein chai.ns .cont ai e tha car bons, such
as from5 to°3§" §§£e85ﬂ§ m@{)ﬁ’ﬁ%"?‘?ﬁﬁ%@ @‘3’?@8’??“’8gﬁ{hﬁfgp'f%gﬁteé%t ed usi ng
donor | accept eiibspratey, bt eRetcodingAsydidiia thheptiealGlaily s demyopitratediagie pol ybl ends can
be bl ends of sem conducting pol ynmer/polyner, or blends of sem conducting
pol ymer wi t h CEMRISHD thissRpifttnol ecul es” and/ or organometal I'i ¢ nol ecul es.
Exanpl g8 for the gpojgiioRto &h@ e U0V B RGRREOIRBbY RIfRA dertdaGk ude but are not
limted to the conjugated polynmers just nentioned, that is PPV, PT, PTV,
and pol y( phehlﬂpb(ﬁ@)te oamnmerimatgomegﬁ agnsms)dchrpmrpaxégnar@xfahwaée for the

acceptors of ot limted to
pol y(cyanaopﬁéeﬂgﬁsgﬁ@\%rr}l gﬁga& !Ygﬁ @Léngsde gﬁ? nlekrggfﬁgew%h%g 2002 WO
99/ 39394 PCTh{388dd)d2 31ibld @ecmjnexmd thscesepminatas:gobes, thamwd (§09- 7fOO mnt); onal
derivatives. and gr i ¢ nol ecul d_qr.ganonet al | es used

her et of or e iﬁefﬂéf'%g%g a‘b‘#}ﬁ'ﬂ" F‘@@@‘@pwg f@%“é‘f”é‘&‘tcf’ i t‘gg'ﬂ E(f'rt | ayers. Qne
can al 20 progigasl chRBE Rpfkbdnted Byalinfenbitity\¢f thecidentilighrif uekd heeOr gani c 5

| ayers in a donor/acceptor het erojunction (i.e., bilay erg3 structure or

al ternation Pajsr Adulhselopimeage eleﬁ’eﬁﬁéﬁ%fegcfsrtﬂéﬂd?‘égf deyie WiB Huse | ayer is
typical ly a ganj ra%arﬁféxsﬁ{;’{ﬁér}w b Shd mgsﬁeb@al%fgep(s%emeg%eﬁs made up of
pol y(cyanaophenyl enevi nyl ene) CNPPV' | er éne nol ecul es such as Cso
and its funcepwplitherday colats ey, r(lwma aaé yﬂ@Ma@th@GB&R) cangrovide

organi c. nol e ed her et n the ar hot or ecept ors and

el ectron tra(rélél'lpr)% fc'd? ag?glhgﬁt IE';) m%om?t'of’hl dt“i‘u ?g?’%jﬂ lEl)tctl on |l ayer structure
for a ?Bot oaci ; veAIoamﬁfg/dégelhudeniuﬁal afpecéuwh tHclspbdnetlrahgz:ofE}RMléEbm I
MEHPPV/ C6~, PT/ C~, P3AT/ Cho, PTV/C~, and so on ac ayer can al so
be made of wikfAreRhelvesh Egchseasing pixel san 'Eﬁi?l%eﬂh)’? ﬁ?‘l"@if}lﬁé’g 1¥oldsyKk ) doped
with dye nol h i bl e spectral
range. In thggkggﬁs%}slé)aqﬂmw rel;‘bgl;l %@S% C glrlsldegs&ﬁe?s/sn%{)‘ ﬁéﬁost bi nder as
wel | as hol e fifrter eedeeetarass-talk bammmdlghbaxmxélaindeﬁicamwitbmunpaiwd@) but are
not limted tﬁ P\/.K/o-chlg{an' PVK/ r h da ne B. an JF?VK/coro ne and the
li ke. The ph®PRtive arepaig layer, Black maimses Bavg T”b“%frb SOMYE A mers or 20
nol eculzgr bl @agsflatlpand Bisﬁla?mé(iﬂdréﬁélars b} SoritfaSt ARG WEN MbwiBih @l @l can be
fabricated into thin filns by chem cafl vapor deposition, nolecular epitaxy
or other known fil mdeposition technol ogies. Exanples of suitable materials
include but are not limted to anthracene) phthal ocyani ne, 6-thiophene
("6T"), 6-phenyl ("6P")) Al um num chelate (Al g3) and other netal -chel ate
nol ecules (mqg3) , PBD, spiro 25 PBD, oxadi azole and its derivatives or
nmol ecul ar bl ends such as 6T1C6~. 6Tl pi nacyanol ) pht hal ocyani ne/ o-chl oranil,
6Pl Al g3, 6P/ PBD and the |ike. Exanples of organic nol ecul es, oligoners and
nol ecul ar bl ends can be used for the active |ayer include anthracene and
its derivatives, tetracene and its derivatives, phthal ocyanine and its
derivatives, pinacyanol and | ts der| vat| ves, 30 fullerene ("Cs~') and its



6T/ Cbo, 6P/ Cbho, 6P/ Al q3, 6T/pinacyanol, phthal ocyani ne/o-chloranil,

ant hracene/ C6~, anthracene/o-chloranil and the like. For thgqpgagtzoeetive

| ayer containing nore than two types of nol ecul es, the organic ["ayer can be
in ablend 5 form in bilayer formor in nultiple alternate layer fornms. In
sone enbodi Eﬁmthe active layer 12 conprises one Or N rR6HRMC

addi tives Wc are optically non-active) to nodify and to i nprove the
devi ce performance. Exanples of the9additive nolecul es include anionic
surfactants such as ether sulfates with a common structure, 10

R( OCH, CH, ) " 0 SixplayMdusiner EherpaRemargrod steeribiacka brlatrix" adrklyd dchieyéd with r epr esent s

proton, netal_ or nji.um cqunterian, .n is noles.of ethylene oxide
typically n- -Sla-“éa!’ﬁ@ O.mfﬁtgﬁgr'f‘@ﬁt SERP-JPk-i8 @hSeIgsT BHPtglgstﬁ&Pé%lF%mt s as additives
for inmproving the 15 performance of polymer light-emtting di odes has been
denonstrated by Y. Cao [U. S. Patent Application; Serial No. 08l 888, 316,

whi ch is incorpor &eastfodss reference]. Other types of additives include solid
state electrolyte r ' . I .pcl t hyl ene oxi de),
lithiumtrifluor o?i% egﬁ%@%@rﬁgﬁéﬁgr 'ﬁglmrrs%BAr gg%gr?g%!'exggabutyl anmoni um
dodecyl Benzenessgatebnelt@rodadretubel dsidhe condp klectatde 0 mdoim-sinoirides €TTO'Yl yte to

| um nescent pol émer ar}g l nvention of new %%ge 8‘5 I iggt .eg}' tting devices
have been derf8RSt P 8y Flegirasie: SURL HPEsPRIeBE HaS BAGTSS P d846. In cases
where the actiiuginh@¥8ped AndBdtes PfA 209 AHNirkinkh ABHS t-6Rdds oA PO™BY-€ phases
with different electron affinities and opti cal enerc?y aps, nanoscal e phase
25 separ at i orpxidsaranshthe likes clhese condurting ceatvigtirre madp ef Qpﬁgrmtal-t)héei nterfaci al
area. The ph 1R R Nl N as an el ectron
acceptors) m%?’ﬁ‘%%'héwg'hcraﬂsag%?%s?%&ﬁg{ﬁg{hee {ejgg Jr) gﬁd g’?ﬁeﬁlity (or 1 ower

i oni zati®n ener gy The eieetsoda saraslsebenbdeonitidathardepdd indigasie cangamiscorbl ends form
a class of charge-transfer terjals, .and enabl e the phptozinitiated charge
separ ati on prailf?gsssfha%@f‘ioﬂg’ﬂ“’% cam, e done P myta G(Q‘E’Eﬂ’ém%ﬁﬁ’gy o by ciftci and

A.J. Heeger, Janfig e compd¥idn oPitelennt, indhved( thd 9dadce oBttRRIdmentsldr+ A " ' ~' D
+ A, (excitation on D); WD 991 39394 ) )
the morphology of the films. These semiconducting or metallic compounds are

known in the art and are well documented (e.g.. N.F. Mott, Metal-Insulating

15 Transitions, 2nd edition (Taylor & Francis, London, 1990); N.F. Mott and E.A.
Davis, Electronic Processes in Non-crystalline Materials (Claredon, Oxford,
1979)]. Examples of such compounds include the cuprate materials which possess
superconductivity at low temperatures (so-called high temperature
superconductors).

20 This electrode can be formed of a conductive polymer such as polyaniline
in the emeraldine salt form prepared using the counterion-induced processability
technology disclosed in U.S. Patent 5,232,631 and in Appl. Phys. Lett. 60, 2711
(1992) or other suitable techniques. The polyaniline film which serves as the
electrode can be cast from solution with high uniformity at room temperature. The

25 organic conducting electrodes in combination with polymer substrates and organic
active layers allow these photosensors be fabricated in fully flexible form. Other
conductive polymers can be used for the transparent or semitransparent electrode
(11inFig. 1 or 21 in Fig. 2A) include polyethylene dioxythiophene polystyrene
sulfonate, ("PEDT/PSS") [Y. Cao, G. Yu, C. Zhang, R. Menon and A.J. Heeger,

30 Synth. Metals, 87, 171 (1997)], poly(pyrrole) or its function derivatives doped



-16 Step 2: conplex); Step 3: Step 4: 5 Step 5: 10 31 July 2002

PCT1US99102239 ~~3D* + A" '~3(D -- A*, (excitation del ocai.' 3&]92@02DA
'~ (D-- A* """ (D -- A-)*, (charge transfer |n|t|ated) "(D7-- A)*
"' ~3(D-- -- A'"), (ion radical pair forned): '~ (D~-- A~ " D + A

(charge SeR@s ?; 943) where (D) denotes the organic donor agerigdyndanot es-the
organi ¢ accepto 1.3 denote singlet or triplet excited states)

respectively. Typl cal thickness of-the active |layer range froma few
hundred Angstromunits to a few thousand Angstromunits; i.e.) 100-5000A (
1 Angstrom unwith dodleﬁylaemje sufbsibacid (' OB8A " ot other atidl [in de.mkhelfkeeger. are not

critical, devi e per an, t I roved,. by using thinner
films with opk ﬂ'@ﬁé:ﬁﬂg’g’ g?’“q‘ é’gtaﬁf#a g?tlv\ﬁ()éﬂ? g%b‘e%t ral region of
interest. The m cmmfs&mﬁasgaremyveabmeme@ubndes AR A)gowlqnelc )eepakd at e or
support 14, 15 20 25 as shown in Fig. 1. This is a solid, idor flexible

| ayer desi gnebe wsed py eledteodes: db’@@ﬂhb@bﬂeﬁﬁs fqﬂéhlasmesnsammonetal@ tredgt ri x array
of diodes. d gag, 1hgy%r eéfsdg%ﬂ\()% hﬁﬁ&ﬁ tr9 suli hﬁ%h@ @egdsﬁ’océ% b fod B are

substrates conmon em ¢onc ers AS"SIC, SiN
can al so be umeﬁeraﬁelédnec Satind (ofibieinkHe fohn of hmhﬂayeaanehecmasttal:l&smcandoped region
of the substrate cap al so serye_as the cont act el g%grode 11 T

E’Ié‘ E‘) g. 1 are

current - vol t affapqe-thg trangparency & the specisal gange REIniRIGSt

typically asygpephystes oﬁeﬂﬁ&ﬂﬂéttof BLAcksiJohh Wl%@ﬁsemwt\hﬁk rl@ﬁf' fication
ratio (defined as the ratio of forward current to reverse current at a

gi ven bi as ma@hamfudé) can be as hi.gh as 106-10~; i.e., conductive in the

forward,Ri as direction and Iatln t n grse bi as. Devi ces
W th tvvoet er m nal s'& UARSPATRY Cl?cri ge id EI 0Bt "%8‘; Pm% "qet%lﬁo{’@ %p°$§'9Mmt ry in

| -V character t(ﬁ‘xﬁhﬂﬁxg@bﬂjnie[‘/&fétall/btﬂﬂ&d:tmb)poty&iek eddielcate tayéprassi/coadwbeng ces) and
are represent in which t %ﬁgow denotes. t he direction of

ed by a synbo
Surr et £ o Dol S s o B fresBishon Brbnerigs Sihson coBPIE dlefpdet e

rectificati oninipbied rélﬁtWe tb tHa( of\@sm mEtaFlapedof Gleishde fiidknéss(@ current ratio
at tvvoglvenvoltogesl /1 (V2 |nwh|ch|(v~)>1$v~) A speci al

situationis V,-- CW%MQP&F@(FFW‘%‘FWCE%&W kesusgd agthe s i nventi on,
the swi f§ghing

31 July 2002 %&I&S%Aﬁgﬂl éééf’){?J%ng@?bgBe%%Tﬁg&%gn/ﬁ%gSﬁ“ce I}IB%‘HA Boun o

Fig, 1 can beOijstscbsasT}mrpheﬂomn‘smmy sanibe ehhancedshyi fabriicating tiededéd ina sensor
device in series wt

TR TN o R O T N R
2B. ' This uni midds.i D@hﬂﬁﬁﬁxaﬁd&b’&ﬁﬁeéﬁ the 260 el&ct&ﬂﬂ!b‘ﬂ{halmd thelphomensitivity
at certain wavelengths and results in selective spectral response. similar to that
20 seen in optical microcavity (optical etalon) devices.
The “back” electrode 13 in Fig . 1 is typically made of a metal, such as Ca,
Sm, Y, Mg, Al, In, Cu, Ag, Au and so on. Metal alloys can also be used as the
electrode materials. These metal electrodes can be fabricated by, for example,
thermal evaporation, electron beam evaporation, sputtering, chemical vapor
25 deposition, melting process or other technologies. The thickness of the electrode
13 in Fig. 1 (and 11 in Fig. 2) is not critical and can be from hundreds of
Angstroms to hundreds of microns or thicker. The thickness can be controlled to
achieve a desired surface conductivity.
When desired, for example. for a photodiode with detectivity on both front

30 and back side, the transparent and semi-transparent materials described above can

also be used as the “back” electrode.



5 el ectrodes 25 and 23 and sensing el ement 24. The switching function is
provi ded by el ectrodes 21 and 23 and sem conductor | ayer 2234 ﬁ“?.zoaﬁl shows
their equivalent circuit. Since the conductivity or electric potential (or
time derivatives or integrals) of the sensor |ayer are designed to change
in respons%vcfﬁ,ﬁﬁer nal physical conditions (for exanpl epciraspgdadsur e or
magnetic fie . this sensing 10 circuit can be used as a sensing el enent
whi ch can be switched on in forwardlbtas and be swi tched off at zero and
reverse bias. Many physical effects can be detected by selecting the
sensing | ayer. ForAssemnpbsieated ihgherexamples of this ifentione mierpsyvitejes wigker can change
directly inr to _changes |in. & ner I ield
(magnet or esi Sﬁ%\f’}ﬁ?éﬁ %]ra %ﬁﬁflﬁ'cef ?net%:e{} @&%ﬁﬁ%?@ﬁ#‘i Fdly aggt%'gﬁﬂg%lgﬁvse}cyt@éhi nci dent
m crowave r adiesisiiary. Fof exagiphe. BANIPAXMIPSK Sthtabulk redistivity of bider 10°gh ener gy
fl uxes (photoconductive effect) and so on, Alternatively, external

envi r onment al B §&hbfased assthe arode materigl ofjpicioswisehes with gogdotvdishing -V n t he
sensi ng kayer e RN g | : g nge in the
ciroul s iyt Syl o b3S o] BRI e sl ST r ot f oot
(vol t age chanlyie/MEHFRIS{IBANE-PAAMES Adnesbe -y dbmngastics aisalefikedrbyolkd ectri c

ef fect (voltage,change i to t erature change and.t he
phot ovol tai c g’f’%e‘@?“%&%?&ﬁ%ﬁ@éﬁﬁﬁ‘d%p% %eévetsgngﬁacﬁﬁéucfoﬁ & dent 1i ght
intensity), efestcirtlie¢ Bl wlivaBagdlof T8 a Eotdget Slbabde ivith high bulk redi&iivay 30 be used
for anot her t'ﬁlge of sensing anI ications, in which the derivative and

9

integral of t et whanthslateral repistance is Sighcaeuahdby. prepgyaelectioniof thedulkar na

envi r onggnt . : t [ ; ' ' es shown
B A e S e A R T A S il
I (V), and ti nthegewlsyakd cressaalll betmeaypiatls bécomepsufficiersly sall timt patterifinn t he
sensor (20) isftﬂsﬁdh§)oli( Isil.ﬂ%htt vave Qr rtz%ldi Q. ave detection, one of the

el ectrodes (2%, SN PUEATY a‘%g’afepéﬂgﬁ%rgﬁ? oF sem transparent to the

i nci dent 30 el ect rpamtyotiaticelestvdes” NeIB)tsbere Wathe an®leiand callegde of them t he
substrate side, ,the substrate needs to be transparent or semtransparent to
the inci dent 94 1q¥UgELFiectrons gnd @ﬂqsyrezmmvaﬁw@@ @3@?0}?‘53‘FPEQ§M02239 -18

Col um- 9w adgngssatd ovide¥RitH LARPEd Sftorlddédr asNARS 1 Y eheSRBENSlediBEE | CES can
be constructed with the voltage-sw tchabl e sensor eienents, as shown in

Fig. 2. Two niftdefiredss thecang vath relatévelinigheriwori-fugction. Mrihsidevigesuyithprnent
circuits (in DWW cal 3 | : sensor
matri ces, the§re‘f ie)}(‘:vfurn(% oenslg(tggli?y %g?’qhe %{oge?' l};%}%glgllﬁelﬁgg% %SéP%Jé 1%1 Eﬁg&rt ows and
col unms per pewith thel padoped regaomh Iintihthe casen thdwmodasm befdefinagl as Bk claroda r ay  of
the columm el ectrodes (31 is first deposite nd tterned.on the
substrate (36)"."}’%%@?1',"0 e"Eé‘?f%‘EP they c¥'r°°(5§§;?he| cs""%"é%&%?‘t%g% g? a@%té?nhtomen t he
: ater alh200|ndu&£di@diha01fncﬁahaﬁselﬂtg@lddgadlﬁﬁnihﬁﬂu&gxﬁ (mdgwoxrghmhﬁd iinstigsmji)fi ciently
ow. this layer does not have to be patterned. Then a netal | ayer or a
doped 10 senm eqwgﬁ&&edﬁseq af\pag coptagt ')‘a‘F'éa?ﬂ%%’dsﬁnf’éa- O&ﬁd‘”ﬁ&? oEysingAoprq
necessary); (sflcdn a3 eKe/modESt drithicIBmHSkeRt &theqas'seqefegﬁive@sm.gfp&t@ sensors,
and it serves as the contact electrode to the switching di odes. As

specifical |y anstRdKingdpilihysbetsns ¢4rd7H Ao Enampldnirmpnseaing theduct ors wi th
proper work fyneti . I CICH d.al. l\\fy€Si st ance
bt “The o or i Ak gPehna@ling PR uas DAL calsfle Sl BB PANES) 2
bet ween2fiei ghti8Ai PEDPIPSS| andipolypegble JRY, es elédtrodesah electeclasine®8ntneed not be

patterned, a sinplificatign which |eads {o considerabl.e vant a in
manuf act unng ae"g‘gék"a‘ﬁ e F‘fl%sﬁfim?9““%?%°£%“E‘EWQ’“LWEPHS(6[§4§?‘?%‘ ‘hen
deposi ted. Fi a, lphentSB328030 A, Glstdfddbn, 0LICHING UEFeh QI SK favietier, N T abri cat ed

on top of the sensing layer to conplete the colum-row addressabl e sensor
array. 20 Pat Celenérngndok. )t Heegse Scicnredddt 447 (11 282016, Y@@, US4Paters not necessary

when the |ate S i nce of .the materi cCoMmri s hat. | ayer is high
enough. Thus)ggg%gﬁilg’g%éyﬁwg%c aﬁé‘qys@%tef'éﬁfmt”;@g%é’gi%%ix. Each
cross-pgont ofvul QezHafYY RaMenoR kb, JEHEGES, 8k, Medal (1997)a0. GRBSANY el ement

(pi xel) with device structure simlar to that shown in Fig. 1 or Fig. 2.

The row and t RHéegepliiimhce prb® Yo Bém. Syngty Metals 82,281 499%He cont act el ectrodes
for the mcroswitches and the sensing devices. The el ectrode 33 can be
either a single-layer or a bi-layer, to neet the contact needs for both

swi tching layer 32 and sensing |layer 34. YJhen highly conductive nmetals are
used far 33, this layer needs to be patterned into isolated pixels as that
shown in Fig. 3. However, a thin layer of netal can be prepared as the

el ectrode 33 in the 30 formof granular particles with a density bel ow
percol ation threshold, the resistance in lateral direction is |arge enough
that no patterning of the electrode 33 is 31 July 2002 WD 99/ 39394

PR Y Y. N Y. Y. AN A o p— o A A



5 continuous coating can be used. The actwe area of each pixel is defined
ei ther by the widths of the row and colum el ectrodes (31, 3p)uly@pogefi ned
by the patterned size of el ectrode 33, whichever is snaller. The devi ce
structure can be reversed so that the switching layer is closer to the
substrate, woosdsman in Fig. 3B. The preference i s dependerar/us?9/04389 pr ocess
10 sinplicity or the type of sensor fabricated. For exanple, for a pressure
sensor whi ch senses the mechani cal'b:f'essure near the device pixels, Fig. 3B
is the better choige since,the _sensor |layer is closer to the free surface.
For an IR sensor im%i%‘anic seni conductor layer (e.g., Ge) is
used for IR sensi n&eséﬂ%oﬁ&dct&ﬂd%ﬁsﬁfadfbﬁa thidAheet of MéRJaBE or Sighse the metal
| ayer (33) can be patterned with 15 conventional photolithograph
t echnol ogy onsem@némctmg@amalselngr@ame ma@paﬂsw@de STiSe, @@rﬁﬁSan& g@ .ode 33
provides the rk function n ces [y i Si nce high
resistivity ng? TSt gﬂfg‘if"ﬁoné@mﬂ' gy é’%‘%%g e:,\‘hror(rﬁ\%ag'g%lgséiﬁ'&&"(ghductors can
provide §his &daghicdBolyfdfalomi @/in adrﬁbxﬁannb&thueedoqagdtéanmﬂmlanel ectrode
bet ween the sensing |layer and the switching |ayer. In some 20 applications,
patterning of O&rn%reeta%m%frqy@ﬁ,r%eangér f&aﬁ%maqogéjwseg Brierpln AsR 8 Verhese
m croswi tch-b I dr essed
usi ng schenesgs??ﬂ}/ﬁqg’?é% i‘(éleht“ﬁose w‘#&%@ﬁ@%?ﬁ t%ﬁ?&ﬁg&g"i %e matrices.
One practi cal Thhacuvmqgavhbw das bc ableppbitwe Opmemon,elgbieégolammss’etht he row and
col um el ectrod row el ectroder 2 and col um
S

25 el ectrode B™ |'F‘ir (Tfld er qe&%%%@%ﬁ%‘d dglgetré'ﬁleg nﬁc Jeat ST hSften

achi evetb wi t hao@mala@@ cahlbé b PleB 6f tvol? RveEbigahid motebﬂesr@uh gifilacar! uM
el ectrodes. pi xel at the crossgfm nt of the two el ectrode |s t hen

swi t ched on V\P? frrentelechpn plmities Apgfiffersntadeqigpig gpergngapst B *HVHIAF vol t age.
Since there i &n%%yeﬁd%fgdrﬁ\%téd'bofyﬂ’}é?sra?ﬁ oBlafR rhdledult8 WR'sithilebor Pat hs seen
from2 to B (except t cross-point). the | eakage 30 currents
from the par afiffetenysiectron aﬁ'@nwegnd diffbtent enprgy gapsyi Hhe latepoffers snerifict ed. The

current or it ternal test

| oop 31 Jul ?/d‘}ﬁx%%g\f\—gh@dﬁggég%%b% %ggmlﬁéﬁ?gth%%&@%ﬁhgc Ea‘? B is thus
sensiti¥® to plveoipdugsd datgeamnstki dndrhargasephiatorp iaypbénodidnon bvhnch mage of the
entire sensor _can b ectroni ca eco ded, by | ect. each pixel of the
array in tim® fﬁ‘é&’?ﬁ%ﬁ’e@“°‘ﬂﬁ8flﬂwb‘m§ﬂ&‘ %’8] ?5%% ‘é%gﬁf 'gy connect i ng
the row and tsls33:m3t(nmﬂ9exl994:)t wsie&uircmcdw/ml He@kewmt&hspsossme only two
possi bl e vol t age st at es h* and "| ow'. is often acconplished via

digital decodéctd; 998) Nss. o$arl§lf§jﬁ' tLaIS'%‘Fﬂ"YIEZ ﬁég#@?@l’é‘"d FnWud}s Scighgeyi ng

schene, threeydy mﬂwg&z@r@@mmtﬁh yﬁar@ﬁca@@l Wu, €XGetinf@ragach sensing
pi xel . For exanpl e, at an instant of time, row 2 is sélected | ow and

colum ®is sHP@Gt@d Pnl\yhdl Ph@anVxBI4721§3i3é(119ﬁél)eN §-obanigiftei mdadJand i s
| ect ed f |
Curned of by Sk SBA"TE e, VS b B9 e e Ty B8RO BERLVE Y s

except B. Theseiepobtrtesojamictionsnwtilizingdeyerszsfopganicasateriblhsoribdais i indjcqpedkel s i n
the columm B can al so be actively turned off by applying the sane potenti al
as that of cof Bto all rows except 2. In this wa~~, all the pixels
except 2B will be ﬁiébmﬁtmmsef&FM@hokemes Bh%?&n&gaﬁdqmemrlmea& caftBél 15
therefore will not contribut o the current in the external circuit For
the pi x8¥s unfbricatesrwittithersnal eyapexation. (chergienl vapgrt dappsition GIVIY) andsvom) / 1(OV) s
achi eved t han J ' i ) Anot her
driving scherrrgﬁlpgﬁrgg#%\ﬂegx%& B @?,,';1'2,% Aﬁé’{"ﬁ@"ﬁ&k g‘# éM?mr//(%l{go g’gt rodes at a
gi ven pot ent i aid gotymdi/matecale Blbﬁ)dsf:mofree&dfahnitatéd;bgcdfasamg dissotheftorad t o 20
current-voltagpe converters qQr current jnﬁeﬁ{]@ The c%rm(or r ow)

el ectrodes ar ¥'EPORAMERMBARSBYENGRE UHBE JSUIFT %ﬁ?@r‘ifﬁisé}ﬁtl ®Napplied to the
row colum) e IS
operation canb@gﬁ]érggfﬁo zlggg-bdigge ‘%?%ﬁlgé %é.vggyexfggfagggf&gp 95\}’5,}3 maz;éagl gi tal
decoder 301 n t bite flexible isulgstrateh eiedding uniqhas methanigplly exible photeskngms.at a gi ven
time) leaving the rest colums(rows) under 25 zero bias. The m crosw tches
connected to the off colums(rows)are thus in the off state. As shown in
the Exanples, the current switching ratio I (Vo~)/1(0OV) can be over 109
times, better than the rectification ratio I(Vo~)II(-Vo~) Since the data
are read out colum(row) by colum(row), the tine need For read out the
entire matri x can be nuch faster than that with the paint scan schenes. 30
There are two common approaches to colum and row selections. One is the
so-called shift-registration. in which the pixels are scanned |ine-by-1ine
intime 31 July 2002 WO 991 39394 PCT/ US99/ 02239 -21 sequence. This
addre55| ng rret hod has been frequently used |n em SSI ve d| spl ays made W|th

o L Y L o



5 This addressing scheme has frequently been used in nenory chips in the
conput er industry. This scan schene is interested by its sejtenilp2002ty of
sensing area with faster frame time. Both addressing schenmes can be used to
address the mcroswitch boards and the integrated sensor matrices shown in
Figures 3 @Qﬁw?”g}'he switch matrices disclosed in this ipegriséopaean be
used not only 10 sensor applications (picking up signals from each

pi xel location), but also for deli~®rding electric signals (current) charge,
voltage and their variations) to every pixel locations. Corporating such

m croswitches wit IExa’nnibed)femicail serhiggrstuctiig donpleated polmensrimniydephusprer t y,

dabl d [ h
2 owrcon i ¢ ACHIERR B RRRMERS 78 58 e HERRTS lBh Rt SRR O "Lan b

made for el edistdefivatipés, 9akmtdpaa&toplm)t thi’itsE%AWvEs?ppa'fypsnd)le\(eﬂ’ﬂrl')()ﬂudw 'l be
further described with the reference to the acconpanyi ng exanples. These

exanpl es ar e fdedatvesipely(% I-thirsyleadnyigngs (&T\Qb apd &éf‘?ft‘iaﬁbest leéY(anentl on
but tt 1 MsM
put aresnot heerp PPePULEHES dekilhival pB3Tlobnd. laew;i 3hd'Rs adpeAiRLe

structueshownln e anode
el ectrode ( Jpbly(phesdend vinyléries, (E)Wmlaedméeranatqudmdmadmpddamdlm oxi de (1TO0)
| ayer vmth kfunctlo .8.eY.and surface resisitivity of ~20 !;
2/ squar e. eﬂi’at’lveszgmﬁi;&l Lem?qlxﬂemgg'ﬂfgg'bmé&ef’ﬁ@ldaﬁsoicf'?ﬁqvés’( 14) for this
device. At hlpamqameren@indl‘éaﬂ;oeﬁ’abc(mglE&%nms(l&pllacsaﬁéralamband/bﬁhelTO
el ectrode at roomtenperature. Detalls on the synthesis and process of
I\/EH- PPV can K&weradingbase farm).cRepresentative polyagiline majorialajaredeseribed @ U danov, z

andoD. :;gm; [ n t

Per specti veg/qﬁ fe?]?? 6R’4Q cPei s nﬁ:blspgf‘ef?({g a%ﬁgrﬁ@s%)ﬁc ef/e%%g'](ﬁ\rrerl can

Chemi cal Socitkdsy whithskhibiysanbilihGn dbEic Splvelﬁsﬁ}‘:prﬁﬁﬂrtddlhﬁcdlagldf‘thﬂf Ca 31
July 2002 WD 991 39 39@ PCTI US99102239 -22 (500-50000 was then thernally
evapor at ed ad ! K ®4l ectrode (the Ca was typically over-covered by a
protective |ayer Bkémpla'mmaevﬁaWeea/haﬂx aéalubliad icommbasorgnit cm . Figure SA
shows the device current as a func s voltage, Forward 5 bias is
deftned as péQiVF‘P‘\S/E‘C(}‘S? poly@-RepPYYS st WLeexz%yhgﬂtpggwmfwa’ yleng),

char actgri st i(QIEHPHOY mrwu@ﬂ ﬁswpame%ngl@swsﬂo@dﬂ I\ Qnd D! 8RBr&GHONS. A
very small current was detected below 1.3 V (e.g. ~0.4 nAlcn? at 1V). In

the range of inMsatezialy fonlanlinesr\Qntigs: Cihemésat P?‘?R??@@@e?é“&(bbﬁ@ntl\ﬂﬁmry with the
bi asi ng vol t age X r tT= V>2 V, the
rate of increés’e@?‘ Ijioét%%%%n\éﬁ?@nwcﬁlﬁ)ﬁ?gﬁggm eg?r@rgmiard current
:n t?edhitgh lji9as),pe§ﬂ30]np<yl@(§ tﬂm(rjhslq(ateelq'lihwﬁpt h—phenyﬂm:leinngleaejd("Bp@lgg c?gg ge(
imte ran ; raun a s ,

1991 ): 1. pFh SQJ&R ‘g‘def/ib‘m & ﬁh‘{;é%? %V'@P%%Ef?g H’KE?@@’se bi as, the

curr ent2or emalpi&MZ BOR(dhile SRSl RNM ;ﬁnten)tmevinwﬁé) pBCmrPPWS) [fdeans. for several

volts. The rectification_ ra of this devjce_is otted in Fi SB.
R ~. 4x10~ atPa®niapplication No. 07/806 555, mcorporated here?n {)y referenc%] and the llke g:

Examples of soluble PTs include poly(3-alkylthiophenes), ("P3AT"), wherein the
alky! side chains contain more than 4 carbons, such as from 5 to 30 carbons.
Organic image sensors can be fabricated using donor/acceptor polyblends

25 as the photoactive layer. These polyblends can be blends of semiconducting
polymer/polymer, or blends of semiconducting polymer with suitable organic
molecules and/or organometallic molecules. Examples for the donor of the
donor/acceptor polyblends include but are not limited to the conjugated polymers
just mentioned, that is PPV, PT, PTV, and poly(phenylene), and their soluble

30 derivatives. Examples for the acceptors of the donor/acceptor polyblends include

but are not limited to poly(cyanaophenylenevinylene) ("CN-PPV"), fullerene



MBSM devi ces were al so fabricated with P3HT, Al g3, PPV, and C6~ as the

sem conducting layer, Simlar device performances were obsegyvggly 2068/
devices simlar to that shown in Fig. 1 were also fabricated in 4.0 20
cnx6.4 cmsize. Simlar device performance was observed, This exanple
denonst r at o bdmdkese! €Cctri c m croswi tches can be constructmsctaiseba® t hi n
filmMSM configuration. These two-term nal, passive devices can be swtched
to the conductive state ("ON' state}4by applying a forward bias (wth

hi gher potential on the anode el ectrodg}y and switched to the

non- conduct i nfokeessuplay €qppd itssfupgtiopal riyatiyes, pRdorganiepieleseinds or a zero
bias. Rectifi éi'géﬂo%tz{lﬁé 1‘118%%19!:5(‘11%2{)3%1 relill EneVVef By {S\ﬁi@gﬁ% {o?stcﬁ%e@fro V. The

ON OFF switching ratio un IS even appr oachi ng
appr oxi mat el yuwdn@pqrslagersFi g. SA). This Exanpl e al so denonstrates that
organi c sem condugéors can be used to fg&r?i cate mcro.sw@ches at ,room

tenperature, using AP EHSPrF toactive dayers usng dyo sermicendycting preanis

printingi scrrgds R4 &rbPsoceRbr HebdsjiRkioR iRR Bid)dr ot RRRrlaf@RARnl S er
fabrication of arrays over 1arge areas. 31 July 2002 WO 991 39394
PCT/ US99/ 02239ructupd. Invtheseonimetures,tihe drnor loxeziis tyhissllxieeanigated peldmen t hi s

Exanpl e were ri.cated on f] exi Laflexi ble form
Thi s mechani ci:'g?gfa h‘gg}etﬁ: P °§ lalygr ‘ﬁﬁl.ag%‘gallé ﬁ%ﬁ%ﬁﬁ{p@&%ﬂ]ﬁ%@i&lf% )i( ch% active
swi t chi ng pankP¥")nfatlereind inbledidssuéh 43eC Hartdi igfucriopa rdati vatiees (adwhiagat i on process

processes propibit t of flexihle subsirates)., Exanple 2 The

experi nents opé@aﬁ?ﬂﬂ_gm?reowa@&éa?é‘a"WE hetet 2°t‘ﬂ(§%<edﬁg'§la’é and Al as the
cat hode 10 The HiRVdreRphtsZmd¥RRiurbeEasach lapers) . ERRMPIGTHY this KTBRIARNSayep that 10
of a pixel inamcroswitch matrix for" i nmage sensorpﬁpdallcatlons. The 1-V

char act eri st i #sichyrifor hphoteastive lagertinchuderbat are nof limidsdgarPHVHCRI MEHGA and 6B.
The rectificaﬁiw& rgxr}co §E‘QTM[2§P /(g)‘;ndrsgtohp at 5 Vand OV were --Sx 105
I 'm 1°ar

and > 10', respectfvel §* eH'Ces were fabricated with different
nmet al cat hode, i ncThedictige lager Sin aldb belnade M Adde Bagd\bolyiners sBeh asagly-IQu, | n, Hf

ete. Simlar St SOIRR VRN aonew iR SR maieudls 38 Shhab & Re
15 photosensitivity in 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.
The photoactive layer can employ organic molecules, oligomers or
20 molecular blends. In this embodiment. the photosensitive material can be
fabricated into thin films by chemical vapor deposition, molecular epitaxy or other
known film-deposition technologies. Examples of suitable materials include but
are not limited to anthracene, phthalocyanine, 6-thiophene ("6T"), 6-phenyl ("6P"),
Aluminum chelate (Alq3) and other metal-chelate molecules (m-q3) , PBD, spiro-
25 PBD. oxadiazole and its derivatives or molecular blends such as 6T/C,,.
6T/pinacyanol, phthalocyanine/o-chloranil, 6P/Alq3, 6P/PBD and the like.
Examples of organic molecules. oligomers and molecular blends can be
used for the active layer include anthracene and its derivatives, tetracene and its
derivatives, phthalocyanine and its derivatives, pinacyanol and its derivatives.
30 fullerene ("C,,") and its derivatives, thiophene oligomers (such as sixethiophene

"6T" and octithiophene "8T") and their derivatives and the like, phenyl oligomers



Simlar devices were fabricated with a thin buffer inserting between the
sem conductng | ayer and the cathode |ayer. Exanples of the pujfigraooayer

i ncl ude inorgani ¢ conpounds such as LiF, BaO, BaF,, Li,O Organic nolecul es
can also 20 be used for the buffer. Exanples include OC. A and its

derivati vesosisgidhar sw tching effect was observed i n earbTaase2236r gani c
nol ecul es were al so used for the buffer, Exanples include anionic
surfactants such as ether sulfates-Wth a comon structure, R(OCH~CH,)~0SO,
M 25 wherein R represents alkyl alkyllaryl, M- represents proton, netal or
amoni um countsest assixepheny "B erocipheay hBP orfed Sheirdleriyaypcandithe likep- 40y, 31
July 2002 WO 39 P I hayer conprising

t hese or gani cgﬁgf%ﬁﬁ‘&%gﬁﬁeﬁéﬁ&?'%}léﬂnmtggae‘ﬂn&?&g}gt&ﬁg‘ge and the

seni conduct i naptiveddné?B), anthprowedchiemibandphy filer Fanthe phetsactibsysred. Si ni | ar
devices were fabri.cated wth different tal anodes. incl udi u. 5 Cr,
Ag. Pt etc. MBS RSB e ey SlER el R CrAR YL PR ID & al o
used as 4§ he aﬁﬂﬂﬂn!ﬁﬂ&ﬁﬂqﬂn-ormmﬁﬁgﬁ_aﬁ%@w I$jeffok@s. SWi tching performance was
observed. In the microswitches fabricated in the Aul MEH PPV/ Ca/ Al
configuration) a flasome embadimens. thefacthyrolaygrd dcomprises ond @veate ongarie pul sed
operation. Co | this val ue t i r ' ~'cm' o al ~
zero 10 bi as, maaﬂé}\?\npﬁ%% naée (r’pgiclalgy %(?r"%tl]%)q(\?\é?gg%%??ﬁg&og%t.h%gﬁ‘lggem:xarrpl e
denonstr at es pdrfarmaret aEsanldstofdrradditive aibleoulss molude amighiasusfaciants shge can be
selected as the anoqg and.cat hode materials. This exanple al so denonstrates
that stable nitedies syliaiespitha cRIMORSIUAPS: ang conducting pol ymers can be used
as the ehectrode roeH,elp dw, Mre mcroswitches. This exanple also 15
denonstrates that a buffer |ayer can be inserted between the seni conductor
| ayer and t heWeesein&aepresppisialkybalkylird. 3 The experinments of Exanple 1 were

repeated with 1 TO\gs . An MEH- PPV: PCBM bl end
film(1l:1 weight rrgttleg g%@%s%’gﬂggl%#ﬁ@ﬁ?g@e‘%ﬁ%%ﬁ%cti ng layer 12, which
was spin cast fromisololdsiobethylanexgidertgpicglyor@et®h.r at i on of approximately 0.5
w %9. PCBMis a full.erene rmbecul e vvifth nol eg(&l}.ar t.r ucturet and chem cal
properties sim | ar RPHCRHON OLSUCh AROBI spridiants 43 A KeS ST ImPEN 8 Whape) . Detail s
?gogt iHls s%/npelm&hB' ﬁ)ﬁﬁﬁp(ﬁhﬁ&d{‘g}éﬁéﬂgﬁ{@ dwdebg&F&emrﬁmgﬂegbﬁ% (4o ICLt er atE:S g re
. C. Humel en : ni ght, F. pec. an ) i, J. g. em :
532 (1995)]. he Hatept Applicaiiqne Serigl Nos08(B3E.110e Which i ‘f‘?"é%&r?‘&‘iw atio are
plotted in Figfereierand 7B. The rectification ratio was |arger than 4x10'
for bias over 1.5 V and the ONNO'f ratio operating at 2V and OV was >3x10'.
31 July 2002 WO 990tg3gpes pORBSGS roiude solidstateelpgrodytesras organis spléesr e obt ai ned
fr om | T NEH' E)Ea}«é)%ET{ld?lLde &oﬁgtgﬁge%xﬁk,%hi%\ﬂiﬁl?o'?‘od‘l&hm&ﬁ%%ngtg.%r ]gheir
sem conducting ldyer was i n a bi-layer structure remniscent of the
so-cal | 28 het Hemjsumedbugytansthoniah dodecy thenzzoesgtonate ahduhclids:. ApplisatiBnafipl e
denonstrat es th@t thc? s?m' conduct i I%?‘{. 12 .1n ghe t5 rri@r wi tches can be
a blend. a cotSAEITHERIY i fumingscept palymers i inyentiop oL pew iYpe PLIMY i s Exanpl e
al so _denonst r ghigngtdadices HVEbdeA dembnstiard GeULS. 2AsAHE 5,682,046 T indIpdMsas. VEH PPV

and PCBM the forward current turn-on voltage was seiagnifi cantly reduced,
t her eby achi evi ng I8 cpeghere thejaciivedayes is made o opganicdiends with {we ofinese as.

R e

anode and Ca as the cat e device si'ze was
rem ni sé&nt ofeparafor3®mmonty Gcdrspandhieteedjurstions fioits piabevinterfaciabdred. XThe A

PAN1- PAAMPSA |.ayer. f.300Q insert.ed i n between the Ag.a he MEl - 1- PPV
| ayer as a bu?h%&”l%é@?gh#ﬁéam\ﬁ@ﬂ%a& aélapgfté?t{:@ a&ﬁ?“’[’%&‘”ﬂg‘i&{hﬁi cation
rati o are pl ophacét with I6ier elébboR BEinfB(or 16Weribnitatioh ehdripder@B as &t | 0 was hi gher

than 106 at 6V. The ONNIOFf ratio at 6V and OV was greater than 2x 1 Qy. The
PANI | ayer al ¥ectiondanasts).t Reese prgpuie hteadsforna pelesy ofchpreetransfey matssialse by

I proving T abgdCakli@he bhéiodnitAdd ARYEELpRREIAirbadSs ddfn€d by'the FARWIAET abl -
30 steps [N.S. Sariciftci and A.J. Heeger, Intern. J. Mod. Phys. B 8. 237 (1994)]:
Step 1: D+ A “ 9D* + A, (excitation on D);



This experinment was repeated with the thickness of the buffer |ayer varied
between 100 and 3000g. Simlar device performance was obserypguly2@02hi s
experiment was repeated with a buffer layer made with PANl with different
resistivity (from10'- Silcmto 10°'6 Slcm. The resistivity was varied

ei ther by cRgQashdg, di fferent counterions (such as CSA) PAAMASRoRSEs DY

bl endi ng the conductive PANI with an electrically-inert host polynmer (such
as PMWA). Simlar device performanedéwas observed. 25 This exanpl e
denonstrated that a buffer |ayer can be inserted at the S-Minterface to

i mprove the devi ceStep2f or marri#¥ { auci(Das A)bdercitatom defocalézeil omDshort s,
enhancenment of devi.ce stability). The buffer |ayer can also be used to
nodi fy the Mgomﬁf’grface and thereby inprove the device |-V
characteristics. Téepgurrentsbumpn: Bt his yExeiplearanser @driatji ned by the
wor k function of the PANI (~5 eV). 31 July 2002 W O 991 39394

PCTI US99102239 - 265teafner t hER oyAlHe "M (=43 (wvyadical gair fogped): Thi s
exanpl e al so denon tes thap-the.regi-gtivi f . huffer |ayer can be
vari ed i% a broad ?‘g%g'e. Exaggl e §B§l\§/| ?e'é‘s '\5\%%?%%%‘82 ed in the form of

| TO' PANI - PAAMREAICAD) ddniotee dte obgahic\doatraand €A edenstes the ovgane aodxperviedl i n bot h

bi asi ng direct,ions., m c, cont acés at both | TOQ PANI - PAAMPSA and

met al / PANI - PARRISSSInelst F friplet exqyfed states, 5esBrlNely Thi s exanpl e al ong with the
Exanpl e 4 dermonst r @y ficd Hidknass/of S8 abBRilHlet B W alféy Bindi@nARBurbmed as the
common el ectrode 23 and 33 (see Fig. 2 and %:I . 3) 10 to serve both as the
anode for theUniisdp 8ot thonsan angﬁ@nbmﬁsbl-e@dﬁﬁ-égf@%ﬂ Argsraenabsl024 and 34.
Exanpl e "Th X i r a 1 " s the
anode and p, 1008 RESEHe SRl AR Rks WG GRRASIA el Glabo Rl 2

sem conduct i ngypicallebe improgedllly wingrthinoerdiliSs with bptioabdenpitiepalilesd thmp tebem cal
vapor depositio and was in..p type/undoped/ n-type three | ayer
configuration™ t%ﬁépcagﬂir%ow\gégtaregti eved by ion inplantation. The |-V
characteristics anthdhRrds®fth {10Fmby 850 indlubi®arpéptiondl QLibstrdtei of sippgrt 19A and 9B.
The rectification ratjo was 3x10' at 2 V and the ONOf ratio at 2V and ~OV
was >5x106. 28 shewa pkignh| Thigisasalidrigidy flenible layrs designe tevmyidenduct or il ns

can al sgsbe UssflsiASs i@ ARAECARDY gxdéﬂ&{ig %7{'5'}" I\/(])fjd?odeg._zﬁlagsz, qdhzt PRymer

m crosw tches of this invention. nmp croswitches were tabricated
simlar to thaleeswpfiexibla pRgtinlms ate subieateeomnaenlyiused riemicenducten r ent dl | dV

was measur ed Fafets (fsﬁjcrﬂcats %9, 'baSRfs, é)lb?élw Ban’ ﬂjsot $29f8ed as the substrate 14. In these

cases, a thin, doped region of the substrate can also serve as the contact electrode
11.

20 The current-voltage (I-V) characteristics of the devices shown in Fig. 1 are
typically asymmetric. As demonstrated in the Examples, the rectification ratio
(defined as the ratio of forward current to reverse cutrent at a given bias
magnitude) can be as high as 10%-1 07; i.e., conductive in the forward bias direction
and insulating at zero and in reverse bias. Devices with two terminals, such as that

25 of Fig. 1, and with strong asymmetry in I-V characteristics are traditionally called
diodes (passive devices) and are represented by a symbol -, in which the arrow
denotes the direction of current flow. The switching property can be characterized
by the rectification ratio I(V) / 1(-V). or the switching ratio (a current ratio at two
given voltages I(V;)/1(V,) in which I(V) > I(V,)). A special situation is V,=0.

30 As demonstrated in the Examples of this invention. the switching ratio I(V,)/1(V,)
can be higher than 10'0 for V, close to OV.



25 the data are shown in Fig. 10A. The device conductance G (=1/V) as a
function of bias voltage was neasured; the data are shown |§1§hg 2049B. The
integrated current, Int IdV, as a function of biasi ng vol tage was neasured
and shown in Fig. | OC 31 July 2002 WO 99/ 9394 PCTNS99/ 02239 Swi t ching
behavi or siwbloaosdo that of 1-V (see Fig. 5A) were obsen-8aTUsnenod3® t hese
quantities. The tine derivative and integral of the device current | were
al so tested. switching behavi or iderdtical to the device current | (Fig. 5A

were observed. 5 Thjs nstrat.es that t osw tches 10 can
not only be used fﬂ‘ @%ﬁ d?®g’3?‘8%‘% iy e F"S%IPP%F BiriE SWiItd\P ¢ chi ng
ot her . physi calkwR@f SRS §eﬁéo%@ﬂce/\ﬂntsbnéshatmué£\ﬁt&x folAmp@%aMRee, the
various derivatives and the integrals of the current) Exanpl e 8 10

| TO' MEH PPVI Cawitsheblssoiisprimss ey geomghiic stragtarss phthe P@S@tw@@@r@hgmm in Fig.

L e LN CKNESPie0fa WP B R, S e B00RR A ey SR GRE RPN 2 3V vas

nmeasured as a en era ata are plotted in Fig.

| 1, whi 6h shelsirddeals e 28 biid RAsing é]bllnelWQM ﬂ‘ﬁe sveitchirigdanction p(prdyiddd’ ), with
To-- 0.34 eV. . Mcroswitches in the sanme configuration were al so

fabricated i n by olegiepdes 2 band ARrand §emisaRaustor JYPrel 2ndpg- ik shovsibeirni | ar to t hat
shown in Fig. ﬁudwhﬂfé cm:lhlhcyﬂce tﬁeyc%'ild@b%lvﬂggr a@cm Merﬂh@tltxﬁ\@ﬁﬁlms

0. 35mMmx0. 4nmm a prtch size was 0.6 e matri X was scanned
with el ectri copintegess)ioé thasensodlapgraradedigyed f@lcmngﬁ myrespvase toresterndl | vi ng schene

AR s e TR TR S
t enper atior e dlcs&uiudaubeosedmﬁatsmmgfeletrﬂwt Wﬁkﬂ@adl&mp&tbddwnanmwsﬂrbwsThe devi ce

current distribution nd its corres @ongl ng surface tenperature distribution
are shown in #chbewc achpfE atzergAnd trates that the mcrosw tches 10

made with sem CondNﬁB%Bstc'ai éﬁecwcmb@aa&eéd ﬂyfsué&nfgaﬁe &AAnPRyLSEEr as a
terrperat ure sensor forward current of th m Cr osw tches varies with

tenperature. mnimlneo\ﬁslstdmy@ﬁ thelsersinglpydr @@sdﬂmdl@athem rgspepsesach
m crosw tches cﬁa%g {’ﬁ &Etu?‘e p@gﬂgegrc%tew ChaBfistOdisthvy LIBSF 2B, t EMPErature

di stribution ove PEesu
15 incident light mtensny. incident microwave radiation strength or in response to X-

ray or other high energy fluxes (photoconductive effect) and so on. Alternatively,
external environmental changes results in a built-in electric potential in the sensing
layer, which in turn leads to the forward current change in the circuit unit shown in
Fig. 2C. Examples include the piezoelectric effect (voltage change in response to

20 pressure change), the thermoelectric effect (voltage change in response to
temperature change), and the photovoltaic effect (voltage change in response to
change in incident light intensity). etc. The sensing element (24) shown in Fig. 2
can also be used for another type of sensing applications, in which the derivative
and integral of the current vary in response to changes in the external environment.

25 As demonstrated in Example 7, the MSM microswitches shown in Fig. 1 also
exhibit switching characteristics on d1/dV, the integral of I(V), and time derivative
and integral of the device current.

When the sensor (20) is used for light wave or radio wave detection, one of

the electrodes (25, 21) should be transparent or semitransparent to the incident

30 electromagnetic wave. When the wave is incident from the substrate side, the

substrate needs to be transparent or semitransparent to the incident wave as well.



31 July 2002 WO 991 39394 PCT/ US99/ 02239 - 28 _ Exanple 9 A voltage
switchabl e infrared sensor el ement was fabricated in the stgghyraeghown
schematically in Fig. 2A. The device was fabricated on a gl ass Substrate
with films in the follow ng order: |ITAO MEH PPV/ Ca/ Au/ |l nSbJAu. 5

Seni t r anspayedizofd (200A) was used as the el ectrode 25, witalssmbéhowed
infrared IR radiation to pass through and reach the IR sensor |ayer. A

bi -1 ayer netal (Ca/Au) was used as comon el ectrode 23. In addition to
its good rectifying |-V characteristics, the | TQ MEH PPV/ Ca device is al so
a good |ight em t téelgmaeoweddredsetre. twerdimensigaald AP bipassise senso mafria® eni ssi on

niensity | @hSPOLANAl iRk NEISELURLILE L EP LRSI AN UGt he devi ce

over a broad curreéen evi ce I'S exanpl € serves as
an infrared iTwo maurmrstru&hxes ari tsixan meragm@e Theighquivalént nsatitg (indfrbectds t he

intensity of t frared radi ati Thi s exanp le d str at vol tage
swi t chabl e | FSOE-EHE@PE ) 35 Shaywn ‘Eg’%gng’t‘r‘?f&s’é’?f%? ‘l“r‘lfse&'eép °é?ﬁ1 é oswi t ch
and a thg n fiddybRamERIRIned WIS FowWsRBd EQTREY flrBchdRBNS B catiSoBéra$ethei N forward
direction, the gew ce is switched-on with high photosensitivity. The sane

devi ce at zer%swfd‘"lg é%emerrayl of shecrobnnrrigctrodesddhids fitst depesitej anddi ati on. Thi's

swi tching ch cte e devi_c g n the
construction o “Re ont 8?‘%‘%@%‘6&6&'@%&5@% yerﬁsg’r‘gdﬁ%%s{{edg%sca "Wen a 20
visible |i ghtwam ﬂhé lam@ald;bﬁ@leubxsofuﬁeanaﬁ ldyeebarwednaepikell is suffieiently egr at ed

device (the matrix) functions as an IR indicator. This exanple al so
denonst r at esqaﬁa‘f“sﬂﬁyef donsaet baye takes Pé‘(—’:?fg?ﬂ* q?‘%ﬂ/%?’ewl fpers¥ RdPPSSat eri al s,

sensor sy@nd Sﬁﬁ%ﬁdd&’&rﬁéﬁ?@s?@@%ﬁ&shéﬁaﬁ d@fsheat«sa&egswt(bgrse%yfé engt hs of
the el ectromagneti c spectrum (such U\}J X ray, far-infrared, 25 mcrowave

and radi owavdhe gegpndrlecirede for Q@é‘ﬂtheS@?ﬁQ@r@disSYeﬁ jag thecontagi gleetrads fi el d, to
mechani cal prS%ﬁlﬁ;ﬁtcﬁiﬂgd?o‘&es‘?%??ﬁetclf%al‘f@(o‘?éd, EAuB o RindERd fRd-ed using this

general princi
doped semiconductors with proper work function can be used for layer 33. When

the lateral resistance of the material comprising layer 33 is high enough, the cross-

15 talk between neighboring pixels is negligible. In such cases, 33 need not be

patterned, a simplification which leads to considerable advantage in manufacturing

- cost and reliability The switching layer (34) is then deposited. Finally, the array
of the column electrodes (35) is fabricated on top of the sensing layer to complete
the column-row addressable sensor array.

20 Patterning of the semiconductor layers (32. 34) is not necessary when the
lateral resistance of the material comprising that layer is high enough. Thus,
continuous sheets can be used for the sensor matrix. Each cross-point of the row
and column electrodes defines a sensing element (pixel) with device structure
similar to that shown in Fig. 1 or Fig. 2. The row and the column electrodes also

25 serve as the contact electrodes for the microswitches and the ‘sensing devices. The
electrode 33 can be either a single-layer or a bi-layer, to meet the contact needs for
both switching layer 32 and sensing layer 34. When highly conductive metals are
used for 33, this layer needs to be patterned into isolated pixels as that shown in
Fig. 3. However, a thin layer of metal can be prepared as the electrode 33 in the

30 form of granular particles with a density below percolation threshold, the resistance

in lateral direction is large enough that no patterning of the electrode 33 is



31 July 2002 WD 991 39394 PCTNS99/ 02239 -29 Exanple 10 A vol tage sw tehable
X-ray sensor elenent was fabricated in the structure shown ﬂcjmyqbbgal ly in
Fig. 2A. The device was fabricated on a glass substrate with filns in the
followi ng order: ITO MEH PPV/ Al /Se/Al. Seliniumwas used as 5 the X-ray
sensing | ay&s 9930803 €1 €Ctric characteristics under X-ray rpgghsbi@mohas been
di sclosed in F%ysi cs Today, Nov. 1997. A thin Al |ayer (5000 was used as
the electrode 25, which is transpar®ht to X-ray radiation. Al uminum (2 Pm
was used as the common el ectrode 23. The X-ray radiation results~in the
current incrgusessqrs.ohs shawngn Exkmpledi. such 2 bimadisomyfinhousiniptal Sidmsiithg | ayer 24
made wth Sel ?Q\i"&'e@th TVrJ_er Q‘i]xgl re%i ?sTfoz? cewxotg L hg V,félegSel Al device is thus
falls to the prar%ge of (15' UIFO8" PR ﬂfusepekhagen on radiation intensity)
which i's much | ar gelientdopétl dehfconiici@layersesittsicRiri ey highilfiérhl resisthigy atecm - of
the mcroswitch constructed by ITO MEl-1-PPV/ A, but nuch smaller than the
switch resi stusptioras Péﬁ?rﬂmépf}’/%(?@r‘%eé"%'ﬂ%f.or qorein appligatians ard &40 of t he

i ntegrated 1 GRENITHe! L / i S

refl ect ifﬁg tﬁgﬁéﬁi&ﬁgﬁgﬁ?ﬂ(ﬁy, énT tagtg °¥ﬁ§°§§%€lﬁ‘§l"(a€f§r@%egﬁﬁﬁ’!ﬂis of the

i nt egr at ed deb¢ waltialdf dwsowtand colbman esetdoden(laby)i caddfined by thXpiinkdessabl e
X-ray sensi ngse. maé{rr{;cesd 3 d@;cri bed i] this invention. This exanple
deronst r at es Yat ©Wofd 58 - WHFheYpIR FRAller oy sensors can be 20 constructed by
integrating a m criagdbviédsuabirescah Be FevbistdBoXhdt@he sweidhiap layWieBlokdigo i Nt egr at ed
sensor elenment (pixel) is biased in _forward direction, the pixel is

swi t ched- on, thherbptrate. agshommtin Sig: dRgThe prsfepsngsisdepesdent op ghetmecesnt ensi ty of
the X-r r adiatk 0. Vi ' does not
Fespond o ¢ R RIR) or HAGRAF R bRl Ol AaADK, fob Bl Sreetr Dlces such

i nt egrat ed dewhicesnsed dal mephardtal piesakemsnths déiee pivals FigidBiinthe betyer

addr essabl e) passi.ve X-ra ensor  matri,.ces. en visible |ight emtting
di ode is use(f% as° heE tﬁ? ?:erng(gaﬂe&f‘?C&‘?S5rrmiﬂ?1€§f?e§r‘°i‘¥%?cer gﬁﬁ ag? 6"%0531 Al el ectrode
23 with Ca/ Alwhith driyiergarit ssplicqd@dtor lafd (¢.41 Ggyiaued foleIR sasiagake) in this
exanple or a matrix of such_ integrated devices), the X-ray intensity can be
reflected by SHEURofFry dAds @(‘f?ngISUWF Hl?s"&“éﬂt'aﬁehééh@‘t% patterfedeVith cr oswi t ch,

form ngisn 30 cniealiokdt hiatlifberaphyIdchitibity SORB oV IR1s3R3EPRING99102239 - 30
Thi s exanpl e al ong w th Exanpl'e 9 al so denonstrate that by placing a sensor
| ayer in which itdhereamen eleetendd 38 pravidey thspwark Buingtien necessrs farahg es wi t h

environment a!sv&tgﬁ‘i% Efoﬁ&? 'Sirfte ggh' rggiﬁivﬂg]pﬁgfﬁ%%r(s&ﬁ\ﬂk pﬁﬁl)(zﬁ)dgopedr adi ation
sensors sensitive o a certailf range ectronmagnetic spectrum such as
W, X ray, 5 ifiaganinfenacondyctons caropravide thisifunctbnosalk elatetials chrebawsnd oy uct ed.
Sensors sensitLi ve to ?qagnﬁthé: field. to chagiu(l:al .ﬁées ur e and to acoustic
waves can al SB° B PLFFERIS BPETHES bIRFiLe FRAG NSRBI HO9F e 11 10

M cr osvgd chesappldationsapdtiefatest thcdniiford €1édioaé lapet/ Mrhist®bd/éifpaihdkd.on gl ass
substrates. The thickness of the Ca layer is varied between 1 nmto 1
ooonm Lateral redheeanewsyitdhsbasedprseive sensnsmatess canpegperaiedgad r at e surf ace)

measur ement  Qfidfebd Bahescheméd difhidno thast é&%log&@ﬁi- lighi@mi¥galad the Ca film
forms di scontinuous particle for thickness bel ow approxinmate | Owxm (the

detai | t hr eshoateicass One peacticsl drivingschhme ésitp ppplle 2 positgiterkiesaceoss thazows ubst r at e) .
T simlor t oo nong sty leriel Bt bR, behhniu cbeEr o i 0, 10"
det er mi2fed byeldchrode® irkFif Ud)clehving the réshflodting. This iwofiehelietedatithainaldg .

multiplexers connected to the row and column electrodes. The pixel at the cross-

point of the two electrode is then switched on with an applied forward bias larger

than the turn-on voltage. Since there is always a diode in reverse bias in the

parallel paths seen from 2 to B (except the path at the cross-point). the leakage

30 currents from the parallel paths are negligible. Thus, pixel 2B is selected. The

current or its integral (charge) or derivative tested in the external test loop



Thi s exanpl e suggests that a thin netal layer in laterally-discontinuous 20
granul ar formcan be used as the electrode material to defigyydipeoh2V
performance of the microswitch. Such netal |ayers provide novel "thin filns
of high conductivity in vertical direction and insulating in |ateral
direction. whgwiesm§e useful in fabrication contact |ayer B8rus@nfsshe comon
el ectrode of the sensor and the mcroswitch) w thout pattctning. 31 July
2002 -31 CLAIMS: 1. A rnicroswtich28xxay conprising a plurality of elec#xic
m crosw t ohes, each nenber of the plurality of mcroswitches being in first
el ect r odel seﬁpwﬁmﬂcl%hsl‘@’éé%ﬂ“’éf‘%‘é‘ﬁ P@(f@al “ei’s?‘é't“o!“ aeanthenixdd 2Bhdhgem conduct or

|ayer being gyl dr R0 PLhrlIY clBRofIBIIDSESHRY by Scrdlihg Wlenrbexn each of

the electric ~s~o0l tches has an aracteri sti h an asymmetric
shape as shomarmynrfmgumlsextéé\) 6A 7A ~ A 9A, 10A, 1 OGS or 10C 2. A
mvl ' d- el ement voIt2|% dwvmtc abl e sei,ésor arra erosvvitah
grer

array of x pl ural PRgHgdriyingseheme ig aghigvad by f%wgcgmg&%erpglaﬁa t}lf&’ﬁ‘]"wf t he

plurality of cpcRédsW dlgka*rgﬁeg Whitipvide bally teWhbsEibllobagd fagiefsghr conduct er
| ayer/ second stitch electrode Canflgur ation) whexein the sem conduct or

layer is a umhd "lowdyThinksodidn atspmplished yiptdigitabdespder migcyits o digitalyshidf
M CrOoSwt | Cheﬁ%‘?&er% Wﬂﬁ%ﬁmggmeﬁe%%?Bla&%gcmﬁt%s a¢N Rf oaRE Bliyral ity of

el ectric mcx nzxect I'n series WI ty ‘a eorrespond| sensor
el ement fr omfer eatiugeasing Mxﬂf Fseea&mpleeifmnanhsxamafnﬂne,emwv iosdectdd lblwe plurality

of sensor elenxe ts pr.o i n_.el ect naI n response to a
stimlus bei A§d¢ WE%@ ?Hg‘ @u?hﬂ‘ PEF ﬁt““@% ?%?’651 at“@ﬁ%ﬂ? estedensa-~r
array qb O aihs fendaindshrtsé Pixel®Afthe fw 2 B heladtivaly fuihe@bfiASNppKRiRlRENtS IS a
thin | ayex sensor that senses at |east one stimulus selected ~&zn visible

light, ultrasfepatentiapgsthatiof? 1q lkthe golpmpnexcept B shhese piwgls ars thus sbdesi gh ener gy
parti ol es sebechl ThOMBlEs! fifllen heldmPBich) koG Padbed ity 201 atl on.
su~ace pressure, end surface tenperature, eac w~I Ty of” sensor

el ements i s iapplging thersgme petamstin asahataiflcddmhsibnosxbrmW%lwem%éndmsdwa)ensor

el ectrode confil,gur.a or drivin xtt enber of
the rnulti-el® ﬁ%rﬁ ‘{}so ﬂ’ééB"@ geﬁlg’é?cé °eé'lt?§rozr°r gﬂ/"r(ﬁve& ?%af‘% whexei n: each
of the 18l g_r althdraforRfwill ﬂ?ﬂ%ﬂﬁl‘%&@ﬂﬂﬁ chgert @ﬂmleemddu dircaier Fcﬁ&lﬁd/\{oxkef]s tl Te
correspondi ng sensor, . el emrent. and a bias volt urc the plurality a
sensor el erre%‘f‘%e"éFrébi'aﬁ’a&el"ﬂB(@fgeéﬁﬂ F“géP‘ébll(rVa%Z'@\@d%s“q JErrBtend sensor
el ectrode confyeA @{elrml)ﬁcgtmrmdqga Dayve. sensor el ements are defined by a
row of fist switch el ectrodes % ool Yihan of second sensor el ectrodes

configured i n an Angtherdhiivingselirme ispghigved hnfxipgall the row(or column)
electrodes at a given potential (such as at 0V) for read out (such as connected to

20 current-voltage converters or current integrators). The column(or row) electrodes
are scanned one-by-one between the same potential applied to the row(column)
electrodes and the potential corresponding to V. This operation can be realized
by a digital shift register or with a digital decoder. In this driving scheme, a
column(row) is switched on at a given time, leaving the rest columns(rows) under

25 zero bias. The microswitches connected to the off columns(rows)are thus in the off
state. As shown in the Examples. the current switching ratio I(V,,)/1(0V) can be
over 10° times, better than the rectification ratio I(V, )/I(-V ) Since the data are
read out column(row) by column(row). the time need for read out the entire matrix
can be much faster than that with the point scan schemes.

30 There are two common approaches to column and row selections. One is

the so-called shift-registration. in which the pixels are scanned line-by-line in time



31 July 2002 -32 x-y addressabl e pos~t~an of e~c~ individual sw tch-sensor
el ement being defined by a particular first switch el ectrodg g@fyi 089 the
~e coordinate and a particular second sensor electrode defining'the y
coordi nate, the nethod conprising: applying a positive bins voltage greater
the the m fAsWhigh S turn on voltage across the partJi Cplcgfusddiassly switch
el ectrode ari1d particul ar second sensor el ectrode def1111l1g tk~e
i ndividt~l. nmenber; |eaving the re?lxai nder of the first switch el ectrodes
and the remai nder of the second sensor el ectrodes floating; and r reading
t he el ect ri cakquehemhispddrdssodndlyod Hae besarfiequentianssldn swissiok disglays. S. A
met hod for driving,at least ong.nrrenpber, of e mul t xsel enent vol tage
swi t Gk~abl e s%aﬁlgc?gthﬁafsé‘ﬁfq@?“ R\ CEO “SA 'gicuci[g?an%fr%sa?ﬁ’e S&ef he plurality of
el ectric m engudet hérSe & HYRCaBE irihdefrddesshigt in @fhidhtRe & dn@spondi ng
sensor elernent and a bias voltage source, said bias volt{age source capable
of provi di ungolmnglestrodesiaseengedadgd asisglegalle with a dingfvedecedieg @revitow’ bi as
vol t age st at ey i : ina first
sensor esfect ?rohge sgeﬁ%‘oé&l%g%}@%s}gegg%ﬂsfy?g%‘g%?&e eﬁ%égﬁgﬁﬁg&r&cﬁ@ft f gur a~t an)
t he pl ural i tyindifstrg.eTisioscaglsehrepretis inrasteddiyii eclediability obsensihg fiea sdthswi t ch
el ectrodes a a colum q;f second sensor electraodes, configured in azx x vy
addr essabl e Qgﬁl%{)ffa"’teﬁgn%(%f’ﬂéﬁ‘g‘ﬁ%?@ﬁﬁ‘f mE},ean(oe Jreddp a@ddgsﬁrﬁ& the plurality of
sensor el enenhRrdINitéltbdard aRE thelite gratd Ednisérithatficek siicwn i Widudsi3 AHact rode
defining the x coordinate and a particul ar second sensor el ectrode defining
the y coordi nat e, Thaewitgh matricescshissiased inghis iypntipp gan bawsedpetioninfer bi as to t he
particujpr fi s I ode. . - i i 4t age to the
parti cu*cgr ses(%:rgstr?{i%g%%@rn gg%ei% gr‘g’gséér%gférldln}lg\atcﬁgg‘?ﬁg?a\%ogjugﬁ a|Ys(r§ef£r’rlb{?1ex t her eby
exceedi ng saiddliveimpelecsictsignals Geurrent, tlagee, valppt gidtheit yariatiemsatd everybi as to fl oe
remai nder of the?]fitrst §V\A tcrtl el ect r.odes. %x %Bﬁl ﬁi trI He FO Lti ve bias to
the remai nderP 8t 'R e GEPFUEE FEGMIEIOIVIREL V)2 ‘égexgl °e%Ry Hé t he remai nder
of the pl uraleldcyticaherhdtdlipdpdtipl relableRnd Hritakle nivinorPiévices @atlbe i on; ar ~, d
reading the electrical signal produced by, the rticul ar sensor elexrrent.
ti.. A nmet hodPPBcER; INcAROmiag pycha syftch W&F@iﬂﬁ’&gﬁn wﬁﬁ frogptigah o
muf ti - e] £N~XGbneUils! RUReSYn b HBRE for SRRERIopAEL B¥nsBmtigt M 2) wherein: each
of the plurality of electric znierosvvtiehes is eonz~eeted in. series with
t he correspondi ng sensor el enent and a bias vol tage souxce, ~sai d bi as
vol t age source capabl e of providin ol tage and a second bi as
vol tage the difference between theg‘?%m@g\]ul y 2002

This invention will be further described with the reference to the

accompanying examples. These examples are presented to illustrate ways of

20 practicing the invention but are not to be construed as limitations to the claims.

Example 1
MSM devices were fabricated in the structure shown in Fig. 1. The anode

electrode (11) used in this Example was an indium doped tin oxide (ITO) layer with
work function close to 4.8 eV and surface resisitivity of ~20 £/square. A 7 mil

25 Mylar film was used as the substrate (14) for this device. A thin layer of MEH-
PPV (~1500A) was spin cast onto the ITO electrode at room temperature. Details
on the synthesis and process of MEH-PPV can be found in literature [F. Wudl,
P.M. Allemand, G. Srdanov, Z. Ni, and D. McBranch, in Materials for Nonlinear
Optics:Chemical Perspectives, Ed. S.R. Marder. J.E. Sohn and G.D. Stucky

30 (American Chemical Society, Washington, DC, 1991) p. 683). A thin layer of Ca



-33 bias voltages exceeding the turn on voltage for each of the glurality
of electric nxcroswitches, the plurality of sensor el ements;gjgyizges first
sensox el ectrade/ sensar |ayer/second sensor el ectrode | ayer aozgfzi gurati on,
the plurality of sensor elenents are defined by a row of first surxtch

el ect r odeswyyW@pawogal umana of second sensor el ectrodes car @crgispgad2isn an X
y-addressabl e array, and the x y addressabl e position of each individual
serxsar el ement being defined by aZ3axbicular first switch el ectrode

defining the x caaxgi nate and a particul ar second sensax el ectrode defining
the y coor di #8i0e3000Re was-ther ﬁ’&ﬂ“@&ﬁfﬁ?ﬁoﬁt?@s theethade gleetrrdedibe Capyags vol t age
all the first,swt € : l : i \Y} ge bias to a
parti cul ar sté)c@)(\illggg g)genr?g?glree? gg? ?@é@gg‘!ew%?ﬂ%hg’%g?%ﬁ %&g%ho(f%h%ﬁ of sensor

el ements, theyglgy dy# ning an the particular colum of sensor el ements and

| eaving the remai nder of the plurality of individual elenments in "OF"

condi tion; end regaghfiosAd B vRIRCAeVice Rhrrénk SR unBIAWGRE vBlYape NPo@Fd | cul ar

cal yx of sensor elenents. 7. A nethod afpxoducing a mcxasw tch array
canxpri Si ng igsliadedingd g5 pesitior seltagt apphied s W@ eertact. BedtY nenber of the
plurality of g 1 i.ng. i e tor |ayert
second el ect rc(%g&%zsm% g’ﬁ? '3’{3?&(;1?11?9%&98{3?18?{?%@11{532%?ge%ogg'c?gggl%g‘%gi is aunit
body shared kyrait waedatctédibelol 1 Bhe(en. Ho.alnit\t/gn?()dtli\ﬁ).chuhwtahgmg.bz is
patterned defjned form wheral z~ the sem conductor .| ayer conprises an
organi ¢ sem coffervgrd %‘eré‘&t“éﬁaqcfiﬁ?‘ﬁ"t"ﬁ‘g%Vd‘ﬁ theasing %ﬁﬁjg‘bgy conj ugat ed
organi ¢ sem Qafrofrate Y EvPSIYS bi MkghiuO NFdigshed (R ARNftnPQ@busage-duet i ng

pol ymer bl ends, sem conducting organi c nol ecul es, sem Gax~ducti ng

or ganantOxet alf4>1‘i“@r¢mllﬂémﬂi@'91,ish¢%|tb‘t rerd phreend &n the high bias eegdlicwdsng or gani ¢

nmol ecul es an A f ~ Lahs, od

conpri si ng: ﬁgyl ﬁgéd&’g%ﬁghjﬁh%ﬁﬁ%%aﬁ%?% ggl?gﬁméfgﬁ%ﬁs{p% &r@é}?rtggﬁngeémel ectric

m er oswi t ch dleegoopApdl. Rirysdreatta§8.db8x@A8 Dy 1. &). Bnrkerz 3t Appl Phy~A75, réshod of

produci ng a 2}{{?3%8\,“ teh array conprising a plurality of electric

m cras' cv~it i each nmenber of the plurality of m Crosrvitches being In a
first electrode) HfRvéreOBIad) Heurrkyahdindiaranycaisan ade lbaysrioeonfi gurati on,
wherein the sem conductor |ayer is_a unit body shared by at |east two of
the pl ual i t YWen ey ssveralwelts) dbe reghification etiodRo @bthis dexice isaioteg i 1Buher ei n t he
sem conduct orsg| gy Rhx@OFPY yses an organi ¢ sem conductor selected fromthe
group consi sting of can~jugated organi o senuconducting pol yners,

conj ugat ed. ar ganMSM devitesovrteialsd fabrigatadywitlhy P eda3, PEh gohe ng organi c
mol ecules, r(%]icéh’dl%tir?ol(&%r? 3t ﬁ%&ﬁ&;&%@%&&?{&%ﬁ&%ﬁ? axl xc mol ecul es,

mol ecul ar bl ERAS OX S&t i conduc rng argZ2u~o nol ecules and multil ayer
structures of sucMSMdeexdsaimsilartdwhatrshown th Eignpwesialsg fabticatgd imgt.@lown an array
of sensox el ene t43 on tog qf n, arr‘?ﬂy of el ect xodeser ni conduct or - el ectr ode
el ect ri m cFOERHTHBE: MUK 95VIsF BIHTRRF e Y Q75 CHipri eing a plurality of

el ectric m cro5w ref3RRamgsie abmomiries thaf eldche: Bicrdsdlitcles c@d bddonkiarwWdtighes bei ng
in first el ectrodel sem conductor/second el ectrode |layer formwth the

sem conduct arthe tipdHmPdSMcopfiguration, ddhgsestivarterning), RasEvedavices @nde t he arr ay,
wherei n each (@ §,C. 00 YRT i i SOk state) when
bi ased with 58@% ?é‘?g](rélt% H\i/%'{é%lgag%&?ﬁql*gth?‘%rb\ygpg@&g%g&%%%? orllﬂi( "forward

bi as vol t age'hjghenpbtémiglidrathe agpde elektrode), ang switelhied whiba nbi-carsucting state o bi as
aondltiQn es ) " in t~verse bias.directian ("Jeverse bi.as .voltage"))
Fogar di s of T 9 i abpea e SR i Ped LB L Gnitt

. ASSR. AuS?. A@ah. 10 wépe-deaoneayedAB3 VAT he ONNDRFAWcKifg AitiB under 1(5V)/(0V)

. AySy. A@ AaS. Auy. Auy. Auyy. Ayy. Af f. Aye. Ay. Aay. Af !, . AyS. Ayy% A, uS . Auy

" A US?. AU@ Ads 958 higber, pgreaching Apppximately 10° (see, Fig. SA).
This Example also demonstrates that organic semiconductors can be used
to fabricate microswitches at room temperature. using low cost processes (such as
30 casting. ink-jet printing, screen printing, or thermal evaporation) applicable to

fabrication of arrays over large areas.
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25 wherein R represents alkyl alkyllaryl,
M’ represents proton, metal or ammonium counterion,

n is moles of ethylene oxide typically n=2-40).
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) - EN&BEP&EAEFEZE PPEtc. Conducting polymers (such as PANI-CSA, PEDOT-PSS) were also

used as the anode material. In each case. similar switching performance was

observed. In the microswitches fabricated in the AWMEH-PPV/Ca/Al

configuration, a forward current of 200 A/cm?® was achieved under pulsed

operation. Comparing this value to the device current of 10° mA/cm? at ~ zero

10 bias, a switching ratio of >10'' was demonstrated.
This example demonstrates that metals with work functions covering a

broad range can be selected as the anode and cathode materials. This example also

demonstrates that stable metals (such as Au, Ag, Al) and conducting polymers can

be used as the electrode materials for the microswitches. This example also

15 demonstrates that a buffer layer can be inserted between the semiconductor layer

and the cathode layer.

Example 3
The experiments of Example 1 were repeated with ITO as the anode and Al
as the cathode. An MEH-PPV:PCBM blend filin (1:1 weight ratio) was used as the
20 semiconducting layer 12, which was spin cast from solution in xylenes
(concentration of approximately 0.5 wt %). PCBM is a fullerene molecule with
molecular structure and chemical properties similar to Cg, (a form of C molecule in
buckyball shape). Details about its synthesis and characterization has been
documented in literature [J.C. Hummelen. B.W. Knight, F. Lepec. and F. Wudl, J.
25 Org. Chem. 60, 532 (1995)]. The I-V characteristics and the rectification ratio are
plotted in Fig. 7A and 7B. The rectification ratio was larger than 4x10° for bias
over 1.5 V and the ON/Off ratio operating at 2V and 0V was >3x10’.
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This Example demonstrates that the semiconducting layer 12 in the
5 microswitches can be a biend. a composite, a bi-layer or a multilayer structure.
This Example also demonstrates that, due to the charge transfer effect between
MEH-PPV and PCBM. the forward current turn-on voltage was significantly

reduced. thereby achieving a high rectification ratio at relatively low bias.

Example 4

10 The experiments of Example 1 were repeated with Ag as the anode and Ca
as the cathode. The device size was ~0.0014 cm?, reminiscent of a 0.35 mm x 0.4
mm pixel of a microswitch matrix. A PANI-PAAMPSA layer (300A) was inserted
in between the Ag and the MEH-PPV layer as a buffer layer. The I-V
characteristics and the rectification ratio are plotted in Fig. 8A and 8B. The

15 rectification ratio was higher than 10° at 6V. The ON/Off ratio at 6V and 0V was
greater than 2x10%. The PANI layer also reduced the incidence of electrical shorts,
thereby improving fabrication yield and device operating lifetime considerably.

This experiment was repeated with the thickness of the buffer layer varied
between 100 and 3000A. Similar device performance was observed.

20 This experiment was repeated with a buffer layer made with PANI with
different resistivity (from 10 S/cm to 10 S/cm). The resistivity was varied either
by choosing different counterions (such as CSA, PAAMPSA) or by blending the
conductive PANI with an electrically-inert host polymer (such as PMMA). Similér
device performance was observed.

25 This example demonstrated that a buffer layer can be inserted at the S-M
interface to improve the device performance (such as reduction of device shorts,
enhancement of device stability). The buffer layer can also be used to modify the
M-S interface and thereby improve the device I-V characteristics. The current

turn-on in this Example was determined by the work function of the PANI (~5 eV).
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Example §
Devices were fabricated in the form of ITO/PANI-PAAMPSA/Au. Linear
5 I-V characteristics were observed in both biasing directions. Ohmic contacts at

both ITO/PANI-PAAMPSA and metal/PANI-PAAMPSA interfaces were
explored.

This example along with the Example 4 demonstrate that a high resistive
PANI layer can be used as the common electrode 23 and 33 (see Fig. 2 and Fig. 3)

10 to serve both as the anode for the microswitch and the ohmic contact to the sensors

24 and 34.

Example 6
The experiments of Example 1 were repeated with ITO as the anode and Al
as the cathode. An amorphous Si film was used as the semiconducting layer. The
15 amorphous Si film was prepared by chemical vapor deposition, and was in p-
type/undoped/n-type three layer configuration. The doping was achieved by ion
implantation. The I-V characteristics and the rectification ratio are plotted in Fig.
9A and 9B. The rectification ratio was ~3x10° at 2 V and the ON/Off ratio at 2V
and ~0V was >5x10°,
20 This example demonstrates that inorganic semiconductor films can also be

used as the semiconducting layer 12, 22, 32 in the microswitches of this invention.

Example 7
Microswitches were fabricated similar to that shown in Example 1. The
device differential current dI/dV was measured as a function of biasing voltage ;
25 the data are shown in Fig. 10A. The device conductance G (= I/V) as a function of
bias voltage was measured; the data are shown in Fig. 10B. The integrated current.

Int_IdV, as a function of biasing voltage was measured and shown in Fig. 10C.
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f g{ hi ZX6M?1 Switching behavior similar to that of 1-V (see Fig. 5A) were observed for all these

quantities.
The time derivative and integral of the device current I were also tested,
switching behavior identical to the device current I (Fig. 5A) were observed.
5 This example demonstrates that the microswitches 10 can not only be used
for switching device current ], but also for switching other physical parameters
‘related with the current (for example, the various derivatives and the integrals of

the current).

Example 8
10 ITO/MEH-PPV/Ca microswitches were fabricated in the structure shown in
Fig. 1. The thickness of the MEH-PPV was ~2000A. The device current at 3V
was measured as a function of ambient temperature; the data are plotted in Fig. 11,
which shows that the current follows the relation, exp(-T/T), with Ty~ 0.34 V..
Microswitches in the same configuration were also fabricated in 10x10
15 column-row addressable matrix form similar to that shown in Fig. 3, but without
layer 33 and 34. The pixel area was 0.35mmx0.4mm and the pitch size was
0.625%0.625 mm’. The matrix was scanned with electric pulses between 0 and 3.0
V following the first driving scheme described in the Description of the Preferred
Embodiments. A point heat source was placed on top of the pixel (5,5), which
20 results in a temperature distribution on top of the 10x10 temperature sensor. The
device current distribution and its corresponding surface temperature distribution
are shown in Fig. 12.
This Example demonstrates that the microswitches 10 made with
semiconducting films with proper thickness can be used as a temperature sensor.
25 The forward current of the microswitches varies with temperature. Column-row
addressable matrices fabricated with such microswitches can be used as a

temperature sensor to image the temperature distribution over the device surface.
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(Ca/Au) was used as the common electrode 23.

In addition to its good rectifying [-V characteristics, the ITO/MEH-PPV/Ca
device is also a good light emitting device with red-orange color. Since its
emission intensity is proportional to the forward current passing through the device
over a broad current range,
the integrated device in this example serves as an infrared indicator. The output
orange light intensity reflects the intensity of the infrared radiation.

This example demonstrates that voltage switchable IR sensors can be
constructed by integrating a microswitch and a thin film IR sensor. When the
integrated sensor is biased in forward direction, the device is switched-on with
high photosensitivity. The same device at zero and reverse bias does not respond
to the IR radiation. This switching characteristic makes the device an ideal
element in the construction of x-y addressable, passive IR sensor matrices. When a
visible light emitting diode is used as the microswitch, the integrated device (the
matrix) functions as an IR indicator.

This example also demonstrates that by replacing the sensor layer with
other materials, sensors and sensor matrices sensitive to radiation in other
wavelengths of the electromagnetic spectrum (such as UV, X ray, far-infrared,
microwave and radiowave) can be constructed. Sensors sensitive to magnetic field,
to mechanical pressure and to acoustic waves can also be fabricated using this

general principle.
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67 _"zXJ<1'!! Q c]tx%de 25. which is transparent to X-ray radiation. Aluminum (2 pm) was used
as the common electrode 23.
The X-ray radiation results in the current increase (following a linear
10 relation) in the sensing layer 24 made with Selenium. The pixel resistance of the
Al/Se/Al device is thus falls to the range of 10*-10® Q/cm? (dependent on radiation
intensity) which is much larger than the forward resistance typically <1KQ/cm?® of
the microswitch constructed by ITO/MEH-PPV/AL, but much smaller than the
switch resistance at zero or reverse bias. The forward current of the integrated
15 X-ray sensor element (ITO/MEH-PPV/AV/Se/Al) is thus reflecting the X-ray
intensity, and the switching characteristics of the integrated device allows it to be
used in fabrication of X-Yaddressable X-ray sensing matrices as described in this
invention.
This example demonstrates that voltage switchable X-ray sensors can be
20 constructed by integrating a microswitch and a thin film X-ray sensor. When the
integrated sensor element (pixel) is biased in forward direction, the pixel is
switched-on, and the current strength is proportional to the intensity of the X-ray
radiation. The same device at zero and reverse bias does not respond to the X-ray
radiation. This switching characteristic makes such integrated devices ideal pixel
25 elements for constructing x-y addressable, passive X-ray sensor matrices. When a
visible light emitting diode is used as the microswitch (for instance, replacing the
Al electrode 23 with Ca/Al bi-layer electrode), the integrated device shown in this
example or a matrix of such integrated devices), the X-ray intensity can be
reflected by the visible electroluminescent intensity of the microswitch, forming a

30 X-ray indicator.
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Example 11
10 Microswitches were fabricated in the form of AWMEH-PPV/Ca/Al on glass

substrates. The thickness of the Ca layer is varied between inm to 1000nm.
Lateral resistance (resistance in parallel to the substrate surface) measurement of
the bare Ca film on a glass substrate revealed the Ca film forms discontinuous
particle for thickness below approximate 10nm (the detail threshold is related to
15 the surface roughness of the substrate). The I-V performance of the microswitches
with Ca thickness less than 10 nm is similar to that with Ca film of thickness larger
than 10nm, which is determined by the work function of the Ca, rather than that of
Al
This example suggests that a thin metal layer in laterally-discontinuous
20 granular form can be used as the electrode material to define the 1-V performance
of the microswitch. Such metal layers provide novel thin films of high
conductivity in vertical direction and insulating in lateral direction. They are
useful in fabrication contact layer 23, 33 (the common electrode of the sensor and

the microswitch) without patterning.
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2. A multi-element voltage-switchable sensor array comprising a microswitch array of a

plurality of electric microswitches, wherein:

sach of the plurality of microswitches is in a first switch
electrode/semiconductor layer/ second switch electrode configuration, wherein the
semiconductor layer is a unit body shared by at leasttwo of the plurality of
microswtiches or is patterned in a defined form;

each of the plurality of electric microswitches is connected in series with a
corresponding sensor element from a plurality of sensor elements, at least one of the
plurality of sensor elemehts producing an electrical signal in response to a stimulus being
sensed. ‘

3. The multi-element voltage-switchable sensor atray of Claim 2, wherein:

each of the plurality of sensor elements is a thin layer sensor that senses at
least one stimulus selected from visible light, ultraviolet light, infrared light, X-rays, and
ionized high energy particles selected from electrons, beta particles, gapama ray radiation,
surface pressure, and surface tempetature,

each of the plurality of sensor elements is in a first sensor electrode/sensor
layer/ second sensor electrode configuration.

4. A method for driving at least one member of the multi-clement voltage-

switchable sensor array of Claim 2, wherein:

each of the plurality of microswitches is connected in series with the
corresponding sensor element and a bias voltage source,

the plurality of sensor elements are in a first sensor electrode/sensor
layer/second sensor electrode configuration,

the plurality of sensor clements are defined by a row of first switch electrodes
and a oolumn of second sensor electrodes configured in an x«y-addressable array, and the
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the method comprising:
gpplying a positive bias voltage greater than the microswitch’s turn on
voltage across the particular first switch electrode and particular second sensor electrode
defining the individual member;
leaving the remainder of the first switch electrodes and the remainder of the
second sensor electrodes floating; and
- reading the electrical signal produced by the particular sensor element.
5. Amethod for driving at least one member of the multi-element voltage-
switchable sensor array of Claim 2, wherein: a
each of the plurality of electric microswitches is connected in series with of
the corresponding sensor element and a bias voltage source, said bias voltage source
capable of providing a “high” bias voltage state ("ON" state) and a “low™ bias voltage
state ("OFF" state), -
the plurality of sensor elements are in a first sensor electrode/sensor
layer/second sensor electrode layer configuration,
the plurality of sensor elements are defined by a row of first switch electrodes
and a column of second sensor electrodes configured in an x-y-addressable array, the x-y
addressable position of each of the plurality of sensor elements being defined by a
particular first switch electrode defining the x coordinate and a particular second sensor
¢lectrode defining the y coordinats,
the method comprising:
applying the positive bias to the particular first switch electrode and the
negative bias voltage to the pa.riicular second sensor electrode defining the individual
member thereby exceeding said member's turn on voltage;
appl&iug the negative bias to the remainder of the first switch electrodes ox
applying the positive bias to the remainder of the second sensor electrodes thereby
leaving the remainder of the plurality of individual elements in an "OFF" condition; and
reading the electrical signal produced by the particular sensor element.
6.. A method for driving a series of individual member of the multi-element
voltage-switchable sensor array of Claim 2, wherein:
each of the plurality of electric microswtiches is connected in series with the
corresponding sensor element and a bias voltage source,-said bias voltage source capable
of providing a first bias voltage and a second bias voltage the difference between the two
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and a column of second sensor electrodes configuted in an x-y-addressable array, and the

x-y addressable position of each individual sensor element being defined by a particular
first switch electrode defining the x coordinate and a particular second sensor electrode
defining the y coordinate,
- the method comprising:

applying the first bias voltage all the first switch electrodcs
applying the second bias voltage bias to a particular second sensor electrode defining a
particular column of sensor elements, thereby turning on the particular column of sensor
elements and leaving the remainder of the plurality of individual elements in "OFF"
condition; and

reading the electrical signal produced bythe particular columnn of sensor
elements.

7. A method of producing a microgwitch array comprising a plurality of electric
microswitches, each member of the plurality of microswitches being in first electrode/
semiconductor layer/ second electrode configuration, wherein the semiconductor layer is
a unit body shared by at least two of the plurality of microswtiches or is patterned defined
form, wherein the semiconductor layer comprises an organic semiconductor selected
from the group consisting of conjugated organic semiconducting polymers, conjugated
organic semiconducting polymer blends, semiconducting organic molecules,
semiconducting organometallic molecules, molecular blends or semiconducting organic
molecules and multilayer structures of such materials, the method comprising:

laying down an electrode-semiconductor-electrode electric microswitch on
top of an array of sensor elements.

8. A method of producing a microswitch array comprising a plurality of electric
microswitches, each member of the plutality of microswitches being in a first electrode/
semiconductor layer/ second electrode layer configuration, wherein the semiconductor
layer is a unit body shared by at least two of the plurality of microswtiches or is patterned
a defined form, wherein the semiconductor layer comprises an organic semiconductor
selected from the group consisting of conjugated organic semiconducting polymers,
conjugated organic semiconducting polymer blends, semiconducting organic molecules,
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semiconducting organometallic molecules, molecular blends or semiconducting organic
molecules and multilayer structures of such materials, the method comprising:

laying down an array of sensor elements on top of an array of electrode-
semiconductor-electrode electric microswitches.

9. A microswitch array comprising a plurality of electric microswitches, each member of the
pluralit}/' of rﬁicroswitches being in first electrode/semiconductor/second electrode layer form with the
semlconductor layer being a unir body shared by the members of the array, wherein each of the electrio
microswitches is conductive (“ON" state) when biased with sufficient voltage In the forward bias direction
(“forward bias voltage™) and Insulating ("OFF” state) when blased at zero bias condition as well as in

- réversc bias direction (“reverse bias voltage™), regardless of the forward bias voltage or the reverse bias

voltage.



