WD 2004/ 059730 PCT/ US2002/ 040307 METHOD OF
SELF- ASSEMBLI NG ELECTRONI C Cl RCUI TRY AND ClI RCUI TS

WO SRMED 7IHEREBY BACKGROUND OF THE | NVENTI ON  FP@t/tiSzob2/040307

10

15

the I nvention 5 The present invention generally

relates to a nmethod of assenbling electronic circuits
and an electronic circuit forned using that nethod.

Mor e MEFHOI O SELFASSEMBIING BAEGIROM CtOIRCHETRYCAND
of enabling self-assenbly of electronic circuitry and

to self-assenbl ed eCERCUITSTFORMED tTHEREBY! | pti on of

the Related Art 10 Formation of electronic circuits

usi ng |ithographic techniques is well known. However,
the formation of these circuits requires nmultiple

many as 25 maski ACKGROUNSHEF RednspENTY C © *°

circuit using |ithographic techni qgues. These processes
are very expensive to performand each |ayer adds
cost to the manufacturing 15 process of

l'i t hographically form ngFedi@¢efmemvention cuits. It is

al so desirable to reduce the size of the electronic
elements formng the circuit. The smaller the size of
the device, the nore difficult it is to manufacture

W0 2004/ 055 ISPt ReAb e I Bt Tl bihe

trend is further conplicated by the fact .that, as the
devi celectromppeiFait aps pl elertronie siaguitiorped ysiag gt method. More
i thographi c approaches nay not work at

particularly, this invention relates to a method of enabling self-assembly of

electronic circuitry and to self-assembled electronic circuits.

Description of the Related Art

Formation of electronic circuits using lithographic techniques is well
known. However, the formation of these circuits requires multiple layer
formation sfeps. For example, one may have as many as 25 masking steps to
form an electronic circuit using lithographic techniques. These processes are
very expensive to perform and each layer adds cost to the manufacturing
process of lithographically forming electronic circuits.

It is also desirable to reduce the size of the electronic elements forming
the circuit. The smaller the size of the device, the more difficult it is to

manufacture and, thus, the more expensive the device becomes to



all due to lithographic constraints inposed by
resolution and alignnment. Hence, it is desirable to be
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as at the nol ecular scale, with a m ni mum of

litho Y r h@ %k furhRd .'ngﬁi@ ' e :
refer g%%g%ncgurrg'i (ri:ﬁﬁﬁl%th ﬁgsl r ent |or tya%ri] :b?glgﬁr%?tg[ﬁ %tsasb%e devices
Pat ent_ Nos., 6, 262, 129 and 65, 021. SUMVARY OF THE

| NVENFPRIGEF I egwaa?caﬁﬁemrl@?égi}tw@%r% FAPRRAChES TAY Bpfgvork at
drawbacks, and 10 di sadvantages of the conventiona

met hoddl disdo Ythogeaphiceoensteaints Bppesed by resolitiopand elignment.
invention is to provide a nethod and structure in

whi ch Hemce)ieistdesirdble todierablei tb forn gesevdly ethall gevige Slements, such
driving force which causes atoms to assenble in a

desi r ablapthbasd1bdilar sé\ﬂe,oomrﬁ&hiﬂﬁmﬁmf1&tﬁ8§ﬁ{>ﬁiegrdc§ssﬁr%.

m nimze the nunber of |ithographic 15 steps. V\éh
denonstr at g | n e in one.lthographic.
step, thus A@g%\%lﬁ‘g in?r%’ﬁ%{/%tgﬁ%geggrlg{lcreg}ereég B?eg‘lelr g{”E@E’éb%lted

i nventj,on,_a ho assenbling a circuit includes

pr ovi AHE %at?‘g%‘?sag’é,gié?%ﬂ}ﬁ@%g%]em conduct or

material to self assenble on the tenplate; and

enabl i ng sel f-assenbly of a connection between 20 the

sem conductor material and the tenplate to formthe

circuit. In a seconsumﬂgqtyquﬂmimmﬂlgp; a met hod
of assenbling a circuit includes: formng a first

20041 05670" BRY VDb B 3 GGk Sk A b Plekdfhud O

: , .ng a second netal |ayer on the,
rﬁgﬁl qa \Zarﬂtagfegroﬂhe%onven jonal methods and 3 ctures, ano%Ject of the

present invention is to provide a method and structure in which an electronic
circuit is assembled using a driving force which causes atoms to assemble in a
desirable fashion.

An object of the invention is to minimize the number of lithographic
steps. We demonstrate how this can be done in one lithographic step, thus
saving money.

In a first aspect of the invention, a method of assembling a circuit
includes providing a template, enabling a semiconductor material to self
assemble on the template; and enabling self-assembly of a connection between
the semiconductor material and the template to form the circuit.

In a second aspect of the invention, a method of assembling a circuit

includes: forming a first metal layer on a substrate; forming an insulating



| ayer; self-assenbling a first conductivity type
material on one side of the first netal |ayer; and
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the other side of the first nmetal layer to forman

asse . ) . .

o outtoer St bl B8 Ao 2h odeig WA MeE Do ot insulating
materi al se assenbl ed on the tenplate; .and a se|f

o s oS LIRS Bl GOCHOITS DRsnalsAal th g Sde of the firs
material and the tenplate to forma circuit. An
exenplmagtyl leytspandeshitassdmbling aieeeuwigoninetivityitype haterial carthe
10 el ectronic device using at |east one self-assenbly

st ep. otfereidengdling firsteictid thyeob foimean Bsemblyon f or ms

ol ecul ar - si zed transistors and connecting wres using

a sel f - assebl i beeeRBSF thY iR Bitto, B8irSuit MRy ofthbRite; a

whi ch causes atonms to formtransistors and nanow res

whi ch conplete an el.ectronic .Giycujt. ing a

exenpl SH e Rafaferheels R teitemBlel R akle slfapsqrabled
conplete an, el ectronic 15 device usin? a Iithoqraphic

pr oc esconnggtionihstwesrdhgseatigorduetgrmaterial gid the fenyHats dyform a
invention forns an electronic device having nol ecul ar

di nrensiimng. The el ectronic device includes organic

nol ecul es whose size can range fromless than a

nanoneter AR eRGNSIRA enMIAGHE OF Shedfrebehit MFERIon BFfmPdO NS
that form nanoparticles ranging in 20 size fromless

t han t Q. f
ot hod et e Sios Bk ol o 3P TRLED A ZHETHPRY method
force i ch causgs nan tiplfs such as. atons, : .
ol ecH1dBe IPrtiRIormE miglichlat sipd aRialois Gh Eamirefing Wires using
t hensel ves into nanowi res which conplete an el ectronic

3 a self-assembly process by applying a driving force which causes atoms to

form transistors and nanowires which complete an electronic circuit. Using an
exemplary method of the invention, there is no need to complete an electronic
device using a lithographic process.

Another exemplary embodiment of the present invention forms an
electronic device having molecular dimensions. The electronic device
includes organic molecules whose size can range from less than a nanometer
to several nanometers and clusters of atoms that form nanoparticles ranging in
size from less than a nanometer to tens of nanometers.

An exemplary method of the present invention provides a driving force
which causes nanoparticles such as atoms, molecules, or small clusters of

them to assemble themselves into nanowires which complete an electronic
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form nanow res. The dri vi ng forces or fields for self

asseny it am s@{faggé reBf 3h Bloct? S50 a8 ﬁ%oh&éd%y

|nteract|on 0] ecul es MA each Ot er an

surface cause atons _ar

ol ust aptiv afdng BREEulEh Gohess SRS Tuhffowtes' e friving
arrangenents. The driving forces or fields can be

uni f oRPrceYorrEalds p aelf assembly cew hp 8t the atopie seals, sach gyihe local
exenplary field is an electric field which can be a DC

fi el d iteraetion Gndleethlds with leech eharapl dse swifate, @ tkng range which
i nclude el ectromagnetic fields, such as Ilight, a

chem Gahsefathdor 1@6ir élu@ﬁ%tnh&eftb @bsired 10QFBnE AN AtaBBeRbhts.
a combinations 10 of fields. An exenplary method I'n

accor %g%?h tfgrclteF bt h&ﬁﬁg{d l?e’lﬁ:ﬁfo%ﬂ%&‘ By s%aﬁgltan?%ﬁporal

circuit asse rese I nven

avoi ds costly ohot ogr ap nvol vi ng. man

and t ARBEIRORTEEE %1 léeraﬁié?mctfw%\g igh gpn %P&ﬁﬁ@é or an
fabricates nanow res for netal lization, and

capaciA@figld. Other 5xarppldedf figlis inblude electoomagetid fioksyswieh as
circuit elenents. In yet another exenplary enbodi nent,

Ccr ossHighgrscheinivdl fieEd, af & nfaghstdiecldiSTHae: daneldorBeaiddntiinations
sel f-assenbly nmet hod. BRI EF DESCRI PTI ON OF THE

DRAW NEHeifiee foregoi ng and other purposes, aspects and
advantages will be 20 better understood fromthe

followi ng detaile tion exe ar .
cbod mont Sobepy SRR BreSohriHncr G o epion praduces
draw ngs, in which: 4

electronic circuits that self-assemble. The present invention avoids costly

photolithography involving many steps and takes advantage of molecular
transistor elements, fabricates nanowires for metallization, and capacitors, if
needed, which are connected between circuit elemeﬁts.

In yet another exemplary embodiment, cross-overs of wires are formed

using the inventive self-assembly method.

BRIEF DESCRIPTION OF THE DRAWINGS
The foregoing and other purposes, aspects and advantages will be
better understood from the following detailed description of exemplary

embodiments of the invention with reference to the drawings, in which:
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Figure 2 shows a cross-section of the inverter along

O rcuit Elmia-OethERide B gforfblp fd fordpdlifdtn

first _exenplary nethod of Figures la - 1d; Figure 4

i || ustlesruc pverteRiaRgrerdgice il the yenSnpl ary net hod
of Figures 1 a - 1d; Figures 5A- S5Eillustrate a
second exefjguae § shewhadrokpsection nf thg inverter dong HuesIbnllef
| ogic NAND gate in accordance with the invention;

Fi gur gigareiomsida circuit diagramfor the NAND gate
formed with the second exenplary nmethod of Figures 5A

- SE Figu @fﬁ’uze §IER S Qcifrcj:tﬁt\?é#l Bl ﬁﬁv{[ﬁ%r??x?%éi\?rlgﬂ 316 first

applying a Iving force is an e

I n accordance wt . exenpl ar,y enbodi nent of the 15
i nventf3HP? aﬁ'ﬁﬂ%f’gﬁ?glggr?ﬁg\i\gda second exenpl ary

nmet hod of applyin? a driving force which is an

el ectric fiFeguae fallustatos adlovehait ohthgdirgexpppplary method of
enbodi nent of the invention 20 DETAI LED DESCRI PTI ON
OF PRIFigRRER - IIdyBODI MENTS OF THE | NVENTI ON The
inventors illustrate a first exenplary nethod of the

LT ansi st or TarTar oo e EHplorg rifod for forming an
electronic logic NAND gate in accordance with the invention;

Figure 6 shows a circuit diagram for the NAND gate formed with the
second exemplary method of Figures 5A - 5E;

Figure 7 shows a first exemplary method of applying a driving force
which is an electric field in accordance with an exemplary embodiment of the
invention; and

Figure 8 shows a second exemplary method of applying a driving force

which is an electric field in accordance with an exemplary embodiment of the

invention

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS OF THE INVENTION
The inventors illustrate a first exemplary method of the invention by

teaching how to construct a two transistor inverter circuit. Although the
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can be applied to many variations of circuitry used,
for e . LN, n f or . hi '

app | S abrRUE ol e Bhech R i Voo ey e
to Figures I|A - 1D, .2 and 4 in a first exenplary..

met ho X?Iﬂpl%estha%r&fém%egﬂlefwnﬁweﬂlﬁdotﬁ,m%q'%evaﬁétlwoof
starts at step S400 and continues to step S402 where
a subsirguitrs ugedo forsiample, dweomplaiersyor d¢nsexs for bipmedicel an
insulator is provided on a conducting plane which can
be usegpliationground 10 plane. In step S404, on this
substrate, a one step shadow mask, or a

l'ithographically defined area, is used to deposit a
conducting layer which can be netallic or organic. A

patterned | -1 ayer =iqure 1A) illustrates an

exanpl e of%ﬁﬁ€§&¥§§%¥i%i%§5&%&d | ayer 102 nay be

formed on an adhesign 15 |l ayer such as Ti (not_ shown). .
The gol d | Rp&ring o Figuresdds 1y andrdsin pdiyst exgmpiary method in
el ongated stripes 106 and pointed structures 108,

whi ¢ h aegoedaics wvithritbevmvastion; flieehethodstamnatrstapd400“and continues to
extending fromthe outer two stripes. The stripes are

el ongatef 402 inthefeld subkirats (A ShHen)RMEP IS SEJiIREd ¥ilicd otk
actual circuit, their shapes and di nensions wl |

20" | nSPLAY ERRRRE ok G Hhor NG B e tb gl

i nsul aiing film110 (Fig. 2), such as an al um num
plane.

In step S404, on this substrate, a one step shadow mask, or a
lithographically defined area, is used to deposit a conducting layer which can
be metallic or organic. A patterned gold layer 102 (Figure 1A) illustrates an
example of this layer. The gold layer 102 may be formed on an adhesion
layer such as Ti (not shown). The gold layer 102 includes contacts 104, three
elongated stripes 106 and pointed structures 108, which are also known as
“field concentrators,” extending from the outer two stripes. The stripes are
elongated here for illustrative purposes only. In an actual circuit, their shapes
and dimensions will depend on the specific design of a system in which the
inverter may be embedded.

In step S406, an insulating film 110 (Fig. 2), such as an aluminum

oxide is formed on the stripes 106 of the gold layer 102. It is understood that,



oxide is forned on the stripes 106 of the gold | ayer
102. It is understood that, 6 WO 2004/059730
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di scl oses the use of al um num oxide for the
i nsul ging -t hj i - 1ake ;

al 0 Sl St Rt Ricg R ec ke RS e for the
rocess caontinu tQ step S408 where a netagl |ayer 112

?e. g. Insyjgiing g ma@sé?t}wn @at@a%lﬁg&ygfqoazwe aeslqlu&mg

The gold layer 102 is shown by broken lines in

Fi gur etgehis matedalsThe al umi num | ayer 112 incl udes

contacts 114, stripes 116 and field concentrators

118. The stihepescedsléonthudshe siap SA08 wikerel aayeal Thier 112 (e.g., an

overlay the stripes 106 of the gold layer 102 and the

f1 el danmAReRIhyeRS B omichiFRhrd 115). ai*lﬁoéfﬂf(ﬁ% lglamris by

overlay the fi'eld concentrators the gol

l ayer,102. ..The. gol d | aye nd. t he. al u.num l.ayer

5% 0P ST inether Y rml AR et TR Gtacts
104 and 114 are large so as to be accessible by test .

pr obed l.oitripgs 118 snd digld qongantrators 118 Thegiiginesyl 1610 the aluminum
contact array (described below is used, the contact

ar ea ayer b2 owdtlaywhd stripes| i06hd theagatid taysit H)2 anti3hé fieldt eps
S410 and $S412, organic nol ecul es containing thiols at

thei r cofREEaREL] IBUTARS A18RIMRYN RYaPOINaVeARy Ble fRIM 8818kMrators
t hat exposes only one edge of "the gold Tilm 102. A

| ar ge ggﬂjc sem conductor materials are

avai | éggg?%eggld%gr e%arrpl e, the review paper by C D

D mtrakopoulos. and F. R L. | enfant, Advanced .
Mat eri al s, of%leﬁ&e} @@j,w@@eg}he ymingmlayer l4angy hefopped using
the art how to attach sulfur to the end of nost of

t hes e maskimgak g codtactargad f04rand 114 are large so as to be accessible by

test probes for an isolated invertor. If, however, the contact array (described
below) is used, the contact area may be made with a lithographic step.
In steps S410 and S412, organic molecules containing thiols at their

~ ends are deposited by evaporation at an angle that exposes only one edge of
the gold film 102.tA large number of organic semiconductor materials are
available (see, for example, the review paper by C. D. Dimitrakopoulos and
P.R.L. Malenfant, Advanced Materials, V 14, p99, 2002). It is well known in
the art how to attach sulfur to the end of most of these molecules. Here sulfur
is chosen because a gold layer was chosen as the metallic layer. Had another
conductor been chosen, then the corresponding end group of the

semiconductor molecule might be modified such that the end group attaches



is chosen because a gold | ayer was chosen as the
nmetallic |ayer. Had another conductor been chosen,
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nol ecul e m ght be nodified such that the end group

attac 7 [ H520024 O 7. I

ot of or o Prafris R R Kot R SRR fp sl s ot
sul fur doesto old, silver, or platinum In step

5410, SHV¢H P%?la?’g‘ﬁ% of seniconductor material 120

(e.g., p-type material) is forned which has thiol

(sul fur) atlnistep Sfsa fidytyph obsammigortuc®r apperiap 1 2Gifeg., p-type
tenperature, such as roomtenperature for the present

exanplnesteridlhis formeawhigh fiad gl l(s&ﬂfu?aat €hePerld8/BiE Ehoosing an
sticking coefficient wwth the gol han w th other

mat er i t
mat or (P P3RS, shoH oG SRR M et xample,
proper, orlentatlo s of .t he . .

on ond? é)mu%gi u*es%gge %ﬁ?gfr ficking ?%?P‘ifgﬁt“éiﬂhgﬁ 401 than
or gani ¢ 10 sem conduct or nol ecul es such as thiols on

gol d iv&thwther RASHAL As@ rph themelape seppigordctar masertad 420 o
the gold surface due to chem cal interaction. The

pr oxi miepgsitsfand lhelf assgambles invihke prapee oritmiatdmcdt thd ddzes ofithe gold
the gold surface produces a sem -conducting organic

film aim F)Pedn o ¥idd) TRRTAYRIBR @Fs@x%ﬁ@'ontﬁhfn%rtﬁ*gﬁ@t
as in a crystals, or a disordered arrangemsnt

gl ass. se&%cohﬁ%uﬂ&o&gﬁgul@g( ag‘ﬁ}{?]%'gﬁm %11 u&ml aild published.

i nvention I's concel v sul

ol el Sufi bancs ¢ Pzolfy %&éc@“a%?c%ﬂ%%r@étmﬂmn

perpendicular to it. In thls case, organic nol ecul es

Wi t h endximityefdciotganic nwleules to eamhethes ed therddlé surtfdve produces

ene hissemi-conducting organic film or layer, which can have an ordered
arrangement, as in a crystals, or a disordered arrangement, as in glass.

In another exemplary embodiment of this invention, it is conceivable
that when sulfur is present at both ends of an organic molecule, the molecule
may lie flat on the gold surface rather than perpendicular to it. In this case,
organic molecules with only one end having sulfur are used. After this end has
attached to the gold surface and organic molecules have self assembled

themselves, then the other end of the organic molecules are exposed to

chemicals that attach sulfur to it.



attached to the gold surface and organi c nol ecul es
have sel f assenbl ed 20 thensel ves, then the other end
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that attach sulfur to it. 8 WO 2004/059730

PCT/ US2002/ I second .

type mat erlsq ?Jceiy 1n§1t §4€i‘§ %ISec Slég%a%a? ee%aé}I}%\RneoF]gamc
sul fur ter de psited fromthe other side s

e t o TRFTAD A SRS BH RIS AeRayiien BPAF e1her i 108 to form
Next , connect t he aI um num | ayers 112 to the other

ends @fsetftrss@nlyed hdypesorgdni¢ fikm 422.f ur - cont ai ni ng

organi ¢ sem conductor material 120 and 122 (the side

opposi te t ANéseconnes tiad dl@ain@ch fagerk €2 @0he oftiek Bhds®khe
This is done in steps 5414 and steps S416 by bringi ng

the a%ﬁﬁﬂ@s%flﬂfbf éﬁlﬁ?@&ﬂﬁhm\éﬂofré;aﬁc seﬁﬂké‘@f%&f %guc 120 and 122

cont ains netallic nanopartic ste

Y aflel neIe c.tield, . .
et c. )Qﬁ‘g 5\’1£ PPRiE t&ﬂfl%i?"feig affehsd ﬂ“*tgﬂgf ﬁf(‘)“ &&Ibt e"?“%ﬁ gone in
the two alum numlines 112 _on_elther side of the
cent r #tepeSédt pediieps SHGDy baingingdbe pssemblydnip qostagppith ed
bet ween two contact pads (e.g., 104 and 114) to
cr eat sohitivalWhicissendihenietatticalahogarticlanstepeS4d d)) Ract asdby
formed fromthe nanoparticles. This type of wire

f or mat 5 Fioa RPOIERAE Feld, 6%:) bRAFcR$Rz01d film 102 in th
descrlagﬁlg’lrllgjn tlhe(sgg(%gntlfl c Illterat 3re feor e%oanplm e

see t 1

| ePrBERAELE B AURBATAG: 112 Bhoifier s o s vy leode
M cro res from art]j Suspen5| ons, Sci ence,
D04, pioEom SRS 'f%%n@apnlw dBeivieeh e aeHad 2965 G 1 Lcrnd 114
concentrator which provide a gradient in the spatial
di st r itoareatern ssif-ashembled utetallic faneivike Gdunsctionebrined from the
attracts the

nanoparticles. This type of wire formation, using gold nanoparticles, has been

described in the scientific literature, for example see the article by Hermanson
et al. ( Dielectrophoretic Assembly of Electrically Functional Microwires from
Nanopartice Suspensions, Science, v. 294, p1082, 2001).

The lines, 112, each have a field concentrator which provide a gradient
in the spatial distribution of the electric field. This field attracts the
nanoparticles in the solution to the field concentrators 118, which
nanoparticles deposit on the field concentrators 118, to form nanowires 124.
The nanowires 124 will terminate on the sulfur-containing organic
semiconductor material 120 and 122, thereby forming the end of the other

electrode/closest to the field concentrator, because of the intensity of the field



nanoparticles in the solution to the field
concentrators 118, which 20 nanoparticles deposit on
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The nanowires 124 will term nate on the

Sul U RR0E ARG ATGA fro SR ANMEALE IR Sl Lifhr o

and 1 ere or m ng e en
eIectrode/cIOﬁest to the field conc ntr because

of t héhs Fderfdhe greamicseraicpndicipr mepleey ot jagmin d with the
PCT/ US2002/ 040307 gradient. |f the particles in the

sol ut ingroeires HeldEhisfcogwlates thhEhricdtnsat sten S448 and the resudiing
of the organi c sem conductor nolecule will forma bond

W t h teRemplagnsimchies islaidvo tiduksistoe diettet ifcultB®0, as shown
fabrication at step 5418 and the resulting exenplary

structséﬁe?ndtﬁagyim oansi stor inverter circuit 300, as
shown schemati ca y in Figure 3. In the exerrpl ary

e e bR T AT G

equal to or somsv\,hat Iar er than the dianeter of the
nanop&Pthe seaiconiucioy Frﬁaéeqag withdiraensggns dhat jgee equal to or somewhat
nanoparticle wre makes contact between the two

el ect logesthan the dippétemef thdnamoparticies ifcleling ihe waren f@medhe

to the wire and, hence, there is no electric field to

dri ve nhhégdigdle %&%ﬂ(e@ﬁoﬂtm béwen HENRVeéotrokits, ﬂ'xel éfabﬁ@r[

contact area is desired to enhance t he magnltu e

Lﬂeai%égﬁpﬁfb‘ GRY o ¥e B S R s TP bnq T g6 Qv@%

a negat harge .on themin solution. 15 A positjve
volta %ﬂhﬁé@rwhﬂﬁ thegwiry Howenerghadaresr captapfa@@a Yslesired
particles to the ends of the sem conductor nol ecul es,

and bdndnhance the msagnitude of the current that can be switched on and off, this

can be accomplished by using gold nanoparticles that have a negative charge
on them in solution.

A positive voltage applied to the gold film 102 will attract gold
particles to the ends of the semiconductor molecules, and bond to the sulfur
atoms. After the line of nanoparticles has formed, the gold particles are
replaced by a solution containing neutral gold particles. and an AC field is
now used, as described above, to form a wire between the aluminum line and
the gold nanoparticles attached to the semiconductor material.

While this exemplary embodiment discusses a positive voltage being
applied to the gold layer, it is understood that the invention is intended to

include any electric charge.

10



atons. After the line of nanoparticles has forned, the
gold particles are replaced by a solution containing

woeawtsd73gol d particles. and an ACfield is npUT/USEHA2/040307
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as descri bed above, to forma wire between the

alum num i : 2 he.. articles attached

to the sem’@%ﬁ ue%eagoan%e%%g 5%? H@\Eu?i?%ap -ﬁ}/%e tggpg ‘Fg’bg and an 1-
enbodi ment dj scusses _a.positive_voltage being applied

to t h&Rydransisigy P4 with sixcontpsds shiwegiol e contads prqrenngold to
is intended to include any electric charge. 10 WO

2004/ @ERmd@BoPIileSRRALADMPBOT8, Fimshdrny an vetput3O and the
Figure 3, includes a p-type transistor 302 and an n

type téasiaingtcdhtadDid cohideteditd a ¥0NA@RCoSirce BIREThOteshigs a
contacts are connected to ground 306 while one is an

i nput tl%@ﬁionéﬁﬁ{ré}?érz»gﬁ. an output 310 and the renaining
contact 1s connected to a voltage source 312. The

result is traditiopal .inverter 30Q. Lf an inverter
Wih a s ngitanepiini sEhA siel FisRlorgd retsterdreaed. dis oo
this too. capn be built follow ng the nmethods of the

pr eseffén pehuik folpwingghe metheds af the peesentdnyention. Fpi ¢xample, the
t he gol d nanow res descri bed above, can be nade of
nanopaesistad, éike degwidhadviires dedcribédlatgivadianriie. mdde of S

al so possible to make 10 capacitors using this

t echningbiGhapivc6LabdmBed ea TBIH ZraddHi [Tt & £ YskiBleAB make
appropriate dielectric material. Second enpl ary

Enbodi [ . o I lustr second .
oxenpl i ot Al s etimicil o ol ey BEERRG winon
NAND %at e 500 gcorrpl eted, structure shown schematically
in ppropriate dielectric material.

Second Exemplary Embodiment

Figures SA - 5E illustrate a second exemplary method for forming a
structure (e.g., a NAND gate 500 (completed structure shown schematically in
Figure 6)) in accordance with the invention.

In Figure 5A, a metal (e.g., gold) layer 502 is formed on a substrate
501 (see Fig. 5C) by, for example, evaporation in a vacuum. The thickness of
these films is in the tens of nm range. In these Figures, the metal (e.g., gold)
lines L1 - L7 are shown both as solid and broken lines. The solid lines are
similar to those used in the inverter circuit and the broken lines will be used to

provide for connections and crossovers, as described below. Fig. 5A also
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15 Figure 6)) in accordance with the invention. In
Figure 5A, a netal (e.g., gold) layer 502 is forned on

wa@2eubsts@at e 501 (see Fig. 5C) by, for exanplBCT/US2002/040307
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evaporation in a vacuum The thickness of these films

I's i NgAd¥Rs t‘h@ﬂfhe@lenﬂB LAQYS mclhfﬂetﬁ'b@é SorfckAMtER 50§ Q\ﬁmh will be

nmetal (e.g., gold) lines are shown

SO|Id dbiroken l'ines. The SO|Id lines are 20 simlar
to thd6se UWe¥¥ in the inverter circuit and the broken
lines will be used to _provide for connections and

Cr OSSOVEr S; Sé@"%é’éﬁg@é&n@)@l o\, of thecontastsnady 536 omne L4 of
2004/ 059730 PCT/ US2002/ 040307 shows that lines L1, L3
and Lthe godd layer $02ewdl evenimelty fonaths o88t. whi ch wi | | be
used below. As shown in Fig. 5 and 6, one of the

contacts pagsiop36taimeia@.d.4s0M) 1a§ré?€509 oc{nctnblﬁmtﬁ{g 1862 503 (only

will eventually formthe output. top of

?_(E;tn Ialy sl(dz%’i(1 inF 1g ok @ 18 ld@%%;te(? gglg\é\%g g& { gﬁgﬁﬁ%@% éng.i‘)h) layer
Fi gur 85 ta'he&@ HirsgienB: drelaye 5@dw393mfi@%&sm%tpads
pads _510. Two of these cont act pads 528 and 530 on

| i nes51O e aféhaar ponteaipads BSrand S80iongimes LA and 8.6 8vilform
shown in Fig. 6, respectively. Square boxes in these

10 fi gontest mﬂnES)ASdmd\B s ehoentih 8ig 6nresgsdctiosty) Sq&:ﬁre Godes in these
and crossover lines C2, C3, 4, and C5 w il

f or medguElaRo shSw SR hb @oﬁrﬁa@tl&{ ayer e%fgg??&}:)réf'lﬁl\éé g& C3,

Fi gure SC a second insulating
Ther o a8l Pedomefl 1 ¢ Thyert | ncl udi ng 2"22?&
(e.g.. gol g[)hen, as shown in the cross-sectional view of Figure 5C, a second
insulating layer 505 followed by a second metal (e.g., aluminum) layer 506 is
formed. There are now three metallic layers including a metal (e.g., gold)
layer 502, a first metal (e.g., aluminum) layer 504 and a second metal (e.g.,
aluminum) layer 506 separated by insulating layets 503 and 505. The second
metal layer 506 is at least formed on lines L3 and L5 as shown in Fig. 5D.
All of these different materials can be deposited by well known vapor
deposition techniques. The thickness of the insulating and conducting layers
are all in the tens of nanometers range. The precise thickness used may be

determined by the diameter of the metal (e.g., gold) nanoparticles and by the

amount of current desired from the device. For example, if a larger current is

12



15 layer 502, a first netal (e.g., alumnun) |ayer 504
and a second netal (e.g., alumnunm) |ayer 506

wae@atnsd7edd by i nsul ating |layers 503 and 505. TPEeT/F800M040307
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metal |ayer 506 is at least forned on lines L3 and L5

as shg, e P

can be ep([ghsei%tagtgl%a @H(e%(ﬁ%lﬁﬁ%e%ﬁé %‘%& Sfrhélﬁls(eg,
t echni Ollfiﬁ hi ckne s of the insulating and

condu€? ’@ar}og?g’l‘: Sa?d‘ﬁ e all in the tens of
nanoneters_range. The precise thickness used may

det er ni nedFeythe senntctenst e, tar metab(ertt gold)layey 502 gl@)hnlﬁ) L2is
nanoparticles and by the anount of current desi r ed

f r om tdmecied it the rhetil (exa@pldd layef 562 indingdr4 aidrthenietal ¢e.g.,
12 WD 2004/ 059730 PCT/ US2002/ 040307 desired then a

thic kgéldmtyéll 1n(1ﬁreq46 is 96niRkick &Y Ble RRAn&RT 1964 5@& @%&@&ing a

netal (e.g., gold) nanoparticles are used.

ine BT Byt L geaf by Bl i o

502 in line a t he net al , gal d Iayer in,
li ne P&ESFIEeQ &32%3 gejd} WéwPalFlgi% r?a%eaqreql%ﬁy d &pe used is
applying a field(s) (e.g., an AC electric field)

bet wedetemnined by thepprang betWeerl ihadimes. The lspacimg, és tme,enaf be
nmetal (e.g., gold) nanoparticles. The precise field

type dsedninéd byleaiciraibtbvive difiensiaci ng bet veen the
lines. The spacing, in turn, may be determ ned by the

desired deyi &%Sﬁ%'é{r?ila(?f’ 'tﬁ@mg%lg(e §Jl(%sl§€éf%r02% find 0¢ ds connected

netal (e.qg. dyer I'S connec
to th d yer 506 and
then B4 e%%%ﬁléfn’%ffﬁ((s b ?ﬂ‘mlalarlbf;ywaiaérangélzm A the meta] .2

t hus prOV|d|n a crossover of line L2. In crossover

C3, fEeld) layet 32 ipding L3, Biusipiavidipg h awpesovodf line 112.ne L2

> In crossover C3, first metal (e.g., aluminum) layer 504 in line L2 is
connected to the second metal (e.g., aluminum) layer 506 in line L3, which in
turn is connected to line L4. In crossover C4, second metal (e.g., aluminum)
layer 506 from line L3 is connected to second metal (e.g., aluminum) layer
506 of line L5 via second metal (e.g., aluminum) layer 506 of line L4. The last
crossover C5, connects second metal (e.g., aluminum) layer 506 of line L5 to
first metal (e.g., aluminum) layer 504 of line L6 via second metal (e.g.,
aluminum) layer 506 of line LS.

Similarly to the method described in accordance with the first

exemplary method, organic first and second type (e.g., p- and n-type)

semiconductor molecules containing sulfur atoms at their ends are deposited

13



connected to the second netal (e.g., alumnunm |ayer
506 in line L3, which in 15 turn is connected to line

w@ 40044059760 ossover C4, second netal (e.g., al unmP@mo$2002/040307
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| ayer 506 fromline L3 is connected to second netal

e.g. ] l 5. M e
ot ai Py Byt ke 1 BoBhes dnforeedt B RRIRER, o eola)
crossgyer , ,connects second.nmetal (e.g., alumnum
Iayer1g%§0§§1ﬂ$ﬁ%uﬁ%“?%°ﬁ£?H@?‘%@taI (e.g., alumnum
| ayer 504 of |line L6 via second netal (e.g., 20
al um nunm) Paylustsed nFiguradD, sfirstiype (agl p-tye) sémiconductor
met hod described in accordance with the first
ex enpinateyiah$2(his dorngsdgeliitie hid thidll (saifilr s@tsifithg) MokciRs 8t the
p- and n-type) sem conductor nol ecul es containing

sul f ugndt QEexBlaiddasivby e MLSHRY 0% terial
2004/ 059730 P a/IUSZOO‘él’O40307&pg3€?O %?a‘?g?’aﬁe?‘@"# argrmateria

angl e 0ses,onl ne._edge of the, neta e.d.,

qor ) 329 MrgFEESRE ey K o BhEiFofér idfsliSh 8l b Eadbaof he
illustrated in Figure 5D, a first type (e.g., p-type)
Semi QB & By 201N AER P o1 0w 5ide.  SirHaElywheih BBe (B oR-tyPe)
(sul fur containing) nolecules at the 5 ends. As

expl abugedicahatenigl Withesullfur ttmingfien {salegositedtfyomejhe other side so as
sem conductor material 520 deposits and self

assenty @smiasethigsddiiIfriecolid €PE od.&.OR t@e) bRANRANRS522fon the
the netal (e.g., gold) film 502 on one side.

Sim | e (e.g., n -type) organic

mat erlﬁ%*a‘(\gﬁ'?hgcggf?g?g?%r m nation is deposited fromthe
ot her side,so as to for 1 0
G S n e fieanti e Ainam) [BRr SHuS onRreiedio the dihr
(e.g., gold) filmb502. Next, the netal (e.g.,

al um oflt a0 4uiifaces H2thast B2 (the sidreoppobits to the ones

a sel f-ass ed secqnd type

attached to the metal (e.g., gold) film 502). As explained above, this is done
by bringing the assembly into contact with a solution which contains metallic
nanoparticles and by applying an electric field between the metal (e.g., gold)
film 502 and the metal (e.g., aluminum) layer 504 . The electric field attracts
metal (e.g., gold) nanoparticles to the field concentrators 508 (shown in Figure
5a), whereby the nanoparticles deposit on the field concentrators 508 to form
nanowires 524 (Figure 5E) that will tgnninate on the sulfur containing organic
semiconductor material 520 and 522. If the particles in the solution are made
of gold, then the sulfur will form a bond with the nanowires 524. This
completes the fabrication and the resulting exemplary structure is a NAND

gate 600, as shown schematically in Fig. 6.
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ends of the organic surfaces 520 and 522 (the side
opposite to the ones attached to the netal (e.g.,

w@oeiod)ps9780 m 502) . As expl ai ned above, this is BPONES2003040307
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bringing the assenbly into contact with a solution

whi ch cont gj PEL [ Ea%‘, ] Dy 1 .
appl yi ng aaﬂ é;1§]ect r%&:{hfaf%l%ga e \;‘202{1&% Eégﬁ%rfg?gﬂie(%h&.e,lfl and line
20n) HAP PRI A N Boiflnb S i Them i igzs on
nanoparticles to the field concentrators 508 (shown in

Fi gur eighbsifle ofihieg bis theeutpuirelative tocthe gradieg de farmonNAND gate.
field concentrators 508 to form nanowires 524 (Figure

5E) t Tk prédellinigeiesiripaibe oOthelsteps Satuirdd tcofthal AND gate result in
organi ¢ 20 sem conductor material 520 and 522. If the

parti gl it Mok ' ) Gyod h

Bl U e B 2R o o s Vet
conpl etes t.he faprication.and the resyl.ti.ng ex lary .
st Lo e echge RipBlt rdttnd ol GRI YiRarErBaftelly n
in Fig., 6. 14 WO 2004/059730 PCT/ US2002/ 040307 It can
be sedpgthand Wi anapgroptigtedtieryeand greundgeanagtigns ot shown in
line L4 and Iine L6 provide for the A and B inputs

shown thefifirgs) a8¢ matie fimasortstes ap@AINB2gaton the ri ght
side of line L4 is the output relative to the ground

to forma NANReTahews odd\6xeh @?ﬁkﬁaﬁ;{ﬁ% fo?tab%l‘s}g%fa driEng

steps required to forma NAND gate result in

Ci rcui : f . 1 i s el b nd two. .
o Uk el 3 M A0 BBl R P
resulting circuit_is shown schemati cal l ¥ in Fi

19. 6

and WRACCRRAARGR Mot ang CEcTBRlpRYsybosigeRf 08 thedn¥aHiB e Thens

(not shown in the figures) are made functions as a

NAND gap@atusi7§0 inclifles hcontamae? @xemidizing aaplutioa 704 Whith

for applying a driving
includes metal (e.g., gold) nanoparticles (not shown). A patterned circuit 714,
such as is shown in Figure 1c, is positioned in the solution 704. Contacts 104
and 114 are connected to a wire 706. The wire 706 is connected to a resistor
708, a current meter 710 and an AC power supply 712 to form a circuit which
applies a driving force for enabling the self-assembly of an electronic device
on the patterned circuit 714. The AC power supply 712 supplies AC power to
the circuit until the formation of the electronic device on the patterned circuit
714 is detected by the current meter 710. The resistor 708 serves to limit the

amount of current being supplied to the nanowire being formed to avoid

damage to the nanowire.
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10 force which is an electric field to enable
sel f-assenbling of an electric circuit in accordance

wowdaoh/osa180 exenpl ary enbodi nent of the inventi oPCT/TE®02/040307
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apparatus 700 includes a container 702 containing a

solution 7 i ' , .
nanoparti c%%%ﬁ% °¥%§§J}%‘§Q%§\e‘@%@eﬁ%§% g‘lcs [ 89%??@"?133{1‘% a
such as. is shown.in Figure l¢c, is itjoned in the ,
col Ut AONESCe P hisia SRt erable sl eahiBe b an oot
awre 706, The wire 706 is connected to a resistor

708, §&lrewt Heavcordanes witll onegxgmplarAempodierents otk ynveation. oThe
forma circuit which applies a driving force for

enabl iapparbtoe irkdddes apaerhtd/baakd 804 whiBtindnde: pishes 806 whith are
the patterned circuit 714. The AC power supply 712

suppl iesitibfedRWPEornkRt withPadd RWH th ?Eﬂtém%ﬁqﬁrcfuﬂrg@?tu?gﬂ which

of the electronic device on the patterned circul

708 <SR febloc PR el Gier B ot Pesero ey B

supplied to the nanowi re being forned to avoid danmage
to t h@akgRehrireiit 303 inplaoeshintabspiaioneontalung panapayBies which
Fi gure 8 shows anot her exenplary apparatus 800 for

appl yiwil fernda inenavgird ateecnvthe pidsi 808aThe Ipealtes 806 fuppllyltheo
enabl e self-assenbling of an electric «circuit in

accor draaR MilddtoQRe cEAIR0R! ty aBBRQEIFIBRHMUY of NBanowire 810.
i nvention. The apparatus includes a patterned board

804 Whi . S el
nto Qoaeanhd B RPRES b BRI MPEIRIERTbE St
802 uppn iC the el.ectronic device_ is.tqg be .
sel f- é@% Pé&?”%gm&’é% i BERY QEPl, an glectrie gfﬂ@é? feigesponding
circuit 802 is placed into a solution containing
nanoparliiple sentapis 8A8 (ot shovryromthe patteowidregrchit 8G2.en thise
pads 808. The probes 806 supply the
manner, multiple nanowires may be self-assembled simultaneously or
sequentially. Such patterned boards with nanoscale probes have been
demonstrated recently in connection with storage devices (The “Millipede” -
More than one thousand tips for future AFM data storage, by Vettiger et al
IBM J. Res. Dev. V44, 323, 2000). These boards can be modified by one
skilled in the art to provide electrical fields between any two points either
sequentially or in parallel in a large scale complex circuit built using an

exemplary method in accordance with the present invention as described

herein for discrete devices.

Third Exemplary Embodiment
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electric fields to the contacts 808 to all ow

sel f-assenbly of a nanowire 810. 10 The patterned
bo@nds5B6el nmaybe provided with nultiple probesP@DESInn040307
shown) in a two-dinmensional array to apply an electric

field to correspondin | 1] C S (s

shown) on h ge%pa;{g Fg F ﬁ%%?%%’r%ﬁ?%fgﬁg ng%)toﬁgga%tl&ngg %heerp’resent
mul ti pl e nanowi res, may be sel f-assenh] ed . . .

si nul {B¥sEBeRy A e!ﬁcmcs%%@gwibs|ap19/1.ledéeeq%lypﬁa¥1t“€iﬂh9éad%P%@act-
wi t h nanoscal e probes have been 15 denonstrated

r ecenfn this exepgplar andtiond, abedm of oleciymsde ficusssd gfithepplied to a line
"M 1lipede" - Mre than one thousand tips for future

AFM dai aténiglate@entaliingvetiélt geficeairatdt. ThéPdakh offBctrobethay be
V44, 323, 2000). These boards can be nodified by one

SKi| | @ehndriich BY afteleolrOn BERY iehifit &6d Bd £Bhoshd 8095 1o a nanometer

bet we€n any t pol nts elt sequentially or in

paral l.el .| | ar ge ale complex circuit huilt .u

b S0y A BFEE absons S e Geehiiteri Hifdingit Bieffmplat
i nvention as described herein for discrete devices.

Thi r d 2sdheretorg vAtsesiayeheld angmddhelims /16 goothe line in the

PCT/ US2002/ 040307 In yet a third exenplary nethod

(not sdmpinfe iopropndat, tienndiddgrapieasBritablished betoveen @ charged
electric field may be applied locally and w thout

di r ecling and felgroudddd ik STRX BOR! ANl SR entutdBR MO
el ectrons 1s focussed and applied to a line in a

t enpl nt ai ni a field centratqr. The. f
el oot ponsatly? sl B9 fhoes Bolty SEIERbLR A ins TR baRes e
machi ne and (\Ee f ocussed down to. a nanoneter _in w dt

The b@anersrticdestomeyeandiself assgmble mtoawirg that il H@’HGFHgé two
in the tenplate and, therefore, will create a field
ar oundinthbetivieerethelcbnemiratorand thaeldsest phimt on the grounded line.

The invention can also be easily tailored to produce other structures
(e.g., aNOR gate, etc.). If a NOR gate is desired, the same procedure is
followed except that the p and n type organic materials are deposited on
opposite sides to those for a NAND gate.

The examples of self assembled electronic logic gates that are
described above have used a template on which the structure was built using
self assembling techniques. The design of this template, including its size and
shape, then becomes important in any self assembly circuitry. The actual self
assembly is done in vacuum systems and/or solution baths which are very

large compared to the circuitry and yet because of the choice of the template

and its materials, the atoms, molecules, and clusters of atoms give rise to a
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tenplate is grounded, then a field gradient is
establ i shed between the charged I|ine and the grounded

wo 2ove/059TBe field gradient is concentrated at tPET/182002/040307
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concentrator and the cl osest point on the grounded

l'ine. IS0 f : . ] S LDV

A i S S T R

i nes_between the concentrator. and.the cl ogest point

on''& hEREH 0°UeKS RGPt DHOUR EF e e G be. ono! | y
tailored to produce other structures (e.g., a NOR

gat e, etc. s mantignedarRogatag obisctiefthe ényentivreis¢amanimize the
procedure is 15 foll owed except that the p and n type

or ganhembatod litled gsaphiiestegphsthé exhndples shop@Sibbee, Shel@Feritivon has
those for a NAND gate. The exanpl es of self assenbl ed

el ect pQl denl RAGrSc@BifSa Ei'ﬁ?fe 18R SErasifs Gkp, RS s%pﬁg% %éﬁf Geal of
used a tenplate on which The structure was bul 't “Usi ng
sel f g%%ﬁg}p‘ol i ng techni ques. The design of this

tenpl ate,”’including its size and 20 shape, then

becones inpar. tant in any self assenbly circuitry. The
actual sel Whiledheabnvs descrighpm emphasizes sinal e viesss [tanundsrstood
sol ution baths which are very |arge conpared to the

ci r cuthat theamethgdof sofmasesblyin dcherdeinsi with th prdsent invention can
tenplate and its materials, the atons, nolecules, and

cl ust giss behsel fomubh ¥egdridsFcés® a 17 WO 2004/ 059730
PCT/ US2002/ 040307 functioning circuit when

appr opri at ﬁ.i% hgb ggdegﬁgocﬁﬁ’lm th %eﬂ;g}?ieoflcbﬁﬂe%g{)r?agécﬁb chherein
expertise, 1T needed, 1s required only in nmakrng the
tenpl ate As nti oned above, . an object of the
| nvenbATERE Yoed fo,ComaF R sl deiice e AtALEe BVies: F Abgreape, he
steps. In the exanpl es shown above, the invention has
5 beepregentvrisntion ody bsivsrgl ta connayt @ moldchby sealhdavicttep,
t hus saving a great deal of

lithographically produced device having larger features. An example of which

would be connecting a molecular scale memory device to a lthographically
produced sensing device that sends instructions to read and write into the
memory.

While the invention has been described in terms of several exemplary
embodiments, those skilled in the art will recognize that the invention can be
practiced with modifications.

Further, it is noted that, Applicant’s intent is to encompass equivalents
of all claim elements, even if amended later during prosecution.  Further, it
is noted that, Applicant’s intent is to encompass equivalents of all claim

elements, even if amended later during prosecution.
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noney. Wil e the above description enphasizes snal
devices. It is understood that the nethod of self

w@e@aii7g0 i n accordance with the present i nvene€DOSIAN040307
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al so be used for nmuch larger devices. 10 It is also
under st ood %?kcﬁﬁﬁm?ﬁihOd of connection described
herein ca e use 0 connect a small device to a

| arge device. For exanple, the present invention may
be used to connect a nol ecular scale device to a

|'i thographically produced device having |arger
featutes. Arcisxdrepmprishgwhi ch woul d be connecting a
nol ecul ar scal e nenory device to a |Ithographically 15
produced sgpghplgtedevi ce that sends instructions to
read and wite into the nenory. Wile the invention

has been dﬁ%&h'cgﬁ&&ﬁﬁﬂaﬁé@.s%??is@%ﬁﬁfeﬁ'on. 1%%‘11 a¥e; and

enbodi ments, those s [ e art w recogni ze

oot L oo BABTe BBl B S hgbihgpductor materit
plicant's intent is_ to enconpass equivalents of all

cl ai nfhei templafesto faxpa paid firgHended | ater duri ng

prosecution. Further, it is noted that, Applicant's

intent is to enconpass equivalents of all claim

el emrents, even if anended | ater during prosecution.

18 W022004/18 8itaflt SXelaidSR bt did 938 Cirche@dmprises:| ai med

is: 1. Acircuit conprising: a tenplate;
a first metal layer on a substrate;

an insulating layer on said first metal layer;

a second metal layer on said insulating layer;

a self-assembled first semi-conductivity type material on one side of
said first metal layer;

a self-assembled second semi-conductivity type material on the other
side of said first metal layer; and

a self-assembled nanowire extending between a field concentrator on
said first metal layer and one of said first semi-conductivity type material and
said second semi-conductivity type material to form said self-assembled

connection.
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a sem conductor material self assenbled on said
tenplate; and 5 a self assenbl ed connecti on between

wo b@4psamseonduct or material and the tenpl ate POI/US2002/040307
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said circuit. 2. The circuit of claim11, wherein said

circuit congrli nmet a

substr at e; ?ﬁgwg‘?l ’|‘%‘§Fé?ln8ﬁ‘d§§¥o€eﬂl rchgduﬁgylg type
| ayer; 10 _a second net aI I ayer on said insulating

| ayer maierial cpmgssesAR-Be matgtlseni - conductivity type
material on one side of said first netal layer; a

sel f-assenbl ed second sem -conductivity type materi al
on the other side of said first nmetal layer; and 15 a

sel f - asseniyedinain ontlhien zwm@ih@gldaeédm%emacémﬁicﬂwty type
concentrator on said first nmetal |ayer and one of

sai d &Hic%&ﬂl%gﬁhgg%ﬁq\%%é{%ﬁymﬁype material and said

secon ype naterial to formsaid
sel f-assenbl ed connection. 19 WO 2004/ 059730

PCT/ US2002/ 040307 3. The circuit of claim2, wherein
said first sem -conductivity type material conprises
a p-type nelihewcirgpit oficlamng whereiniseidselfessemblal fissher ei n
sai d second seni-conductivity type naterial conprises

an n- tsyppécomivetiviay typd nfateritheomprises bfgadic mhbdlatulestn one edge of
wherein said self-assenbled first sem -conductivity

type re{d®ol@lay&onpri ses organic nol ecul es on one edge
of

6. The circuit of claim 2, wherein said self-assembled second semi-
conductivity type material comprises organic molecules on one edge of said

gold layer.

7. A method of assembling a circuit, comprising:

providing a template;

enabling a semiconductor material to self assemble on said template;
and

enabling self-assembly of a connection between the semiconductor

material and the template to form said circuit.

8. The method of claim 7, wherein said providing of said template

includes providing a field concentrator and wherein said enabling of
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said gold layer. 6. The circuit of claim?2, wherein
sai d self-assenbl ed second sem - conductivity type

wOrai0a/05€B0 conpri ses organi ¢ nol ecul es on one ePgEUST002/040307
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said 10 gold layer. 7. A nethod of assenbling a

Ci I CWelf.as Gy o8 438 connRER Hnf}isBs ELARPES sai@R3RhdcHEn &
sem conductor material to self assenble on said

tenpl.ate: and 15 enabl i . . . 1@
conné%%w%ﬁ”%% %%%%ﬁ?ﬁga%@%?@%%%ﬁbﬁégﬂgﬁéﬁéé?al and t he
tenplate to formsaid circuit. 8 The nmethod of claim
7, wherein said providing of said tenplate includes
providing a field concentrator and wherein said
enabl9.ng ofhe methvdop ot G590 cinRat usddng/of 584 opmplate
sel f-assenbly of said connection conprises

est abintédrosiding £0¢18 e6iidetRatobgideRdteiaahid enabling of
concentrator and said sem conductor nmaterial. 9. The

net ho&l@iss%@?%@aid Y%‘lﬁ{eﬁgﬁ gﬂhaﬁ?s?ée F’éééﬁisﬂﬁlg%fcoﬁﬁéc@on between

tenpl ate es provi concentrat or and
wherei n said enabling.of 5 self-assenbly of said
connetq SCEIoY aé’gs&é‘gfegﬂf?@ﬁcWQH?%%Lnecti on bet ween
said concentrator and said sem conductor material. 10.
The nmethod of claim9, wherein said enabling

sel f-assenbly conprises: providing a source of
nol ecld.es; Thathethod of claim 9, wherein said enabling self-assembly

comprises:
providing a source of molecules; and
applying a driving force which causes the molecules to form a

nanowire between said concentrator and said semiconductor

11.  The method of claim 10, wherein said applying of said driving force

comprises applying an electromagnetic field.

12.  The method of claim 11, wherein said applying of said driving force

further comprises applying a chemical driving force.
13. A method of assembling a circuit comprising:

forming a first metal layer on a substrate;

forming a first insulating layer on said first metal layer;
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10 applying a driving force which causes the nol ecul es
to forma nanowire between said concentrator and said

w@eomoseTduct or 11. The net hod of claim 10, whePel/nSzai/a10307

10

15

applying of said driving force conprises applying an

el ectroma i ' . fed el 1,

wher ei n sgﬁgghgl pﬁufﬁé}’g% Islg%'r %éllr;?{u ngt 1@%1%1?(1%@ I%é'r,
further co i ses .appl ying a chem cal driving.force.,
13, A et RO A5 AT hm-CORRRHVLY ORIRFETalgn one side of
formng a first nmetal |ayer on a substrate; formng a

fir stsaichBist metahlpyemped on said first netal layer; 21
WO 2004/ 059730 PCT/ US2002/ 040307 form ng a second

met al | ay edelfoassemblihgfd gesdnd seatitcohdurtivitaygye;material on the other
sel f-assenbling a first sem -conductivity type

mat erdidd oAkt SbMe1a9br toFointlad hdsShpfet @l layer; and

sel f-assenbling a second sem -conductivity type

material on the other 5 side of said first netal

| ayer to forman assenbly. 14. The nethod of claim13,
further conpprising: bringing said assenbly into

cont att wi 1?‘13‘36@838{?16%“2% gheticRpprisigopar t i cl es,
wherein said first metal |ayer includes a field

concent r attyingingshid zssghllyngtozontativwitlya falntien corginingi ng
an el ectromagnetic field which 10 causes the

nanopgbparticiss,whekéih Baia find MEMAIN Sy M chities ¥ RPN QMRS and
said field concentrator and one of said first sem -

conduct i vi %%)lyiili%g dﬂngl:ng Ifél)lg%: c@rﬂﬂnﬁﬁ‘é th el%@t?&ﬂggnetic field which

conducti vi

causes the nanoparticles to form a nanowire which extends between said field
concentrator and one of said first semi- conductivity type material and said

second conductivity type material.
15.  The method of claim 14, wherein said circuit comprises a logic gate.
16.  The method of claim 14, further comprising:

forming a second insulating layer; and

forming a third metal layer on the second insulating layer.

17.  The method of claim 16, further comprising forming crossovers using

the third metal layer.
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15. The nmethod of claim 14, wherein said circuit

conprises a logic gate. 16. The nethod of claim 14,
wo mootlosg73€onpri sing: 15 form ng a second i nsul BAT/II§2002/040307

| ayer; and forming a third netal [ayer on the second ’

insulgtin ' : f

compr 51 nar {apeed of cafl €A 581 ol Brpblicgt H10dlFbate

| ayer. 22 WD 2004/ 059730 PCT/U82002/040307 18. The

met hod of claim 17, wherein said circuit conprises a

| ogic gate. 23
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