WD 02/ 091490 PCT/ US02/ 06996 ACTI VE DEVI CES USI NG THREADS FI ELD OF THE
| NVENTI ON This invention relates to active devices and, nore particularly
to acti vewodewfsces formed with threads. BACKGROUND OF ThieT/ddvEAHI0ON
Active devices generally have electrical inpedance between two el ectrodes
that varies as a function of a change of energy. For exanple, 10 active
devi ces include transistors, diodes, strain gauges, electrical optical
devices and the |ike. One ACTWBEDEVICES USINGI THREADS:! | - known fiel d effect
transistor (FET). One known FET is a netal oxide sem conductor
FET( MOSFET), which has been widely used as a switching elenent for high-
speed el ectpigprOFPPHEIRVENTON Ne MOSFET specifically refers to Si02 /bul k
15 silicon Transistors. A nore general FET is a nmetal insulator
semi conduct or  FHEY¥S (nvestipmyelates i active|devicesranids more (PBFIYulady to AtBBET in
whi ch the ) ) material is deposited as a thin film It is
known tlg’ fg(g%\%'ééeg’tfg?@g{ng‘d%g%@es with either crystalline silicon or 20
anor phous silicon. Anmorphous silicon is a cheaper alternative to
crystallin 1) ican ut_its applications are limted to sl ower speed
devi ces as BT ENBIONchp Nrsec, which is about 15,000
times smaller t i i i i there is
much work di recpgglvtbgt% (Yéé\%l %ég‘lrér%ﬁ%*%\leé:ﬁlg? %r!;:gf:%%cga?}cggsé"tﬁgéhﬁw% organic
and or gani cslectoodssnthat ganesas d fenctiomeftechaige oharterggayFobexdephsi t ed by | ow
cost a | ow,t enper at ur rocesses. Lower rocessing costs may |ead to | ow
cost | ggl c afiye 6¥W§Qn§88?2@§§'Si%§e&°§$§-r§%’%ﬂﬁP%e?)r%%‘étﬂg?'r@t'@ﬁbns up the
possi bi | t ydedcedennpitiel I@. LORS forffRbEIramdistoP A8 Wil n?ié@f@ffé&
substrates, includi nEqul astic, paper and fabrics for ftlexible

transistor (FET). One known FET is a metal oxide semiconductor

FET(MOSFET), which has been widély used as a switching element for high-
speed electronic applications. The MOSFET specifically refers to SiO, /bulk

15  silicon transistors. A more general FET is a metal insulator semiconductor
FET (MISFET). A thin film transistor (TFT) is a MISFET in which the active
semiconductor material is deposited as a thin film.

It is known to fabricate active devices with either crystalline silicon or
20  amorphous silicon. Amorphous silicon is a cheaper alternative to crystalline
silicon, but its applications are limited to slower speed devices as its mobility is
about 10™ cm? /V*sec, which is about 15,000 times smaller than that of
crystalline silicon.

25 Currently, there is much work directed to developing alternative
materials, such as organic and organic-inorganic semiconductor materials that
may be deposited by low cost and low temperature processes. Lower
processing costs may lead to low cost logic and display devices. Lower
temperature processing opens up the possibility of depositing these materials

30 on a wider range of substrates, including plastic, paper and fabrics for flexible
electronic devices.



el ectronic devices. 1 WD 02/091490 PCT/ US02/ 06996 An exanple of a FET nade
wWth organic materials is disclosed in U S. Patent No. 5,347,144 to Gam er
et al., ewoiocloedod Thin-Layer Field Effect Transistors W tPlaTNSB2/&pact ure
Whose I nsul ator and Sem conductor Are Made 5 of Organic Materials.™
Organic materials may provide a | ess expensive alternative to inorganic
materials for TFT structures, as they are cheaper to nmanufacture by

nmet hods, such as spin coating or dip coating fromsolution, thermnal

evaporati on, Of _screen ntdng.  Suc al| tal.s mal |

nol ecul es (e. g&” eb(@mpé%gﬁ@%ﬁﬁd%p%'phgf®ﬁéaﬁﬁaﬁ€ia%knsd&g ﬁlgg%’ ﬂgﬁj .

Shgr t- fh‘aPBtel\@ NDJ, isgme,u|1s4 (cfeggalr?iﬁﬁetﬁi,mqaeslmmmerlrﬁ@d&gﬁdm} ophene gni L s)
and polyners (e.qg., polyalky i ophenes, pol y-phenyl enevj nyl enes. and the
like). AnTeans @%Mthéw%?rtr%@ée Wh%edPg@ﬁf%-qyﬂﬁﬁga@#%d%%%faﬁza%
descrigbed j > " ; o | ive entitled
"Thin 63150%6[#% gﬁag%@%'r ?Wﬁ&%égﬁ?%wr@gan|égéll?d@sb%r]ég)é\‘ll\/g{vgri al s as

Semi condUﬁltémgﬂ@&mmkg;ar'\'i? Augternials TerTBF Tstractuiresy asrtheyiace icheaperntioc materi al s
can use the aper manufacturin [ Ocesses uch as in_coating or di
coating f W?aa‘"g‘i_‘%tq%ﬂ‘,e%@ SHFD é‘gﬁm %?%5}9, °fo‘ﬁp§8ﬁﬁa%?%m ﬁ%‘f“ﬁéﬂ” go P
Conventi Oﬂ@rnw"é?ﬂlé(ﬁorﬂﬁ&ﬁ CESscrbén PRABAER! Blich BFdERTc Aiatelias Mclsddsinalt es.
Thus, current eftorts to make flexible devices are focussed on deposition

of the sowlentes (a.0; peotacens, etalphibalacyaninesanditke bkds shart-s8ainThese

ef for have not, yet ' RS hal. | I¢c devi ce. 25
Accor{ﬁngp',Omﬁ%ﬁ'@g'sngﬁﬁﬁbgﬁ%ﬁv@% acﬁaﬁ\g/zﬁlgéb:é@%% ﬁséfé rggé&g@efsabri cated
with | ow ¢ogt pafdikywidphepesapolyphengleessingenestmrdethedike).so a need for an
assenbly of "and 'a nmethod for formng a plurality of active devices on a

fl exi bl e substrate.
An example of a FET made with organic-inorganic materials is

described in U.S. Patent No. 6,180,956 to Chondroudis et al., entitled "Thin
15  Film Transistors With Organic-inorganic Hybrid Materials as Semiconducting

Channels." Again, TFTs made with organic-inorganic materials can use the

cheaper manufacturing processes, such as spin coating or dip coating from

solution, thermal evaporation, or screen printing.

20 Conventional active devices are generally formed on planar substrates.
Thus, current efforts to make flexible devices are focussed on deposition of
the semiconductor devices on large area flexible substrates. These efforts
have not yet provided a commercial flexible electronic device.

25 Accordingly, there is a need for an active device that can be fabricated

with low cost and low temperature processing.

There is also a need for an assembly of and a method for forming a
plurality of active devices on a flexible substrate.
30



30 2 WD 02/ 091490 PCT/ US02/ 06996 There is also a need for a nethod of
formng a |large area assenbly of such active devices. SUMWARY OF THE

| NVENTI ONWB 0dnomiee i ve devi ce of the present invention is fremrmsd2/oeda t hr ead
with a sem conductor body extending axially along the thread. First and
second electrical conductors extend axially along the thread and are

di sposed in electrical contact at spaced apart |ocations with the

sem conduct or HdWye isralso @nesdforcomethad: eftformingra targe seea asselnblyaf body
varies V“té&cﬁ@ﬁﬁggdﬁbﬁksaffeCts 10 the thread, thereby also varying the

i npedance between the Trrst and second electrical conductors. According to
an aspect of the invention, the thread has an optical fiber core upon

whi ch t he ' ' | sposed and the energy is light 15
energy. Agmwt of the invention, the thread hasda ]

i ezo Bl ectri c APA&IVEREVId bRt ' ; | ed and the
gnergy I s nmechani cg;é. A(':cordi.r? tgéﬁﬂhfﬁggﬂgég%@?&g%f%E%r%faﬁ&@ﬁ}gop, t he
t hread ha$egncondustarrhagy éxterding wxidllyalong thethréad Fisteandbéesneict ri cal

' ' ' ' duct body is disposed and the energy is
T o o M bR o SRS SR s SPRSRRARI A, 21 O
ener gy cameldutritwtabntict ahspacsl apant IdtaiofswitAlhs s%?r{ié‘odmﬁ‘(;c?&r; t?d&})g r-fa ot her

aspects of the invention, the active device is forne Ity of

threads af@MeiCopeanicatipiiethe memore?\?@wi%dgﬂ? \k/aylerg‘gdtbge?ﬁ?&?so.l oI hﬁ ggd
C: n
o Tadt, e ttbad etdtyASS vaRING HRORAt G KRB Ma frsl 3R 366Ph f on of

t he sem cefabiricadicohdagtorsThe third thread can have either an optical fiber
core

According to an aspect of the invention, the thread has an optical fiber

core upon which the semiconductor body is disposed and the energy is light

15 energy. According to another aspect of the invention, the thread has a piezo-
electric core upon which the semiconductor body is disposed and the energy
is mechanical. According to another aspect of the invention, the thread has an
electrically conductive core with a layer of electrical insulation upon which the
semiconductor body is disposed and the energy is electrical. According to

20 further aspects of the present invention, the energy can be heat or chemical
with a suitable core.

According to other aspects of the invention, the active device is formed

of a plurality of threads and the semiconductor body that extends axially of one
25 of the threads. Two of the threads are electrically conductive and a third

thread is responsive to applied energy to modulate the carrier concentration of

the semiconductor body. The third thread can have either an optical fiber core

or an electrically conductive core. The semiconductor body can be either a

layer that is disposed on the third thread or an elongated body that is disposed
30 in a region between the three threads. When the third thread has an

electrically conductive core with a layer of electrical insulation, the active



or an electrically conductive core. The sem conductor body can be either a
| ayer that is disposed on the third thread or an el ongated body that is

di sposed WO w2m9m90 egi on between the three threads. Wen t PeTiUsoz/deowér ead
has an electrically conductive core with a |ayer of electrical insulation,
the active 3 WD 02/091490 PCT/US02/ 06996 device is a field effect

transistor, |n 'tpsﬁfsej ggfvi ces current flowis in a path that includes the
first and d8YiGeds@field gffeshiansistosein thesawevinestwarent fiowtisiin a path theatt £ 1 ow

I S perpendy ; j W4 f the. first and
second th?’éﬂgg}@é %@H&ﬁtg ?grgms{mugée%sgﬁﬁ%% ?ﬁarb&gn\aggt%ﬁgd&cﬁir\?bsdevi ces of

t he preseraurrenhflewtis perpardidulamenradfal with respectrto thé bReeof thd firat asd €
flexible U §e$§rﬂbl ﬁ Thus, the need for a flexible substrate and fl exible
active deviegn it S'by the present invention. 10 The sem conductor body

I ncludgs a sem conductor that can be disposed on a thread core that has a
| ayer of electrical insulation di sEoseq thereon, or that is an optical
fiber or a pi eddedherads ysasbiodiormithe patoes aslive deviees ebtnequesent or body

i ncl udes | ] ri.d 1 I ¢c/inorgani c

e condudy s iR 456 SR BGHE bPndtb s thag e JeAgie 8 brREEDEN  he
thread cormsytheméaiforasiexitid substrarmes féble V06 RIR® is ety e SPi n
coating or_dip,coating fromsolution, thermal evaporation, or “screen
printing. pﬁaﬁé‘,t ”'f“r?é‘“&gtive devi ces of the present invention can be nade
wi th hgw cost and | ow tenperature processes, thereby satisfying the 20
af orenenti oned needs. According to still another aspect of the present

i nventi on, an dhesemicanductor body includes a semiconductor that can be

disposed on a thread core that has a layer of electrical insulation disposed
thereon, or that is an optical fiber or a piezo-electric material. Preferably, the
semiconductor body includes an organic semiconductor or a hybrid

15 organic/inorganic semiconductor or other semiconductor types that can be
formed on the thread cores with low cost and low temperature processes,
such as spin coating or dip coating from solution, thermal evaporation, or
screen printing. Thus, the active devices of the present invention can be
made with low cost and low temperature processes, thereby satisfying the

20 aforementioned needs.

According to still another aspect of the present invention, an electrical
circuit includes a plurality of threads and at least one semiconductor body with
the threads forming two or more active devices. In some of these

25 embodiments, each thread is an active device. In other embodiments, two or

more active devices can share an electrically conductive thread.

According to still further aspects of the present invention, a fabric
includes a plurality of threads in which at least one of the threads forms an
30 active device.



circuit includes a plurality of threads and at | east one sem conductor body
with the threads formng two or nore active devices. In sone of these 25
enbodi nenwe,02eacko t hread is an active device. In other enpodiusszd®9stwo or
nore active devices can share an electrically conductive thread. According
to still further aspects of the present invention, a fabric includes a
plurality of threads in which at | east one of the threads forns an 30
active deBRUEE DES&RMIMMTHEDM@% BRI EF DESCRI PTI ON OF THE

DRAW NGS O her objects, advan nd fe r of, the present
-invention w I@ BE BWL'B ?QY@%Q%%S%??%E% ﬁb%ipﬁés% eci fication
in conj UAgémtth Wllttha ﬁﬁ@er@t‘d‘d@f@ﬁfﬁf&%cdﬁ@%é\ﬂﬂlowmg ghécificdtionenr ef erence 5
characters denote |like elenments of structure and: Fig. 1 is a perspective

vi ew of acaugmation With the aeganyrRanying dravyipgstin wm%lhak%quﬁr%wcet he present

| nventd 0ngh et defotei@ dbMURILST GRRTeSAE | onal view of Fig. 1i Figs.
3--7 are Cross- sec?lona\ vl ews of ternative field effect tranS|stors of
the present invention; 15 Fig. 8 is a cross-secti onal VI ew of an active
device of the present |nve1|on 9 is.a.cros g aIt vi ew of an
al ternative actiBv '%I@\Reéﬁp?ﬁw?ﬁ’ééwﬁfgwqrﬁ%ﬁf‘i e @e 10 is a

di agr am of;. ﬁs@tbﬁ@fth’é%re%bﬁﬁ%\/éntld:rig 11 is an assenbl y of the present
|nvent|on or t 10; 25 Fig. 12 is a diagramof a prior art

circuit;
10 Fig. 2 is a blown up cross-sectional view of Fig. 1;
Figs. 3--7 are cross-sectional views of alternative field effect transistors
of the present invention;
15 Fig. 8 is a cross-sectional view of an active device of the present
invention;
Fig. 9 is a cross-sectional view of an alternative active device of the
present invention;
20
Fig. 10 is a diagram of a prior art circuit;
Fig. 11 is an assembly of the present invention for the FETs of Fig. 10;
25 Fig. 12 is a diagram of a prior art circuit;

Fig. 13 is an assembly of the present invention for the FETs of Fig. 12;

Fig. 14 depicts a fabric that contains active device threads of the

30 presentinvention;



Fig. 13 is an assenbly of the present invention for the FETs of Fig. 12;
Fig. 14 depicts a fabric that contains active device threads of the 30
present iwoantpomy 5 WO 02/ 091490 PCT/ US02/ 06996 Fig. 15 PCI/@s0%86996i ng
circuit for the active device threads of Fig. 14; and Fig. 16 is a
perspective view of an alternate active device of the present I nvention. 5
DESCRI PTI ON OF THE PREFERRED EMBCDI MENT Referring to Figs. 1 and 2, a FET
50 incl udes a stigalisa samplinggireuit for the @HY%QQ%‘CQLI'“@?@S fof'%tnlff @d Threads
54 and 56 forma pair of gates of FET 50 and threads 58 and 60 formthe
source and drain, respectively, of FET 50. 10 Gate thread 54 has a core 62
and gat e t hr eadFi§616isa pecspextitd vieSoaf ar altematadcthd: dewica of treep@8eand drai n
thread 60 has a core 68. Sheath 53 may be any suitable electrically

i nsul ati ve™8?%M-al . known currently or in the future. Sheath 53 is
omttedy fromFig. 2 Cores 62, 64, 66 and 68 conprise one or nore
filanments of an el ectrl cal | conductlve and erX| bI e material, such as a 15
metgl or :.-u PTIQ oL : aNTf i | aments may beanon-
conductive pl as oat ﬁ%‘m such
as netal or coFtral ﬁe(getﬂdl'é/ g% ?dn%gzl'ﬁafe':er rr'é%'tﬁglegrréy H%F’I %gﬁaheeﬂ ow and
may have @ithreadst 340155, 68mﬁ@cﬂ’hmdssﬁmam 656 dadm agminofegates af FEGur ved or

d nbi nat i . 20 Gat h d 54 | | 70
o I 'noul at 90 i tareade 3 apbeb e deadiiee Aadanb. fenactvaly T 36 of
sem c UCéafﬁ HRe5d 5@'ha@'§9§t}e€g% ?afeemreédﬂse madlAESre dAYShurte: Gat e

t hr ead I'ncl udes a | ayer
thread 58 has a core 66 and dram thread 60 has a core 68. Sheath 53 may

be any suitable electrically insulative material, known currently or in the future.

Sheath 53 is omitted from Fig. 2. Cores 62, 64, 66 and 68 comprise one or
more filaments of an electrically conductive and flexible material, such as a

15 metal or a conductive polymer. Alternatively, the filaments may be a non-
conductive plastic with a coating of electrically conductive material, such as
metal or conductive plastic. The filaments may be solid or hollow and may
have any suitable cross-section, symmetrical, asymmetrical, curved or
uncurved or any combination thereof.

20

Gate thread 54 includes a layer 70 of insulator material disposed

adjacent to core 62 and a layer 72 of semiconductor material disposed
adjacent to insulator fayer 70. Gate thread 56 includes a layer 74 of insulator
material disposed adjacent to core 64 and a layer 76 of semiconductor

25 material disposed adjacent to insulator layer 74. Source thread 58 includes a
contact layer 78 disposed adjacent to core 66 and drain thread 60 includes a
contact layer 80 disposed adjacent to core 68. Contact layers 76 and 78 are
disposed in electrical contact with semiconductor layers 70 and 72 and
function to enhance carrier mobility at the interfaces of electrical contact with

30 semiconductor layers 72 and 76.



mat eri al di sposed adj acent to core 64 and a |ayer 76 of sem conductor 25
mat eri al di sposed adjacent to insulator |ayer 74. Source thread 58 includes
a contacwoloayers9¥8 di sposed adj acent to core 66 and drai RPCTIUSez06966
includes a contact |ayer 80 disposed adjacent to core 68. Contact |ayers
76 and 78 are disposed in electrical contact with sem conductor |ayers 70
and 72 and function to enhance carrier m)bilit?/ at the interfaces of

el e;:t ri c;al conSemiconduptor ayess FRandd(fraad cpatpst yess 48 @ndd30 Bay®e2/ 091490
PCT/ US02/ 06996 ) : ; 78 d 80
%lil Qaatl)f(?e g}qgaﬁz\gglfﬁ&%%nlcaﬁ ﬁﬁtI)rZ@ s%&%&@y?gﬁ riARHackhat 8X¢be an

may be an?Pys nic,” 1 norga : sem conductor nateri al
that can #igpostcson ttsicore mbteriabrimomat presehtly @nimvihefutsenQrgadic in t he

future. Organic sem copductors include,. for xang)le sem copnducting smal |
mol ecul es$EMICONAYRRET Ct ?RJI‘%}W@? e, ?%Pl?%?‘éﬁﬁ%,m@%mﬁ%ﬂﬁﬁgt or |ayers 72
and_7 ”ﬁé{nsgéeﬁ%{s%dgﬁolghbt’s.OFSQ@_XSWMQ@%M@F lageR7 2an@ FBythby ophene

1 '0p

derivatives, hene derivatives and pentacene. A hybrid

Isem' condube Gsrmddowith exganit semicondustaspesisthiag pelithiephane dervabiyese. Cont act
78 80 be f ' Y ' , h
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Ca, and t Bgathplee malhte gRERGthysamimmmistndindodidenCardact laperscitiand 80
pol yt hi ophene wi t h i odi ne,
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pol yacet ymayee fosmeghaf highly canductiye matesialsysesh a rfg’tp@pi sﬁ’@'cﬂﬁ?f"‘gg Sappl i ed
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ool SO S A 000 AP UM e 1 o <,
coating, aeshiddndukidre indisdes fomexdrapleppolythiepherzowih dodine eglyandlingy suitabl e

electrical _ insulation nmaterial that can be used f T, presently

or in theMtDtWhorFsb'ﬁ}OBBGa‘?qu” ,°|¥€fﬁ§tt¥|ﬁ§%rl pa‘ﬁYWﬁr 't%&q E]% lﬂ%eykgié,gc%rgani c

I nsul at or 3484418 nASy be applied by any suitable process, such as electrodeposition,
electroless plating, extrusion, spraying, stamping, molding, powder coating,

15  melting, spin coating, and the like.

Gate insulation layers 70 and 74 may be any suitable electrical

insulation material that can be used for FETs, known presently or in the future.
For example, the insulation material may be organic insulators, such as

20 polymethylmethacrylate (PMMA), polyimide, epoxies, and the like; inorganic
insulators, such as silicon dioxide, silicon nitride, barium strontium titanates,
and the like; or organic/inorganic hybrids, such as sol gel and silicates. Gate
insulation layers 70 and 74 may be applied to cores 62 and 64 by any suitable
process, such as electrodeposition, electroless plating, extrusion, spraying,

25  stamping, molding, powder coating, melting, spin coating, and the like.

Current flow in FET 50 is from thread to thread. For example, current
flow is in a path that includes source thread 58, semiconductor layers 72 and
76 of threads 54 and 56 and drain thread 60. That is, current flow is
30 perpendicular or radial with respect to the axes of the source and drain
threads 58 and 60.



20 pol ynethyl nethacryl ate (PMVW), polyimde, epoxies, and the IiKke;

I norganic insulators, such as silicon dioxide, silicon nitride, barium
stronti unwoiccapawes, and the like; or organic/inorganic hrglirisdspessach as
sol gel and silicates. Gate insulation layers 70 and 74 may be applied to
cores 62 and 64 by any suitable process, such as el ectrodeposition,

el ectrol ess plating, extrusion, spraying, 25 stanping, nolding, powder
coating, nmelting, spin coating, and the like. Current flowin FET 50 is

f thread to . y flaqw is.in t b that

[ Lglmudes source‘k %gf'h]a {%&'@é%@tﬁdﬂﬁ%[e%gmg%&ﬁ %\frmm‘ﬁ%ggf q-thl’?r eads 54

and 56 andw'ldiltla'depemdseadttﬁ@apﬂﬁwtiops,i?rlexamﬁle,fif Bgﬂ' ija) @@ré?térrﬁ]ﬂbéﬂgéégﬂégar 3r60
dial with, t . t s of the source an rain threads an :

r7ambao2>Moﬁﬂ%?ﬁ%ﬁ%%g%@g%me@ot%\wdﬁ‘ wioldhbe plput ive imchas Ifengt h

di rect igon lr8tiet i ' e y L.on risexanpl e,
't FET B0 Gerorerratingis dUCYGH, (RS IOP A UNRRRGEELhithg BRloe N
wi dt h woul ahdbthesggrant rating sravams . 1mA, FET Shevauiddraveat witth of abbout  10mA

sui tabl e i ' | i mittin ,ode) and, the current rating is
Shout 1 e G iPEUGaYE e pLBRE Ak A PSattiBEte e HaGs BhaPauR | no
pocket) amglicrondtocatsbuti WENhRITohE t he range of about 10 mcrons to about
100 microns. 10 Gate threads 54 and 56, source thread 58 and drain thread

60 are tw sted together in bundle 52 so as to inpart a nechanical force to

ol § e 0038w Sech SRIRRsL el RS AR Bl ARl 2 11

interfaces of source t raln

| ayers 72 taisted ogetiiehiarbureitd 52 cpoess topiynpaet &l sesthiahidalfce td heldpeassary
nmechani cal, force, such 15 ies, a sleeve, a sheath and the |ike. The

t |
sheath 53 998 %f%@é’ﬁﬁ@‘%’ﬁ@% asRyres geqd electinal saatact at the interfaces of

source thread 58 and drain thread 60 with semiconductor layers 72 and 76.
Other techniques may be used to impart the necessary mechanical force, such

15 asties, a sleeve, a sheath and the like. The sheath 53 also prevents shorting
between threads.

Because of its flexibility and thread geometry, FET 50 has the
significant capability of integration into a woven fabric. Due to the large width
20 of FET 50, its current rating can be high enough to drive substantial loads,
even with low mobility organic semiconductor layers 72 and 76.

In a specific example of FET 50, gate cores 62 and 64 are each copper
wires with a diameter of about 25 microns. Gate insulator layers 72 and 74
25 are enamel coatings of about 0.5 micron thickness. Semiconductor layers 72
and 76 are formed by dipping the enamel coated wires in a solution of an
organic semiconductor dissolved in chloroform and then removing and drying.
The organic semiconductor is regioregular poly-3-hexyl-thiophene (P3HT).

30 The source and drain cores 58 and 60 are also copper wires with a
diameter of about 25 microns that are coated with chromium to prevent



Because of its flexibility and thread geonmetry, FET 50 has the significant
capability of integration into a woven fabric. Due to the large width 20
of FET 50woikes9nwerent rating can be high enough to drive peroshanimal

| oads, even with |ow mobility organic sem conductor |ayers 72 and 76. In a
specific exanple of FET 50, gate cores 62 and 64 are each copper wires
with a diameter of about 25 microns. Gate insulator layers 72 and 74 25
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The source and drain cores 58 and 60 are al so copper wires with a dianmeter
of about 25 microns that are coated with chromumto prevent 8 WO 02/ 091490
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76 78i1§d8%p ﬁfear gto Fig. 3, a FET 90 is substantially the sarre as FET
ce ‘e thread 56 is replaced with a spacer thread 92. Spacer
thread 92 may conprise a single filarrent or mJItipIe filaments of an

(e:D\e/S r ! 33: yégt érgggrﬁbl tgnFlga :t% ear k%l'l' 90 is subs?antnghy [He same’ asplglji'}l\ébnyl chloride

except that gate thread 56 is replaced with a spacer thread 92. Spacer thread
92 may comprise a single filament or multiple filaments of an electrical

15 insulation material, such as nylon, PMMA, polyvinylchloride (PVC), polyesters,
and the like. The filaments may be solid or hollow and may have any suitable
cross-section. Insulation thread 92 keeps source thread 58 and drain thread
60 separated so that they do not contact one another. Like FET 50, FET 90
has a mechanical force imparted to gate thread 54, source thread 58, drain

20 thread 60 and insulation thread 92 to hold them together as a bundle in a
manner that keeps source thread 58 and drain thread 60 separated.

Referring to Fig. 4, a FET 100 has a gate thread 102, a gate thread

104, a source thread 106, a drain thread 108 and a semiconductor body110.

25  Source thread 106 and drain thread 108 are substantially identical to source
thread 58 and drain thread 60 of FET 50 of Figs. 1 and 2. Gate thread 102
has a core 112 upon which is disposed an insulator layer 114. Gate thread
104 has a core 116 upon which is disposed an insulator layer 118. Cores 112
and 116 are substantially identical to cores 62 and 64 of FET 50 of Figs. 1 and

30 2. Insulation layers 114 and 118 are substantially identical to insulation layers
70 and 74 of FET 50 of Figs. 1 and 2. Semiconductor body 110 has an



and the like. The filaments may be solid or hollow and may have any
suitable cross-section. Insulation thread 92 keeps source thread 58 and
drai n t hrwad2/0809eeparated so that they do not contact onecarsokesissLi ke
FET 50, FET 90 has a nechanical force inparted to gate thread 54, source
thread 58, drain 20 thread 60 and insulation thread 92 to hold them
together as a bundle in a manner that keeps source thread 58 and drain

t hread 60 elepgatad shape Redds dishgsed iFthg sprceomoId betveers thiegds 802hr ead 102,

cem conducly Beqne @ (B8 Rt SCFERogthA B ke Ral oreR iBEN St o o
subst ant i ajdty threads 102l artdo1 34 wotece thneadd06drairdtidlead n08laneiad 60 of FET 50
re 112 n which is di sposed an

of Figs. 1 and 2. te thr 102. . has a ¢ u
sl ot or Seiigprdudior (Barad A0 da R0 Den Resher 15ea bUBAB A TANBSr a1 posad

an i nsul atilegsayiRtcel thtead@Behdldrain fighd 6§ s@fzn§ra'ié'@.5t antially identical to
cores 62 and 64 of FET 50 of Figs. 1 and 30 2. Insulation |ayers 114 and

118 are substantially identical to insulation |layers 70 and 74 of FET 50
of Figs. 1 and 2, 1,CON or, .pRod 1Q has.an 9 WD 02/,091490

PCT/ US02/ 06996 g%?‘@ﬁ?&’t’%&%ﬁ@%é@ﬁ’ag\( éeg‘?%’bc&é%‘b"?ﬁw ﬁﬂ@ﬁﬁce or void

bet ween t heepaidondittor mbirial 104t g rstmidbfe inlark eldnghtedthrERdiikkOshapasar

mechani cal force inparted to ate threads 102 and 104, source thread 106,

par. . 9
drain t hr dhat hasa phabilitythat adivsts torthe sudases abgats thisads Hiaerddbéher as a
bundl g4 n ,g@@ [ﬁﬁ% L 60
separ Zto ed.S% emﬂﬁé?\%ﬂ?tboa?’ 0 §‘$ ﬁgéﬁnggaé"g{e?ﬁ%@é‘? gg;agfoqgﬁglé gﬁﬁ % g’bl e
sem conduckarexantpie| semicbaducter bodyd b0 enaybeforeterthgba pdrmbabledhidad shape
and that has, ,a pliabjlity that adjusts to the surfaces_of gate threads 102
and 104 bl peluralas wHh BCY AR SHIEANQURA SUSB ESITART 21 SLARRRIIEAl f of ce
Is applie ; ) g ed. of a
bor meabl ed‘%rﬁ?@gﬂ“@"@%m SemiRBAHGABH Weich asHHbhebhl MU BEid
15 Alternatively, semiconductor body 110 may be formed of a
semiconductor paste or gel that is applied to the surface of one or more of the
threads 102, 104, 106 and 108 in an amount sufficient to provide a continuous
body therebetween. For example, the semiconductor paste may be formed of
an organic semiconductor combined with a binder chosen for its mechanical
20 properties, such as toughness, strength, pliability, adhesive and thermal
properties. The binder, for example, may be polystyrene.

Referring to Fig. 5, a FET 120 includes a gate thread 122, a source
thread 124, a drain thread 126, a spacer thread 128, a semiconductor body
25 130 and a pair of contact threads 132 and 134. Gate thread 122 is
substantially identical to gate thread 102 of FET of FET 100 in Fig. 4. Spacer
thread 128 is substantially identical to spacer thread 104 of Fig. 4.
Semiconductor body 130 is substantially identical to semiconductor body 110
of FET 100 of Fig. 4. Source thread 124 and drain thread 126 are each
30 formed of one or more filaments of an electrically conductive and flexible

material, such as a metal or a conductive polymer. Alternatively, the filaments

10



that is saturated with an organi c sem conductor, such as P3HT or of a
hybrid organic/inorganic sem conductor, such as phenephyl ammoniumtin

i odi de. IWwoARwerp@ti vel y, sem conductor body 110 may be f @cmaoncoas

sem conductor paste or gel that is applied to the surface of one or nore of
the threads 102, 104, 106 and 108 in an anount sufficient to provide a
continuous body therebetween. For exanple, the sem conductor paste may be
formed of maay be gnrnccerdtctivadlrstisrwitvaisoating of electicgily¢endaetbieen for its
mechani cal ' S, r Li,ahi L1 adhesi ve
and t her na|"%£8ﬁ%@§§§'? ég%ﬁgB&%ﬁ%ﬁﬁU@% F‘"’i’?an@%eﬁgﬁﬁt%@‘akéﬁ%yﬁ'@%rne.

Ref erri ng telléw@andmang hiaké ah¥Gsuitableucressaegiidre t hread 122, a source thread
124, a drain thread 126, a spacer thread 128, a sem conductor body 25 130
and a pair of contact threads 132 and 134. Gate thread 122 is substantially

identicgl to galgrifktaRatOBPls disdostld iRkelectRaliddnad with %e'?H%BﬁauctbF‘r ead

128 is substantially identical to spacer thread 104 of Fi )
Seni conductliweagddy) argbin elecinioat eontaell with sowieeitbegad: 124 eGootactithread body 110
of FET 100

Formed o dnd ioRsesPed T Mkl cfteat o Tetnee Rl RS RELEFO aRARe o b o

nmaterial, tnciadaRe Oshtakt hiredds 9B2anti 184 Jrelfymed witht eriynglilabed y, the
filaments 10 WD 02/091490 PCT/ USQ2/ 06996 . may be a non-conductive plastic
with a coatsieﬁ!jc@?dl’é?ﬁ@'d!‘?telﬂ@i that ephanees carriergiability at the ioterfacesdeal or

conducthve ' ' n ' ve any
suit abltlg crsé%b?&g%c clt%-'jr}ﬂr%édcgﬁagﬁ ' ?ﬁ%’g?{? %géfagtsﬂ‘gleg%%ggg‘ﬁlnﬁng4g®t)é P’ irb%al
contact w tfbrnsedofaddped semicdmdratorithforghdconirodied diffusian of amopant froih
source thrgad 124, Crl}%féact thread 134 is disposed in electrical contact
with seni cSRBFEHEE NG ARAN-130 and drain thread 126. Contact threads 132

and 134 are fornmed with any suitable

It will be appreciated by those skilled in the art that the contact thread
15 arrangement of FET 120 can be used in place of the contact layer
arrangement of FETs 50, 90 and 100. For example, contact layers 78 and 80
of source and drain threads 58 and 60 of FET 50 (Figs. 1 and 2) can be
replaced by a pair of spaced apart contact threads that are in electrical contact
with semiconductor layers 72 and 76 and with source and drain cores 66 and
20 68.

In a specific example of FET 120, semiconductor body 130 is formed by
soaking a permeable thread, which may be formed of multiple filaments, in
P3HT dissolved in chloroform solution, withdrawing and drying. Contact

25 threads 132 and 134 may be a high function Pd coated copper. Contact
threads 132 and 134 with semiconductor body therebetween are fused to form
a three thread assembly and spooled. The three thread assembly is then
dipped in a solution of P3HT dissolved in chloroform, and, while still wet,
wound with spacer thread 128, source thread 124 and drain thread 126 to

30 harden in position and form FET 120.
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sem conductor material that enhances carrier nobility at the interfaces to
10 sem conductor thread 130. For exanple, contact threads 132 and 134 may
be for mewoak/oai4doped sem conductor through controlled di fricagisonoeyde a
dopant from the source and drain. It will be appreciated by those skilled
in the art that the contact thread 15 arrangenent of FET 120 can be used
in place of the contact |ayer _arrangement of FETs 50, 90 and 100. For

exanpl e, cont acﬁefearm@ Fig. fina FEJ 144 isssistantighy identical tonfERd9038 and 60 of
FET 50 (Figs. 4%&%@3{ rb;ﬁﬁ: @gn%@%g ré’é/@ﬁe?@é{e tﬂf'da%g?ﬁfd apart contact

t hr eads tha are r| caf act m-conductor’ | ayers 72 and 76
and w t h Shlternativeehyl cbtmahttneacks’.%@nammplaié i6éth gate threpds i1DRa@nelxt¥pl e of FET

120, ' d 130 f ble th d, which
may bze;no? n‘dpuag hrﬁﬁgt&él I8 q‘\ééf?@ﬁ gercth 'Slﬁ@\g% Bg’%ﬁ?&ﬂq‘sa‘ cﬁl or (r)fegr m °
sol uti an, é@nfutaéﬁawaﬂbad\,dﬁiwhaqaet@eeﬁ aéaro%&hﬁéaoemaﬁéaranc{hrﬂe% may be a

hi gh function Pd coated ‘copper. Contact threads and 134 wit
sem conductQ. @Dﬂ@eltaﬁ@r@)bépmt%@mlcﬁhtﬁ@ad 64?-dﬂﬂ¢ulé{edmt@e thread assenbly

and spool e | | of
T L P L
thread 128o c3oge eechidngea theéimpadanteiherddfibattied thd Qo@@ehareiaelmom posi tion
and form FET 120, . 11 WO 02/ 091490 PCT/ US02/ 06996 Referring to Fig. 6, a
FET 140 i sandfherdrain tregd 188ntical to FET 100 of Fig. 4, except that an
opticaly thread 142 replaces gate thread 104. Alternati veI y, optical thread
142 may replace both gate threads 102 and 104. Optical thread 142 is an
optical fiber tReferiirg tt SigoZed Féﬁfﬂj- aﬁ@ehasmiﬁgleémmmt'ﬁhre}addwm and
bet ween source %1‘{ ead, 106 anﬁi t hr e
a core an insulating ayer ,a semlconductor layer 1568, a source layer
160 and a drain layer 162. Core 154 comprises one or more filaments of an
electrically conductive and flexible material, such as a metal or a conductive
15 polymer. Alternatively, the filaments may b a non-conductive plastic with a
coating of an electrically conductive material, such as metal or conductive
plastic. The filaments may be solid or hollow and may have any suitable
cross-section. Insulating layer 156 is disposed on the surface of core 154 and
semiconductor layer 158 is disposed on the surface of insulating layer 156.
20  Source layer 160 and drain layer 162 are disposed on the surface of
semiconductor layer 158 as stripes along the length or axial direction of thread

152.

Referring to Fig. 8, an active device 170 has a single thread 172.

25 Thread 172 has a core 174, a semiconductor layer 176, and a pair of
electrodes 178 and 180. Core 174 is comprised of an optical fiber.
Semiconductor layer 176 is disposed on the surface of optical fiber core 174.
Electrodes 178 and 180 are disposed on the surface of semiconductor layer
176 as stripes along the length or axial direction of thread 172. Optical energy

30 applied to optical fiber core 174 modulates the carrier concentration in
semiconductor layer 176 and, hence, varies the impedance between

12



108. Optical energy applied to optical thread 142 is coupled into

sem conduct or body 110 and nodul ates the carrier concentration therein so
as to caweaadnhange in the inpedance thereof between thecyasozeswér ead
106 and the drain thread 108. 10 Referring to Fig. 7, a FET 150 has a
single thread 152. Thread 152 has a core 154, an insulating |ayer 156, a
sem conductor | ayer source layer 160 and a drain |ayer 162. Core

154 conpr i glestragd 678 ﬁﬂﬂe1qq | ARERPRrtant applicatin: ot activel deviemd(R is toe and
flexible rﬁférlalt]ght%‘r‘n% & AebFicad e,{grﬂgnconduct ive 15 pol yner.

Al ternative e filaffents may conductive plastic wwth a coating
of an electricall y conduct Ive mat erial, such as netal or conductive

plastic. The fi e soli.d r hol | and sui tabl e
cross-secti on. I 7'39 ‘ﬂqu gy@f‘ agkge §V'8?s1|5’® %ﬁ"’t@ﬂ"eng @3% of core 154
and serg COTHwRHOr92 By€h cbpd 108, diseRfsduetoridfersigs ane thfed dlattraddd g | ayer
156. 20 Source |l ayer 160 and drain | ayer 162 are dlsposed on the surface

of seni comd®icdQ} andi@B?. Orge 49445 coppsisad ohg Riero-elosticmaterigli al  di rlect i on
Chread 172SoMoriECRlrial 1o ' dondiedh RE'S L didel dRclifttedo il © )

pai r of eEterctroddesl%?BOﬁaddm areéatisposéd arsthecsyfdceast s@‘mla@ndmﬂd)lcm fiber.
Sem conduc er 76 is di Z’E% ed on the urface t;u optlcal fi ber core
r

174. Elec IVSEI f?f? ﬁ'QUg enothgeayal r‘?‘ﬂ@”s‘if i3 H92-seni conduct or
| ayer 1(5L76N@§h§ﬁ|'i:hp§t?esf§ %nﬂ'ehhe d.&w& cf?c&fféab&‘iigé&%gé&nthefcafr gead 172.

Optical energy 30 applied to optical fiber core | ates the carrier
concent r at c@rcentrationnn semicanductdragyar 19Bcarth dhenbtenvarjes/theiimpedbeceé npedance

bet ween 1get¥v\%ecr)12<élggt%§eo 15 a/nHSquétPo%%%Gzoo and 202 and between electrodes

200 and 202. An important application of active device 190 is to convert
mechanical energy to electrical energy.

15

The optical fiber 174 of active device 170 or the piezo-electric core 194

of active device 190 can be replaced by with other suitable materials for the
conversion of heat energy or chemical energy to electrical energy. It is also
possible to use light, mechanical stress, heat or chemical energy to generate

20 electrical power that could replace batteries in low power applications.

Referring to Fig. 10, a prior art FET circuit 210 includes a pair of FETs
212 and 214. FET 212 has a gate G1, a source 216 and a drain 218. FET
214 has a gate G2, a source 220 and a drain 222. FETs 212 and 214 have
25 their source/drain channels connected in series, i.e., source 218 is connected
to drain 220.

Referring to Fig. 11, circuit 210 is shown in a thread assembly 224.
FET 212 is formed with a source thread 225, a gate thread 227 and a common
30 thread 226. FET 214 is formed with a gate thread 228, a drain thread 229 and
common thread 226. Thus, gates G1 and G2 are implemented with gate

13



el ectrodes 178 and 180. An inportant application of active device 170 is to
convert light energy to electrical energy. Referring to Fig. 9, an active
devi ce 19ohlamrmsi ngl e thread 192. 5 Thread 192 has a coPeTAS42/0@96

sem conductor |ayer 196, and three electrodes 198, 200 and 202. Core 194
I's conprised of a piezo-electric material. Sem conductor |ayer 196 is

di sposed on th face of piezo-electric core 194. El ectrodes 198, 200
and 202 ar'8'&f e8NQK2Ph8OWGR12]8e With souFeethigad 28P; diairy@22,18Bh as stri pes

I th | Ly | . Mechani stress
gpglr]?ed teodrg!?gltzh?fe gg?’lriﬁﬁ:d g%&;@?ig%ﬁgﬁ)ﬁc&lﬁ% gggt‘&ggggh%%'? ﬁ"@ﬁﬂgghtration I n
sem conduct or | ayer 196 and, hence, varies the irrpgdancgoobet \(/jvetzagzel throde
198 d el ect 200, and 2_and bet ween ect rodes "an . An
irrpo??ante ggp{ﬂg‘g'?fw Slfa]g'gct%gv%%{if@(/?gé’_'%ﬁzs nJueeh i FE Teecttaridal ener gy
to el eqirizad. PEPLUP hdba Hae Gl b&BUrdd 85 ahdh birf288 PE4OXFRad 20 OF Lhe

pi ezo-electric core 194 of active device 1 can be rep d by with other
sui t abl e r@ateGalasseyEe 40 anshadedini2dRd. 4TETRad2 andi2p# avectheiri cal energy to

i cal : j I L bl . | i gh nechani gal, ,stress,
heat or ctigired/fiein thahfiels\coineRaRTh BoBaieh 145 rsaif 36dS SORBRERIT o r epi ace
batteri es sourte24pawdrdraipp238 it dommectdeetoairain@2.o Fig. 10, a prior art FET

circuit 210 includes a pair of FETs 212and214. FET 212 has a gate Gl, a
source 216 and a drain 218. FET 214 has a gate &, a source 220 and a

drain 922. FETREGRiIRNM Bbd132RADINE ShoRfHhGHIE) BsElARRsy connect ed

In series, i.e., source I'S connecte rarn . ng to F!g.
11, cir cuiREP9832 andtddrarerfoemeth mathch asmendn sot2d thiead 24andaf ormed with a

rce thread 225, .a .gate ead 227 and a commopn 30 thread 226. FET 214
O or e oA Sl RAE2AE 558 with Seblrele e dueads 24pnd 947 - Thus

sources 236 and 240 (Fig. 12) are implemented with common source thread
246, drains 238 and 242 (Fig. 12), with common drain thread 248: and gates
15 G1 and G2, with gate threads 245 and 247.

Referring to Fig. 14, a fabric 300 has a plurality of threads 302A and
302B that are woven together. Threads 302A are cloth threads and threads
302B are active device threads, such as FETs 50, 90, 100, 120 or 140 or

20 active devices 150, 170 or 190. Applications for fabric 300 include any
application in which an electrical, optical, mechanical stress, heat, or chemical
activity is needed.

Referring to Fig. 15, by way of example, threads 302B may each be a
25 piezo-electric thread of the type shown in Fig. 9. The electrodes 198, 200 and
202 are connected to a sampling device 304. During a sampling period,
sampling device 304 connects voltages between across electrodes 198 and
200, 198 and 202, and 200 and 202 and measures the currents therethrough
for comparison with reference values. Dashed lines 306 are for connections to
30 others of the active device lines 302B. For example, all of the active device

threads 302B could be sampled together or at separate sampling periods.
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common thread 226. Thus, gates GL and & are inplenented wwth gate 13 WO
02/ 091490 PCT/ US02/ 06996 threads 227 and 229; source 216, with source

t hread 22®p wdrai4o 222, with drain thread 229; and drai n 2T8/@0glo®oer ce
220, with common thread 226. Referring to Fig. 12, a prior art circuit 230
I ncludes two FETs 232 and 5 234. FET 232 has a gate Gl, a source 236 and a
drain 238. FET 234 has a gate &, a source 240 and a drain 242. FETs 232
and 234 have their source/drain channels connect ed in parallel, i.e

source 236 is C%}@ﬁﬁ@qotm% f@%rpgct%(hﬁb K Qs %%ﬁaegﬁg§ﬁ§h§ggét%odr ain

242. 10 Referring to circult Inat
224. FETs 3222adayerd4, arleyero”ﬂ&@ it bf electmabcommctm'e 28 awdi32dandnd a

h ds,_ 245 d 247. Th
cour cos. 236 SCSiudePya] 53 FISHREIDhSeE 24 mevdeiobmess ey 1 hr ead
246; drai npladlis oxmdetattid rhkiegial ﬂ@\)m%‘mé Bh&ragtariRties ot Belhbrpﬁléglezéﬁ and gat es
15 G1 and %Ggwth gate threads 245 and 247. Referring™to Fig. 14, a fabric

300 has a ablery of threads 302A and 302B that are woven toget her.
Threads 302A are cloth threads and threads 302B are active device threads,
such as FETs 50, 90, 100, 120 or 140 or 20 active devices 150, 170 or 190.
Appl i cations foFofatifET, SOBtiate822lés ela;ztncarlmbondﬂdtme dnd lahecd2A R also

h I t ty is
beded e PG condRENE i Mg Feciatdy hayprs2d w?%‘aé@cy@%%r{%iat%rach be a
25 pi e10- elEasdtfibAl cbhaaét@rQst%ﬂdtWa@hH%ouFbecér% gﬁm S&tﬁfe‘i °ﬁ'§rs 198,

200 and 202 are connected to a sanpling device I ng
period, sanfntieg! artiviecdevio gabmlayer 824 i omifted ami \ayen 326r|s>asl|gdat ect rodes

198 and ZQ%nsr]r@sBsn?é]gIeﬁpgnt and £ gllaﬁfi tra2t9$2m|sswerrv'vs§\;5euguufe tahgrls(,:rHrarnd the

t her et hrou
I|ke that transmits light to semiconductor body 332.

15 For a FET, flexible substrate 322 is preferably a flexible insulated
material, such as insulated metal foil, plastics, anodized aluminum, kapton,
mylar, cloth, rubber and the like. Layer 324 is any metal that is suitable for a
FET gate, such as: aluminum, gold, chrome, and the like. Layer 326 is any
suitable gate organic insulator, such as polymethylmethacrylate (PMMA),

20  polyimide, epoxies, and the like; inorganic insulator, such as silicon dioxide,
silicon nitride, barium strontium titanates, and the like; or organic/inorganic
hybrid, such as sol gel and silicates.

For an optically active device, the flexible substrate is preferably a light
25 transmissive material, such as epoxy, polyimide, polystyrene, mylar,
plexiglass, PMMA and the like. Layer 326 is preferably an insulating light
transmissive material, such as silicon dioxide, PMMA, and the like. Metal gate

layer 326 is preferably a transparent metal, such as indium tin oxide.

30 For either the FET or the optically active device case, semiconductor

body 332 is a layer of organic semiconductor or of a hybrid organic/inorganic

15



for conparison with reference val ues. Dashed |ines 306 are for connections
to 30 others of the active device |ines 302B. For exanple, all of the

acti ve dewioor/09tdae eads 302B coul d be sanpl ed toget her or @CTIEPAP@DE
sanpling periods. 14 WD 02/091490 PCT/ US02/ 06996 Referring to Fig. 16, an
active device 320 has a flexible ribbon substrate 322, a |layer 324, a |ayer

326, a pair of elegtrical conductors 328 and 330 and . a_sem conductor body
332. Fl exi gnatesig séP&%@e@ZQa’HﬁﬁeBBCQWEH rBatesials igclydgstarexgmmiet al | i c

mat eri al haé@nﬁiﬂoﬁ&l?ﬁtﬂ@'gﬁ'rﬁéﬂ ﬁfduéacﬂusyvs% ggggmwsn@'ghﬁ@rsprForbsMﬁBuLee- For a

FET, substrate 322 is ectric uctive 1 1 ayer 324 1's al so
el ect ri cal |sensioanductorbodynd32 onaysbe farmepal with beganic Semidanductoss esttohi asal

i nsul at or . El ectrical duct 8 apd. 330 t d drain,
opect | velRPIpiEPRehR A sibhoniEne R valve Py ERRBRREC B 0 cdane
llayer 336 igybiid dephicohd@dteniteséxsmgleciritbe sherethd d@mmodiim tihapgidessi ve

wavegui de, a prismand the like that transmts |i1ght to sem conductor body
332. 15 ForElgctteal condugtys 328 and 339 eaydze any guitakie apetal ar eondyative
i nsul at ed ffial, such as insulated netal foil, plastics, anodized

al umi num Kapton, nylar, cloth, rubber and the |like. Layer 324 is any
nmetal that is suitable for a FET gate, such as: alum num gold, chrone,

o o1 oS bnAos SR o SRS e

| nor ganicc 1 isdeRERical éb‘l‘fdhcr?grsﬂwtg BeBpHIied b ny stifabOProeiess, ffgh 4r i um

strontiumtitanates, and t or organic/inorganic hybrid, such as

sol gel andcasitingcdipeenatingrfram soptionathieymatevaporation,sreemprintingi bl e
ol yi m de, N etodppafioh, spand 1o RRAR BRKGE {1 k. Layer 326 i s
preferably an insulating |ight
It should be apparent to those skilled in the art that the FETs described
15 herein can use a hybrid semiconductor, such as, phenethyl ammonium tin
iodide, without doping in the channel regions or with doping of tin or antimony

in contact regions.

The present invention having been thus described with particular
20 reference to the preferred forms thereof, it will be obvious that various
changes and modifications may be made therein without departing from the
spirit and scope of the present invention as defined in the appended claims.
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transm ssive material, such as silicon dioxide, PMVA and the |ike. Metal
gate layer 326 is preferably a transparent netal, such as indiumtin

oxi de. 30wbar/eisher the FET or the optically active devi PETABOEV6996

sem conductor body 332 is a |layer of organic sem conductor or of a hybrid
organic/inorganic 15 WD 02/091490 PCT/ US02/ 06996 material. Suitable

or gani INH& GUAMMED IRt eri al s i ncl ude, for exanpl e, sem conducting small
nol ecul es, oligonmers and polyners. For, exanple, sem conductor body 332
may be formed with organic sem conductors, such as pol ythi ophene

der i vati.ves Arhctie dévigh compdeingattiread, axsemisendyeton®ody ext 9d

1 act 1 1A Seio Rk st A RO HE e DRRREIGIRAREBAE | i ve

pl asti %ﬂo?[&{@éi@ thRSHCAT HRpOsed® Slectical gantachattspraicet, apgat locationd at or
hmateri a

0 and el ectrical conductors . may be applied ny suitable
pr ocesswiths s@id sesnicerdugtagbody, wheseain thg 'W‘Péﬁ?@‘fﬁ Eg 4 '?'ﬁefﬁﬁ%?nd;vapor ation,
screen printing.. WEERRs j 8n&1eFithhCAaFfects 88wl thesadrol di ng and t he
i ke. |§D€C8H§Lﬁa%t8%ﬁ)§88§§gﬁ?s{sgvt o B Enerds thaCafectt 85ml thesadTo B g0
described 15 herein can use a hybrid sem conductor, such as, phenethyl

ammonium tin_ iodide, wthout.dgpi i.nt o) i:th dopi ng
of tin &r anthemBaive %V'E%H?S'@tmﬁe&fq%ﬁ?." Sﬁﬁﬂﬁgﬁgﬁ% dl’%\%gh?ﬁ%whﬁﬁ%'f]ng been
thus deggpi (Ut asddyay sAByerhat sliro@miessid core preferred forns

t her eof §éi?tsg\;ﬁ'nq?(¥n({)% obvi (gﬁs thgtt vari ous changes and nodifications may be
made therein without departing fromthe spirit and scope of the present

Inventign as defi pedqbilcs bF AR (HbEAE cortfis\ A GptcdPfiger PCT/ US02/ 06996

4. The active device of claim 2, wherein said core is a piezo-electric material.

5. The active device of claim 2, further comprising a layer of insulation
material disposed between said core and said semiconductor layer, and wherein
said core and said first and second electrical conductors are a gate, a source and

a drain of a field effect transistor.

6. The active device of claim 1, wherein said thread is a first thread of a
plurality of threads, wherein said first and second electrical conductors are

second and third ones of said threads.
7. The active device of claim 6, wherein said first thread is an optical fiber.

8. The active device of claim 6, wherein said first thread includes a core that

is electrically conductive, and wherein a layer of electrical insulation material is

disposed on said core.

17



WHAT IS CLAIMED IS: 1. An active device conprising a thread, a

sem conduct or body extending axially along said thread, first and second
el ect ri cavomongiugi ors extending axially along said threagcanbodo®posed in
el ectrical contact at spaced apart |locations wth said sem conductor body,

wherei n_ the inpedance hetween the first an second el ectrical_conductors
is vari®d bylehasle ¢ewee \éﬁ;'@lﬂ‘g' yﬁeée'f‘ﬁ?gg%‘?mfpngH(étoég’PWés aé?)fege of claim
1, whergibn:Sad r i idaldnaisticsH mats@dld seni conductor body i s
a l ayertﬂkﬂgﬁﬁ%@s&@uﬁggalgg?%@rc%%&tg%ﬁe a(I:ti vg device of claim2, wherein

said core is an optical fiber. 4. The active device of claim2, wherein

id [ ' <el.ectric. i al. ' i f claim 2,
Fur t her \GorpPre Areor e P BT HtsPyin o Runf Rt s pRESSRI, con”ca o
core angrsaise@ends axidiy bPeaidefirstthread wherein said core and said first

and second el ectrical conductors are a gate, a source and a drain of a
field effect transistor. 6. The active device of claim1l, wherein said

thread jp a fh Skuldaende of cRimPio!ufldréil stid foirAtilead Bas Shacarard first and

second i'cal conductors are secon d third ones of said threads. 7.
The actingelationineateril intexposdd betwezeri said sedond aed third tuegads an opti cal

fiber. 8. The active device of claim6, wherein said first thread includes
a core that is electrically conductive, and wherein a |ayer of electrical

| nsul at Z?“ M8 e HEvicEioh RRIEP M vrbid o fourthitiVdRICARTe%h
PCT/ US027/ 06996 9. The active device of claim8, wherein ,SEI d senj conduct or

body i sekectrivplly contiastiviescare ands lpyenokeleatrical igsulgtion raaieriabdisPP$ral at i on
material. 10, The active device of claim8, wherein a fourth one of said
pl ural i P 5819 °Q'fir eads extends axially of said first thread.

13.  The active device of claim 10, wherein another semiconductor layer is

disposed on the electrical insulation layer of said fourth thread.

14. The active device of claim 6, further comprising first and second contact
bodies that have a carrier enhancing capability and that extend axially of said first
thread, wherein said first contact body is disposed between and in electrical
contact with said semiconductor body and said second thread, and wherein said
second contact body is disposed between and in electrical contact with said

semiconductor body and said third thread.
15. The active device of claim 14, wherein said second and third threads
include first and second cores, respectively, and wherein said first and second

contact bodies are disposed on said first and second cores, respectively.

16. The active device of claim 14, wherein said first and second contact

bodies are fourth and fifth ones of said plurality of threads.
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11. The active device of claim1l0, wherein said fourth thread is a spacer
of insulation material interposed between said second and third threads.
12. The awoiz@oderi ce of claim 10, wherein said fourth threadsonedspces an
el ectrically conductive core and a |layer of electrical insulation materi al

di sposed said core. 13, The active deyvjce of claim 10, wherein another
sem contuct gphﬁ% e q%V'CQjPE?J@E%d whetge Sélde?ﬂmiceﬁ u?tﬁghpﬁwrlﬁ'\‘-'qeéyer of said

fourth 6r§éﬁ@(‘§en§].léonam§0|aﬁ]taté4%|dew ce of claim®6, further conprising first
and second contact bodies that have a carrier enhancing capability and

that extend axially of said first thread wherein said first contact body

is disp nt t C ductor body
and sai secﬂh H’ree‘g 'Céaﬂﬁg'\%ﬁﬁ Séq rﬁga@a%réﬁmc %ﬁfGiﬁl%%ﬁ%frﬁQ di sposed
bet V\Berbfaﬁdgwu;ﬁbmlétintﬁbf eenticoridusting sl tnoleeales pokarher ampdy and sai d
third threa 15. The active device of claim 14, wherein said second and

third tPAWRAEES. include first and second cores, respectl vely, and wherein
said first and second contact bodies are disposed on said first and second
cores, respectively. 16. The active device of claim 14, wherein said first
and sectthd cTim active dedce of ehaénﬂdummmeindafd cbrglanimmaterfalissaammhheral ity of

t hr eads. 58 WD 02/ 091490 S02/ 06% 17. The . active device of claiml,
wher ei rPfdBP @reunFersisting of pﬁB eNfic! @'OPB?@%HPQ 'O8R80Ct or material .
18. The active device of claim17, wherein said organic material is a
menber of the group consisting of sem conducting small nol ecul es,

ol i gome20.andThgattmedevice of claire Tawihievein seid s,@'nwpnguaiombpdy ingledes & sai d

glr Igg.g![ ﬁh){r)%wer bggﬁéngéiﬁaﬁ%%wgﬁgu‘&%?rr%igh'é:l consi st ng of : pent acene,

21.  The active device of claim 20, wherein said hybrid organic/inorganic
semiconductor material is phenethyl ammonium tin iodide.

22. The active device of claim 2, wherein said core includes one or more

filaments.

23. The active device of claim 22, wherein said one or more filaments are

electrically conductive.
24.  The active device of claim 1, wherein said thread is flexible.
25. The active device of claim 6, wherein said plurality of threads is twisted.

26. The active device of claim 6, further comprising means for holding said

plurality of threads together.

27. The active device of claim 6, wherein current flow is in a path that includes

said semiconductor body and said second and third threads.
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20. The active device of claim1l, wherein said sem conductor body includes
a hybrid organic/inorganic sem conductor material. 21. The active device
of cl ai mwO,02xbEwei n sai d hybrid organic/inorganic semnm ceodusioocn@t eri al

i s phenethyl ammoniumtin iodide. 22. The active device of claim2, wherein
said core includes one or filaments, 23. Thfq(gct I ve device of claim

22, whet®in B8 %Ctb’ﬁed%’r'c%géaw laMberein spid cleds efectigally cOBAUEING ve. 24.

The active device of claim1l, wherein said thread is flexible. 25. The
active device of claim6, wherein said plurality of threads is tw sted.
26. The2%ct i A Geldexffent trahsistar gongpriding ahbneaddlqwrig;an@lenimlyf or holding said

| | h d 27 d '
U r ontcadigHRoF: 2 IpUA P SieeriEAnslaust bispheed el ania Sl s 2o cal o
second @é?ﬁlcbhdiuéioﬁ Bb@pestendthgMXiAR/ ABAd 88idPETre dpRPAiepeEd adBcerdtte acti ve

device of claim1l, wherein said core is electrically conductive. 29. A

fiel d esdiéayer ohalockical inssigsions firsy aadisecend eleclica) Cézﬁdléﬁ@& extending
conductiy gllf&&ﬁ% s8id & d’%catrg)i dlgéﬁﬁa InCétbe hEél%(ﬁ'&éﬁQNlﬂ‘\ ?Qess‘ae‘flnlegﬁéﬂdtdr al ong

said core m con exten ong saild core and
di sposemhatastahatspaden apant Dbclaayns thereet, whereunahe eleojlmtml impedameest and second

cl cct 1 BaeEB Rl IrahAD Seapod Sitton gacduflom i & Siiufliar i "
| ocati o Ife'i’le(b%%rd el‘é@ﬁfe%!l?cbﬁ&u&h@cédré(:a' i npedance between said first and

second electrical conductors varies as a function of energy applied to
said electrically conductive core. 30. The field effect transistor of claim

29 (e " TR et et nfon Bkt gh b e vher el
plurality of threads, wherein said first thread is a gate with said layer of electrical
insulation being disposed on the core thereof, wherein a second one and a third
one of said threads include said first and second electrical conductors,
respectively, and wherein said second and third threads are a source and a

drain, respectively.

31. The field effect transistor of claim 30, wherein at least one of said plurality

of threads is flexible.

32. The field effect transistor of claim 30, wherein said plurality of threads is
twisted into a bundle, and wherein said bundle is flexible.

33. The field effect transistor of claim 30, wherein said semiconductor body

includes organic semiconductor material.

34. The field effect transistor of claim 33, wherein said organic material is a
member of the group consisting of: semiconducting small molecules, oligomer

and polymers.
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i nsul ati on being di sposed on the core thereof, wherein a second one and a
third one of said threads include said first and second el ectri cal
conduct orwp maspect i vel y, and wherein said second and t hi pdTiUS0Zead36 are a
source and a drain, respectively. 31. The field effect transistor of claim

30, wherein at Ieast one of sald£ rallty of threads |s ermB 32. The
field e$dectThe Qﬁ%\fes@%Y'c%Pf glainm e\'i\?fBrS@i'%ogﬁnéF materialils 9 ReMPRF eads is
tw sted 33. The field
ef f ect ?fr Q%g;@t"gyao |§t|n ﬁgg%ﬁ@ré sal égrﬁngoaddﬁ O?rh%gg'dy i ncl udes

or gani ¢ sem conduct or mat erial. 34. The field effect transistor of claim

o condict i HaP Sre RUFe Bh FELN . Wi SR Sembiaphlbic? a9 801480
PCT/ Usoalh%ﬁ(@6rgé’rﬁc/|n'ﬁi*§aﬁ|@t§e¥rﬁc&%u&& Mhtetlali m 33, wherein said organic

material s a menber of the group consisting of: pentacene, oligothiophene
and pol yt hi ophene. 36. The active device of claim?29, wherein said

sem congyct i nduct or
mat er i as?l' B%hg%gﬁ\é |8\\//'§g egla@rg%%‘%r@h % ﬁg\%er el salrﬁﬁﬁérﬁ?l d
or gani céémizopdactor nmatialascﬂlhehethyhan'mormhmltm jpdigieet hyl anmoni um tin i odi de.

38. The field effect transistor of claim?29, wherein said core includes one
or more filaments. 39. The field effect transistor of claim38, wherein

sai d onggor {RE Geld &%?él?'i‘lta?ms%leofedléiﬁmt 79, C\@I'\érléerQélQ%Pé WRludks ondsr fi el d
ef f ect tran5| stor

aim 30, wherein current flowis in a path that
i ncl udemosafihnsentsconduct or body and said second and third threads.

39. The field effect transistor of claim 38, wherein said one or more filaments

are electrically conductive.

40. The field effect transistor of claim 30, wherein current flow is in a path that

includes said semiconductor body and said second and third threads.

41. An electrical circuit comprising a plurality of threads and at least one body
of semiconductor material, wherein said plurality of threads form two or more

electrically interconnected active devices.

42. The electrical circuit of claim 41, wherein said semiconductor body is
disposed axially of a first one of said plurality of threads, and wherein second and

third ones of said plurality of threads are electrically conductive.

43. The electrical circuit of claim 42, wherein said semiconductor body is a
first semiconductor body, wherein a second semiconductor body is disposed
axially of a fourth one of said plurality of threads, and wherein one of said second

and third threads is in electrical contact with both of said semiconductor bodies.
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41. An electrical circuit conprising a plurality of threads and at | east
one body of sem conductor material, wherein said plurality of threads form
two or nowe o2ebmedrically interconnected active devices. 22T/UR®o@bectrical
circuit of claimd4l, wherein said sem conductor body is disposed axially

of a first one of said plurality of threads,, and wherei.n second and third
ones of44kai dl iy alesirica) ciguit ‘F\fr@ﬁ'ﬂ%"far‘@!n‘érleé’?:??'péﬁm'ﬁo'&mﬁﬁﬁ?‘&é'.s #3. The

el ectrig i j i AT TN i i ] is a first
sem con@gic?%{]fcgg%?ﬁmgég?@tg&geeconcﬁ %‘Qﬁoﬁﬁ?ﬁ?ﬁgggﬂ%m |§%osed

axi al | ythedads, bodmitiereimea sécarad semploonductoy body ishdispased axiallyvetaei n one of

said second, and third threa is.,n electr]cal I of said
sem cpn%ﬁ?@f‘grorl?o j gUd pﬂawog%rgggﬁ,g\%ﬁg%% %PE%BE%%E%%%&% gtct rical

ci rcui t)egbt shbBctital Bhed@itor that Exteads exialy thercohemyd wWhemir saigtfirst

sem conductor body that extends axially of a first one of said plurality of

t hr eadsancpecanskiheeadsacempsel saEveRTdlereACYSHRVICESHi sposed axi al |y of a
second one of said plurality of threads, wherein each of said threads
includes at |east one electrical conductor that extends axially thereof,
and whe4®i n Aniadtife device aathrisingd semieandkictantmndys a fist electvaderanddre active

devi ces. 45. An active device co i Si a,.sem conduct or ho .a first

el ect r oBRCOGelgCtr QW'HO%?%@? PP #%ﬂ@&at'%s gb@@&@"@ﬁ%‘??ﬁag‘g‘%ﬁi ons in

el ectri 1 I ) SEAREHNG Aehy diyateothiat al |

pl anar gﬁg s%ﬂgé?ﬁue&bsﬂg%dty??tng %ﬁlﬁagﬁ car ryiﬂ(_]aéén sai d Q?{ri@te%gﬁ)d second /

el ect r odarsiearsaicfistiand second etactnodes @nd sail semicongurtos bedyi ce of cl ai m 45,

further conprising a gate electrode and a gate insulator, wherein said
flexible substrate also carries said gate electrode and said gate

insul at gg. 4The Hegvadkiice cleHine4 R fukher domrising argite etedtddeamdanduct or
body is an organic sem conductor, and wherein said organic material is a
menber gétetinsulator, wherein said flexible substrate also carries said gate electrode

and said gate insulator.

47. The active device of claim 45, wherein said semiconductor body is an
organic semiconductor, and wherein said organic material is a member of the

group consisting of: semiconducting small molecules, oligomer and polymers.
48. The active device of claim 45, wherein said semiconductor body includes
an organic semiconductor, and wherein said organic material is a member of the

group consisting of: pentacene, oligothiophene and polythiophene.

49. The active device of claim 45, wherein said semiconductor body includes

a hybrid organic/inorganic semiconductor material.

50. The active device of claim 49, wherein said hybrid organic/inorganic

semiconductor material is phenethyl ammonium tin iodide.
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group consisting of: sem conducting small nol ecul es, oligonmer and pol yners.
48. The active device of claim45, wherein said sem conductor body includes
an organiwosemyoienduct or, and wherein said organi c materi @&CTiEsoaevesrber of
the group consisting of: pentacene, oligothiophene and pol yt hi ophene. 49.
The acti.ye devi ce .of claimA45, erein said sem conduct or body includes a
hybri d gygan%?ﬁﬁ‘wﬁgﬁ?"@es‘gﬁ?@@%& refpegaid %Q%F%wae&?i BeVi ce of
claim4 i i i E G ' ' terial is
Bhanet hl Rroap sonSistng Shincta b gl Langaa e RaTp 3G eshBhesy
active deatedevitit aglelgaticaly conduetlive gwaterial] exi bl e substrate is a menber of
the group consisting of netal, electrically conductive polyner and pol yner
coated with an electrically conductive material. 52. The active device of

cl ai m 4852, f urhbeicti¢e device oTEldiml 48] Furthéredsmpesing @ lipEYransMmdsiveSb@dys 0
carried by said flexible substrate. 53. The active device of claim45,

wher ei nthaijigialspsarigd by spist flexillejsybstrateght  t ransni ssive body. 54. A fabric
conprising a plurality of threads, wherein at |east one of said threads
forns an active device that exhibits a change in electrical inpedance when
subj ect 8. t o The dcting deviceaiataimn 4 [ wherbim daith flexibte subhsArate isla lightr ei n sai d
ener gy }s electri c@ energy. 56. The fabric of claim54, wherein said

ener gy FENPIHVERRNGy, 57. The fabric of claim54, wherein said energy is
mechani cal energy. 58. The fabric of claimb54, wherein said active device
is formed by first, second and third ones of said plurality of threads.

59. The5flabr Adabric cpaiprist®), a plurality of tuepds.svierein stdeasienriot sridbody

ext endi ﬂﬂ'e?ﬁ%( Lojhtsyar? Ect?\?é ge\];iéé ﬁ%atte%leb?tg aa&gan%esiRoeslgarigaelti%%'aaﬁgé d second

and t hi
when subjected to a change in energy.

55.  The fabric of claim 54, wherein said energy is electrical energy.
56. The fabric of claim 54, wherein said energy is light energy,
57.  The fabric of claim 54, wherein said energy is mechanical energy.

58.  The fabric of claim 54, wherein said active device is formed by first,

second and third ones of said plurality of threads.

59. The fabric of claim 58, further comprising a semiconductor body extending
axially of said first thread and disposed between said second and third threads.

60. The fabric of claim 59, wherein said active device is a first active device,
wherein a second active device is formed of fourth and fifth ones of said plurality
of threads and of one of said second and third threads, and wherein another

semiconductor body extends axially of said fourth thread.
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60. The fabric of claim59, wherein said active device is a first active
device, wherein a second active device is forned of fourth and fifth ones
of said pworeloptsgo of threads and of one of said second amdTiUsoz/d6906Ir eads,
and wherein another sem conductor body extends axially of said fourth

thread. 23 / 0 PCT/ US02/ 0699 61. The field effect transistor of
cl ai m 3871 f\l.ll\?hﬁéllelq?% titegngipt %"%I‘@%‘f‘hg%ffl’”@?é(%?mpﬂﬁ'lngﬁ ?rr\%@}}‘é)u ng material,

wher ei N eRtEY M Bati MatRR Slnérei 8hid bUMERE 1 digfosed in said sheath.
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