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junction devi a’ sw I'ng éVI ce, of - sem conduct or
(MS) structure that may be conflgured as a Ioglc devi ce or an

el ectrol um nescent devi ce. fﬁ ‘e}{ll%ﬁ t 8 214 descri bes anot her
nol ecul ar el ectroni c device stru T F configured as a nol ecul ar
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nanonet er - scal e devi ces. Each device is formed at the 25 crossing

poi nt (or deviseti on)- of a pair of crossed wires where at |east one

nol ecul ar connector species operates as a bi-stable nolecular switch
between the pair of crossed wres. The resulting device structure nmay be
configured as a resistor, a di ode BACKGRAQUNR®etric non-1inear resistor.
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a non- st atpgoiedigi ng vol t age.
15 For example, in one molecular electronic device structure, a molecular layer (e.g.,
a Langmuir-Blodgett film) is sandwiched between a pair of electrically conducting layers
(e.g., a pair of metal layers, a metal layer and a doped semiconductor layer, or a pair of
doped semiconductor layers). The molecular layer serves as a thin insulating film that
may be used in a metal-insulator-metal (MIM) structure that may be configured as a
20  tunnel junction device or a switching device, or a metal-insulator-semiconductor (MIS)
structure that may be configured as a logic device or an electroluminescent device.
U.S. Patent No. 6,128,214 describes another molecular electronic device structure
that is configured as a molecular wire crossbar memory (MWCM) system formed from a
two-dimensional array of nanometer-scale devices. Each MWCM device is formed at the
25  crossing point (or junction)-of a pair of crossed wires where at least one molecular
connector species operates as a bi-stable molecular switch between the pair of crossed
wires. The resulting device structure may be configured as a resistor, a diode or an
asymmetric non-linear resistor. The state of each MWCM device may be altered by
applying a relatively high, but non-destructive state-changing voltage and may be sensed
30  with a non-state-changing voltage.

Still other molecular electronic devices have been proposed.



Still other nolecular electronic devices have been proposed. 1 WO
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di sposed between the top wire layer and the bottomwre |ayer is converted
from an elregion pEdc passivation dayer predgrably nas hecqoniversgd fa:@ndt!@ie@trlcal:@mdew@npl e,
the passi Y@Eu'l Qﬂct!rfa{lelresﬁ@}[om ] aﬁ%le%ﬂﬁéai HRGlarty ('tsjgl.rl e ?tncﬁ% n c?o devi ce
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top wire layer and the bottom wire layer is converted from an electrical insulator to an
20  electrical conductor. For example, the passivation layer may have an antifuse structure,
and the device passivation region may be converted to an electrical conductor by applying
an electric voltage across the device passivation region.
In one embodiment, the selected passivation region is converted to define the top
wire layer. In this embodiment, an unconverted passivation region corresponds to the top
25  wire layer. |
In some embodiments, a patterned top wire layer is disposed over the passivation
layer. The top wire layer may be patterned by disposing a lift-off layer over the
passivation layer, disposing an electrically conductive layer over the lift-off layer, and
dissolving the lift-off layer.
30 In another aspect, the invention features a molecular electronic device that
includes a bottom wire layer, a molecular layer disposed over the bottom wire layer in a
device region, and a passivation layer. The passivation layer is disposed over the

molecular layer and has an electrical conductor region and an electrical insulator region.



di ssolving the lift-off layer. 30 In another aspect, the invention features
a nol ecul ar electronic device that includes a bottomwi re |ayer, a

nol ecul arwbagersodé sposed over the bottomw re |ayer in a PA#XiSOZ08984gi on,
and a passivation |ayer. The passivation |ayer is disposed over the
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of the invention w econe ap ren rom sCription

i ncl udi ng fblﬂmwldgaimangmoa,ndcluﬂmg dleadrawmgs abESERIRTsON G: DRAWNGS FIG 1 is
a diagrammati c perspective representation of a nolecular electronic device
formed fromat |east one electrically addressabl e nol ecul ar species that is

sandwi shed between two cros ESERERLTIONODFDRAWINGSve wires. FIG 2 is a
fl ow di agram of a Er ocess of fabricating the nolecular electronic 10
device of FI G TG Frusdiagiamapatic persppetiverepiseatationdit agraleridar eectronic
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a substrate. GS. 4A and 4B are orthogonal diagranmatit cross-sectional

si de vi ewsamﬂWlahed”Fmﬂtwcfmr&rodres)sed elbt:tarcalﬂsscahdsptm@amrmer t he patterned bott om
wire |ayer of ?gsz g gi ang1 S%ar orlt h gc?
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di sposed akeice bhBI@ol. ecul ar | ayer of FIGS. 4A and 4B. FIGS. 6A and 6B are
ort hogonal di agqr anmati c _cross-sectional side views of a_ patterned top wire

layer that is dilSpod@dndvBrars phqeeaal; %&rmﬁwﬂay@sS-é?ctlpné@d%vzxe\aﬁe %B. FI GS.

7A and 7Bp§ft&n9&%@@&ﬁ%§el%@9i5§€£@tdﬁrEE Sagectional side views of the 20
| ayered structure 6B i n ich selected regions of the

passi vati on | ay@6S. 4Adnd HB amporshagoanl dl@gremnmtle cmswmoaalas]de He@sof 8A and 8B
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convented frofIGSe5Alaad 5Bigabrtiogodaiatiagthinynatiy pﬁ)sts@ecalbﬁhlmiﬂe tiewsofpl ete the
mol ecul ar pgés%%[tll;)g elty%r that is disposed over the molecular layer of FIGS. 4A and 4B.

FIGS. 6A and 6B are orthogonal diagrammatic cross-sectional side views of a
patterned top wire layer that is disposed over the passivation layer of FIGS. 5A and 5B.

FIGS. 7A and 7B are orthogonal diagrammatic cross-sectional side views of the

20  layered structure of FIGS. 6A and 6B in which selected regions of the passivation layer
and the molecular layer are etched away.

FIGS. 8A and 8B are orthogonal diagrammatic cross-sectional side views of the
layered structure of FIGS. 7A and 7B with regions of the passivation layer converted
from one electrical conductivity type to another to complete the molecular electronic

25  device.

FIGS. 9A and 9B are orthogonal diagrammatic cross-sectional side views of an
alternative molecular electronic device structure in which regions of a passivation layer
are converted from one electrical conductivity type to another to form a top wire layer of
a molecular electronic device.

30 FIG. 10 is a circuit diagram of a resistive crossbar memory structure that includes

an array of molecular electronic devices.

DETAILED DESCRIPTION



25 device. FIGS. 9A and 9B are orthogonal diagrammtic cross-sectional side
views of an alternative nolecular electronic device structure in which

regi ons oWoa2pz®sé vati on | ayer are converted from one el ectrrisozhsss4
conductivity type to another to forma top wire layer of a nolecular

el ectroni c deviigeéne t%go%ir% det&iftonlikd fefeibhceHuBeiBrOhisdd theHndiky M CT OSSbar
menory structure that includes an array of nolecul ar el ectronic devices.
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14. The patablecublrculepbemolecular compomads &6 (deBoted dyahesyniyol R)és sydtvidhed RS)
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ot o0 PR QR - £ PSR oRekes of Folechlih B retredtui Bt arpS!

el ectroni R yigwi &€ 1ddhied A thedRREREGS (or fliRtiSh PéEwidds 1D £ast BlswakECt roni ¢
device 10 may be changed by applying a_ relatively high state-changing

vol t age adPUsesandsolrospopy to theactgpirtionef Bolochlal gleafeniadedemtyi g vol t age
I's suffi C'o?%ti&ﬁ’, tR& (bjtq{ezcﬁ rﬂ&legu?ﬂléfe%tﬁ e liclab &Sch%é%eg?yez[lp‘gpén lecul es

18 may inc e a redox palr of nolecular species that 0 bal ance
char ge suctlativedy highetatonbanging woéiagohaossl wiressiie d#e The smagnitwezedhd sinte-

reduc , e.oth nol. egcul ar. species is reduced (or, oxidi.zed). In

oar ot o il USlaee 00 RteRo RREREGH sduck STHEE B Ab SRR Lng 1 he
associ at egndtedubsul Samas ﬁﬁhjdle& réddxepait (lffaﬁollbailﬁr spkcitighar @%@Era?é)togﬁla&%e mié be
oxi di zed. ] n another exa e,. one nol ecul ar species may be reduced an one
of the wi r8¥sg é?éhlt am%rg‘gl%f it algeulprspecien is eridizethior seduged), thg ol ar

speci es Mayolecular species is reduced (or oxidized). In operation, in one example, one molecular

species may be reduced and the associated molecular species (the other half of the redox
20  pair) may be oxidized. In another example, one molecular species may be reduced and
one of the wires 12, 14 may be oxidized. In a third example, one molecular species may
be oxidized and one of the wires 12, 14 may be reduced. In a fourth example, one wire
may be oxidized and an oxide associated with the other wire may be reduced. In each of
these examples, oxidation or reduction affects the tunneling distance or the tunneling
25  barrier height between the two wires, thereby exponentially altering the rate of charge
transport across the wire junction. This electronic functionality serves as the basis for
operating molecular electronic device 10 as an electrical switch.
Additional details regarding the general features of molecular electronic device 10
may be obtained from U.S. Patent No. 6,128,214, which is incorporated herein by
30 reference.
As mentioned above, moleéular electronic device 10 may be fabricated in a way
that preserves the integrity of the active molecular layer 18. Referring to FIGS. 2-8B, in

one embodiment, molecular electronic device 10 may be fabricated as follows.



be oxi di zed and one of the wires 12, 14 may be reduced. In a fourth
exanple, one wire nay be oxidized and an oxi de associated with the other
wire my we wmemesed. I n each of these exanpl es, oxidati omCarusozeRIss i on
affects the tunneling distance or the tunneling 25 barrier height between
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across the wire junction. This electronic functionality serves as the basis
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follows. 4 WO 02/ 078056 PCT/US02/08934 Referring initially to FIGS. 2, 3A
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wire | ayepatening %f,@qitﬁég}?ﬂ)l?') Rk WHEdyRY €2 mal HavOd width dihéiigk) with a

top al um num oxi de coati ng 2 nmthick). Bottomlayer 12 may be
deposi t ed r&ine Somsbont bnpgolsgvesal gwigtpant i onal thin fil m deposition process,

i ncludi ng a physi | OSl {4 ¥ t i ng or
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di sposed Quplichint SHHaAMN0L09/1L8Y,848, Fided &d BRrc029, i, vhich Vah&@spdrated heyedi 16
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may be di deogmed-Bladgett single molecular monolayer film 16 over bottom wire layer 12. The
20  resulting molecular layer may have a surface coverage of 0.1-100 nm”molecule with a
thickness of about 5 A to about 100 A. In other embodiments, a suitable molecular
species may be deposited directly onto substrate 20.
As shown in FIGS. 5A-5B, a passivation layer 28 is disposed over molecular layer
16 (step 30; FIG. 2). The solubility characteristics of passivation layer 28 are selected to
25 protect molecular layer 16 from degradation during the subsequent patterning of top wire
layer 14. In particular, passivation layer 28 is selected to be substantially stable in the
process that is used to pattern top wire layer 14. Passivation layer 28 may be formed
from an electrical conductor (e.g., a metal, such as aluminum or titanium) or an electrical
insulator (e.g., an electrical antifuse structure). Antifuses are well known in the art of
30  integrated circuits (see, e.g., U.S. Patent No. 5,486,776). An antifuse is a structure that is
initially non-conductive, but becomes permanently conductive when a voltage that is
greater than a prescribed threshold voltage is applied across the antifuse terminals.
Passivation layer 28 preferably has a thickness in the range of 1-100 nm, and more

preferably has a thickness in the range of 1-10 nm.



a solvent (e.g., tetrahydrofuran), prepared as a Langnuir nonol ayer, and
transferred as a Langmuir-Bl odgett single nolecular nonolayer film 16 over
bott om wiwe ocaysese 12. The 20 resulting nol ecul ar | ayer maycChawse2/esIsurface
coverage of 0.1-100 nn2/nolecule with a thickness of about 5 A to about
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As shown in FIGS. 7A and 7B, electrically conductive wire 14 may be isolated
from other devices by etching away selected regions of passivation layer 28 (e.g., by
reactive ion etching) (step 35; FIG. 2). In particular, in embodiments where passivation
layer 28 is formed from an electrical conductor, regions surrounding top wire layer 14

25  may be etched away to isolate the molecular electronic device from other devices.

As shown in FIGS. 8A and 8B, in some embodiments, one or more selected
regions of passivation layer 28 may be converted from one electrical conductivity type to
another to complete the molecular electronic device (step 36; FIG. 2). For example, in
embodiments where passivation layer 28 is formed from an electrical conductor, an

30  isolation passivation region 38 is converted to an electrical insulator to further isolate the
molecular electronic device 10 from other devices. For example, if passivation layer 28 is
formed from a metal (e.g., a metal, such as aluminum or titanium), isolation passivation
region 38 may be converted to a metal oxide electrical insulator by a conventional

oxidation process. In another embodiment, passivation layer 28 may be formed from an



patterned by el ectron beam|ithography or inprinting |ithography.
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el ectrical conductor, regions surrounding top wire |layer 14 25 may be

et ched awalifuetBre; sbhathaeshpld Grsieaicigedsd to hlew tamantifarsstigeturg isidimee devi ces.
As shown ieRcfel EeurBht 81kaf& of ol§8ﬁﬁ 1&;@9@' Ti?gﬁ(ﬁh?rQﬁﬁstﬁ'hvgg)Fa‘fnc@@l ect ed

regions of passivation [ayer be’ convert rom one el ectr’i cal
conduct i vipassitajipe laysr 28 nrmyr’@rfonmdcfmwplaetomder(e gnwl el eridedrectemicnincudevi ce
(step lL.ayer 28

6; Fl 2).. For exanmple, in rrbo i ments ere ssi,vat
o foried SFHEh Rl celBt e EAPOf bt G B B e Pt TR BRSNS, egi on
38 is conwdidleliffiionof Bheditd lagad 14i 1ﬂﬁ>Lﬂeaicerpa§srvafti¢htr€gabn 48.0lmthe eixbﬂ?)lary
nol ecul ar el ectroni c deyij ;:Og 10 from ot her devi ces. For exanpl e

passi vat | GRROPAIRGIL AgsuiiableralHe AORiAcS fRTEnafien Rroces jay beusedita ponverfdevics

al um num %ss‘ix!ah%ﬁ'régﬂn40%%%'&%@&1@@15&&1&@&&)10” region 38 may be converted to
a netal oxide electrical insulator by a conventional oxidation process. In

anot her enbodi Adstresubargsinolecilonelbairaic deyiaralp) ey haverfeidral donensions ovhe
02/ 078956 PCFT/ %J?ﬁ%{ 0813%34 el ectrical insulator and a device passivation
regi on4 osed between top wre |ayer 14 and bottomwre

| ayer 12 - s Q@Mﬁh?@@'ﬂ%%ﬁid@]} lih @Abth&QMBEARENtt @p vaRMRY &4 it he device
regi on of the nolecu el ectronic device. For exanple, if passivation

| ayer 28 ifQrmed iEera PrisoyAtian layee @8 r Incthisigmbodiment # f?@lcamﬁpraﬁ@éatl@fl ARhEL 68 &
device 5 REFHAER oﬁ@&%&ﬁcﬁ%om}’cu@ﬁy ‘;ﬁ%‘fﬁ bh&fed B 8 ﬁJ exgitré 1 @11 1£ OJ%:B}UCJ[ or

by applying across top wre |ayer ottomw re a vol tage
that is s@Mmplleemton@@rrmoam«ﬂn@aamatfomsleyerQBrmfm"meé frofthan ctlhcrtawﬂ@bnldm:vrr ent

needec&ot 0 (Q!g.?\giugllqgul%nt Itlftalfl?uem)St rdl{%lgtﬁ(% Il)asssf\/fmatgor}l reglonEZ\IZ is converted to an
electrical insulator by a conventional oxidation process to isolate the molecular electronic
device from other devices. In another embodiment, passivation layer 28 is formed from
an electrical insulator (e.g., an electrical antifuse structure), in which case a device
passivation region 40 is converted to an electrical conductor to complete the device
25  region of the molecular electronic device.

Depending upon the molecules or materials selected for molecular layer 16,
molecular electronic device 10 may exhibit any one of a variety of different electrical
switching functions that may be used to controllably connect or disconnect bottom wire
layer 12 and top wire layer 14. The molecular electronic device may be singly

30  configurable or reconfigurable. In singly configurable embodiments, the initial state of
molecular electronic device 10 may be open or closed. By electrically biasing molecular
electronic device 10 beyond a particular threshold voltage, the active material or
molecules 18 may be oxidized or reduced to permanently reverse the initial state of the

device and, thereby, irreversibly close or open the switching state of the device. In
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TABLE 1

Referring to FIG. 10, in one embodiment, molecular electronic device 10 may be

incorporated into a resistive molecular wire crossbar memory 50 that includes a plurality

of memory cells 52 that are arranged in multiple rows and multiple columns. Each

memory cell 52 includes a molecular electronic device 10 that is coupled between a

respective bottom wire line 54, 56, 58, 60 and a respective top wire line 62, 64, 66, 68.

The voltage across a memory cell is determined by the voltages applied to the bottom

wire line and the top wire line between which the memory cell is coupled. A control

circuit 70 is configured to address (or select), program information into, and read

information from one or more memory cells 52 within memory cell array 50. Molecular

electronic devices 10 are activated by electrochemical reduction or oxidation of the

molecules 18 that are sandwiched between the bottom and top wire lines. In this



times by cycling the polarity and the magnitude of the applied voltage
beyond appropriate threshold values that are selected to reversibly

oxi di ze awo memese the active material or nolecules 18. PcCrrusgposssal , the
type of electrical connection fornmed between bottomw re layer 12 and top

W re | ayerenfbd3eReNEs midemldshE niBé@dr dyer 6 a0 SBhci Wb e 4 YRS 1 siblesisl4 and

nmol ecul ar | ayer 16 are formed. Table 1 identifies the various types of

el ect ri calin §ig odamEperam se thas aswitsh Majdp opidizadtadiatelgtively highi voltageeand ifevi ce
material cpphi j ' J\ﬁé,ﬁ ' : [ - - al -

Sem condugst or ﬂ%&%&%@g%ﬁ@;&%ﬁ% téﬂ Qk)gltta ﬁég%c%%%g%ﬁ%ay? } (glésrﬁdil\:%tﬁduct or
Sem conduatastancedetvweden (conhdating ivijes (nlow mbidhomdy ¢dre¢spon] tonclogidvel BEsi st or X

X X Tunnelj.ng X Resj stor R nant. Tunnel.ing.X X X Resistor D ode X X
X X Tdnnell nglaendhs sEEh i Tensh B AsBI alh WSk RakeoRBHM Beh BB X X
10 TABLE TeReberor.nBuititerfdefails 1€hardiflg Bie@peribiod bff e fdsistive hesietudl cRIsSdr ONi C
device 10 may be incaorporated into a resistive nolecular wre crossbar

memory 50 TRHRTY i) Redefaiged fromaliS: PatentsNo . iy cel I's 52 that are
arranged in nuldd, e‘?n&{&i‘ﬁﬁe@t@%ewgﬁihﬁﬁeesc%@é ?ﬂﬂg;éclaﬁg.h menmory cell 52

i ncl udes a nol ecul ar el ectronic device I's coupl ed between a
respective bot thomewmple] inrddBibn 66 resiive Gblemthr avireapssbhi membopotkier e | i ne
62, 6410 66m019§11ar wire crossbar memory embodiments may include an array of molecular

electronic devices that are configuréd to provide any one of the other switching functions

identified in Table 1. In addition, the above-described molecular electronic devices may

be implemented in a circuit designed to perform one or more logic (as opposed to

memory) functions.

15 Still other embodiments are within the scope of the claims.



The voltage across a nenory cell is determ ned by the voltages applied to
the bottom wire line and the top wire |ine between which the nenory cell
is coupl edoooesandé rol 20 circuit 70 is configured to addr ®€3/1S0z/0984 ect ),
programinformation into, and read information fromone or nore nenory
cells 52 wthi I“N@@ﬁ A iviey 50. Mol ecul ar electronic devices 10 are
activated by elec roc%em cal reduction or oxidation of the nolecules 18

that are sandwched d%g{gﬁ%%gbggg!ﬁli&%%8%@%%1&%?&%&% cﬂe%ﬁ%glfl\éiégﬁ%l e VO

02/078656 PCT/ US02/ nmen nol ecules o ar Tayer 16
ar e sebhectisgr ispbseddetwdearagmtiops tvixe ésjes and aitapheiry blytgoomgrising:so that a

switch _may be oxidized at .a relatively high vaoltage and. it status may be
o af | oved OTTEge RS pibtets Far e ShE o Rogidibbod 1 he

resi stancqlugg%w@}nﬁ@wg%ﬂ,we%}r&s is low, which may correspond to a |logic
| evel of 5 " ". When the switch is opened, the resistance is high, which

may correspond to a logic level of "0". Further details regarding the
oper atilon of a % esi skhevacthed etelpiar L ugharmprisiigronveripe Bselssiediagemn ¢fr om

U.S. Patente gﬁégxﬁﬁﬁyﬁ%%?%ﬁct&@%dﬂaﬁ fo &f &eé‘éﬁi&eﬁir idtBor e Of the

cl aims. For ition to a resistive nolecular wre crossbar
menory,3 otdetricall hsnipioe ¢ohmeleviricel @mdedtiar nenory enbodi nents may i ncl ude an
array of nolecular electronic devices that are configured to provide any

one of .the other sw-.chi ions ,identi.fi in Tahle 1..1n addition,
the abdve- desc(r%r bed f%l%%g?égpé%l c?’r‘glﬁffr%n tél\}?oéag[gonﬁﬁmg%e&i plénented in a
ci rcui t2 desirgineting thepesléarlm deronic d@ice i$ ogivertédomppostadritad comtRidwi Yo
functions. 1 S}siérl of her enbodi nents are within the scope of the clains.
9 WO 02 o?@@i‘?&“ JSEE¥ 08934 WHAT IS CLAIMED IS 1 1. A nethod of

fabricating a nol ecul ar el ectronic device having a nolecular 2 |ayer

di sposqd between a brHel:Admvl bEclbRy 8 wheibindhd PR sMhfiSh 1a9MEE a EATAeS hA®: 3
providing a passivation |layer to protect the nol ecul ar | ayer from

degr ad&t i dhe 1salalon PassIvaHOR E3gHPThIg CORVated 6o applegtricahiafulator by oxidaliqiet hod of
claim1l1, further conprising converting a selected region of
1 5. The method of claim 2, wherein a device passivation region disposed

2 between the top wire layer and the bottom wire layer is converted from an electrical
3

insulator to an electrical conductor.

1 6. The method of claim 5, wherein the device passivation region is converted
2 to anelectrical conductor by applying an electric voltage across the device passivation

3  region.

1 7. The method of claim 6, wherein the passivation layer has an antifuse

2 structure.

1 8. The method of claim 2, wherein the selected passivation region is

2 converted to define the top wire layer.

1 9. The method of claim 8, wherein an unconverted passivation region

2 corresponds to the top wire layer.

1 10. The method of claim 1, further comprising disposing a patterned top wire

2 layer over the passivation layer.

10



2 the passivation |ayer froman electrical conductor to an electrical
resistor or froman 3 electrical insulator to an electrical conductor. 1 3.
The net hoook/ozdoaé m 2, wherein an isol ati on passivati on r @grarso208934
surroundi ng the nol ecul ar el ectronic device is converted froman el ectrical

conductior to 3Ji1an eftrRGhéth6@bf ¢lhis | Qtvtereid thb top Rare Y8 p&fersddaiym 3,
wherein the passivation layer is a netal layer and 2 the isolation

passi vat i gHSRo8gE aill-eif dsiey e erdhe pesshatien ayer Aisapsingaurlaetmralbycaadnetive on. 1
> The smetibod o0k (L fhiBiE1ay b13RE bidscly A YCERASSI Al | on region di sposed 2

between the top wre | aye e bottomwi re 1ayer is converted from an
electrical 3 insulator to an electrical conductor. 1 6. The nethod of
clai m 3, whereild. t heA gwldcatar stestpuigtdevine, cegipoisings converted 2 to an

el ectri,cal conduyc %Ql,yi ng an electric voltage across the device
passi vazti on 3 ?d;bgoﬁtggr?.&?/fe 7 "The nmethod of claim6, wherein the passivation

| ayer Bas an antmblesdar [Byatdispsed ever thebottbhewireldyedimnd deticd gidn; adder ei n t he
sel ected passivatiqn region js 2 converted to define the top wire layer. 1
9. The “net hod &Paéﬁlﬁ?qﬂ“gfy?mﬁfésrpeﬁ?ﬁi A ﬁ%@d%ﬁ%ﬁ%réay%éggmﬁps ghcleegicah 2
cor r espondnlRtdriSgibfRndah 8lebBMEl insdlatPregihe Met hod of claim 1, further
conprising disposing a patterned top wire 2 |layer over the passivation

| ayer. 10 WD 02/078056 PCT/US02/08934 1 11. The nethod of claim 10,

wher ei i t he top3wi r elheapelecylar gegtraniadeyiospf plagnddowherginthe elegtrigtkf | ayer
over the I I |- & j e I : L ayer
over tho [Epgucifb il iEHEbmoRERORAIN PR LR (MY OM M hd Geotfol

nmol ecul3ar ie$daormwpgion sdevnmds, the orpacubir plgetrordc devict.t omwire | ayer; 3 a

nol ecul ar | ayer disposed over the bottomw re |ayer in a device region; and

4 a passivation Il ay di d.over.the. nol.ecul | ayer and, havi.ng an
el ectr ﬁc al 5 (r:i é nduc hg’ rm@gglﬁgrnel%lc\rﬁmgn&]egfcg&f r faglglal%i ‘r@fgﬁe& %F elregfglic .
2 conductor region is formed from a metal layer and the electrical insulator region is

3  formed from a metal oxide layer.

1 15. The molecular electronic device of claim 13, wherein the electrical
2 insulator region has an antifuse structure and the electrical conductor region has a blown

3 antifuse structure.

1 16. The molecular electronic device of claim 12, further comprising a

2 patterned top wire layer disposed over the passivation layer.

1 17.  The molecular electronic device of claim 12, wherein the passivation layer

2 corresponds to the top wire layer.

1 18. A molecular memory system, comprising an array of molecular electronic
2 devices, each molecular electronic device comprising:

3 a bottom wire layer;

4 a molecular layer disposed over the bottom wire layer in a device region; and

5 a passivation layer disposed over the molecular layer and having an electrical

6  conductor region and an electrical insulator region.

1 19.  The molecular memory system of claim 18, wherein the electrical insulator

2 region has an antifuse structure and the electrical conductor region has a blown antifuse

3 structure.

12



1 13.. The nol ecul ar el ectronic device of claim 12, wherein the electrical
2 conductor region is incorporated within the nol ecul ar el ectronic device
and the eWweaksnisnaé 3 i nsul ator regi on surrounds the nol eealrarsophssses r oni
device. 1 14. The nol ecul ar_ el ectronic device of claim 13, wherein the

el ectrical 2 ducfr [ ' | L

el ectr ilcal i nsul at orﬂir%e%{;%%h%gnbéoégé'%gl %Cg%nglggrﬁrg}er(%m g@‘?@g@%‘@ﬁe%.
The nol2ecubpwirellger doposeddett the pafsicdtiah baykl, wherein the el ectrical 2

i nsul ator region has an antifuse structure and the el ectrical conductor
region has a blown 3 antifuse structure. 1 16. The nol ecul ar el ectronic
device of claim 12, further conprising a 2 patterned top wire |ayer

di sposed over the passivation layer. 1 17. The nol ecul ar el ectroni c device
of claim 12, wherein the passivation layer 2 corresponds to the top wire
| ayer. 1 18. A nolecular nenory system conprising an array of nol ecul ar
el ectronic 2 devices, each nolecular electronic device conprising: 3 a
bottomw re layer; 4 a nolecular |ayer disposed over the bottomwre | ayer
in a device region; and 5 a passivation |ayer disposed over the nol ecul ar
| ayer and having an electrical 6 conductor region and an el ectri cal
insulator region. 1 19. The nol ecul ar nenory system of claim 18, wherein
the electrical insulator 2 region has an antifuse structure and the

el ectrical conductor region has a blown antifuse 3 structure. 12 WO

02/ 078056 PCT/ US02/08934 1 20. The nol ecul ar nenory system of claim 18,
further conprising a patterned 2 top wire |layer disposed over the

passi vation | ayer. 16
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