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_A -~~th_od.:_f or ge~e~~t_i:rig electrical cond·udl~~ ~r· s:~micon~:t~:~ti~~:':.'.·t~-: '."' 
·· strl~~tl1r~s in't\v~'h~:tla~e~· dime11.sions, a111'etl~-~d fc~r.: ·~rasin1ftlt~.s?1l1e 

str11~t~.·~s ~~.d-~n ele~lric field gc11erator/m~tl"lt1at~~f for .i~e-~v'ith";· ... ~. 
method for generating. 

5 The invention concerns a method for generating clcclricai conducting or 

semiconducting structures in two or three di1~1cnsfons in a composite matrix. 

wherein the matrix comprises one or more materials ·provided in spatially 

s~parai~· and homogenous material structur~s, wherein the materials in 

rcspons~· .. to the supply of c1.1crgy cai1:tflfd~rgo specific physical and/or 

IO chc111iCal changes tlf state which cause transition from an electrical non­

cond.ucting state to an electrical conducting or scmiconducling state or vice 

versa, or a change in the electrical conduction mode or the maleriul. and 

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

invention also concerns a method for erusing globally clccfricaJ conducting 

15 or semiconducting structures generated in two or three di1hcnsions in a 

composite matrix. wherein the matrix comprises two or more material 

provided in spatially separate anll hornogenous material structures. wherein 

the materials in rcspons~ lo the supply or cncrgy~:e:c1n undergo spcci lie . 

physical and/ or chemical changes of slate whicflcausc transition from an 

20 electrical non-conducting stale to an clecttiC'al conducting or semiconducting 

state or vice versa. or a change in the cle~trica:I conduction mode of the 

material. and wherein each material structure is •·mule in the form of a thin 

layer. Finally, the invention concerns an electric 'field generator/modulator 

(EFGM) for patterning and generating electrical conducting or 
' 

25 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 separnlc and homogcnous material slructures, wherein 

the materials in response to the supplied energy can undergo speci ric physical 

and/or chemical changes of stale whic11 cause transition rrom an electrical 

30 non-conducting slate to an electrical conducting or semiconducting state and 

vice versa, or a change in the conduction mode of the material. and '~herein 

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

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

three-dimensional isolating. resistive. conducting or semiconducting patterns 

35 and structures l(Jr use in electronic circuits which mosl particularly' consist of 

a single or several stacked layers of thin films. 
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Th~··~~olution or microel~ctronic technology s11o-ws _a s't~~4:Y-'trend to~vards . 
-s.;.allct dimensions and ~educed costs or thcdcvi'c~~-.::w~ll'-~:iihstanti~tcd 

. . . . ~·, '.· .• " •. .'.~ . ::. •.•·• • .=. •. ,: .. . . . 

predictions show that the pcrf(mnancc is going to inc-rh~sc, \Vhiic the price 

per ~nit or device will decrease. I hnvcver, today's n1icnl~lcctronic 

5 technology is substantially based 011 crystalline "silicon and shows an 

increasing tendency towards diminishing return~. mairily due to the inherent 

limitations associated with the complcx-ity of ultra-high rcsolutim1 

litl1ogfaphy and increasing demands or the material processing. 

-_ Extrapolations or the present teclmO.logies based on crystalline silicon may 

10 -hence not be expected lo tlffcr lirnrnatfc .. breakthro.ughs in regard of either 

performance or price and future improvc111~nts shall require manufacturing 

plants and manufacturing equipment which· arc extremely capital-intensive. 

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

confidently be predicted lo deliver in the near future products representing 

15 real breakthroughs in regard of performance as well as ofluicc. The shin 

from crystalline inorganic semiconductors lo microcrystallinc. polycrystalline 

or amorphous inorganic or organic scmiconducto_rs. will introduce entirely 

.. novel boundary conditions with regard to tl1e pr~1Clion of microelectronics 

and particularly by the blanks having form facto~f which make large areas 

20 possible. i.e. the substrates may he large ~hcets instead of warcrs cut from 

blanks of limited size. and great flcxihi lity .with-regard lo architectures, 

something which will be essential factors in the oxpectcd development of 

tomorrow's electronic technology. I 11 the present· invention special emphasis 

will be placed on the use or organic materials due to· the case whereby they . 
25 may be processed with basis in tlie use of large areas and multilayer blanks 

with precisely controllable thickness. as well as their vast potential for 

chemical tailoring ·or the desired material properties. 

Particularly before the use of electronics based on a.morphous materials can 

rul Iii their expected potential, further developments in certain areas arc 

30 required. In the. recent ycai·s an effort has hecn made to improve the 

semiconducting properties of organic semiconducting- thin-film materials. 

which have given dramatic and rnpid increase in the transistor performance 

up lo a point where organic-based transistors may now compete with 

35 
. transistors based on amorphous silicon (see IC.>r instance Y .-Y. Lin, 

D.J. Gundlach. S.F. Nelson and T.N. Jackson. "Pentncenc-Bascd Organic 

Thin Film Transistors". 1EEE Transactions on Electron Devices. August 
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·1997). 011i~r on-!ioing proj~c~ will l~~clt~~o:ii·~i~roeesses ro; 1hi~W~;~:;f:h 
or~er' lo. generate organic. m~d a·n~or~_hmls silicon ·sc1~1 i~ondtidors ~t I~~~ ·. 
te111perat"l1~~sand with con~·pitiibilily lo a brcirid r~.1~b rir organi·c a~tl 
inorganic substrate i~alcrials. 'rhis· has lead to the developn1cnt ol· cxlrclncly ·. 

5 cheap electronic devices with large areas based on the use of high-volume 
manufacturing methods. 

In spite of thi~ development a wholly satisfactory solution to how the 
. fabrfc.ation tcdm()logy shall be adapted and made suitaMc for a low-cost 

nexi~lc f1igl~~-volmric pn)ducllo11 ofCJ~rical COtlt'leClions in l~le thin-rihn 
10 struCturcs forming·thc electronic circuils is still lacking. Currently thhl-rilm 

devices arc based on amm·phous si Ii con 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 or organic-based semiconductor thin-film devices 

15 (sec for instance A.R. Brown & al. "Logic gales made frm,1 polymer 
transistors and their use of ring oscillators". Science 270: 972-974 ( 1995)). 

Alternatively. screen printing with conducting 11-i~1k" has been used lo make 

transistors on nexiblc polymer substrates (sec 1Qi:ir1stance F. Garnier & al., 

"All-polymer field-effect transistor realized by ~afnting techniques". Science 

20 265: 1884-1886 ( 1994)). Evci1 though Hth~gf'aphy may provide high 

resolution, it is relatively complex and in~l.udcs ·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 bcs'itles being a-"wct" method. 

25 As examples of prior art such iL is evident from available patent literature 
may also be mentioned US patent No. 5 043 251 (Sonnenschcin & al.) which 

disc,oscs a process for three-dimensional lithography of amorphous. polymers 
for generating a momentary permanent pattern in a polymer material and 

which comprises steps fr>r providing doped non-crystalline layers or films or 
30 a polymer in a stable amorpl~ous stale under humane operating conditions. In 

manufacturing the patterns the film is masked optically and is exposed 
. through the mask to radiation with sufficient intensity to cause ablation of 

the exposed portions such thul a distinct thrce-dimemiional imprint is 
, generated in the film. This process has among other been proposed for use in 

35 the manufacture of an oplicai'dala storage disk. Further it is from US patent 
No. 5 3 78 916 (Mar'llell) known a photo-sensitive device in the form of a 

. ! 
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single-crystal structure, wherein different portions of the structure may have· 
di ffcrcnt 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 lo light within a predetermined first 

5 wavelength range, while another photosensitive portion comprises a matcrinl 
which is adapted to generate electron-hole pairs when it is exposed lo light 
within another wavelength range distinctively di ffercnt from the first 
wavelength range. Yet further it is from US patent 5 677 041 (Samyling) . 
known a transistor devi"ce which is .made hy forming a doped layer or .... -

10 radiation-sensitive material on a suhsthttc. The radiation-sensitive material 
may among others be polyimid. polymer. an organic dielectric, a conductor or 
a semiconductor. The substrate may he sili.l:on, quarts, gallium arsenide, 
glass, ceramic. mclal or polynmid. /\. neutral or undoped layer of another 
radiation sensitive material is formed over the doped layer. First and second 

15 source/drain areas arc then formed in the neutral layer and extend down lo a . 
lop portion of the doped layer. t\ gale <lrcn is rormed in the top portion of !he 
neutral layer between the first source/drain area and the second source/drain 
area such that a channel area in the doped layer Ois _provided under the gale 
area. Drain/source and gale electrodes as formclfJ~·); irradinlion or !he 

20 uppermost ncutrnl layer through a mask pallerncti' in accordance with the 
.•. 11 

desired electrode pattern and realized sud1 that it intc11sity-modul11tes the 
radiation. In addition the mask may also he realized as a phase-shining mask. 

foinally it is from the article "Polymeric integrated circuits and I ighl-emitting 
diodes" of D.M. de Lecuw & al.. 11 ·:l>M. pp. 331-336 ( 1997) known a 

25 MISFET wholly realized in poly11tcr and with the use or polymer materials 
which arc given the tlesircd elcctricnl properties by an exposure lo lJV 
radiation. (n the mn11ufoclu1'l' photm:hemical 1rntterni11g or<.lopcd electrical 
conducting polyaniline films. so-called P/\.NI thin films is used. The films 
arc dissolved in a suitable solution. whercaf'lcr a photo-initiator is added lo 

30 the solution which has been deposited on a suitable substrate such as a 
polyimitlc film. By thercaf'ler exposing the P/\.NI film to deep l.JV rndiation 
through a mask the initially conducting polyaniline is con\'crted in the 
exposed areas to the non-conducting leucoemeraldinc form. The starling 
point here is accordingly a conducting polymer material. the area resistance 

35 ·of which initially is I kiloohm/square. hut which alkr the exposure obtains 
an area resistance or more than I Or.1 ohm/square. In this manner dielectric 
structures may be generated in an olhenvisc conducting matrix. Fig .. I shows 

: ... •' 
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a MISFET according to Leeuw & al. comprising a polyimide substrate I witll 

a PANI thin film which a Iler exposure lo UV light through suitable masks 

forms isolating st rm: lures 6 in the otherwise conducting thin-film material 3. 

The still conducting areas 3 in the PANI film define respectively the source 

5 and drain electrode of a Ml SFET transistor. Above the PANI film a further 

layer 4 is deposited in the form or a thin film or polylhicnylcnevinylcne or 

PTV which is an organic semiconductor material. This layer 4 sul;stantiatly 

determines the electrical parameters or the MISFET transistor. A film 5 or 
polyvinyl phenol PVP which forms the gale isolator of the transistor and is 

. ~ . 
I 0 opaque to UV radiation and visible i ight is deposited over the PTV film 4. 

Another PANI film is again deposited on the top of the PTV film 5 and 

patterned by radiation with UV light such that isolating struclmes 6 <ll'e 

formed. A still electrical conducting area 2 forms the gale electrode of the 

MISFET structure. 

15 Ir 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 l"or i11sta11rc source and drain elect.rodes in a trnn~istor and the 

gale electrode in another tnmsistor must he used;· Stich vertical current paths 

may in principle he rcnlized mcchanicnlly, for i1{:i!ia11ce by depositing a metal 

20 film over vertically etched steps in the slr,1:.Clure. Otherwise a close analogy is 

the use of throughplated holes in circuit bonnls for realizing n vcrticnl 

connection between current paths rn1 the upper ;md lower side or the circuit 

board. 

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

25 methods for conducting cormeclions and electrodes in microelectronic 

components and particularly 111icroclcctro11ic devices with .large areas on 

flexible substrates by means of processes which combine high-volume 

fabrication at low costs. Particularly. it is nn object of the invention to 

provide such fabrication methods that they may be used on layered physical 

30 devices, for instnnce in the form or a lnrge number or adjacent stacked 

thin-film layers. thus generating three-dimensional circuit structures. The 

present invention will thereby make possible rlcxible and cheap. but 

simultaneously also singularly simple and precise rabricntion or devices such 

as flat display devices. logic circuits. memory devices etc. 
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Further H is also an object of the invention to provide a method for erasing 
such three-dimensional circuit structures in situ. such that the mnterial in the 
structures is converted back lo an initial virgin stale whcrcafter it hy means 
of a suitable method may he reconfigured in the form of electrical conducting 

5 and semiconducting structures in three dimensions. hut for instance with 
another pattern or another strm:ture than lhe original. 

The above-mentioned features and advantages arc realized according lo the 
present invention with n method which is characterized by applying to the 
separate layer an electric field with gi~n field strength and/or charm:tcristics 

10 adapted lo the specific response or the nrntcrial to the energy supplied hy the 
lield, modulating in each cnsc the fields spatially according to a determined 
protocol which represents a predetermined pattern or electrical conducting or 
semiconducting structures in the relevant nrntcrial structure, whereby in the 
layers in response lo the energy suppl icd by the licld two-dimensional 

15 electrical conducting or semicomlucting slrudurcs arc generated with lhc 

pattern predetermined by lhe protocol. and the11 optionally providing two or 
more layers in a slacked con figural ion. such that t_he composite nrntrix 
formed by separate adjacent layers is provided ";.jifh:lcctrical Cllltducling or 

i. .. 

semiconducting slrnctures in three dimensions. ···f 
•: 

20 Further it is according lo the invention advantageous that the electric field is 
modulated spatially in a plane substantially parallel \Vith a layer by means or 
an electrode device with patterned electrodes. the electrode device hy 
selective supply or voltage lo the elcclrodes according lo the determined 
protocol generating clc<.:trical point or line potentials. which gencrat'C the 

25 electrical conducting or semicl111ducling structures. 

ll is according to invention advantageous that the slacked c'on figuration is 
formed by two or more layers alkr generating the electrical conducting or 
semiconducting slruclurc in each layer being combined into laminated 
multi layer structures which forms the composite matrix with electrical 

JO conducting or semiconducting structures in three dimensions. 

It is according lo the invention also advantageous positioning the multilayer 
formed by a lamination or two or more sci r-supporting layers in lo a slacked 
.configuration. /\. layer is after the lamination to adjacent layers then 
preferably positioned such that two or more two-dimensional electrical 

35 conducting or semiconducting structures in the lirsl-mcntioned layer 

·: '·'.'~-J . ~ ,~;.':'!: ·. 
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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 are gcncrnlcd in the cross-direction through the iayers. 

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

conducting or semiconducting strm.:tm-c which forms a vertical channel 

through the layer according lo the protocol. in electrical conducting or 

semiconducting connection with one or more two-dimensional clcclricnl 

conducting or semiconducting strudurcs in this layer. cm:h chnnnel 

IO prercrably being gcncrnled with a ctHH.luctivity or conduction mode which is 

constant between the layers or with a conductivity or condnction mode which 

varies between the layers. 

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

applying glohnfly to the compnsilc matrix illl electric fkltl with given rield 

I '.i stre11glh and/or clrnraclcrisl ics 11daptcd In the spn.:i f'ic response ol' the 

material lo the energy supplied by the ricld until the materials in lite 

composite matrix in response lo the energy supp.lie<! by the field in their 

entirety arrive in the electrical or 11011-con<luctini;tatc. ,, . 

An electric field generator/modulator is accc;rding to the invention 

20 characterized in tlrnt it co111priscs a rirsl electrode means with n plurality of 
parallel strip electrodes provided in a plane, a second electrode means with a 
plurality or parallel strip electrodes provided at a distance from the first 

electrode means and supcrpositioned thereto in a sccund plane para I lei \Vi th . 
the first plane such that the electrodes mutually arc suhstantially orlhogonnlly 

25 oriented in a malrix-likc arrangement, that the clcclrode means over 

cross-connection devices arc connected with a controllable 'power supply. the 

electrical field generator/modulator in the space between the electrode means 

being adapted for receiving a thin-Ii Im mnterial in the form of a discrete 

component or a continuous tnpe which without touching the electrode me<ms 

30 continuously or intermittently is fed through the space with simultaneous 

positioning mH.l alignment spaced apart from and between the electrode 

means in a plane substantially parallel thereto. whereby the electrical 
cnntlucting m· scmicmulucting structures can he generated nccording. to a 
determined protocol and hy means or point. line or area potentials is created 

35 between selected clcctrmlcs in the electrode mcnns when the former over the 

.. · ·.··.·· 
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cross-connection devices arc supplied with electric power. Preferably are t11c 

electrodes in each electrode means provided on or in surfaces or respective 

substrntcs facing each other and/or in that connection prererably 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-lilm material. 

Finally it is according to the inv~ntiol1 advantageous that the electrodes in 

I 0 each clectrm.lc means arc provided with a mutual distance between 0.1 ~Lm 

and 1.0 ~tm and that the electrodes in each clectrmle means nre formed \Vilh 

substantially constant width of 0.1 ~tm to 1.0 ~tm. 

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 

15 connection 'vith the appended drawings, wherein 

fig. I shows a MISFET with the electrodes fornic,d. of photocnnvcrtihle 

material according to prior 11rt. 

fig. 2a, b schematically respectively in sC:ctlon and plan view an embodiment 

of the electric field gc11erntor/111od11Jntor (T~F<Hvl) nccnrding lo the invention 

20 and its use in a first step in the method for gcnci=ating according to the 

invention, 

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 melhocl for generating 

accorc.ling lo the invention, 

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

in fig. 2a, band used in n third step of the melhml for generating according to 

the invention. 

fig. 3 schematically the embodiment of the method for generating nccording 

lo the invention. comhined with a lamirrnt~on or single layers into a 

30 multilayer structure, 

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

semiconducting structures ns generated by the steps shown in fig. 2a-r. 
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fig. 5 a schematic section through a laminated multilayer structure which 

comprises conducting or semiconducting structures generated by the method 
according to the present invention. 

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

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

fig. 8 a schematic section through a- IOgic inverter structure basec.I on the 
MOSFET structure in fig. 7 and generated by the method according lo the 

I 0 present invention. 

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

ligs. I Oa-d in plan view sublayers in clll /\ND gate structure generated by the 
• 

method according to the invention nnd nccording. to the equivalent ding.ram in 

fig. 8 with the use or MOSFET structures as shown in fig. 7. 

15 lig. 11 the AND gate structure in rig. I 0 as a stacked multilayer 

configuration. but exploded in the separate st1b~ers. 

fig. 12 schematically another variant of tile .AND gale structure in rig. I 0 and 

with the separate MOSFFT strncturcs provided 111utm11ly connected in a 

vertical configuration. 

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

whereby three-dimensional structures with a well-defined mode an~I degree 

or electrical con<luction arc gc11crntcd by spatinlly controlled patterning in 
situ in convertible materials (CM) which have such propc11ics that their 
electronic properties arc converted reversibly or irreversibly under !he c!Tect 

2S of radiation, heat. or electric liclds. The mclhod for gc11crnting such 

structures according to the present invention is based on the use or electric 
fields, either direct current fields or alternating current liclds. Initially the 
three-dimensional elcctricnl conducting or semiconducting structures can he 
generated as two-dimensional slruclurcs or this kim.l by direct local inf1t1cncc 

JO of the electric licld on a single layer and appears as three-dimensional hy 
joining single layers into a multilayer structure. Typically an electric 

field-convertible material (EFCM) will be an organic material, for instance a 
molecule, an oligomcr or a polymer where a phase transition from an initial 
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first state to a new second stale lakes place upon being subjected to an 

electric lield, for instance ora given field strength or with a given frequency. 
As mentioned in the follmving. it is presupposed that the most important 

change laking place from the first lo lhc second Stelle. is"lhe degree of 
5 electrical conduction. ln the following the method for generating and erasing 

of electrical conducting or semiconducting structures by means _of electric 
fields shall be discussed both generally and more spcci lically in connection 

with a description of the figures. 

for polymers such as polyaniline th€!fi: arc as shnwn in the above-mentioned 

JO paper by de Leeuw & al.. observed conduction ratios between two stales as 
high as I 0 111

• In this case il concerned in situ conversion of n single layer of 

irradiation convertible material from conducting to non-conducting stale in 

order lo genera le electrical conned ions in a single electronic circuit. 

Electrical conducting cor111cctio11s in doped polyaniline films (l'/\NI films) 

15 were <lefined by exposure to tkep l IV radial ion through;\ patterned mask. 

A multilayer stack or di fferenl electric field-convertible materials may be 

provided on a substrate which may be llcxiblc~~)~:rigid. cnmlm:ting or 

non-conducting. The ricld-convcrtiblc matcriaf.~re made conducting. 

semi-conducting or isolating in desired patterns hy subjecting a number of" 

20 single layer ricld-convertible materials fo spatially-controlled electric fields. 

and with subsequent comhinulion or the layers i_nto a multilayer sta..:k. 

Multilayer stacks or licld-convcrtible material arc of particular interest in 
connection with multilayer lhi11-lil111 circuits where it is required to gcncrnlc 

electrical conducting lines. current paths. connection points or cle'ctrodcs in 
25 several layers such llrnt the conducting structures in one layer has a precisely 

controlled spatial relationship lo the conducting slruclllrl"'S in the layers whid1 

arc located above or below. One example is thin-film field effect transistors 
(TFET) where lhc source anti drain electrode in a layer musl be corrcclly 

positioned relative lo lhe gale elcclrode mill with intervening iso1<1ti11g and 

JO semiconducling layers. Another cxa111ple is electrical connections between 
lhc layers where traditional solutions in many cases me unsritisf'actory, for 

instance by incorporating a number or steps such as forming open channels or 

vias between suitable points which lhen shall he electrically connected in the 
different layers and with subsequent filling or casing. or the channels with a 

35 conducting material. such as this rinds ils parallel in the use or 
through-plated holes in circuit boards to obtain a connection from the front lo 

·<:.·::~if· 
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the back of the circuit board. A third instance is the generation of capacitors 

hy dclining conducting areas which arc aligned mutually opposite in two 
layers separated hy an isolating layer. Evidently not only highly conducting. 
but also isolating resistive and semiconducting patterns in multih1ycr 

5 structures arc of the greatest importance. Such as will be explained in more 
detail in the following. patterns or this kind nrny be generated by using the 
method for generating electrical conducting or semiconducting structures or 

patterns according lo the present invention. With reg~rd to the precision and 
clarity the following description. shall. however. he introduced hy 

. ...- . 
I 0 emphasizing on how patterns and three-dimensional structures which either 

arc very good or very had electrical conductors slrnll he dclined. 

Multilayer structures as describe<l herein arc or particular interest when they 
arc integrated with thin-film semiconductors in order to form complete 
circuits. The present standard procedures for fnbricating microelectro11ic 

15 circuits which exploit the semiconducting properties or <l common silicon 
substrate restrict aut<.111wtically the realiznhle an:hitcctures lo the kind which 
allows access to the substrate !"or all active devices. Ir the method according . ~ 

lo the present invention is used for generating efcctrical con<lucting or 
semiconducting structures i11 three dimensimt~'hy means or converted single 

20 slacked single layers. \vlwle devices n~:t1y· be generated in this manner without 

any essential restriction wilh regard to the size or complexity as scaling quite 

simply tnkes pince by joining more layers lo Hie stack. As each layer may he 
made thin, for instance with an order or magnitude of I 0-100 11111. the 

resulting volumetric density ror the circuit patterns and hence th.c 
25 performance per weight or volume unit may he extremely high. Further 

hybrid architectures may be reali7.cd with the use or layers which includes 
electrical lield-converled electronic slructures which arc formed Oil the lop of' 
an<l function in cooperation with traditional silicon-based electronic circuits. 

The basic object of the present invention is the generation of electrical 
30 conducting. semicon<lucting or resistive structures in three dimensions within 

a multilayer material in monolilhic format. as the structures mentioned arc 
gcnerate<l with the use or ckctric fields in the form or point. line or area 
potentials. An embodiment of lhe method for genernling with the use of 
electric field shall now he described with reference to figs. 2a-r. 

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

according to the invention which rtinctions as an electric patterning device 

l(w electric field-convertible materials. The electric field gencrator/modulalor 

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

.5 modulate the fields spalially. i.e. in a plane or two-dimensions and generate 

electrical conducting or semkondud ing structures wilh the dcsi_red pattern in 

this plane. In the rollowing will hence the electric licld generator/modulator 

abbreviated be denoted EFGM. FFGM 20 comprises a~ shown in lig. 2a in 

section and in fig. 2b in plan view a .lirsl eJcctrodc means EI. consisting of 

I 0 thin parallel electrodes 21 nnll a·~rnth~;. electrode. means E2 provided spaced 

apart from the electrode means EI in a plane parallel thereto. The electrode 

means E2 consists similarly of thin parallel electrodes 22 provided such that 

they nrc oriented substantially orthogonal to the electrodes 21 in the electrode 

means EI. The clcetrode means EI. E2 me connected with a power supply 

15 23. here shown ns a direct voltage supply. hut the power.supply 2J may nlso 

be an alternating voltage supply. The power supply 23 is connected \Vith the 

electrode 21: 22 in the electrode me;ms F 1 :E2 over respective 

cross-connecting devices 21. 24. The distance l~:c,tween the cJcctrode means 

EI, E2 allows a thin lilm ol' electrical field-co1~crtihlc material EFCM in .. ~. 
20 lig. 2a denoted SS I lo he inserted bet ween. the electrode means EI. E2, 

,' ;: 
without contacting these. The elcctrmle means EI. E2 may be formed or 

self-supporting or supported thin films wherein the elcclrodcs 21. 22 in ench 

case arc embedded in the film material. Similarly it is lo be understood that 

the layer SS I or the licld-convcrtihle material EFC~I mny he n continuous 

25 lapc which is inserted in EFUM .20 between lhe electrode menns E'I. F2 in a 

substantially continuous movement. By applying voltage e.g. lo an clcclrodc 

21 in the electrode means E 1 and lo n11 electrode 22 in tho electrode means 

E2 an electric rield perpendicular lo the layer SS I is formed in the 

intersection between lhc clcclrodcs 21 and 22 and the 11cld-convcrlihlc 

30 nwlcrial SS I will he able lo transfer f'rom a non-conducting lo a conducting 

slate in areas which is in rlucnccd by the liel<.I between the electrodes 2 l. 22. 

Ir an electrode 2 I and another clcclrodc 22 respectively arc addressed 

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

intersection between. Ir e.g. an electrode 21 in the electrode device EI nnd 

35 all electrodes 22 in the clcclrmlc device E2 arc addressed. a ricJd is obtained 

subslanlially in the rorm or Cl line potential along the electrode 21 in question 

and correspondingly a line-like. for instance an electrical conducting 
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structure in the layer SS I which is located between the electrode devices EI, 

E2 will be generated. Jr nn number of electrodes 21 which arc located 

juxtaposed to each other in the clcetrmJc device EI and corrcspomlingly a 

plurality of electrodes 22 which arc juxtaposed lo each other in the electrode 

5 device E2. the tield '"hich arc crcHtcd between the electrode intersections 

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

electric urea structure in the layer SS I. In figs. 2a, 2b such electrical 

conducting structures arc e.g. gcncrntcd substantially ~s area slntcturcs. hut it 

is lo be understood thal there alsq lll~l)' he gcncr.ated as point or line 

I 0 structures, dcpcmlcnt on the m;mncf whereby the electric field is generated. 

Figs. 2e 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 

layer by addressing the electrode menns FI. F2 in r~FU M 20 in n suitable 

manner. Correspondingly figs. 2e.f' also shows in section and plan view 

15 EFGM 20 with a third layer SS3 'vhich here for instance· is paltcrned with 

semiconducting structures I 0. /\s shown in rig.. 2a-r the patterning or the 

ficl<l-converliblc material EFl'M takes place for ench sepnrnte layer SS I. 

SS2. SS3. but thcs.c layers may as mc11tio11cd ~ih6vc, he present in the l'orm ol' 

sclr-supporling single films or EFCl'\'1 nm! assii.f;hlcd into a multilayer stack. 

20 such this schematically is shown in rig. .. .J. The fabrication of circuils rcalil'.cd 

with electrical conducting and se111icrnu.im:ting structures in EFCM can lake 

place with tapes of EFCM in continuous paths as shown. Each tape or each 

film arc in fig. 3 shown as three films EFCM 1. EFCM2. EFCM3 and nrc 

converted by electric ricld to the desired spatial pattern in separate El·Til'vl 20 

25 for each or the paths. Then follows the assembly into a mnllilayer' 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 nol subjected 

to any electric field, hut is laminaled lo lhc multilayer structure MLS in the 

same process step. In each case n llexihlc tape MLS is oblained which either 

30 may be folded or coiled or cut into segments. for instance to make single 

circuits. In fig. 3 the field-con\'crtihlc material EFCl'vl in the l'orm of three 

lapes or lilms EFCM I. EFCM2. FFCMJ is drawn from respective rolls Ra 
and conveyed in separate lines by alignment rolls R111 • Rh2, R11J; R11•1 in cad1 

line for tensioning and positioning of the tapes through EFOM 20. The 

35 completed patterned lilms EFCM I, EFCM2. EFCM3 arc conveyed over a 

guide roll scl Re and possibly a Iler a rurther position adjustment through a 

lamination step Rd and laminated into the multilayer str~1cturc Ml ,S. This 

. ·.·· 
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multilayer structure may as mentioned, include a subslrale l which is drawn 

from a further roll Rn in a separate line and is laminated together with lhe 

converted film material EFCM in the lamination step Rc1. For three layers 

which arc laminated together in this manner and convei·ted as shown in fig. 

5 2a-f, it may then as shown schematically in section in fig. 4 he obtained a 
circuit structure which is provided on lhc substrate I. The conducting 

structures 9 and the semiconducting structures I 0 contact each other 

vertically or extend horizontally in each of the layers .ss I, SS2, SS3 as 

shown and form together three-dimensional slructurcs of this kind in the .,...... . 
I 0 desired pattern. 

The electrode means EI. E2 in the electric field generntor/modulator (EFGM 

20) as for instance shown in fig. 2a nnd fig. 2h, may he formed in or on 

substrates of a non-conducting material and the electrodes 21. 22 may then he 

provided on the opposite surfaces or the subslrates or cn1hcddcd in the 

15 substrates. They may also form condm:ting slrueturcs in'the substrate 

material itself. The elcctrrnle width and the mutual distance between the 

clcclrmlcs 21. 22 in each electrode means EI. E2 will be determining for the 

spatial resolution in the patterning or the C(rnJ\tdi11g or semiconducting 

structures and the achievable pilches. In cm111;~tihility with today·s 

20 semiconductor technology the elcctrotltts 21. 22 thus he realized with a width 

between 0.1 and I .0 ~tm and corresponding mutual dislances. It is with 

present technology wholly possibly tn realize electrode widths. e.g. in thin 

lilms provided on substrates. of 0.1 ~un or lcs·s by nanotechnology. for 

instance printing methods. or by means or chemichl methods. Th!-! circuit 

25 patterns which arc realized wit"h FFCiM20 with the method according to the 

present invention will at least be dimensionally compatible with that which 

optimally may be achieved hy using for inslnncc microli.llmgrnphy i11 
silicon-based cirucuit technology. Dependent Oil the thickness or thin film 
material wherein conducting or semiconducting structures. i.e. circuit 

30 patterns. shall be generated. the distance between the electrode devices EI. 

E2 can be controlled in order to achie\'c an optimum dcli11ition of the 

potentials formed bclwcen the electrodes. The control may take place via not 

shown micromechanical servoconlrol means which arc well-known to 
pcnmnR Rkillcd in lhc nrl. l"luri11a.J llH-' i.um~rnlinn nf" llu.• ~inrnit pnttc:rn lhc: 

JS · space between lhc clcctrmks may besides he rilled with n11 isolnling. gas with 

. . . ..... . . ~ . 



.. · .. : ... ~ . 

15 

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 nn alternating current source. Preferably it will 

5 be realized as a controlled power supply and be able to supply the electrode 
means EI. E2 with currcnl with di ITcrent modes and charncteiist ics. For this 
purpose both the power supply 23 and the cross-connection 111eai1s 24, 25 
hence will be connected \\'ith a not shown external c<~nlrol device which may 
he programmed according lo the pfotocol for <l desired circuit pattern and 

I 0 corresponding control the generation or the desired electrical conducting or 
scmicom.lucting structures in the layer material or the thin lilm material 
between the clectrmlc means EI. E2. Protocols and required software may he 
loaded to the not shown control device rrom any external source and it is 
hence nothing against that the fabrication or circuits with the USC or EFCil'v1 

15 20 nrny be managed from a distant locality. 

There shall now be given a more detailed discussion of the electric 
rield-converlihle materials EFC'l\1 which may::l1c used in the method 
according to the present invent ion. as well aS'~_f'peci lie techniques which may 
be used in the embodiment or said m~t,hod. The basic principle or in situ 

20 field-conversion of materials is to generate conducling or semiconducting 
structures by means or spatially modulated an~l/or field strength modulated 
electric fields. The cn11vcrsio11 itsel r mny add ii ionally be revcrsihle or 
irreversible. Concrete examples or this will he giyen below. fl must he 
mentioned that FFCMs at the -time being. arc in an early dcvelopincnt stage 

25 and it is to be expected that ongoing research and development <1ctivities in 
the field dramatically slrnll increase the lllllllbcr or available materials. 

It is in the present invention particularly preferred using EFCMs which by 
being suhjectcd to an electric field remain in this stale unti I they again arc 
subjected to which brings the material back to the initial slate. This is among 

JO other the case of cli ITcrent organic macromolecules and other materials \Vhich 
generally arc known ns molcculnr electronic materials. An instance or a 
material of this kind is disclosed in the paper "A new material for optical, 
clcctricnl nncl electronic thin film memories" hy Z.Y. lltrn & O.R. Chen, 
Vacuum. Vol. 43. No. 11: I 019-1023 ( 1992 ). This material is ;111 

35 organometallic chnrgc-lransf"cr complex M(TCN<)) formed by TCN<) 

. ·,; ·,. ~ .... 
.. --··-··, 
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(7, 7 ,8,8-tetracyanoquinoclimetan, C 12ll4N4) which functions as an electron 

acceptor molecule with cli ffercnt metals as electron-rich donors. The metals 

may be Li. Na. K. Ag. Cu or Fe. M(TCNQ) may under the application or 
electric fields and for the sake of that also energy supf1lied in the form of 

5 heat or light radiation tnrnsfcr from a high impedance state lo a low 

impedance stale. Gcnernlly the reaction can be written as 

[M+(TCNQr_jn ~-r. 11\'.E->Mx + (TCNQ)x + [M • (TCNQ}"]n-x 

The process is reversible, as the rt:.t.urn reacth~n may be obtained hy supplying 

energy c in the f(mn of heat. electrical fields or photon radiation. The 

I 0 reversible reaction results in that M(TCNQ) may be used for generating a 

bistable switching medium. for inslnnce an erasable memory mntcrial. In the 

method according to the present invention only electric fields arc used and 

not irradiation. In thin layers. for instance or I 00-200 nm, M(TCNQ) lrns 

non-linear current-voltage clrnrm:teristics. something which may be used ror 

15 realizing memories of the type ROl\.1 and RAM. For this purpose it is of" 

particular interest that M(TCN()) stably and rcproducahly nllows 

currcnt-controlktl bistable clectric<d switchi_6g. .. ln an electrical addrcssnhlc 

memory for instnncc the high impedance stat·~·:may be used for rcprcsenl ing. 

binary I and the low impedance state .~Ji nary 0. The transition time between 

20 two such states is less than 400 ns. - Further examples or relevant mntcria Is 

arc discussed in W. Xu & al.. "Two new all-l!rganic complexes with 

electrical histnble states", /\.ppl. Phys. l.elt. 67:2241-2242 (1995) and the 

therein appended literature references. The materials mentioned arc bistable 

and have well-delined thresholds for conversion from cond11cti11g to non-

25 conducting stale and vice vcrs<1 with the use or electric fields . 
. 

In certain ricld-convcrtiblc materials, including TCNC), the conversion from 

a non-conducting to a conducting slate may also take place when the energy 

is supplied in the form or the heal. /\s the licld-convertihlc material basically 

is dielectric or strongly resistive, an electric alternating field which over the 

30 electrodes is applied with a suitable frequency tn the material. may induce 

heal in the potential area and n heating with a subsequent conversion of the 

material ri·om a non-conducting lo a comlucling slate in this area may then 

take pince. The power supply must then he opcrntcd ns an alternating power 

supply and the thermal conversion must he regarded as a secondary effect 

35 induced by the electric field. In order to obtain good spat in I definition or 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 lield will namely propagate through the 
material and cause a temperature increase which may innuence the electrical 

5 properties of the material outside the potential area which ideally shall define 
the spatial extent or lhc generated structure. Ir the licld-convertihlc material 
is regarded as an infinite thin layer. the temperature incrense \viii make itself 
felt unto a distance from for instance a point potenli~I which falls together 
with the intersection point or the activated electrodes. with n thermal -- . 

IO di ff us ion length defined hy the ro1~111ula 

il = (Khtfpc) 112 

where the material parameters 
K = thermal conductivity. . r = lit the characteristic frequency which is== the inverse of the pulse 

15 duration t. 

p =the density of the material, a11d 
c = the speci fie heat of the material. 

( l) 

It follows from equation I that in order lo reduce the thermal diffusion and 
obtain a slrnrp spatial definition of the desired electrical conducting or 

20 semiconductor slnu..:lurcs. an nllcrnating current pulse should be used which 
provides high field strength and a fost temperature increase in the potential 
nrea with suhsequc111 rapid convcrsio11 of the liehl-cnnvcrtiblc material. This 

' may be achieved by co111bi11i1ig a high licld strength with high f'ield frequency 
and with the llSC or ficld-convcrlible lll<llcriaJs in the form of thin films with 

25 a thickness or 100 nm it is supposed that an unwanted 'thermal diffusion 
effectively can be avoided by using alternating current pulses or at most a 
few microseconds. In this connection the field charnclcristics must also be 
tuned lo the desired degree of conductivity on the potential areas which 
ideally defines the generated conducting mHJ semiconducting structures. 

30 Electrical connections between di ffcrent lnycrs in thin-film materials or other 
types of electronic materials present n mnjor chnllcngc for the fabrication of 
microelectronics. Precise positioning or conducting. paths in each lnycr plane 
and in the perpendicular direction to the planes is of parnmou11t importnncc 
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and comprises typically forming vias or holes which may be filled with 
conducting material in order lo create connections perpendicular to the 
layers. The physicnl manufacture or the holes in prior art takes place by 
means of drilling, punching or etching. and the conductrng material is added 

5 by mechanical filling. electroplating etc. Very clearly processes or this kind 
represent a signilicant complication and a substantial cost with nn 
accompanying limited precision. 

In the present invention the connections as well as active and passive devices 
may be generated in the smne proce$sing sequence which defines the 

10 electrical conducting and semicondm:ting structures in each layer. i.e. with 
the same kind or spatial precision as the.structures themselves and without 
resorting to further and other types nf manufacturing steps. Fig. 5 shows the 
basic principle for the particular case where n single conducting path 9 shall 
he generated between a portion of for inslat1ce of a COlldticling structure in 11 

15 layer SS5 and a portion ol' another conducting. structure '9 in a layer SSX 
spaced apart rrom the former. By n.:pealcd conversion of' a small area in the 
same location of in cm:h of sevcrnl adjacent !axers between the lcr111i11atio11 
points or a conducting or semkomlucting slru~lm'e. a column 9' or 
conducting material is formed as shown in fig~·.-ti and electrical conductivity 

20 obtained stepwise rrn111 the slarl ing layel· SS5 which contnins the first 
conducting structure. lo the f'inal layer SSR which contains the second 
conducting structure. The cross-section or column 9' may be defined 
arbitrarily via the selected electric field pattern. A. number of parallel 
conducting columns may be generated by direct ex-tension of this procedure 

25 and the columns may begin and end in di ITcrent layers such this is apparent 
from rig. 5. In a given layer which conlribulcs with a conducting structure 9 
in connection with one or more co11dm.:ti11g columns or vertical conducting 
structures 9', the latter shnll he made concurrently with other conducting. 9 or 
semiconducting structures I 0 which arc patterned in this layer, for instance 

JO SS6 in fig. 5, i.e. without having lo carry out other or di ffercnt processing 
steps. Typically the degree of conversion rrom a non-conducting to a 
conducting stale or vice versa can be controlled by the field strength and/or 
its lime characteristics, possibly also by the duration of' the field. Thus a 
column which connects points in two different lnycrs may be formed such 

35 · that it runctions HS a resistor in ii circuit by choosing the degree of" 
conductivity in segments from lt1yer lo layer along the column. 

. ··:·.::.ifff .. __ ......,.;,.,...~ 
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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 cotu.lucting or scmiconductin_g structures in single 
layers be erased selectively with the use of EFOM20 as shown in any or the 

5 figs. 2a-f and suitable spectral modulation. ;\ ncr joining or single layers into 
Cl multi layer structure M LS the erasing al I ime heing can. however. only he 
performed globally hy the multilayer structure. in case the matrix. globally is 
subjected lo an electric field with given field strength ·and/or characteristics 
and possibly adapted lo the spcci lic:-rcsponse of the material to the energy 

10 supplied by the field. The materials in the matrix will lhcn he reconverted 
until the matrix in its entirely nrrives in an electrical non-conducting stale. 
something which will be the case i r ii c .g. is made of a material such as 
M(TCNQ). A multi layer structure or malrix or M( MTCNQ) material may 
thereafter be reconfigured \vilh new electrical conducting and 

15 semiconducting structure. hut this is not al present possible by using 
electrical fields. 1 lowever. a method for generating as disclosed by the 
s i mu llancou~ ly filed 1 nl crnn I iotrn I Pnt e11 l /\ ppl ~cation Pl'T/N099/00021 
which belongs lo the present nppl ic<ml. may b.c· f1scd. 

~-. .,· . . , . 
As lhe method for generating according. lo lhe present invention nrnkcs 

20 possible that suitable materials may be 'converted from an isolating to a 
semiconducting stale or vice vcrs11 hy electric ~kids. either directly or 

indirectly (e.g. in the last instance due lo a simultaneous local heating). it 
will he possible lo npply the method lo manufacture ror instance diodes and 
transistors which may he conncclcd electrically with resistances <'Ind 

25 capacitors lo form complete active electronic circuits. More speci fie 
examples or active components and circuits formed thereof shall be disclosed 
by the following examples. 

Example l 

Fig. 6 shows a forward-biased pn junction diode with conducting and 
JO semiconducting structures generated by the method according the invention 

and realised in thi11-lil111 technology with four sublavcrs SS l-SS4. The !avers ....... ... .. 
SS2 and SSJ contain the active semicomh1cting material provided between 
thu elctrod~" I I in l'C'Mpcctlvely Liil! stthlnyl!l''4 SS I u11tl SS4. The uctlvc 

material I 0 in the sublayer SS2 is a11 1H.lopcd semiconductor. 'vhile the 
35 ndjacent active material IO' in the sublayer SSJ is a p-doped semiconductor. 

·: .. " 

. ~ ·.'f:: ·. 
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The electrodes 11 in the layers SS I and SS4 arc contacted by horizontal .. 
electrical conducting structures or con dueling paths 9 in the same lnycr. The 

separate layer in the diode slrm:ture in lig. 6 hns typically a thickness of 

about I 00 nm such that the whole structure forms a multilayer structure with 

5 a thickness less than I inn. The horizontal extension of the area of the diode 

structure will he determined by the spatial resolution which is realized with 

the use of an EFGM, hut with the electrode means EI, E2 as sht>wn in lig. 

2a-f. it will be possible to form electrodes 21. 22 with pitches in the order or . 
magnitude 0.2-1.0 iun by convcntiot.!<!1 lithographic methods or by using 

I 0 irradiation convertible materials amt a method as disclosed in the above 

mentioned international patent applicalion PCT/N099/00023. Special 

printing methods or use of m111otechnological and chemical methods will 

besides be able to realize electrode strm:lures which arc one order or 
magnitude smaller. Realistically it may be supposed that with the available 

I) technologies for making the electrode devices it will be .1mssihlc to modulate 

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

of 0.1 ~Lill. 

Example 2 - MOSFET . 
:.: .... ·. 

Fig. 7 shows schematically a MOSFET for usc'fo the present invention an<l 
20 realized wholly i11 orgnnic mntcrial in' lfii1i-ri1111 technology. The gate 

electrode 12 is provided in the subl<1yer SS I and connected with a horizont;ll 

conducting structure 9. while the s11hlaycr SS2·constitulcs the gntc isolator 

13. The active scmiconducling material I 0 is jn-ovided in the sublayer SS3 

and registers with the gate electrode JO. The source and drain elc.ctrodcs 14 
25 arc provided in the f'ollowing 1(1p lnyer SS4 and arc contacted by horizontal 

electrical conducting structun:s 9 in the same layer. Fach or the layers 

comprises either electrical conducting structures or a sc1;1iconducti11g 

structure, as well as dielectric meas. The thickness of a MOSFET of this kind 
may be Y2 ~1111. while the extension in the horizontal plane such as may be 

30 realized with present technology will he from al most a few iun to less than 
I pm, c r. what is S<tid in e:-<am pie I . 

Example 3 - Logic CMOS inverter 

The MOSFET stntclurc in fig. 7 may now he used in logic gales, for instance 
. a logic inverter in CMOS technology as shown in lig. 8. An inverter or this 

35 kind is formed by parallel connection or the drain and source electrode in 
respectively an n-MOSFET and a p-MOSFET in a back-lo-hack 

.. : .~.::.: ~- . 
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configuration, with common gate electrode. For this purpose a vertical 

conducting structure 15 is gcncrnled and passes through all sublayers 

· ... 

SS 1-SS7 nnd connects the electrodes 14'. The output signal from the inverter 
is conveyed on this conducting structure J 5 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 al right in the figure. The thickness or all sublayers will 

then be less than I iun, typically realized with about a ~hickncss or about 
0.7~tm, while the horizontal exlensiq_•! of the in~erlcr will have the same 

I 0 <limensions as slated above in connect ion with the discussion or the MOSFET 

structure in the ligurc 7. 

Example 4 - CMOS AND gale 

Active components like the MOSFET structures shown in fig. 7 may he used 

for forming intcg.ralecl circuits hy stm:king or sublayers wilh structures which 
15 have the desired electrical properties and wholly arc rea'lizcd in an organic 

thin-Ii Im tcclmology. Spccirically the f'ollmving example is connected with 
an AND gate realized in CMOS technology wi.th the use <lf the transistor 
structure as shown in fig. 7. In order to f'nciliW_lc.thc understanding or how 

'-' . 
active devices such as field-effect transistors 1·1ray be combined in multilayer 

20 structures into functional devices as foj! it'1stance logic gates. reference shall 

he 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 realiz.ed with respectively 11-MOSFETS and p-MOSFETS of the 

enrichment type ns switches. Two input signals ;\·and B arc con~eyed 
25 respectively lo the gate electrn«.Jcs on p-MOS Q 1 and ()2 and the gale 

electrodes on n-MOS <)J and Q.1• Ir holh input signals switches ;\ and B arc 

high, the output signal X will be low. In this case (..}_l an~I <),1 will both be on 
and the p-MOS switches () 1 and <h will both off. i.e. no current flows and the 
output signal X hence goes low. Ir. on the conlrnry. eilher the input signal A 

30 or the input signal B is low or both arc low. correspondingly the p-MOS 
transistors Q 1 respectively <)2 will he switched on and the output signal X 

goes high, as either one or both or the serially connected 11-MOS Q.1. Q., arc 

off and no current nows. The devices () 1• Q2• <):i, <).1 rcnlizc. as will be seen. 
a NAND anlc and to nmlizc nn AND JZHlc it is 11cccssnr~1 to connect the 

35 · output of the NAND gale with a logicnl inverter which also is renlizcd in 
CMOS technology. respectively with the use of a p-MOS switch C)i anc.1 an 
n-MOS Qr. switch connected in parallel.. This is a slancfard 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 corresponds to the input signals A 

and B to the NAND gate both being high. In other words it is easily realized 

5 that circuit as shown in lig. 9 realizes nn AND gate and persons skilled in the 

art will understand that corrcspondi11gly logic.: OR nml NOR gates may he 

realized and with any number or inputs. I lowcvcr, in principle, all Boolean 

functions can be realized in combinations of one type .or gate and one or 

more inverters realized in CMOS technology. for instance with the use or the 
. -- . 

10 transistor structure as shown in lig. ·7. 

Purely practically the AND gate can be implemented in thin-film technology 

as shown in figs. I Oa-1 Od and with the use of MOSFET structures 

corresponding to thal shown in rig. 7. Figs. I Oa-1 Od show the AND gate 

wholly realized in thin-film technology and with the active and passive 

15 devices provided in four suhlaycrs SS I. SS1-SS5. The first sublayer SS I ( lig. 

I Oa) contains the gale electrodes g. 1-g.c, where the subscript points to the 

corresponding subscript for the MOSFETs () 1-()6 in rig. 9. The inputs A and 

B arc conveyed lo respectively the gate ekt.:tr.~)dcs g1• g,, and g2• g 1 and via 

horizonta\ conducting slrm:lurcs or current p:.ft.Gs 9. Correspondingly the gale 

20 electrodes g.~. g.6 in the inverter nrc connctted with a horizontal current path 

9. A vertical clct.:lrical c011<.llll:li11g. structure is denoted 15, the symbol 1'). 

indicating that ii extends upwards in vertical d.ircctio11 rrom the sublnyers 

SS 1. In fig. l Ob the symbols 6. and v indicate that the vertical conductor 

structure 15 in the lnycr SS3 extend vertically thr<-mgh this layer nnd 011 both . 
25 sides thereo r. The layer SS3 C(ll11priscs areas with act ivc semicondm:tor 

materials b1-br, (corresponding to 10 in l'ig. 7) which arc assigned to and 

register with the corresponding gate electrodes g1-g6 in {he layer SS I. - It is 

Lo be remarked that a layer SS2 exclusively, apart from the vertical condm:tor 

structure 15 which also extends through this sublayer 011 both sides thereof. 

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

MOSFETs Q 1-Q6 which renlizc the AND gale. The layer SS2 is. or course. 
located between SS l and SSJ. hut lrns been excluded f"rom the drawing. - The 

layer SS4 fig. I Oc is provided above anc.I adjacent lo the layer SS3 and 

comprises respectively the source electrodes s 1-s6 and the drain electrodes 
35 . d 1-d<, for the corresponding MOSFETs <J 1-Q<•· The active semiconductor 

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

I ines. The vcrticnl current path I 5 nlso extends also through the layer SS4 
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and to both sides thereof an<l contacts n horizontal current path 9 in the 
sublayer SSS as shown in lig. I Od. This horizontal current path corresponds 
to the connection between the drain electrodes d2 and d.1 for the ·· 
corresponding MOSFETs 0 2• Q.1 and is additionally also connected with the 

5 drain electrode d 1 on Q 1• Another horizontal current path 9 realizes the serial 
connection between the source electrode s:l on Q.1 and the drain electrode d4 

on Q.1• The source elcctrmlcs s.1 and s6 arc grounded over further horizontal 
conductor structures 9. while the horizontal conducting structure 9 farthest to . 
right in the layer SS5 is supplied with a voltage Vc111 and connects the source 

.;...- . 

to electrodes s 1• s2• s5 on respectively Q 1• lh and () 5• A further horizontal 
current path 9 uppermost in lig. I Od forms the parallel connection between 
the drnin electrodes d~.d,, on ()~. C)r. and t"hc outp11t line. denoted with X. The 
output signal X from the NAND gate consisting of () 1• (h, C)J. C).1 is 
conveyed on the vertical current path 15. Fig. 11 shows schematically how 

15 the layers in fig. I 0 appear in slat:ked con figural ion. the. layer SS2 with the 
gale isolator here being included. For the ~wke or clarity the stack. however. 
is shown exploded in its separate sublayers SS I -SS5. hut with correct 
registration and the course or the vertical current path 15 through every 
sublayer is indicated by the stitched line. Witlt.-ti_h.e gnle electrode layer 

20 SS I-SSS provided on an underlying, not ~lww;r dielectric lnycr. the total 
. " 

AND structure as shown in lig. 11 1rniy'lrnvc a thickness of 0.75 Jllll and an 
area of ahoul I 00 pm~ ( 12·8 J111l

2
). The volume of the structure will hence he 

about 75 pnr1• With conservative spatial rcsohition this implies llrnl about 10 
000 logic gates of this kind may be realized on an area or I 111111

2 and with a 
25 thickness well below I Jll11. Co_rrcspondingly scal~d the length of: the current 

paths 9. 15 together becomes 60 pm. 

Example 5 - /\ND gate with vertically slacked CMOS circuits 
A reduction of the current path length and a significant simplification or the 
structure of the A NIJ gate may be achieved by slacking lhc MOSFET 

30 structures vertically as shown in rig. 12. Again the same reference numbers 
as in figs. I 0 and 11 arc used. and it will be seen that the vertical AND gale 
structure exploits the foct that lhc gale electrodes g, and gJ or lhc transistors 
Q1• 0.1 arc at the same common potential, the gate electrodes g2 and g., in (h_. 

Q,, on nnothcr common potential and lhe gale electrodes g~ nnd g~ in C)~. <)r. 
J 5 . on a third common potential. I fence the lnrnsistors <.) 1-Qr, nrc implemented 11s 

CMOS circuits in a pnirwisc buck-lo-hack cmdigurntion by common gale 
electrode gi.gJ: g2.g.1: g5.g,, for the corresponding MOSFET structures Q 1.C).1: 

·:,_: .·. '!, 
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Q2,Q4; Q5,Q6• Each CMOS circuit is provided on an isolating layer which in 

lig. 12 is localed below C)3• between Q 1 and Q.1 and between ()2 and Q5 in 
each of the MOSFET structures. The gate electrodes g arc also. or course. 
isolated from the active semiconductor material h hy not explicitly denoted 

5 isolating layers which comprise the respective gale isolators. The horizontal 
current paths in figs. I 0 and 11 arc nmv suhstanlially replaced by vcrth.:al 

current paths which extend through the layers and provide the same 

connection as shown in the equivalent circuit in fig . .9· Particularly the 
current path 15 is shown which al§.Q is realizc.d vertically in the cnnliguratio11 

10 in fig. 10 and. as will he seen. as f>cforc connects the gale electrodes g._~.gr, on 

Q5• Q6 with the connection between the drain electrodes d2.d3 on <)2. Q3 and 
the drain electrode d1 on Q1. 

The vertical AND gate structure in fig. 12 including the substrate I is 
generated hy a total or 24 sub layers. or which 6 relatively thick isolating 

15 layers form the gale isolators and three corresponding tr1ick isolating layers 

isolate the paired combinations or MOSFET structures mutually. With the 

same dimensions as indicated i11 co1111cction _with the description ol' rig. 11 

the whole stacked layer configurntio11 in Ii~:· l2 hem:c will have a thickness 

of about 3.0 pm and be provided on an arc<.t~'f 16 pm 2
• The total volume thus 

20 becomes less than 50 pm
1
• a rcductic~t1 ell" the volume or 1/3 relative to the 

con liguralion in fig. 11. Most important is. however, the current paths which 

in the configuration in f'ig.. 11 from the indicated dimensions will have a 

length or 52 ~lm, may in the con figuration in fig. 12 well be about 15 ~lm in 

an optimal embodiment. which implies a reduction or about 70,%. In this 
25 connection it shall rrnrticular.ly he tnkcn in regard that fig. I 2 is schenrntic 

and lhat the vertical current paths arc mutually displaced in the horizontal 

plane in order lo appear more clearly. They may. how~vcr, lie in the snmc 

plane. parallel lo one or the side surraces or the structure. 

Within the scope of today's thin-film technology and using technologies as 

30 mentioned above in order to create electrical conducting and semiconducting 
Structures in thin films by irradiation or COn\'CJ"tihlc organic materials. it is 

wholly possible to reduce the linear dimensions in the horizontal direction. 

such that the component density may he increased hy at least one order or 
magnitude. This implies that the co11fig.uration in rig. 11 may rcnlizc about 

35 I 05 logic gnles of the kind shown on I mm 2 and with a layer thickness well 

below I iun. while the configurntion in rig. 12 might realize about 6· IO~ gales 

_:.:£_ .. 
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on the same area with a somewhat better form factor, such that the increase 

in the device density hecolll<.'S about 33% relative lo the device density of the 

configuration in fig. 11. 

The processing of single layers, i.e. the generating of electrical conducting 
) and semiconducting structures may a Iler the converl ing hy means of" electric 

lields has taken place and when it is performed as shown in figs. 2a-r and fig. 
3, inlcude possible post-treatments and corrections, e.g. a possible heat 
treatment hclclrc the separate layers 11rc joined inlo a nrnltilaycr slrnclurc and 
form a slacked circuit conliguralioti-

JO For instance a heal treatment of single layers after the conversion may he 

performed lo control conc.lucting or semiconducting properties, e.g. 

conversion of monomer to oligomcr or polymer, doping. crystallization clc. 

Such processes arc well-known and have a wide application and speci fie 

examples shall hence not be given here. The heal treatment may e.g. he 

15 performed by means or irradiation. Another possibility is to USC lhe electric 

alternating fields. In prindple allernaling fie.Ids may also he used lo effect 
the field conversion or EFCM and the powe1)~1pply 2J shown in rigs. 2a-r 

must then, or course. be an alternating voltag~'sourcc. 111 that connection it 
shall be remarked that a resistive matc,dal which is subjected lo an . . . 

20 alternating field will he heated. By using an alternating voltage field for 

generating a transition rrom a 11011-conducting to for instance a conducting 

state a heating of the thus generated electrical conducting structure may take 

place and a possible desired heal trealmc11t 111ay 11lso take pince in situ and 

simultaneously with lhc conversion process. 

25 By for instance using orgrmic materials in the layers and generating the 
• 

electrical conducting aml semiconducting structures with conversion and by 
means or electric lie Ids according. lo the present invent ion. it may he obtained 
a for simpler and cheaper t11i.lllllli1cturi11g or electronic devices than which is 
possible with today's inorgm1ic SCl11 iconducl or technology. Ir a reel-to-reel 

JO nrrangcmcnl is used in the n11111uf"acturc 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 or separate layers into a 
multilayer structure and rorming or a stacked configuration. the registration 
between the l11ycrs will, however. he critical among other in order to ensure 

35 lhal vertical conducting structures in scparnlc layers register mutually and 

: · ... 
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.. ··-·-·-········ • ···---·-.-~~·E·~·~ .. ~--..-...-



::· .. :·; .. : . 
. : .... 

·~- : ... 

26 

that for instance electrodes and active semiconductor materials in 

semiconductor stnrdurcs do the same. The requirement for registration 

accuracy \viii be given hy the pitch which may be realized in the manufacture 

of the electrical conducting and semiconducting structures, but may 

5 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 grca.tcr detail. but must be 

regarded as known lo persons skillEg in the ar~. 

l 0 By using the method for generation according to the present invention the 

protocol for a given circuit conrigurntion in multilayer design may he 

generated for from the manufacturing location or the circuit and transmitted 

thereto for downloading to for inslam.:c a control device which controls the 

generation of the physical circuit pallerns in situ at lhc manufocluring 

15 location. A user nrny hence thereby generate and produce circuits by 

tclc-proccssing according to O\\'ll spcciricalio11s solely hy trnnsmi!ling !he 

necessary instructions and i11fornrnlion. The present invention may thus 

furnish the concept npplicatio11- and ct1slomct""si1cci fie circuit production 
:i·t' 

with a radically new content. '· 
,, 

· .. '··:.) 
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PATENT CLAIMS 

I. A method for generating electrical conducting or semiconducting 

structures in l\vo or three dimensions in n composite n~atrix, wherein the 

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

5 spatially separate and homog.enous material structures. wherein the materials 

in response lo the supply of energy can undergo speci fie physicnl and/or 

chemical changes or state which cause transition from an clectricnl 

non-conducting stale lo <ln electrical conducting or stmiconducting stnte or 

vice versa, or a change in the clccCrical conduction mode or the material. and 

I 0 wherein each material structure is made in the ft,rm or a thin layer. 

characterized hy applying lo the separate layer an electric field with given 

field strength and/or characterisl ics adnptcd lo the spcci lie response of the 

material lo the energy supplied hy lhe field. modulating in each case the 

fields spatially according lo a determined protocol which represents a 

15 predetermined pattern of elcctricnl conducting or semidmducting structures 

in the relevant material strncl ure. whereby in the layers in response lo lhc 

energy supplied hy the l"ield two-di111c11sionaJ clectrienl conducting or 

semiconducting slrm:lurcs are g.cncrntcd wilt1 'lhc pattern predetermined by 
'J, .• 

the protocol. and then optionally providing t~o or more layers in a slacked 

20 configuration. such that the composi~c ,·11atrix formed hy separate adjacent 

layers is provided with electrical conducting. or semiconducting. slructures in 

three dimensions. 

2. A method according to claim I, clrnractc1:ized by modulating spatially 

the electric field in a plane suhstm1tially parallel with a layer hy means or an 

25 electrmlc device with pallerncd electrodes, the electrode device by selective 

supply of voltage lo the electrodes according to the dclcrm incd protocol 

generating electrical point or line potentials. \vhich genernlc the electrical 

conducting or semiconducting stnu.:lurcs. 

3. A method according to claim I. characterized by the stacked 

30 configuration being formed hy two or more lt1ycrs after generating the 

electrical conducting or semiconducting. stnu.:turc in each layer being 

combined into laminated multilayer structures which forms the composite 

matrix with electrical conducting or scmiconduct ing structures in three 

dimensions. 

·•···.·.:•,;~.·:5i~>1:· 
: ·. · .. · .. :~=;. :; ' 
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4~ A method according to claim 3, characterized by forming the 

multilayer formed by a lamination of two or more set r-supporling layers in lo 

a stacked con figurali on. 

5. A method according to claim 4. characterized by positioning a layer 

5 arter the lamination to adjacent layers such that two or more two-dimensional 

electrical conducting or sc111ico11dm:ti11g structures in the firsl .. menlioncd 

layer according to the protocol register with one or more two-dimensional 

electrical conducting or semiconducting stmctures in adjacent layers. 

whereby one or more vertical clcd.tlcal conducting or semiconducting 

IO channels arc generated in the cross-direction through lhe layers. 

6. A method according to claim 5. characterized by providing an 

electrical conducting or semiconducting structme which forms n vertical 

channel through the layer according to the prnlm:ol, in electrical conducting 

or semiconducting connection with one or more two-dimensional clcclricnl 

15 conducting or scmicondtll:ti11g structures in I his layer. 

7. A method according. to claim 6. clwrac.terized by general ing each 

channel with a conductivity or conduction rn:Odc which is constant hctwc<:n 

the layers. 
i·t' ,., 

8. A method according to claim 6; clrnractcrizcd by generating each 

20 channel with a conducli vily or conduct ion modus which varies between the 

layers. 

9. A method for erasing globally electrical conducting or sc,11iconducting 

structures generated in l\vo 01: three dimensions in a composite matrix, 

wherein the matrix comprises one or more 111alcri<1ls respectively provided in . 
25 one or more spatinlly separate and homogenous material structures, \vhcrci11 

the materials in response to the supply or energy cnn undergo spcci lie 

physical and/or chemical changes or state which cause transition from an 

electrical non-conducting state to an electrical conducting or semiconducting 

slate or vice versa. or a change in the electrical conduction mode of' the 

30 material. and wherein each material structure is made in the form or a thin 

layer, charnclcrizcd by applying globally lo the composite matrix an electric 

field with given field strength and/or charnclcristics adapted to the spcci fie 

response or the material to the energy supplied by the rield until the materials 

·: ·:··: 



.. ;. ::; .. -. 
. ~-' . 

·. ·.=. ;: .. 

29 

iri the composite matrix in response to the energy supplied by the field ii1 

their entirely 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 mntrix. wherein the nrnfrix comprises one or more 

materials respectively provided in one or more spatially scparntc and 

homogcnous material structures. wherein the materials in response to the 

supplied energy can undergo speci lie physical and/or chemical changes or 
stale which cause transition rrorn l.ni electrical" non-conducting slate lo an 

10 electrical conducting or semiconducting state and vice versa. or a change in 

the conduction mode of the nrntcrinl. wherein each malcrial structure is made 

in the rorm or a thin layer, and wherein the electric field generator/modulator 

(20) is characterized in that it comprises a first electrode means (EI) with a 

plurality or parallel strip electrodes (21) provided in a plane. a second 

15 electrode means ( J'.2) with a pl11ral ily of p<1r:1llcl strip c!Cctrodes ( 22) 

provided al a distance from lhe first clcdrodc 11H.:a11s (I·: I) and 

superpositioncd thereto in n second plane parallel with the first plane such 
,·· 

that the electrodes (21. 22) mulually arc suhsfoi1tially orthogonally oriented 

in a matrix-like arrangement, that the clectr~~lfe means (EI :E2) over 

20 cross-connection devices (24:2)) arc;co.nneclcd with a controllable power 

supply (23). the elcclricnl ricld gcncrnlor/nwdulator (20) in the space 

between the electrode mc~ms (FI. 1·:2) 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 conlinumrsly or intcrmilt~nlly is red 

25 through the space \vith simul'tancous positioning and alignment spaced apart 

from and between the clcclrodc means (EI. E2) in a plane substantially 

parallel thereto. whereby the electrical conducting or ~cmicondm:ling 
structures can be generated according lo a determined protocol and by means 

of point, line or nrea potentials arc created hct\vccn selec.:tcd clcclrmlcs (21. 

30 22) in the electrode means (EI ~E2) \vhc11 the former over the 

cross-conncctio11 devices (24:2.5) arc supplied with electric power. 

11. Electric lield generator/modulator nccordi11g lo claim I 0, characterized 

in that the electrodes (21 ;22) in each electrode device (EI ~E2) is provided on 

or in surfaces of respective suhstrnlcs focing each other. 
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12. Electric field generator/modulator according to claim 11, characterized 

in that the strip electrodes (21. 22) arc made as a part of the substrates and 

form conducting structures in the suhstrnlc material. 

13. Electric field generator/modulator according to claim J 0, characterized 

5 in that the distance between the clectrmlc means (EI, E2) is controllable 

depending on the thickness or the thin-film material. 

14. Electric lield generator/modulator according t.o claim I 0, characterized 

in that the electrodes (2 t ~22) in cq_~h clcctrocl~ means (EI: E2) arc provided 

with a mutual distance between O."I ~Lill and 1.0 ~un. 

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

in that the electrodes (21 :22) in each elcdrode means (FI :F2) arc formed 

with substantially conslanl width or 0.1 JLlll to 1.0 pm. 

: ....... ~ .. 
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ABSTRACT 

In a method for generating electrical conducting or 

semiconducting structures in three dimensions in a 

matrix which comprises two or more materials in 

5 spatially separated nrntcrial structures. an electric 

field is applied to the separate material structure or 

the ficld-modulntcd spatially according lo a 

protocol which represents n predetermined pattern · 

of electrical conducting or semicol1llucting 

IO structures which arc generated in the matcri<il 

structure in response lo the field. The nrnlrix 

composed by the material struclurcs will hence 

comprise structures of this kind in three 

dimensions. 

15 In a method for global erasing an electric field is 

applied to the matrix uni ii the matcrinls in the 

matrix in response to the ricld in their entirc;iy 

arrive in a 11011-conc.lucting state. 

In an electric licld gencrator/moduln~(n. ( EFGM) 

20 which can be used for patterning. anti general ing 

electrical conducti11g or scmico11duc1ing stnrctmcs, 

two clectrmlc means (EI ;F2) comprise parallel strip 

electrodes (21 :22) provided mutw11ly spaced apnrt 

in parallel planes such that the electrodes (21.22) 

25 form a matrix-like arrangement. The clcctroc.Je 

means (EI :E2) arc over cross-co1111cction devices 

(24, 25) connected with a power supply (23 ). 

EFGM (20) is adapted for receiving a thin-rilm 

material between the electrode devices (EI. E2) in 

30 order lo generate said slructmes. 

(Figs. 2a,b) 

~~-·· 



6 

4 
6 

SS3 
SS2 
SS1 

1/10 
2 

3 3 

Fig. 1 (PRIOR ART) 

9 10 9 

1 

6 

5 

6 

1 



2/10 

r------------------------
1 
I 

E2 I 

I t .. ----t---- ... , .!---------;' I ~ 

El 

Fig.2a 

:..· ... · 

25 r20 _____ L_.., 
I 

22 SSl · 22 i_20 
-- ------------------------ --- ---. 

23 

24 

I I 

~I :~ 

Fig.2b 

I 
I 
I 
I 
I 
I 

.. ·: . . . ~: ·: 



.. · :. :: ... . : . . . ·~· . '. ·.•·. ~:. ,, .: : 

3/10 

r------------------------
1 
I 

25 20 _____ r_., 
I 

23 
E2 I 
· ~I -c!Di:EJi:E:EJ~cliD~cm:~aa::m:JLl!iJ:E:Ja:J 

,,---1----''> -----r---i. .... 
El 24 

Fig.2c 

22 SS2 9 22 t2D ,- ------ ----- --------------- --, 

~I N 

~-+-~~~ 
I 
I + + + + + + ·+ 
r 

9 

25 I I 23 
I . · I 
~---------------------------------

Fig.2d 

. ,··. 



· ..• : ·:~.-- ·.~ :·:. ~~!~ •. ~ • : ' ·>=" . ''." ~;·· _:.--.:.~_y··::·•j!;: ....... ~y::·.·: .. 
··· ... :. 

4/10 

r------------------------
1 
I 23 

E2 ,
1 ___rl~~~r-*""~rm-~~-m--i~~~~~ 
I r ..,---t---- '» -----r---..... 
.-iii~~~~~~~~~~~~ El 24 

Fig.2e 

22 . SS3 22 I20 
-- ---------- ------------- --- -...., I 

~I ~ 

10 

Fig.2f 



Rb4 

~ .... 
c 

• 

Fig.3 



LEGEND TO FIGS. 15-21 

I I ISOLATING 

r.:(/.\:I SEMICONDUCTING 

6/10 

I: -: -:I p-lYPE SEMICONDUCTING 

It+ t +ti n-lYPE SEMICONDUCTING 

m®f CONDUCTING, ELECTRODES 

I HORIZONTAL AND VERTICAL 
CONDUCTING PATH (.6., UP;. V, DOWN) 

. 11 

SS4 
SS3 - - - -
SS2 
SS1 

11 

Fig.6 

. . ' .·~: 

n-CHANNEL 
DRAIN MOSFET (NMOS) 

GATE _J ~BODY 
SOURCE 

p-CHANNEL 
DRAIN MOSFET (PMOS) 

GATE _J ~BODY 
SOURCE 

+~ 
101 

• 

10 ... 

.. · ... . ·:. 
.. ;-: 



.... ),::::~: 
. .J· . 

~.. . . : 

1/10 

14 

13 
Fig.7 

9 

14· 10 14 13 

Fig.8 

+Von 

x 

------04 , B 

Fig.9 



8/10 

SS1 

Is 

9 

L g2 

B-- 9 A--

L gl 

Fig.10a 

bs ds ds b5 

SS4 
Ss 

15 S5 

d4 ~l d2 

S4 S2 

·t 
b4 

S3 

.• 

Fig.10c 

Ss 

9 

9 

9 

··-~··.-·: . . :.: ··.r:,'..~ .. -=: ·,:·.: ~­
.. ,. 

vSS3 

15 

l~ 
;:,~f ~1t. c- >-~ 

Fig.10b 

x Yoo. 

ds d5 S5 

SS5 

9 

d2 

S2 

9 

Fig.10d 

.... ::.;:::. 



SS5 

SS4 

SS3 

SS2 

SS1 

9/10 

I 
I y1s 
I 
I 
I 
I 

·Fig.11 , 

.·' .· 



I .. ,, ., ... _ . ,, ,, 
I 

You------

:· ·.· ,.::····i·~·::-::::·.·,5PJA~if ~~:~ 
' . ·. ·::· ·: . -~ ·.; 

10/10 

Fig.12 


