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| NVENTI ON This invention relates to active devices and, nore parcﬁi CWI A
to active 5 devices forned with threads. BACKGROUND OF THE | NVENTI ‘g‘ﬂ :
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that vari e¥ G/ l‘ﬁgﬁnct ion of a change of energy. For exanEFﬁﬁgMionga?ct I ve

devi ces include transistors, diodes, strain gauges, electrical optical

devices and the like. One formof transistor is the well-known field effect

transistor (FET). One kno @ﬁy é%é AR leconduct or
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speed el ectronic applications. The MOSFET specifically refers to Si02 /bulk

15 silicon Em%mneral FET is a netal insulator
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amor phoud si #6¥icRS ToRPEH Yt Breads; con i s a cheaper alternative to

crystalline silicon, but its applications are limted to sl ower speed

devices as its nmobility is —about 10'1 cn2 N‘sec, which is about 15,000

times smal | BA D OF THI TON si|icon. 25 Currently, there is
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devices and the like. One form of transistor is the well-known field effect
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 aiternative 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
crystalfine 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.
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30 on a wider range of substrates, including plastic, paper and fabrics for
flexible electronic devices. *166166* *ACTI ON* WO 02/091490
PCT/ US02/ 06996 An exanple of a FET nade with organic materials is disclosed

in US P 5,347,144 to Gamier et al., entitled I.N- r Field
Effect Tr g‘?\(g{;g m gzg)éﬁ?ig(%%%uc

P8P Wth M'S Structure Wose Insulator an tor
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 nmethods, such as sp| n coating or d| p coating
fromsolution, thermal evaporation, or screen printing. Such organic
material s i ncl udd example ofgIREI made withgrganie materiale is diselasedim WS ocyani nes

d the | wh 3-8
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or gani c=i norgani c J 6,180,956 to
Chondr oBdi é’f rgamcﬁ%tﬁ{l%ﬂs gﬁaﬂﬁdﬁ‘a%' Eerﬂﬁ#@r'og%% sf%strss ve

O gani Cdl n@ltﬂﬁfameltbb'forgamemater&dlsfmﬁ' Festiuctures,cds thgy athaheapes td Agai n,
TFTs made with or ani ¢ materi al h h
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sol uti on, tdﬁH@'evﬁF%ﬂbﬁtér@breé?fprﬁﬂlhgel$ubhldfgaﬁi@mafl&lél‘@mbﬂmesmsll active
devi ces are general formed on pl anar substrates current efforts

to make fl emlﬂcldeeléﬁ90@@“&5@"90@9%’6@“@’9%3@8@1‘ ?Péﬁh%?kes)t slorkehaiBonduct or
devi ce300n JiakArdiEa. HIRkRbReS WIRH ALE8 BRASRo BhAGFdrt pOersTO! Vet

provid e el ectronic ]
(e.g.. polyalkylthiophenes, poly-phenylenevinylenes and the like).

An example of a FET made with organic-inorganic materials Is
described in U.S. Patent No. 6,180,956 to Chondroudis et al., entitied “Thin
16  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



25 Accordingly, there is a need for an active device that can be fabricated
with | ow cost and | ow tenperature processing. There is also a need for an
assenbly of and a nethod for formng a plurality of active devices on a
flexible s r 30 2 WD 02/091490 PCT/ US02/ 06996 Ther need
for a net hg‘bcfféﬁ @Pm ng a large area assenbly of such ac Fill‘él gié@slggc‘sgs
SUMWARY OF THE I NVENTION 5 An active device of the present invention is
formed of a thread with.a sem conductor body extending axially along the

thread. First anThered®alo achewst for adhethed SFfInMiy #1688 @r h@édxﬂm?'o?“g.the
thread and are dis ed in electrical contact at spaced apart focations
with the seﬂ'i"'&kﬁmwgp;?"cﬁﬁdy The carrier concentration in the sem conduct or
body varies with energy that affects 10 the thread, thereby al so varying
t he | npedance between the first and second electrical conductors.

Accor di ng tSUMMARXOF THE INVENTIONti on, the thread has an optical fiber

75 energy. Accor i ReRRRERAHIE breld inyBrfTBRGhed Pha NBad WitiE ad " has o

pi ezo- el ecsemncondnoa&oupnﬂy esenuding brialhealong it tHread.bBifst arki sBcdpased and the
i i cal ing 1 t t .of th t th

Chreas has SRERBRORAHefT Sueaddxiafy i8R0 156 tigad Sha s bPosed ot 11 cal |

i nsul ati on elpctricaldontact b%p@é@épﬁﬂb@éﬂ?fnshﬂ%&hb%e%éﬂﬂﬁ%% yl TheSnergy is

el ectrical. Accordi n to ZOé&urther as ects of the present Inventlon t he

energy can qﬁgnﬁre%ncg trationinthe semigandy tg[, ppg)by@l%wgh energy that affects
10 the thread, thereby also varying the impedance between the first and second

electrical conductors.

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 ofthe 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 thlrd thread can have either an optical fiber core
or an electrically conductive core. The semlconductor body can be either a
layer that is disposed on the third thread or an elongated body that is disposed
30 in aregion between the three threads. When the third thread has an
electrically conductive core with a layer of electrical insulation, the active



According to other aspects of the invention, the active device is forned
of a plurality of threads and the sem conductor body that extends axially
of one 25 of the threads. Two of the threads are electrically conductive

and a thi rg,gtn&@?ﬁgqis responsive to applied energy to nndpb@;ugoﬁ,]&g%carri er

concentr at he sem conductor body. The third thread can have either
an optical fiber core or an electrically conductive core. The

sem conductor body can be either,a |layer that is disposed on the third
thread or aevidedsgdietdieffectitransistori dn theseamvitedCumentfiowds iha bath@an t he

t hree threads. Wen e thit hr ead an _.electrically_conductive core
Wt hea |y APOUASR R A anid Y 6vida5e gnd e Somicondictor B3 ThehiR0s

PCT/ US02/ O6hiffentifow tepérpendicuitl @r Aidigiaiith regpsitb Be akés b @adirsarid es
current flowis In a path that includes the first and third threads and

the seni cort®9eP@thrBAYS, That is, current flow is perpendicular or radial
with regpect to the axes of the first and second threads. 5 The threads
used to formthe various active devices of the present invention are

fornmed of one orThedhigads|used o formthe various Betiventievieas oftheqisesent Thus, the

need for aflexipl | ' ' | t by the
present i n\}é\(}ﬁ%’ﬁ.a?qWyiﬁeﬁgﬂéﬂgﬁ%mgﬁagﬁéﬁa@gJ%S@?Cig'éhéﬁ"@%‘uct or that
can be di sfhasetheaveed fohadledibtesubstiate amdiflexibleactive dbviekds et bylthé nsul at i on
di sposed ther%ﬁn o8 that is an optical fiber or a piezo-electric

material . PE? HB’ISQ,'O?'he sem conduct or body includes an organic

sem conguct or or a hybrid 15 organicrinorgani c sem conductor or other

seni conduct or types that dcan tLe . .
e semiconductor 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 fow 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.



formed on the thread cores with | ow cost and | ow tenperature processes,
such as spin coating or dip coating fromsolution, thermal evaporation, or
screen printing. Thus, the active devices of the present invention can be

made with &ﬁ) §‘t9 and | ow tenperature processes, thereby Pﬁ?{'@%ﬂf&@@ t he
20 aforene t%&@g %eeds. According to still another aspect of the present
invention, an electrical circuit includes a plurality of threads and at
| east .one sem conductor ,body with the threads formng two or nore active

devi ces. IgmgchrmgméperMcﬁmngseach thread Is an active device.
In other e ., Lwo or nore actlve devices can_share an electrically
conducti ve t hr c@ther apdduherphjectsadvantagesand faatures of the pregent; esent

i nvention, . j ' i i ' at | east one
of the thr @g’ﬁéﬁﬁ?@sbéagﬁa%ﬁ’?gﬁﬁ?f%bﬁgtﬁ% ‘%@3?%8?‘2‘8‘8“@? US02/ 06996
BRI EF DESCBbmjiheionavitiTtie aravmpanging drawingsdinfwhich dike sefesence advant ages and

featureggoggéggﬁoégéﬁ% likiﬁ%Y%ﬁ%Ltg%f%&urbe?ﬁwderStOOd by reference to the

fol |l ow junctron wth'the acconpanyi ng drawi ngs, in
which like reference 5 characters denote like elenents of structure and:

Fig. 1 is a pergpective view.of a segnment of an acti ' ef fect

trgnsi st or o1l‘o t%&-ﬁr‘%?é?ﬁrs?qﬁ%ﬂtvle&h? Bequaptdjqnsgtgllv§ﬁ1(§élé]8ﬁ§ct

cross-sect &(Q?ﬁb*o‘{ioﬂﬁd)ﬁreﬁéﬁtin@éntﬁn@ls- 3-7 are cross-sectional views of
eflre

alternativ d effect transistors of the present invention; 15 Fig. 8
is a cross-sectional view of an active device of the present

10 Fig. 2 is a blown up cross-sectional view of Fig. 1;

Figs. 3—7 are cross-sectional views of altemative 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 present invention,;



invention; Fig. 9 is a cross-sectional view of an alternative active device
of the present invention; 20 Fig. 10 is a diagramof a prior art circuit;
Fig. 11 is an assenbly of the present invention for the FETs of Fig. 10;

25 Fig. 12 |s a diagramof a prior art circuit; Fig. 13| 'y of

t he presen‘?’ %9848 on for the FETs of Fi g. 12; Fig. 14 dep| c?s a@#gbri c
that contains active device threads of the 30 present invention; 5 WO

02/ 091490 PCT/ US02/06996 Fig. 15 is a sanpling circuit for the active

devi ce’ threads ¢figFgis aldampliny cifduit forthei sctive devisp tireauds of Figwi4f ardh
alternate active deV| ce of the present invention. 5 DESCRI PTION OF THE
PREFERRED EMBODI MENT Referring to Figs. 1 and 2, a FET 50 includes a sheath

53, a bundle 52 @,E‘[ré iéra?ﬁ&% Sdivedfiew of i Hitefiflte BbNREESVIEHoPthE présdrRr M a

pair of gates of 50 an threads 58 and 60 formthe source and drain,
respecti velipyerdlonFET 50. 10 Gate thread 54 has a core 62 and gate thread 56
has a c%'e 64. Source thread 58 has a core 66 and drain thread 60 has a
core 68" Sheath 53 may be any suitable el ectrl caI |y insulative material,
known cur r cDESCRIPTION Ofe THE PREFE jtted fromFig. 2. Cor es

62, 64, 66 d | |y
conduct i ve ng ]ﬁiﬁg%%ﬁgetoﬁﬁg%nfgnd zsﬁngﬁa‘id Ig@@@ %[éﬂeabﬁ?5§ %gtrjl ul%,? |bv
pol ynmer. Al fahrsdids\54, 56, 5®enaldoanmeadmahessfoma paimofigatés/ef FEBRStic with

2 coating Ogo gll'lde %Errelacclg l&';'ﬁyan%orbdfu S gsgg}c%ran%l drai u?esp%%tlvely. of FET 50.

10 Gate thread 54 has a core 82 and gate thread 56 has a core 64. Source
thread 58 has a core 66 and drain 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 layer 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
diépOSed 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.



metal or conductive plastic. The filaments may be solid or hollow and may
have any suitable cross-section, symmetrical, asymretrical, curved or
uncurved or any conbination thereof. 20 Gate thread 54 includes a |ayer 70

of insulator material disposed adjacent to core 62 and a_| 72 of
seni conducVOO21480 i al di sposed adj acent to insulator |ay ?X@é}’“é’%ﬁ

thread 56 includes a |layer 74 of insulator material disposed adjacent to
core 64 and a |ayer 76 of sem conductor 25 material disposed adjacent to

i nsul ator | ayer dussntact | 78and!symay B8 di sposed
adj acent to Cor%&ééoog@géfg?g)}%?fﬂ?gﬁ@ﬁ ncl udesamco tact Iayer 80
di sposed asiyseitable organia: inFgaticneriybridApa QOWCE?\'(!“%"% at ¢a tE)‘Bsed in

el ectri cal A3t thadut(e 20fgdtiection to
enhance caf"lspg(f%'ﬁ“ﬁeo grﬁhﬁ?@p:kﬁ? 14’51ces 'g 0721 e?ﬁ}ll cal cont act with 30 -
sem conducgahndoauectargmcm ﬂﬁexamm semiconductingsmalsomiesdess Seni conduct or
| ayers 72 a 76 and nt act S2FYY or gani c,
i norgan?c, © 'ﬂ%rqrﬁ’ We%dllf@vgﬁwé@é?%’cgﬁ H‘!@M ﬁeli) gﬁ&'?(ﬁ)i@ on the
core nmater bé'fenﬂféwmrx PGSR bbiiconductots) suthias pelythiphenecderivalivessnduct or s
| ncl ude, for exa sem COﬂdUCtI smal I nmers and
pol ynmers. pligothi Wgﬁﬂ? éeﬂ%%tmeém gy & %?%@%%M ﬁ%e formed with
organi c segkg,gg ﬁyﬁ&hgl%rﬁﬁbmuhh iy ik, dreomtnatlayas 78 and 8@t hi ophene
derivatives anl pent aceﬁ semi q;onduci7I for Ch’&t may be
phenet hyl maycbatumedrof l‘ﬂ.@h'ﬂ@m@tﬁﬁ'ﬁ’%‘?aﬁ B C @S;gf{peg(ﬁe &’D 98r ned of
hi ghly con r o} d eChCandithel IikeS . Thed I'1ic
nybri 40 o hetal gﬁgﬁ‘iﬁ o el Hﬁ@ﬂé(\’ﬁ M e e roped

semiconductors include, for example, polythlophene with iodine, polyaniline

with camphor sulfonic acid, polyacetylene, polypyrrole, and the like. These

materials may be applied by any suitable process, such as electrodeposition,

elactroless 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 presentiy or in the future.
For example, the insulation material may be organic insulators, such as

20 polymethyimethacrylate (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.



sem conductors include, for exanple, polythiophene with iodine, polyaniline
w th canphor sul fonic acid, polyacetylene, polypyrrole, and the |ike. These
materials may be applied by any suitable process, such as

el ect rOdep%mb(tg%,ﬁ’Jgégo el ectrol ess plating, extrusion, Sprayiﬂ&pﬁﬁ&%{]g’
I Ke. e

nol di ng, po ating, 15 nelting, spin coating, and the

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
exanple, the insulation material may be organic insulators, such as 20

pol ymet hyl et hacryl_at e ( PMVA) ol yim de, epoxies, and the |ike; inorganic
i nsul ators, such F&¥ 39 h?ﬁ@rW'GﬂbE\aH@,'"é’Pq ‘366‘% direction of buadle 2, Jtheont i um

Litanates,  yagth ddifoids!ch the's nsatmncgid;%gs'g@ieeiffn%fesggﬁr;éggﬁeaaeém gel ~and

silicates. Gate _insulation layers 7 (4 1y 0 cores 62 and-
64 by any s fivebingh spirbpecket ofa garmentetheovidthoupudibei about five inches elfs

pl ati ng, gex ' i ' ' at

el t 1 ng. Sepithe BOHBr reMac sBByt fompl, WHaBlE fof Botheifly BHRShUERG BB, ¢ 1 eac
to thread. Fnd thezomrent ratingrisabouti1mAy FET 50 woulthhiive b adidthroflabges sour ce

t hread 58, 1 C ctar ers,./R.and . 76 of. threads 54 and_ 56 and drain
thread 60. %%?f" &@gw 8*1 R%%eﬁéng(ﬁ' threagd diametar i a'l?rralngﬂioépbwtt respect
to the axes mitrénstoabout ¢0Qntlcdhei N threads 58 and 60. 7 WO 02/ 091490

PCT/ US02/ 06996 FET 50 has a width that is in the length direction of bundle
52. The w dth depends on the application. For exanple, if FET 50 were

enbeddeqgi n - a fie/aﬂeitmad§*sshrénd%z%sh;&fth@ae@s%dramré{we@a{ﬁ)u' d be
about five inches. If 5 the power rating is about 10 surtabl e for
activating Adwistethtogetherin hyndiediZg0 astedmpad acmeckanicaldotcedoinolditheot 1 A,

FET 50 woul 4o fidkér @ d¥ridhilePinaf B8&lires good electrical contact 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

16 as ties, 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 int 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



12cm (the I ength of the pocket) and a thread dianeter in the range of about
10 mcrons to about 100 mcrons. 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

mechani cal fqr to hold them together in a manner that aﬁslléﬁ d

el ectrical ‘Xﬁﬂ%’ﬁ%ﬁ‘%at the interfaces of source thread 58 an %?/géggthread
60 with sem conductor |ayers 72 and 76. O her techniques nay be used to

i npart the necessary mechanical force, such 15 as ties, a sleeve, a sheath

and the |ik Irep? RS forrmbe by idipindthiewsiees intP3HITs .
Because of %@gﬁei‘?gﬁ%ﬁlﬁgﬁ t ﬁggdggeorret_rg?_ﬁgt%T 50 has t{lw_.e si%nificant
capabi | i ty sdlutiont that has been dopediwith FerricGhlpride.” The coptach@YPLINGENer%it h 20 of
FET 50, its, c%rrgﬁ%ril H&g can be high enough to drive substantial | oads,
even with |'§@REbI @organi c sem conductor layers 72 and 76. In a

speci fic exanple of FET 50, gate cores 62 and 64 are each copper wires
with a dianeter Qf out ] éfﬂh ds8 ih tHr8a& 60araedcH4 25 are
enanel ati ngs @?te%&ﬂds%%fféﬁ’g%u{ |cEendess.£g%ranfaéonductor. | ayers 72 and
76 are for nfgukd oflispBbiRYGaketeeade54 and68dsanrcethread 68 apd draiphigadan

organi ¢ sem conductor dissal ved in | o5 Qf or ' dryi ng.
The organi c68are W'@@%ﬁ?%@@?@%’ %omgnﬁté‘g@féd{tﬁl opLé;ﬁje P3HT). 30
The source dy ai ' Réftsdl 5V dipping the twisted thieads imatsoludiondi anet er
of about 25%@? g'nssﬁfﬁgisggggggat ed ,WIEY; hpghrgo L um tok{éﬁve@t‘g 3 \lgﬁpéé)Zl 091490
PCT/ US02/ 0680BMMA dissolyed ircanetane. whigh dges Botafiecs §erycondyetoL BB {if i ng

t he vm're$ ig P?{!T ﬁgl ution that has been doped with Ferric Chloride. The
cont act 1 ay p. PEQ 8§s is about 0.2 mcrons.

Referring to FIQ. 3, a FET 90 is substantially the same as FET 50,

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, polyvinyichloride (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 asa bundle in a
manner that keepé 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




5 Gate threads 54 and 56, source thread 58 and drain thread 60 are each
wound on spools. Gate threads 54 and 56, source thread 58 and drain thread
60 are then unspool ed and wound together to formthe tw sted thread
structure of Fig. 1. Sheath 53 is then forned by dippin '@3

t hr eads inWQ‘E@P%'P‘? on of PMMVA dissolved in acetone, whi c oes no affect
sem conductor layers 72, 10 76, 78 and 80. Referring to Fig. 3, a FET 90
is substantially the same as FET 50, except that gate thread 56 is

repl aced Wélmtéﬂ’?ﬁé‘ée PH&WSS@Seﬁﬁmépéd@&%m BowWERN thASHNSITD2, & Si gl e

filanent or anent an electrical 15 insul ation materlal

such as nyl 104, manwa Wke@EEtﬁQaFﬁa‘e‘lQQ:’\@)a meshaeisaldorce impatedite | i ke.

The fil anent Y, Vi bl e

Cross-secti em‘;égﬁ?;@? A eg‘%"ﬂﬁgwf(rgggg@oﬂ?@etﬁ{%wea@]gg&and drain thread
60 separ at esbraicohduttorn thesaditl Ontot hald tiesm together asa bundle in asnarmer $tat FET 90
has a chani cal forc source thread 58, drain
20 thrrergrﬁ g‘@%@@m&%@#?ﬁagﬁng‘ggg%kﬁggéga?éﬁm together as a bundle in
a manner that keeps source thread 58 and drain thread 60 separat ed.
Referring to Fi tethr d. 102, .a,gate thread 104, a
sour ce thread 1 m@ﬂ?ﬂéﬁ'%ﬁ%?\ﬁﬁ@g 2 fabrpat %‘ﬁ?%%'?’yd%? bodyl 10. 25

Source thre mhale 3 &n elohghtud thrdddiike dhapé aald t o
source thrg@é@@a%@ﬂr&g@%ﬂgﬁg 60 gf FrI‘ETg of Fi 4 Gat e

thread 102 thahbasapbabilitythatadiustafte the susfages pbaalg tawaggéd%aﬂ% 924ayer 114.
Gate th adiq 108 gﬂgﬁq?gﬁ%"nﬁ drafy i thRad. 108! vibrl g Hﬂ% ﬁﬁpfo?éb shippligd.or | ayer

118. Co ar e su antially to cores 62 and 64 of
FET 50 of FF@sexdmplagseiicanducteniary i maybeﬁorm_ed @frajpeumableﬂyaa%tantual ly

e conduct et Buairaley Wil 48/ ptaarieBBitodudtr. s BRSZIHCbBR & il *

organic/inorganic semiconductor, such as phenephyt ammonium tin iodide.

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
propei'ties. 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
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el ongated shape and is disposed in the space or void between threads 102,
104, 106 and 108. Like FET 50, FET 100 has a nechanical force inparted to
gate threads 102 and 104, source thread 106, drain thread 108 and

sem conductor thread 110 to hold themtogether as a bundl er that
5 keeps soﬁYQQ”Wﬂfgad 58 and drain thread 60 separat ed. Sen1conéuc or body
110 may be fabricated of any suitable sem conductor material that is
formable in an el ongated threadli ke shape and that has a pliability that

adj usts to thRyddd AsE-toRdudiveDlasticenthsa ¢0ting ot e1éb4ncai|(y conductivet hr ead 106

and drain thread 108 when a nechanjcal force | | i For anpl e,
seni conduct oma!ﬁftﬂ} sueh aﬁdye@ém‘ GQVP%WR plaslic Jﬁﬁ%g%qrﬁ? ‘éqrs

saturated wig gﬁg,l MdbrRl@bss-Sedtibnas P3HT or of a hybrid
organi cl i nor gam cagaem owr?c}'% such as phenephyl ammniumtin iodide. 15 -

Alternatlvely, sem conduct or body 110 may be fornmed of a sem conductor

paste or that C%tg@fﬁlr%{djﬁf lstt*]?po%ﬁiflﬁﬁﬁ ca?E@ntQ&t Sef co['laﬁctont hr eads

102, 104, 106 and noun iclen rov a continuous body
t her ebet WeenthrE@d1wanvlueelebtrmalsemntactmiticsamc¢)ﬁvead n24. l@@ntanttmead)f an

[ duct nmbined wi th b I
ropertios, 4Rt Geptesgn AadoRcpaialt R SEPBARRED: ithal J30BREALS! ol
properties. fgadpeleContatt ti6ao®hs2 aﬁwsbarwtdmmnﬂnany Saitablg i ng to Fig.
5, a FET 120 includes a gate threa

ﬂ 122, a sourg:F O@?E 24, a drain
thread 126, Semisapductormaterial that enhancas.cartierangPilityAhthe iedagesday o pair of
cont act re t 1 reaels | ard gcal to
gate thr ]ie(gd %@.@&@@ﬂuﬁéﬁﬁ? FOP E)Ee?rﬂﬁle g&tasét(;ger '? We%ﬁd 11,321'”81(#"?2lb

subst anti al | formwruf|a1t0p&dosama0@ducﬂ¢frtbmﬂlgmmngﬂ"¢ﬂ diffugion of@fapaptiiieMor body
130 is subst tial I% hq%éécal to sem conductor body 110 of FET 100 of
Fig. 4. Sour THERA hd drain thread 126 are each 30 fornmed of one or
nore filanents of an electrically conductive and flexible

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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material, such as a netal or a conductive polyner. Alternatively, the
filaments 10 WO 02/ 091490 PCT/ US02/ 06996 nay be a non-conductive plastic
with a coating of electrically conductive material, such as met al or
conductive _plastic. The filaments may be solid or hol | OWpapRishFbodsave any
suitabl e cMRBLED; on 5 Contact thread 132 is di sposed In eFectrl cal
contact with sem conductor thread 910 and in electrical contact with
source thread 124. Contact thread 134 is disposed i.n electrical contact

with sem Conductﬂgf %ﬁﬂF@?’Q AFETH4T I8 subbtanaailylia&xtnc@nmmnooneads 132
and 134 are for

sui t abl e seni u {ﬂ' Jf al that enhances
carrier m)bFig Ayememmatlam@tncab@se% 413)' (SH&% &R ‘ead 130. For
exanpl e, ﬁﬁm 10220d 104.
sem conduct &“gﬁ{?}'g% %ﬁiﬁﬁ?ﬁg‘% usPlgﬁg(?o“ggﬂgdgﬁtbd?r om the source and
drain. |t wOptichithegaar t432 istarcoptigat fikes dhatis HISQGSfP%a@Jﬁ@e'ﬁrt‘t’ that the contact

thread 15 apLRRARIERE o8l T shdbetiiepeolies trbdd beaRdhahiiregant act | ayer

arrange xXa , contact |ayers 78 and 80
of source aﬂdadcpmaténagylapﬁﬁedatmobmmauhreagq%'S(cpug!ed imoand 2) can be

repl aced by a pair, o { I
Cont act - v eRmenCugion BBRY 1P 2R rhosiieR the batrREARRAAH ferdin Soal | °
cores 66 ang, c%&)seﬁﬁchéﬁgélm&heﬁmbecamiebf béetweeh thé@pumerth-add@@tor body
130 is forned soaking a Berrreable t hread, which may be fornmed of

mul tiple fi mdﬂ drain thregd %98di ssol ved in chi or of or m sol ut i on, withdraw ng
and dry|1@O Contact 25 threads 132 and 134 nmay be a high function Pd coated
copper ntact threads 132 and 134 with sem conductor body therebetween

are fused to for Referringte&ig. T aFET45 has g single thyead 492. TheadSehasn, ead
assembly 1s then 8 154, an insulating layer 156, a semiconductor layer 158, 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 'Iayer 162 are disposed on the surface of
semiconductor Iéyer 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 dlsposed on the surface of optical fiber core 174.

' Electrodes 178 and 180 are disposed on the surface of semiconductor Iayer
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



"dipped In a solution of P3HT dissolved in chloroform and, while stil
wet, wound with spacer thread 128, source thread 124 and drain thread 126
to 30 harden in position and form FET 120. 11 WO 02/091490 PCTI US02/ 06996
Referring a FET 140 |Is substantially Identical of
Fig. 4, exéggpb&ﬂgg an optical thread 142 repl aces gate thf@ﬂ%ﬁ%&%&?
Alternatively, optical thread 142 may repl ace both gate threads 102 and
104. Optical thread 142 is an optical fiber that is disposed adjacent to 5
sem conduct asledtralies! 1B awd!186:t Andmperant applidation &f dbtiverdevice a70is for ead 108,
Optical ener appl ed to optjcal hread 142 is coupled into sem conductor
body 110 an@%ﬂﬂ&ﬁ'&b%@"?’ﬁﬁ@ﬁh"ﬁ@? eW8¥%ntration therein so as to cause a
change in the inpedance thereof between the source thread 106 and the
drain thread 108. 10 Referring to Fig. 7, a FET 150 has a single thread
152. Thread 152 Referringterfig.i%4an %mwa device190 has aaingle twead 198 conduct or
| ayer 15 I a rises

& agr?rﬁ&&% HRSY corb 94 HQeﬁléﬁ[n?h&ol' &f é@?andng% ex?‘b"?

one or nore anen s of an eléctrically co uc Ve e material,
such as a net98, 200 and202i UColevt941i5 comprised ofa\plezommm:mtenaie filaments

Conduct i ve reHPpEHLEBy8E 108 1 UipibeBa 1Ak siedd offfefe el Brp g, o

may be sol i cElectridds 198,200 armﬂom cnsppsedonahe eurface)efssemlcblhductoﬂ nsul ati ng

| ayer 156 i ce of cor.e,. 154 an duct or |ayer
158 is di spi@&f '@%S@%\%"QBFPEE\QL{&? ngth pr.axia] Jiregtion °€%‘ Source | ayer
160 and gy a'N?IeéH’éfﬂéal %ﬁasgbepﬁiécﬁwezb élécthbeo@ﬂsimaaratesswmﬁauct or layer
158 as stripes along the length or axial direction of thread 152.

concentration in semiconductor layer 196 and, hence, varies the impedance
between electrode 198 and electrodes 200 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



Referring to Fig. 8, an active device 170 has a single thread 172. 25
Thread 172 has a core 174, a sem conductor |ayer 176, and a pair of
el ectrodes 178 and 180. Core 174 is conprised of an optical fiber.

Sem conduc 176 is disposed on the surface of opt core
174. H ect %Jé@@% and 180 are disposed on the surface g?f)svg{r’%/@g%ductor

| ayer 176 as stripes along the length or axial direction of thread 172.
Optical energy 30 applied to optical fiber core 174 nodul ates the carrier
concentr at i threads 222 and @29y source R4§,cwithl §6uree threhd 226; drainy 222, witte | npedance

bet ween 12 WD.02/ 09 . P IUSO 6996 el eg}.r.od 178 an An i nmport ant
appl i cati ond@'niéf??éé%geﬁﬁgmﬁ é)gn‘?ﬁo"r(?ﬂ%{?br Wﬁﬁ icamm%&f’ﬁ?‘??g Bel ectri cal
energy. Referring to Fig. 9, an active device 190 has a single thread 192.
5 Thread 192 has_a,caqore, 194, a seni conductor |ayer 196, and three

el ectrodes 198, Refamiagip 92 12,8 peior gt Circyit2304p F'b‘@ﬁs Bvo EE@@?@-aﬂdect ric
materials g @‘E‘W ﬁés EEF%Ggrg@sb&fg'Z%%@ @ ig§8SFE
es

pi ezo- electrlc core ectrod are |sposed on the
surface of geté Ganalﬂetl@ﬁ 240ansra dain 242. sFETQBBZandrﬂjQ havel theigt h or axi al

di rection obotbRRsFamdR HFALARY GPhediecrs. SARLE FeR BhAaSaTLeC 1 C

core 194 no ates he Carricar Ceancent ratt o’ Th 196
and, hence, soarcedd0tdrd drape23tisconbedted tndrdire242.0de 198 and el ectrodes 200
and 202 and between el ectrodes 200 and 202. An inportant application of
active device 190 is to convert nechanical energy to electrical energy. 15

The optigal fibeRefeffingto aigtnsem:@aimse isLSRbvat ld@ﬂ\réa@éﬁsé}hﬁﬁtmc core 194
of active device 190 can be replaced by with other suitable nmaterials for

the conver EFJ8 2% 41'15’6@3"9%@@9“@1 Wﬁhérﬁ%ﬂo%ﬁ@!‘@ thread 246 andal energy. It

is also common drain thread 248 and with separate gate threads 245 and 247. 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
16 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,
sampllng 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.

14



possi ble to use |light, nechanical stress, heat or chem cal energy to
generate 20 electrical power that could replace batteries in | ow 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 Gl, a sourc drain
218. FET W90 3%‘93 gate &, a source 220 and a drain 222%@%ﬁ@%§and 214

have 25 their sourceldrain channels connected in series, i.e., source 218
is connected to drain 220. Referring to Fig. 11, ci rcuit 210 is shown in a
thread assenbly 224. FET 212 is formed with a source thread 225, a gate
thread 227 and a thread 226.. FET 4|sforrred with a gate
thread 228, a dra ﬁe{m%ﬁﬂj’g"@ AHact U@rﬁ?(‘!f?etqz?r]oe'%ﬁf 3 figxiblgribbonsuhskraty ang

&2 are inpl egppt £hyst 894, tfager: ¢ Qﬁé@ 227 and
229; source 21% ﬁvmyt hssourcee %eaﬂZgﬁg@gfﬁ%gmém gpgpﬁgt read 229; -

and drain 218 semicansiuctas bady 333i Flexiliestbstrate 322 maybe fermad of@ny o Fig. 12,

a prior t 32 has a
gate Gl, ag S HsggbEﬁ%@'ﬁédn‘gkﬁlﬁa&@@éﬁ%é%H% of‘rbe?néﬁ)he ,O?a source 240
and a drain beadati€&Ts 232 and 234 have their source/drain channels
connected in parallel, i.e., source 236 is connected to source 240 and
drain 238 is connected to drain 242. 10 Referring to Fig. 13, circuit 230

is shown in a thrEada EEﬂ'esbbstraI@MZ ig-eléstrizaily condiuztivie and!léyurmd is\alsb a
comon source, t d 2 n dra| t hread 248 a th separate
Gate ¢ hr cads Seesicaiiicanhctg b (ST e sabelaval S2hds aneysctios! ngustor
i npl eneny@d BidolricaP BHMIUCIENE'328 ddarssmareaﬂésodfcalaiﬁ drah, ?ésbe%ﬁeelyFlmr 12),
wi th common drain thread 248; and gates. 15 G and gate” t hreads 245
and 247. an optical active device, gate layer 324 is omitted and Iayer 326 is a light

transmissive element, such as a light transmissive waveguide, a prism and the

like 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'transphrént 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




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 d_eviag(sﬁm\;,ﬁ%o 170 or 190. Applications for fabric 30fct§02le686aNY
applicatio I'ch an electrical, optical, mechanical stress, heat, or

chem cal activity is needed. Referring to Fig. 15, by way of exanple,
threads 302B may each be a 25 piezo-electric thread of the type shown in
Fig. 9. The elatetialo@eitablerganio samicandacter materiale include, Jorexamplei ng devi ce

304. During a_sanplin i | i V] n ages

bet ween acro§§"‘éqr§(§‘gflpmgﬁ‘fggmﬁ%ﬁgg8%g§ éa'fr?gpggée &gngsgkgagﬁ!# '202 and

measur es t he sggidondustor bedy BB2 mmayhbe formed avitheoriganic seminonddatorsnsechyas ues.

Dashed |ines 306 .are for connecti.ons.to 30 ot.hers of e, | ve,device

lines 302B. pelvthiQphgne-denyatives, 08'9%5'&00?'908 d&g\v/:‘l?t&vgs %’}#'E%H}g&%’&zs“com d be

sanpl ed tgge i xariple] may berphensthyl amdtoridmiihliétidie.

PCT/ US02/ 693@%%?%?%%@?%&%56 16, an gctipve de y'Hce e?%o has .a fl exible

ri bbon subst Eledrical zonductpes, 328 m;%é%maémawnaﬁ g metal gr copdyigtivec 5|

conductors 3§§as?|gd 330 and a sem conduct or body 332. Flexible substrate 322
0

may be fornme any 5 plastic or netallic material having the
characteristics of being pliable or bendable. For a FET, substrate 322 is

electrically condycti nd. | 4.1S e | aad tive and
forns the gate. Lj&gﬁ%@%l&é\dgﬁﬁgpﬁ?ﬁlb ﬁémﬁﬁélf g%{d Ig.gu'éfbég‘ﬁtiglggl
Co?duclt 0r1§t S%da%wbtﬁé’él o@htdud:tf)s may gg?pgpﬁeu by a'tny ,suitatzlpemocass. 9ucr||=as ?'n "
optical active device, gate |aye is Q Mg~ s alig
transni ssi ve C@FB%rfﬁP cQ qut&gmasqliqtgﬂt Wﬁ@@?ﬁ%b%& Q@%ﬁg’ pri sm and

the extrusion, electrodeposition, stamping, molding and the like.

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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like that transmts |ight to sem conductor body 332. 15 For a FET, flexible
substrate 322 is preferably a flexible insulated material, such as

i nsul ated nmetal foil, plastics, anodized al um num kapton, nylar, cloth,
rubber and_t he K Layer 324 is any netal that is suita FET
gate, such Q02 /%?Ilf?& num gold, chrome, and the |ike. Layelrjl!' ?’Q%Q%y

suitabl e gate organic insulator, such as pol ynethyl net hacrylate (PMVA), 20

pol yi m dgy4APIS I LAIMED!IS:he | i ke i norgani ¢ i nsulator, such as silicon
dioxide, silicon nitride, bariumstrontiumtitanates, and the |ike; or

organi c/inorganic hybrid, such as sol gel and S|I|cates For an optically
active dgw ce Antﬂbﬁvé HSW:Q bgnﬁﬁbﬁqbl’aitmea& grserhiconthiigtonbodyyextendiag

) h d
ol ex: o amiakpaiangeea e st ertgeind ooty oGBS AR a IV, 1 o
tr ansm s f?bn %& ﬁgb%lf, aP o%éd?d bleefitaftontacteat SBMs@d apar lddatiohs ke. Met al

gate y a transparent net sucgwﬁ Lndiumtin

oxi de. 3deﬁ<7§al¢sédnwonﬂhetoFE€dexrvvhdt§I f-'ﬂr@a##?"f&c ¢tygepde bstand o
sem conduct or SifectPsuldtreador of a hybrid
or gani c/ i&?&?%ﬁ eé’fir%il@? @’%@i%%i%@y ﬁg%g?olg%t% material. Suitable organic

sem conductor materials i ncI ude, for exanple, sem conducting small

ol e oo Ak R IS, e SR Ga naE TRl erbiRdy 332

may be fd&.nmed such as pol ythi ophene

derivall ugsy s&h*&ﬂ&ﬂétepbswns@rawamavsarramuqnmd goeme. A 5 hybrid

sem condu or exanpl e, may be phenethyl ammoniumtin iodide.
El ectrical conductors 328 and 330 may be any suitable nmetal or conductive

pl astic. hesgﬂwe%}tﬁ@'m%% f RS ivilereBéaid BBrledis ianl optigat fibernsul at or

mat eri al trical conductors may be applied by any suitable
process, such as

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.
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coating, dip coating fromsolution, thermal evaporation, screen printing,
extrusion, electrodeposition, stanping, nolding and the like. It should be
apparent to those skilled in the art that the FETs described 15 herein can
use a*hybrid sem conductor, such as, phenethyl amoni um tip.i.adl wi t hout
doping i n WROI¥WiMel regions or with doping of tin or anﬂ?ﬁ@%&wa?%;contact
regions. The present invention having been thus described with particular

20 refergnce trpetdetvetelieerofdidims wheneinesaid seémiconductordastnis alayernat
various changes and nodifjcations nay he nade therein without departing
from t he thatis dispogedon ajsklayer Pﬂ@%ﬂ"é%‘éﬂ?“qg‘?ﬂf‘e’h?ﬁ&ﬁ"as defined in the
appended cl ainms. 16 WO 02/091490 WHAT IS CLAIMED I'S: PCT/ US02/ 06996 1. An
active device conprising a thre

) 2ad, a sem conductor body extending axially
al ong sai‘m.thﬂ'd&ncactivedevlcsmicbﬂ!ﬁ'tﬁ)d“@ré@ﬁﬁé’gﬁ opgRi§a 'E’%@t‘gndi ng axially-
al ong said thr | ' rical contact at spaced apart
Iocation§ﬁr%%%§gqﬁg%$®%}§$cg%$ﬁt%, wherei n the i npedance between the

first and second electrical conductors is varied by energy that affects

sai d thread. The, acti ve [.CE40f ' (Y=Y i has a
core, and hherzraerﬁg'yﬁli?vzc@n&ec%#fﬁm:@&'%g@;g al}qsfo‘gﬂﬁat@leéradtq ﬁgﬁ pggﬁﬂnds sai d
core. 3. iﬁ#!.ﬂa@é\ﬁ nétoriift iteosbd YetweerRsaidisecenchandthirddbreadss an opt i cal

4, '

fiber. e active device of claim?2, wherein said core is a
pi ezo-electric material. 5. The active device of claim?2, further

conpri si ”gza ! 5@.’% deVicd 6t disim 10Bwissrein sald fourthethrdadkineludesand core and
sai d sem conductor layer, and wherein S@igfi. cgire |aﬁﬁ(>j saitd.gli 55?15 %d second
el ect ri cadlectrcallyccandsictive careyand a layes of plectrnegtinsufagion mate DPORPY of f ect
transistor. .

on said core.

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 cc|>ntact
bodies are fourth and fifth ones of said plurality of threads.
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6. The active device of claim1, wherein said thread is a first thread of a
plurality of threads, wherein said first and second el ectrical 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 ' | ce of
claime, w814 4 first thread includes a core that ia@ﬂé%g%@é}‘%al ly
conductive, and wherein a |layer of electrical insulation material is

di sposed 4gn ST 4chive delite \¥PcRAMOR WHibeiRCaid sanaicOfdRtor. kbdyTheludes | ve devi ce
of claim8, wherein said sem conductor body is a layer that is disposed on
sai d | ay@rganic seaigandustorimatanak i on naterial. 10. The active device of
claim8, wherein a fourth one of said plurality of threads extends axially

of said first thread. 11, The active device of claim1Q, whereip said
fourth tHBead The active dewicesf claimsiF, ahemsin saidaroanicimatenalds éd“w@Bween sai d
second an | t : il ' iat wherein said
fourth tﬁ?é@%b@&%‘g@gﬁ o}-'gieéﬂ-cl'? §?ﬁlrggg‘§ﬂm@§?€%&?gsgm§ﬁgng | ayer of

el ectri calolymensl ati on materi al disposed on said core. 13. The active

devi ce of claim 10, wherein another sem conductor |ayer is disposed on the
el ectrical insulation |layer of said fourth thread. 14. The active device of
claim 6, fourt e sativedevicadfidlaint 1% whesein said arganiamatetialds asmember have a

carrier enhancing capabjlity and that .extend axia f, id first thread,
wher ei n Sfitee gmmﬁﬁtmofﬁmr}a?@wkﬁé@aﬁ?ﬁ %%h&m%ngr ectrical
contact with said sem conductor body and said second thread, and wherein

said second contact body is disposed between and in electrical contact
wi th sai 0.serfhecantiverdaviaeefyclaint .cuhereinfaidisqmicaaductor body includes a

hybrid organic/inorganic semiconductor material.

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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15. The active device of claim 14, wherein said second and third threads
I nclude first and second cores, respectively, and wherein said first and
second contact bodies are disposed on said first and second cores,
respectivel 16. The active device of claim 14, mhereln and
second convg‘ef’z 4 es are fourth and fifth ones of said p?gﬂlgpiléé&s
threads. 18 WO 02/091490 PCT/ US02/ 06996 17. The active device of claiml
wherei n 9@ d ThEIHA06delies ob@léimI1DWhBtti:$sa|drogeellsoeledmailyrmhuduwvmater| al .
18. The active device of claim17, wherein said organic material is a
menber of the group consi sting of sem conducting small nol ecul es,

ol i gomer 1o ERbct tr ista_ﬁ'@orﬁﬁfé]éid@?a ﬂﬁ&h@ﬁaﬁhg@naeleetﬁ&anywherel n said
or ganl C terl IS a ne roup consi Sti ng g at acene,
ol i got hi @onduetiverabreca layer opelectsicalinsulation disposed %@lw&o'}s AL B  wherein:

d duct
oat or i ol SeSTCoHdRlor HY SxfiidiE Rl UG said Solpling ispased afaceMuConduct of
or gani c/ igatd merd of elearlc?ldnsmalianZ firsttand |saccnd;elpmmat¢qnduamﬁxtendmgn i odi de.
22. Th t evi of cl ai,m e AR nor e
fil arreﬁt Sa%"éi'\éealq%sajgtcpfpea@ﬁsggs élgétﬁ%:%%bﬂﬁégﬁvgh %H?a g‘r)\e ort&rrmre
filament smélgiiial ét's?:ﬁbéd Q?bi'tymamdslmerwf whéreiTthe electrical impedarcenf cl aim 1,
wher ei n t hr ead

| exi bl.e The, active .devi wherein
sai d pl urbetvegn éﬂ'dtfﬁﬁe%{%sqc?"@ﬁ ’é‘i?' conguctars yaras g§éef88%},o§'|e&'04“ei$%l m 6,
further r vedorél d plurality of threads together.
27. The a%{m %ggfjgé’%{ﬁcgl?zﬁoﬁe%&ivmggl n current flowis in a path that
i ncl udes

30. The field effect transistor of claim 29, wherein said thread is a first one of a
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 sald 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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sai d sem conductor body and said second and third threads. 19 WD 02/ 091490
PCT/ US02/ 06996 28. The active device of claim1l, wherein said core is

el ectrically conductive. 29. A field effect transistor conprising a thread
having an electrically conductive core, a |layer of electr | ation
di sposed aﬂ%f’%’@?lgﬁlong said core, a sem conductor body eﬂcgr?\défﬂr{ﬁg;éaxi ally
al ong said core and di sposed adjacent to said |layer of electrical

Insul ati ags, f Thetackié degiee ot clirh@3[ wheleirt said organic materalds agneraberl | y al ong.
said core and di sposed in gl ectrical cog_hacﬁ w th Sallytﬂl spg‘m' conduct or

mat eri al ofthegaupconpisting of penfasese; gligothiepheneand pRlYRIOPNeDE; | ¢4

i npedance between said first and second el ectrical conductors varies as a

function of energy applied to said electrically conductive ,C(irg. 30. The
field ef 3t fTharastive deviee of claim28owherain said semtieonductrdady incledest one of

a plurali f %ﬁ’g&}? s 0y igit hread is a gate with said

| ayer of %*‘Mr?rbgf" In Sﬁ@ﬁeg’?{e%@r?%’éﬁ‘és%@%'ed on the core thereof, wherein
a second one and a third one of said threads include said first and second
el ectrical_ conductors,, respectiv nej Lo :and third

t hr eads g-’e aqgﬁﬁfg'gegﬁa'cﬁ °?&iﬂm§dwggb2%??@eﬁﬁd§i¢”\§e W%ﬁ“ ef f ect

t ransi st agenfiboridittar refteriahie phienethyl armamnhiumtin iddidei d plurality of threads
is flexible. 32. The field effect transistor of claim30, wherein said

plurality of threads is tw sted into a bundle, and wherein said bundle is

{1 exi bl e 333, THaendid BifEcitfdriior sRNGIDWHefelalsaidedi8 inoiligesons oni d
or body

sem conduct I ncl udes organi ¢ sem conductor material. 34. The field
ef fect trmoes filamentst cl ai m 33, wherein said organic material is a nenber
of the group consisting of: sem conducting small nolecules, oligoner and
pol ymers.

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 electrica! 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 é)f 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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20 WD 02/ 091490 PCT/ US02/ 06996 35. The active device of claim 33, wherein
said organic material is a nenber of the group consisting of: pentacene,
ol i got hi ophene and pol yt hi ophene. 36. The active device of claim?29,

wher ei n sai .conduct or body includes a hybrid organi gid '
?%ﬁ@lgﬂ %VI\Z@OQI@@%C

sem conduct rial. 37. The active device of claim 36, ern said
hybrid organi c/inorganic sem conductor material is phenethyl ammoniumtin
| odi de. 3@, Theefdiedtdcalidireait of clains 42 wherein ssidisemiondubior body iss# d. core
i ncl udes one or, nore filanments. 39. fei ef f ' r of claim
38, wher dirst %'&W@rbmﬁa?qﬁ%éﬂ’@lﬁaﬂj@%ﬁl&qerﬁ%ié bﬁgil‘r%@hﬁtive. 40.
The fiel dplygcind (BRI b¥ecshd Sbmidshdlctorbedysis tisposedrabidllyofiai s in a path
that includes sai sem conduct or bhody and said second and tlhl d {hreads.
41. An elsacond oae of saisipluraditygfthreads, Wﬁfﬁlﬁ'r%ﬂ‘*‘ﬂf S&FP 'E‘ﬁ?aé%dQCHﬂésa | east
one body ' ! iailytherest, ahd werdin said firktr eads
form twdeg%to %;%gaggégoﬁPgQPfg{a:tg?gpgggﬁlgqu active devices. 42. The

el ect ri cadnd$econdithreadscamprise saigtwodrmarg;agtive AL¥iEA%uct or body i s

di sposed axially of a first one of said plurality of threads, and wherein

second and third ones of said plurality of threads are electrically
conduct i vgg, 43an Abvecdevide comprising asemicgnducter body, a first electiodeapd a

i conductor _body i fi j 2o el d
Sem conduseondisterirads disnased i sPAREAN EpSlorkIf oo L BRR T
of_t hr eadsyiq 3aehiHieioR bBAg, aid & Butsbtansig glanandnd iokibia subeirts that | n

(0] (0]

el ectrical contact with sai d segq conduct or , bodies, 21 WO 02/ 091490
carries said first and second electrodes and said semiconductor body.

46. The active device of claim 45, further comprising a gate electrode and a
gate insulator, 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 semicqnductor material.

50. The active device of claim 49, wherein said hybrid organic/inorganic
semiconductor material is phenethyl ammonium tin iodide.
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PCT/ US02/ 06996 44. The electrical circuit of claim42, wherein said
sem conductor body is a first sem conductor body that extends axially of a
first one of said plurality of threads, and wherein a second sem conduct or

body is di ially of a second one of said pluralit ds,
! 3&8(59?‘/99513 y P %T?(FSO&/Q&E

wherein ea d threads includes at |east one electri conduct or
that extends axially thereof, and wherein said first and second threads
conprise g4id TH® aclivedévicerot dlaim 48, witeerein stid fléiblecubytratdds acerbenr i sing a

sem conducf or body, a.first, elect econ el ectrode di sposed at

spaced apﬁi e|dreuR consisting %fI'BEtlaﬁ e&-ﬁ"‘@@ﬁﬁﬁﬂ@”‘iﬁ"ﬂ”%’@ RRYBHduct or body,
and a SUbséélBH'vﬁih@hQIbéﬁi%éllf%dcubﬁVé Rlsterfdibstrate that carries said first
and second el ectrodes and said sem conductor body. 46. The active device of

claim45, further conprising a gate electrode and a gate insulator,

el Byl T Bt elied 60iSin4 S ufiRé cdiforiviida ﬂ%ﬁrﬁisﬁﬁéé@ﬂodﬁ“d sai d

gate insulator ctrve device ereln sald

sem conduthabis &lsad gairiedshy said fexible substratenduct or, and wherein said organic
material is a nmenber of the group consisting of, sem conducti ng snall

nol ecul es, oligonmer and polynmers. 48. The active device of claim 45,

wherein sgBd sThe acthdudévice biclzim 45, winkrein said flexjbleisubsteatedeadight or, and
wherein said organic material is a nenber of the group consisting of:

pent acenet r36$m§g'c"ﬁ|t{9ﬂﬂene and pol yt hi ophene. 49. The active device of claim
45, wherein said sem conduct or body includes a hybri d organi c/inorganic
sem conductor materi al . The active device of, cla pﬁherel n said

hybrid : ob§ani 8/fabrig mp@smgarﬁlwrammmpa%twr@n atéeq%ene Adanmoni um tin
| odi de. Qr%%ﬁo §%$9%€We%9468@&%%e?%e%bléé&dé?ifﬁﬁe‘da%eC' ai m 46,

wherein s 1% SUvecT
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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of the group consisting of netal, electrically conductive polynmer and
polymer coated with an electrically conductive material. 52. The active
device of claim45, further conprising a light transm ssive body that is
also carried said flexible substrate. 53. The active d & f claimi45,
wher ei n sal“ﬂ)?%g% Ble substrate is a light transnissive g%w 02%’3996A fabric
conprising a plurality of threads, wherein at | east one of said threads

forms an gact i Thedrid eﬁeéthmnsmtdmdﬂdameazch&n@ecompﬂkm tarshesath ohpedance  when
subj ected to . a chanqe in ener '? b? of cl.gim b4, erein said

ener gy i £lestdeally;ipsylatingmglena ?grdierqqqesq digpoged, in sai ‘n said
energy is light energy, 57. The fabric of claimb54, wherein said energy is
mechani cal energy. 58. The fabric of claim54, wherein said active device
is formed by first, second and third ones of said plurality of threads.
59. The fabric of claim58, further conprising a sem conductor body
extending axially of said first thread and di sposed between said second
and third threads. 60. The fabric of claim59, wherein said active device
is a first active device, wherein a second active device is fornmed of
fourth and fifth ones of said plurality of threads and of one of said
second and third threads, and wherein another sem conductor body extends
axially of said fourth thread. 23 WD 02/ 091490 PCT/ US02/ 06996 61. The field
effect transistor of claim32, further conprising a sheath of

electrically insulating material, wherein said bundle Is disposed in said
sheath. 24
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