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A method for generating electrical conducting or semiconducting 
structures in two or three dimensions, a method for erasing the same 
structures and an electric field generator/modulator for u1e with the 
method (or generatin1. 

S The invention concerns a method for generating electrical conducting or 
semiconducting structures in two or three dimensions in a composite matrixt 
wherein the matrix comprises one or more materials provided in apatially 
separate and homogenous material structures, wherein the materials in 
response to the supply of energy can undergo specific and/or 

1 O chemical changes of state which cause transition from an electrical non­
conductin~ state to an electrical conducting or semiconducting state or vice 
versa7 or a change in the electrical conduction mode of the material, and 
wherein each material structure is made in the form of a thin layer. The 
invention also concerns a method for erasing globally electrical conducting 

1 S or semiconducting structures generated in two or three dimensions in a 
composite matrix, wherein the 1natrix compri!les two or more material 
provided in spatially separate and homogcnous material structures, wherein 
the materials in responic to the supply of energy can undergo specific 

and/ or c:hemical changes of state which cause transition from an 
20 electrical non-conducting state to an electrical conducting or semiconducting 

state or vice vers~ or a change in the electrical conduction mode of the 
material, and wherein each material structure is made in the form of a thin 
layer. Finally, the invention concerns an electric field generator/modulator 
(EFGM) for patterning and generati~g electrical conducting or 

2S semiconducting structures in two or three dimensions in a composite matrix, 
wherein the matrix comprises one: or more materials respectively provided in 
one or more spatially separate and homogenous material structures, wherein 
the materials in response to the supplied energy can undergo specific . 
and/or chemical changes of state which cause transition from an electrical 

30 non-conducting state to an electrical conducting or semiconducting state and 
vice: versat or a change in the conduction mode of the material, and wherein 
each material structure is made in the form of a thin layer. 

More part.icularly the present invention concerns the fabrication of two- and 
three-dimensional isolating, resistive, conducting or semiconducting patterns 

35 and structures for use in electronic circuits which most particularly consist of 
a single or several stacked layers of thin films. 
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The evolution of microelectronic technology shows 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 
per unit or device will decrease. However. today's microelectronic 

s 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. 
Extrapolations of the present technologies based on crystalline silicon may 

10 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 
confidently be predicted to deliver in the near future products representing 

1 S real breakthroughs in regard cf performance as well as of price. The shift 
from crystalline inorganic semiconductors to microcrystallinc, polycrystalline 
or amorphous inorganic or organic semiconductors will introduce entirely 
novel boundary conditions with regard to the production of microelectronics 
and particularly by the blanks having fonn factors which make large arc:as 

20 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 
tomorrow1s·clc:ctronic technology. In the present invention special emphasis 
will be placed on the use of organic materials due to the case whereby they 

25 may be pr~ccssed 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 
fulfil their expected potential, further di;velopments in certain areas arc 

30 required. In the recent years an effort has been made to improve the 
. . 

semiconducting properties of organic semiconducting thin-film materials, 
which have given dramatic and rapid increase in the transistor performance. 
up to a point where organic-based transistors may now compete with 
transistors basc4 on amorphous silicon (sec for instance Y.-Y. Lin. 

35 D.J. Gundlach, S.F. Nelson and T.N. Jackson. 11Pentacene-Based Organic 
Thin Film Transistors". IEEE Transactions on Electron Devices, August 
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1997). Other on-going projei:ts will lead to coating processes for thin film in 

order to generate organic and amorphous silicon semiconductors at low 

temperatures and with compatibility to a broad range: of organic and 

inorganic substrate materials. This has lead to the development of extremely 

S 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 

fabrication technology shall be adapted and made suitable for a low-cost 

flexible high-volume production of electrical connections in the thin-film 

10 structures forming the electronic: circuits is still lacking. Currently thin-film 

devices arc based on amorphous silicon manufactured with current paths and 

conductors patterned with traditional methods such as lithography and 

vacuum metallization. The latter method has formerly also been applied to 

circuits for demonstration of organic-based semiconductor thin-film devicc:s 

15 (see for instance A.R. Brown & ·al. "Logic gates made from polymer 

transistors and their use of ring oscillators\ Science 270: 972-974 (1995)). 

Altcmatively, screen printing with conducting "ink" has been used to make 

transistors on tl~ible polymer substrates (see for instance F. Garnier & al., 

"All-polymer field-effect transistor realized by printing techniques", Science 

20 265:1884-1186 (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 

thin-film structures. Screen printing with ink is also far from ideal, as it only 

provides low to moderate resolution besides being a 11wet11 method. 

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

may also be mentioned US patent No. S 043 251 (Sonnenschein & al.} which 

discloses a process for three-dimensional lithography of amorphous polymers 

for generating a momentary permanent pattern in a polymer material and 

which comprises stq>s for providing doped non-crystalline layers or films of 

30 a polymer in a stable: amorphous state under humane operating conditions. In 

manufacturing the patterns the film is masked optically and is exposed 

through the mask to radiation with sufficient inten.sity to cause ablation of 

the exposed portions such that a distinct three-dimensional imprint is 

generated in the film. This process has among other been proposed for use in 

35 the manufacture of an optical data storage disk. Further it is from US patent 

No. 5 378 916 (Mantell) known a photo:..sensitive device in the form of a 

1ii11iiU 
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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 

5 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 distinDtively different from the first 
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 

10 radiation-sensitive material on a substrate. The radiation-sensitive material 
may among others be polyimid, 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 
15 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 p_ortion 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 

20 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'' ofD.M. de Leeuw & al., IE.DM, pp. 331-336 (1997) known a 
25 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 solution. whereafter a photo-initiator is added to 

30 the solution which has been deposited on a suitable substrate: such as a 
polyimide film. By thereafter exposing the.PAN! film to deep UV radiation 

through a mask the initially conducting polyaniline is converted in the 
exposed areas to the non.conducting leucoemeraldine form. The starting 

point here is accordingly a conducting polymer material, the area resistance 

35 of which initially is 1 kiloohm/square, but which after the exposure obtains 

an area resistance of more than 1013 ohm/square. In this manner dielectric 
structures may be generated in an otherwise conducting matrix. Fig. I shows 
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a MISPBT according to Leeuw &. al. comprising a polylmide substrate 1 with 
a P ANI thin film whic:h after exposure to UV light through suitable masks 
forms isolating structures 6 in the otherwise c:onducting thin-film material 3. 
The still conducting areas 3 in the PANI film define respectively the source 

5 and drain electrode of a MISFET transistor. Above the PANI film a further 
layer 4 is deposited in the farm of a thin film of polythienylcnevinylene or 
PTV which is an organic semiconductor material. This layer 4 substantially 
determines the electrical parameters of the MISPET transistor. A film S of 
polyvinyl phenol PVP which forms the gate isolator of the transistor and is 

10 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 S and 
pattcmed by radiation with UV light such that isolating structures 6 are 
formed. A still electrical conducting area 2 form.a the gate electrode of the 

MISFET structure. 

15 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 
gate electrode in another transistor must be used. Such vertical current paths 
may in principle be realized mechanically. for instance by depositing a metal 

20 film over vertically etched steps in the structure. Othe~ise a c:lose analogy is 
the use of throughplated holes in circuit boards for realizing a vertical 
connection between current paths on the upper and lower side of the circuit 
board. 

The main object of the present invention is to .provide improved fabrication 
25 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 
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 

· 30 devices, for instance in the form of a large number of adjacent stacked 

thin· film layers, thus generating three-dimensional circuit structures. The 
present invention will thereby make possible flexible and cheap, but 

simultaneously also singularly sim}'le and precise: fabrication of devices such 
as flat display devices, logic circuits, memory devices etc:. 
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Further it is also an object of the invention to provide a method for erasing 
. such three-dimensional circuit structures in situ, such that the material in the 
structures is converted back to an initial virgin state whereafter it by means 
of a suitable method may be reconfigured in the form of electrical conducting 

S and semiconducting structures in th.rec dimcnsionst but for instance with 
another pattern or another structure than the original. 

The abovc·mc:ntioncd features and advantages arc realized according to the 
present invention with a method which is characterized by applying to the 
separate layer an electric field with given field strength and/or characteristics 

10 adapted to the specific response of the material to the energy supplied by the 
fieldt modulating in each case the fields spatially according to a determined 
protocol which represents a predetermined pattem of electric:al conducting or 
semiconducting structures in the relevant material structure, whereby in the 
layers in response ta the energy supplied by the field two-dimensional 

· 15 electrical conducting or semiconducting structures are generated with the 
pattern predetermined by the protocol, and then optionally providing two or 
more layers in a stacked configuration, such that the composite matrix 
formed by separate adjacent layers is provided with electrical conducting or 
semiconducting structures in three dimensions. 

20 Further it is according to the invention advantageous that the elect:ic: field is 
modulated. spatially in a plane substantially parallel with a layer by means of 
an electrode device with patterned electrodes, the electrode device by 
selective supply of voltage to the electrodes according to the determined 
protocol generating electrical point or line pctentials, which generate the 

25 electrical conducting or semiconducting structures. 

It is according to invention advantageow that the stacked configuration is 
formed by two or more layers after generating the electrical conducting or 
semiconducting structure in each layer being combined into laminated 
multilayer structures which forms the composite matrix with electrical 

30 conducting or semiconducting structures in three dimensions. 

It is according to the invention also advantageous positioning the multilayer 
formed by a lamination of two or more self-supporting layers into a stacked 
configuration. A layer is after the lamination to adjacent Jayers then 
preferably positioned such that two or more two-dimensional electrical 

3.5 conducting or semiconducting structures in the first-mentioned layer 



W099/44229 7 P<:r/N099/000l2 

according to the protocol register with one or more two-dimensional 
electrical conducting or semiconducting structures in adjacent layers, 
whereby one or more vertical electrical conducting or semiconducting 
channels arc generated in the cross-direction through the layers. 

S Finally, it is according to the invention advantageous providing an electrical 
conducting or semiconducting structure which forms a vertical channel 
through the layer according to the protocol, in electrical conducting or 
semiconducting connection with one or more two-dimensional electrical 
conducting or semiconducting structures in this layer, each cohannel 

10 preferably being generated with a conductivity or conduction mode which is 
constant between the layers or with a conductivity or conduction mode which 
varies between the layers. 

A method for global erasing according to the invention is characterized by 
applying globally to the composite matrix. an electric field with given field 

15 strength and/or characteristics adapted to the specific response of the 
material to the energy supplied by the field until the materials in the 
composite matrix in.response to the enetgy 1upplied by the field in their 
entirety arrive in the electrical or non-conducting state. 

An electric field generator/modulator is according to the invention 
20 characterized in that it comprises a first electrode means with a plurality cf 

parallel strip electrodes provided in a plane, a second electrode means with a 
plurality of parallel strip electrodes provided at a distance from the first 
electrode means and supcrpositioned thereto in a second plane parallel with 
the first plane such that the electrodes mutually arc substantially orthogonally 

25 oriented in a matrix-like arrangement, that the electrode means over 
cross-connection devices are connected with a controllable power supply, the 
electrical field generator/modulator in the space between the electrode means 
being adapted for receiving a thin-film material in the form of a discrete 
component or a. continuous tape which without touching the electrode means 

30 continuously or intermittently is fed through the space with sim'\lltaneous 
positioning and alignment spaced apart from and between the electrode 
means in a plane substantially parallel thereto, whereby the electrical 
conducting or semiconducting structures can be generated according to a 
determined protocol and by means of point~ line or area potentials is created 

35 between selected electrodes in the electrode means when the former over the 

iiill[i~f 
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cross-connection devices are supplied with electric power. Preferably are the 
electrodes in each electrode means provided on or in surfaces of respective 
substrates facing each other and/or in that connection preferably made as a 

part of the substrates and form conducting structures in the substrate 

5 material. 

Further it is according to the invention advantageous that the distance 

between the electrode means is controllable depending on the thickness of 
the thin-film material. 

Finally it is according to the invention advantageous that the electrodes in 

10 each electrode means are provided with a mutual distance between 0.1 µm 

and 1.0 µm and that the electrodes in each electrode means arc formed with 

substantially constant width of 0.1 µm to 1.0 µm. 

The invention shall now be explained in more detail in connection with a 

survey of its basic principles and with the use of exemplary embodiments in 
IS connection with the appended drawings, wherein 

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

fig. 2a, b schematically respectively in section and plan view an embodiment 
of the electric field generator/modulator (EFGM) according to the invention 

20 and its use in a first step in the method for generating according to the 
invention. 

fig. 2c, d schematically in respectively section and plan view BFGM as 
shown in fig. 2a, b and used in a second step in the method for generating 
according to the invention, 

25 fig. 2e, f schematically in respectively section and plan view EFGM as shown 

in fig. 2a, b and used in a third step of the method for generating according to 
the invention~ 

fig. 3 schematically the embodiment of the method for generating according 
to the invention, combined with a lamination of single layers into a 

30 multilayer structure, 

fig. 4 a section through a multilayer strucwrc with conducting and 

semiconducting structures as generated by the steps shown in fig. 2a.-f, 

iiii~f 
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fig. S 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 
S according to the present invention, 

fig. 7 a schematic section through a MOSFET structure generated by the 

method according to the present invention, 

fig. & a schematic section through a logit: inverter structure based on the 

MOSF:ET structure in fig. 7 and generated by the method according to the 
I 0 present invention, 

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

figs. !Oa-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. 

15 fig. 11 the AND gate structure in fig. 10 as a stacked multilayer 
configuration, b'1t exploded in the separate sublaycrs, 

fig. 12 schematically another variant of the AND gate structure in fig. 10 and 
with the separate MOSFET structures provided mutually connected in a 
v=rtical configuration. 

20 Now the basic principles ·of a method according to the present invention 

whereby three-dimensional structures with a well-defined mode and degree 
of electrical conduction are ·generated by spatially controlled patterning in 
situ in convertible materials (CM) which have such properties that their 
electronic properties arc converted reversibly or irreversibly under the effect 

25 of radjation, heat, or electric fields. The method for generating such 

.structures according to the present invention is based on the use: of electric 

fields, either direct current fields or alternating current fields. Initially the. 

tJiree-dimc:nsional electrical conducting or semiconducting structures can be 
generated as two-dimensional structures of this kind by direct local influence 

30 of the electric field on a single layer and appears as three-dimensional by 
joining single layers into a multilayer structure. TypicaIJy an electric 

field-convertible material (EFC~1) will be an organic '.material, for instance a 

molecule. an oligomer or a polymer where a phase transition from a.n initial 

iiii1iiUir 
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first state to a new second state takes place upcn being subjected to an 

electric field, for instance of a given field strength or with a given frequency. 

As mentioned in th,e following, it is presupposed that the most important 

change taking place from the first_ to the second state, is the degree of 
S electrical conduction. In the following the method for generating and erasing 

of electrical conducting or semiconducting suuctures by means of electric 
fields shall be discussed both gc:ncrally and more specifically in connection 

with a description of the: figures. 

For polymer.s such as polyaniline there are as shown in the above-mentioned 
10 paper by de Lceuw & al •• observed conduction ratios between two states as 

high as 1010
• In.this case it concerned in situ conversion of a single la.yer of 

irradiation convertible material from conducting to non-conducting state in 

order to generate electrical connections in a single electronic circuit. 
Electrical conducting connections in doped polyaniline films (P ANI films) 

IS were defined by exposure to deep UV radiation through a patterned mask. 

A multilayer stack ~f different electric field-convertible materials may be 
provided on a substrate which may be flexible or rigid. conducting or 
non-conducting. The field-convertible material are made conducting. 
semi-conducting or isolating in desired patterns by subjecting a number of 

20 single layer field-convertible materials to spatially-controlled electric fields, 

and with subsequent combination of the layers into a multilayer stack. 
Multilayer stacks of field-convertible material arc 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 

25 several layers such that the conducting structures in one layer has a precisely 

controlled spatial relationship to the conducting structures in the layers which 
arc located. above or below. One example is thin-film field effect transistors 

(TFBT) where the source and drain electrode jn a layer must be correctly 

positioned relative to the gate electrode and with intervening isolating and 
30 semiconducting layers. Another example is electrical connections between 

the layers where traditional solutions in many 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 lay~rs iuid with subsequent filling or casing of the channels with a 

35 conducting material, such as this finds its parallel in the use of 

through-plated holes in circuit boards to obtain a connection from the front to 
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the back of the circuit board. A third jnstance is the generation of capacitors 

by defining conducting areas which arc 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 

S structures are of the greatest importance. Such as will be ex.plained 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 

pattems according to the present invention. With regard to the precision and 
clarity the following description shall, howevert be introduced by 

10 emphasizing on how patterns and three-dimensional structures which either 
are very good or very bad electrical conductors shall be defined. 

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 

15 circuits which exploit the semiconducting properties of a common silicon 
substrate restrict automatically the realizable architectures to the kind whiCh 
allows access to the substrate for all. active devic~s. If the method according 
to the present invention is used for generating electrical conducting or 

semiconducting structures in three dimensions by means of converted single 
20 stacked single 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 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 circ:;uit patterns and hence the 

25 performance per weight or vol'llme unit may be extremely high. Further 

hybrid architectures may be realized with the use of layers which includes 

electrical field·converted electronic structures which are formed on the top of 
and function in cooperation with traditional silicon-based electronic circuits. 

The bash: object of the present invantion is the generation of electric:al 

30 conducting. semiconducting or resistive structures in three dimensions within 
a multilayer material in monolithic format, as the structures mentioned arc 

generated with the use of electric fields in the form of point, line or area 
potentials. An embodiment of the method for generating with the use of 
electric field shall now be described with reference to figs. 2a.f. 

illiiUf 
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Fig. 2a shows a section through an electric field generator/modulator 

according to the invention which fUnctions as an electric patteming device 
for electric field-convertible materials. The electric field generator/modulator 

is realized· such that it both generates the field and in addition also can 

S modulate the fields spatially, i.e. in a plane or two-dimensions and generate 
electrical conducting or semiconducting structures with the desired pattem in 

this plane. In the following will hence the electric field generatorfmodulator 

abbreviated be denoted EFGM. EFGM 20 comprises as shown in fig. 2a in 
section and in fig. lb in plan view a first electrode means Bl, consisting of 

10 thin parallel electrodes 21 and another electrode means E2 provided spaced 
apatt from the electrode means E 1 in a plane parallel thereto. The electrode 
means E2 consists similarly of thin parallel electrodes 22 provided such that 
they are oriented substantially orthogonal to the electrodes 21 in the electrode 

means BL The electrode means El, B2 are connected with a power supply 
15 23, here shown as a direct voltage supply. but the power supply 23 may also 

be an alternating voltage supply. The power supply 23 is connected with th~ · 
electrode 21; 22 in the electrode means El ;E2 over respective 

cross-connecting. devices 21, 24, The distance between the cslectrode means 
El. B2 allows a thin film of electrical field-convertible material EPCM in 

20 fig. 2a denoted SS 1 to be inserted between the electrode means El, :E2, 
without contacting the~=· The electrode means El, El may be formed of 
self-supporting or supported thin films wherein the electrodes 21, 22 in each 
case are embedded in the film material. Similarly it is to be understood that 
the layer SS l of the field-convertible material BFCM may be a continuous 

25 tape which is inserted in EFOM 20 between the electrode means El, E2 in a 
substantially continuous movement. By applying voltage e.g. to an electrode 
21 in the electrode means El and to an electrode 22 in the electrode means 
E2 an electric field perpendicular to the layer SSI is formed in the 
·intersection between the electrodes 21 and 22 and the field-convertible 

30 material SSl will be able to transfer from a non-conducting to a conducting 
state in areas which is influenced by the field between the electrodes 21, 22. 

If an electrode 21 and another electrode 22 respectively are addressed 

electrically in this manner, an approximate point potential is obtained in the 

intersection between. If e.g. an electrode 21 in the electrode device E 1 and 

35 all electrodes 22 in the clcctrod.e device E2 are addressed, a field is obtained 
substantially in the form of a line potential along the electrode 21 in questjon 
and correspondingly a line-like, for instance an electrical conducting 
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structure: in the Jayer SSl which is located between the electrode devices El, 
Bl will be generated. If an number of electrodes 2.1 which are located 
juxtaposed to each other in the electrode device El and correspondingly a 

plurality of electrodes 22 which arc juxtaposed to each other in the electrode 
S device E2, the field which are created between the electrode intersections 

Will generate an area potential and it may for instance be generated an 
electric area structure in the layer SSL In figs. 2a, 2b such electrical 
conducting structures are e.g. generated substantially as area structures, but it 
is to be understood that there also may be generated as point of line 

1 O structures, dependent on the manner whereby the electric field is generated. · 

Figs. 2c and 2d show respectively in section and plan view how EPGM 20 Is 
used for generating for inatancc electrical conducting structures 9 in a second 

layer by addressing the electrode means El. E2 in EFGM 20 in a suitable 
manner. Correspondingly figs. 2e,f also shows in section and plan view 

15 EPGM 20 with a third layer SS3 which here for instance is patterned with 
semiconducting structures 10. As shown in fig. 2a-fthe patterning of the 
field-convertible material EPCM takes place for each separate layer SSl, 
SS2, SS3, but these layers may as mentioned above, be present in the farm of 
seJf.s11pporting single films of EFCM and assembled into a multilayer stack, 

20 such this schematically is shown in fig. 3. The fabrication of circuits reali~ed 
with electrical conducting and semiconducting structures in EFCM can take 
place with tapes of EFCM in continuous paths as shown. Bach tape or each 
film are in fig. 3 shown as three films EFCMl, EFCM2, EFCM3 and are 
converted by electric field to the desired spatial pattern in separate EPGM 20 

25 for each of the paths. Then follows the assembly into a multilayer stru~turc 
MLS, e.g. by gluing or heat-assisted lamination. The multilayer structure 
MLS may well be provided on a substrate which, of course, is not subjected 
to any electric field, but is laminated to the multilayer structure MLS in the 
same process step. In each case a flexible tape MLS is obtained whioh either 

30 may be folded or coiled or cut into segments, for instance to make single 
circuits. In fig. 3 the field-convertible material EFCM in the form of three 
tapes or films EPCMl, EFCM2. EFCM3 is drawn from respective rolls R. 
and conveyed in separate lines by alignment rolls R1t1t R.'cl2, R.b:h R1t4 in each 
line for tensioning and positioning of the tapes through EFGM 20. The 

35 completed patterned films EFCMl, EFCM2, EFCM3 are conveyed over a 
guide roll set Ro and possibly after a further position adjustment through a 

lamination step Rct and laminated into the multilayer structure MLS. This 

iiim~r 
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multilayer structure may as ~cntioiicd;include a substrate l which is ~rawn 
from a further roll Ra in a separate·tine' and i~ laminated together with the 
converted film material EFCM in the lamination step ~. For three layers 
which are laminated together in this manner and converted as shown in fig. 

S 2a·f, it may then as shown schematically in section in fig. 4 be obtained a 
circuit structure which is provided on the substrate 1. The conducting 
structures 9 and the semiconducting structures 10 contact each other 
vertically or extend horizontally in each of the layers SSI. SS2, SS3 as 
shown and form together three-dimensional structures of this kind in the 

10 desired pattern. 

The electrode means El, E2 in the electric field generator/modulator (EFOM 
20) as for instance shown in fig. 2a and fig. 2b, may be formed in or on 
substrates of a non-conducting material and the electrodes 21, 22 may then be 
provided on the opposite surfaces of the s:ubstrates or embedded in the 

15 substrates. They may also form conducting structures in the substrate 
material itself. The electrode width and the mutual distance between the 
electrodes 21, 22 in each electrode means El,. E2 will be determining for the 
spatial resolution in the patterning of the conducting or semiconducting 
structures and the achievable pitches. In compatibility with today's 

20 semiconductor technology the electrodes 21, 22 thus be realized with a width 
between 0~1 and 1.0 µm and corre.spcnd.ing mutual distances. It is with 
present technology wholly possibly to realize electrode widths, e.g. in thin 
films provided on substrates, of 0.1 µ.m or less by nanotechnology, for 
instance printing methods, or by means of chemical methods. The circuit 

25 patterns which are realized with EFGM20 with the method according to the 
present invention will at least be dimensionally compatible with that which 
optimally may be achieved by using for instance microlithography in 
silicon .. based cirucuit technology. Dependent on the thickness of thin film 
material wherein conducting or semiconducting structures, i.e. ciri;uit 

30 patterns, shall be generated, the distance between the electrode devices· El, 
El can be controlled in order to achieve an optimum definition of the 
potentials formed between the electrodes. The control may take place via not 
shown micromechanical servocontrol means which arc well-known to 
persons skilled in the art. - During the generation of the circuit pattern the 

35 space between the electrodes may besides be filled with an isolating gas with 
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high dielectric strength in order to_ prevent break-down between the 

electrodes. 

The power supply 23 in EFGM 20, e.g. as shown in fig. 2a and 2b, may either 
be a direct current source or an alternating current source. Preferably it will 

S be realized as a controlled power supply and be able to supply the electrode 

means El, E2 with current with different modes and characteristics. For this 
purpose both the power supply 23 and the cross-connection means 24, 2S 

hence will be connected with a not shown external control device which may 
be programmed according to the protocol for a. desired gircuit pattem and 

10 corresponding control the generatfon of the desired electrical conducting or 
semiconducting structures in the layer material or the thin film material 
between the electrode means El. E2. Protocols and required software may be 
loaded to the not shown control device from any external source and it is 
hence nothing against that the fabrication of circuits with the use: of EFGM 

lS 20 may be managed from a distant locality. 

There shall now be given a more detailed discussion of the electric 

field-convertible materials EFCM which may be used in the method 

according to the present invention, as well as specific techniques which may 
be used in the embodiment of said method. The basic principle of in situ 

20 field-conversion of materials is to generate conducting or semiconducting 
structures by means of spatially modulated and/or field strength modulated 
electric fields. The conversion itself may additionally be reversible or 
irreversible. Concrete examples of this will be given below. It must be 

mentioned that EFCMs at the time being arc in an early development stage 
25 and it is to be expected that ongoing research and development activities in 

the field dramatically shall increase the number of available materials. 

It is in the present invention particularly preferred using EFCMs which by 
being subjected to an electric field remain in this state until they again are 

subjected to which brings the material back to the initial state. This is among 

30 other the case of different or&anic macromolecules and other materials which 
generally are known as molecular electronic mat111rials. An 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 

3S organometallic charge-transfer complex M(TCNQ) formed by TCNQ 
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(7, 7 ,818-tetracyanoquinodimetan, C12H4N4) which functions as an electron 
acceptor m~lcculc with different metals as electron-rich donors. The metals 
may be Li, Na. K, Ag, Cu or Fe. M(TCNQ) may under the application of 
electric fields and for the sake of that also energy supplied in the form of 

5 heat or light radiation transfer from a high impedance state to a low 
impedance state. Generally the reaction can be written as 

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

10 reversible reaction results in that M(TCNQ) may be used for generating a 
bistable switching medium, for instance an erasable memory material. In the 
method according to the present invention only electric fields are used and 
not irradiation. In thin layers, for instance of 100-200 nm, M(TCNQ) has 

non-linear current-voltage characteristics, something which may be used for 
15 realizing memories of the type ROM and RAM. For this purpose: it is of 

particular interest that M(TCNQ) stably and reproducably allows 
current-controlled bistable electrical switching. In an electrical addressable 
memory for instance the high impedance state may be used for representing 
binary 1 and the low impedance state binary 0. The transition time between 

20 two such states is less than 400 ns. - Further examples of relevant materials 
are discussed in W. Xu & al., ••two new all-organic complexes with 
electrical b~stable states", Appl. Phys. Lett. 67:2241-2242 (1995) and the 
therein appended literature references. The materials mentioned arc bistable 
and have well-defined thresholds for conversion from conducting to non-

25 conducting state and vice versa with the use of electric fields. 

In certain field-convertible materials, including TCNQ, the conversion from 
a non-conducting to a conducting state may also take place when the energy 
is supplied in the form of the heat. As the field-convertible material basically 
is dielectric or strongly resistive, an electric alternating field which over the 

30 electrodes is applied with a suitable frequency to the material, may lnduce 
heat in the potential area and a heating with a subsequent conversion of the 
material from a non-conducting to a conducting state in this area may then 
take place. The power supply must then be operated as an alternating power 
supply and the thermal conversion must be regarded as a secondary effect 

35 induced by the electric field. In order to obtain good spatial definition of the 
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generated electrical conducting or semiconducting structures the thermal 
field which is induced by the alternating field in the material must be: 
precisely controlled. The thermal field will namely propaaate through the 
material and cause a temperature increase which may influence the electrical 

S properties of the material outside the potential area which ideally shall define: 
the spatial extent of the generated structure. If the field-convertible material 
is regarded as an infinite thin layer, the temperature increase will make itself 
felt unto a distance ftom for instance a point potential which falls together 
with the intersection point of the activated electrodes, with a thermal 

1 a diffusion length defined by the formula 

IJ. = (1C/nfpc) 112 

where the: material parameters 

1C .... therm.al conductivity, 
f = 1/'c the characteristic_ frequency which is 5! the inverse of the pulse 

1 S duration -r, 

p =the density of the material, and 
c = the specific heat of the material. 

(1) 

It follows from equation l that in order to reduce the ~crmal diffusion and 
obtain a sharp spatial definition of the desired electricill conducting or 

20 semiconductor structures, an alternating current pulse should be used which 
provides high field strength and a fast temperature increase in the potential 
area with subsequent rapid conversion of the field·convertible material. This 
may be achieved by combining a high field strength with high field frequency 
and with the use of field-convertible materials in the fonn of thin films with 

2S a thickness of 100 nm it is aupposed that an unwanted thermal diffusion 
effectively can be avoided by using alternating current pulses of a.t most a 
few microseconds. In this connection the field characteristics must also be 
tuned to the desired degree of conductivity on the potential areas which 
ideally defines the generated conducting and semiconducting structures. 

30 Electrical connections between different layers in thin-film materials or other 
types of electronic materials present a major challenge for the fabrication of 

microelectronics. Precise positioning of conducting paths in each layer plane 

and in the perpendicular direction to the planes is of para.mount importance 

11nmmnr 
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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 boles in prior art takes place by 

means of drilling, punching or etching, and the conducting material is added 
S 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 

10 electrical conducting and semiconducting structures i.o 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. S shows the 
basic principle for the particular case wh.crc a single conducting pa.th 9 shall 

be generated between a portion of for instance of a conducting structure in a 
15 layer SSS and a portion of another conducting structure 9 in a layer SSS 

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 

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

25 and the columns may begin and end in different layers auch this is apparent 
from fig. S. In a given layer which contributes with a conducting structure 9 
in connection with one or more conducting columns of vertical conducting 
structures 91

, the latter shall be made concurrently with other conducting 9 or 
semiconducting structures 10 which are patterned in this layer, for instance: 

30 SS6 in fig. S, i.e. without having to carry out other or different processing 

steps. Typically the degree cf conversion from a non-conducting to a 

conducting state or vice versa can be contralJed by the field strength and/or 
its time characteristics, possibly also by the duration of the field. Thus a 
column which connects points in two different layers may be formed such 

35 that it functions as a resistor in a circuit by choosing the degree of 
conductivity in segments from layc:r to layer along the column. 
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A method for erasing electrical conducting or semiconducting structures 
generated in three dimensions forms a part of the invention. 

In principle may electrical conducting or semiconducting structuns in single 
layers be erased selectively with the use of BFGM20 as shown in any of the 

S figs. 2a·f and suitable spectral modulation. After joining of single layers into 
a multilayer structure MLS the erasing at time being can, however, only be 
performed globally by the multilayer structure, in case the matrix, globally is 
subjected to an electric field with given field strength and/or characteristics 
and possibly adapted to the specific response of the material to the energy 

10 supplied by the field. The materials in the matrix will then be reconverted 
until the matrix in its entirety arrives in an electrical non-conducting state. 
something which will be the case if it e.g. is made of a material such as 
M(TCNQ). A multilayer structure or matrix of M(MTCNQ) material may 
thereafter be reconfigured with new electrical conducting and 

lS semiconducting structure, but this is net at present possible by using 
electrical fields. However, a method for generating as disclosed by the 
simultaneously filed International Patent Application PCT/N099/00023 
which belongs to the: present applicant, may be used. 

As the method for generating according to the present invention makes 
20 possible that suitable materials may be converted from an isolating ta a 

semiconducting state or vice v~rsa by electric fields, either directly or 
indirectly (e.g. in the last instance due to a simultaneous local heatin&), it 
will be possible to apply the method to manufacture for instance diodes and 
transistors which may be connected electrically with resistances and 

25 capacitors to form complete active electronic circuits. More specific 
examples of active components and wcuits formed thereof shall be disclosed 
by the following examples. 

Example 1 . 
Fig. 6 shows a forward-biased pn junction diode with conducting and 

30 semiconducting structures generated by the method according the invention 
and realised in thin-film teehnology with four sublaycrs SS1-SS4. The layers 
SS2 and SS3 contain the active semiconducting material provided between 
the elctrodea 11 in respectively the· sublayers SS 1 and SS4. The active 
material IO in the sublayer SS2 is an n-dopcd semiconductor, while the 

35 adjacent active material 10' in the sublayer SS3 is a p-doped semiconductor. 
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The electrodes 11 in the layers SS 1 and SS4 are contacted by horizontal 
electrical conducting structures er conducting paths 9 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 

5 a thickness less than l IJ.m. The horizontal extension of the area of the diode 
structure will be determined by the spatial resolution which is realized with 
the use of an EFOM, but with the electrode means El, E2 as shown in fig. 

2a-f, it will be possible to form electrodes 21, 22 with pitches in the order of 

magnitude 0.2-1.0 µm by conventional lithographic methods or by using 
10 irradiation convertible materials and a method as disclosed in the above 

mentioned intematio~al patent application PCTIN099/00023. Special 
printing methods or use of nanotechnological and chemical methods will 
besides be able to realize electrode structures which are one order of 
magnitude smaller. Realistically it may be supposed that with the available 

lS technologies for making the electrode devices it wiJl be possible to modulate 
point and line potentials spatially in two dimensions to a smallest extension 
ofO.l µm. 

Example 2 - MOSFET 
Fig. 7 shows schematically a MOSFET for use in the present invention and 

20 realized wholly in organic material in thin·film technology. The gate 
electrode 12 is provided in the sublayer SS l and connected with a horizontal 
conducting structure 9, while the sublayer SS2 constitutes the gate: isolator 
13. The active semiconducting material 10 is provided in the sublayer SS3 
and registers with the gate electrode 1 O. The source and drain electrodes 14 

2S 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 ~ µ.m, while the extension in the horizontal plane such as may be 

30 realized with present technology will be from at most a few µ.m to less than 

1 µm, cf. what is said in example I. 

Example 3 - Logic CMOS inverter 
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 

35 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 

ii1ii1iiUf 



W099/44229 21 PCTIN099/00022 

configuration, with common gate electrode. For this purpose a vertical 
conducting structure 15 is gcnerated and passes through all sublayers 
SS1-SS7 and connects the electrodes 14'. The output signal from the inverter 
is conveyed on this conducting structure 1 S to a horizontal connecting 

5 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 
th.en be less than 1 µm. typically realized with about a. thickness of about 
0.7µm. while the horizontal extension of the inverter will have the same 

l O dimensions as stated above in conn~ction with the discussion of the MOSFET 
structure in the figure 7. 

Example 4 - CMOS AND gate 
Active components like the MOSFET structures shown in fig. 7 may be used 
for forming integrated circuits by stacking of sublayers with structures which 

15 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 combined in multilayer 

20 structures into functional devices as for instance 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 and B are conveyed 

25 respectively to the gate electrodes on p·MOS Ql and Q2 and the gate 
electrodes on n-MOS Q3 and Q4• If both input signals switches A and Bare 
high, the output signal X will be low. In this case Q3 and Q4 will both be on 
and the p-MOS switches Q1 and Q2 will both off, i.e. no current flows and the 
output signal X hence goes Jow. If, on the contrary, either the input signal A 

30 or the input signal Bis low or both are low, correspondingly the p-MOS 
transistors Q1 respectively Q2 will be switched on and the output signal X 
goes high, as either one er both of the serially connected n-MOS Q3, Q .. are 
off and no current flows. The devices Q11 Q2. Q3, Q" realize, as will be seen, 

·a NAND gate and to realize an AND gate it is necessary to connect the 
35 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 Q2 and an 
n-MOS Q, switch connected in parallel. This is a standard CMOS inverter 
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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 
inverted to a high output signal X and this corre~ponds to the input signals A 
and B to the NAND gate both being high. In other words it is· easily realized 

S that circ:uit as shown in fig. 9 realizes an AND gate and persons skilled in the 
art will understand that eorrespondingly logic OR. and NOR gates may be 
realized and with any number of inputs. However, in principle, all Boolean 
functions c:an be reilizcd in combinations of one type: of gate and one or 

more inverters realized in CMOS technology. for instance with the use of the 
1 O transistor structure as shown in fig. 7. 

Purely practically the AND gate can be implemented in thin-film technology 
as shown in figs. lOa-lOd and with the use of MOSFET structures 
corresponding to that shown in fig. 7. Figs. 1 Oa-1 Od show the AND gate 
wholly realized in thin-film technology and with the active and passive 

IS devices provided in four sublayers SSl, SS3-SS5. The first sublayer SSl (fig. 
lOa) contains the gate electrodes 11-86 where the subscript points to the 
corresponding subscript for the MOSPETs Q1-Q, in fig. 9. The inputs A and 
B are conveyed to respectively the aatc electrode~ gi, g3 and g2• 14 and via 
horizontal conducting structures or current paths 9. Correspondingly the gate 

20 electrodes g1, g5 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 extend~ upwards in vertical direction from the sublayers 

SSl. In tig. lOb the symbols 6 and Vindicate that the vertical conductor 
structure lS in the layer SS3 extend vertically through this layer and on both 

25 sides thereof~ The layer SS3 comprises areas with active semiconductor 
materials b 1-b6 (corresponding to 10 in fig. 7) which are assigned to and 
register with the corresponding gate electrodes g1-!6 in the layer SSl. - It is 

to be remarked that a layer SS2 exclusively, apart from the vertical conductor 
Structure 1 S Which also extends through this sublayer OD both sides thereof, 

30 consists of dielectric material which forms a common gate isolator for the 

MOSFETs Q1-Q& which realize the AND gate. The layer SS2 is, of course. 
located between SSl and SS3, but has been excluded from the drawing. - The 
layer SS4 fig. lOc is provided above and adjacent to the layer SSJ and 

comprises respectively the source electrodes s1-s6 and the drain electrodes 
35 d,-d, for the corresponding MOSFETs QrQ5. The active semiconductor 

material d1-d5 which is located in the layer 883 is here indicated by stitched 

lines. The vertical current path 1 S also extends also through the layer SS4 
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and to both sides thereof and contacts a horizontal current path 9 in the 
sublayer SSS as shown in fig. !Od. This horizontal current path corresponds 
to the connection between the drain electrodes d1 and d3 for the 
corresponding MOSFETs Q2, Q3 and is additionally also connected with the 

5 drain electrode d1 on Q1• Another horizontal current path 9 realizes the serial 
connection between the source electrode s3 on Q3 and the drain electrode d,. 
on Q4• The source electrodes s4 and s, are grounded over further horizontal 
conductor structures 9, while the horizontal conducting structure 9 farthest to 

right in the layer SSS is supplied with a voltage Veld and connects the source 
10 electrodes sh s2, s5 on respectively Qi. Q2 and Q.s. A further horizontal 

current path 9 uppermost in fig. 1 Od forms the parallel connection between 
the drain electrodes d5,d6 on Q5, Q6 and the output line, dc:ncted with X. The 
output signal X from the NAND gate consisting ofQ1, Q2, Q3, Q,. is 
conveyed on the vertical current path 15. Fig. 11 shows schematically how 

1 S the layers in fig. I 0 appear in stacked configuration, the layer SS2 with the 
gate isolator here being included. For the sake of clarity the stack, however, 
is shown exploded in its separate sublayers SSl-SSS. but with correct 
registration and the course of the vertical current path l S through every 
sublayer is indicated by the stitched line. With the gate electrode layer 

20 SS I-SSS provided on an underlying, not shown dielectric layer. the total 
AND structure as shown in fig. 11 may have a thickness of 0.7S µ.m and an 

area of about too µ.m 2 (12·8 µ.m2). The volume of the structure will hence be 

about 75 flJl13
• With conservative spatial resolution this implies that about 10 

· 000 logic gates of this kind may be realized on an area of 1 mm2 and with a 
25 thickness well below 1 µ.m. Correspondingly scaled the length of the current 

paths 9, l S together becomes 60 µm. 

Example S - AND gate with vertically stacked CMOS crircuits 
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 

30 structures vertically as shown in fig. 12. Again the same reference numbers 
as in figs. l 0 and 11 are used, and it will be seen that the vertical AND gate 
structure exploits the fact that the gate electrodes g, and g3 of the transistors 
Q1, Q 3 are at the same common potential, the gate electrodes gz and g4 in Q2, 

Q4 on another common po_tential and the gate electrodes gs and g,, in Qs, Qs 
35 on a third common potential. Hence the transistors Q 1-Q6 are implemented as 

CMOS circuits in a pairwise back-to-back configuration by common gate 
clc:ctrode g1,g3; g~.g4; gs.gs for the corresponding MOSPET structures Qi,Q3; 
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Q2,Q4; Q5,Q6• Each CMOS circuit is provided on an isolating layer which in 
fig. 12 is located below Qlt between Qi and Q4 and between Q2 and Qs in 
each of the MOSFET structures. The gate electrodes g arc also, of course, 
isolated from the active semiconductor material b by not explicitly denoted 

S isolating layers which comprise the respective gat~ isolators. The horizontal 
current paths in figs. IO and 11 arc 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 1 S is shown which also is realized vertically in the configuration 

10 in fig. 10 and, as will be seen, as before connects the gate clec.trodes gs,g6 on· 
Q5, Q, with the connection between the drain electrodes d2,d3 on Qi, Q3 and 
the drain electrode di on Q1. 

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 

IS layers form the gate isolators and three corresponding thick isolating layers 
isolate the paired combinations ofMOSPET structures mutually. With the 
sam~ dimensions as indicated in connection with the description of fig. 11 
the'whole stacked layer configuration in fig. 12 hence will have a thickness 
of about 3.0 µ.m and be provided on an area of 16 µ.m2• The total volume thus 

20 becomes less than SO µm 3
, a reduction of the volume of 1/3 relative to the 

configuration in fig. 11. Most important is. however, the current paths which 
in the configuration in fig. 11 from the indicated dimensions will have a 
length of S2 µm. may in the configuration in fig, 12 well be about 1 S µm in 
an optimal embodiment, which implies a reduction of about 70%. In this 

25 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 oftoday11 thin-film technology and using technologies as 
30 mentioned above in order to create electrical conducting and semiconducting 

structures in thin films by irradiation of convertible organic materials, it is 
wholJy 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 

35 105 logic gates of the kind shown on 1 mm2 and with a layer thickness well 
below lµm, while the configuration in fig. 12 might realize about 6·105 gates 
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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. 

The processing of single layers, i.e. the generating of electrical conducting 
S and semiconducting structures may after the converting by means of electric 

fields has taken place and when it is performed as shown in figs. 2a-f and fig. 

3, inlcude possible post-treatments and corrections, e.g. a possible heat 
treatment before the separate layers are joined into a multilayer structure and 
form a stacked circuit configuration. 

10 For instance a heat treatment of single layers .after the conversion may be 
performed to control conducting or semiconducting properties, e.g. 
conversion of monomer to oligomer or polymer, doping, crystallization etc. 

Such processes are well•known and have a wide application and specific 
examples shall hence not be given here. The heat trc:atment may e.g. be 

15 performed by means of irradiation. Another possibility is to use the electric 
alternating fields. In principle altemating fields may also be used to effect 
the field conversion ofEFCM and the power supply 23 shown in figs. 2.a-f 
must then, of course, be an alternating voltage source. In that connection it 
shall be remarked that a resistive material which is subjected to an 

20 alternating field will be heated. By using an alternating voltage field for 
generating a transition from a non-conducting to for instance a conducting 
state a heating of the thus. generated electrical conducting structure may take 
place and a possible desired heat treatment may also take place in situ and 
simultaneously with the conversion process. 

25 By for instance using organic materials in the layers and generating the 
electrical conducting and semiconducting structures with conversion and by 
means of electric fields according to the present invention, it may be obtainr:d 
a far simpler and cheaper manufacturing of electronic devices than which is 
possible with today's inorganic semiconductor technology. If a reel-to .. reel 

30 arrangement is used in the manufacture of circuits as shown in fig. 7, 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 

35 that vertical conducting strUctures in separate layers- register mutually and 
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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 
S practically also be 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 arc hence not discussed in greater detail. but must be 

regarded as known to persons skilled in the art. 

10 By using the method for generation according to the present invention the 

protocol for a given circuit configuration in multilayer design may be 

generated far from the manufacturing location of the circuit and transmitted 

thereto for downloading to for instance a. control device which controls the 

generation of the physical circuit patterns in situ at the manufacturing 

1 S location. A user may hence thereby generate and produce circuits by 

tcle-proccssing according to own specifications solely by transmitting the 

necessary instructions and information. The present invention. may thus 

furnish the concept application- an.cl cus~omer-specific circuit production 

with a radically new content. 
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PATENT CLAIMS 

1. A method for generating electrical conducting or semiconducting 
structures in two or three dimensions in a composite matrix, wherein, the 
matrix comprises one or more materials respectively provided in one or more 

S spatially separate and homogenous material structures, wherein the ma~crials 
in response to the supply of energy can undergo specific ~ and/or 
chemical changes of state which cause transition 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, and 

10 wherein each material structure is made in the form of a thin layer, 
characterized by applying to the separate layer an electric field with given 
field strength and/or characteristics adapted to the specific response of the 
material to the energy supplied by the field, modulating in each case the 
fields spatially according to a determined protocol which represents a 

lS predetermined pattern of electrical conducting or semiconducting structures 
in the relevant material structure, whereby in the layers in response to the 
energy supplied by the field two-dimensional electrical conducting or 
semiconducting structur=s are generated with the pattern predetermined by 

the: protocol; and then optionally.providing two or more layer~ in a stacked 
20 configuration, such that the composite matrix formed by separate adjacent 

layers is provided with electrical conducting or semiconducting structures in 
three dimensions. 

2. A_ method according to claim l, c;haracterized by modulating spatially 
the electric field in a plane substantially parallel with a layer by means of an 

2S electrode device with patterned electrodes, the electrode device by selective 

supply of voltage to the electrodes according to the detennined protocol 
generating electrical point or line potentials, which generate the elcctric:al 
conducting or semiconducting structures. 

3. A method according to claim 1, characterized by the stacked 

30 configuration being formed by two or more layers after generating the 

electrical conducting or semiconducting structure in each layer being 
combined into laminated multilayer structures which forms the composite 
matrix with electrical conducting or semiconducting structures in three 
dimensions. 

nus SHEET HAS BEEN 
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4. A method according to claim 3, characterized by forming the 

multilayer formed by a lamination of two or more self-supporting layers into 

a stacked configuration. 

S. A method according to claim 4, characterized by positioning a layer 
S after the lamination to adjacent layers such that two or mare two-dimensional 

electrical conducting or semiconducting structures in the first-mentioned 
layer according to the protocol register with one or more two-dimensional 
electrical conducting or semiconducting structures in adjacent layers., 

whereby one or more vertical electrical conducting or semiconducting 
10 channels are generated in the cross-direction through the layers. 

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

15 conducting or semiconducting structures in this layer. 

7. A method accor:ding to. claim 6, characterized by generating each 
channel with a conductivity or conduction mode which is constant between 
the layers. 

8. A method according to claim 6, characterized by generating each 
20 channel with a conductivity or conduction modus which varies between the 

layers. 

9. A method for erasing globally electrical conducting or semiconducting 
structures generated in two or three dimensions in a composite matrix, 
wherein the matrix comprises one or more materials respectively provided in 

25 one or more spatially separate and hamoicnous material structures, wherein 
the materials in response to the supply of energy can undergo specific 

and/or chemical changes of state which cause transition from an 
electrical non·conducting state to an electrical conducting or semiconducting 
state or vice versa, or a change in the electrical ~cnduction mode of the 

30 material, and wherein each material structure is made in the farm of a thin 
layer, characterized by a.pp lying globally to the composite matrix an electric 
field with given field strength and/or characteristics adapted to the specific 

response of the material to the energy supplied by the field until the materials 

i1iiiiiif 
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in the composite matrix in response to the energy supplied by the field in 

their entirety arrive in the electrical or non .. conducting state. 

10. Electric field generator/modulator (EFGM) for patterning and 
generating electrical conducting or semiconducting structures in two or three 

5 dimensions in a composite matrix, wherein the matrix comprises one or more 
materials respectively provided in one or more spatially separate and 
homogenous material structures, wherein the materials ln response to the 
supplied energy can undergo specific and/or chemical changes of 
state which cause transition from an electrical non-conducting state to an 

10 electrical conducting or semiconducting state and vice versa, or a change in 
the conduction mode of the material, wherein each material structure is made 
in the form of a thin layer, and wherein the el~ctric field generator/modulator 
(20) is characterized.in that it comprises a first electrode means (El) with a 
plurality of parallel strip electrodes (21) provided in a plane, a second 

lS electrode means (E2) with a plurality of parallel strip electrodes (22) 
provided at a distance from the first electrode means (El) and 
superpositianed therc:ta in a second plane parallel with the first plane such 
that the: electrodes (21, 22} mutually are substantially orthogonally oriented 
in a matrix-like arrangement, that the electrode means (E.l~E2) over 

20 cross-connection devices (24;2.S) are connected with a controllable power 
supply (23 ), the electrical field generator/modulator (20) in the space 
between the electrode means {El, E2) being adapted for receiving a thin-film 
material in the fonn of a discrete component or a continuous tape whi~h 
without touching the electrode means continuously or intermittently is fed 

25 through the space with simultaneous positioning and alignment spaced apart 
from and between the electrode means (El. El) in a plane substantially 
parallel thereto, whereby the electrical conducting or semiconducting 
structures can be generated according to a determined protocol and by means 
of point, line or area potentials are created between selected electrodes (21, 

30 22) in the electrode means (El ;El) when the former over the 
cross-connection devices (24;25) are supplied with electric power. 

11. Electric field generator/modulator according to claim 10, characterized 
in that the electrodes (21:22) in each electrode device (El;E2) is provided on 
or in surfaces of respective substrates facing each other. 
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12. Electric field generator/modulator according to claim 11, characterized 
in that the strip electrodes (21, 22} are made as a part of this substrates and 
form conducting structures in the substrate material. 

13. Electric field generator/modulator according to claim 10, characterized 
S in that the distance between the electrode means (El. E2) is con.trollablc 

depending on the thickness of the thin-film material. 

14. Electric field generator/modulator according to claim 10, characterized 
in that the electrodes (21;22) in each electrode means (Bl; E2) are provided 
with a mutual distance between 0.1µmand1.0 flD1· 

l 0 1 S. Electric field generator/modulator according to claim 10, characterized 
in that the electrodes (21;22) in each electrode means CB1iE2) are formed 
with substantially constant width of 0.1 J.lm to 1.0 µm. 
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A method for generating electrical conducting and/or semiconducting 
structures in three dimensions, a method for erasing the same structures 
and an electric field generator/modulator for use with the method for 
generating. · 

5 The invention concerns a method for generating electrical conducting and/or 

semiconducting structures in two or three dimensions in a composite matrix, 

wherein the matrix comprises one or more materials provided in spatially 

separate and homogenous material structures, wherein the materials in 

response to the supply o~ energy can undergo specific physical and/or 

I 0 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, and 

wherein each material structure is made in the form of a thin layer. The 

15 

invention also concerns a method for erasing globally electrical conducting 

and/or semiconducting structures generated in two or 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 chemical changes of state which cause transition from an 

20 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, and wherein each material structure is made in the form 

of a thin layer. ·Finally, the invention concerns an electric field 

25 
generator/modulator (EFGM) for patterning and generating electrical 

conducting and/or semiconducting structures in two or three dimensions in a 

composite matrix, wherein the matrix comprises one or more materials 

respectively provided in one or more spatially separate and homogenous 

material structures, wherein the materials in response to the supplied energy 

can undergo specific physical and/or chemical changes of state which cause 

30 transition from an electrical non-conducting state to an electrical conducting 

and/or semiconducting state and vice versa, or a change in the conduction 

mode of the material, and wherein each material structure is made in the form 

of a thin layer. 

More particularly the present invention concerns the fabrication of two- and 

35 three-dimensional isolating, resistive, conducting and/or semiconducting 
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patterns and strilctures for use in electronic circuits which most particularly 
consist of a single or several stacked layers of thin films. 

The evolution of microelectronic technology shows a steady trend towards 
smaller dimensions and reduced costs of the devices. Well-substantiated 

5 predictions show that the performance is going to increase, while the price 
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 

10 lithography and increasing demands of the m:aterial processing. 

Extrapolations of the present technologies based ~n 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. 

15 Microelectronics based on thin-film technology may on the other hand 
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 ino~ganic semiconductors to microcrystalHne, polycrystalline 
or amorphous inorganic or organic semiconductors will introduce entirely 

20 novel boundary conditions with regard to the production of microelectronics 
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 

25 tomorrow1s electronic technology. In the present invention special emphasis 
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. 

30 Particularly before the use of electronics based on amorphous materials can 
fulfil their expected potential, further developments in certain areas are 
required. In the recent years an effort has been made to improve the 
semiconducting properties of organic semiconducting thin-film materials, 
which have given dramatic and rapid increase in the transistor performance 

35 up to a point where organic-based transis~ors may now compete with 

·.·~ 



. ' 
~ . . . 
! :5 : 

' . 
I I • • 'f 1 

I • , " i I ·­. 
.. .. • i: ,. .. 

f 1 I ' ' 
" ( • I 4' ~ 1 t. ' I I I' I" 

' ~ t llf. ,. t. •. 
tr r• f• ,·. 
t I l t 

' • .s. •• 
'\• yr 

transistors based on amorphous silicon (see for instance Y.-Y. Lin, 

D.J. Gundlach, S.F. Nelson and T.N. Jackson, "Pentacene-Based Organic 
Thin Film Transistors", IEEE Transactions on Electron Devices, August 

1997). Other on-going projects will lead to coating processes for thin film in 
5 order to generate organic and amorphous silicon semiconductors at low 

temperatures and with compatibility to a broad range 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. 

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

15 conductors patterned with traditional methods such as lithography and 

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)). 

20 Alternatively, screen printing with conducting "ink11 has been used to make 
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 may provide high 
resolution, it is relatively complex and includes typically wet chemistry steps 

25 which are undesirable in high-volume production of multilayer organic 
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 

30 discloses a process for three-dimensional lithography of amorphous polymers 
for generating a momentary permanent pattern in a polymer material and 
which comprises steps for p~oviding doped non-crystalline layers or films of 
a polymer in a stable amorphous state under humane operating conditions. In 
manufacturing the patterns the film is masked optically and is exposed 

35 through the mask to radiation with sufficient intensity to cause ablation of 
the exposed portions such that a distinct three-dimensional imprint is 
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generated in the film. This process has among other been proposed for use in 

the manufacture of an optical data storage disk. Further there is from US 

patent No. 5 378 916 (Mantell) known a photo-sensitive device in the form of 

a single-crystal structure, wherein different portions of the structure may 

5 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 

10 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 polyimid, polymer, an organic dielectric, a conductor or 

15 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 

20 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 

25 radiation. In addition the mask may also be realized as a phase-shifting mask. 

Finally there is from the article "Polymeric integrated circuits and 

light-emitting diodes" ofD.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 

30 UV radiation. In the manufacture photochemical patterning of doped 

electrical conducting polyaniline films, so-called P ANI 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 polyimide film. By thereafter exposing the P ANI film to deep UV 

35 radiation through a mask the initially conducting polyaniline is converted in 

the exposed areas to the non-conducting leucoemeraldine form. The starting 
point here is accordingly a conducting polymer material, the area resistance 
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of which initially is 1 kiloohm/square, but ~iii ch after the exposure obtains 
an area resistance of more than 1013 ohm/square. In this manner dielectric 
structures may be generated in an otherwise conducting matrix. Fig. 1 shows 
a MISFET according to Leeuw & al. comprising a polyimide substrate 1 with 

5 a PANI thin film which after exposure to UV light through suitable masks 
forms isolating structures 6 in the otherwise conducting thin-film material 3. 
The still conducting areas 3 in the P ANI 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 ofpolythienylenevinylene or 

10 PTV which is an organic semiconductor material. This layer 4 substantially 
determines the electrical parameters 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 P ANI film is again deposited on the top of the PTV film 5 and 

15 patterned by radiation with UV light such that isolating structures 6 are 
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 

20 paths between for instance source and drain electrodes in a transistor and the 
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 for realizing a vertical 

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

30 flexible substrates by means -of processes which combine high-volume 
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 
devices, for instance in the form ofa large number of adjacent stacked 
thin-film layers, thus generating three-dimensional circuit structures. The 

35 present invention will thereby make possible flexible and cheap, but 
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simultaneously aiso singularly simple and pfeeise fabrication of devices such 
as flat display devices, logic circuits, memory devices etc. 

Further it is also an object of the invention to provide a method for erasing 
such three-dimensional circuit structures in situ, such that the material in the 

5 · structures is converted back to an initial virgin state whereafter it by means 
of a suit~ble method may be reconfigured in the form of electrical conducting 

· and/or semiconducting 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 
10 present invention with a method which is characterized by applying to the 

separate layer an electric field with given field strength and/or characteristics 
adapted to the specific response of the material to the energy supplied by the 
field, modulating in each case the fields spatially according to a determined 
protocol which represents a predetermined pattern of electrical conducting 

15 and/or semiconducting structures in the relevant material structure, whereby 
in the layers in response to the energy supplied by the field two-dimensional 
electrical conducting and/or semiconducting structures are generated with the 
pattern predetermined by the protocol, and then optionally providing two or 
more layers in a stacked configuration, such that the composite matrix 

20 formed by separate adjacent layers is provided with electrical conducting 
and/or semiconducting structures in three dimensions. 

Further it is according to the invention advantageous that the electric field is 
modulated spatially in a plane substantially parallel with a layer by means of 
an electrode device with patterned electrodes, the electrode device by 

25 selective supply of voltage to the electrodes according to the determined 
protocol generating electrical point or line potentials, which generate the 
electrical conducting and/or semiconducting structures. 

It is according to invention advantageous that the stacked configuration is 
formed by two or more layers after generating the electrical conducting 

30 and/or semiconducting structure in each layer being combined into laminated 
multilayer structures which forms the composite matrix with electrical 
conducting and/or semiconducting structures in three dimensions. 

It is according to the invention also advantageous positioning the multilayer 
formed by a lamination of two or more self-supporting layers into a stacked 
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configuration. A layer is after the lamination to adjacent layers then 

preferably positioned such that two or more two-dimensional electrical 

conducting and/or semiconducting structures in the first-mentioned layer 
according to the protocol register with one or more two-dimensional 

5 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. 

Finally, it is according to the invention advantageous providing an electrical 

conducting and/or semiconducting structure which forms a vertical channel 

10 through the layer according to the protocol, in electrical conducting and/or 

semiconducting connection with one or more two-dimensional electrical 

conducting and/or semiconducting structures in this layer, each channel 

preferably being generated with a conductivity or conduction mode which is 
constant between the layers or with a conductivity or conduction mode which 

15 varies between the layers. 

A method for global erasing according to the invention is characterized by 

applying globally to the composite matrix an electric field with given field 

strength and/ or characteristics adapted to the specific response of the 

material to the energy supplied by the field until the materials in the 
20 composite matrix in response to the energy supplied by the field in their 

entirety arrive in the electrical non-conducting state. 

An electric field generator/modulator is according to the invention 
characterized in that it comprises a first electrode means with a plurality of 

parallel strip electrodes provided in a plane, a second electrode means with a 
25 plurality of.parallel strip electrodes provided at a distance from the first 

electrode means and superpositioned thereto in a second plane parallel with 

the first plane such that the electrodes mutually are substantially orthogonally 

oriented in a matrix-like arrangement, that the electrode means over 

cross-connection devices are connected with a controllable power supply, the 

30 electrical field generator/modulator in the space between the electrode means 
being adapted for receiving a thin-film material in the form of a discrete 
component or a continuous tape which without touching the electrode means 

continuously or intermittently is fed through the space with simultaneous 
positioning and alignment spaced apart from and between the electrode 

35 means in a plane substantially parallel thereto, whereby the electrical 
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conducting and/or semiconducting structures can be generated according to a 

determined protocol and by means of point, line or area potentials created 

between selected electrodes in the electrode means when the former over the 

cross-connection devices are supplied with electric power. ·preferably are the 

5 electrodes in each electrode means provided on or in surfaces of respective 
substrates facing each other and/or in that connection preferably made as a 

part of the substrates and form conducting structures in the substrate 

material. 

Further it is according to the invention advantageous that the distance 

10 between the electrode means is controllable depending on the thickness of 

the thin-film material. 

Finally it is according to the invention advantageous that the electrodes in 

each electrode means are provided with a mutual distance between 0.1 µm 

and 1.0 µm and that the electrodes in each electrode means are formed with 

15 substantially constant width of 0.1 µm to 1.0 µm. 

The invention shall now be explained in more detail in connection with a 

survey of its basic principles and with the use of exemplary embodiments in 
connection with the appended drawings, wherein 

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

fig. 2a, b schematically respectively in section and plan view an. embodiment 
of the electric field generator/modulator (EFGM) according to the invention 

and its use in a first step in the method for generating according to the 
invention, 

25 fig. 2c, d schematically in respectively section and plan view EFGM as 
shown· in fig. 2a, b and used in a second step in the method for generating 
according to the invention, 

fig. 2e, f schematically in respectively section and plan view EFGM as shown 

in fig. 2a, b and used in a third step of the method for generating according to 
30 the invention, 

fig. 3 schematically the embodiment of the method for generating according 
to the invention, combined with a lamination of single layers into a 
multilayer structure, 
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fig. 4 a section through a multilayer structure with conducting and/ or 
semiconducting structures as generated by the steps shown in fig. 2a-f, 

fig. 5 a schematic section through a laminated multilayer structure which 
comprises conducting and/or semiconducting structures generated by the 

5 method according to the present invention, 

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, 

10 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 
present invention, 

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

figs. I Oa-d in plan view sub layers in an AND gate structure generated by the 
15 method according to the invention and according to the equivalent diagram in 

fig. 8 with the use ofMOSFET structures as shown in fig. 7, 

fig. 11 the AND gate structure in fig. I 0 as a stacked multilayer 
configuration, but exploded in the separate sublayers, 

fig. 12 schematically another variant of the AND gate structure in fig. 10 and 
20 with the separate MOSFET structures provided mutually connected in a 

vertical configuration. 

Now the basic principles of a method according to the present invention 
whereby three-dimensional structures with a well-defined mode and degree 
of electrical conduction are generated by spatially controlled patterning in 

25 situ in convertible materials (CM) which have such properties that their 
electronic properties are converted reversibly or irreversibly under the effect 
of radiation, heat, or electric fields. The method for generating such 
structures according to the present invention is based on the use of electric 
fields, either direct current fields or alternating current fields. Initially the 

30 three-dimensional electrical conducting and/or semiconducting structures can 
be generated as two-dimensional stru~tures ofthis kind.by direct local 
influence of the electric field on a single layer and appears as 
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three-dimensioiia.t by joining single layers into a multilayer structure. 
Typically an electric field-convertible material (EFCM) 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 

5 being subjected to an electric field, for instance of a given field strength or 
with a given frequency. 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 following the method for 
generating and erasing of electrical conducting and/or semiconducting 

10 structures by means of electric fields shall be discussed both generally and 
more specifically in connection with a description of the figures. 

For polymers such as polyaniline there are as shown in the above-mentioned 
paper by de Leeuw & al., observed conduction ratios between two states as 
high as 1010

• In this case it concerned in situ conversion of a single layer of 
15 irradiation convertible material from conducting to non-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. 

A multilayer stack of different electric field-convertible materials may be 
20 provided on a substrate which may be flexible or rigid, conducting or 

non-conducting. The field-convertible materials are made conducting, 
semi-conducting or isolating in desired patterns by subjecting a number of 
single layer field-convertible materials to spatially-controlled electric fields, 
and with subsequent combination of the layers into a multilayer stack. 

25 Multilayer stacks of field-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 structures in the layers which 

30 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~ ~other example is electrical connections between 
the layers where traditional solutions in many cases are unsatisfactory, for 

35 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 

.. :.:· .... :· . 
. ····=:-;::.: 
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different Iayed Mid with ~ubsequent 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 connection from the front to 
the back of the circuit board. A third instance is the generation of capacitors 

5 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 be explained in more 
detail in the following, patterns of this kind may be generated by using the 

10 method for generating electrical conducting and/or semiconducting structures 
or patterns according to the present invention. With regard to the precision 

and clarity the following description shall, however, be introduced by 
emphasizing on how patterns and three-dimensional structures which either 
are very good or very bad electrical conductors shall be defined. 

15 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 
substrate restrict automatically the realizable architectures to the kind which 

20 allows access to the substrate for all active devices. If the method according 
to the present invention is used for generating electrical conducting and/or 
semiconducting structures in three dimensions by means of converted stacked 
single layers,. whole devices may be generated in this manner without any 

essential restriction with regard to the size or complexity as scaling quite 
25 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 run, 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 include 

30 electrical field-converted electronic structures which are formed on the top of 
and function in cooperation with traditional silicon-based electronic circuits. 

The basic object of the present invention is the generation of electrical 
conducting, semiconducting and/or resistive structures in three dimensions 
within a multilayer material in monolithic format, as the structures mentioned 

35 are generated with the use of electric fields in the form of point, line or area 
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potentials. An eiilbodiment of the method for generating with the use of 
electric field shall now be described with reference to figs. 2a-f. 

Fig. 2a shows a section through an electric field generator/modulator 
according to the invention which functions as an electric patterning device 

5 for electric field-convertible materials. The electric field generator/modulator 
is realized such that it both generates the field and in addition also can 
modulate the fields spatially, i.e. in a plane or two-dimensions and generate 
electrical conducting and/or semiconducting structures with the desired 
pattern in this plane. In the following will hence the electric field 

10 generator/modulator abbreviated be denoted EFGM. EFGM 20 comprises as 
shown in fig. 2a in section and in fig. 2b in plan view a first electrode means 
E 1, consisting of thin parallel electrodes 21 and another electrode means E2 
provided spaced apart from the electrode means El in a plane parallel 
thereto. The electrode means E2 consists similarly of thin parallel electrodes 

15 22 provided such that they are oriented substantially orthogonal to the 
electrodes 21 in the electrode means El. The electrode means El, E2 are 
connected with a power supply 23, here shown as a direct voltage supply, but 
the power supply 23 may also be an alternating voltage supply. The power 
supply 23 is connected with the electrode 21; 22 in the electrode means 

20 El;E2 over respective cross-connecting devices 21, 24. The distance between 
the electrode means El, E2 allows a thin film of electrical field-convertible 
material EFCM in fig. 2a denoted SS 1 to be inserted between the electrode 
means El, E2, without contacting these. The electrode means El, E2 may be 
formed of self-supporting or supported thin films wherein the electrodes 21, 

25 22 in each case are embedded in the film material. Similarly it is to be 
understood that the layer SSl of the field-convertible material EFCM may be 
a continuous tape which is inserted in EFGM 20 between the electrode means 
El, E2 in·a substantially continuous movement. By applying voltage e.g. to 
an electrode 21 in the electrode means El and to an electrode 22 in the 

30 electrode means E2 an electric field perpendicular to the layer SSI is formed 
in the intersection between the electrodes 21 and 22 and the field-convertible 
material SSl will be able to transfer from a non-conducting to a conducting 
state in areas which is influenced by the field between the electrodes 21, 22. 
If an electrode 21 and another electrode 22 respectively are addressed 

35 electrically in this manner, an approximate point potential is obtained in the 
intersection between. If e.g. an electrode 21 in the electrode device El and 
all electrodes 22 in the electrode device E2 are addressed, a field is obtained 

···::'':.:: . 
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substantially in the form of a line potential aiong the electrode 21 in question 

and correspondingly a line-like, for instance an electrical conducting 

structure in the layer 881 which is located between the electrode devices El,­
E2 will be generated. If an number of electrodes 21 which are located 

5 juxtaposed to each other in the electrode device El and correspondingly a 
plurality of electrodes 22 which are juxtaposed to each other in the electrode 

device E2, the field which are created between the electrode intersections 

will generate an area potential and it may for instance be generated an 

electric area structure in the layer SS 1. In figs. 2a, 2b such electrical 
10 conducting structures are e.g. generated substantially as area structures, but it 

is to be understood that there also may be generated as point of line 
structures, dependent on the manner whereby the electric field is generated. 

Figs. 2c and 2d show respectively in section and plan view how EFGM 20 is 

used for generating for instance electrical conducting structures 9 in a second 
15 layer by addressing the electrode means El, E2 in EFGM 20 in a suitable 

manner. Correspondingly figs. 2e,f also shows in section and plan view 
EFGM 20 with a third layer 883 which here for instance is patterned with 
semiconducting structures 10. As shown in fig. 2a-f the patterning of the 

field-convertible material EFCM takes place for each separate layer SS!, 
20 882, SS3, but these layers may as mentioned above, be present in the form of 

self-supporting single films of EFCM and assembled into a multilayer stack, 
such this schematically is shown in fig. 3. The fabrication of circuits realized 
with electrical conducting and/or semiconducting structures in EFCM can 

take place with tapes of EFCM in continuous paths as shown. Each tape or 
25 each film are in fig. 3 shown as three films EFCMl, EFCM2, EFCM3 and are 

converted by electric field to the desired spatial pattern in separate EFGM 20 
for each of the paths. Then follows the assembly into a multilayer structure 

MLS, e.g. by gluing or heat-assisted lamination. The multilayer structure 
:MLS may well be provided on a substrate which, of course, is not subjected 

30 to any electric field, but is laminated to the multilayer structure :MLS in the 
same process step. In each case a flexible tape MLS is obtained which either 
may be folded or coiled or cut into segments, for instance to make single 
circuits. In fig. 3 the field-convertible material EFCM in the form of three 
tapes or films EFCMl, EFCM2, EFCM3 is drawn from respective rolls Ra 

35 and conveyed in separate lines by alignment rolls Rbh Rb2, Rb3, Rb4 in each 
line for tensioning and positioning of the tapes through EFGM 20. The 
completed patterned films EFCMI, EFCM2, EFCM3 are conveyed over a 
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guide roll set Re And possibly after a further position adjustment through a 
lamination step~ and laminated into the multilayer structure MLS. This 
multilayer structure may as mentioned, include a substrate 1 which is drawn 
from a further roll Ra in a separate line and is laminated together with the 

5 converted film material EFCM in the lamination step~- For three layers 
which are laminated together in this manner and converted as shown in fig. 
2a-f, it may then as shown schematically in section in fig. 4 be obtained a 
circuit structure which is provided on the substrate 1. The conducting 
structures 9 and the semiconducting structures 10 contact each other 

10 vertically or extend horizontally in each of the layers SSI, SS2, SS3 as 
shown and form together three-dimensional structures of this kind in the 
desired pattern. 

The electrode means El, E2 in the electric field generator/modulator (EFGM 
20) as for instance shown in fig. 2a and fig. 2b, may be formed in or on 

15 substrates of a non-conducting material and the electrodes 21, 22 may then be 
provided on the opposite surfaces of the substrates or embedded in the 
substrates. They may also form conducting structures in the substrate 
material itself. The electrode width and the mutual distance between the 
electrodes 21, 22 in each electrode means El, E2 will be determining for the 

20 spatial resolution in the patterning of the conducting and/or semiconducting 
structures and the achievable pitches. In compatibility with today's 
semiconductor technology the electrodes 21, 22 thus can be realized with a 
width between 0.1and1.0 µm and corresponding mutual distances. It is with 
present technology wholly possibly to realize electrode widths, e.g. in thin 

25 films provided on substrates, of 0.1 µm or less by nanotechnology, for 
instance printing methods, or by means of chemical methods. The circuit 
patterns which are r~alized with EFGM20 with the.method according to the 
present invention will at least be dimensionally compatible with that which 
optimally may be achieved by using for instance microlithography in 

30 silicon-based cirucuit technology. Dependent on the thickness of thin film 
material wherein conducting and/or semiconducting structures, i.e. circuit 
patterns," shall be generated, the distance between the electrode devices El, 
E2 can be controlled in order to achieve an optimum definition of the 
potentials formed between the electrodes. The control may take place via not 

35 shown micromechanical servocontrol means which are well-known to 
persons skilled in the art. - During the generation of the circuit pattern the 
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space between the electr(1des :may,b~sides. be fillr.n· with.an i~'O.lating.gas with 

high dielectric strength in order to prevent break-down between the 

electrodes. 

As has been demonstrated with candidate ·materials for field-induced 
5 conversion, the conversion can be performed with a high degree of 

reproducibility at well-defined field strength. Typically the field strength 

necessary to induce the conversion will be in the order of 5 000 000 V /m, 

implying a potential difference over the electrode means El, E2 in the order 

of 3-6 volts for film thicknesses in the 200-300 nm range and a gap between 

10 the electrode means El, E2 large enough to accommodate films of this 
thickness. It should.also be noted that the electric field substantially is . 
applied in a direction perpendicular to the thin film, although in principle it 

could be applied with other orientations. The former alternative appears as 

15 

20 

25 

preferable with regard to the required precision in spatial resolution as well 

as obtaining a well-defined field strength. 

The power supply 23 in EFGM 20,_ e.g. as shown in fig. 2a and 2b, may either 

be a direct current source or an alternating current source. Preferably it will 
be realized as a controlled power supply and be able to supply the electrode 
means El, E2 with current with different modes and characteristics. For this 
purpose both the power supply 23 and the cross-connection means 24, 25 
hence will be connected with a. not shown external control device which may 

be programmed according to the protocol for a desired circuit pattern and 

corresponding control the generation of .the desired electrical conducting 

and/or semiconducting structures in the layer material or the thin film 
material between the electrode means E 1, E2. Protocols and required 
software may be loaded to the not shown control device from any external 
source and it is hence nothing against that the fabrication of circuits with the 

use of EFGM 20 may be managed from a distant locality. 

There shall now be given a more detailed discussion of the electric 

30 field-convertible materials EFCM which may be used in the method 
according to the present invention, as well as specific techniques which may 
be used in the embodiment _of said method. The basic principle of in situ 
field-conversion of materials is to generate conducting and/or 
semiconducting structures by means of spatial~y modulated and/or field 

35 strength modulated electric fields. The conversion itself may additionally be 
reversible or irreversible~ Concrete examples of this will be given below. It 
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must be mentibned that EFCMs at the time being are 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 

materials. 

5 It is in the present invention particularly preferred using EFCMs which by 

being subjected to an electric field remain in this state until they again are 

subjected to which brings the material back to the initial state. This is among 

other the case of different organic macromolecules and other materials which 
generally are known as molecular electronic materials. An instance of a 

10 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, C12H.N4) which functions as an electron 
15 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 application of 

electric fields and for the sake of that also energy supplied in the form of 
heat or light radiation transfer from a high impedance state to a low 

impedance state. Generally the reaction can be written as 

20 [M+(TCNQrJn 4-Ehv,E-.Mx + (TCNQ)x + [~(TCNQr]n-x 

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

25 method according to the present invention only electric fields are used and 
not irradiation. 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 M(TCNQ) stably and reproducably allows 

30 current-controlled bistable electrical switching. In an electrical addressable 

memory for instance the high impedance state may be used for representing 
binary 1 and the low impedance state binary 0. The transition time between 

two such states is less than 400 ns. - Further examples of relevant materials 

are discussed in W. X\l & al., "Two new all-organic complexes with 
35 electrical bistable states", Appl. Phys. Lett. 67:2241-2242 (1995) and the 
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therein append~d literature references. The rl1.aterials mentioned are bistable 
and have well-defined thresholds for conversion from conducting to non­
conducting state and vice versa with the use of electric fields. 

In certain field-convertible materials, including TCNQ, the conversion from 

5 a non-conducting to a conducting state may also take place when the energy 
is supplied in the form of the heat. As the field-convertible material basically 
is dielectric or strongly resistive, an electric alternating field which over the 
electrodes is applied with a suitable frequency to the material, may induce 
heat in the potential area arid a heating with a subsequent conversion of the 

10 material from a non-conducting to a conducting state in this area may then 

take place. The power supply must then be operated as an alternating power 
supply and the thermal conversion must be regarded as a secondary effect 
induced by the electric field. In order to obtain good spatial definition of the 
generated electrical conducting and/or semiconducting structures the thermal 

15 field which is induced by the alternating field in the material must be 
precisely controlled. The thermal field will namely propagate through the 
material and cause a temperature increase which may influence the electrical 
properties of the material outside the potential area which ideally shall define 
the spatial extent of the generated structure. If the field-convertible material 

20 is regarded as an infinite thin layer, the temperature increase will make itself 
felt unto a distance from for instance a point potential which falls together 
with the intersection point of the activated electrodes, with a thermal 
diffusion length defined by the formula 

µ = (ichcf pc) 112 

25 where the material parameters 

K = thermal conductivity, 

f = 11-r the characteristic frequency which is :: the inverse of the pulse 

duration i:, 

p = the density of the material, and 
30 c = the specific heat of the material. 

(1) 

It follows from equation 1 that in order to reduce the thermal diffusion and 
obtain a sharp spatial definition of the desired electrical conducting and/or 
semiconductor structures, an alternating current pulse should be used which 
provides high field strength and a fast temperature increase in the potential 
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area with subsequent rapid conversion of the :field-convertible material. This 

may be achieved by combining a high field strength with high field frequency 

and with the use of field-convertible materials in the form of thin films with 

a thickness of 100 nm it is supposed that an unwanted thermal diffusion 
5 effectively can be avoided by using alternating current pulses of at most a 

few microseconds. In this connection the field characteristics must also be 

tuned to the desired degree of conductivity on the potential areas which 
ideally defmes the generated conducting and/or semiconducting structures. 

Electrical connections between different layers in thin-film materials or other 

10 types of electronic materials present a major challenge for the fabrication of 

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 creat~ connections perpendicular to the 

IS layers. The physical manufacture of the holes in prior art takes place by 

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. 

20 In the present invention the connections as well as active and passive devices 
may be generated in the same processing sequence which defines the 
electrical conducting and/or 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 
25 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 

layer SSS and a portion of another conducting structure 9 in a layer SSS 
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 

30 points of a conducting and/or semiconducting structure, a column 9' of 
conducting material is formed as shown in fig. 5 and electrical conductivity 
obtained stepwise from the starting layer SSS which contains the first 
conducting structure, to the f_inal la:yer SSS which contains the second 
conducting structure. The cross-section of column 9' may be defined 

35 arbitrarily via the selected electric field pattern. A number of parallel 

conducting columns may be generated by direct extension of this procedure 
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and the columiis may begin and end in diffefent 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 9 

5 and/or semiconducting structures 10 which are patterned in this layer, for 
instance 886 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 conducting state or vice versa can be controlled by the field strength 
and/or its time characteristics, possibly also by the duration of the field. Thus 

10 a column which 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. 

A method for erasing electrical conducting and/or semiconducting structures . . 

generated in three dimensions forms a part of the invention. 

15 In principle may electrical conducting and/or semiconducting structures in · 
single layers be erased selectively with the use of EFGM20 as shown in any 
of the figs. 2a-f and suitable spectral modulation. After joining of single 
layers into a multilayer structure MLS the erasing at time being can, 
however, only be performed globally by the multilayer structure, in case the 

20 matrix, globally is subjected to an electric field with given field strength 
and/or characteristics and possibly adapted to the specific response of the 
material to the energy supplied by the field. The materials in the matrix will 
then be reconverted until the matrix in its entirety arrives in an electrical 
non-conducting state, something which will be the case if it e.g. is made of a 

25 material such as M(TCNQ). A multilayer structure or matrix of M(MTCNQ) 
material may thereafter be reconfigured with new electrical conducting 

and/or semiconducting structure, but this is not at present possible by using 
electrical fields. However, a method for generating as disclosed by the 
simultaneously filed International Patent Application PCT/N099/00023 

30 which belongs to the present applicant, may be used. 

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 electric fields, either directly or 
indirectly (e.g. in the last instance due to a simultaneous local heating), it 

35 will be possible to apply the method to manufacture for instance diodes and 
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transistors whith 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. 

5 Example 1 

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

semiconducting structures generated by the method according the invention 

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

SS2 and 883 contain the active semiconducting material provided between 

IO the elctrodes 11 in respectively the sublayers 8Sl and 884. The active 

material 10 in the sublayer SS2 is an n-doped semiconductor, while the 

adjacent active material 10' in the sublayer SS3 is a p-doped semiconductor. 

The electrodes 11 in the layers SS 1 and SS4 are contact~d by horizontal 

electrical conducting structures or conducting paths 9 in the same layer. The 

15 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 

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

structure will be determined· by the spatial resolution which is realized with 

the use of an EFGM, but with the electrode means E 1, E2 as shown in fig. 

20 2a-f, it will be possible to form electrodes 21, 22 with pitches in the order of 

magnitude 0.2-1.0 µm by conventional lithographic methods or by using 

irradiation convertible materials and a method as disclosed in the above 

mentioned international patent application PCT /N099/00023. Special 

. printing methods or use of nanotechnological and chemical methods will 

25 besides be able to realize electrode structures which are one order of 
magnitude smaller. Realistically it may be supposed that with the available 

technolo.gies for making the electrode devices it will be possible to modulate 

point and line potentials spatially in two dimensions to a smallest extension 

ofO.l µm. 

30 Example 2 - MOSFET 

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 SS 1 and connected with a horizontal 

c.onducting structure 9, while the sublayer 882 constitutes the gate isolator 

35 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 

. ··.~11 
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are provided in the following top layer 884 and are contacted by horizontal 

electrical conducting structures 9 in the same layer. Each of the layers 

comprises either electrical conducting structures and/or a semiconducting 

structure, as well as dielectric areas. The thickness of a MOSFET of this kind 

5 may be ~ µm, while the extension in the horizontal plane such as may be 

realized with present technology will be from at most a few µm to less than 

1 µm, cf. what is said in example 1. 

Example 3 - Logic CMOS inverter 

The MOSFET structure in fig. 7 may now be used in logic gate~, for instance 

10 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 1 S is generated and passes through all sublayers 

15 SS1-SS7 and connects the electrodes 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 

20 then be less than 1 µm:, typically realized with about a thickness of about 

0. 7 µm, while the horizontal extension of the inverter will have the same 

dimensions as stated above in connection with the discussion of the MOSFET 

structure in the figure 7. 

Example 4 - CMOS AND gate 

25 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 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 

30 structure as shown in fig. 7. In order to facilitate the understanding of how 

active devices such as field-effect transistors may be combined in multilayer 

structures into functional devices as for instance 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 

35 gate is realized with respectively n-MOSFETS and p-MOSFETS of the 

enrichment type as switches. Two input signals A and B are conveyed 

.. · .. ~-... 
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respectively to the gate electrodes on p-MOS Q1 and Q2 and the gate 

electrodes on n-MOS Q3 and Q4• If both input signals switches A and B are 

high, the output signal X will be low. In this case Q3 and Q4 will both be on 

and the p-MOS switches Q1 and Q2 will both off, i.e. no current flows and the 
5 output signal X hence goes· low. If, on the contrary, either the input signal A 

or the input signal Bis low or both are low, correspondingly the p-MOS 

transistors Q1 respectively Q2 will be switched on and the output signal X 

goes high, as either one or both of the serially connected n-MOS Q3, Q4 are 

off and no current flows. The devices Qi, Q2, Q3, Q4 realize, as will be seen, 

I 0 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 
CMOS technology, respectively with the use of a p-MOS switch Q2 and an 
n-MOS Q6 switch connected in parallel. This is a standard CMOS inverter 

and if its input signal X is high, its output signal X will be the inverted of the 
15 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 
and B to the NAND gate both being high. In other words it is easily realized 
that circuit as shown in fig. 9 realizes an AND gate and persons skilled in the 
art will understand that correspondingly logic OR and NOR gates may be 

20 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 
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 

25 as shown in figs. IOa-lOd and with the use ofMOSFET structures 
corresponding to that shown in fig. 7. Figs. lOa-lOd show the AND gate 
wholly realized in thin-film technology and with the active and passive 

devices provided in four sublayers SS!, SS3-SSS. The first sublayer SSI (fig. 
lOa) contains the gate electrodes g1-g6 where the subscript points to the 

30 corresponding subscript for the MOSFETs Q1-Q6 in fig. 9. The inputs A and 

B are conveyed to respectively the gate electrodes gi, g3 and g2, g.i and via 

horizontal conducting structures or current paths 9. Correspondingly the gate 

electrodes g5, g6 in the inverter are conne~ted with a horizontal current path 
9. A vertical electrical conducting structure is denoted 15, the symbol 6 

35 indicating that it extends upwards in vertical direction from the sublayers 

SS 1. In fig. I Ob the· symbols A and 'iJ indicate that the vertical conductor 
structure 15 in the layer SS3 extend vertically through this layer and on both 
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sides thereof. The layer SS3 comprises area~ with active semiconductor 

materials b1-b6 (corresponding to 10 in fig. 7) which are assigned to and 

register with the corresponding gate electrodes g1-g6 in the layer SSL - It is 

to be remarked that a layer SS2 exclusively, apart from the vertical conductor 

5 structure 15 which also extends through this sublayer on both sides thereof, 

consists of dielectric material which forms a common gate isolator for the 

MOSFETs Q1-Q6 which realize the AND gate. The layer SS2 is, of course, 

located between SSl and SS3, but has been excluded from the drawing. - The 

layer SS4 fig. 1 Oc is provided above and adjacent to the layer SS3 and 

10 comprises respectively the source electrodes s1-s6 and the drain electrodes 

d1-d6 for the corresponding MOSFETs Q1-Q6. The active semiconductor 

material d1-d6 which is located in the layer SS3 is here indicated by stitched 

lines. TJ:le vertical current path lS ~so extends also through the layer SS4 

and to both sides thereof and contacts a horizontal current path 9 in the 

15 sublayer SSS~ shown in fig. lOd. This horizontal current path corresponds 

to the connection between the drain electrodes d2 and d3 for the 

corresponding MOSFETs Q2, Q3 and is additionally also connected with the 

drain electrode d1 on Q1• Another horizontal current path 9 realizes the serial 

connection between the source electrode s3 on Q3 and the drain electrode d4 

20 on Q4• The source electrodes s4 and s6 are grounded over further horizontal 

conductor structures 9, while the horizontal conducting structure 9 farthest to 

right in the layer SSS is supplied with a voltage Vdd and connects the source 

electrodes Si, s2, s5 on respectively Qi, Q2 and Q5• A further horizontal 

current path 9 uppermost in fig. 1 Od forms the parallel connection between 

25 the drain electrodes d5,d6 on Q5, Q6 and the output line, denoted with X. The 

output signal X from the NAND gate consisting of Q., Q2, Q3, Q4 is 

conveyed on the vertical current path 1 S. Fig. 11 shows schematically how 

the layers ~n fig. 10 appear in stacked configuration, the layer 882 with the 

gate isolator here being included. For the sake of clarity the stack, however, 

30 is shown exploded in its separate sublayers SS I-SSS, but with correct 

registration and the course of the vertical current path 15 through every 

sublayer is indicated by the stitched line. With the gate electrode layer 

SS I-SSS provided on an underlying, not shown dielectric layer, the total 

AND structure· as shown in fig. 11 may have a thickness of 0. 7 5 µm and an 

35 area of about 100 µm2 (12·8 µm2
). The volume of the structure will hence be 

about 75 µm3
• With conservative spatial resolution this implies that about 10 

000 logic. gates of this kind may be realized on an area of 1 mm2 and with a 
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thickness well below I µm. Correspondingly scaled the length of the current 

paths 9, 15 together becomes 60 µm. 

Example 5 -AND gate with vertically stacked CMOS circuits 

A reduction of the current path length and a significant simplification of the 

5 structure of the AND gate may be achieved by stacking the MOSFET 

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 

structure exploits the fact that the gate electrodes g1 and g3 of the transistors 

Qh Q3 are at the same common potential, the gate electrodes g2 and g4 in Q2, 

10 Q4 on another common potential and the gate electrodes g5 and g5 in Q5, Q6 

on a third common potential. Hence the transistors Q1-Q6 are implemented as 

CMOS circuits in a pairwise back-to-back configuration by common gate 

electrode gi,g3; g2,g4; g5,g6 for the corresponding MOSFET structures Qi,Q3; 
Q2,Q4; Q5,Q6• Each CMOS circuit is provided on an isolating layer which in 

15 fig. 12 is located below Q3, between Q1 and Q4 and between Q2 and Q5 in 
each of the MOSFET structures. The gate electrodes g are also, of course, 

isolated from the active semiconductor material b by not explicitly denoted 

isolating layers which comprise the respective gate isolators. The horizontal 

current paths in figs. I 0 and 11 are now substantially replaced by vertical 

20 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 whic~ also is realized vertically in· the configuration 

in fig. 10 and, as will be seen, as before connects the gate electrodes g5,g6 on 

Q5, Q6 with the connection between the drain electrodes d2,d3 on Q2, Q3 and 

25 the drain electrode d1 on Qi. 

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

generated by a total of 24 sub layers, of which 6 relatively thick isolating 

layers form the gate isolators and three corresponding thick isolating layers 

isolate the paired combinations ofMOSFET structures mutually. With the 

30 same dimensions as indicated in connection with the description of fig. 11 

the whole stacked layer configuration in fig. 12 hence will have a thickness 

of about 3 .0 µm and be provided on an area of 16 µm2
• The total volume thus 

becomes less than 50 µm3
, a reduction of the volume of 1/3 relative to the 

configuration in·fig. 11. Most importantis, however, the current paths which 

35 in the configuration in fig. 11 from the indicated dimensions will have a 

length of 52 µm, may in the configuration in fig. 12 well be about 15 µmin 
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an optimal embodiment, which implies a reduetion of about 70%. In this 

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 

5 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/or 

semiconducting structures in thin films by irradiation of convertible organic 

materials, it is wholly possible to reduce the linear dimensions in the 

10 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 105 logic gates of the kind shown on 1 mm2 and with a 

layer thickness well below 1 µm, while the configuration in fig. 12 might 

realize about 6·105 gates on the same area with a somewhat better form 

15 factor, such that the increase in the device density becomes about 33% 

relative to the device density of the configuration in fig. 11. 

The processing of single layers, i.e. the generating of electrical conducting 

and/or semiconducting structures may after the converting by means of 

electric fields has taken place and when it is performed as shown in figs. 2a-f 
20 and fig. 3, inlcude possible post-treatments and corrections, e.g. a possible 

heat treatment before the separate layers are joined into a multilayer structure 

and form a stacked circuit configuration. 

For instance a heat treatment of single layers _after the conversion may be 

performed to control conducting and/or semiconducting properties, e.g. 
25 conversion of monomer to oligomer or polymer, doping,_ crystallization etc. 

Such processes are well-known and have a wide application and specific 

ex~ples shall hen.ce not be given here. The heat treatment may e.g. be 

performed by means of irradiation. Another possibility is to use the electric 

alternating fields. In principle alternating fields may also be used to effect 

30 the field conversion ofEFCM and the power supply 23 shown in figs. 2a-f 

must then, of course, be an alternating voltage source. In that connection it 

shall be remarked that a resistive material which is subjected to an 

alternating field will be heated. By using an alternating voltage field for 

generating a transition from a non-conducting to for instance a conducting 
35 state a heating of the thus generated electrical conducting structure may take 
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place and a pos~iole desired heat treatment May also take place in situ and 
simultaneously with the conversion process. 

By for instan~e using organic materials in the layers and generating the 
electrical conducting and/or semiconducting structures with conversion and 

5 by means of electric fields according to the present invention, there may be 
obtained a far simpler and cheaper manufacturing of electronic devices than 
which is possible with today's inorganic semiconductor technology. If a 
reel-to-reel arrangement is used in the manufacture of circuits as shown in 
fig. 7, the production may take place with high volume and high speed and 

10 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 conducting structures in separate layers register 
mutually and that for instance electrodes and active semiconductor materials 

15 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/or semiconducting structures, but may 
practically also be realized l?y using interferometric methods for control and 
positioning, optically recordable marking, or mechanical or electrical 

20 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. 

By using the method for generation according to the present invention the 
protocol for a given circuit configuration in multilayer design may be 

25 generated far from the manufacturing location of the circuit and transmitted 
thereto for downloading to for instance a control device which controls the 
generation of the physical circuit patterns in situ at the manufacturing 
location. A user may hence thereby generate and produce circuits by 
tele-processing according to own specifications solely by transmitting the 

30 necessary instructions and information. The present invention may thus 
furnish the concept application- and customer-specific circuit production 
with a radically new content. 
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l. A method for generating electrical conducting and/or semiconducting 

structures in two or three dimensions in a composite matrix, wherein the 

matrix comprises one or more materials respectively provided in one or more 

5 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 vice versa~ or a change in the electrical conduction mode of the material, 

10 and wherein each material structure is made in the form of a thin layer, 

characterize~ by applying to the separate layer an electric field with given 

field strength and/or characteristics adapted to the specific response of the 

material to the energy supplied by the field, modulating in each case the 
fields spatially according to a determined protocol which represents a 

15 predetermined pattern of electrical conducting and/or semiconducting 

structures in the relevant material structure, whereby in the layers in response 

to the energy supplied by the field two-dimensional electrical conducting 

and/or semiconducting structures are generated with the pattern 
predetermined by the protocol, and then optionally providing two or more 

20 layers in a stacked configuration, such that the composite matrix formed by 
separate adjacent layers is provided with electrical conducting and/or 
semiconducting structures in three dimensions. 

2. A method according to claim I, characterized by modulating spatially 

the electric field in a plane substantially parallel with a layer by means of an 
25 electrode device with patterned electrodes, the electrode device by selective 

supply of voltage to the electrodes according to the determined protocol 

generating electrical point or line potentials, which generate the electrical 

conducting and/or semiconducting structures. 

3. A method according to claim 1, characterized by the stacked 

30 configuration being formed by two or more layers after generating the 
electrical conducting and/or semiconducting structure in each layer being 

combined into laminated multilayer structures which forms the composite 
matrix with electrical conducting and/or semiconducting structures in three 
dimensions. 
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4. A method according to claim 3, characterized by forming the 
multilayer fonned by a lamination of two or more self-supporting layers into 
a stacked configuration. 

S. A method according to claim 4, characterized by positioning a layer 
5 after the lamination to adjacent layers such that two or more two-dimensional 

electrical conducting and/or semiconducting structures in the first-mentioned 
layer according to the protocol register with one or more two-dimensional 
electrical conducting and/or semiconducting structures in adjacent layers, 
whereby one or more vertical electrical conducting and/or semiconducting 

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

6. A method according to claim 5, characterized by providing an 
electrical conducting and/or semiconducting structure which forms a vertical 
channel through the layer according to the protocol, in electrical conducting 
and/or semiconducting connection with one or more two-dimensional 

15 electrical conducting and/or semiconducting structures in this layer. 

7. A method according to claim 6, characterized by generating each 
channel with a conductivity or conduction mode which is constant between 
the layers. 

8. A method according to claim 6, characterized by generating each 
20 channel with a conductivity or conduction mode which varies between the 

layers. 

9. A method for erasing globally electrical conducting and/or 
semiconducting structures generated in two or three dimensions in a 
composite matrix, wherein the matrix comprises one or more materials 

25 respectively provided in one or more spatially separate and hmnogenous 
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 vice versa, or a change in the electrical 

30 conduction mode of the material, and wherein each material structure is made 
in the form c;>f a ~in layer, characterized by applying globally to the 

. composite ~atrix an electric field .with given field strength and/or 
characteristics adapted to the specific response of the material to the energy 
supplied by the field until the materials in the composite matrix in response 
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to the energy supplied by the field in their entirety arrive in the electrical 
non-conducting state. 

10. Electric fieid generator/modulator (EFGM) for patterning and 
generating electrical conductfug and/or semiconducting structures in two or 

5 three dimensions in a composite matrix, wherein the matrix comprises one or 
more materials respectively provided in one or more spatially separate and 
homogenous material structures, wherein the materials in response to the 
supplied energy can undergo specific physical and/or chemical changes of 
state which cause transition from an electrical non-conducting state to an 

IO electrical conducting and/or semiconducting state and vice versa, or a change 
in the conduction mode of the material, wherein each material structure is 
made in the form of a thin layer, and wherein the electric field 
generator/modulator (20) is characterized in that it comprises a first electrode 
means (El) with a plurality of parallel strip electrodes (21) provided in a 

15 plane, a second electrode means (E2) with a plurality of parallel strip 
electrodes (22) provided at a distance from the first electrode means (E 1) and 
superpositioned thereto in a second plane parallel with the first plane such 
that the electrodes (21, 22) mutually are substantially orthogonally oriented 
in a matrix-like arrangement, that the electrode means (El ;E2) over 

20 cross-connection devices (24;25) are connected with a controllable power 
supply (23), the electrical field generator/modulator (20) in the space 
between the electrode means (El, E2) being adapted for receiving a thin-film 
material in the form of a discrete component or a continuous tape which 
without touching the electrode means continuously or intermittently is fed 

25 through the space with simultaneous positioning and alignment spaced apart 
from and between the electrode means (El, E2) in a plane substantially 
parallel thereto, whereby the electrical conducting and/or semiconducting 
structures can be generated according to a determined protocol and by means 
of point, line or area potentials are created between selected electrodes (21, 

30 22) in the electrode means (El;E2) when the former over the 
cross-connection devices (24;25) are supplied with electric power. 

11. Electric field generator/modulator according to claim 10, characterized 
in that the electrodes (21;22) in each electrode device (El;E2) is provided on 
or in surfaces of respective substrates facing each other. 

I lllllll llllll lllll lllll II llll 
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12. Electric field generator/modulato! according to claim 11, characterized 
in that the strip .. electrodes (21, 22) are made as a part of the substrates and 
form conducting structures in the substrate ni~terial. 

13. Electric field generator/modulator according to claim 10, characterized 

5 in that the distance between the electrode means (El, E2) is controllable 
depending on the thickness of the thin-film material. 

14. Electric field generator/modulator according to claim 10, characterized 
in that the electrodes (21;22) in each electrode means (El; E2) are provided 

with a mutual distance between 0.1 µm and 1.0 µm. 

10 15. Electric field generator/modulator according to claim IO, characterized 

in that the electrodes (21;22) in each electrode means (El;E2) are formed 

with substantially constant width of 0.1 µm to 1.0 µm. 

11111111111111 1111111111111111 
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PATENT CLAIMS 

I. A method for generating ~\_ectrical conducting and/or semiconducting 
structures in·· two or three clime.rf~'ions in a composite matrix, wherein the 
matrix comprisei; one or m.e1{ materials respectively provided in one or more 

5 spatially separ~fe ~.~llt>iri:og~nous material structures, wherein the materials 
in response to .~~<sl.ipply of energy can undergo specific physical and/or 
chemical changes of stat~, which cause transition from an electrical 
non-conducting state to an electrical conducting and/or semiconducting state 

:c.· 

or vice versa, or a change in the electrical conduction mode of the material, 
10 .· and wherein each material structure is made in the form of a thi~ layer, .. ·--... 

Ciiiracterize~ by applying to the separate layer an electric field with given 
field strength and/or characteristics adapted to the specific response of the 
material to the energy supplied by the field, modulating in each case the 
fields spatially according to a determined protocol which represents a 

15 predetermined pattern of electrical conducting and/or semiconducting 
structures in the relevant material stru~ture, whereby in the layers in response 
to the energy supplied by the field two-dimensional electrical conducting 
and/or semiconducting structures are generated with the pattern 
predet~rmined by the protocol, and then optionally· providing two or more 

20 layers in a stacked configuration, such tha~ the composite matrix f onned by 
separate adjacent layers is provided with electrical conducting and/or 
semiconducting structures in three dimensions. 

2. A method according to claim 1, characteri~ed by modulating spatially 
the electric field in a plane substantially parallel with a layer by means of an 

25 electrode device with patterned electrodes, the electrode device by selective 
supply·ofvoltage to the electrodes according to the determined protocol 
generating electrical point, line or area potentials, which generate the electrical 
·conducting and/or semiconducting structures. 

30 
3. A method according to claim 1, characterized by the stacked 
configuration being formed by two or more layers after generating the 
electrical conducting and/or semiconducting structure in each layer being 
c~mbined into laminated multilayer structures which forms the composite 
matrix with electrical conducting and/or semiconducting structures in three 
dimensions. 
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