A nmethod for generation of electrical conducting or sem conducting
structures in three dinensions and nethods for erasure of the sane
struct ures. The invention concerns a nmethod for generating a conbination
of el ect-ri ol 99/45582 15 conducti ng and sem conducti ng strpcimnossoobd t hr ee
di mensions in a conposite wherein the matrix conprises two or nore
materials provided in spatially separate and honbgenous nateri al
structures, wherein the materials
A method for generatlon of electrical conducting or semiconducting. -
structures in three dimensions and methods for erasure of the same

structures.

The invention concerns a method for generating electrical conducting or
5 semiconducting structures in three dimensions in a2 composite matrix,
wherein the matrix comprises two or more materials provided in spatially
separate and homogenous material structures and wherein the materials in
response to the supply of energy can undergo specific physical and/or
chemical changes of state which cause transition from an electrical non-

10  conducting state to an electrical conducting or semiconducting state or vice
versa, or a change in the electrical conduction mode of the material. The
invention also concerns methods for erasing electrical conducting or
semiconducting structures generated in three dimensions in a composite
matrix, wherein the matrix comprises two or more material provided in

15 spatially separated and homogenous material structures, wherein the
materials in response to the supply of energy can undergo specific physical
and/ or chemical changes of state which cause transitions from an electrical
non-conducting state to an electrical conducting or semiconducting state or
vice versa or a change in the electrical conduction mode of the material,

20 wherein each material structure comprises a generated pattern of
substantially two-dimensional electrical conducting or semiconducting
structures represented by a determined protocol, and wherein electrical
conducting or semiconducting structures in three dimensions can be
generated anew in the matrix after erasure with the use of the method as

25 _ stated in any of the claims 1-5 and 12-22 and according to another
determined protocol for two-dimensional electrical conducting or
semiconducting structures in each material structure, and a method for
erasing globally electrical conducting or semiconducting structures generated
in three dimensions in a composite matrix, wherein the matrix comprises two

30 or more materials provided in spatially separate and homogenous material
structures, wherein the materials in response to the supply of energy can
undergo physical and/or chemical changes of states which cause transitions
from an electrical non-conducting state to an electrical conducting or
semiconducting state and vice versa or a change in the electrical conduction

35  mode of the material, wherein electrical conducting or semiconducting
structure in three dimensions can be generated anew in the matrix after
erasing by using the method as stated in any of the claims 1-5 and 12-22 and

- :
REPLACED SHEETS SG

heet Has Been Replaced

T e mn it
O Drawmg(S) paged ... to paged ... ]




In response to the supply of energy can undergo specific physical and/or
chem cal changes of state which cause transition froman electrical non-

10 conducting state to an electrical conducting an. d/or sem conducting
state or - Viwi@y@EHa, or a change in the electrical conduction node of the

material, wherein the material struckures are gener at &I NPV or m of
thin | ayers by conbining two or nore layers into a | am nated
mul tilayer structure which constitutes the conposite matrix with the

conbi nation of aet&ding ®ednothet detkrminedcpratutbbfortemt-dinredsionalnglectticalct ur es-in
three dimens! ongn ?%L%ﬁgo?mﬁ[ig&[huwﬂg Sethdilt e eadH Fidfehidl Girhiuftener ated by a

successi ve depcg' . wo of nore layers into a stacked
conbi pat 1 onof MpEckFREaady S5t pRbRSrenfios conoltEh BELHERRIGH MW apd o
in three di nenghreesdimensionainipeleting rasistives condewing-orsemieandusting patierns
~materials provig@Griuengedtdrakt n cleb@shio el Wkl most pakticlinly e6nsiitiof
wherein the materials in suppl,y_ of ERSI can undergo specific physical
and/ or wheraiipglsor seygral W#@ﬁ 1&55‘58 E’r"é%’é?‘ﬁ on froman electrical non-
The evolution of microelectronic technology shews a steady trend towards
smaller dimensions and reduced costs of the devices. Well-substantiated
predictions show that the performance is going to increase, while the price
10 per unit or device will decrease. However, today's microelectronic
technology is substantially based on crystalline silicon and shows an
increasing tendency towards diminishing returns, mainly due to the inherent
limitations associated with the complexity of ultra-high resolution
lithography and increasing demands of the material processing.
15 Extrapolations of the present technologies based on crystalline silicon may
“hence not be expected to offer dramatic breakthroughs in regard of either
performance or price and future improvements shall require manufacturing
plants and manufacturing equipment which are extremely capital-intensive.

Microelectronics based on thin-film technology may on the other hand

20 confidently be predicted to deliver in the near future products representing
real breakthroughs in regard of pérformance as well as of price. The shift
from ci'ystalline inorganic semiconductors to microcrystailine, polycrystalline
or amorphous inorganic or organic semiconductors will introduce entirely

" novel boundary conditions with regard to the production of microelectronics

25 and particularly by the blanks having form factors which make large areas
possible, i.e. the substrates may be large sheets instead of wafers cut from
blanks of limited size, and great flexibility with regard to architectures,
something which will be essential factors in the expected development of
tomorrow's electronic technology. In the present invention special emphasis

30  -will be placed on the use of organic materials due to the ease whereby they
may be processed with basis in the use of large areas and muitilayer blanks
with precisely controllable thickness, as well as their vast potential for
chemical tailoring of the desired material properties.

Particularly before the use of electronics based on amorphous materials can
35  fulfil their expected potential, further developments in certain areas are

This Sheet Has Been Replaced

(.




el ectrical conducting and/or sem conducting state or vice versa, or a

change in the electrical conduction node of the material, wherein
the materi al structures are generated in the formof thin | ayers by
conbi ni ng t WwYOSP/5582 e layers into a |aninated nulti lpgyRNoosibdoiCt Ur €
whi ch constitutes the conposite 5 mat3i x with the conbination of

el ectrical conducting and/or sem conducti ng structures in three

di mensi ons, and wherein the nultilayer structure is %ﬁnerat ed in a
successi-ve depganiredringhe regsnbyearyan effgrihas bepn sade do impraye the Lo
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cheap electronic devices with large areas based on the use of high-volume

manufacturing methods.

In spite of this development a wholly satisfactory solution to how the
15 fabrication technology shall be adapted and made suitable for a low-cost
flexible high-volume production of electrical connections in the thin-film
structures forming the electronic circuits is still lacking. Currently thin-film
devices are based on amorphous silicon manufactured with current paths and
conductors pattetn_ed with traditional methods such as lithography and
20 vacuum metallization. The latter method has formerly also been applied to |
circuits for demonstration of organic-based semiconductor thin-film devices
(see for instance A.R. Brown & al. "Logic gates made from polymer
transistors and their use of ring oscillators", Science 270: 972-974 (1995)).
Alternatively, screen printing with conducting "ink" has been used to make
25 - transistors on flexible polymer substrates (see for instance F. Garnier & al.,
"All-polymer field-effect transistor realized by printing techniques"”, Science
265:1884-1886 (1994)). Even though lithography niay provide high
~ resolution, it is relatively complex and includes typically wet chemistry steps
which are undesirable in high-volume production of multilayer organic
" 30 thin-film structures. Screen printing with ink is also far from ideal, as it only
-provides low to moderate resolution besides being a "wet" method.

As examples of prior art such it is evident from available patent literature

may also be mentioned US patent No. 5 043 251 (Sonnenschein & al.) which -

discloses a process for three-dimensional lithography of amorphous polymers
35 for generating a momentary permanent pattern in a polymer material and

which comprises steps for providing doped non-crystalline layers or films of
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of electrical conducting and/or sem conducting structures in three

di mensi ons can be generated anew in the matrix after erasure with
the use of the nethod as stated in any of the clains 13-27 and
accordi ng- t owwoiksas det er m ned protocol for two-dinensional

el ectrical conducting and/or sem conductipg 25 st r uct ur eBCT/HORYRope3

mat erial -structure; and a nethod for erasing globally a conbi nati on
of electrical conducting and/or seniconducting structures gener at ed

in three d't MeNg peRndrin @ s@ﬁl@@@bﬁﬂmﬁahfawunmemmanetoberaﬁngrcbxdmonsa In-. -
conprises two 0 rials prov n ,
honpgenous mt@ﬂ‘gﬁcg"tr tﬁﬁlpg °’“§ﬂ?§ @Eﬁgﬁﬁgsfefﬁgtlﬁ:g%ﬁ&?ﬂ@%g%@e to the 30
azpplhy of entertjlyomntherm?kgo rpﬁygﬁgﬂ;%ﬁ;‘f@ﬂ%%ﬂswﬁ; 8usRy :T(WI; ef at es

ich cause tr dis@iatt thest-digisiohhlthpHm i o an
el ectri cal con Sé bé\ﬂﬁ rﬁ?@% COﬂdUstI nt st a%tﬁ aﬁ ceﬁ%/g
change |E°‘Wi%te R Ehe YRIAFEDS % etf“r?ﬁ?%?ﬁe or ‘éﬁ?om\/\her ein
t he _conbtheaﬁamxfaahreabfaﬂt optical datarstorege digkaFeither itisfram rlt&upat‘emg
structure in tRLEE 398 916 (Wﬁ?ému&ia% as-asﬁﬁweueﬂcawme'fanhfb?aﬁatr' X

after erasin sin as st at.ed | ai ms
13- 27 and ;Cgo;@g“ Irggtagmqﬁge wherem erent portions oP the s&-ucture may%avelz

dxfferent compositions. Particular the structure forms a two-dimensional

10  array and a first photosensitive portion comprises 2 material which generates
electron-hole pairs when it is exposed to light within a predetermined first
wavelength range, while another photosensitive portion comprises a material
which is adapted to generate electron-hole pairs when it is exposed to light
within another wavelength range distinctively different from the first

15 wavelength range. Yet further it is from US patent 5 677 041 (Samyling)
known a transistor device which is made by forming a doped layer of
radiation-sensitive material on a substrate. The radiation-sensitive material
may among others be polyamid, polymer, an organic dielectric, a conductor
or a semiconductor. The substrate may be silicon, quarts, gallium arsenide,

20 glass, ceramic, metal or polyamid. A neutral or undoped layer of another
radiation sensitive material is formed over the doped layer. First and second

. source/drain areas are then formed in the neutral layer and extend down to a

top portion of the doped layer. A gate area is formed in the top portion of the
neutral layer between the first source/drain area and the second source/drain

25 _ area such that a channel area in the doped layer is provided under the gate
area. Drain/source and gate electrodes as formed by irradiation of the
uppermost neutrai layer through a mask patterned in accordance with the
desired electrode pattern and realized such that it intensity-modulates the
radiation. In addition the mask may also be realized as a phase-shifting mask.

30  Finally it is from the article "Polymeric integrated circuits and light-emitting
diodes" of D.M. de Leeuwe & al., IEDM, pp. 331-336 (1997) known a
MISFET wholly realized in polymer and with the use of polymer materials
which are given the desired electrical properties by an exposure to UV
radiation. In the manufacture photochemical patterning of doped electrical

35 conducting polyaniline films, so-called PANI thin films is used. The films
are dissolved in a suitable solution, whereafter a photo-initiator is added to
the solution which has been deposited on a suitable substrate such as a
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determ ned protocol for two-dinensional electrical conducting and/or

sem conducting structures in each material structure. Mor e
particularly the present i nvention concerns the fabrication of two- and

t hr ee- di mensMh#459830| ating, resistive, conducting and/ or eFNRBENSS | NY
5 patterns and structures for use in edectronic circuits which nost
particul arly consist of a single or several stacked layers of thin

films. he evolution.of mcroel ectfo ol.0 asteady
trend towards PO yamldesdi,lg} %t f??g‘fgf’m%ﬁ’ &éﬁﬁtggmg @Wﬁ\@uﬂ’é\n ces.
Wl | - subst ant i threugh a mask therisitiallyl emducting\pelyanilink és penviesteddmtte i s going to
inerease, Wi | &g Bio€ fo thtthon-cdiffuctifi leuebedlEriifie Yord. MRtgRRg. FHowever,

today S mcroe roni.c

subst ant based on
crystalline si Poipbhers s a%ﬁ@ggna °°“‘R‘°“gg ﬁ@f A rﬂgep@ﬂ,l g‘lﬁ%ﬁa rousirRee
di mi ni shing repfnwhich inftiablyls ddeloohmy/synare) bat edich after the bxposued olitains

associ at ed wi tf} L CO0RhEN ferxo&fmuhtx & i3 ﬁ&éoin%g_;gsorﬂmgdmeé#&hography

and i ncreasi ng®¥ nat el a 'Elpoce S| ng L apol ati ons of
the present tesmssnrsgmay begengrated i anotherwise condyctisg mafix. Fig. 1 shg®sce not

be ]ex pect ed t 0a MISFETUczbRIing tdLeadr & alu gbmphmngegpmyhmfdeeubhﬁte 1 with
bl ants and mantk ANLHEE §hé%h‘*&ﬁgﬁ§“oéﬁ%‘?‘ﬁ??2%ﬂf§@“mtﬁ“?%“ ¥ nsi ve.
10 forms isolating structures 6 in the otherwise conducting thin- dm matenal 3.
The still conducting areas 3 in the PANI film define respectively the source
and drain electrode of a MISFET transistor. Above the PANI film a further
layer 4 is deposited in the form of a thin film of polythienylenevinylene or
PTV which is an organic semiconductor material. This layer 4 substantially
15  determines the electrical parameter of the MISFET transistor. A film 5 of -
polyvinyl phenol PVP which forms the gate isolator of the transistor and is
opaque to UV radiation and visible light is deposited over the PTV film 4.
Another PANI film is again deposited on the top of the PTV film 5 and
patterned by radiation with UV light such that isolating structures 6 are
20 formed. A still electrical conducting area 2 forms the gate electrode of the
MISFET structure.

If several transistors of this kind as mentioned above shall be combined in
integrated circuits realized in the form of stacked film layers, vertical current
paths between for instance source and drain electrodes in a transistor and the
25 - gate electrode in another transistor must be used. Such vertical current paths
may in principle be realized mechanically, for instance by depositing a metal
film over vertically etched steps in the structure. Otherwise a close analogy is
the use of throughplated holes in circuit boards to realize a vertical
connection between current paths on the upper and lower side of the circuit
30  board.

‘The main object of the present invention is to provide improved fabrication
methods for conducting connections and electrodes in microelectronic
components and particularly microelectronic devices with large areas on
flexible substrates by means of processes which combine high-volume

35 fabrication at low costs. Particularly, it is an object of the invention to
provide such fabrication methods that they may be used on layered physical
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M croel ectronics based on thin-filmtechnol ogy may on the other hand 20
confidently be predicted to deliver in the near future products

representing real breakthroughs in regard of performance as well as
of price.- Thevcsddiskisr fromcrystalline inorganic sem conductors to

m crocrystal line, polycrystalline 60" anor phous i nor EANOIWOBy gani ¢
sem conductors will introduce entirely novel boundary conditions
with regard to the production of mcroel ectronics 25 and particularly by
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eci s I | a
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based on anor e&a&m&&& %haérfed%ek $5an m:{:ui virginishite Wherdafeh Rchnloi @Ry | al |
further devel 8gmant dcer al n ar al
recon xgure in thé form of electrical conducting and semmonductmg
10 structures in three dimensions, but for instance with another pattern or °

" another structure than the original.

The above-mentioned features and advantages are realized according to the
present invention with a method characterized by irradiating each material
structure with a radiation of a given intensity or frequency characteristic
15 adapted to the specific response of the material to the energy supplied by the
radiation, modulating the radiation spatially in each case accordingtoa
determined protocol which represents a predetermined pattern of electrical
conducting or semiconducting structures in the relevant material structure,
whereby in response to the energy supplied with the radiation
20  two-dimensional electrical conducting or semiconductor structures are
generated in the material structure with the pattern predetermined by the
protocol, such that the composite matrix formed by separate adjacent material
structures with two-dimensional electrical conducting or semiconducting
_structures is provided with electrical conducting or semiconducting structures
25 in three dimensions. According to the invention it is advantageous selecting
electromagnetic radiation used for the irradiation among one or more of the
spectral ranges gamma, x-ray, ultraviolet, visible light, infrared and
microwave, or selecting particle radiation used for the irradiation among one
or more of the following types of particles, viz. elementary particles
30  including protons, neutrons or electrons; ions, molecules or material

aggregates.

Further it is according to the invention advantageous modulating the

radiation spatially in a plane substantially parailel with a material structure,

by means of a mask which is patterned according to the determined protocol,
35  the mask modulating intensity and/or phase of the radiation incident thereto
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required. In the recent years an effort has been made to inprove the

sem conducting properties of organic sem conducting thin-filmmaterials,
whi ch have given dramatic and rapid increase it the transistor performance
up to a poi nworeassszor gani c- based transistors nmay now compgigmtdebboezs ©
transi stors based on anorphous silicon (see for instance Y.- Lin,

D.J. @undlach, S.F. Nelson and T.N. Jackson, "Pentacene-Based Organic

Thin Film Transistors”, |EEE Transactions on El ectron Devices, August

1997) . Other orfoggémgampplectricalend semisdndustingastiuetyres othe seseriadr thin film

‘N or ders&gn&&“&r bdulg -{HeCra&ﬁﬁoﬁ@PEﬂ?ﬂBHﬁx Shlah€ Sibstdifiafignduct or s at
ra W t atihility with a organi c

|l ow 10 t enpe ur e’s, an cotgfqtl I br&? ,range gf

and i norngealiel vty theymateriabstaiciune Oy opgeentrating the sadiation wioia PerBprent
of extremely with dirfis¢gnscdongpatible witliahe divaensidrts dfthe eleetrizakcdminetingn t he
use of high-volu . e I : : | of this
devel opnent™ a vﬂfgﬁgwcosnéitufgﬁg%@ééo#ﬂg fgﬁm?gﬂﬁ%ﬁa}eﬁg} itguétﬂrfe §Eilrd|i g‘zft I on

t echnol ogy shalbeamewhirhds detensity-madulated acgprding ¢ the degermined protocol for

f I exi bl e hi gh- vinefiRing b dinieasionh! elbatical eotlduching o sémigonduttibge t.hin-film

structures in the material structure..

It is according to the invention advantageous generating the material

10 structures in the form of thin layers and combining two or more layers.into a
laminated multilayer structure which constitutes the composite matrix with
electrical conducting or semiconducting structures in three dimensions,
preferably by generating the multilayer structure in a successive deposition of

. two or more layers into a stacked configuration on a carrier substrate or by

15 laminating of two or more self-supporting layers into a stacked configuration.
When the multilayer structure formed by successive deposition of two or
more layers, it is advantageous generating the two-dimensional electrical
conducting or semiconducting structures in a layer immediately after the
deposition of the layer on the substrate or an adjacent layer and before

20 - depositing a further layer on the first-mentioned layer. In that connection
preferably one or more two-dimensional electrical conducting or
semiconducting structures are generated in the layer, such that they according
to the protocol register with one or more two-dimensional electrical
conducting or semiconducting structures generated in an adjacent, already

25 °  deposited layér, whereby one or more vertical electrical conducting or
semiconducting channels are generated in the cross-directionbetween the
layers.

Further, when the multilayer structure is formed by lamination of two or
more self-supporting layers, it is advantageous generating the

30  two-dimensional electrical conducting or semiconducting structures in a layer
before the layer is laminated to an adjacent layer. It is then advantageous
positioning the layer in the lamination to an adjacent layer such that two or
more two-dimensional conducting or semiconducting structures in the
first-mentioned layer according to the protocol register with one or more

35  two-dimensional electrical conducting or semiconducting structures in
adjacent layers, whereby one or more vertical electrical conducting or
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structures formng the electronic circuits is still lacking. Currently

thin-film devi ces are based on anorphous silicon manufactured with
current paths and conductors patterned with. traditional nethods such
as |ithograply 0 vacuumnetallization. The latter nethod has
formerly al so %een applied to circyits for denonstr ZCTHiP%/00023

or gani c- based sem conductor thin-filmdevices (see for instance A R
Brown & al. "Logic gates made from pol yner transi stors and their use

of ring oscill Qéxﬁfcﬁﬁduéfd&e&faﬁnaZQre Pofied 14 thel &399-direction throuﬁhttﬁé Ryets/el v,

screen printin en used t

transi stors ongp%i‘i Elclgg‘iﬁlg’l%‘ﬂﬁ&o M?q:{t%acfvggggpgqs $W§P§W§éﬁi Garnier &
al ., Ahbemmmondlleﬁmxsﬁlfoenduqtmgrm ssrxmondeaﬂmg@dﬂ;mp in afjayey

;g;hg'r 33.63e o gﬁ@f‘ﬁﬁ deposmon%?inllﬁ%s aﬁéﬁ seé&%él bnfi flog Beu%hbéﬁét%sr ap hy

co and 1 ncl udes
typically wet ARenths W"!ﬁ@ﬁ&t{}au layers\mpéhe é‘iaéalt‘ gruﬁpggé%raﬁ @h- vol une
production of pldce] bie/er moreydnt not3dll layersiin thié stavleidraonfignmtion Seimgen printing

withink is alg xga fsre%k'gf\igb’pr@é thggﬂé}h% electnxslmoﬁ}ih&u%sérow to noderate

resol uti on besi of prior art

such it is evi G%"ﬁt"mﬂl&mm“éﬂeé “bﬁ'leé'ﬁle"?mt%?%ﬁj‘r l@yer or 13)’%?’“&!0% be
menti oned US pahesihg Aeesponbetih thhoﬁS@mwdﬂamm:&fahbly onkiog more layers

d' scl oses lgnpf ?ﬁ?g&&&%#}&@% emaaamg‘} Aehg pe&au%aﬂg s%aﬁf%e@%%mw ymer s

for era 6‘5) nmaterial and
V\/m ch conpri seé?Yétféﬂ@tfPEﬁhi)?Qi%t }ageaerp'@ajenqm:gdﬁtmq rf@eﬁlgl)‘ié?@laﬁpnf i | ns

of characteristics or a given power, the selected layer or layers being formed of
a material which responds to one or more of the radiation characteristics
and/or the power or combinations thereof.

15 It is according to the invention preferred that the specific radiation
characteristics are intensity and/or frequency; one or more layers for
generating electrical conducting or semiconducting structure preferably being
selected by irradiation with electromagnetic radiation on two or more
frequencies or within two or more wavelength bands, such that the irradiation

20 on a given frequency or in a given wavelength band causes a response in one
or more, but not all layers.

It is according to the invention also advantageous adding beforehand one or
more additives which has a spectral absorption on a given frequency or in a
_ given wavelength band, to the material in one or more layers in order to
25 cause the response to the radiation on a given frequency or in a given
wavelength band, at least two layers in the stacked conﬁgﬁration thereby
obtaining mutually different absorption spectra, and then also generating the
electrical conducting or semiconducting structure in a layer by the radiation
absorption in the additive or additives in the layer forming reaction centres
30  which cause a change in the electrical conductivity or conduction mode of
the layer, or generating the electrical conducting or semiconducting
structures in a layer by the radiation absorption in the additive or additives
~ causing a heating with subsequent changes in the electrical conductivity or
conduction mode of the heated layer material.
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a polynmer in a.stable anorphous state under humane operating conditions. In
manuf acturing the patterns the filmis nasked optically and is exposed
through the mask to radiation with sufficient intensity to cause ablation

of " Tt heWeryessex portions such that a distinct three-dinensional
inprint is 5 generated in the film This process has anbngNeM@923peen
proposed for use in the manufacture of an optical data storage disk.
Further it is from US patent No. 5 378 916 (Mantell) known a

phot o- sensi t i vAccerdingtoi the tieentionthe ¢legtrical condustingloe semiconductar r uct ure,-
wherein differ &?ﬁctﬁférstlh W8 0P mdrb tayRhy M‘éta'd*ii&ltﬁgé(odili}vgtnerated in deétitfi&ise”t

conpositions. Particular the structur %41 nensi onal array
and a first phWhEE:PRs of Marefieetrigs ?ﬁﬁ?‘ﬁ%gl’ %F“Hﬁ? ‘%"&PSWEW“@fener at es
el ectron- hol e pedordingfteithe protecod xespeetively formybne o miorevertipaleeledteicali ned

first & W =;J“§ 19&%: seito Jvﬁ iﬂgeclﬁgﬁélg‘?% tﬁg‘él'fogsiﬂﬂééﬁdnv?, 5 fhen

conprises a ma a rate e on- hol e
pairs when it [aé'ewpé&eat%e }guration, aﬁ&nﬂﬁ“ Weg‘?ﬁgﬁﬁéﬁm @ a6Qrding ange
di stinctively tb fieqretucol therel¢deicdlicoaductiifg or semiedmiugtihg sauctares Wetiich ur t her

there is from i’@rtpﬁ‘t\/@ﬂfcapc%epﬂoﬁmléllﬁ)‘w)according in electrical conducting
or semiconducting connection with one or more two-dimensional electrical
10 conducting or semiconducting structures in this layer. Preferably each
channel is formed with a conductivity or conduction mode which is cotistant
between the layers or with a conductivity or conduction mode which varies
between the laj'ers. |

Further the above-mentioned features and advantages are realized according

15 to the present invention with a method for erasing which is characterized by
irradiating each material structure with radiation of a given intensity and/or
frequency characteristic adapted to the specific response of the material to
the energy supplied by the radiation, and by modulating the radiation
spatially in each case according to the protocol which represents the

20  generated pattern of electrical conducting or semiconducting structures in the
relevant material structure, whereby the two-dimensional electrical
conducting or semiconducting structures present in the material structures in
response to the energy supplied by the irradiation are erased according to the
protocol, such that the material of the material structure thereafter in its

25 - - entirety arrives in the electrical non-conducting state.

According to the invention it is advantageous that in the electromagnetic
radiation used for the irradiation is selected among one or more of the
spectral ranges gamma, x-ray, ultraviolet visible light, infrared and
microwave; or selecting particle radiation used for the irradiation among one

30  ormore of following particles, viz. elementary particles including protons,
neutrons and electrons; ions, molecules and material aggregates.

Further it is in the method for erasing according to the invention
advantageous modulating the radiation spatially in a plane substantially
parallel to a material structure by means of a mask which is patterned

35  according to the determined protocol, the mask modulating intensity and/or
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known a transistor device which is nade by form ng a doped | ayer of

radi ati on-sensitive material on a substrate. The radiation-sensitive

mat eri al may anong ot hers be pol yi m de, pol.yner, an organic
dielectri-c, Q& tor or a sem conductor. The substrate nay be
silicon, quarts, gallium arsenide, 20 %I ass, ceram c, nPCINOSH009ZH yam d.
A neutral or undoped | ayer of another 1 radi ati on sensitive materi al
is farmed over the doped |layer. First and second source/ drai n areas

are then for maﬁilbﬂc?g é)g‘l?fe i}a@?&tf liagi?\eéﬁ{ thafdo §o1 &Qﬁn%%s]&ﬁgﬁ?l conductiﬂ%ﬁt ot the

portion of the a rea-1s forne

| § op porti
neutral |ayer $fmigeRduAting structiressin the Mmaterial strycaze aﬁﬁ‘@m?%gég*hd

sour _cg/ gr ai 3 ZEad%atﬁfn@’paﬁmiliﬂ #plane sabstamgallyeparallelwith checapretial stittures
provi ded under,tne : iy C NA[REeS as
formed by i rraBY 5?_?%%&%?“%}1‘? rad?artﬁiﬁ lﬁ%@r’%@ tgH %‘e‘ﬁf‘r% ggoﬁ%@ﬁ %ﬁ?ﬁ%% a mask
patterned §n atheclimgnsienspf therglectrical condueting ersemieqndusting suetures. andy

r ﬁal i Zeg such i&émiﬂgt the Iﬁ?eﬁéﬁéﬂsﬁuﬁﬂﬂﬂ bgteebédne which is infeﬁﬁihﬁfﬂddﬂllzgtdd”l | ?ddi tion
fromtne arti creraaesn irmiief pRibed Br Heblod b PRbent Soppyetiddr ¥ 11 '
di odes" of D. MsemisondusiingStuictures ohe materigstrughee.( 1997) known a
M SFET wholly realized in polymer and with the use of polynmer materials
e a1 o
10° N 0 i inadi S of inofe) et n
f i5l s conéuct ! Pa?'epsoilnytﬁﬁﬁgd io'nlt{gi'atlso% ge?éétﬁrglypél;llergss]ﬁgnel];clztlncngl 's used. The
' conducting or semiconducting structure in the selected relevant layer or
layers without causing a response in the non-selected layers, and then one or
more layers for erasing of electrical conducting or semiconducting structure
15  preferably are selected by irradiating the selected layer or layers with specific
radiation characteristics or a given power, the selected layer or layers being
formed of material which responds to one or more of the radiation
characteristics and/or the power or combinations thereof.

Finally the above-mentioned features and advantages according to the present
20 invention is also realized with a method for global erasing which is
characterised by irradiating the matrix globally with radiation with a given
intensity and/or frequency characteristic adapted to the specific response of
the material to the energy supplied by the radiation until the material in the
- matrix in response to the energy supplied by the irradiation in its entirety
25 arrives in the electrical non-conducting state.

According to the invention it is in that connection advantageous selecting
electromagnetic radiation used for the irradiation among one or more of the
spectral ranges gamma, x-ray, ultraviolet, visible light, infrared and
microwave or selecting particle radiation used for the irradiation among one
30 or more of the following particle types, viz. elementary particles including
protons, neutrons and electrons; ions, molecules and material aggregates.

The invention shall now be explained in more detail in connection with a
survey of its basic principies and with use of exemplary embodiments in
connection with the appended drawings, wherein
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are dissolved in a suitable solution, whereafter a photo-initiator is added
to the solution which has been deposited on a suitable substrate such
as a polyimde film By thereafter exposing the PANI filmto
deep UV T adivwd hapzss2 through a mask the initially condisindysooozs
polyaniline is converted in the exposed areas to the non-conducting
| eucoeneridine form The starting point here is accordingly a
conducting polymer material, the area resistance 5 of which initially

i s 1 kil oohn figuarshowsut MESFET with electrodesdopnedipba phetacorvertible  an area
resi stance of nf%éﬁalte{},%ﬂrdm%%%ﬂiopﬁﬁi square. In this manner dielectric
structures may be generated Iih an otherw se conducting matrix. Fig. | shows
a M SFET accorgj.ng,t C lthé bitth oYk &5 ttg 1 With
a PANI thin fif%rsn' gﬁlﬁéﬁﬁ ?e_ep@ﬁ%a}kosst re ttgéuv lclihgﬁ)? g%%fﬂgﬁgﬁag%ﬁitaglgltg masks

10  forns i séhepresgnisibveRH¥Uhes 6 in the ot herwi se conducting thin-film

material 3. The still conducting areas 3 in the PANl film define
respectivdly tfig 3sswhematically the jpiningiebself-sunnortinglayes toa fpu. red ansi st or .
Above the PANlgyhitwea further layer 4 is deposited in the formof a

thin filmof polythienyl enevinylene or
fig. 4a schematically another embodiment of the method for generating
according to the invention, '

fig. 4b schematically the spectral responses of photoconvertible materials
10 used in the embodiment in fig. 4a,

fig. 5 a schematic section through a laminated multilayer structure which
comprises conducting or semiconducting structures generated by the method
according to the present invention,

fig. 6 a schematic section through a diode structure generated by the method
15 according to the present invention,

fig. 7 a schematic section through a MOSFET structure generated by the
method according to the present invention,

fig. 8 a schematic section through a logic inverter structure based on the
MOSFET structure in fig. 7 and generated by the method according to the
20 present invention,

" fig. 9 the equivalent diagram of an AND gate realized in CMOS technology,

figs. 10a-d in plan view sublayers in an AND gate structure generated by the
method according to the invention and according to the equivalent diagram in
fig. 8 with the use of MOSFET structures as shown in fig. 7,

25 fig. 11 the AND gate structure in fig. 10 as a stacked multilayer
configuration, but exploded in sublayers,

fig. 12 schematically another variant of the AND gate structure in fig. 10 and
with the separate CMOS structures provided mutually connected in a vertical
configuration, '
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PTV which is an organic sem conductor material. This |layer 4 substantially
15 determ nes the electrical paraneter of the MSFET transistor. Afilmb5
of pol yvi nyl phenol PVP which fornms the gate isolator of the

transi stor arWOBiuss opaque to WV radiation and visible light is

deposi ted over the gTV film4, Anoiger PANI fil mis FETAQP4AMRdSi t ed
on the top of the PTV film5 and pafterned by radiation with U/

| ight such that isolating structures 6 are 20 formed. A still electrical

conduct i ng ar e?\fé%.é%"é §S@1 r:é cﬁ?&%cﬁ%ﬂ GineGef nidtifadér circuits OHE iﬁggﬁéaté tgﬁ cture.

If several tra t 8 as rreratpl or‘l)gtg above s ined in
i ntegrated cir AftRSthedRet L §ENETANINE ACRPRYfng; o0 dacsept ipvenHen, and oy ¢ j cal

current aths between for instance source and drain electrodes in a
transi stor and figyddschematieally e cspectalresponss Of phptocpyrstibleanatesials ape used.

Such vertical Gited@htheddthbsdiment in figEd3.i n principle be realized
mechani cal ly, for instance by depositing a netal filmover

;/ﬁr ticall ]y ﬁ C heévﬁ&ﬁeeﬁsé'e rilhbi%lé_%tdfla%bﬂ@? a&dragm' t%&h@pﬁ‘dls&&%%h'ﬁoﬂ?y i |S
C oﬁ nggte [ 8 n be{ \?\iﬂ?’fg{&ﬁhﬁ@ﬁfp’? %Sshén% %t'r{;%#ca d%@fa éﬁsﬁlt'?%téﬂ%? 'é%%e&ﬁl\f/ etrgﬁ!%ec gi rcuit
30 board.  of electritaieccondhetiongre generntedthy spatisiy controllad: pagterting i provi de
i mproved fabri gy idtonvertible Mateiafswhith Ha08 SeH propeRRE Mot thél sledbhic
el ectrodes in mcroel ectronic . . .

properties are converted reversibly or irreversibly, under the effect of -

10 radiation, heat or electrical fields. The method for generating such structures
according to the present invention is based on the use of irradiation, either
with electromagnetic radiation R CTOWRVE fiation or in practice this implies
that also when the conversion takes place due to heating effects, heat which
arises in the material due to irradiation is used. Initially the

15 three-dimensional electrical conducting or semiconducting structures can be
generated as two-dimensional structures of this kind by direct local influence
of the radiation on a single layer and appears as three-dimensional by joining
single layers into a multilayer structure. Indirectly the electrical conductive
or semiconductive structures may be generated by additives which, when

20  stimulated by the irradiation, influence the convertible material such that its
electronic properties are changed. In case of homogenous convertible
materials the radiation influence must be spatially defined in a corresponding
three-dimensional pattern. Even though the invention in principle includes

. homogenous materials, the explanation of the method in the following

25 essentially will be directed towards multilayer structures or layered structures
where the three-dimensional definition of the electrical conducting or
semiconducting structures is obtained by a different responsitivity to the
radiation effect in two or more layers of convertible material which form a
stack. Typically the convertible material will be an organic material, for

30  instance a molecule, an oligomer or a polymer where a phase transition from
an initial first state to a new second state takes place upon irradiating, for
instance with light in a given wavelength band. As mentioned in the
following, it is presupposed that the most important change taking place from
the first to the second state, is the degree of electrical conduction. In the

35 following the method for generating and erasing of electrical conducting or
semiconducting structure will be exemplified by spatially controlled
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conponents and particularly mcroelectronic devices wth |arge areas on

fl exi bl e substrates by neans of processes which conbi ne hi gh-vol une 35
fabrication at |ow costs. Particularly, it is an object of the invention to
provi de such W@B¥456®t i on methods that they may be used on |Ru&iSRoRRysi cal
devices, for instance in the formof a | atyje nunber of adjacent stacked
thin-fi I m | ayers, thus generating three-dinensional circuit structures. The

present invention ereh ke le flexible and eap, but
B Tt aneous y Tandiatien ab VAT OruRHEPAS R P T aChA o ORISR BT oo

such 5 as (IgM. di splay devices, logic circuits, menory devices etc.
Further it is also an object of. the invention to provide nethods for
erasing  For'pblynters such asspulyailihe ftiis asibhovel tmth‘etabese-menﬁbﬁw pipb?:h t hat

the materi al L\/ﬁx gz.re[euw& alS%BME'J g&du%tISRgXt%st P&C %aﬁga ieéh'f S of

virgin state anew
el ectri cal 5condQct f[mgllaﬁ@ﬁes‘éﬁ?mﬂc%% comersmjwﬁks@lgglggayqﬁ of hr ee

di mensi ons, buterh&iatibh TbaverbM hitefialfrb@ copdbiétiigtodon-conducting state in
order to generate electrical connections in a single electronic circuit.
Electrical conducting connections in doped polyaniline films (PANI films)
were defined by exposure to deep UV radiation through a patterned mask.

10 A multilayer stack of different irradiation convertible materials may be
provided on a substrate which may be flexible or rigid, conducting or
non-conducting and the radiation convertible material be made conducting,
semi-conducting or isolating in desired patterns by using one of the following
procedures viz. either patterned irradiation of a number of single layer

15 irradiation convertible materials and sequential or simultaneous combination
of the layers into a multilayer stack, or by using patterned irradiation of a
preformed multilayer stack of irradiation convertible materials ICM, different
types of irradiation with different radiation characteristics being used such
that the radiation interacts selectively with one or more designated layers in

20 the stack. Multilayer stacks of irradiation convertible material are of _
particular interest in connection with multilayer thin-film circuits where it is

- required to generate electrical conducting lines, current paths, connection
points or electrodes in several layers such that the conducting structures in
one layer has a precisely controlled spatial relationship to the conducting

25  structures in the layers which are located above or below. One example is
thin-film field effect transistors (TFET) where the source and drain electrode
in a layer must be correctly positioned relative to the gate electrode and with
intervening isolating and semiconducting layers. Another example is
electrical connections between the layers where traditional solutions in many

30  cases are unsatisfactory, for instance by incorporating a number of steps such

" as forming open channels or vias between suitable points which then shall be
electrically connected in the different layers and with subsequent filling or
casing of the channels with a conducting material, such as this finds its
parallel in the use of through-plated holes in circuit boards to obtain a

35 connection from the front to'the back of the circuit board. A third instance is
the generation of capacitors by defining conducting areas which are aligned
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anot her structure than the original. _ The above-nenti oned features
and advantages are according to a first aspect of the present
invention realized with a nmethod characterized by- generating a

conbi nati on yah od/d¥egdi MeENsi onal el ectrical conducting and %%tcpﬁﬁﬁ ggiing 15
structures in a l[ayer immediatedly after 1jhe deposition of e Payer on the

substrate or an adjacent |layer and before depositing a further |ayer on the

first-nmentioned |ayer, by irradiating each layer with a radiation of a

?g\éggnse of t'h:gﬁﬁ:aﬁyto)bpeﬁté in_aw;ﬁaws sbpuratet dyiantisalating yer Evideritly mypeci-f i c
. er.d al : ; I ati

modul ating t heOTH% SRy Sﬁg%kngsg‘gﬁl%‘rﬁgﬁi“ﬁégg%ﬁ%?g éles‘aig@%?ﬁ | Enﬁégl.at o

det er mi ned pr cpasteons inirnultilayep stryetures age of the grepie¥ JAPOFANGtH: "ﬁgtaf é“f‘ﬂ of

el ectrical conguigtdifgedmveatiaaildn e fuflowingigiatters of this kind maylbe r el evant

| ayer, whereby In’response to the e ' ] . i ati
tho_conbi et | SEFTSFAEQY diineile DO abpRdte sEStlel Suddiupgor  Taci AtTOn
seni conduct i ngsesticomdustiog structseescorpagigrmsraccording:ipcthe present Myepdian-ern 25

pr edet er mi ned Wi} figaPf 1€ Brecisitts ind bRkin} bie followis description shalhr red by

separate adj acen yers wi,th e _copbi.nat i - di npnsi onal el ectrical
conduct i ng andh%‘ﬁ?ﬂqgoﬁ’ﬁﬁﬁqdﬁﬁe‘é{’& E@E%égnégg&p%jv?ag@gns%ﬁ t he combj nati on

of electrical thresidimhénsipnahstracsures ovhick eitkey are verytanpodoriviery hadelegirigahsi ons.
Accor dingy§ o t bgduictot sEPBE Befifled. Ne i nvention it is advantageous sel ecting

Multilayer structures as described herein are of particular interest when they
are integrated with thin-film semiconductors in order to form complete
circuits. The present standard procedures for fabricating microelectronic
circuits which exploit the semiconducting properties of a common silicon

15 substrate restrict automatically the realizable architectures to the kind which
allows access to the substrate for all active devices. If the method according
to the present invention is used for generating electrical conducting or
semiconducting structures in three dimensions 'by means of stacked layers,
whole devices may be generated in this manner without any essential

20 restriction with regard to the size or complexity as scaling quite simply takes
place by joining more layers to the stack. As each layer may be made thin, for
instance with an order of magnitude of 10-100 nm, the resulting volumetric
density for the circuit patterns and hence the performance per weight or
volume unit may be extremely high. Further hybrid architectures may be

25 - realized with the use of layers which includes irradiation-converted
electronic structures which are formed on the top of and function in
cooperation with additional silicon-based electronic circuits.

The basic object of the present invention is the generation of electrical
conducting, semiconducting or resistive structures in three-dimensions in a

30 multilayer material in a monolithic format and may be realized using a
number of different fabrication procedures. Such procedures will be
described separately in the following. The first step is a patterned conversion
of a single-layer irradiation-convertible material ICM with subsequent
sequential combination of the layers into a multilayer stack. Multilayer

35 structures may be formed in the irradiation convertible materials which are
deposited and processed sequentially as a set of thin film layers SS1, 882,

-—
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30 el ectromagnetic radi ati on used for the irradi ati on anong one or nore
of the spectral ranges gamma, x-ray, ultraviolet, visible |ight,

i nfrared and m crowave, or selecting particle radiation used for the
i rradi at’ion HaWMYsBre or more of the follow ng typepceinoesndors! es,
viz. elenmentary particles i ncl udi nk protons, neutrons or el ectrons;

i ons, nolecules or materi al aggregat es. Further it is

according to t first aspect t.. opn_advapt 0

modul at i ng the9§aapatmmﬁﬁaw=3 o By el 8 B RB S RSP B Theay 1 o1 i cn a
| ayer, by neansubstrate hnmlyhﬁnnglder@@mbbr&hed with arbitraty thickness aidt mayi ned
ot dent” 5. 0B B e B oot igl e el and
seni conduct i ngcmvembles‘{‘ﬁ“ﬁf,‘f‘@ﬁggvi%%"%B“F t13] process ?h'iaaﬂ%aﬁée@% I‘gdl ation
spatial ly fn afipstaoeting layes 883 tinapplidd tp thesubstrte faltdwedrhy d spatiallpy
concentrating LG4y ?ébfﬂfa'ﬁl?ihdn%ﬁicﬁf s cond%%ﬂ mrh&uéés@'ﬁ GRadiafippat i bl e
wi th the di nensions

structures andtakespiack qqgﬁpafgré{: }q%g]f AT spatial Iig tmoﬁuiatoq'(gﬂ )s_7em conducti ng

Depending on predetermined process conditions the irradiation will cause the
direct conversion into another conduction state or generate a latent image

10  which may be developed in a post-irradiation process. The last process step
may be exposure to suitable chemical species in liquid or gaseous state-and
may in some cases also be stimulated by global irradiation. An example of
direct photoconversion from conducting to a substantially non-conducting
state without a process step after irradiation, is the use of deep UV

15  irradiation with polyaniline as mentioned above with reference to the paper
by de Leeuw & al. An example of photoconversion from conducting to a
substantiaily non-conducting state with the use of wet chemistry is the
exposure of antraquinon-2-sulphinic acid-(AQSA) doped polypyrrol to blue
or ultraviolet light, followed by wet processing.

20 After the processing of the first layer SS1, a second layer SS2 is applied on
the top of the first, for instance by evaporation, sputtering, application of a
liquid (for instance by spin or dip coating), doctor blading or by lamination
of a thin film onto the first layer SS1. The photoconversion of the second
layer SS2 takes place by means of spatially controlled irradiation and for

25 . instance conducting structures 9 are generated through the mask or SLM 7b.
If the photoconversion takes place directly, i.e. is effected by means of
irradiation alone, measures must be taken to prevent activation of the
underlying layer SS1. This may for instance take place by incorporating a
radiation shielding layer between the two layers 8S1, SS2, as the

30 radiation-shielding layer may be a spectral filter or absorbing or reflecting
media, or by using coating layers with different spectral photosensitivities. If
the photoconversion makes use of a photoprocessing after the irradiation,
measures must be taken to prevent that chemical reactants penetrate to the
second coating layer SS2 or changes or damages the first coating layer SS1.

35 In this case such measures may include control of the intrusion of chemical
species in the second layer via a strict processing protocol or by choosing

-
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10 beam which is intensity-nodul ated according to the determ ned

pr ot ocol for generating the conbi nati on of two-dinmensional

el ectrical conducting and sem conducti ng structures in the |ayer.
Accor di ng t owblgidsks St aspect of the invention it is advan 0023
generati ng one or nore two-dinensijgnal electrical conducting and
sem conducting 15 structures in a |layer, such said structure or
structures according to the protocol register with one or nore

t wo- di nensi onahatetielstinithe firstaodting laygr which are antliinflueseed bythdwhemivgl - -
structures ge Lgi d | ayer,
wher eby one o%sg \gﬂeﬁga@@g@gggér f%cglhagon ctﬁpglzsgﬁd/or

seri conduct i ng, §ANARL A 8“’%@&{"3‘%9?%%? b BirgEaARI GRG0 shiAHER the 20

| ayers. nmenti o accordi ng
to a second the top affectecend. presiplyciolinwed hy anfoneh. fisthy $1¥@da¥$ftq1i° adfret hod

clhar ?Ct er :szed ﬂgqmtred The thénddtyeriSS3 minefordnstane 4t thé cbﬁ%rﬁbﬂﬁéﬁpﬂﬁ‘?'
electrical conaugc d ayer
before the | af@@'?wgﬁpggﬁéﬂes : nge}gfgt&i)gﬂﬁé %%%lqﬁgml{ﬁ}&lgﬁilé%ﬁ'% ng each
layer with a rerdSlavi Tm Astbeforsi mmumlmgk@xytmavmd that the progessing/of a
characteristi Cgl%iiimy@ﬂdisﬁlrbber daasgdsithe ﬁﬁ@e&mﬁ 1496rs. Mhe HidaStres which

tegﬁheQSé%yaiE@rB R84 AR bR Rakn cBRAHS at%?w%ﬁﬂb%ﬁ#@”@ L

in connectlon with the processing of the two first coating layers.

The method as mentioned in connection with figs. 2a, b, ¢ may also be used
for patterned irradiation of self-supporting single films or tapes of irradiation
convertible material ICM, followed by an assembly into a multilayer stack.
An embodiment of method of this kind is particularly suited for processing in

15 reel-to-reel such this is shown schematically in fig. 3. Each film is in fig. 3
shown as three films ICM,, ICM,, ICM; and is subjected to photoconversion
in the desired spatial pattern, for instance by means of masks 7 followed by
an assembly into a multilayer structure, for instance by gluing together or
heat-assisted lamination. A flexible tape MLS results which either may be

20 folded or rolled together or cut into segments. In case of an irradiation
convertible material this embodiment of the method for generating according
to the invention is compatible with both wet or dry processing after the
irradiation. In some cases where high registration precision accuracy between
for instance electrical conducting or semiconducting structure in different

25 layers is required, this embodiment of the method will be more difficult to
implement than the alternatives which are described above with reference to
figs. 2a, 2b and 2¢ or which shall be discussed below with reference to figs.
4a, b. In fig. 3 irradiation convertible material ICM is drawn from
respectively rolls R, and guided via adjustment rolls Ry, Ryg, ... for

30 tightening and positioning of the tape through the masking device 7. The
completed patterned films ICM,;, ICM,, ICM; are then conveyed over a
guide roll R, and after further position adjustment through a lamination step
Rp and laminated into the multilayer structure MLS.

A patterned photoconversion may also be implemented on a pre-formed
35 multilayer stack of irradiation convertible material ICM such this is shown in
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predeterm ned pattern of electrical conducting and/or sem conducting 30
structures in the layer, whereby in response to the energy supplied with

t he radi ati on the conbi nati on of two-di nensional electrical

conduct i'ng a¥§{ 29f45582 sem conducting structures is gener aceshdoblodoRe Iayer
with the pattern predet ermi ned by tlfe protocol, such that the
conposite matrix fornmed by | am nati ng toget her separate | ayers with

t wo- di nensi onal. el ectri conducti.ng .and/ or, seni con

structures is Beota- G%H“\iﬁa{aﬁe"tﬂ%cko such mategalsd%mfiﬁi |r8?1°afﬁ‘fj b&g‘l“?'@al-
conducti ng andbba nember ofishppbrting kyens@Sly 882i.nor films on & kamier dibstrate ons.
According to tmeéﬁ%gp'ﬂcﬂi ‘r‘fss% tw@tahwﬁs}tdhaggé fts ERcAAPBIAIGEYStics

sel ecting i rradi at| on anong

atl.on . use
one or nore of uRdex inflyence ﬁEé‘E&M gngGégaem or >P°§s&€§' hept gepsrajion as
vi si bl e |ight, resiftiofsach amdrradiation. Inicaseovfivendiationsmneettibie materialscIGM

radiation usedgfy a%hs M{a%ﬂ 18k 38 3 BGkeR Mich that he fspdle o HradiBfon

foll owi ng types o
becomes different from layer to layer and a selectxve patterning in a given

layer is obtained by suitable choice of radiation characteristics. It is to be
remarked that in contrast with the cases which are discussed in connection

10  with the embodiment of the method according to figs. 2a,b,c processing after
the irradiation by direct contact with the gas or liquid will not be possible in
layers which are located within the stack unless an interaction of this kind
takes place with chemical species which have been included in the relevant
layer during the formation of the stack or have diffused into the relevant

15 layer from the outside. The basic principles in the conversion of a pre-formed
multilayer stack of irradiation convertible materials may be rendered as
follows. Suppose that the materials in the stack ICM are polymers which may
be patterned photochemically and which changes their electrical properties
when they are irradiated with ultraviolet or infrared light through the top of

20 the stack as shown in fig. 4a. The spectral responses for the wavelengths A,
Xa, A3, A4, are shown in fig. 4b, and imply that a given layer in the stack may
be selected by using light of a suitable wavelength. For instance fig. 4a
shows addressing and masking of the layer SS2 with light on the wavelength
A,. For the sake of simplicity it is supposed that the irradiation makes the

25 material change from a non-conducting to a conducting state. In fig. 4a the

* patterned irradiation takes place by illumination through a mask 7, but other

alternatives may be used such as raster-scanning with focused laser beams or
illumination with near-field imaging or projection imaging of luminous
pixels in an addressable matrix light source. This light source might for

30  instance be a cluster laser or an array of laser diodes. For the projection
imaging optical active elements in the form of lenslets or diffractive
structures may be used. Instead of masks with a predetermined pattern,
controllable masking devices could be used allowing a spatial
reconfiguration of the pattern according to some determined protocol or

35 other. A controllable masking device of this kind may for instance be a
spatial light modulator. It could also be topical for determined purposes to
use masks which allow intensity modulation or phase shift. When using a

-
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i ncl udi ng protons, neutrons or electrons; ions, nolecules or materi al
aggr egat es. 10 Further it is according to the second aspect of the
i nventi on advant ageous nodul ating the radiation spatially in a plane

subst ant4 al Iywopéeisgl el with a | ayer, by neans of a
patterned according to the determ ned 18 pr ot ocol , é@i‘?f%gl ating
I ntensity and/ or phase of the radiation incident thereto for

generating the conbination of electrical and/or sem conducting 15
structures in Ak inathe forn of aspatialtlight nddelatemthadighhseyree ceully in_a pl ane

subotants o | Sy 40 o0 b RrtRRMAE I o boteicp ation into a

beamwi th di ne glosof t ectrj cal

conduct i ng andpwﬁllﬁé%oé&?hm}'@ﬂir@"w]iuﬂgt ‘gé ARAFE,AIC i th t he
beam whi ch is édﬁtﬂBﬁﬁéWﬁﬁﬁﬂﬂb&bpﬁa&dﬁghtdbmetwuwme@tmhmnentribntiomcol f or

20 t th t
anasor "5 B nSRRR e looct ARRETRS G kich '“"‘""%2‘3?‘3%5“?0
t he second aspincthedfradigtion m@mmb]; material breomes ggggwmg and cOpIuONS i ng

the layer d' nt %hbmpmm @itidtiondn the piecaival propertiesLEinailpAlighrsourses of
v ot ment | onelbif Koy ot fadh gufl Hap o BT S HeBE ey bY HatdC g 10 25
t wo- di mensi onalattet‘ euerxt vall in combinatian V‘&%ﬂl’(ffm@é‘fﬁ ﬂ@ﬁﬂ%ﬁétfphﬁlsgp% ¢ ur es in
10 possible to obtain a focusing to a determined depth in the matrix of an
irradiation convertible material and to define a multilayer structure in the
matrix, if the material first is converted at an e.g. determined threshold of
energy density of the radiation. In connection to what is said herein, it is to
be understood that light sources, masks and modulators for the purpose of the
15 preéent invention do not form a part of the invention, and that they generally
in any case must be supposed to be known to persons skilled in the art.

It may be a potential problem connected with an embodiment of the method
where radiation which shall be focused to a lower layer, is absorbed in the
passage through overlying layers or overlying portions of the matrix. In
20  practice it has turned out that idealized cases with completely separable
spectral sensitivities in the irradiation convertible materials as shown in fig.
4b, are difficult to achieve for a large number of layers. Further the optical
absorption of the irradiation convertible material typically will change when
the conductivity changes, for instance materials with very high conductivity
25 - have a metallic sheen due to the high concentration of conduction electrons
which shield against penetration of incident electromagnetic radiation in the
material. Additionally, also a number of the candidate irradiation convertible
materials will initially be in a conductive state with high broadband optical
absorption and convert to a bleached conductance state in response to the
30 irradiation. Measures to avoid crosstalk between layers due to such
- phenomena may include two-sided illumination, i.e. both from the top and
the bottom of the stack, in the latter case through a transparent substrate if
present; including a blocking layer in the stack, for instance a light-absorbing
and light-reflecting layer provided between layers which may be subj ected to
35 crosstalk; sequential conversion of the layers, starting with the one being
farthest away from the radiation source, for instance the bottom layer SS1 in
fig. 4a, something which is particularly relevant with the irradiation
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adj acent | ayers, whereby one or nore vertical electrical conducting and/or
sem conducting channels are generated in the cross-direction through the

| ayers. 30 Finally, the above-nentioned features and advantages are
accordi ng t oW PHF58Y aspect of the present inventiopciaob@sss With a
met hod characterized by - gener ati ngl® conbi nati on of two-di nensi onal
el ectrical conducting and/or sem conducting structures in a |ayer

after the deposition of all, |a into . st.acked. confi uratlon on a
substrate or afPBYertiRE materi &@WE&P‘“&?‘F ?qogg,g;gg tp r?t18w3‘?§’t‘°af
configuration kiasingahe patéraing; byd finalyl kiapingg:fdrredmnompnverhhte matenals

AVENDED SHEET p g different layers VA sdiYRics mléhhﬁte%a&%@éueapfwﬂv{n%iaea@

selectively in or 5 H

radlatlon dlrecte towards these substances and which precipitate a

5  conversion in the irradiation convertible material when activated - an
instance of the latter is given as example 1 in the discussion of preferred

embodiments of the method according to the invention.

There shall now be given a more detailed discussion of the irradiation
convertible materials ICM which may be used in the method according to the

10  present invention, as well as specific techniques which may be used in the
mentioned embodiments of the method. The basic principle of in situ '
irradiation conversion of materials is to generate conducting or
semiconducting structures by means of different radiation types, for instance
ultraviolet radiation, visible light or near infrared radiation, thermal infrared

15 radiation, x-ray radiation or particle radiation. The conversion may
additionally be reversible or irreversible. Concrete examples of this will be
given below. The subsequent listing of possible applicable irradiation
convertible materials ICM shall, however, in no way be regarded as
exhaustive. These materials are for the time being in an early development

20  stage and it is to be expected that ongoing research and development
activities in the field dramatically shall increase the number of available
materials. Below follows examples of such materials.

Examgle 1 - Irradiation convertible materials for use with ultraviolet, visible
and infrared light '

25 a) Transition from conducting to isolating state: Most conjugated polymers
may in irradiation with light, e.g. ultraviolet light, be converted from
conducting to isolating, for instance the above-mentioned polyaniline.

b) Transition from isolating to conducting state: Different conjugated
polymers patterned by irradiation with light become conducting by
30 subsequent exposure to a suitable dopant in gaseous or liquid form, e.g. a
dimethoxyphenylene derivative of poly(phenylene vinylene)
(DMEQ-PPV).

c¢) Transition of isolating to conducting state with the use of dye
impregnation: Poly(phenylene vinylene) (PPV) precursors impregnated
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el ectrical conducting and/or sem conducting structures in the rel evant
sel ected |l ayer or layers w thout causing a response in the non-sel ected
| ayers, each layer being irradiated with a.radiation of a given

I ntensity orworsedsssncy 5 characteristic adapted to the %'gﬁ | £
response of the material to the energy 2p supplied by FRe 8496°°sa2?i on,

and nodul ating the radiation spatially in each case according to a
determ ned protocol which represents a predetermned pattern of
el ectri cal conducwith@nazd/soiphoein dyerwfisk sirong sbsarption on thewavelength ef ant -

| ayer, whereby i L-%gmﬁaf, %g. WHE R DF 184878 dafl be\irhlialibh-coffbritited 10

t wo- di mensi onal elegtric nducti ng and/ or 'sem conducting structures are
generated in the $oRjugat pRlymsE pattern predeterm ned by the protocol, such
that the conposite matrix forned by the stack of separate adjacent |ayers

with two- di rrensi)o'ﬁ@miéi@cff‘?mé&la‘é%ml?@}‘%ﬂﬂs|m§£'rﬁgénducti ng structures
i s provided with ghfthdiyphbnylensiderivarige af goh(phenyienendnyieng)g structures in
15 . three di nensj | : t Dl
invention it is a%oé_gple)gag f‘ etf%fé?{;%&]ﬂ é&aﬁﬁ%}oe%wg%@dg:ﬁg& ga%'aé?r%i on
used for the irraeliminaian seastign i Pobieletrolyte films formed therepf Wt will themanges
gamma, X-ray, ul ltlsagérw_rabgi a\@osid@gﬁxgat@mmixg by ireadiskiGnolith laser light 66 owave, or
sel ecting partic r | " or
nore of the foll 051\1%g%éeewaga‘{f?g#ér;&#szﬁﬂgaen@:@&%aﬁéﬁ{ﬁ&
i ncl udi ng ¥ ot onsthermak anshphote prapeetissaipoly(phenylens wisyleas) precursenss L.al
Laser-induced elimination reactipns in precursor polymer films",

J. Polymer Science, Part B: Polymer Physics, 31 (8): 959 (1993)).

Example 2 - Conversion with x-ray radiation |
a) Transition from isolating to conducting state: Thin films of polyaniline
15 and poly(o-methoxyaniline) was exposed to x-ray radiation and subjected to a
humid atmosphere (cf. J.A: Malmonge and L.H.C. Mattoso, "Doping of
Polyaniline and Dervatives Induced by X-Ray Radiation", Synthetic Metals:
Proceedings of the 1996 International conference on Science and Technology
of Synthetic Metals, vol. 1984, no. 1-3, part 1:779-780, Elsevier Science S.A.
20  Lausanne, Switzerland 1997 (ISSN: 0379-6779)). '

Exampie 3 - Conversion with ion radiation
Conversion from isolating to semiconducting state: Poly(phenylene vinylene)

(PPV) has been derived from a sulphonium salt precursors by ion irradiation
at 1000 keV Ne* (cf. J. Davenas, V. Massardier & V.H. Tran, "Conducting

25  polymer synthesis via ion beam precursor conversion", Nuclear Instruments
& Methods in Physics Research, Section B: Beam Interactions with Materials
and Atoms. J+C on New Trends in Ion Beam Processing from Ions and
Cluster Ion Beams to Engineering Issues, Proceedings of the 1995 E-MRS
_Symposium, Strasbourg 1995).

30  Example 4 - Conversion with electron radiation
Conversion from isolating to conducting state: Polyanilines og
polythiophenes may be doped by exposure to electron beams or light, as salts
of complex cathions, so-called onium salts admixed in the polymer are
decomposed during the irradiation and generate bronsted acids (proton acids)
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aggr egat es. Further it is according to the third aspect of the

I nventi on advant ageous nodul ating the radiation spatially in a plane
substantially parallel with a 25 - layer, by neans of a mask which is
patterned acWo¥%us82to t he det ermi ned protocol, theponneosmisl ati ng
intensity and/or phase of the radiation iRdident thereto for

generating the conbination of electrical and/or sem conducti ng

structures in the |ayer, ul ati ther iatio i al in a plane
substantial |y pahighiasts %Wﬁ“ﬂ’ﬁgpﬂﬁea? HPP&F’wgiiéwr %saﬁ}‘ﬂfgpf nto a
30 beam W t h&®R.IE Kaplas "Imsmmdﬂmonmnducedldopingmtﬁsotmmtmg polymersct ri cal
conducti ng and/ t ogz;n_ he | ayer with the
beam whi ch is | le%gli%r%fﬁ Al{agldlaacco‘bﬁl{agg lﬁgcbtﬁe 41@90 )ned protocol for

generating the conbination of two-dinensional electrical conducting and/or

sem conducti ng gLl HGLY S$ndrha J,&ylgﬁ According to the third
aspect of tshe | s sel ect

Thermal conversion may be regarde asa secontlarjgrJ effect of the irradiation,
whether it takes place by means of electromagnetic irradiation or particle
irradiation. Thermally induced conversion will very often be a threshold
effect and it will then as a rule only be topical to use radiation which may be
focused such that a controlled energy density is obtained within a volume
10 element in the matrix. Treatment of single layers may also be performed for
instance in connection with the method for generating and then after the
generation has taken place in order to control conducting or semiconducting
properties, for instance by conversion of monomer to oligomer, doping,
crystallization etc. Such processes are well-known and are widely used and
15 specific examples shall hence not be given here. In certain cases a thermal
post-treatment which is applied with the method according to the present
invention may take place globally, i.e. in the composite or monolithic matrix
and need not then necessarily be induced as a secondary effect of irradiation.
Above, under example 3 conversion from isolating to semiconducting state
20 by means of ion irradiation was discussed. An alternative may be to subject a
semiconducting microcrystalline material to a short radiation pulse which
.causes fast transient heating and cooling with conversion to an amorphous
non-semiconducting state. Laser-induced conversion between amorphous and
quasi-crystalline state in polymers is a well-established technology for data
25 storage on optical disks and shall hence not be discussed in further detail
here.

Now examples of preferred embodiments of the method for generating
according to the present invention and with reference to the relevant figures
30  shall be discussed.

Example 6 - Dye-mediated selectivity in a muitilayer stack

As mentioned above, conversion in specific layers of irradiation convertible
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one or nore |ayers for generating electrical conducting and/or

sem conducting structures by irradiating the selected |ayer or layers with
radi ation of specific radiation characteristics of a given power, the

sel ected- Swobsgseszs or | ayers being formed of a materi al \Q;&. &Qynds to

one or nore of the radiation charagteristics and/or the power or
conbi nati ons t hereof. It is according to the third aspect of the
i nvention preferred that the specific radi ati on characteristics are

i ntensity and/ afatérials|magbe;obtairedby spectral-aglective irradiationowitly fordinstancey -
electrical COnfighi 6{&@1”‘%:9 of @b&&ﬂ Sutichic Hdialib Cn frfctied the RfGRE-R4IRD! y bei ng
sel ected by irradiation tr netlcradlatl or
more frequenci 8§tWsenfhe FﬁYﬁrst 1tfesent k&{éé@lt@ﬂ FORV g&ﬁgesmatsem 'FM

the irradiati Ommh@e@bmnfmaequm the aehxgvahémnumbai effigytrstimti causes a

response | to the
third aspegt ?‘aﬁ%e | nvenﬁl on af’ eluglgé{-}’ﬁ &esbel%ctxgl &aﬁgﬁgor\%&‘gnd one
or nore additihasd mswmd@t@nwese ge@ 12 ﬁt"’(‘f'ﬁ periormance gn

fr equency or i 'Btli‘hégh'aﬁ@ Willdygl tengidesipehmithtionsef thre tetal pérfmrmanue oba
frequensy or | feRcE s i, 11T bERRAH oy e%i’*dr‘?}ﬁﬂ? e, D' cked
configuration iselee@wify ﬁbﬂhﬁhﬁleﬁﬁﬁm‘:ﬁl@ﬂ ymances [ Eagt optical dy F§ #is avpdables  and
20  then 19l so vaficleEaddriBe wheleSpectrimdfeom adwraticlet ogeradsibly ligito conduct i ng
near-infrared with high absorptivity in well-defined spectral bands which
may be selected with mutual complementary absorption ranges which
precisely correspond to the those evident from fig. 4b. An admixture of a dye
of this kind in a weakly absbrbing irradiation convertible material such that
15 the mixture obtains the absorption characteristics of the dye, provides a
spectral "tool" which may be used to obtain the desired selectivity for
converting given layers in a stack. Energy absorbed in a dye from the
irradiation is converted to heat in a very short time and causes a local
temperature rise. Thus a heat-activated irradiation convertible material in this
20  range may be influenced indirectly via absorption in the dye. In order to be
able to select given thin layers in the stack without cross-talk the thermal
field which is caused by the absorbed energy in the dye must precisely
controlled. This is achieved by using radiation pulses which are short and
intense. In a one-dimensional configuration which will be relevant in the case
25 where thin layers are stacked upon each other, a sudden temperature increase
" in an infinitesimally thin layer in the material or in the matrix will make
itself felt to a distance from this layer corresponding to a thermal diffusion
length defined by the formula:

= (x/nfpc)'? 1)

30  where the material parameters
k = thermal conductivity,
f= 1/t the characteristic frequency which is = the inverse of the pulse
duration <, _
p = the density of the material, and
35 ¢ = the specific heat of the material.
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structure in a layer by the radiation absorption in the additive or
additives in the layer form ng reaction centres which cause a change
in the electrical conductivity or conduction node of the |ayer
material,” o ‘B‘éﬂ%ﬁsﬁﬁzl ng the el ectrical conducting ans1§099/00023

sem conduct| ng structures in a |ayer by tB& 25 radi ati on absorption in
the additive or additives causing a heating with subsequent changes

in the electrical cond ct|V|t or, c % |onm) ed . heat ed

| yer ot or 1 I As evident Trog ehnafia Ly ort miliel rd Perkre ih Order so achis USRI ¢
el ectrical condelkctivngy in the direzticn perpeadicudardadhe layerst Heoeaithedoeal t wo or
more |ayers ar %eag @B&@%&u&eﬁyﬁ% foll 9R8 AeHaBihtio aﬁﬁihﬁd tﬁ@%eé[&@i%%g@é@ or

nore el ectri cal uctin

on tru ture
according to t e the mdiptian mﬁ%&]? MW*&F%F’@%@‘ short @U%PP‘sﬁal
el ectri cal sonduptypicalanulymer mareriatng lies imthecsnbrmizkon rzmgblfer radiation

cross-direction hro“ﬁ@g&ﬂ?gléﬁmﬁs chrbg@co Backed configuration, and then

preferably prO\H he prot ocoI the el ectrical conducti ng 35
and/ or sem conducting structure which forns or forma vertical channel

Example 7 - Electrical connections between layers
Electrical connections between different layers in thin-film materials or other
types of eléctronic materials present a major challenge for the fabrication of
10 microelectronics. Precise positioning of conducting paths in each layer plane
and in the perpendicular direction to the planes is of paramount importance
and comprises typically forming vias or holes which may be filled with
conducting material in order to create connections perpendicular to the
layers. The physical manufacture of the holes in prior art takes place by
15 means of drilling, punching or etching, and the conducting material is added
by mechanical filling, electroplating etc. Very clearly processes of this kind
represent a significant complication and a substantial cost with an
accompanying limited precision.

In the present invention the connections as well as active and passive devices
20  may be generated in the same processing sequence which defines the
electrical conducting and semiconducting structures in each layer, i.e. with
the same kind of spatial precision as the structures themselves and without
resorting to further and other types of manufacturing steps. Fig. 5 shows the
basic principle for the particular case where a single conducting path 9 shall
25 be generated between a portion of for instance of a conducting structure in a
layer SS5 and a portion of another conducting structure 9 in a layer SS8
spaced apart from the former. By repeated conversion of a small area in the
same location of in each of several adjacent layers between the termination
“points of a conducting or semiconducting structure, a column 9' of
30 conducting material is formed as shown in fig. 5 and electrical conductivity
obtained stepwise from the starting layer SS5 which contains the first
conducting structure, to the final layer SS8 which contains the second
conducting structure. The cross-section of column 9' may be defined
arbitrarily via the selected irradiation pattern. A number of parallel
35 conducting columns may be generated by direct extension of this procedure
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t hrough the layer according in electrical conducting and/or sem conducti ng
connection with one or nore two-di nensional electrical conducting and/or
sem conducting structures in this |ayer. Preferably each channel is forned
w th a conduossrassgzor conduction node which is constant between the | ayers
5 or with a conductivity or conductiomgmode which vari eSCHEORWIS: he

| ayers. Furt her the above-nentioned features and advantages are
real i zed according to the present invention with a nethod for

erasi ng whi ch afd tHeadolainas imagdepin and end inidiffextnatayers suah thisds appasént - _

structure wth.radpatj . | b At o . ey -
characteristi cfrgﬁﬁﬁgé%p@oac‘)éwgn g%’ég?"}‘ Fégl (fdéﬁ%%ﬁég%@:g@%%og dH%‘t“é% %’Wry:lo
the energy supjs cennegtion mith one osmerns coaducting salumns of MeFticplcandueting on
spatially in egelctaffe®" ahe ditthr 35all be ifde RbOERESItlyWritle bthiee posduzting ot he

enerated pattern. of ectrical C I . ' ' ructures
ign the rel gvangérﬁgggﬂ?%}n%{#& ;ﬁér:tia)@%%lr%gfqﬁg{égﬁ\}\g%? ng’ryé%g{}g%%c?ri gal
conduct i ng andS86 ir&ig. Soherwithous havingde ¢rery oyt ethsr or different pracessing) 15
structures in &@ﬁmﬁﬁcﬂ@ﬂnb@eﬁmrogwoﬁmﬁbha‘ﬁbd@mdoh@dnaﬁa@hgatda)n are erased

Chereaf tor in FouRismEstate of Viee yendcoh 18 SORHBld by Be ABRIMCRAT) 1o siace. -
In the nmethod instanseada the dase; intendityrapaefeal contank et iThys a welusnewhicBnagnet i ¢
10 connects points in two different layers may be formed such that it functions
as a resistor in a circuit by choosing the degree of conductivity in segments
from layer to layer along the column.

Example 8 - Reconfigurable electronic circuits
Certain irradiation convertible materials may be made brought fxrom a

15 conducting state by irradiation and other external influences and remain in
this state until they are subjected to for instance another kind of irradiation or
external influence which brings the material back to the initial state. This is
among other the case of different organic macromolecuies and other
materials which generally are known as molecular electronic materials. An

20  instance of a material of this kind is disclosed in the paper "A new material
for optical, electrical and electronic thin film memories" by Z.Y. Hua & G.R.
Chen, Vacuum, Vol. 43, No. 11: 1019-1023 (1992). This material is an
organometallic charge-transfer complex M(TCNQ) formed by TCNQ
(7,7,8,8-tetracyanoquinodimetan, C,;H4N,) which functions as an electron

25 - acceptor molecule with different metals as electron-rich donors. The metals
may be Li, Na, K, Ag, Cu or Fe. M(TCNQ) may under the influence of light
radiation and for the sake of that also energy supplied in the form of heat or
electrical fields transfer from a high impedance state to a low impedance
state. Generally the reaction may be written as

30 [M*(TCNQ) Jn «e™E>Mx + (TCNQ)x -+ [M*(TCNQ) Jn-x

The process is reversible, as the return reaction may be obtained by supplying
energy € in the form of heat, electrical fields or photon radiation. The
reversible reaction resuit in that M(TCNQ) may be used for generating a
bistable switching medium, for instance an erasable memory material. The

35 method according to the present invention is based on the use of irradiation
and not electrical fields, and it may then be relevant that the electron donors
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radi ati on used for the irradiati on anong one or nore of the spectral ranges

20 gamma, Xx-ray, ultraviolet visible light, infrared and m crowave; or
sel ecting particle radiation used for the irradi ati on anong one or
mor e of * fol | @ioHgsss2 particles, viz. elenentary parti cp&pnbiidossdi N9
protons, neutrons and el ectrons; | p;1s, nol ecul es and materi al

aggr egat es. Further it is in the method for erasing according to
the invention 25 advant ageous nodul at i ng the radiation spatially in a

pl ane subst ant ied Yejected amonp shexphave-raFatipned fgtalsivahich yiald madifigafiond ahs of a

mast whi :j clh It S mcmt Q?ﬁ}[at are sensRR@Qd Gettgint wavdiengiks of lighteth pimiages! . t he
mask nodul ati ng_i.ntensi nci dent
thereto for erd®ft taf‘ﬁ%%ﬂ@@%’ﬁé‘g} L&T%N@?ﬁﬁgngﬂ'lﬁlg& Elﬁ'%n?Vogg%% conducti ng
structures in x:ha-ammucsalsomem; which may hediaﬂhfqrrrgalamg gemories pfiithg i on
spatially isn ay é& wuﬂ&l@m Bbt &1§3§‘ﬁlgb§eeit 1y\bfﬁaﬁxbﬁlaBNtefebﬁdha§t ructure

n

by concentrati Q éﬁaé&[ dg%?lﬁ’[']%‘gﬁa?}gﬁ?ﬁ?s Lh r}ﬁ?@% atl ble with

;P ?ug![ Lnr9 2? o electricad switzhingnin am elestrical p reaabtn:mamm\fqrhnstmebham whi ch
s | Nt engidirhfiiiahad adteAnaP b ubdl fo? represditing BThal9d Aot for
erasing of impedance state binary 0. The transition time between two such states is less
10 than 400 ns. — Further examples of relevant materials are discussed in W. Xu

& al., "Two new all-organic complexes with electrical bistable states”, Appl.

Phys. Lett. 67:2241-2242 (1995) and the therein appended literature

references. The materials mentioned are bistable and have well-defined

thresholds for conversion from conducting to non-conducting state and vice

15 versa with the use of either photon radiation and/or electrical fields.

"CL

When reversible materials of this kind are included in one or more layersin a
stack it is possible to reconfigure the circuit. With increasing degree of
complexity this can be done for instance to obtain error correction of the
fabrication, interactivity relative to an environment or an application or reuse

20 of matrix material in the stack by erasing and generating completely new
circuits. Such methods for erasing of electrical conducting and
semiconducting structures generated in three dimensions constitute a part of
the present invention. A first method for erasing may be realized by
irradiating the separate material structure and will allow erasing of electrical

25 - conducting or semiconducting structures in close analogy with the method for
generating the structures. A selective erasing of the structures may, however,
be achieved by modulating the radiation spatially in a plane, substantially
parallel with the material structure by means of a mask which is patterned
according to a determined protocol, as the mask then either modulates the

30 intensity or the phase of the incident radiation for erasing the electrical
conducting or semiconducting structures in this material structure. The
radiation may also be modulated spatially in a plane by concentrating it to a
beam with dimensions which are compatible with the dimensions of the
electrical conducting or semiconduting structures and by scanning the

35  material structure with a beam which is parallel to the plane and
intensity-modulated according to a determined protocol, thereby erasing the
electrical conducting or semiconducting structures which are present in the
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el ectrical conducting and/or seniconducting structures in the nmaterial
structure. Wherein the material structures in the matrix are
formed by thin layers in stacked configuration, it is in the nethod

for erasing w@yagsgoeous irradiating 5 one or nore, %@f@% @r‘u | ayers
g PPt a

in the stacked configuration selectivel yag or er asi I
conducting and/ or- sem conducting structure in the sel ected . rel evant
| ayer or |ayers without causing a response in the non-sel ected | ayers,
and then pref piyahlly otiedrevedrids theoradiationrwillebd diyented from the sidernf agpossiblyct.r i-cal

e : : : . m 1o ot od
conduct i ng ang{ag%e@&mcmBQEHHM1§F& B?&tgﬂg $0%h thdt bt phrifleb Ri@Ct €

| ayer 10 or layers w speci adj ati gn characteri.Stics or .a given
power, the sepedeeifined to eptg%preoﬁ(i}%véjbg\%m%pﬁigﬁydpag 8 3Tl which
responds to ogagembodiment@f the methodtfor gemetating beiusddaa sel¢ativiedrradiationd/ or t he
power or gomnbj ' . | : eraBd | features
and advansageg&gtéggé%?%gg{%g?ﬁg "pl) 3 esga o rl]cte E,baﬁﬁéﬁaﬁlﬁf/‘%?%ﬁe 1S élaﬁgﬁgeetal I zed
with a net hodradiatiop ithis ease ¥ill gs wenalibe; igcident perpepdicyliarly fathe Rigne o
irradiating g /hfé &, The Gblebrivity ma tther belobtained byithé relewint dayers being
intensity and/Or u . C LS. : L G: .esponse
of e Fotmest L BpfeHaf BRI IoSbirts o6 oGP il pRMI SRfACAtics PoPd
material in tleagiven power of the radiation. Possibly erasing may also take place with

10 focused and scanning beams which are focused to a selected layer and in a

volume element of this layer concentrates energy to such a density that it

exceeds a possibly well-defined threshold in order to cause erasing.

By far most simply an erasing, however, always may take place by irradiating
the composite matrix with the electrical conducting and semiconducting

15 structures generated therein globally such that the erasing of these structures
takes place in its entirety and simultaneously. This will be practical if the
whole component shall be reconfigured, but if corrections to the separate
layers or reconfigurations of separate layers are relevant, the
above-mentioned method with selective irradiation to these layers, will of

20 course, be the only applicable.

Example 9 - Active circuits
As the method for generating according to the present invention makes
possible that suitable materials may be converted from an isolating to a
semiconducting state or vice versa by irradiation, either directly or indirectly
25 (e.g. in the last instance due to a simultaneous local heating), it will be
possible to apply the method to manufacture for instance diodes and
transistors which may be connected electrically with resistances and
capacitors to form complete active electronic circuits. More specific
examples of active components and circuits formed thereof shall be disclosed
30 by the following examples.

a)  Fig. 6 shows a forward-biased pn junction diode with conducting and

semiconducting structures generated by the method according the invention

and realised in thin-film technology with four sublayers SS1-SS4, The layers

$82 and SS3 contain the active semiconducting material provided between
35  theelctrodes 11 in respectively the sublayers SS1 and SS4. The active
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matrix in response to the energy supplied by the irradiation inits
entirety arrives in the electrical non-conducting state. 20
According to the invention it is in that connection advantageous sel ecting
el ect r omagnewp®omssst: at i on used for the irradi ati on anong opermbogiesd of the
spectral ranges gamm, x-ray, ultraviolet27visible light, infrared and

m crowave or selecting particle radiation used for the irradi ation anong

one or nore of the follown article types, viz. elepentary
particles incl umftenjal2ly) in the sublgyer, Mﬁtm@mﬁgﬂéﬂé@i@ﬁwi whilgdhe g etul es

and material aggdjRReft ftive material 10T hetherrubhiyepBSS hva b-doped semivoptastoed i n

Wih use of exé%ﬁPei Foptas) L b i layors 551 A S ard coptabi ity ookl ° C8 "¢
dr awi ngs, wher electrical conducting stmctures.er eonduckingposhs 14 inthe same layer. d of a

phot oconverst i blsgnaiQte 1ay sﬁh%e #lodeGEREHIre th ﬁg ®haPtypivally a thicknessfofys. 2a, b,
c schematically g

present invent Iagﬁut P&O nm sucﬁ tﬁttgg gvhof% stihctire 3rlrrr1]sqa ﬁl%‘ft?lragérns%}c&re with | he

a thickness less than 1pm. The horizontal extension of the area of the diode

structure will be determined by the method for generating conducting and

semiconducting structures, but by using for instance visible or ultraviolet
10  light an extension of less than 1um may be obtained.

b) Fig. 7 shows schematically a MOSFET for use in the present invention
and realized wholly in organic material in thin-film technology. The gate
electrode 12 is provided in the sublayer SS1 and connected with a horizontal
conducting structure 9, while the sublayer SS2 constitutes the gate isolator

15 13. The active semiconducting material 10 is provided in the sublayer SS3
and registers with the gate electrode 10. The source and drain electrodes 14
are provided in the following top layer S84 and are contacted by horizontal
electrical conducting structures 9 in the same layer. Each of the layers
comprises either electrical conducting structures or a semiconducting

20 structure, as well as dielectric areas. The thickness of a MOSFET of this kind
may be %4 pm, while the extension in the horizontal plane such as may be
realized with present technology will be from at most a few pm to less than

Tpm.

c¢)  The MOSFET structure in fig. 7 may now be used in logic gates, for

25  instance a logic inverter in CMOS technology as shown in fig. 8. An inverter
of this kind is formed by parallel connection of the drain and source
electrode in respectively an n-MOSFET and a p-MOSFET in a back-to-back
configuration, with common gate electrode. For this purpose a vertical
conducting structure 15 is generated and passes through all sublayers

30 SS1-SS7 and connects the elctrodes 14'. The output signal from the inverter
is conveyed on this conducting structure 15 to a horizontal connecting
structure 9 at left in the figure. The common gate electrode 12 of the
MOSFET receive the input signal via the horizontal conducting structure 9 in
the sublayer SS4 at right in the figure. The thickness of all sublayers will

35 then be less than 1pum, typically realized with about a thickness of about
0,7um, while the horizontal extension of the inverter will have the same

_—— --——///
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fig. 3 schematically the joining of self-supporting |ayer into a
mul til ayered structure, fig. 4a schematically another

enbodi ment of the nethod for generating according to the invention,

5 fig.- 4db mobwxedai cal |y the spectral responses of photo ertible
material s used in the enbodi ment iggfig. 4a, %Qﬁ-}f\bogbgo%és
schematic section through a lam nated nultilayer structure which

conpri ses conducting or sem conducting structures generated by the nethod
accordi ng to thimensieanas statedrdbose in cdrhectibn withahea dischssien v theddOSEET.

t hrough a di od rated by the nethod according to the
present invent %tﬁltc{digwhﬁeﬂgm 7 a schematic section through a MOSFET

structure generﬁt ed A)éﬁvre%mponents like the MOSFET structures shown in fig. 7 may
be used for forming integrated circuits by stacking of sublayers with
5 structures which have the desired electrical properties and wholly are
realized in an organic thin-film technology. Specifically the following
example is connected with an AND gate realized in CMOS technology with
the use of the transistor structure as shown in fig. 7. In order to facilitate the
understanding of how active devices such as field-effect transistors may be
10 combined in multilayer structures into functional devices as for instarice
logic gates, reference shall be made to fig. 9 which shows the circuit diagram
for an AND gate realized in complementary MOS technology (CMOS
technology). The CMOS AND gate is realized with respectively n-MOSFETS
and p-MOSFETS of the enrichment type as switches. Two input signals A
15 and B are conveyed respectively to the gate electrodes on p-MOS Q; and Q
and the gate electrodes on n-MOS Qs and Q,. If both input signals switches
A and B are high, the output signal X will be low. In this case Q; and Qq will
both be on and the p MOS switches Q; and Q, will both off, i.e. no current
flows and the output signal X hence goes low. If, on the contrary, either the
20  input signal A or the input signal B is low or both are low, correspondingly
the p MOS transistors Q, respectively Q; will be switched on and the output
signal X goes high, as either one or both of the serially connected n-MOS Qs,
Qq are off and no current flows. The devices Q;, Q;, Qs3, Qq realize, as will be
seen, a NAND gate and to realize an AND gate it is necessary to connect the
25 - output of the NAND gate with a logical inverter which also is realized in
CMOS technology, respectively with the use of a p-MOS switch Q; and an
n-MOS Qg switch connected in paraliel. This is a standard CMOS inverter
and if its input signal X is high, its output signal X will be the inverted of the
input signal X and hence low. Conversely a low input signal X will be
30 inverted to a high output signal X and this corresponds to the input signais A
-and B to the NAND gate both being high. In other words it is easily realized
that circuits as shown in fig. 9 realize an AND gate and persons skilled in the
art will understand that correspondingly logic OR and NOR gates may be
realized and with any number of inputs. However, in principle, all Boolean
35  functions can be realized in combinations of one type of gate and one or
more inverters realized in CMOS technology, for instance with the use of the
transistor structure as shown in fig. 7.
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met hod according to the present invention, fig. 8 a schematic’
section through a logic inverter structure based on the 15 MOSFET
structure in fig. 7 and generated by the nethod according to the

present " i nveMoj9%8M5582 fig. 9 the equival ent di agram opcemoddbsost €
realized in CMOS technol ogy, figs2910a-d in plan view sublayers in
an AND gate structure generated by the nmet-hod according to the

i nvention and according . tq the ivalent djagramin .20 . _fig. .8 with the
use of MOSFET sRureb'tmrﬁegcagb' ’Sﬁmﬁiﬁtq ¢an be;gm;gemente in thjn-filj ©EANOIREY ai e
structure in figsshbOmaia figsstl@ad6d anilwitl thearse of MOSFE@ strugtarest i on, but

expl oded in sub . | : S hﬁgt' 3| 0/ sIRWPHIRE, tant of the
AND gat e struct%o?ge%?ﬁnqlflﬁ.m ilbafgﬁb\gn it fig: 9i/v| '%‘%awd/e?)a[ a%ﬂeéﬁ‘/@dé?ructures

provi ded nut ual Whollyradized in thin-{ilpdechnolpgyand wir@dﬁ? pefiyeAndpassive g
13 a schenmsgic d&v@ékscﬁrb@idehiimﬁodrmublwbﬁsiSﬁyS&%SS:M:@anmbSSMﬁg. and

using the methofh ot BFI gafiO 1BGFGHed ‘g1 %, Whekl thePhubSEe Jolis B b and

corresponding subscript for the MOSFETs Q,-Q; in fig. 9. The inputs A and
B are conveyed to respectively the gate electrodes g;, g; and g,, g4 and via
horizontal conducting structures or current paths 9. Correspondingly the gate

10  electrodes gs, g¢ in the inverter are connected with a horizontal current path
9. A vertical electrical conducting structure is denoted 15, the symbol'A
indicating that it extends upwards in vertical direction from the sublayers
SS1. In fig. 10b the symbols A and V indicate that the vertical conductor
structure 15 in the layer SS3 extend vertically through this layer and on both

15  sides thereof. The vertical layer SS3 comprises areas with active
semiconductor materials by-bs (corresponding to 10 in fig. 7) which are
assigned to and register with the corresponding gate electrodes g;-gs in the
layer SS1. - It is to be remarked that a layer SS2 exclusively, apart from the
vertical conductor structure 15 which also extends through this sublayer on

20  both sides thereof, consists of dielectric material which forms a common gate
isolator for the MOSFETs Q;-Qg which realize the AND gate. The layer SS2
is, of course, located between SS1 and SS3, but has been excluded from the
drawing. - The layer S84 fig. 10c is provided above and adjacent to the layer
SS3 and comprises respectively the source electrodes s;-ss and the drain

25 electrodes d;-d¢ for the corresponding MOSFETSs Q;-Qg. The active

* semiconductor material d;-dg which is located in the layer SS3 is here

indicated by stitched lines. The vertical current path 15 also extends also to
the layer SS4 and to both sides thereof and contacts a horizontal current path
9 in the sublayer SS5 as shown in fig. 10d. This horizontal current path 10d

30 corresponds to the connection between the drain electrodes d; and d; for the
corresponding MOSFETs Q,, Qs and is additionally also connected with the
drain electrode d, on Q,. Another horizontal current path 9 realizes the serial
connection between the source electrode s, on Q; and the drain electrode d,
on Q4. The source electrodes s4 and s¢ are grounded on further horizontal

35  conductor structures 9, while horizontal conducting structure 9 farthest to
right in the layer SSJ is supplied with a voltage V44 and connects the source
electrodes s, s, 55 on respectively Q;, Q; and Qs. A further horizontal
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fig. 14 schematically the spectral response of photoconvertible materials
as used in the enbodinent in fig. 13. Now t he basic
princi pl es of nethods according to the present invention wher eby
t hree- di rensy@egdsst ructures with a wel |l -defined node and de &

el ectrical conduction are generated by spgtially control | é&" ‘??@$¥ﬁng I n
situ in convertible materials which have such properties that their

el ectronic 5 properties are converted reversibly or irreversibly,
under the effegirr&it path 9 upperfrgt i fig.ni0dforins diie pareli¢lrdonatctiondetiweenlhe

Moventton | s bl t#f% 355 8% 50 apd the oupfriBicdBlok viixprROCN!
el ect r omagnet i outputsighalok from mlﬂANQegata@pawsm obRer R Qor Lsti$ ce this
~inplies that af &ﬁr ge&ankﬁ@v&aamewteaﬂ pithkISS Fiyt. dqeshowe sthemtivalipbows f ect s,
C

of

heat 10 wh h

I (ra]?t ially ?he the ayers “3 el tﬁ?ﬁf@ﬁnﬁ gth}é 4 ?ogi’}gﬁ:?%dq’n, con%g%:r'tc}#sr? a'ldﬁﬁéi
seni conduct i nggaterisalator berecheingincluded. For e sakeobelanty Qhﬁét@kMWS’MI
structures of jhipdwiti fghiddeddh i8Geparatedubldyets SILESS, but with correct

registration and the course of the vertical current path 15 through every
sublayers is indicated by the stitched line. With the gate electrode layer

10 SS1-SS5 provided on an underlying, not shown dielectric layer, the total
AND structure as shown in fig. 11 may have a thickness of 0,75pm and an
area of about 100 pm? (12-8 pm?). The volume of the structure will hence be
about 75 pm’. With conservative spatial resolution this implies that about 10
000 logic gates of this kind may be realized on an area of 1 mm? and with a

15 thickness well below 1 um, Correspondingly scaled the length of the current
paths 9, 15 together becomes 60 pm.

e) A reduction of the current path length and a significant simplification
of the structure of the AND gate may be achieved by stacking the MOSFET
structures vertically as shown in fig. 12. Again the same reference numbers

20  asin figs. 10 and 11 are used, and it will be seen that the vertical AND gate
structure exploits the fact that the gate electrodes g; and g; of the transistors
Qi, Qs are at the same common potential, the gate electrodes g; and g4 in Qa,
Q. on another common potential and the gate electrodes gs and gs in Qs, Qs
on a third common potential. Hence the transistors Q,-Qs are implemented as

25 ° CMOS circuits in a pairwise back-to-back configuration by common gate
electrode g;,g3; £2,84; &s,8¢ for the corresponding MOSFET structures Q;,Qs;
Q2,Q4; Qs,Q¢. Each CMOS circuit is provided on an isolating layer which in
fig. 12 is located below Qj, between Q; and Q4 and between Q; and Qs in
each of the MOSFET structures. The gate electrodes g are also, of course,

30  isolated from the active semiconductor material by not explicitly denoted
‘isolating layers which comprise the respective gate isolators. The horizontal
current paths in figs. 10 and 11 are now substantially replaced by vertical
current paths which extend through the layers and provide the same
connection as shown in the equivalent circuit in fig. 9. Particularly the

. 35 current path 15 is shown which also is realized vertically in the configuration

in fig. 20 and, as will be seen, as before connects the gate electrode gs,g¢ on
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of the radiation on a single |ayer and appears as three-di nensional by

j oi ni ng single layers into a nultilayer structure. Indirectly the
el ectrical conductive 15 or sem conductive stiuctures nmay be generated
by addi'ti vesvapa/assgz when : stinmul ated by the irradi algravo9siski uence
the convertible material such that its 31 el ectronic properties are
changed. In case of honmpgenous convertible materials the radiation
i nfluence nmust be spatially defined in a _correspo

t hr ee- di nensi 0Bl Qeanittethe compegtionhsiypen e 4‘%‘&'&*?‘?‘5%{]?&2’83 Pﬁcgszé i des

20  honogenouse d@iEEleairsde dén @p! anation of the nmethod in the follow ng
essentially will be directed towards multilayer structures or |ayered

st rgct ures The VG AN Wﬁﬁdﬂﬁﬁﬁﬁiﬂgmahndﬁﬂinglthe substfatd his el fe]E:t rical
condauct | ng or I n struc erent
responsitivity gFBertaFFéSby a fotal ‘?Lf%; ﬁﬁ;lgﬁrséfo&ﬁvﬁa} h%ﬂabg]b’%lﬁgyﬁl& s of
convertibl & rrathremfonmmrgatmoiamxsand three sotrespopdingathick isplating dayers i bl e
material wll ?9 188 1RE é&c&ﬁfsfgﬁhaﬁs of PIOSFET struéclifes ®Rgalty. Witand e, an

ol i goner or a po ase, transition “al first

state to a new Sé@&dh@"%ﬁ‘&?’east’& E'?t‘iﬁll ‘Qc"t?nﬂﬁ%}ﬁ’“i ‘P’}tégl?ea??sﬁ?p“% pf ng.
i nstance with IthgRholestackeidlayerwanfigeragion lbeﬁngZ,hsnmem baresia thickness

foll , it &pﬁr @it al Vi
f(r)omO\CI%VIOng Ithel&laﬁgﬁéfgmgg%ie’gg}%‘hg?%?&% ef deg: e of eIt ectr ggilsace
conduct i onl0 | n tegemes less thanciQ wim; ,ngrqdnetlmpﬁﬂxsquimeggﬂé} relativg 19the er asi ng

of electrical %ﬁgﬁfﬂﬁbﬁxﬁ&' 11, Mossﬁﬁwmmthbmv&tﬂmmwﬂslwfbeh
exenplified by s

I tr
| ayer wi se bui i tmd e IF&? gt?‘?”oﬁ‘ }ég'n&eFrPF'oﬁhg '#r@f%‘gp %F&IQ&I&IS Wil flRs O
length of 52 pm, may in the configuration in fig. 12 well be about 15 pm in

an optimal embodiment, which implies a reduction of about 70%. In this

15 connection it shall particularly be taken in regard that fig. 12 is schematic
and that the vertical current paths are mutually displaced in the horizontal
plane in order to appear more clearly. They may, however, lie in the same
plane, parallel to one of the side surfaces of the structure.

Within the scope of today's thin-film technology and using technologies as
20 mentioned above in order to create electrical conducting and semiconducting
structures in thin films by irradiation of convertible organic materials, it is
.wholly possible to reduce the linear dimensions in the horizontal direction,
such that the component density may be increased by at least one order of
_ magnitude. This implies that the configuration in fig. 11 may realize about
25 10° logic gates of the kind shown on 1 mm? and with a layer thickness well
below 1um, while the configuration in fig. 12 might realize about 6-10° gates
on the same area with a somewhat better form factor, such that the increase
in the device density becomes about 33% relative to the device density of the
configuration in fig. 11. '

30 In the method for conversion with the use of irradiation little or no transfer
of material takes place to and from the layers where the conversion takes
place and hence only very small volumetric changes in the materials involved
appear. With basis in a planar structure the planarity is conserved to a high
degree also in those cases where even multilayer material structures are used.

This Sheet Has Been Rep!

T



(reM. 35 For polymers such as polyaniline it is as shown in the

above- nenti oned paper by de Leeuw & al., observed conduction rati os
bet ween two states as high as 10[err]. In this case it concerned in
Situ conver swoloomssga Si ngl e | ayer of i rradiat i vertible
materi al from conducting to non-conductingsstate in ig?@égﬂ?(’g{’

generate electrical connections in a single electronic circuit. -
El ectrical conducting connections in doped polyaniline filnms (PANl filns)
wer e defined byThispusumplicatisisdpr thé padriing steps,faschigin planprityt is faemirablek. - 5

A, ELaer of ok Bbpidh o i Bng Rt Ao {1DLe maler [l s iy be
R e e
fol | owi ng presenicisyention mey be made wemppﬁbkeévmapeilwt%eﬁqﬁowsmg OB anunber
of single |gyercontinuous tape which is conveyed over rolls 16, as shown schematically in
fig. 13. In the first process step a layerwise deposition of photo-convertible
material takes place on a flexible substrate 1, here in the form of three léyers
ICM,, ICM,, ICM;, where the photo-convertible or irradiation convertible
material ICM in each layer has a different spectral response, for instance,

10 concentrated to wavelenghts A, A3, A3. The deposition of photo-convertible
material ICM may for instance take place by dip-coating in containers
wherein the photo-convertible material is provided in the form of a solution.
On the substrate a multilayer structure MLS is now obtained and forms the
composite matrix and it is conveyed after a possible not shown

15  post-treatment onto a drum 17 where on the inside of the continuous tape in
respectively first, second and third sectors S;, S,, S; via masks 7, 75, 73
which in each case form the desired pattern, or a spatiai light modulator,
takes place a patterning of the layers ICM,, ICM,, ICM;, with the desired
electrical conducting or semiconducting structures. Masks 7, possibly spatial

20 light modulators, may then be provided on a co-rotating drum 18 provided
therewithin such that an optimum spatial resolution is ensured within the
time window of the desired exposure. Between the masks 7 and the rotation
‘centre of the drums 17, 18 there are provided not shown light sources for the
exposure and possibly optical devices, for instance for field correction,

25 - collimation etc. Alternatively the not shown light sources may be provided
integrated with the masks, for instance in the form of laser diode array and
the exposure take place in a near field arrangement. When the portion of the
tape which shall comprise a complete circuit IC registers with the mask 7; in
the sector S,, the layer ICM, closest to the substrate for the patterning can be

30 addressed selectively with light of the wavelength A,, in the next sector S,
addressing takes place to the abovelying layer ICM, with light of the
wavelength A, and in the following sector S; for instance to the uppermost
layer ICM; with light of the wavelength A;. The response diagram of the
photo-convertible materials ICM,, ICM,, ICM; is schematically rendered in

35 fig. 14 for the relevant wavelengths Ay, A,, A3. If the multilayer structures
MLS are provided on a transparerit substrate 1, the irradiation may take place
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10 i rradiation convertible materials and sequential or sinultaneous

conbi nati on of the layers into a nultilayer stack, or by using
patterned irradiation of a preformed nmultilayer stack of irradiation
convertibl e MRP¥4#SS8A s | CM-.-di fferent types of irradp@imosd/oestsh
different radiation characteristics bei ng3dised such that the

radi ation interacts sel ectivel y with one or m)re designated |l ayers in 15

the stack. Miltil t ack t t ' f
bar ti cul ar | nt BY akahlg Nob SRR PeYict FRAME CeFRR e SpaRhE P & Ui
it is _ rmmadlvmgmmuevmeotduoﬁmmmmmﬁg i3s vize Withent
paths, connect 'l@ﬁ* Waveleﬂ@h%qn?ﬁe ﬁl’ﬁ@&ft@f’@ﬁ: Ltr}nﬁﬁvﬁé\ﬂévéra%ei upposedn that

the conducting

|seI ntrol |l ed
spatial relati Mﬁh@embomn&é?ro&?el’t%ee&efdy“ssg{*s Eﬂﬂsh ﬁlézq%a%fer s whi ch
are | ocat ed abgNewR'in figl Qwaﬂhfegarthw}Jdbaammg accuratetégmttdtxdmnﬁl el d effect

transistors (TE wher |n a | ayer
nmust be correcfpﬁ%?ﬁff&hggség{ﬁ{l aﬁ% ga%ﬁ%#e%?rdggn g the h

i nt erveni ng i sexkpesure Afar exnoesy %ttﬁgtma tﬂﬁl‘ﬁrﬁéﬁ“"

el ectri cal CO”%ﬁﬁékQﬂﬁtlbﬁeW&:i@c&ﬂﬁﬁrlﬂ \idnﬂlgelBtiﬁdicated)aaICﬁgIIGL,l ons in

many 25 cas are unsa nunber
of steps such k"’ s a%%i\“?%&g&ér?oéﬁgnngﬁslq‘g?%pgﬁgwggmk Sul Bl | e
poi nt's whiléh t he npnuaan noteshown workest@tmsu B Wt%ﬁhmam&int%@eé IN8i@r ent

| ayers and wit hsuftseouent filling or casing of the channels with a
conducting material, such as this finds its parallel. in the use of

through-pl at ed 1*%8% g%ﬁegwté 1a96R] 8. the gehdration of 8Rctrical eitRetihgand r om
the front tot hs?zmlcont;:m;tmg st%ugt{x{e%l#lgy alSe. Fj(e p'%‘au;ehi'nrscci.pa!un?ct Bffo-tedl paths
such that each layer is subjected to the photo-conversion processes in
15 different paths. Suitably possible post-treatments and corrections, for
instance a possible heat treatment may then take place before each separate
layer is joined to a multilayer structure and forms a stacked circuit
configuration. In principle a processing of this kind may take place in a
layout as already shown in fig. 3. Again with respect to the patterning of the
20 separate layers the movement of the path must be taken into consideration
with a view of achieving an optimum spatial resolution of the desired

structures generated in the photo-conversion.

.By for instance using organic materials in the layers and generating the
electrical conducting and semiconducting structures with conversion and

25 ~  irradiation according to the present invention it may be obtained a far simpler
and cheaper manufacture of electronic devices than what is possible with
today's inorganic semiconductor technology. If a reel-to-reel arrangement is
used in the manufacture of circuits as shown in the above, the production
may take place with high volume and high speed and without essential

30 dimensional limitations. With the joining of separate layers into a multilayer
structure and forming of a stacked configuration, the registration between the
layers will, however, be critical among other in order to ensure that vertical
conducting structures in separate layers register mutually and that for
instance electrodes and active semiconductor materials in semiconductor

35  structures do the same. The requirement for registration accuracy will be
given by the pitch which may be realized in the manufacture of the electrical
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t he generation of capacitors by defining conducting areas which are aligned
mutual |y opposite in tw |ayers separated by an isolating |layer. Evidently
not onl'y highly conducting, but also isolating resistive and

sem conduct i mp99/essg2  patterns in nultilayer structures are of the %r eat est
I mportance. Such as wll 35 be explalngg4|n nor e detai

follow ng, patterns of this kind may be gener ated by u3|ng t he

nmet hod for generating electrical conducting or sem conduct i ng

structures or pebﬁcﬁrdﬂﬁxgaa@xacseﬁmm&enﬁ@gnmnﬁutlrmeprtacwly aiso be -

o Rt i RSP RAehbs 8 LB gadadng o STl
t hr ee- di mensi onaptxsalbumcgmb ewnaking jor machanisal errgleqitieal ngnoteghyolpgyy

el ectri cal Suck fi¥abEred, Fowdvat, | fall dufkedd ih‘écécope of the ﬂ%ﬂeht in¥efitiobAridICt ur es
as descri bed herei areo?ndgoartlcul ar

i ntegrated Wit h2fHAReEin SH3S 58%5536"1’# F%F 3’?&5‘#‘5{]‘66 'f%ﬁﬂeémg‘f‘@%

persons skilled in the art.

If a spatially controllable radiation source, for instance in an array, is used,
the protocol for a given circuit configuration in multilayer design may be
generated far from the manufacturing location of the circuit and transmitted

10 thereto for downloading to for instance a control device which controls the
generation of the physical circuit patterns in situ at a manufacturing location.
A user may hence thereby generate and produce circuits by tele-processing
according to own specifications solely by transmitting the necessary
instructions and information. The present invention may thus furnish the

15 concept application and customer specific circuit production a radically new
content.
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circuits. The present standard proc riypgrt 1 Ng m croel ectronic
circuits which exploit the sem condﬁﬂm“;glmmﬂgﬂﬂlm of a common silicon
substrate restrict automatically the ¥ead | 2ablme architectures to the kind
which 10 - YO ¥S58ccess to the substrate for all active dexnssmooes the
met hod accordi ng to the present invEntion is used for generating

el ectrical conducting or sem conducting structures in three

di mensi ons by neans_of st %‘5 d layers, whol e devi ces may be
generated in th#’sﬂm&L& ﬁout any essenti al restriction w.th
regard to the size or conplexity as,scaling quite sinply takes 15 pl ace

by j oi ni ng nor e I} ayefdnetod for gangeatingelectrical qopductinggr fsmigenductingn  f or
i nst {:mcef Wi t Phgtgﬁftgﬁstiaftgmgi?xhgmenﬁn al cdmpéiitennatrixheherdw tiel m%iixolh ;mgﬁ ric
Vol e uni t_rmy BEPENES BRED! BRSNS ded Ty BRI R e "0
realized wi fh t homogenais matgriakstyysitengs and whgtein the matesialson-response tathe2o
Cooper ati o wi § B B e s OT
basi ¢ obj ect  of SREWHULEHse FAUHHSH S5 a8 elestiical BpbeoRidaie e e pa
conducting, semnietestuical conducsingror semiconducting stater arwvicevema,cr-aithapge irons in a
mul 1] ayer mat eihdlickich) BURkib iod UFTRS mARd AP shaPRIdRANILyAfkalifkiAg 2 25
nunber of gl ffer egﬁ abrication sprgﬁecli.g#esé S?chi‘g@%‘ocgdu.r eg gpl | be
described d8par 8¢} (atenial sEruetyres yyjth g radiption p a givendptensity, of, frequency §
conver si on characteristic adapted to the specific response of the material to the energy
supplied by the radiation, modulating the radiation spatially in each case
according to a determined protocol which represents a predetermined pattern
of electrical conducting or semiconducting structures in the relevant material
15 structure, whereby in response to the energy supplied with the radiation
two-dimensional electrical conducting or semiconducting structures are
generated in the material structure with the pattern predetermined by the
protocol, such that the composite matrix formed by separate adjacent material
structures with two-dimensional electrical conducting or semiconducting
20 structures is provided with electrical conducting or semiconducting structures
in three dimensions.

2. A method according to claim 1, characterized by 'selecting
electromagnetic radiation used for irradiation among one or more of the
spectral ranges gamma, x-ray, ultraviolet, visible light, infrared and

25 microwave. :

3. A method according to claim 1, characterized by selecting particle
radiation used for the irradiation among one or more the following types of
particles, viz. elementary particles including protons, neutron and electrons;
ions, molecules, and material aggregates.

30 4. A method according to claim 1, characterized by modulating the
radiation spatially in a plane substantially parallel with a material structure,
by means of a mask which is patterned according to the determined protocol,
the mask modulating intensity and/or phase of the radiation incident thereto
for generating electrical and semiconducting structures in the material

35 structure.
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of a single-layer i rraﬂmm le material 1CMw th subsequent
sequential conbi nation mm MEM to a nultilayer stack. Miltilayer
structures may be forned ih thewmr tion convertible materials which are
30 deposiwesb/asgt processed sequentially as a set of thigerphdsgdeayers SS

1, SS2, SS3 on a conmmon substrate3, such this is shown 1n figs. 2a,
b, c. The substrate 1 may be a rigid or flexible sheet with
arbitrary thickness or it my be a continuous tape in a reel-to-reel

process. I n case ofA et anconting to claim dopharacterized byymodnlatingItizM t he -
Isgqggglt : Zld fgqtfaﬁgailghb ?‘?gl{"} ﬁﬁg ﬁaefsﬁbét%uyﬁoéalel with &e ﬂ;ﬁahamrdca*sr SS1
i rradiation V\h‘i’léFP‘Ft?PWE“%ﬁEJEﬂaﬁané &%ﬁ"ﬁg"l@ ‘l“f%gs'f’ﬁ ﬁ?)‘?&é}}tbéﬁw‘&

takes place ththeuljinensibns of thewidctuical spnducting drglemicondutting stnfcbusey ad..
Dependi ng on pgc%gﬁﬁ.grtﬁk fififertil SEEEtre A thé 888m wifich I iftndie) Abdiidreq Cause

t he di rec nverS| n into,ano uciion state or generate a
| atent image accordingfo the %3418%?9935 or geperatngtwo-dimensionabn pr ocess.

The | ast pr oceaectsitcebcoxﬁluctmgrmysémceuqhusmgestmotwea incthe matdsmhstmbtumecu es in
liquid or gaseous state and

6. A method according to claim 1, characterized by generating the
material structures in the form of thin layers by combining two or more

10 layers into a laminated multilayer structure which constitutes the composite
matrix with electrical conducting or semiconducting structures in three
dimensions.

7. A method according to claim 6, characterized by generating the
multilayer structure in a successive deposition of two or more layers into a

15 stacked configuration on a carrier substrate or by laminating two or more
self-supporting layers into a stacked configuration.

8. A method according to claim 7, wherein the multilayer structure is
formed by a successive deposition of two or more layers, characterized by
generating the two-dimensional electrical conducting or semiconducting

20 structures in a layer immediately after the deposition of the layer on the
substrate or an adjacent layer and before depositing a further layer on the
first-mentioned layer.

- 9. A method according to claim 8, characterized by generating one or
more two-dimensional electrical conducting or semiconducting structures in
25 the layer, such that they according to the protocol register with one or more
two-dimensional electrical conducting or semiconducting structures
generated in an adjacent, already deposited layer whereby one or more
vertical electrical conducting or semiconducting channels are generated in
the cross-direction through the layers.

30 10. A method according to claim 7, wherein the multilayer structure is
formed by lamination of two or more self-supporting layers, characterized by
generating the two-dimensional electrical conducting or semiconducting
structures in a layer before the layer is laminated to an adjacent layer.

Tlus Sheet Has Been Replaced

IR III




di rect phot oconversion from conducti ng | y non-conducti ng
state without a process step after irra |a1c|on e use of deep W

i rradi ati-on wradsissszyani | i ne as nenti oned above WI th refer El*t%ﬂqu»@m&ob? paper
10 by de Leeuw & al. An exanpl e of phot3@conversion from conducting to a
substantially non-conducting state with the use of wet chem stry is t he
exposure of ant hraqui none-2-sul phinic,_ aci d- (AQSA) -.doped paql.ypyrrol

bl ue or ultravibl-et A mgshod acsordingdo plramdl, ghasaetstizemby positioning she @b’e'f he

DLOCGSSI n? 01;] tlf'ﬁ&h& ldrfination €6 a®adjacentdegsrsdch dyrtwdS2 mcﬁ'eawpldmdnsitlmﬂS

the top of the fj t pplication
of a I|q n(ﬁl% Pﬂégf ﬁé’ hg@fcg %ZStﬁ’\réﬂ{(%?g@%g 5?81% gﬁéég@?%r? bl adi ng or
by | amination accordingto the priofpcoi régigex mtbmefqrmreltw imegsionathe

phot oconversi Oneleém'kbﬁc&ﬁﬁeﬂﬂg or semicohdyRingStAichéen aljdcent ﬁefﬁ?ans of

Tt ur os- o ar WOgEE e 0 sore JAEAL psSiirel cqpductif of SebigbRbict 12

phot oconver si onchmhels ave generateddn the cross-dire¢tionstof the dayersy neans of.
I rradi ati on al one, nmeasures nust. be taken to prevent activation of the

underlyi ng | ayet2.SS Ameﬂnﬁd;aamydihgrto clhim &) charaaterized by geterating thepor ati ng a
radi ation shiel J'Ex éi/s%nali’%f 159@&%5'0?%@1?&0%&&%33%%1&@&5 H‘@ layer

radi ati on- sh| el éiy i ectr
reflectingl®s @ %@F epeﬁmwo gx gveswtt? Agtac nen PFérs %ﬂastﬁsetral
phot osensi ti vi t afeér. theflamination of all layers into the stacked conﬂguratlon has taken

place, one or more, but not all layers in the stacked configuration being

irradiated selectively in order to generate electrical conducting or

semiconducting structures in the relevant selected layer or layers without
15 causing a response in the non-selected layers.

may in sone cases also be stinmulated b mﬁ ji ﬂ'll on. An exanpl e of

@.-

13. A method according to claim 12, characterized by selecting one or
more layers for generating electrical conducting or semiconducting structures
by irradiating the selected layer or layers with radiation of specific radiation
characteristics or a given power, the selected layer or layers being formed of

20  amaterial which responds to one or more of the radiation characteristics
and/or the power, or combinations thereof.

14. A method according to claim 13, characterized by the specific
radiation characteristics being intensity and/or frequency.

15. A method according to claim 14, characterized by' selecting one or

25 more layers for generating electrical conducting or semiconducting structures
by irradiation with electromagnetic radiation on two or more frequencies or
within two or more wavelength bands, such that the irradiation on a given
frequency or in a given wavelength band causes a response in one or more,
but not all layers.

30 16. A method according to claim 14, characterized by beforehand adding
one or more additives which have a spectral absorption on a given frequency
or in a given wavelength band, to the material in one or more layers in order
to cause the response to the radiation on a given frequency or in a given
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nmeasur

t he phot oconversi on makes use of a hotﬁrocesm ng after the irradiation,

second coating layer SS2 or chan

es must be taken to prevenU!IJ |II

|“1eact ants penetrate to the
e first coating |ayer SSI.

In this caseveopdssggeasures may include control of the int Il hem cal
30 species in the second |ayer via a gjgrict processing protocol or by
choosi ng materials in the first coating | ayer which are -not

i nfluenced by the chem cal

processi ng neans used on the second

coating | ayer &aRelength band, 4f least two dayessimastabkedseandigiratiopcther8Bf a third
coati ng | ayer gpﬂ*l Qra0f the second, possibly
foll owed by a ?@ér‘%ﬁg ﬂﬁ,ddm X?rﬁaf: rgﬁ&gt% as 35 requi red The third

| ayer SS3 may
sem conducti ng
19 or
pr ocessi ngs of
| ayers. The ne
ext ensi on of tH

10

15

20

1%y ARAREE 3o Bhe Q?‘e&me FRABCHAREY BEreminetie | e st

elesirical cmdus&msroé swwenmnmucakéﬁ in ® laypu by therradiatinn
absorpuon irf{hésiaditiesr addﬁiv'éﬁ 6 thY la ﬂ@ﬁﬁﬁzgtre@ctwmhhhs ng

B if@iegiqqsg gd‘%'l%%ltq the, g%bc&%/ ggr?cfluc%w or 'cgﬁé)uc?i(c)){l% r}.

the layer material.

18. A method according to claim 16, characterized by generating the
electrical conducting or semiconducting structures in the layer by the .
radiation absorption in the additive or additives causing a heating with
subsequent changes in the electrical conductivity or conduction mode of the
heated layer material.

19. A method according to claim 12, characterized by generating the
electrical conducting or semiconducting structures in two or more layers in
positions where one or more electrical conducting or semiconducting
structures according to the protocol respectively form one or more vertical
electrical conducting or semiconducting channels in the cross-direction
through the layers in the stacked configuration.

20. A method according to claim 19, characterized by providing according
to the protocol the electrical conducting or semiconducting structure which
forms a vertical channel through the layer in electrical conducting or
semiconducting connection with one or more two-dimensional electrical

_ conducting and semiconducting structures in this layer.

25

30

21. A method according to claim 20, characterized by generating each
channel with a conductivity or conduction mode which is constant between
the layers.

22. A method according to claim 20, characterized by generating each
channel with a conductivity or conduction mode which varies between the
layers. L

23. A method for erasing electrical conducting or semiconducting
structures generated in three dimensions in a composite matrix, wherein the
matrix comprises two or more material provided in spatially separated and
homogenous material structures, wherein the materials in response to the
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in nnection.with the two first coating |ayers. 5
Thecﬁet hod as mntionedqn“ﬂ'ﬂm]mﬁuutlmﬂlh figs. 2a, b, cgmayyal so be used
for patterned irradiation of sé&lf¥subpotting singl'e films or tapes of

i rradiation WO9MS88%onvertible material 1CM fol lowed by apcemesmdbzs i nto a
mul til ayer stack. An enbodi ment of3%ret hod of this kind is
particularly suited for processing in reel -to-reel such this is

h h ical Ly i.n fig. 3. h filmis infig, 3 10 . own as_.three
Film 1aerr) fs’@wvé%f'g?wfr',s?lwgﬁ?q%ogn'am?@'viw'fﬁ%eké@é of §AgnisebeuAIRe SF on
in the desiredserawhich qaase gansitiony fromsaneeicetrisyl meoendukcting stase © 4l | oved
by an agReHFwal chadting Brisemicondictiig é’t‘ife”drfvicé Pérsa Blsﬁéﬂﬁggtﬁi the Ui ng

t oget her or . heat - assi St ed, | nation.. A flexible tape results
which of t her nfipclsiesl conduction mede ok the Siateril, Wheiein FaGh metgHial SHUStIRE ment s
I n case of San comprisesta generated pettemeofisubstantisityetwerdimérnisionabrblediricabt of the
met hod for genesdddofitled Seiitloitucting structfirel Bepr bEdH BPR dbipnfiiggat | bl € with
bot h wet or dr¥§£)roc‘1e S nﬂ atte{;ﬁt%e Clrra |at|8n., n some cases
where hi gh regPiPSR; af phetsin pisqtrical pondusting of semiconducting struciyges ihce

el ectrical conthret dimemsiomsarandergbnetatedarsw ircthemeattin afict Riserd with the

20§l crrent o e aRRb 8P tafRlln o, de e BRIALT. S4ad 12152 BRG Geilripe™ *

referencelfo to another determiped prptacn] fortwe-dimensionah glectrical gordngting @t bel ow

Wi th ref er encesémicbndscting structuréfiin éachimatéigl stﬁjcﬂré,aéﬂa@édtéﬁzdaqgver tible
material ICMI %Fﬂ% %ﬁc%%mte ial strﬁc?&x?%ittﬁ YatidtidrPt & givest intendif ani/bied Vi a
adj ustment rol I S"Rfert[, e[FT, ... for R )
frequency characteristic adapted to the specific response of the material to
the energy supplied by the radiation, and by modulating the radiation
15 spatially in each case according to the protocol which represents the
generated pattern of electrical conducting or semiconducting structures in the
relevant material structure, whereby the two-dimensional electrical
conducting or semiconducting structures present in the material structures in
response to the energy supplied by the irradiation are erased according to the
20  protocol, such that the material of the material structure thereafter in its

entirety arrives in the electrical non-conducting state.

24. A method according to claim 23, characterized by selecting
electromagnetic radiation used for the irradiation among one or more of the
spectral ranges gamma, x-ray, ultraviolet, visible light, infrared and

25  microwave.

25. A method according to claim 23, characterized by selecting particle
radiation used for the irradiation among one or more of the following
particles, viz. elementary particles including protons, neutrons and electrons;
ions, molecules and material aggregates.

30 26. A method according to claim 23, characterized by modulating the
radiation spatially in a plane substantially paralle! with a material structure
by means of a mask which is patterned according to the determined protocol,
the mask modulating intensity and/or phase of the radiation incident thereto
for erasing electrical conducting or semiconducting structures in the material

35 structure. '

This Sheet Has Beén Replaced

[N

| imigil txRal Ili! HETRTH




ti ghteni ng and positioning of the tap king device 7. The 25
conpleted patterned filns ICMerr], ﬁ!ﬂ H'l l" are then conveyed
erc

over a guide roll Rerr] and af er sp05| ti on adj ust nment
t hrough a | awbgerssen st ep RD and | am nated into thepdsddoloduss’
structure M.S. A patterned photocggversion may al so be inpl enented
on a pre-forned mul tilayer stack of irradiation convertible materi al

| CM such this is shown in 30 fig. 4a. A multilayer stack of such
materials is neglie byA medeal sdordipg teelaim 23, characterizefd by modulatingthesupporti ng

| ayers SSL - SSZugjarfdn o kﬁ{,ﬁ@hm plaf@ Shbintity Yarldt viith the materiAlStRMBIry-  Each

| ayer SSlnthes aracteristic

under infl uenceb)bﬁowaﬁfiiﬁ% }hedéfl!aﬁéﬂ intoraRgam Wt‘)t# °HYeRy B?'?P”r?@’é? with
generation as the dimehsiond of the ﬁ&mﬁcﬂmonduadngamlsemicdnducmswdctﬁnes addat i on

converti bl e, mat eri ﬁ’ﬁ%eth@ﬂa%éial ?mggmltﬁé bgﬁn%ﬂﬁ&g@ ergﬁ ciuffkgct ed

such that t?’ue r% g f fromlayer to
| ayer and a sel wprdaeg mtltesrlqwmgn%p@t@m}é’w erasing ¢ ectrical conductmg or

20 | ay egenhizofdiicting Gtrubtarés intthe hfaterimd istractfe.r adi at i on
characteristics. It is to be

28. A method according to claim 1, wherem the material structures in the
matrix are formed by thin layers in stacked configuration, characterized by

10 irradiating one or more, but not every layer in the stacked configuration
selectively for erasing electrical conducting or semiconducting structures in
the relevant selected layer or layers without causing a response in the
non-selected layers.

29. A method according to claim 28, characterized by selecting one or

15 more layers for erasing of electrical conducting or semiconducting structures
by irradiating the selected layer or layers with radiation of specific radiation
characteristics or a given power, the selected layer or layers being formed of
a material which responds to one or more of the radiation characteristics
and/or the power or combinations thereof.

20 30. A method for erasing globally electrical conducting or semiconducting
structures generated in three dimensions in a composite matrix, wherein the
‘matrix comprises two or more materials provided in spatially separate and
homogenous material structures, wherein the materials in response to the
supply of energy can undergo physical and/or chemical changes of states

25 which cause transitions from an electrical non-conducting state to an
electrical conducting or semiconducting state and vice versa or a change in
the electrical conduction mode of the material, wherein electrical conducting
or semiconducting structure in three dimensions can be generated anew in the
matrix after erasing by using the method as stated in any of the claims 1-5

30  and 12-22 and according to another determined protocol for two-dimensional
electrical conducting or semiconducting structures in each material structure,
characterized by irradiating the matrix globally with radiation of a given
intensity and/or frequency characteristic adapted to the specific response of
the material to the energy supplied by the radiation until the material in the
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remarked that in contrast with the cases which are discussed in connection
with the enbodi nent of the nethod according to figs. 2a,b,c, processing
after the irradiation by direct contact with the gas or liquid wll

not be possi BYQ994ES825 | ayers which are | ocated wthin tPeTsoagboonm| ess
an interaction of this kind t akes pllace with chem cal species which
have been included in the rel evant | ayer during the formation of the

stack or have diffused into the relevant | ayer, f.rom the outside. The
basi ¢ princi pl eBafti IHEesponss &9 the,Feggy ?Hﬂ"égfbérthﬁb‘%a‘i‘a&m It eRfeedler st ack
of irradiation swivesin the elestricalr non-sondaytibg staemder ed as 10 foll ows.
Suppose that the materials in the stack |CM are polyners which may

be patterned ph®t.ocheiietidd dcoardingito chaim!3dngkaratterized by eelectimgl properties

of " " The (HafiombBio hliaop vk 8y he RradiBibREEng olblor e BEthe 12 P
wavel engt hsS [ er spectral ranges gampip, x{ray,rjitravielet, visible lighty infrared gnd 4,  and

inply that a gi#gdtowayer in the stack may 15 be sel ected by using |ight
of a suitable wavel ength. For instance fig. 4a shows addressi ng and

masking of the bayers Rdhgd hdtordiflB o i 30, bANMELRAGE by sclecting Ble'Partidler t he
sake of sinpli mq’a it 1s %ugﬁ‘?’rsed that the irradi ati on Hﬂ?{gf .he icl

mat eri al changetadiafAnused for hediradiangn among ons A7 Fots Pt ke following pagicls ¢ e
patterned irr adtypes,ovizi elémentatyopartibles iindluding protons,trentrongs and elestrons; but
other 20 gpal tﬁfngaﬁliol’e%ﬁég% ga?#ﬁ"éé raster-scanning with focused

| aser beans or ’ I }u’m nation w ear-field imaging or projection

i mgi ng of | um nous pi xel s in an addressable matrix |ight source.
This light source m ght for
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i nstance be a cluster laser or an array of |aser diodes. For tqmg 8 ?Agcq lbn 8
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In a method for generating clectrical con- 8 ¢ ¢ ; i
ducting or semiconducting structures in three % b
dimensions in a matrix which comprises two

or more materials in spatially separate mate- : 4
rial structures, each material structure is irradi- )
ated with 2 radiation of a given intensity and/or

frequency characteristic adapted to the mats- S8t
rial’s response thereto, the radiation being modu-

lated spatially according to a determined protocol _ 1
which represents a predetermined pattern of elec- . -

trical conducting or semiconducting structures in 9 9

the relevant material structure and in responsc to .

the irradiation two-dimensional electrical con-
ducting or semiconducting stractures with a pre-
determined pattern are generated in the mate-
rial structure such that the matrix comprised by } b )
the material structures is provided with electri- 7

cal conducting or semiconducting structures in ;
three dimensions. In a method for erasing elec- ,‘2~
trical conducting or semiconducting structures of

this kind each material structure is irradiated in
a corresponding manner as in the generation of
the structures, but such that the two—dimensional
electrical conducting or semiconducting struc-
tures which are present in the material structure
in response to the radiation are erased and the
material in the structure in its entirety transfers
fo an clectrical non—conducting state.
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e such that i ptensity. o? frequency may be, tuned. In the
in conmbi natiof*with diffractive ek ements for 1nstance
to obtain a fo¢usiing' to a deternined’ depthfln the mat ri x
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connection to ghatiagsaid herein, it is to be understood that |ight
sources, masks an rmgl'ul ators for the purpose of the pr esent
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mat erial . Addition SO a nu can te irradra
convertibl e combmmg two or more layers into a laminated multilayer structure which
LN

constitutes the composite matrix with the combination of electrical

15 conducting and/or semiconducting structures in three dimensions, and
wherein the multilayer structure is generated by a successive deposition of
two or more layers into a stacked configuration on a carrier substrate; a
method for generating a combination of electrical conducting and/or
semiconducting structures in three dimensions in a--composite matrix,

20 wherein the matrix comprises two or more materials provided in spatially
separate and homogenous material structures, wherein the materials in
response to the supply of energy can undergo specific physical and/or
chemical changes of state which cause transition from an electrical non-
conducting state to an electrical conducting and/or semiconducting state or

25 vice versa, or a change in the electrical conduction mode of the material,
wherein the material structures are generated in the form of thin layers by
combining two or more layers into a laminated multilayer structure which
constitutes the composite matrix with the combination of electrical
conducting and/or semiconducting structures in three dimensions, and

30 wherein the multilayer structure is generated by laminating two or more
self-supporting layers into a stacked configuration; and a method for
generating a combination of electrical conducting and/or semiconducting
structures in three dimensions in a composite matrix, wherein the matrix

_ cbmprises two or more materials provided in spatially separate and

35 homogenous material structures and wherein the materials in response to the
supply of energy can undergo specific physical and/or chemical changes of
state which cause transition from an electrical non-conducting state to an
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of the 14}t ercpROGNG ermE o i STESing hop I%ﬁtsé:rﬁ S Piﬂtwaﬁm@mgbﬁ and/or.
embodi nent s oferhitdndRictiadstaftaredi geherftelia thfeedith@isions in a composite
matrix, wherein the matrix comprises two or more materials provided in
spatially separate and homogenous material structures, wherein the materials
- in response to the supply of energy can undergo specific physical and/or

15 chemical changes of state which cause transitions from an electrical non-
conducting state to an electrical conducting and/or semiconducting state or
vice versa or a change in the electrical conduction mode of the material,
wherein each material structure comprises a generated pattern of
substantially two-dimensional electrical conducting and/or semiconducting

20 structures represented by a determined protocol, and wherein the combination
of electrical conducting and/or semiconducting structures in three dimensions
can be generated anew in the matrix after erasure with the use of the method
as stated in any of the claims 13-27 and according to another determined
protocol for two-dimensional electrical conducting and/or semiconducting

25 structures in each material structure; and a method for erasing globally a

( combination of electrical conducting and/or semiconducting structures

generated in three dimensions in a composite matrix, wherein the matrix
comprises two or more materials provided in spatially separate and
homogenous material structures, wherein the materials in response to the

30 supply of energy can undergo physical and/or chemical changes of states
which cause transitions from an electrical non-conducting state to an
electrical conducting and/or semiconducting state and vice versa or a change
in the electrical conduction mode of the material, and wherein the
combination of electrical conducting and/or semiconducting structure in three

35 dimensions can be genefated anew in the matrix after erasing by using the

method as stated in any of the claims 13-27 and according to another
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10 per unit or device will decrease. However, today's microelectronic
technology is substantially based on crystalline silicon and shows an
increasing tendency towards diminishing returns, mainly due to the inherent

(. limitations associated with the complexity of ultra-high resolution
lithography and increasing demands of the material processing.

15 Extrapolations of the present technologies based on crystalline silicon may
hence not be expected to offer dramatic breakthroughs in regard of either
performance or price and future improvements shall require manufacturing
plants and manufacturing equipment which are extremely capital-intensive.

Microelectronics based on thin-film technology may on the other hand

20 confidently be predicted to deliver in the near future products representing
real breakthroughs in regard of performance as well as of price. The shift
from crystalline inorganic semiconductors to microcrystalline, polycrystalline
or amorphous inorganic or organic semiconductors will introduce entirely
novel boundary conditions with regard to the production of microelectronics

25 and particularly by the blanks having form factors which make large areas
possible, i.e. the substrates may be large sheets instead of wafers cut from
blanks of limited size, and great flexibility with regard to architectures,
something which will be essential factors in the expected development of
tomorrow's electronic technology. In the present invention special emphasis

30 will be placed on the use of organic materials due to the ease whereby they
may be processed with basis in the use of large areas and multilayer blanks
with precisely controllable thickness, as well as their vast potential for
chemical tailoring of the desired material properties.

' ™

Particularly before the use of electronics based on amorphous materials can
35 fulfil their expected potential, further developments in certain areas are
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10 temperatures and with compatibility with a broad i'ange of organic and
inorganic substrate materials. This has lead to the development of extremely
cheap electronic devices with large areas based on the use of high-volume
manufacturing methods. '

In spite of this development a wholly satisfactory solution to how the

15 fabrication technology shall be adapted and made suitable for a low-cost
flexible high-volume production of electrical connections in the thin-film
structures forming the electronic circuits is still lacking. Currently thin-film
devices are based on amorphous silicon manufactured with current paths and
conductors patierned with traditional methods such as lithography and

20 vacuum metallization. The latter method has formerly also been applied to
circuits for demonstration of organic-based semiconductor thin-film devices
(see for instance A.R. Brown & al. "Logic gates made from polymer
transistors and their use of ring oscillators", Science 270: 972-974 (1995)).
Alternatively, screen printing with conducting "ink" has been used to make

25 transistors on flexible polymer substrates (see for instance F. Garnier & al.,

Lo "Ali—polymcr field-effect transistor realized by printing techniques", Science
265:1884-1886 (1994)). Even though lithography may provide high
resolution, it is relatively complex and includes typically wet chemistry steps
which are undesirable in high-volume production of multilayer organic

30  thin-film structures. Screen printing with ink is also far from ideal, as it only
provides low to moderate resolution besides being a "wet" method.

As examples of prior art such it is evident from available patent literature
may also be mentioned US patent No. 5 043 251 (Sonnenschein & al.) which
discloses a process for three-dimensional lithography of amorphous polymers
35 for generating a momentary permanent pattern in a polymer material and
which comprises steps for providing doped non-crystalline layers or films of
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single-crystal structure, wherein different portions of the structure may have
different compositions. Particular the structure forms a two-dimensional
array and a first photosensitive portion comprises a material which generates
electron-hole pairs when it is exposed to light within a predetermined first
wavelength range, while another photosensitive portion comprises a material
which is adapted to generate electron-hole pairs when it is exposed to light
within another wavelength range distinctively different from the first
wavelength range. Yet further there is from US patent 5 677 041 (Smayling)
known a transistor device which is made by forming a doped layer of
radiation-sensitive material on a substrate. The radiation-sensitive material
may among others be polyimide, polymer, an organic dielectric, a conductor
or a semiconductor. The substrate may be silicon, quarts, gallium arsenide,
glass, ceramic, metal or polyamid. A neutral or undoped layer of another
radiation sensitive material is formed over the doped layer. First and second
source/drain areas are then formed in the neutral layer and extend down to a
top portion of the doped layer. A gate area is formed in the top portion of the
neutral layer between the first source/drain area and the second source/drain
area such that a channel area in the doped layer is provided under the gate
area. Drain/source and gate electrodes as formed by irradiation of the
uppermost neutral layer through a mask patterned in accordance with the
desired electrode pattern and realized such that it intensity-modulates the
radiation. In addition the mask may also be realized as a phase-shifting mask.

Finally it is from the article "Polymeric integrated circuits and light-emitting
diodes" of D.M. de Leeuw & al., IEDM, pp. 331-336 (1997) known a
MISFET wholly realized in polymer and with the use of polymer materials
which are given the desired electrical properties by an exposure to UV
radiation. In the manufacture photochemical patterning of doped electrical
conducting polyaniline films, so-called PANI thin films is used. The films
are dissolved in a suitable sohition, whereafter a photo-initiator is added to
the solution which has been deposited on a suitable substrate such as a
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and Li qlil d Cr%/ S1";nas| 1ssola%1%19g szt12'1:1Lct1211%eSs ?& otherwme conducting thin-film material 3.
The still conducting areas 3 in the PANI film define respectively the source
and drain electrode of a MISFET transistor. Above the PANI film a further
layer 4 is deposited in the form of a thin film of polythienylenevinylene or
3 PTV which is an organic semiconductor material. This layer 4 substantially
15 determines the electrical parameter of the MISFET transistor. A film 5 of
polyvinyl phenol PVP which forms the gate isolator of the transistor and is
opaque to UV radiation and visible light is deposited over the PTV film 4.
Another PANI film is again deposited on the top of the PTV film 5 and
patterned by radiation with UV light such that isolating structures 6 are
20 formed. A still electrical conducting area 2 forms the gate electrode of the

MISFET structure.

If several transistors of this kind as mentioned above shall be combined in

integrated circuits realized in the form of stacked film layers, vertical current

paths between for instance source and drain electrodes in a transistor and the
_ 25 gate electrode in another transistor must be used. Such vertical current paths
¢ may in principle be realized mechanically, for instance by depositing a metal

film over vertically etched steps in the structure. Otherwise a close analogy is

the use of throughplated holes in circuit boards to realize a vertical

connection between current paths on the upper and lower side of the circuit

30 board.

The main object of the present invention is to provide improved fabrication
methods for conducting connections and electrodes in microelectronic
components and particularly microelectronic devices with large areas on
flexible substrates by means of processes which combine high-volume

35 fabrication at low costs. Particularly, it is an object of the invention to
provide such fabrication methods that they may be used on layered physical

AMENDED SHEET



- Exanple 5 - Thermal conversion . Thermgl . conversi on may be redarded as

a secondary effect of the irradiatj'qn, Z " whet her |:t“'gake's pl :ace by
nmeans of el ectromagnetic irradiation or: pa:rticle _1. : drradi ation.
- Thermal l'y i ”%@ﬁé’esc%i’ﬁiﬁhﬂébm{t{) ﬂfﬁﬂ’ot’fatl ﬁuﬂib"eP ?A&m stackechfeCt
and it wll t S rul e _onl etoplca usera whi ¢ be
f ocused such t*h tﬂ'%(fhpé&eéﬁ@ttﬁg thereid 1-913F1§1Q§l?ﬂ &iﬁ%‘éﬁ mmrp% n@ﬁ une
el ement in ”}ﬁe@ﬁiﬂm’&enﬁbﬁéﬁfﬂﬁﬁer% Ak ﬁo&si’M%rﬂeﬁBYe 8h@ @hR&p Peaf or med for
5 i nstance.i n_connect i n W th ﬂae met b ger ating and then after
the —  getBulianspusiys 6%8}%‘-}5 ¥ SImp fbaaépr@@se APTEAIon P derisrs Bich

sem condgct ' 3 flat displdy @PECES, Q§F1cf SirchftS, MBARIY MevPErseste! on of nonomer to
ol i gonmer, doping, crystal i zati on etc. Such processes are wel |l - known

d del
ere. I cer tamiaoitat dso g ohigtP B8 thé i &5 pRdiie mipds 20 shfofle "
t IheanIt hods auchriiresydimensional eivemit structuresiin\sétut, isuch timat ﬂhalma’mlrmian the
obal |y,
Phen necessantririied s §ORREReh btk s8REu iRl FicBl) Safe whorgpt B 660 ully
be reconﬁgured in the form of electrical conducting and semlconductmg
10 structures in three dimensions, but for instance with another pattern or

another structure than the original.

The above-mentioned features and advantages are according to a first aspect
{ of the present invention realized with a method characterized by generating a
combination of two-dimensional electrical conducting and semiconducting
15  .structures in a layer immediatedly after the deposition of the layer on the
substrate or an adjacent layer and before depositing a further layer on the
first-mentioned layer, by irradiating each layer with a radiation of a given
intensity or frequency characteristic adapted to the specific response of the
material to the energy supplied by the radiation, modulating the radiation
20 spatially in each case according to a determined protocol which represents a
predetermined pattern of electrical conducting and semiconducting structures
in the relevant layer, whereby in response to the energy supplied with the
radiation the combination of two-dimensional electrical conducting and
semiconducting structures is generated in the layer with the pattern
e 25 predetermined by the protocol, such that the composite matrix formed by
i separate adjacent layers with the combination of two-dimensional electrical
conducting and semiconducting structures is provided with the combination
of electrical conducting and semiconducting structures in three dimensions.

According to the first aspect of the invention it is advantageous selecting

30 electromagnetic radiation used for the irradiation among one or more of the
spectral ranges gamma, X-ray, ultraviolet, visible light, infrared and
microwave, or selecting particle radiation used for the irradiation among one
or more of the following types of particles, viz. elementary particles
including protons, neutrons or electrons; ions, molecules or material

35 aggregates.
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conductmg and semiconducting structures and scanning the layer with the
10 beam which is intensity-modulated according to the determined protocol for
generating the combination of two-dimensional electrical conducting and
semiconducting structures in the layer.

According to the first aspect of the invention it is advantageous generating
( one or more two-dimensional electrical conducting and semiconducting
15 structures in a layer, such said structure or structures according to the
' protocol register with one or more two-dimensional electrical conducting

and/or semiconducting structures generated in an adjacent, already deposited
layer, whereby one or more vertical electrical conducting and/or
semiconducting channels are generated in the cross-direction through the

20 layers.

The above-mentioned features and advantages are according to a second
aspect of the present invention realized with a method characterized by
generating the combination of two-dimensional electrical conducting and/or
semiconducting structures in a layer before the layer is laminated to an

25 adjacent layer, irradiating each layer with a radiation of a given intensity or
frequency characteristic adapted to the specific response of the material to
the energy supplied by the radiation, modulating the radiation spatially in
each case according to a determined protocol which represents a
predetermined pattern of electrical conducting and/or semiconducting

30 structures in the layer, whereby in response to the energy supplied with the
radiation the combination of two-dimensional electrical conducting and/or
semiconducting structures is generated in the layer with the pattern
predetermined by the protocol, such that the composite matrix formed by
laminating together separate layers with two-dimensional electrical

35  conducting and/or semiconducting structures is provided with the
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10 Further it is according to the second aspect of the invention advantageous
modulating the radiation spatially in a plane substantially parallel with a
layer, by means of a mask which is patterned according to the determined

o protocol, the mask modulating intensity and/or phase of the radiation incident
thereto for generating the combination of electrical and/or semiconducting

15 structures in the layer, or modulating the radiation spatially in a plane
substantially parallel with the layer by concentrating the radiation into a
beam with dimensions compatible with the dimensions of the electrical
conducting and/or semiconducting structures and scanning the layer with the
beam which is intensity-modulated according to the determined protocol for

20 generating the combination of two-dimensional electrical conducting and/or
semiconducting structures in the layer.

According to the second aspect of the invention it is advantageous
positioning the layer in the lamination to an adjacent layer such that one or
more two-dimensional conducting and/or semiconducting structures in the

25 first-mentioned layer according to the protocol register with one or more
two-dimensional electrical conducting and/or serriiconducting structures in
adjacent layers, whereby one or more vertical electrical conducting and/or
semiconducting channels are generated in the cross-direction through the
layers.

30 Finally, the above-mentioned features and advantages are according to a third
aspect of the present invention realized with a method characterized by
generating a combination of two-dimensional electrical conducting and/or
semiconducting structures in a layer after the deposition of all layers into a
stacked configuration on a substrate or after the lamination of all layers into

35 the stacked configuration has taken place by irradiating one or more, but not
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duration [err].jayer, wherdby ih FesHIR! foVihR erdePy WRbFib R Wittt ik radiation
10 two-dimensional electrical conducting and/or semiconducting structures are
generated in the layer with the pattern predetermined by the protocol, such
that the composite matrix formed by the stack of separate adjacent layers
with two-dimensional electrical conducting and/or semiconducting structures
{ is provided with electrical conducting and/or semiconducting structures in
15 three dimensions.

According to the third aspect of the invention it is advantageous selecting
electromagnetic radiation used for the irradiation among one or more of the
spectral ranges gamma, x-ray, ultraviolet, visible light, infrared and
microwave, or selecting particle radiation used for the irradiation among one

20 or more of the following types of particles, viz. elementary particles
including protons, neutrons or electrons; ions, molecules or material
aggregates.

Further it is according to the third aspect of the invention advantageous
modulating the radiation spatially in a plane substantially parallel with a

N 25 layer, by means of a mask which is patterned according to the determined

' protocol, the mask modulating intensity and/or phase of the radiation incident
thereto for generating the combination of electrical and/or semiconducting
structures in the layer, or modulating the radiation spatially in a plane
substantially parallel with the layer by concentrating the radiation into a

30 beam with dimensions compatible with the dimensions of the electrical

conducting and/or semiconducting structures and scanning the layer with the
beam which is intensity-modulated according to the determined protocol for
generating the combination of two-dimensional electrical conducting and/or
semiconducting structures in the layer.
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c = the specific heat of the mat eri al,. eV|dent from equation 1,
short pul ses are required in order fo achleJé hlgh PR select|V|ty I n
the direction perpendlcular to the | ayers. thce ‘t he 1 6cal ‘30 tenperature

LIRSS AR SRS e s
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600 O T R o ducting iR b ra Bhinie R {cleteft 18V SRSRRS with
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f
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conduct i ng pat Hee radiation dhayagtexistiesand®r the powvery or ﬁ@ﬂ]&%ﬁ@fémﬁ thergef.
direction to the planes is of paranount inportance and conpri ses

typically forning adodedig teoihesthivd sspectpf ke invémtibnpieferred that the specific
radiation characteristics are intensity and/or frequency; one or more layers
for generating electrical conducting and/or semiconducting structure
10 preferably being selected by irradiation with electromagnetic radiation on
two or more frequencies or within two or more wavelength bands, such that
the irradiation on a given frequency or in a given wavelength band causes a
response in one or more, but not all layers. ‘

,—

It is according to the third aspect of the invention also advantageous adding

15 beforehand one or more additives which have a spectral absorption on a
given frequency or in a given wavelength band, to the material in one or
more layers in order to cause the response to the radiation on a given
frequency or in a given wavelength band, at least two layers in the stacked
configuration thereby obtaining mutually different absorption spectra, and

20 then also generating the electrical conducting and/or semiconducting
structure in a layer by the radiation absorption in the additive or additives in
the layer forming reaction centres which cause a change in the electrical
conductivity or conduction mode of the layer material, or generating the
electrical conducting and/or semiconducting structures in a layer by the

( 25 radiation absorption in the additive or additives causing a heating with

subsequent changes in the electrical conductivity or conduction mode of the
heated layer material.

According to the third aspect of the invention the electrical conducting
and/or semiconducting structures in two or more layers are advantageously

30 generated in positions where one or more electrical conducting and/or
semiconducting structures according to the protocol respectively form one or
more vertical electrical conducting and/or semiconducting channels in the
cross-direction through the layers in the stacked configuration, and then
preferably providing according to the protocol the electrical conducting

35 and/or semiconducting structure which forms or form a vertical channel
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portion of for torthegpresentfinuention with agneﬂh_udctowreeaﬁnga;vgibh islcﬁmeacﬁiﬁgdrby a
port 1 on, of 10t 6908 kS BAUBHALER L¢3 i udlBh iy g o
same | ocati on drequenzyctharictesisticaldaptiditretite $pocifie rqummﬁtﬂlle Ihaterialabi on
Conduct | nd Pt AP aperey FipE B9 IRk hafifich, AWy odBigifhd HE aition
conductivity 2%patiallytinieacl casepacerding dmthé pretomol whjch agpresests thiei ch
contains the figeplerated pattern of electrical conducting and/or semiconducting structures
in the relevant material structure, whereby the two-dimensional electrical
conducting and/or semiconducting structures present in the material
15 structures in response to the energy supplied by the irradiation are erased
according to the protocol, such that the material of the material structure
thereafter in its entirety arrives in the electrical non-conducting state.

{

In the method for erasing it is advantageous selecting the electromagnetic
radiation used for the irradiation amoﬁg one or more of the spectral ranges

20 gmnma, x-ray, ultraviolet visible light, infrared and microwave; or selecting
particle radiation used for the irradiation among one or more of following
particles, viz. elementary particles including protons, neutrons and electrons;
ions; molecules and material aggregates.

_ Further it is in the method for erasing according to the invention

¢ 25  advantageous modulating the radiation spatially in a plane substantially
paralle] with a material structure by means of a mask which is patterned
according to the determined protocol, the mask modulating intensity and/or
phase of the radiation incident thereto for erasing the electrical conducting
-and/or semiconducting structures in the material structure; or modulating the

30 radiation spatially in a plane substantially parallel with the material structure

by concentrating the radiation into a beam with dimensions compatible with
the dimensions of the electrical conducting and/or semiconducting structures,
and scanning the material structure with the beam which is |
intensity-modulated according to the determined protocol for erasing of
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appar ent stfuadurd.ig. 5. In a given layer which contributes with a
conducting structure 9 i n connection with one or nore conducti ng
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maae concurren er conqQu |
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i.e. vv: It hox‘:}1 hgbhd”ldr frfbréabﬁt’n@uill Qﬁy&s ifthé sféckear&onmgiﬁﬁﬁahrselectwely FhePS.
T i ca t he egr.ee COI’I er si,on non-L£on

gyprcally the CSiing Sbel i SongRiung Shalor Sk anduRting Mk iy infhe selected

| rrad| ation, fcrlelevant layern@rt lapess withoubeadsing, a respansa 1in/ théﬁ@ﬁlwl?éct@drlh?éﬁs
whi ch ects points,in

etc. Thus a colu
be T or med such ANCER, B fraPly selCHE Onk SOOrE Lverk 6 Rrasiig BEalecipal
choosi ng t he dagxmcuhgcmrdiunsemmqndmtmg@mmtare by irradiating the selected layer
10 or layers with specific radiation characteristics or a given power, the selected
layer or layers being formed of a material which responds to one or more of

the radiation characteristics and/or the power or combinations thereof.

-

may

{ Finally the above-mentioned features and advantages according to the present
invention is also realized with a method for global erasing which is
15 characterised by irradiating the matrix globally with radiation with a given
intensity and/or frequency characteristic adapted to the specific response of
the material to the energy supplied by the radiation until the material in the
matrix in response to the energy supplied by the irradiation in its entirety
arrives in the electrical non-conducting state.

20 According to the invention it is in that connection advantageous selecting
electromagnetic radiation used for the irradiation among one or more of the
spectral ranges gamma, x-ray, ultraviolet, visible light, infrared and
microwave or selecting particle radiation used for the irradiation among one

“or more of the following particle types, viz. elementary particles including
25 protons, neutrons and electrons; ions, molecules and material aggregates.

The invention shall now be explained in more detail in connection with a
survey of its basic principles and with use of exemplary embodiments in
connection with the appended drawings, wherein

fig. 1 shows a MISFET with electrodes formed of a photoconvertible
30 material according to prior art,

figs. 2a, b, ¢ schematically steps in the method for generating according to
the present invention,
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err _
[ ! 10 fig. 6 a schematic section through a diode structure generated by the method

according to the present invention,

fig. 7 a schematic section through a MOSFET structure generated by the
- method according to the present invention,

fig. 8 a schematic section through a logic inverter structure based on the
15 MOSFET structure in fig. 7 and generated by the method according to the
present invention,

fig. 9 the equivalent diagram of an AND gate realized in CMOS technology,

figs. 10a-d in plan view sublayers in an AND gate structure generated by the
method according to the invention and according to the equivalent diagram in
20 fig. 8 with the use of MOSFET structures as shown in fig. 7,

fig. 11 the AND gate structure in fig. 10 as a stacked multilayer
configuration, but exploded in sublayers,

fig. 12 schematically another variant of the AND gate structure in fig. 10 and
with the separate CMOS structures provided mutually connected in a vertical
25 configuration,

ﬁg. 13 a schematic production line for multilayer circuits on a substrate and
using the method for generating according to the present invention, and

fig. 14 schematically the spectral response of photoconvertible materials as
used in the embodiment in fig. 13.
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| ess 10 which arises in the material due to irradiation is used. Initially the
three-dimensional electrical conducting or semiconducting structures can be
generated as two-dimensional structures of this kind by direct local influence
of the radiation on a single layer and appears as three-dimensional by joining
{ single layers into a multilayer structure. Indirectly the electrical conductive
' 15 or semiconductive structures may be generated by additives which, when
stimulated by the irradiation, influence the convertible material such that its
electronic properties are changed. In case of homogenous convertible
materials the radiation influence must be spatially defined in a corresponding
three-dimensional pattern. Even though the invention in principle includes
20 homogenous materials, the explanation of the method in the following
essentially will be directed towards multilayer structures or layered structures
where the three-dimensional definition of the electrical conducting or
semiconducting structures is obtained by a different responsitivity to the
radiation effect in two or more layers of convertible material which form a
25 stack. Typically the convertible material will be an organic material, for
. instance a molecule, an oligomer or a polymer where a'phase transition from
) an initial first state to a new second state takes place upon irradiating, for
instance with light in a given wavelength band. As mentioned in the
following, it is presupposed that the most important change taking place from
30 the first to the second state, is the degreé_ of electrical conduction. In the
following the methods for generating and erasing of electrical conducting or
semiconducting structures will be exemplified by spatially controlled

irradiation of layered or layerwise built-up irradiation convertible materials
(Icm.

j

35 For polymers such as polyaniline it is as shown in the above-mentioned paper
by de Leeuw & al., observed conduction ratios between two states as high as
10", In this case it concerned in situ conversion of a single layer of
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states", Appl. 5 Phys. Lett. (67: 2241 2242 (1995) rand t he' theteih
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conplexity this can be done for instance to obtain error correction of the
fabricatiopn, i !Atﬁflﬂﬁlay&wadked)ﬁﬂiff&eho1mﬂdmmolnrwmmbmmmemiplmaytheon or

Coml et el y newProvided o 7 sbEateHbiet Ak ks pYpTe PEefidg Bon i€ or oy
conducting andnéﬁ-corﬁm:tm(gmthmdsatumpunemgﬂammﬂal be made eodduetingons
consti tute =, P86 Lopdyetips & oMEERSH AR Rlmg By 443k I Qg Powing
structure and prédedairesywier eitherpatterneddtradiation of a numberdof singde dayer
gener ati rij ¢ nolpiEieH Gl eRiBle A0S 3P idyeniaF oSl apeous combhasion
however, be achbf ¢velayeys imtod arultitayenstacky mthyomsmgq:a@ﬂgd madlapiomef a
subetant 2y Graubel 0o K gl Wl el IOWE SOt
e(' t her types of irradiation with dlfferent radlatlon character1st1cs being used such
that the radiation interacts selectively with one or more designated layers in
15 the stack. Multilayer stacks of irradiation convertible material are of
particular interest in connection with multilayer thin-film circuits where it is
required to generate electrical conducting lines, current paths, connection
points or electrodes in several layers such that the conducting structures in
one layer has a precisely controlled spatial relationship to the conducting
20 structures in the layers which are located above or below. One example is
thin-film field effect transistors (TFET) where the source and drain electrode
in a layer must be correctly positioned relative to the gate electrode and with
intervening isolating and semiconducting layers. Another example is
electrical connections between the layers where traditional solutions in many
25 cases are unsatisfactory, for instance by incorporating a number of steps such
as forming open channels or vias between suitable points which then shall be
electrically connected in the different layers and with subsequent filling or
casing of the channels with a conducting material, such as this finds its
parallel in the use of through-plated holes in circuit boards to obtain a
30 connection from the front to the back of the circuit board. A third instance is
the generation of capacitors by defining conducting areas which are aligned
mutually opposite in two layers separated by an isolating layer. Evidently not
only highly conducting, but also isolating resistive and semiconducting
patterns in multilayer structures are of the greatest importance. Such as will
35 be explained in more detail in the following, patterns of this kind may be
generated by using the method for generating electrical conducting or
semiconducting structures or patterns according to the present invention.
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29 10 allows access to the substrate for all active devices. If the method according
to the present invention is used for generating electrical conducting or
semiconducting structures in three dimensions by means of stacked layers,
whole devices may be generated in this manner without any essential
restriction with regard to the size or complexity as scaling quite simply takes

15 place by joining more layers to the stack. As each layer may be made thin, for
instance with.an order of magnitude of 10-100 nm, the resulting volumetric
density for the circuit patterns and hence the performance per weight or
volume unit may be extremely high. Further hybrid architectures may be
realized with the use of layers which includes irradiation-converted

20 electronic structures which are formed on the top of and function in

~ cooperation with additional silicon-based electronic circuits.

The basic object of the present invention is the generation of electrical
conducting, semiconducting or resistive structures in three-dimensions in a
multilayer material in a2 monolithic format and may be realized using a

25 number of different fabrication procedures. Such procedures will be
described separately in the following. The first step is a patterned conversion
of a single-layer irradiation-convertible material ICM with subsequent
sequential combination of the layers into a multilayer stack. Multilayer
structures may be formed in the irradiation convertible materials which are

30 deposited and processed sequentially as a set of thin film layers $S1, SS2,
SS3 on a common substrate 1, such this is shown in figs. 2a, b, c. The
substrate 1 may be a rigid or flexible sheet with arbitrary thickness or it may
be a continuous tape in a reel-to-reel process. In case of irradiation
convertible materials ICM the sequential process takes place as follows. A

35 first coating layer SS1 is applied to the substrate followed by a spatially
controlled irradiation which forms conducting structures 9. The irradiation
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blue or ultraviolet light, followed by wet processing.

After the processing of the first layer SS1, a second layer SS2 is applied on
15 the top of the first, for instance by evaporation, sputtering, application of a
- liquid.(for instance by spin or dip coating), doctor blading or by lamination
of a thin film onto the first layer SS1. The photoconversion of the second
layer SS2 takes place by means of spatially controlled irradiation and for
instance conducting structures 9 are generated through the mask or SLM 7b.
20 If the photoconversion takes place directly, i.e. is effected by means of
irradiation alone, measures must be taken to prevent activation of the
underlying layer SS1. This may for instance take place by incorporating a
radiation shielding layer between the two layers SS1, SS2, as the
radiation-shielding layer may be a spectral filter or absorbing or reflecting
25-  media, or by using coating layers with different spectral photosensitivities. If
the photoconversion makes use of a photoprocessing after the irradiation,
measures must be taken to prevent that chemical reactants penetrate to the
second coating layer SS2 or changes or damages the first coating layer SS1.
In this case such measures may include control of the intrusion of chemical
30 species in the second layer via a strict processing protocol or by choosing
materials in the first coating layer which are not influenced by the chemical
processing means used on the second coating layer SS2.

After processing the second layer SS2 a third coating layer SS3 is applied on

the top of the second, possibly followed by a fourth, fifth, sixth layer etc., as
35 required. The third layer SS3 may for instance after the conversion comprise

semiconducting structures 10 generated by the irradiation through the mask
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20 transi stors which may be connected el ecfg,i,.cal ly wth resistances and

capacitors to formconplete active :el.ectrdgni ¢ circuits.; More speci fic:

exanpl es of active conponents and circpits formed thereof<ishall bg:
d

-di scl osed 11d S0 ¢ SRR i .
f or war d- bi ased %ngljx%?:?i jc}% Hﬂffggaw t Hgdoﬁil ltjaél%einnto %%%ﬁ)zﬂgat ﬁis%% %gﬁggig?ﬁ?gh

structures genegivendaysr disturhsonsamages the wnde iﬂ&.\]f@fﬁfﬁoﬁhe measurgs,yhi
realised in thifayipefdedcshapl ﬁ%ggg}ﬂa?e aﬁ%&x&&@mm;ﬁo?ﬁn&@ miiRidEBEaBove

SS2 and SS3 contaln the act)ve, s conducting materi a rovi ded between
the el ectrodes Mconnecepavith fhe 919%5%93% Ewg%irsaﬁegmlamé- active
material 10 in the sublayer SS2 is an n-doped sem conductor, while the 30
adj acent abti velhemmethod as @entionddeins conmsotionSeithi gs 28, dpweniay also be used

sem condiclor fr paeeuEARKGRLE 2 s bt RIS g B PS ialinin

conducti ng pat wnwvertiblermatexied ICVefollawed by an assembilyzinto hapsltilayer stack.

such that the ADRRUiniat R ettt dif i SRAT ey suited [BPRbodRh e

t hi ckness | ess repkto-rgelrsuch thihis shown sehematigally dn dig. & Each Blmdsdn fige3

di ode 10 shown as three films ICM;, ICM,, ICM; and is subjected to photoconversion
in the desired spatial pattern, for instance by means of masks 7 followed by
an assembly into a multilayer structure, for instance by gluing together or
heat-assisted lamination. A flexible tape MLS results which either may be
folded or rolled together or cut into segments. In case of an irradiation

15 convertible material this embodiment of the method for generating according
to the invention is compatible with both wet or dry processing after the
irradiation. In some cases where high registration precision accuracy between
for instance electrical conducting or semiconducting structure in different
layers is required, this embodiment of the method will be more difficult to

20 implement than the alternatives which are described above with reference to
figs. 2a, 2b and 2¢ or which shall be discussed below with reference to figs.
4a, b. In fig. 3 irradiation convertible material ICM is drawn from
respectively rolls R, and guided via adjustment rolls Ry, Rpa, ... for
tightening and positioning of the tape through the masking device 7. The

25  completed patterned films ICM,;, ICM,, ICM; are then conveyed over a

g guide roll R, and after further position adjustment through a lamination step

Rp and laminated into the multilayer structure MLS.

——

A patterned photoconversion may also be implemented on a pre-formed
multilayer stack of irradiation convertible material ICM such this is shown in
30 fig. 4a. A multilayer stack of such materials is made by repeated applications
of a number of supporting layers SS1, SS2... or films on a carrier substrate or
assembly. Each layer SS in the stack may change its electrical characteristics
under influence of spatially defined irradiation or possibly heat generation as
result of such an irradiation. In case of irradiation convertible materials ICM
35 the material in each layer SS is selected such that the response to irradiation
becomes different from layer to layer and a selective patterning in a given
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30 ) structure will be deternined by .t.Q@-.rret hod, f or generati ng.
conducction and sem conduct i.ng’ Stru.ct wures, but by. usi ng.f ot ;i nstance
vi-si bl e or ultraviol et l'i ght: an: extiensi dn of |ess'tHan 1[err] i may

' ?ﬁ obt ai ”e? layter is B‘btamé:d By sﬁxt%ﬁfé"@ﬁé&&ﬁﬁﬁaﬁfaﬂdxg chardoRiTEstidso ht ﬂ$fb bé

e present inventi and real | 0
t hi npf i | mtechnt ed—ﬂqgt ippentrast Wltﬁéﬂﬁﬁﬁ%é’hﬁ%‘ FEegg}SGW%}%“} ﬁopﬂgctlon
subl ayer SS1 anﬁmmmﬁhsddiméﬂt @fﬂh@rmémudaéccordmg tocfigguzi b;tg pibbﬂ@ﬁng%f&r
whi | e the subl ayer, con I we

sem conducti ng gar Pn‘i@%tﬁ'ls‘hgéqe;\sf’lqt?ggaqﬁhﬁﬁbg?ﬁﬁ’gltogﬁqmgégﬂl not be mcbl
registers Wth lhergahiclehfcldoassl wWithinhhe %mdmhlﬂaﬂﬁﬁteﬂaeﬂlmbfaﬂiﬁkm
nori zont al . tak '@nméif?er%ﬁa' AL SPRGjeS Sich BavE e o i e hipvant
Each of the | aykysr during thecfmpmaaea of thieestaek oc have allefuseqﬂ uetiol the reflevaritur es
hi ckness of o far o the RLSHE the bale MiacinkSs MLASTEH R G pleiopmed
ext ensi on i n t mmulilayzostack ¢f aredistioh ceaverybleenaterials mdy hedenddnedmsesent
technol ogy g |1 e § S0 5Pos¥Hht the mYtdrPais il th stRACIENREre polymers WhichTay
be patterned photochemically and which changes their electrical properties
when they are irradiated with ultraviolet or infrared light through the top of
the stack as shown in fig. 4a. The spectral responses for the wavelengths A4,
{ A3, A3, A4, are shown in fig. 4b, and imply that a given layer in the stack may
15 be selected by using light of a suitable wavelength. For instance fig. 4a
shows addressing and masking of the layer SS2 with light on the wavelength
Az. For the sake of simplicity it is supposed that the irradiation makes the
material change from a non-conducting to a conducting state. In fig. 4a the
patterned irradiation takes place by illumination through a mask 7, but other
20 alternatives may be used such as raster-scanning with focused laser beams or
illumination with near-field imaging or projection imaging of luminous
pixels in an addressable matrix light source. This light source might for
instance be a cluster laser or an array of laser diodes. For the projection
imaging optical active elements in the form of lenslets or diffractive
25 structures may be used. Instead of masks with a predetermined pattern,
controllable masking devices could be used allowing a spatial
reconfiguration of the pattern according to some determined protocol or
other. A controllable masking device of this kind may for instance be a
spatial light modulator. It could also be topical for determined purposes to
30 use masks which allow intensity modulation or phase shift. When using a
mask in the form of a spatial light modulator the light source could
additionally be global. If the light source, however, on the contrary is
pixellated or patterned, something which will be the case with an array, the
contribution from the separate light source could merge with a contribution
35 from neighbouring light sources such that the structures which are generated
~ in the irradiation convertible material becomes overlapping and continuous
- without spatial variation in the electrical properties. Finally, light sources of
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c) The MOSFET structure in fig. 7 may now,ﬁe,,used i,n l.ogic gates,, for
I nstance a logic inverter in CMOS technol ¢gyi as, shown in fig. 8 ‘Apn
i nverter of this kind is fofnmed by!payrallel* connectiron pf :t he drain

and source 20 I s kel - NOBEET ¢ ¢ 5 VRSTET 1
bac k-st ch)r back this ﬁﬁggﬁg}eé’ :S' ;}gé‘ﬁggﬁgﬁwhﬁt ﬁc[ltt)%&ml)ﬁ’ %@F@F@a& _For%ll:hl:ngt e
pur pose a ver t lati¢r case it witlimjcembinption withudidfrastive elements for instancsdhes

B e

out put signal fromtr K . . I's_convey .ni's conducti pg
structure 15 t drradistion ooneertibde maseriaband to defingss mudtitpygr spracture in the

figure. The Coﬁ%ﬁ?ilxg"if ﬁlfrxfa?érgﬂdﬁrs%%s RbnVBRed at an eﬁwﬁﬁnﬁﬁé‘&ﬂﬁ%shaﬁl bpput

signal via the Zontal ‘conducting structure 9 sutI)I ayer SS$S4

. . L
at right in thénergudensifner ths tadiaienoln sPRNEGIL iR PdahiS Falgehere 0t R d§ 1 Pe
| ess than 1[ er heMindetRioodl thyt 1ighk sé8fbedl AfasR aull modhlatdieRy the puipbke of the
O,7[err]m while the horizonta eg?enm on of /é%e. [ ré%/‘frter @nda# ave the
same 30  di medSeesnd in¥ention 49 nofdeEm & PagHEME imvention. and thettheygenetally
the MOSFET . in an§tdddeimst besupfoseddortie Known to perséis skified inetheoaponent s
| i ke the MOSFET structures showm'in fig. 7 be used for formng

may

nave t he. dRei r dhimacRY pEAAPIUAhBbIaH SabtRkEd luith an embodiieldf of 123 nitthicd

organi ¢ thi n-f iwhereaediasiongwhicipeball bedocysedito adpwewilayer, is absorbed in the

passage through overlying layers or overlying portions of the matrix. In
, practice it has turned out that idealized cases with completely separable
(- spectral sensitivities in the irradiation convertible materials as shown in fig.

15 4b, are difficult to achieve for a large number of layers. Further the optical
absorption of the irradiation convertible material typically will change when
the conductivity changes, for instance materials with very high conductivity
have a metallic sheen due to the high concentration of conduction electrons
which shield against penetration of incident electromagnetic radiation in the

20 material. Additionally, also a number of the candidate irradiation convertible
materials will initially be in a conductive state with high broadband optical
absorption and convert to a bleached conductance state in response to the
irradiation. Measures to avoid crosstalk between layers due to such
phenomena may include two-sided illumination, i.e. both from the top and

25 the bottom of the stack, in the latter case through a transparent substrate if
present; including a blocking layer in the stack, for instance a light-absorbing
and light-reflecting layer provided between layers which may be subjected to
crosstalk; sequential conversion of the layers, starting with the one being
farthest away from the radiation source, for instance the bottom layer SS1 in

30 fig. 4a, something which is particularly relevant with the irradiation
convertible materials which convert from high to a low optical transmission
during the patterning; and finally doping of irradiation convertible materials
in different layers with substances which interact selectively with incident
radiation directed towards these substances and which precipitate a

35 conversion in the irradiation convertible material when activated - an
instance of the latter is given as example 1 in the discussion of preferred
embodiments of the methods according to the invention.
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34 . exanpl e i s connected with an AND.gat e, reali.zed in CMOS
technology with the use of the'lrarsi stor’structure as shorwn |n fig.
7. In order to facilitate the « unhdersstandi ng’ of How;actiye deéevices
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ref erence shal |converidble m@tqmjs IEN whie gnwetuwddnrtbelme@xos}g racgording to

for an AND gat ghe dniven AR a’kr é\f‘fﬁctté‘éﬁﬁi ghegwHithamy b d in th
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Jerr] 10 and t,he ate elect ode on n- err ?@. err% f .bot h

i nput si gnal s SWRicApducting stru ‘H’ﬁﬂ ¥ 1gpangp 1R85 ‘GEFSL%WB % Log ipstancge
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corr espongng! veiken naldig, Br¥Rnbe gl el oF Sbisiblc st e atlaticd 1

convertible matenals ICM shall, however, in no way be regarded as

exhaustive. These materials are for the time being in an early development
stage and it is to be expected that ongoing research and development
activities in the field dramatically shall increase the number of available

15 materials. Below follows examples of such materials.

Example 1 - Irradiation convertible materials for use with ultraviolet, visible
and infrared light '

a) Transition from conducting to isolating state: Most conjugated polymers
may in irradiation with light, e.g. ultraviolet light, be converted from
20 conducting to isolating, for instance the above-mentioned polyaniline.

b) Transition from isolating to conducting state: Different conjugated
polymers patterned by irradiation with light become conducting by
subsequent exposure to a suitable dopant in gaseous or liquid form, e.g. a
dimethoxyphenylene derivative of poly(phenylene vinylene)
[ 25 (DMEOQ-PPV).

c) Transition of isolating to conducting state with the use of dye
impregnation: Poly(phenylene vinylene) (PPV) precursors impregnated
with an azo-sulphonic dye with strong absorption on the wavelength of
the radiation, e.g. with the use of lasers, can be irradiation-converted to a

30 conjugated polymer.

d) Transition from isolating to semiconducting state: A 2,5-
dimethoxyphenylene derivative of poly(phenylene vinylene)
(DMEO-PPV) may transfer from isolating to semiconducting state by an
elimination reaction of polyelectrolyte films formed thereof. It will then
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Lausanne, Switzerland 1997 (ISSN: 0379-6779)).

Example 3 - Conversion with ion radiation

Conversion from isolating to semiconducting state: Poly(phenylene vinylene)
(PPV) has been derived from a sulphonium salt precursors by ion irradiation
at 1000 keV Ne* (cf. J. Davenas, V. Massardier & V.H. Tran, "Conducting
polymer synthesis via ion beam precursor conversion", Nuclear Instruments
& Methods in Physics Research, Section B: Beam Interactions with Materials
and Atoms. J+C on New Trends in Ion Beam Processing from Ions and
Cluster Ion Beams to Engineering Issues, Proceedings of the 1995 E-MRS
Symposium, Strasbourg 1995).

Example 4 - Conversion with electron radiation

Conversion from isolating to conducting state: Polyanilines og
polythiophenes may be doped by exposure to electron beams or light, as salts
of complex cathions, so-called onium salts admixed in the polymer are
decomposed during the irradiation and generate bronsted acids (proton acids)
which acts as in situ dopants (cf. M. Angelopolous, J.M. Shaw, W.S, Huang
& R.D. Kaplan, "In-situ radiation-induced doping of conducting polymers",
Molecular Crystals and Liquid Crystals, 189:221-225 (1990)).

Example 5 - Thermal conversion

Thermal conversion may be regarded as a secondary effect of the irradiation,
whether it takes place by means of electromagnetic irradiation or particle
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10 post-treatment which is applied with the methods according to the present
invention may take place globally, i.e. in the composite or monolithic matrix
and need not then necessarily be induced as a secondary effect of irradiation.
Above, under example 3 conversion from isolating to semiconducting state
( by means of ion irradiation was discussed. An alternative may be to subject a
15 semiconducting microcrystalline material to a short radiation pulse which
causes fast transient heating and cooling with conversion to an amorphous
non-semiconducting state. Laser-induced conversion between amorphous and
quasi-crystalline state in polymers is a well-established technology for data
storage on optical disks and shall hence not be discussed in further detail
20 here.

—

(L

Now examples of preferred embodiments of the methods for generating
according to the present invention and with reference to the relevant figures
{ shall be discussed.

25 Example 6 - Dye-mediated selectivity in a multilayer stack
As mentioned above, conversion in specific layers of irradiation convertible

materials may be obtained by spectral-selective irradiation with for instance
light or other types of electromagnetic radiation. In practice the cross-talk
between the layers in the different irradiation convertible materials restricts
30 the achievable contrast and reduces the achievable number of layers in the
stack. Further the trade-off between layer selectivity and irradiation on one
hand and the irradiation convertible materials' electrical performance on the
other hand will lead to undesired limitations of the total performance of a
device thus generated. This problem may be solved by de-coupling the
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‘'vertical conductor structure 15 which al so extends through this sublayer on
both sides thereof, consists of dielectric nelertal whi:ch fornms a comon
gate 15 isolator for the MOSFETs :Jerr]-Qerr] which:realize:the: AND
‘gate. The | ayer - f r |« <ed: ‘SS3..angd. _S83..
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provi ded above whithaehweardhe wholetspectryar from ultra®@edetaovercasible dight to
respectively t QUE - L4 P e ' :
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contacts a hor iofdhiskingd iy &weakdy absorbing igadiationecensrtiple mederial suehthati n
fig. 10d. This I"ﬁﬁﬁf 5@3@ ; ;
connection bet vfggrght e%!r)%%%ﬁs(ra ectro s}ag(zéh%%ﬁggs?ggr Bfﬁg@ggé’ Proviles a

correspondi ng NBSEEaL "tgadt whickmesy be asadite obiein: therfiasised-gedectivifv éer ed

with the  coRRinglge6dd RERrélin tédIe Edergfadsbfed Rl 4 498 ROmC e ent
path 9 realizes the serial cgnne,ctlon etween the solrce il ectrode
s[err] onl®y er Afragiatiomis epnyerted taoheafda ajxery short tipe epd capsesradosalyr ce

el ectrodes s[ erginpapstust eise] TALS aKetuteivatel {readiationhsunveplibR material in this

conductor structures 9,, while horjzontal, condycti ng structure fagrthest to
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SO 1y g ot Ml i b et o wkitt e e
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dierr],d[ &5r] con@olled. THk és at¢hiewdd biyeusing padiationepuldesnoihich viré bhirt ate
intense. In a one-dimensional configuration which will be relevant in the case
where thin layers are stacked upon each other, a sudden temperature increase
in an infinitesimally thin layer in the material or in the matrix will make
itself felt to a distance from this layer corresponding to a thermal diffusion

20 length defined by the formula:

= (x/nfpc)'? 1

where the material parameters are
K = thermal conductivity,
{ f= 1/t the characteristic frequency which is = the inverse of the pulse
25 duration 1,
p = the density of the material, and
¢ = the specific heat of the material.

As evident from equation 1, short pulses are required in order to achieve high
selectivity in the direction perpendicular to the layers. Hence the local
30 temperature increase which follows the radiation and thus the reaction speed
in the radiation convertible material are higher the shorter the radiation pulse.
'For typical polymer materials p lies in the sub-micron range for radiation
pulses which last less than a microsecond.
- DED,.ga\EE‘

N



‘out put signal X fromthe NAND gate  consisting.of Qerr],, qerr],_qerr]
Qerr] is 35 conveyed on the ver"ucal qu;?%nt ‘path 15 Fig 11 shows
schematical ly how t he Iayers [ n fig. 10:appear in st acked ;

-configuration, g@éfldﬁg ator: her e« bei ng

I ncl uded. For T ;
I33 i s dhleatriealnanmeations | tweerp different dwmenéhusﬁinmatcmmlts ayi other

correct 5

Chrough every YPESOE %‘@‘%‘#@’S?@%‘%ﬁﬁnﬁf&é@?a%“’?%‘?Fﬁée gor Y fﬁﬁ%ﬁﬁﬂ‘?ﬁ

gate el ect rode mm,téclectromcs Pyegisggwsitioningeof ¢onductingipa §|1ngachdayghp

dielectricgl ay @QRJ Wr m}»%

have a thi (5: kne?gdoﬁ@é%@hn?ﬁéﬁr d éﬁ"té‘ﬂwgﬁaﬁ 1? ou 00 e r
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thi ckness wel | BEfGw I he[Rhys BEﬁcﬂ rigeyhales i prios art plage bhe

current 10  pak&ss 8f dAillih@IRiREHing o BERIng) ah@the Bonducting material is added

10 by mechanical filling, electroplating etc. Very clearly processes of this kind

represent a significant complication and a substantial cost with an
accompanying limited precision.

( In the present invention the connections as well as active and passive devices
may be generated in the same processing sequence which defines the

15 electrical conducting and semiconducting structures in each layer, i.e. with
the same kind of spatial precision as the structures themselves and without
resorting to further and other types of manufacturing steps. Fig. 5 shows the
basic principle for the particular case where a single conducting path 9 shall
be generated between a portion of for instance of a conducting structure in a

20 layer SS5 and a portion of another conducting structure 9 in a layer SS8
spaced apart from the former. By repeated conversion of a small area in the
same location of in each of several adjacent layers between the termination
points of a conducting or semiconducting structure, a column 9' of
conducting material is formed as shown in fig. 5 and electrical conductivity

25 obtained stepwise from the starting layer SS5 which contains the first
conducting structure, to the final layer SS8 which contains the second
conducting structure. The cross-section of column 9' may be defined |
arbitrarily via the selected irradiation pattern. A number of parallel
conducting columns may be generated by direct extension of this procedure

30 - and the columns may begin and end in different layers such this is apparent
from fig. 5. In a given layer which contributes with a conducting structure 9
in connection with one or more conducting columns of vertical conducting
structures 9', the latter shall be made concurrently with other conducting or
semiconducting structures 10 which are patterned in this layer, for instance

35 SS6 in fig. 5, i.e. without having to carry out other or different processing
steps. Typically the degree of conversion from a non-conducting to a
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15 No. 11: 1019-1023 (1992). This material is an organometallic charge-transfer
complex M(TCNQ) formed by TCNQ (7,7,8,8-tetracyanoquinodimethane
Ci2HsNy) which functions as an electron acceptor molecule with different
metals as electron-rich donors. The metals may be Li, Na, K, Ag, Cu or Fe.
M(TCNQ) may under the influence of light radiation and for the sake of that

20 also energy supplied in the form of heat or electrical fields transfer from a
high impedance state to a low impedance state. Generally the reaction may be
written as

[M*(TCNQ) Jn «™E>Mx + (TCNQ)x + [M*(TCNQ) Tn-x

The process is reversible, as the return reaction may be obtained by supplying
/ - 25 energy & in the form of heat, electrical fields or photon radiation. The

reversible reaction result in that M(TCNQ) may be used for generating a
bistable switching medium, for instance an erasable memory material. The
method according to the present invention is based on the use of irradiation
and not electrical fields, and it may then be relevant that the electron donors

30 are selected among the above-mentioned metals which yield modifications of
M(TCNQ) that are sensitive to certain wavelengths of light. In thin layers,
for instance of 100-200 nm, M(TCNQ) has non-linear current-voltage
characteristics, something which may be used for realizing memories of the
type ROM and RAM. For this purpose it is of particular interest that

35 M(TCNQ) stably and reproducably allows current-controlled bistable
electrical switching. In an electrical addressable memory for instance the
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When reversible materials of this kind are included in one or more layersina

10 stack it is possible to reconfigure the circuit. With increasing degree of
complexity this can be done for instance to obtain error correction of the
fabrication, interactivity relative to an environment or an application or reuse
of matrix material in the stack by erasing and generating completely new
circuits. Such methods for erasing of electrical conducting and

15 semiconducting structures generated in three dimensions constitute a part of
the present invention. A first method for erasing may be realized by
irradiating the separate material structure and will allow erasing of electrical
conducting or semiconducting structures in close analogy with the methods
for generating the structures. A selective erasing of the structures may,

20 however, be achieved by modulating the radiation spatially in a plane,
substantially parallel with the material structure by means of a mask which is
patterned according to a determined protocol, as the mask then either
modulates the intensity or the phase of the incident radiation for erasing the
electrical conducting or semiconducting structures in this material structure.

_ 25 The radiation may also be modulated spatially in a plane by concentrating it

¢ to a beam with dimensions which are compatible with the dimensions of the

electrical conducting or semiconducting structures and by scanning the
material structure with a beam which is parallel to the plane and
intensity-modulated according to a determined protocol, thereby erasing the
30 electrical conducting or semiconducting structures which are present in the
layer. In other words the radiation will be directed from the side of a possibly
stacked structure and modulated spatially such that it becomes parallel with
and confined to the structure. Alternatively there may wholly in analogy with
an embodiment of the method for generating be used a selective irradiation
35 where one or more layers in a stacked configuration shall be erased, and the
radiation in this case will as usual be incident perpendicularly to the plane of
the layer. The selectivity may then be obtained by the relevant layers being
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Example 9 - Active circuits

15 As the method for generating according to the present invention makes
possible that suitable materials may be converted from an isolating to a
semiconducting state or vice versa by irradiation, either directly or indirectly
(e.g. in the last instance due to a simultaneous local heating), it will be
possible to apply the method to manufacture for instance diodes and

20 transistors which may be connected electrically with resistances and
capacitors to form complete active electronic circuits. More specific
examples of active components and circuits formed thereof shall be disclosed

by the following examples.

. a)  Fig. 6 shows a forward-biased pn junction diode with conducting and
L 25 semiconducting structures generated by the method according the invention
and realised in thin-film technology with four sublayers SS1-SS4. The layers
SS2 and SS3 contain the active semiconducting material provided between
the electrodes 11 in respectively the sublayers SS1 and SS4. The active
material 10 in the sublayer SS2 is an n-doped semiconductor, while the
30 adjacent active material 10' in the sublayer SS3 is a p-doped semiconductor.
The electrodes 11 in the layers SS1 and SS4 are contacted by horizontal
electrical conducting structures or conducting paths 4 in the same layer. The
separate layer in the diode structure in fig. 6 has typically a thickness of
about 100 nm such that the whole structure forms a multilayer structure with
35 a thickness less than 1pm. The horizontal extension of the area of the diode
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and reg1sters w1th the gate electrode 10. The source and drain electrodes 14
10 are provided in the following top layer SS4 and are contacted by horizontal
electrical conducting structures 9 in the same layer. Each of the layers
comprises either electrical conducting structures or a semiconducting
structure, as well as dielectric areas. The thickness of a MOSFET of this kind
( may be % pm, while the extension in the horizontal plane such as may be
15 realized with present technology will be from at most a few pm to less than

lum.

c) The MOSFET structure in fig. 7 may now be used in logic gates, for
instance a logic inverter in CMOS technology as shown in fig. 8. An inverter
of this kind is formed by parallel connection of the drain and source

20 electrode in respectively an n-MOSFET and a p-MOSFET in a back-to-back
configuration, with common gate electrode. For this purpose a vertical
conducting structure 15 is generated and passes through all sublayers
SS1-SS7 and connects the electrodes 14'. The output signal from the inverter
is conveyed on this conducting structure 15 to a horizontal connecting

25 structure 9 at left in the figure. The common gate electrode 12 of the
MOSFET receive the input signal via the horizontal conducting structure 9 in
the sublayer SS4 at right in the figure. The thickness of all sublayers will
then be less than 1um, typically realized with about a thickness of about
0,7um, while the horizontal extension of the inverter will have the same

30 dimensions as stated above in connection with the discussion of the MOSFET
structure in the figure 7.

d) Active components like the MOSFET structures shown in fig. 7 may
be used for forming integrated circuits by stacking of sublayers with
structures which have the desired electrical properties and wholly are

35 realized in an organic thin-film technology. Specifically the following
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t he the p MOS trans1stors Ql respectively Q. will be switched on and the output
signal X goes high, as either one or both of the.serlally connected n-MOS Qs,
Qg are off and no current flows. The devices Q;, Q,, Q3, Q4 realize, as will be
seen, a NAND gate and to realize an AND gate it is necessary to connect the
output of the NAND gate with a logical inverter which also is realized in

20 CMOS technology, respectively with the use of a p-MOS switch Q, and an
n-MOS Qg switch connected in parallel. This is a standard CMOS inverter
and if its input signal-}-( is high, its output signal X will be the inverted of the
input signal X and hence low. Conversely a low input signal X will be
inverted to a high output signal X and this corresponds to the input signals A

25 and B to the NAND gate both being high. In other words it is easily realized
that circuits as shown in fig. 9 realize an AND gate and persons skilled in the
art will understand that correspondingly logic OR and NOR gates may be
realized and with any number of inputs. However, in principle, all Boolean
functions can be realized in combinations of one type of gate and one or

30 more inverters realized in CMOS technology, for instance with the use of the

transistor structure as shown in fig. 7.

Purely practically the AND gate can be implemented in thin-film technology
as shown in figs. 10a-10d and with the use of MOSFET structures
corresponding to that shown in fig. 7. Figs. 10a-10d show the AND gate

35 wholly realized in thin-film technology and with the active and passive
devices provided in four sublayers SS1, SS3-SS5. The first sublayer SS1 (fig.
10a) contains the gate electrodes g;-g¢ where the subscript points to the
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semiconductor materials b;-bg (corresponding to 10 in fig. 7) which are
assigned to and register with the corresponding gate electrodes g;-g¢ in the
layer SS1. - It is to be remarked that a layer SS2 exclusively, apart from the
vertical conductor structure 15 which also extends through this sublayer on
both sides thereof, consists of dielectric material which forms a common gate
isolator for the MOSFETSs Q;-Q¢ which realize the AND gate. The layer SS2
is, of course, located between SS1 and SS3, but has been excluded from the
drawing. - The layer SS4 fig. 10c is provided above and adjacent to the layer
SS3 and comprises respectively the source electrodes s;-s¢ and the drain
electrodes d;-dg for the corresponding MOSFETs Q;-Qg. The active
semiconductor material d;-ds which is located in the layer SS3 is here
indicated by stitched lines. The vertical current path 15 also extends also to
the layer SS4 and to both sides thereof and contacts a horizontal current path
9 in the sublayer SS5 as shown in fig. 10d. This horizontal current path 10d
corresponds to the connection between the drain electrodes d, and d; for the
corresponding MOSFETs Q,, Qs and is additionally also connected with the
drain electrode d; on Q;. Another horizontal current path 9 realizes the serial
connection between the source electrode s; on Q; and the drain electrode d,
on Q4. The source electrodes s, and sq are grounded on further horizontal
conductor structures 9, while horizontal conducting structure 9 farthest to
right in the layer SS5 is supplied with a voltage V44 and connects the source
electrodes sy, 53, S5 on respectively Q;, Q, and Qs. A further horizontal

current path 9 uppermost in fig. 10d forms the parallel connection between

35

the drain electrodes ds,ds on Qs, Qg and the output line, denoted with X. The
output signal X from the NAND gate consisting of Q;, Q, Qs, Q4 is
conveyed on the vertical current path 15. Fig. 11 shows schematically how
the layers in fig. 10 appear in stacked configuration, the layer SS2 with the

gate isolator here being included. For the sake of clarity the stack, however,
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, structures vertically as shown in fig 12. Again the same reference numbers
( as in .figs. 10 and 11 are used, and it will be seen that the vertical AND gate
15 structure exploits the fact that the gate electrodes g; and g3 of the transistors
Qi, Q3 are at the same common potential, the gate electrodes g, and g4 in Q,,
Q4 on another common potential and the gate electrodes g5 and gs in Qs, Qs
on a third common potential. Hence the transistors Q;-Q¢ are implemented as
CMOS circuits in a pairwise back-to-back configuration by common gate
20 electrode g;,g3; 22.84; 85,86 for the corresponding MOSFET structures Q;,Qs;
Q2,Q4; Qs,Qs. Each CMOS circuit is provided on an isolating layer which in
fig. 12 is located below Qs, between Q; and Q4 and between Q; and Qs in
each of the MOSFET structures. The gate electrodes g are also, of course,
isolated from the active semiconductor material by not explicitly denoted
. 25 isolating layers which comprise the respective gate isolators. The horizontal
{ current paths in figs. 10 and 11 are now substantially replaced by vertical
current paths which extend through the layers and provide the same
connection as shown in the equivalent circuit in fig. 9. Particularly the
current path 15 is shown, which also is realized vertically in the
30 configuration in fig. 11 and, as will be seen, as before connects the gate
electrode gs,g¢ on Qs, Q¢ with the connection between the drain electrodes
dy,d; on Q;, Q; and the drain electrode d; on Q.

The vertical AND gate structure in fig. 12 including the substrate 1 is

generated by a total of 24 sublayers, of which 6 relatively thick isolating
35 layers form the gate isolators and three corresponding thick isolating layers

isolate the paired combinations of MOSFET structures mutually. With the
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10 and that the vertical current paths are mutually displaced in the horizontal

plane in order to appear more clearly. They may, however, lie in the same

plane, parallel to one of the side surfaces of the structure.

Within the scope of today's thin-film technology and using technologies as
' mentioned above in order to create electrical conducting and semiconducting
15 structures in thin films by irradiation of convertible organic materials, it is
wholly possible to reduce the linear dimensions in the horizontal direction,
such that the component density may be increased by at least one order of
magnitude. This implies that the configuration in fig. 11 may realize about
10° logic gates of the kind shown on 1 mm? and with a layer thickness well
20 below 1pm, while the configuration in fig. 12 might realize about 6-10° gates
on the same area with a somewhat better form factor, such that the increase
in the device density becomes about 50% relative to the device density of the
configuration in fig. 11,

In the method for conversion with the use of irradiation little or no transfer
] 25 of material to and from the layers where the conversion takes place and hence
only very small volumetric changes in the materials involved appear. With
basis in a planar structure the planarity is conserved to a high degree also in
those cases where even multilayer material structures are used. This has
implications for the patterning steps, as high planarity is favourable with
30 regard to obtaining high spatial resolution.

Generally the processing step in the method for generating according to the
present invention may be made compatible with reel-to-reel processing on a
continuous tape which is conveyed over rolls 16, as shown schematically in
fig. 13. In the first process step a layerwise deposition of photo-convertible
35 maferial_ takes place on a flexible substrate 1, here in the form of three layers
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thereto for downloading to for instance a cog&rol device which controls the
5 generation of the physical ci rcui t ‘patterns in‘sSitusat a nanufacturlng
| ocat i on. A user may hence thereby generate and produce OIrCUItS by

- ' f £
oo C1 e ¢ CMa KBl JENE SR BRRGoS R l8 o RESib Bt bt
i nven]E i on may tﬂmuseﬂalrlrﬂlehntd&m:h ldayer hasaaﬁﬁﬂer&rﬁ@pew:aﬂ oespomses fort nstance,
| ont e
3 DaTchenkeRrared B0 waveTengits ), Rerhode SRsiBpaaf ahotoreameribion

of electri cal matbrcall II@VIamdy for mstaneantalwplace byadipt couting fs comtalifierse
ses, t.wo

or mor e mafer | Y OERE VbR 2Ot conyertible maitstal 1 pravielia he GRTH 301t
mat eri al structOndhe subetratena nindtiteyerrsteicturenMLS is noweshpairsed and tthems thel y

O W05, 0855 B8RS Sy BEb OB o et Y Bb Panes o
post-treatment onto a drum 17 where on the inside of the continuous tape in
respectively first, second and third sectors Sy, S;, S3 via masks 7;, 72, 73
10 which in each case form the desired pattern, or a spatial light modulator,
takes place a patterning of the layers ICM;, ICM;, ICM3;, with the desired
electrical conducting or semiconducting structures. Masks 7, possibly spatial
light modulators, may then be provided on a co-rotating drum 18 provided
( therewithin such that an optimum spatial resolution is ensured within the
15 time window of the desired exposure. Between the masks 7 and the rotation
centre of the drums 17, 18 there are provided not shown light sources for the
exposure and possibly optical devices, for instance for field correction,
collimation etc. Alternatively the not shown light sources may be provided
integrated with thé masks, for instance in the form of laser diode array and
20 the exposure take place in a near-field arrangement. When the portion of the
tape which shall comprise a complete circuit IC registers with the mask 7; in
the sector S;, the layer ICM; closest to the substrate for the patterning can be
addressed selectively with light of the wavelength A;, in the next sector S,
addressing takes place to the above-lying layer ICM; with light of the
25 wavelength A, and in the following sector S; for instance to the uppermost
layer ICM; with light of the wavelength A;. The response diagram of the
photo-convertible materials ICM,, ICM,, ICM; is schematically rendered in
fig. 14 for the relevant wavelengths A, Ay, A3. If the multilayer structures
MLS are provided on a transparent substrate 1, the irradiation may take place
30 by suitable not shown devices from the outside radially towards the centre of
the drum 17 and then in reverse order of what is shown in fig. 13, viz. with
light of wavelength A3 in the first sector etc. It must, however, be supposed
that the embodiment for reel-to-reel processing most simply is realized as
shown in fig. 13 with regard to obtaining accurate registration and
35 co-rotation of masks/spatial modulators and light sources during the
exposure. After exposure and patterning the multilayer structure MLS
appears with the electronic circuits IC, in fig. 13 indicated as ICy4;, IC,,

AMENDED SHEET



‘conducting state to an el ectrical conducting gnlql/ or, ,sem conducting state or
vice versa, or a change in the electrical '(‘30%] fuct.i on <node of : t he materi.al
106 wherein the material structures arie generated:n the form-of thin.

| b Conbi ni ng_ L@, or. qore. | ayer s it o ia.l amt nat ed_oul Lickayes
structure whi cHCen - exasrefinteckadkcrtigiuarion and thetage in copyeved futter
conbi nati on of il eptionalahot shown workistationg fene(greutting oyrsépatating into the
structures in ta g g k@ns, and _ wherein the nmultilayer structure
i s generated by Q Eeu iEg@i}ﬂ;@‘deposition of 15 two or nore layers into a
stacked configuration on a carrier substrate, . characterized by
generating a cobffaeasingrrioseparpiedayerssi-snthe gensratipaf electrical &@ﬁd@@%/msgand

and sem comduct idificontduetiHg dfruchurds MY e hldoTaRE A edy s@idrife £ded-to-ree] paths
deposition of the.l dj acent” | ayer and before

r&lyer on_the sub tratf or. an’a
depositing a fufughethiaf spel layer ip supjected t.the Bhel9-FagsrsIQN PTAGessFSI ng
each 20 | ayerdifférentpam@i ShitﬁBly)Eos?siﬁleVﬁé‘s_tltﬁée&ﬁﬁrﬁéf afil dorRsttiRMBY for
characteristic adapted . to,t espeC|f|cresa§nsHj of tpe material to
the ener gy suppliPLIRo, PRgsible hoat treAiIEEs g3y e RKE NIACS hetors Fagh spparate
spatially in edafyetbspined ¢ diigltilayeér structure dad €ofing edstacléd efrcuinhi cg

an

represents,a predeterm.ned.pattern of electric « oy conduct i.n

sem conduﬁtoi ng @rffi@qr%}@g. ;‘EPFW@P I%P%ﬂﬂesﬁ%&tmg%wqynt Plae%é‘b&nse
to the energy slay?ht asl almielhdiy Tshgwmaidi fiti dnAgain mnidnfespbbm tHe patterning of the
t wo- di nensi onal _el ectrical .conducting apd sem con ti structures |
generated i 't HepaLgEagets B8RO Tema AF theRlhanReh e e b Gl tdshtion, o1
t hat the conposwith araiew ofachiewingwnamiimatrespatjad cesolutioneoSthei ddsited

h structures generated in the photo-conversion.

15 By for instance using organic materials in the layers and generating the
electrical conducting and semiconducting structures with conversion and
irradiation according to the present invention it may be obtained a far simpler

* and cheaper manufacture of electronic devices than what is possible with
today's inorganic semiconductor technology. If a reel-to-reel arrangement is

20 used in the manufacture of circuits as shown in the above, the production
may take place with high volume and high speed and without essential
dimensional limitations. With the joining of separate layers into a multilayer
structure and forming of a stacked configuration, the registration between the
layers will, however, be critical among other in order to ensure that vertical

{ 25 conducting structures in separate layers register mutually and that for

) instance electrodes and active semiconductor materials in semiconductor
structures do the same. The requirement for registration accuracy will be
given by the pitch which may be realized in the manufacture of the electrical
conducting and semiconducting structures, but may practically also be

30 realized by using interferometric methods for control and positioning,
optically recordable marking, or mechanical or electrical nanotechnology.
Such measures, however, fall outside the scope of the present invention and
are hence not discussed in greater detail, but must be regarded as known to
persons skilled in the art.
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‘conbi nation of two-dinensional electrical cog?u,c't I hg .and sem conduct,ing 30
structures is provided with the conbi nati,on : eltect,ri cak copducting and :
sem conducting structures in three dingnsions.; ¢ : 2. ‘A method

according to i gf fshariOLARHRIBR-iMaREh S6hHH for instafehl BRURGREYE Gecd,
radi ation used Tor Trradlation anbng oné or. nore of e spectral
ranges ganma, xtheaprotorek forisgisten sirenipcenfigyration in maltilpyendesen may be

m crowave. enerateCF gar froFx the manufac%@r'fxg locatich o? glge EREORGRE Pgin'i'ﬁﬁtg 0

claim1l1, characferize partic Iation, use or t

selectin
i rradiation armﬂ{:?rﬁ%f@ralma@ii& ?Q) foninstanaepeantzel device whigh: Gemtzals thez.
el enentary part géﬁ&%_ti'oﬂcéﬂ'ﬂ‘l'egﬂ]ﬁ'ié&l%fbélif‘ﬁﬁ'ﬂtéﬂ@ Aﬂ%’i‘uﬁéte& hdaFacturing lodatidh.

nol ecul es, and terial aggr es. : met hod according to claim
1, characterize Wrrﬂggylﬁgppﬁ ghqrﬁgy generate and produce circuits by tele-processing

according to own specifications solely by transmitting the necessary

instructions and information. The present invention may thus furnish the

concept application and customer specific circuit production a radically new
10 content.
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radiation spatially in a plane substantlallyé arallethWlTyer—by—

means of a mask which is patterned-ac

protocol, the mask modul ating ingensi tyrglng?o'; O;”nﬂmm“"“m ,",

radi ation incidgnt gener ating the conrbi fatton*o
t wo- di nensi onal f’@r’é@?’ﬁ@%ﬁducu ng and 10 sem conducting structures in
the layer. 5 A net hod according to,claiml, characterijzed by

modul ating the 1. A meghed fongeneratiag 5 Combinatiomef slacirigal condycting ande|

with the layer Eé’mmonductﬁ@‘ﬂﬁﬁtﬁ?&s‘ othirbe dhﬂéhﬁbh@fin'a”écﬁnﬁoé?i@élE’ﬁ:é!’ll!h‘i}i1
di mensi ons conpatlble di nrensi ons of th elec

conducting and Y& ’3:969?’%" SPMPEISGs SWOKmPse mafeHa Pi’gj’vtlhﬁa P‘&?Eﬁuﬁpﬂh
the beam wh§ ch béparat@ﬂﬁd hyniBpénbak Qﬂat%?ﬁ?&td'uﬂmrw wherein thb@nﬂehfaummed
El ect i cal _condbiePORS® 4 dhS SHPEG KL LRSSy o UITERSPERILY Bbysiga and/or
6. A method aphemihalg:liangeé af State witichawiuse iteagition mraatelagttr%aétmine-s .
e L0 0 o0 Gl S 8 b SO A I S TP A
pr ot ocol viczgverisey oma ichange imthereleettival- cbnrhlwowmbdelofcthmmatenal,
aiready depbei + Shereingd e el ShdRSh e s R AR} Pouh ST iR By
conducting and sem‘bmmgjmo ogmore layenstiatmelleminatedemultilaper smucture which
cross-directiongb Ul % dmy6dite matrix with the combination of electrical
conducting and/or semiconducting structures in three dimensions, and
( wherein the multilayer structure is generated by a successive deposition of
15 two or more layers into a stacked configuration on a carrier substrate,
characterized by generating a combination of two-dimensional electrical
conducting and semiconducting structures in a layer immediatedly after the
deposition of the layer on the substrate or an adjacent layer and before
depositing a further layer on the first-mentioned layer, by irradiating each
20 layer with a radiation of a given intensity or frequency characteristic adapted
to the specific response of the material to the energy supplied by the
radiation, modulating the radiation spatially in each case according to a
determined protocol which represents a predetermined pattern of electrical
conducting and semiconducting structures in the relevant layer, whereby in
25 response to the energy supplied with the radiation the combination of
two-dimensional electrical conducting and semiconducting structures is
generated in the layer with the pattern predetermined by the protocol, such
that the composite matrix formed by separate adjacent layers with the
combination of two-dimensional electrical conducting and semiconducting
30 structures is provided with the combination of electrical conducting and
semiconducting structures in three dimensions.

2. A method according to claim 1, characterized by selecting
electromagnetic radiation used for irradiation among one or more of the
spectral ranges gamma, x-ray, ultraviolet, visible light, infrared and

35 microwave.
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25 7. A nmethod for generating a conbi nat on of el ec
and/ or - sem conducti ng structures |n t eé.di'r rrens umm"l mmm m*
mat ri x, wherein the matrix conpr-lses two or nmor e rtat &ri &l S" provi
.in Spatla| |y Xe{gar at e and_honpgenqus «erl al, é’ruc res, wher,

the materials ih ethod AncoEding o aé‘Hp]p agqcigrize eqtiig Pgrtic e
speci fi c physi cadiftisH asedBor théﬁ@fﬂdi@dloﬁﬁmﬂ?oﬂé o8 eI welibﬂllomngetypes of
con
i

f - |
Conauct | ng. ana/RHEIAS, d¥hameRiAy marticlss iRelding Higtird, Behto st Ripeiisi

the el ectrical mgudumﬂeaﬂespmﬂﬂatéﬂilﬁ wherein the materi al
structures are generated in the formof th| n Iayers by conbi ni ng two
or nore |agers jnto t [ tutes
t he corrpos?st e rf'at ri x‘&vfllh ?@o@ﬂ%&%ﬁg{gﬁ 9 émgrho]fs éﬁgﬁ&éﬁzé@ b?%%&ulatﬁ?é‘&ié

40 condaéiatinp spatially inesiplanel mébstﬁgtlélt y peralielswith & layes Ry meanspika
gpdm)r . wher@hek WiScHYS bhttenRid addor@ing ® the S8R APpdtotsltRathak t Wo

modulating intensity and/or phase of the radiation incident thereto for
generating the combination of two-dimensional electrical conducting and
10 semiconducting structures in the layer.

5. A method according to claim 1, characterized by modulating the
radiation spatially in a plane substantially parallel with the layer by
concentrating the radiation into a beam with dimensions compatible with the
dimensions of the electrical conducting and semiconducting structures and
15 scanning the layer with the beam which is intensity-modulated according to
the determined protocol for generating the combination of two-dimensional
electrical conducting and semiconducting structures in the layer. |

6. A method according to claim 1, characterized by generating one or
more two-dimensional electrical conducting and semiconducting structures in

20 a layer, such that said structure or structures according to the protocol
register with one or more two-dimensional electrical conducting and
semiconducting structures generated in an adjacent, already deposited layer
whereby one or more vertical electrical conducting and semiconducting
channels are generated in the cross-direction through the layers.

—

25 7. A method for generating a combination of electrical conducting and/or
semiconducting structures in three dimensions in a composite matrix,
wherein the matrix comprises two or more materials provided in spatially
separate and homogenous material structures, wherein the materials in
response to the supply of energy can undergo specific physical and/or

30 chemical changes of state which cause transition from an electrical non-
conducting state to an electrical conducting and/or semiconducting state or
vice versa, or a change in the electrical conduction mode of the material,
wherein the material structures are generated in the form of thin layers by
combining two or more layers into a laminated multilayer structure which

35 constitutes the composite matrix with the combination of electrical
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sel f-supporting layers into a stacked confi gH ation, lchar' ”uﬁﬁ HH'”/’HJ
generating the conbination of two-dinmensi enal™“el ectri-cal '¢X i

5. semconducting structures in a |ayer before t';he layer is laninated to

" d i b i i ' | : I < .; i .. (Y [
G ven i ntenst 1y Copauctti an/drASuRbLRGWERES sttt Rel ) Bufbe AL Ik (|
response of thewherein thie multilayer strutiure ie ggperated by ddamipating tweddbrmmore,

o ating th erbad v . "
ot or i nod pr ot SELtBRRRRAE Hydls Hitd & stacksd coifheblof, ﬁ%@%ﬁ%ﬁ%
el ectrical condgee¢nagingrthemomnbinationnictwordimensional elaetrigakeonduating aﬁsv@tr,
Cher eby. | . . , e A
Conbi nat 1 o of " seintofieing e 16 Yettre *.;ﬁg‘agﬁﬁ}so%@a%‘? W'ah
seni conduct i ng adiagentilayer; krainingrcachilayemwitha eadiation ofifegiyentiatensity or
predet erm ned byreghengy %h&féé'teriﬁ?&ﬁd%\@ﬁ t%\f}g«_sgpepﬁﬁ FRpGRSE gfttﬁé’h'i'iﬂ@ri*a}’ 15

| am nating together separate | ayers th, NeNsSI on .ectrical, .
conduct i ng and/ B %@@ﬁga'oim&eﬂ the (adiatien, medplatingite adistiemspatially in

combi nation of ghdlfbadeCabedrAiES b MBterhtined pYBfoce? wehichireprésehticaures in
t hree di nepsi ons. corqding to ¢glaim7, characterized

. 8. A hod, a
by sel ect My 20DtedstempingRAarn Steleraiced condudng A/t AATicBAIEHOEG one
or nore of the structures pethd Rlyef ontiefebgeiiinfspsnieio the energyFupplied withl the
light, infrared ad)d. m,Cr owave. ; . . .
radiation the combination of two-dimensional electrical conducting and/or
semiconducting structures is generated in the layer with the pattern
predetermined by the protocol, such that the composite matrix formed by
15 laminating together separate layers with two-dimensional electrical
conducting and/or semiconducting structures is provided with the
combination of electrical conducting and/or semiconducting structures in
three dimensions.

8. A method according to claim 7, characterized by selecting

20 electromagnetic radiation used for irradiation among one or more of the
spectral ranges gamma, x-ray, ultraviolet, visible light, infrared and
microwave.

9. A method according to claim 7, characterized by selecting particle
radiation used for the irradiation among one or more the following types of

25 particles, viz. elementary particles including protons, neutron and electrons;
ions, molecules, and material aggregates.

10. A method according to claim 7, characterized by modulating the
radiation spatially in a plane substantially parallel with a layer, by means of a
mask which is patterned according to the determined protocol, the mask

30 modulating intensity and/or phase of the radiation incident thereto for
generating the combination of electrical conducting and/or semiconducting
structures in the layer.

11. A method according to claim 7, characterized by modulating the
radiation spatially in a plane substantially parallel with a layer by
35 concentrating the radiation into a beam with dimensions compatible with the
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9. A nethod according to claim?7, characterjzed by sel ecﬂ“‘mm mlu/:“mum
radi ation used for the irradiation am)ng one or ‘nore’ fhe f
25" particles, viz. elementary particles |-ncI udl ng prot ons!’ ntut'ton and

cu al’ e A
?rlete ﬁgaoggcor di nd1 IW%E?S%S é&ecﬂﬁ?gﬁai ,0052 ﬁgﬁ%ﬁquoglﬂgctmg struchires dnd
radi ati on spati acagning thephaterial sttctinte wiﬂhythpd:raakﬂ Whmh tiil uﬁeh@i!ﬁ-rmoﬂulated

means of at he acgm‘ KEV{’B @gldae?erﬁﬁhkﬁtﬂgﬁgqqa@%gﬁ% aé éjoer%‘ rg{grtheﬁij i on

protocol,

i nci dent t her et @wpodlmens1ongle¢iec’a‘waig:omldacuﬂgtan|dém semitfonduetingistabctures in
conducting &nd/ gg Q};g conducti ng structures in the |ayer. 11.
A et hod accordl ng cI aim?7, characterized by nodul ating the

h | ayer by 35
Concent rat i hg {121 adh BEtBAGAeRrnBaa RIAR 1> Ghmassrd b msstuoTasA LHyertin
41 the lamination to an adjacent layer such that one or more two-dimensional
conducting and/or semiconducting structures in the first-mentioned layer
according to the protocol register with one or more two-dimensional
10 electrical conducting and/or semiconducting structures in adjacent layers,
whereby one or more vertical electrical conducting and/or semiconducting

channels are generated in the cross-direction through the layers.

13. A method for generating a combination of electrical conducting and/or
semiconducting structures in three dimensions in a composite matrix,

15 wherein the matrix comprises two or more materials provided in spatially
separate and homogenous material structures and wherein the materials in
response to the supply of energy can undergo specific physical and/or
chemical changes of state which cause transition from an electrical non-
conducting state to an electrical conducting and/or semiconducting state or

20 vice versa, or a change in the electrical conduction mode of the material,
wherein the material structures are generated in the form of thin layers by
combining two or more layers into a laminated multilayer structure which
constitutes the composite matrix with the combination of electrical
conducting and/or semiconducting structures in three dimensions, and

25 wherein the multilayer structure is generated in a successive deposition of
two or more layers into a stacked configuration on a carrier substrate or by
laminating two or more self-supporting layers into a stacked confi guration,
characterized by generating a combination of two-dimensional electrical
conducting and/or semiconducting structures in a layer after the deposition of

30 all layers into a stacked configuration on a substrate or after the lamination
of all layers into the stacked configuration has taken place by irradiating one
or more, but not all layers in the stacked configuration selectively in order to
generate electrical conducting and/or semiconducting structures in the
relevant selected layer or layers without caﬁsing a response in the

35 non-selected layers, each layer being irradiated with a radiation of a given
intensity or frequency characteristic adapted to the specific response of the

o~
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accordi ng to thdrggtyrescis theas i@taént layery wheseby impespanse -taithe esnengiasuppbed
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I.ca e or

wher eby one or nore vert ctrical conductin em conducti ng
channel s are geifdpigoBgueting strustures age geaerated mﬁ%éﬁyem@th dhe pattern

13. A nethod fgrfedetsitiined By theGRroRIJBAL 5h ﬂfat%@‘ébfdﬁﬁite%ﬂ&&b@%ﬁﬁeé'lﬁ/ b
sem conduct i ng struct.ures L n hhree |rrens ns |1 n,.a CO%%@&G nmat

wherein the matfR%K OfspPatate adizs two-dimens eqtpice &PPQPPE}ng
separat e and homﬂeﬁ@amlmmwt@ﬂ afmcmfesrsmm@ﬁermw&m élechigcdlRiondurting n

response t.a the s of e er an .under cific physical and/or

cheni cal ﬁange@‘ﬂgpﬁ gcsjﬂé‘g g&‘f?%ﬁHPFBﬂPﬁﬁ el ectrical non-
14. A method according to claim 13, characterized by selecting
electromagnetic radiation used for irradiation among one or more of the

spectral ranges gamma, x-ray, ultraviolet, visible light, 1nfrared and
( microwave.

15 15. A method according to claim 13, characterized by selecting particle
radiation used for the irradiation among one or more the following types of
particles, viz. elementary particles including protons, neutron and electrons;
ions, molecules, and material aggregates.

16. A method according to claim 13, characterized by modulating the

20 radiation spatially in a plane substantially parallel with a layer, by means of a
mask which is patterned according to the determined protocol, the mask
modulating intensity and/or phase of the radiation incident thereto for
generating the combination of two-dimensional electrical conducting and/or
semiconducting structures in the layer.

( 25 17. A method according to claim 13, characterized by modulating the
radiation spatially in a plane substantially parallel with a layer by
concentrating the radiation into a beam with dimensions compatible with the
dimensions of the electrical conducting and/or semiconducting structures and
scanning the material structure with the beam which is intensity-modulated

30 according to the determined protocol for generating the combination of
two-dimensional electrical conducting and/or semiconducting structures in
the layer.
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mat eri al , wherein the -materi al structures are generated "n the' form
of thin Iayer by
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st acked conf i gadiatioorchanacteristics or asgmsn rp@merothmyelected layenpr h@xeprﬁdaqms or

nore sel fs S“p?ﬁfnﬁéd‘gfla%ﬁfe?ldl% ?Gﬁd“éjt&Bﬁé b9 ¥h&ie Othe adlatlon ,

characteri zed generating_a co nation o Ko el ectrical
conducting anéh W%ﬁﬁt&ﬁmﬂmﬁ@eBPWG&iQﬁ%@mbiﬂ%mf&yn%ﬂ%ﬁl{]er t he deposition
of 30 all layers into a stacked configuration on a substrate or after

the | am natiod9. A methed lactending to rlaint 18, shakctstizeahby ¢he speaifichas t aken

pl ace by irradjati.n o r I s in the stacked
configurati On?é@}aggﬁ.%%cteﬂsgﬁh?{ﬂ)%ﬁﬂeg&y 5‘3@’°§§%"*&‘?"1\ﬁ% trical conducting
and/ or sem conducting sf ralctures in th rel evant, sel ected | ayer or

| ayers wi t hou2Ucauds mgtho ’ég’tﬂ 01141@1 38, chaggsterizad-by sslechipgrane gxch

llayer beimg i hickdilayed forige n%re{t etelcmcﬂfccmcmcmfg and/or semﬁ@drﬁmdtmg
frequency characteristic a a ecifigcr dsgonse t he

structures by irradi 1on wi e ectr agnetic radiation on two or more
frequencies or within two or more wavelength bands, such that the irradiation
on a given frequency or in a given wavelength band causes a response in one

or more, but not all layers.

15 21. A method according to claim 19, characterized by beforehand adding
one or more additives which have a spectral absorption on a given frequency
or in a given wavelength band, to the material in one or:more layers in order
to cause the response to the radiation on a given frequency or in a given
wavelength band, at least two layers in a stacked configuration thereby

20 obtaining mutually different absorption spectra.

22. A method according to claim 21, characterized by generating the
electrical conducting and/or semiconducting structures in a layer by the
radiation absorption in the additive or additives in the layer forming reaction
centres which cause a change in the electrical conductivity or conduction

25 mode of the layer material.

23. A method according to claim 21, characterized by generating the

electrical conducting and/or semiconducting structures in the layer by the

radiation absorption in the additive or additives causing a heating with

subsequent changes in the electrical conductivity or conduction mode of the
30  heated layer material. |

24. A method according to claim 13, characterized by generating the
electrical conducting and/or semiconducting structures in two or more layers
in positions where one or more electrical conducting and/or semiconducting
structures according to the protocol respectively form one or more vertical

AMENDED SHEET



~fﬁe radi at irrg;eri o tostpg'?l :Pf;g?’nsggg}l ggsgy“a (r:]ceyr (rj?g«lga: goglulmummuﬂlll "lﬂll

protocol which represents a predeterm ned pattern of “el ct'rl chl ®
-conducting and/ or senjconductin cluresyin thecrel ey

whereby in res ;f’g?\%té %o °Ph u%t,l,gg g?d/sq}'psﬁp?lgﬂnggcung Pﬂn?lﬁén t§8 °5$ ﬁhr%\éﬁon

t wo- di mensi onalthedugtt thechlyersoimithet stagked donfiguration. seni conduct i ng
structures are generated in the layer with the pattern pr edet er mi ned

by the protocolys such nﬁ@lﬂodti&oﬁd’i %' 18I g, 'chafé&t@ﬁﬂe@ﬁ tﬂi@wdmg accordfilg

of separate adjacent |ayers, w I nens) onal _el ectrical copnducCting

and/ or semi cond@dbe®y Otﬂcﬂﬂl dhe, Piﬁ?ﬁ@alpﬁ?(lﬂﬂl@é@%ﬁd{ OF SERM¢ORAPCLIELSRTHEINE 10

and/ or Seﬂcon%fch“ﬂ)rﬁfsrétcfdtﬁﬁé v'ePné:ilr&fhnﬁ'eFﬁﬁ“bhgﬁsthe layer in elbétric#} met hod
according to clai chayacterjzed bﬁgse ectin g el ect romagnetic
radi ati on used qoé‘ﬁ FlFlg PHIETRIRAMGUSHRZ FONRSFHOBWithPne Or MOrg pect r

ranges gamra &Woaﬁlmélilélbﬁdl 8lettricali confduetingdiid/or Bémdsaiiuetilg structures in
m cr owave. 5. A nethod according to claim 13, characterized by

sel ecting partltrtﬂ ayer. radi ati on used for the irradiation anmong one or

nore the foll ow ng txpes of
26. method according to claim 25, characterized by generating each

10 channel with a conductivity or conduction mode which is constant between
the layers. '

27. A method according to claim 25, characterized by generating each
channel with a conductivity or conduction mode which varies between the
layers.

15 28. A method for erasing a combination of electrical conducting and/or
semiconducting structures generated in three dimensions in a composite
matrix, wherein the matrix comprises two or more material provided in
spatially separate and homogenous material structures, wherein the materials
in response to the supply of energy can undergo specific physical and/ or

20 chemical changes of state which cause transitions from an electrical non-
conducting state to an electrical conducting and/or semiconducting state or
vice versa or a change in the electrical conduction mode of the material,
wherein each material structure comprises a generated pattern of
substantially two-dimensional electrical conducting and/or semiconducting

25 structures represented by a determined protocol, and wherein the combination
of electrical conducting and/or semiconducting structures in three dimensions
can be generated anew in the matrix after erasure with the use of the method
as stated in any of the claims 13-27 and according to another determined
protocol for two-dimensional electrical conducting and/or semiconducting

30 structures in each material structure, characterized by irradiating each
material structure with radiation of a given intensity and/or frequency
characteristic adapted to the specific response of the material to the energy
supplied by the radiation, and by modulating the radiation spatially in each
case according to the protocol which represents the generated pattern of

35 electrical conducting and/or semiconducting structures in the relevant
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particles, viz. el elmMH I ﬂlﬂg i ncl uql g prot ans, neut ron and N
el ectrons; nd rmt'e aggregat es ‘ ; i@.; A
met hod accor di ng to claim13, char act er;| zed by' mopdul at ¥ ng the 20«

radi ati on spat a

means of a ﬂng{ér}’al S%l%nuweh%&gpftt@@ acc ﬂ#gieeltl Wﬁg‘&l go*‘er m H%?i% d/or

protocol, the semlconductmg stuietures qugeseutensthc ymateriabstrpotwges i response to the

[agi glt iﬁggs: gﬁﬁﬁ?g%pﬁfac bﬁm&u&admtl gfé &fdsBd a%@ﬁrcﬁﬁ.@brlgé é:?ﬂtc?éol such
structures in thettheanaterialoef the matenad stwictuee theseafiemia it entleﬁtmamves in

charact eriszed {py ﬁ?ﬁﬁcﬁl haﬂ écﬁ'ﬁiuctlng sth@di ation spatially in a plane

substantially para concentrating the radiation
into a beam w I’ISIOSCO atl wth t ns of the
el ectrical co ct| Jos Oqccgé ’Pr#%“gﬁfﬁqtﬁpégg!mcfe%&mg scanni ng
the material sdlecicdonragnetit hadfatidwewl.adl\fdrctheimaﬂmm amnlgmtgl at ﬁrbﬁ(bi; the
according to th erm ne r ot oco r at inatign o
wordf monsi oncAPeaiEL FTReh Exshiii Sriav, eV iSiet SiniBE: ek R ol o5 i »

the | ayer. microwave.

e

10 30. A method according to claim 28, characterized by selecting particle
radiation used for the irradiation among one or more of the following
particles, viz. elementary particles including protons, neutrons and electrons;

( ions, molecules and material aggregates. |

31. A method according to claim 28, characterized by modulating the

15 radiation spatially in a plane substantially paralle] with a material structure
by means of a. mask which is patterned according to the determined protocol,
the mask modulating intensity and/or phase of the radiation incident thereto
for erasing electrical conducting and/or semiconducting structures in the
material structure.

20 32. A method according to claim 28, characterized by modulating the
radiation spatially in a plane substantially parallel with the material structure
by concentrating the radiation into a beam with dimensions compatible with
the dimensions of the electrical conducting and/or semiconducting structures

( and scanning the material structure with the beam which is

| 25 intensity-modulated according to the determined protocol for erasing
electrical conducting and/or semiconducting structures in the material
structure.

33. A method according to claim 28, wherein the material structures in the
matrix are formed by thin layers-in stacked configuration, characterized by

30 irradiating one or more, but not every layer in the stacked configuration
selectively for erasing electrical conducting and/or semiconducting structures
in the relevant selected layer or layers without causing a response in the
non-selected layers.
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43.2‘ - : to clai, characterized by selectin
one or mrem“nﬂnﬁmﬂ Elan:matl ng, 'e ctrlcal 'conductl ‘ng gnd/or - -g
sem conduct i ng * Strbct'ires By i r[adl ati ng ‘t he sel ect ed layer : or
| aye th at i,o 10 I

gi zeasp\cl)mwer r?ﬂl I @cepi%éﬁg&é{d&%gtq glaé %e‘lgrﬁa&%r%a bygagbﬁ%éa maéerl al
whi ch r espondmare laym-s dor msengfof tehectrmal eonducting and/orisgmiconductings

d/or the POWES ..QL. £ORNL RELiONSEL DETLOIA Tnene o 18
fo crai m 1 Bpbetufts 69 THAAMHR Int BEIEC layer or layekSwith BN BESEEARI
bei ng i nt ensi ra,dlahdn@haracé@msﬁmor a glven poyesr, the selecisd layeropwlaygrs bemngi m

19, charagterf, @‘nge tsfﬁ%gt;e}fawvtﬁeﬁ 18 Op&{as to'Biot ﬁ:MfrE%fftﬁé rﬁ&ﬁﬁ{cﬁ{' ng

el ectri cal con sem con tructures
i rradiation mpharaét@muc(s reRghiet the peWEROT @ﬁmhmm@n-ﬁhw‘%
frequencies or within two or nore wavel ength bands, such that the

irradiation 35. Aomethed f@neffasnggkdbhllgLa cmnbxmtmnofvaleedmoglt d:mh)ahmtmg
nor e ut

et hod accor dRRYOE soaarnucing sEholRES obtfuglin BupeBbihdionsy » 7
composite matrix, wherein the matrix comprises two or more materials

10 provided in spatially separate and homogenous material structures, wherein
the materials in response to the supply of energy can undergo physical and/or
chemical changes of states which cause transitions from an electrical
non-conducting state to an electrical conducting and/or semiconducting state

( and vice versa and/or a change in the electrical conduction mode of the

15 material, and wherein the combination of electrical conducting and/or
semiconducting structure in three dimensions can be generated anew in the
matrix after erasing by using the method as stated in any of the claims 13-27
and according to another determined protocol for two-dimensional electrical
conducting and/or semiconducting structures in each material structure,

20 characterized by irradiating the matrix globally with radiation of a given
intensity and/or frequency characteristic adapted to the specific response of
the material to the energy supplied by the radiation until the material in the
matrix in response to the energy supplied by the irradiation in its entirety
arrives in the electrical non-conducting state.

25 36. A method according to claim 35, characterized by selecting
electromagnetic radiation used for the irradiation among one or more of the
spectral ranges gamma, x-ray, ultraviolet, visible light, infrared and
microwave.

37. A method according to claim 35, characterized by selecting the particle

30 radiation used for the irradiation among one or more of the following particle
types, viz. elementary particles including protons, neutrons and electrons;
ions, molecules, and material aggregates.
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one or nore additives which have a spectral absorption on a given frequency
or in a given wavelength band, to the material in one or nore layers in

or der to cause the response to the radiation on a given frequency or
in a given wooussyvel ength band, at least two |ayers inﬁ%’%’; }6&’23
configuration thereby 20 obtaining nutually different é?

spectra. 22. A nethod according to claim2l, characterized by
generating the. el ectrical conducting and/or sem conducti ng
structures in a layer by the rafif i on absorption in the additive or
additives in the layer formng reaction centres which cause a change
in the electrical conductivity or conduction 25 node of the | ayer

mat eri al . 23. A nethod according to claim 21, characterized by
generating the el ectrical conducting and/or sem conducting structures
in the layer by the radi ation absorption in the-additive or additives
causing a heating with subsequent chafges in the electrical
conductivity or conduction node of the 30 heated | ayer nmateri al .

2y et hod socor gt './é]-ﬂllutlli} I nnums"y‘r/.% sogiaiing the

| ayers : in p03|t|on< odducti ng and/ or

sem conduct i ng

RESPONSE

Y A, A, WAVELENETH

Fig. 14
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structures according to the protocol respectively formone or nore vertical
44 el ectrical conducting and/ or sem conducting channels in the
cross-direction t hrough the layers in the stacked configuration.

25. A net hoWo29d882li ng to claim 24, characterized by provpdingesmear di ng
to the protocol the electrical conducting and/or sem conducting structure
5 which forns or forma vertical channel through the |ayer in electrical
conducti ng and/ or sem conducti ng connﬁzzhﬁn wi th one or nore .

t wo- di mensi onal el ectrical conducting or sem conducting structures in

this |ayer. 26. A nethod according to clajm 25, characterized by
generating each 10 channe h toh; I vptdyy o dnplUct i on node which
I s constant between e Ia: :
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27. A nethod according to claim 25, characterized by generating each
channel with a conductivity or conduction node which varies between the
| ayers. 15 28. A nethod for erasing a conbination of electrical
conductd ng awE9)Esss2 sem conducting structures generatgd\idbolobtase
di mrensions in a conposite matrix, wherein the matrix conprises two
or nore material provided in spatially separat-e and honbgenous
material structures, wherein the materials in response to the supply
of energy can undergo specific phyﬂ<u8]}0mﬂor 20 chem cal changes of
state which cause transitions froman electrical non- conducti ng
state to an electrical conducting and/or sem conducting state or
vice versa or a change in the electrical conduction node of the nateri al
wherein each material structure conpri g&s a generated pattern of
substantial ly two-di nensional electricdl conducting and/or seni conducting
25 structures represented by a deterrmned protocol, and wherein the
conbi nati on of electrical conduffi ng and/or sem conducting
structures in three di nensions —Hkn be generated anew in the matrix
after erasure with the use of the r@ﬁf{ as stated in any of the
clainms 13-27 and accordi ng to aother ¥ m ned protocol for
t wo- di nensi onal el ectrical condu% ;em’ conducting 30 structures
s
n

in each material structure, char rradi ati ng each

material structure with radiatio ntensity and/ or frequency

Fig.3
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characteristic adapted to the specific response of the material to the

ener gy supplied by the radiation, and by nodul ati ng the radiation
spatially in each case according to the protocol which represents the
gener at-ed pavoswasssaf 35 el ectrical conducting and/ or scRGTNGAGQ23 Ng
structures in the rel evant . - 45
materi al structure, whereby the two-di nensional electrical conducting '
and/ or seni conducting struct ureiﬁ esent in the material structures
In response to the - energy supp / by the irradiation are erased
according to the protocol, such that the material of the materi al
structure thereafter inits entirety arrives in 5 the el ectrical
non-conducting state. 29. A nethod according to claim 28,
characterized by sel ecting el ectromagneti c radi ati on used for the

I rradi ati on anong one jor, ne it he spect rél r@n@e ganmma, X-ray,
ul traviol et, visibl éighg?ziéf dga%d 1 w@v$.
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10 30. A nmethod according to claim 28, characterized by selecting
particle radi ati on used for the irradi ation anong one or nore of the
fol |l ow ng particles, viz. elenmentary particles including protons,
neut r ons-.an I ns; - ions, nolecules and materi es.
31. A net hgﬁsg%ggg%i ng to claim 28, characterized by rmdﬁ%"ﬁ%ﬁ 15
radi ation spatially in a plane.substantially parallel with a materi al
structure by neans of a mask which is patterned according to the
det er mi ned protocol, t he mask qzﬁﬂoating intensity and/or phase "of
the radiation incident thereto or erasing electrical conducting
and/ or sem conducting structures in the material structure. 20
32. A nethod accifMir@ to %l a8 28, charalterized by nodd ating the

radi ation spatially inf a pl\ane{substanti al Ay paral{lel with the nmateri al

structure , 8i mensi ons
conpat i bl e wi S~ T halli reMfllons of the electkical cobdicting and/ or
sem conduct i ng st T —— e — Eae et P fodig OO
b ponee svwse I 111 a1 1 e

. MAARAAR AR .

protocol for R ERRRRL S e conduct i ng

structures in the

- n-CHANNEL
LEGEND TO FIGS. 15-21 O wosee e
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33. A method according to claim28, wherein the material structures in the
matrix ‘are formed by thin layers in stacked configuration, characterized by

30 irradiating one or nore, but not every layer in the stacked

confi gur at i ofNO99/455825¢e| ecti vely for erasing el ectrical CONGeGiNgdoindasl/ O
sem conducti ng structures in the rel evant sel ected |ayer or ayers
W t hout causing a response in the non-sel ected | ayers.

46 34. A nmethod according to im 33, characterized by selecti ng
one or nore | ayers for erasing 2/?& ectrical conducting andlor -

sem conducting - structures by irradiating the selected | ayer or

| ayers with radiation of specific r#li ati on characteristics or a

gi ven power, the selected |ay& or Iayere| ng 5 9 forned of a materi al
whi ch responds to one or norefof th ' characteristics :
and/ or the power or §Sfb+ met hod for erasing
gl obal Iy a combi nati ggg<

87
6
S5

grag

>|
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and/ or semi conducting structures generated in three dinmensions in a
conposite matrix, wherein the matrix conprises two or nore materials 10
provided in spatially separate and honogenous material structures, wherein

the materi al.gyd guk@sponse to the supply of energy can under sica
ali

and/ or chem cal changes of states which cause trans 23 m an

el ectrical non-conducting state to an electrical conducting and/or
sem conducting state and vice versa and/ or a change in the

el ectrical conduction node of the 15 terlal and wherein the . -

conbi nati on of electrical conducting a ~sem conducting structure
I n three dinensions can be generated anemlln t he matrix after

erasing by using the neth ated in any of the claing 13-27 and
according to anpther detern1ned ppets8tol for two-di mensional elec S8

conducti ng and/ pr EEegssc ond ks ~ptructures in leagstipd ure, 20
char act eri zedg bl i at i e—Trellsr i x globgh v gi ven
intensity and/o eristic adaptled response
of the n supplied b [.il the
material in the eSponse to t by t he
irradiation in arrives in theg g conduct i ng
state. 25 3 o {30 tocﬂamm.“‘ ;

sel ecting adi ati on used R i pn anong

one or nore Bt4 - et

vi si bl e Iighh_“

.

anges ganmd
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m cr owave. . 37. A method according to claim 35, characterized by

selecting the particle 30 radiation used for the irradiation anong one
or nore of the follow ng particle types, viz. elenentary particles
i ncl udi ng prwboewasssneut rons and el ectrons; i ons, nol ectrNoss/ooo3d

mat eri al aggregat es.

8/10 o T
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