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(57) ABSTRACT 

A solution-based method for attaching metal contacts to 
molecular ?lms is described. The metal contacts are attached 
to functional groups on individual molecules in the molecu 
lar ?lm. The chemical state of the functional group is 
controlled to induce electroless metal deposition preferen 
tially at the functional group site. The functionaliZed mol 
ecules may also be patterned on a surface to give spatial 
control over the location of the metal contacts in a more 

complex structure. Spatial control is limited only by the 
ability to pattern the molecular ?lm. To demonstrate the 
feasibility of this concept, self-assembled monolayers of 
model, molecular-electronic compounds have been prepared 
on gold surfaces, and these surfaces Were subsequently 
exposed to electroless deposition plating baths. These 
samples exhibited selective metal contact attachment, even 
on patterned surfaces. 
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METHOD FOR SELECTIVE ELECTROLESS 
ATTACHMENT OF CONTACTS TO 

ELECTROCHEMICALLY-ACTIVE MOLECULES 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional of US. patent 
application Ser. No. 10/246,148, entitled “Selective Electro 
less Attachment of Contacts to Electrochemically-Active 
Molecules,” ?led Sep. 17, 2002 by Christopher Zangmeister 
and Roger Van Zee, Which Was based upon and claims the 
bene?t of US. provisional application No. 60/359,623, 
entitled “Selective Electroless Attachment Of Contacts To 
Electrochemically-Active Molecules”, ?led Feb. 26, 2002, 
the entire disclosure of Which is herein speci?cally incor 
porated by reference for all that they disclose and teach. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention generally pertains to 
molecular electronics and more speci?cally to the formation 
of metal contacts connected to molecules and molecular 
?lms. 

[0004] 2. Description of the Background 

[0005] Nearly all modern electronic devices are based on 
the complementary metal-oxide-silicon ?eld-effect transis 
tors (CMOS-PET). Manufacturing improvements of solid 
state devices, such as the CMOS-FET, have nearly doubled 
computing poWers every eighteen months for the past thirty 
years. These improvements are a direct result of the minia 
turiZation of devices used in computer processors. Unfortu 
nately, CMOS technology is beginning to shoW limits asso 
ciated With the fundamental physical laWs governing device 
performance and technical problems associated With manu 
facturing. Thus, alternative technologies are being sought 
Which are unlike FET devices that operate based upon the 
movement of electrons in bulk material. These neW tech 
nologies operate in the realm of quantum mechanical phe 
nomena that emerge and dictate electron dynamics at the 
nanometer (10-9 m) scale. 

[0006] A speci?c area that has shoWn considerable prom 
ise in the miniaturiZation of computer processor devices is a 
component technology that uses individual molecules or 
arrays of molecules, that is termed molecular electronics. 
This relatively neW approach exploits the fact that molecules 
are naturally occurring nanometric structures. By devising 
molecular structures to act as electrical sWitches, then by 
combining these sWitches into complex circuit structures, 
computational nanocircuitry can be achieved. In this man 
ner, conductive electrodes are attached to a molecule Within 
a layer of molecules, and thus the layer may perform 
functions in an analogous fashion to a solid-state device. The 
application of molecular electronics greatly reduces the 
scale of individual devices to nanometers per device; there 
fore, more than a billion devices may be contained per 
square centimeter. 

[0007] A typical molecular electronic device is composed 
of tWo or more contacts (sometimes called gates or termi 
nals) and a molecular ?lm or a molecule that is attached to 
these contacts. The fabrication procedure involves forming 
a molecular ?lm (MF), Which can be as thin as one molecu 
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lar layer, on one contact. Additional contacts are then 
attached to the molecule. These devices function by modu 
lating electron ?oW betWeen the contacts through the ME. 
The How of current through the molecule and performance 
of the device are speci?cally dependent upon the chemical 
and molecular structure of the molecule and the strength of 
the interaction betWeen the molecular layer and each of the 
contacts. In most cases, the ?rst contact formed in these 
devices is a covalent chemical bond formed in solution. The 
second contact must be formed on top of the MF. 

[0008] In order for the molecular electronic device to 
function properly, each of the contacts must be electrically 
isolated from one another. Achieving this isolation is com 
plicated by the length scale betWeen contacts, Which is 
de?ned by the length of the molecule (1 nm-S nm). To 
ensure electrical isolation, and long-term performance of the 
device, a strong interaction betWeen the metal contacts and 
the MP is required. Additionally, this strong interaction 
betWeen the molecule and the contacts eliminates some 
unWanted device characteristics (eg device shorting). 

[0009] Presently, metal contacts in molecular electronic 
devices are formed by evaporating a metal layer to the 
surface-bound MFs. This technique is performed Within a 
vacuum chamber and is called vapor deposition. The inter 
action betWeen the evaporated metal layer and the molecule 
is highly dependent on the metal and the chemical compo 
sition of the MF. This interaction betWeen the metal and a 
MF may be changed through the introduction of a functional 
group to the molecular structure. For example, amine or 
carboxylic acid functional groups decrease the extent of 
metal penetration through a MF When metal contacts are 
groWn on top of the monolayer by evaporation that can cause 
degradation or shorting of the electrical contacts. 

SUMMARY OF THE INVENTION 

[0010] The present invention overcomes the disadvan 
tages and limitations of the prior art by providing a method 
for attaching metal contacts to individual molecules and/or 
aggregates of molecules that form a molecular ?lm by using 
electroless deposition (ELD) to form a metal contact on a 
MF. ELD is a solution-based technique Where a metal is 
catalytically reduced at a surface. 

[0011] The present invention may therefore comprise a 
method of attaching metal contacts to functional groups on 
individual molecules in a molecular ?lm to facilitate their 
function as solid-state devices comprising: attaching a func 
tional molecular group to selective portions of a metallic 
plate to form patterned areas of self-assembled monolayers 
on a conductive bottom contact, patterning the functional 
iZed molecules on a surface to give spatial control over the 
location of the metal contacts, placing the patterned surfaces 
of the self-assembled monolayers into an electroless plating 
bath for selective metal deposition onto the surfaces, con 
trolling the chemical state of the functional molecular group 
by preferentially inducing the electroless metal deposition at 
the functional molecular group site, attaching metal contacts 
to the patterned portions of the self-assembled monolayers 
to form a top contact by depositing a metallic layer on the 
non-metallic surfaces of the self-assembled monolayers With 
an electroless plating bath consisting of Water, formalde 
hyde, copper sulfate, sodium hydrogen tartrate, adjusting the 
pH of the electroless plating bath to approximately 12.8 
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using sodium hydroxide, removing the self-assembled 
monolayers from the electroless plating bath after a pre 
scribed length of time and rinsing the self-assembled mono 
layers With Water. 

[0012] The present invention may also comprise a solid 
state device made by the process comprising: attaching a 
functional molecular group to a selective portions of a 
metallic plate to form patterned areas of self-assembled 
monolayers on a conductive bottom contact, patterning the 
functionaliZed molecules on a surface to give spatial control 
over the location of the metal contacts, placing the patterned 
surfaces of the self-assembled monolayers into an electro 
less plating bath for selective metal deposition onto the 
surfaces, controlling the chemical state of the functional 
molecular group by preferentially inducing the electroless 
metal deposition at the functional molecular group site, 
attaching metal contacts to the patterned portions of the 
self-assembled monolayers to form a top contact by depos 
iting a metallic layer on the non-metallic surfaces of the 
self-assembled monolayers With an electroless plating bath 
consisting of Water, formaldehyde, copper sulfate, sodium 
hydrogen tartrate, adjusting the pH of the electroless plating 
bath to approximately 12.8 using sodium hydroxide, remov 
ing the self-assembled monolayers from the electroless 
plating bath after a prescribed length of time and rinsing the 
self-assembled monolayers With Water. 

[0013] The disclosed embodiments have numerous advan 
tages over prior art. These include the elimination of addi 
tional process steps required to make the MF compatible 
With a vacuum environment and greater control over the 
chemical state of the MF. With the present embodiment, the 
chemical state of the MF can be readily varied in solution by 
changing variables such as pH and ionic strength. The 
increased control gained by producing the ME in solution 
greatly increases the type of physiochemical interactions 
that may be formed betWeen the metal contact and the 
molecular layer. Additionally, ELD offers spatial control and 
precision at the required device densities necessary in 
molecular electronic applications. These advantages make 
the present embodiment suitable for applications in a variety 
of areas including, but not limited to, molecular electronics, 
electrical contacts, metal patterning and electroless deposi 
tion. 

[0014] Numerous advantages and features of the disclosed 
embodiments Will become readily apparent from the folloW 
ing detailed description of the invention and the embodiment 
thereof, from the claims and from the accompanying draW 
ings in Which details of the invention are fully and com 
pletely disclosed as a part of this speci?cation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] 
[0016] FIG. 1 is a schematic illustration of the process of 
selective electroless deposition on self-assembled monolay 
ers. 

In the draWings, 

[0017] FIG. 2 is a schematic illustration of a self-as 
sembled monolayer With a top contact. 

[0018] FIG. 3 is a schematic illustration of the interaction 
of metals With surface-bound molecules shoWing penetra 
tion of metal through ?lm. 

May 26, 2005 

[0019] FIG. 4 is a schematic illustration of metals With 
surface-bound molecules shoWing increased interaction of 
top metal With headgroup. 

[0020] FIG. 5A is a schematic illustration of self-as 
sembled monolayers of octadecanethiol (ODT) 

[0021] FIG. 5B is a contact AFM image of self-assembled 
monolayers of octadecanethiol (ODT) on gold after expo 
sure to a copper-plating bath for 30 min. 

[0022] FIG. 6A is a schematic illustration of self-as 
sembled monolayers of 4-mercaptobenZoic acid (4-MBA) 

[0023] FIG. 6B is a contact AFM image of self-assembled 
monolayers of 4-mercaptobenZoic acid (4-MBA) on gold 
after exposure to a copper-plating bath for 30 min. 

[0024] FIG. 7 is a schematic illustration of an electro 
lessly deposited metal With the surface of 4-MBA. 

[0025] FIG. 8 is an optical image of microcontacts printed 
4-MBA on gold With subsequent exposure to copper plating 
solution. 

[0026] FIG. 9 is an optical image of microcontacts printed 
4-MBA on gold With subsequent exposure to copper plating 
solution. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0027] The present embodiment details a method for 
attaching metal contacts to individual molecules and/or 
aggregates of molecules that form a molecular ?lm by using 
ELD to form a metal contact on a MF. These molecules 

contain a functional group, in one embodiment, carboxylic 
acid (—COOH), tailored to selectively attach a contact to 
the molecule or molecular ?lm at the site of the functional 
group. This contact is attached by groWing a metal particle 
using ELD. ELD is an autocatalytic process Where metal 
ions in solution are reduced at a surface in the absence of an 
externally applied electric ?eld through surface mediated 
redox reactions. The deposition of metal at a surface is 
dependent upon, and fundamentally controlled by, the inter 
action of metal ions and subsequent reduction. In the case of 
organically modi?ed surfaces (e.g. self-assembled monolay 
ers), this interaction is often insuf?cient to initiate ELD. To 
offset this limitation, these surfaces are frequently exposed 
to various metal ions or colloids that catalytically activate 
the surface to ELD. The functionaliZed molecules may also 
be patterned to give spatial control over the location of the 
metal contacts in a more complex structure. The physical 
dimensions of the areas deposited and the deposition con 
ditions may be altered by controlling such variables as pH 
and the ionic strength of the solution to control the physical 
dimensions and degree of interaction betWeen the MF and 
the contact. For example, the extent of interaction can be 
highly varied by changing the functional group of the 
molecule. 

[0028] FIG. 1 is a schematic detailing the overall system 
of preparing a patterned self-assemble monolayer 114 
(SAM), and subsequently selectively depositing metal on 
the surface of the SAM surface. The interaction betWeen the 
deposited metal and a MF may be changed through the 
introduction of a functional group to the molecular structure. 
For example, amine or carboxylic acid functional groups 
decrease the extent of metal penetration through a MF When 
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metal contacts are grown on top of the monolayer by 
evaporation. As shown in FIG. 1, a polydimethylsiloXane 
(PDMS) stamp 102 is used to place 4-MBA onto a metallic 
(Au) surface 106. The contact surface of the stamp 104 
contains a preselected geometry to selectively coat a portion 
of the metal surface 106 thereby forming a SAM 114 With 
alternating strips of 4-MBA 110 and gold 108. The SAM 
containing a patterned surface of 4-MBA 116 is then place 
in an ELD 118 plating bath Where copper Cu2+ions are 
selectively deposited on the areas of the SAM that have been 
coated With 4-MBA 114. The result is a selective electroless 
attachment of metal contacts to an electrochemically-active 
molecule. 

[0029] FIG. 1 further demonstrates the advantages ELD 
offers over vacuum evaporation of contacts. Since ELD 
alloWs the chemical state of a functional molecular group to 
be varied through the manipulation of solution conditions, 
the eXtent of interaction betWeen the functional group in a 
MF and the contact can be customiZed. Additionally, by 
combining patterning of MFs With ELD, as shoWn in FIG. 
1, metal may be deposited at pre-selected sites 114. Further 
more, the rate of deposition and grain siZe of the metal 
deposition can be controlled by environmental conditions 
(parameters such as solution type, plating time, and bath 
temperature, etc.) and by manipulating these deposition 
conditions, it is possible to groW contacts With speci?c 
physical characteristics. 

[0030] By preparing molecular ?lms in a solution-based 
environment as exempli?ed in FIG. 1, additional advantages 
of ELD over evaporation techniques are realiZed. After 
formation of the ?lm, no additional process steps are 
required to make the MF (including the platform on Which 
it Was groWn) compatible With a vacuum environment. This 
time-consuming process sloWs production and increases the 
cost of molecular electronic devices. By plating the molecu 
lar ?lm in solution as shoWn, the chemical state of a MF can 
readily and easily be controlled by changing variables such 
as pH and ionic strength. The lack of control found Within 
the vacuum environment greatly limits the type of physio 
chemical interactions that may be formed betWeen the metal 
contact and the molecular layer. ELD also offers spatial 
control at the device densities required in molecular elec 
tronic applications. Whereas additional process steps may be 
introduced to assist in overcoming these spatial control 
issues Where evaporation techniques are utiliZed, the steps 
Will often alter the MF itself and take additional time and 
materials Which increase manufacturing cost. 

[0031] FIG. 2 of the draWings discloses a more detailed 
schematic illustration of a self-assembled monolayer such as 
described in FIG. 1. As shoWn in FIG. 2, the self-assembled 
monolayers 202 of a model molecular electronic compound 
have been prepared on a metallic plate shoWn as the bottom 
contact 206. In this generaliZed eXample, the SAM consti 
tuted the molecular ?lm (X-M-Y) bound by the Y to the 
metallic surface With a thiol-metal bond 210. By subse 
quently eXposing the SAM to an ELD plating bath, metal is 
deposited only over regions Where the SAM Was patterned 
on the metallic surface to form a top contact 204. The 
bonding of the top contact to the SAM 202 is accomplished 
through the interaction of the top contact 204 With the 
headgroup 208 of the SAM 202. 

[0032] FIG. 3 is a schematic illustration of the interaction 
of metals With surface-bound molecules shoWing penetra 
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tion of metal through ?lm. As shoWn in FIG. 3, the SAM is 
coated With a top contact 304 using conventional vapor 
deposition techniques. With this method, the interaction 
betWeen the evaporated metal layer 304 and the headgroup 
308 of the molecule is highly dependant on the metal and 
chemical composition of the MF. This eXample illustrates a 
common problem in vapor deposition manufacturing of MFs 
Where the top contact 304 penetrates the MP to reach the 
bottom contact 306. This condition is caused by loW inter 
action betWeen the headgroup 308 and the vapor deposition 
metal 304. The result of this loW interaction is likelihood of 
a direct electrical connection or short 302 betWeen the tWo 
contacts. Thus, electron ?oW through the MP is terminated 
and the device is rendered inoperable. 

[0033] FIG. 4 is a schematic illustration of metals With 
surface-bound molecules shoWing increased interaction 414 
of the deposited metal With a functional group 408 When 
utiliZing ELD. As shoWn in FIG. 3, the interaction betWeen 
the metal and a MF may be changed through the introduction 
of a functional group (Z) 408 to the molecular structure. The 
increased interaction 414 betWeen the metal contact and the 
MF results in increased interaction betWeen the functional 
group of the SAM and the metal. This alloWs metal to be 
selectively patterned over areas Where the SAM is recep 
tively patterned and limits direct electrical connections 
betWeen the tWo contacts. 

[0034] FIG. 5A is a schematic illustration of a SAM of 
octadecanethiol (ODT). With reference to FIG. 5A, ODT 
has a methyl (—CH3) functional group that is chemically 
inert and severely limits the degree of interaction betWeen 
the functional group and deposited metal. Thus, ODT can be 
used to limit or mask the deposition of metals used in the 
ELD process. 

[0035] FIG. 5B is a contact atomic force microscopy 
(AFM) image of the octadecanethiol SAM surfaces (as 
detailed in FIG. 5A) after eXposure to a copper ELD plating 
bath. This AFM image highlights the functional group 
speci?city of ELD. As seen in the image of FIG. 5B, no 
metal deposition Was observed on the octadecanethiol 
(ODT) SAM surfaces. As previously described in FIG. 5A, 
the ODT has a methyl (—CH3) functional group that limits 
the degree of interaction betWeen the functional group and 
deposited metal. Thus, metal deposition is not observed on 
this surface in the AFM of FIG. 5B, and therefore, demon 
strates the signi?cant role of the headgroup in ELD selec 
tivity. 
[0036] FIG. 6A is a schematic illustration of self-as 
sembled monolayers of 4-mercaptobenZoic acid (4-MBA). 
The 4-MBA molecule Was chosen for this application 
because it is a model of molecules used in current molecular 
electronic devices, and contains a carboXylic acid 
(—COOH) functional group that is readily deprotonated in 
basic solutions, such as ELD plating baths. The carboXylic 
acid functional group on 4-MBA coordinates With copper 
ions in the ELD solution. This facilitates the deposition of 
copper onto the 4-MBA surface. The speci?city of this 
coordination only Where 4-MBA is patterned on the gold 
surface, alloWs the formation of metallic contacts With 
increased interaction compared to evaporated metal ?lms, 
and selectively deposits metal contacts only over patterned 
4-MBA regions. 
[0037] FIG. 6B is a contact AFM image of self-assembled 
monolayers of 4-mercaptobenZoic acid (4-MBA) on gold 
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after exposure to a copper-plating bath for 30 min. Whereas 
metal deposition is not observed on the ODT SAM surface 
(FIG. 5B), copper deposits of near uniform surface coverage 
are observed on 4-mercaptobenZoic acid (4-MBA) SAM 
surfaces, as shoWn in FIG. 6B. These patterned metal 
deposits may be used as top contacts in molecular electronic 
devices. 

[0038] FIG. 7 is a schematic illustration of an electro 
lessly deposited metal With the 4-MBA surface. In this 
speci?c implementation, the SAM constituted the molecular 
?lm described above consisting of a layer of 4-MBA bound 
by sulfur atoms 712 With a thiol-metal bond 710 on a bottom 
contact 706 consisting of a gold surface. The SAM Was 
subsequently exposed to an ELD plating bath consisting of 
Water, formaldehyde, copper sulfate, sodium hydrogen tar 
trate, and adjust to a pH of 12.8 to produce the metal 
deposition. In this instance, the functional group of 4-MBA 
coordinates With Cu2+in solution and initiate surface ELD. 
The interaction betWeen the Cu2+in the ELD solution is 
increased With the carboxylate functionality of the head 
group 708 found in the 4 MBA. These oxygen groups in the 
carboxylic acid contain a negative charge 718 that is elec 
trostatically attracted to the Cu2+in solution and thereby 
enhances the binding interaction 714 of the top contact 704 
to the SAM. Metal is only deposited over regions Where the 
SAM Was patterned on the metallic surface. 

[0039] Metal/functional group coordination increases the 
interaction of the deposited metal through the formation of 
a metal-oxide bond betWeen the top metal contact and the 
functional group. This interaction is responsible for the 
speci?city of copper deposition that occurs. The interaction 
betWeen the functional group and metal ions in solution is 
highly dependent upon the position of the functional group 
on the molecule. Thus, the placement of organic function 
ality on molecular electronic molecules may initiate or 
inhibit metal ELD in these systems. Thus, metallic contacts 
are able to be controlled spatially through selective surface 
patterning. 

[0040] The present embodiment alloWs one to spatially 
control the top electrode ELD as a function of functional 
group modi?cation. Using this scheme, molecular electronic 
molecules can be patterned on a surface and top contacts 
formed selectively over the patterned area. To demonstrate 
this selectivity, patterned SAMs Were achieved using micro 
contact printing (micro-CP) employed by placing a surface 
in contact With a PDMS stamp coated With 4-MBA as shoWn 
in FIG. 1. This procedure, analogous to ink stamping Where 
in this instance a SAM is patterned on the surface at regions 
With high relief. Thus, desired molecules (in this case, 
4-MBA) can be selectively adsorbed on a surface in a 
spatially con?ned, controlled, and reproducible manner. 

[0041] TWo examples of the spatial selectivity achieved 
through micro-CP and headgroup modi?cation are shoWn in 
FIG. 8 and FIG. 9. FIG. 8 is an optical image of micro 
contacts printed 4-MBA on gold. This consists of an array of 
4-MBA vertical stripes on gold exposed to a copper-plating 
bath. In a manner similarly demonstrated in FIG. 1, copper 
deposition occurs on 4-MBA regions (shoWn as dark vertical 
lines) and is inhibited in regions that are devoid of 4-MBA 
(shoWn as light vertical lines.) FIG. 8 illustrates the spatial 
control of ELD that is achieved through functional group 
modi?cation. 
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[0042] FIG. 9 is an optical image of microcontacts printed 
4-MBA on gold With subsequent exposure to copper plating 
solution. In this example, spatial control of metal deposition 
achieved through functional group modi?cation is shoWn by 
the more complex micro-CP pattern. In this example, copper 
deposition occurs on 4-MBA regions (shoWn as dark diago 
nal lines) and is inhibited in regions that are devoid of 
4-MBA (shoWn as light diamond shapes.) Spatial control of 
metal deposition is limited by the ability to pattern SAM 
?lms and the grain siZe of the metal deposited. The grain siZe 
of metal deposits can be controlled by varying the solution 
conditions of the ELD plating bath. Thus, using current 
micro-CP technology and ELD, FIG. 9 illustrates that metal 
deposition can be controlled on a nanometer spatial scale. 

[0043] These examples illustrate the speci?city of organic 
functional group modi?cation in the spatial con?nement of 
ELD. These embodiments effectively alloW arrays of 
molecular electronic compounds to be isolated on a surface 
and provide attachment of a top contact to surface con?ned 
molecules. Molecular electronic devices may be built using 
this scheme. 

[0044] The foregoing description of the invention has been 
presented for purposes of illustration and description. It is 
not intended to be exhaustive or to limit the invention to the 
precise form disclosed, and other modi?cations and varia 
tions may be possible in light of the above teachings. The 
embodiment Was chosen and described in order to best 
explain the principles of the invention and its practical 
application to thereby enable others skilled in the art to best 
utiliZe the invention in various embodiments and various 
modi?cations as are suited to the particular use contem 
plated. It is intended that the appended claims be construed 
to include other alternative embodiments of the invention 
except insofar as limited by the prior art. 

What is claimed is: 
1. A process of making a solid-state device comprising: 

forming a self-assembled monolayer on a metal substrate; 
and, 

placing said metal substrate and said self-assembled 
monolayer in an electroless plating bath to form a 
metallic layer on said self-assembled monolayer. 

2. The process of claim 1 Wherein said step of placing said 
metal substrate and said self-assembled monolayer in an 
electroless plating bath comprises placing said metal sub 
strate and said self-assembled monolayer in an electroless 
plating bath comprising: Water, formaldehyde, copper sul 
fate, and sodium hydrogen tartrate. 

3. The process of claim 1 Wherein said step of placing said 
metal substrate and said self-assembled monolayer in an 
electroless plating bath comprises placing said metal sub 
strate and said self-assembled monolayer in an electroless 
plating bath Wherein the pH of said electroless plating bath 
is adjusted to approximately 12.8. 

4. A process of making a solid-state device comprising: 

forming a self-assembled monolayer on a metal substrate; 
and 

placing said metal substrate and said self-assembled 
monolayer in an electroless plating bath consisting of 
Water, formaldehyde, copper sulfate, and sodium 
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hydrogen tartrate and adjusted to a pH of approxi 
mately 12.8 to form a metallic layer on said self 
assembled monolayer. 

5. A process of making a solid-state device comprising: 

forming patterned areas of multiple self-assembled mono 
layers on a metal substrate; and 

placing said metal substrate and said patterned areas of 
said multiple self-assembled monolayers in an electro 
less plating bath to form a metallic layer on said 
patterned areas of said self-assembled monolayers. 

6. The process of claim 5 Wherein said step of placing said 
metal substrate and said patterned areas of said multiple 
self-assembled monolayers in an electroless plating bath 
comprises placing said metal substrate and said patterned 
areas of said multiple self-assembled monolayers in an 
electroless plating bath comprising: Water, formaldehyde, 
copper sulfate, and sodium hydrogen tartrate. 

7. The process of claim 5 Wherein said step of placing said 
metal substrate and said patterned areas of said multiple 
self-assembled monolayers in an electroless plating bath 
comprises placing said metal substrate and said patterned 
areas of said multiple self-assembled monolayers in an 
electroless plating bath Wherein the pH of said electroless 
plating bath is adjusted to approximately 12.8. 

8. A process of making a solid-state device comprising: 

forming patterned areas of multiple self-assembled mono 
layers on a metal substrate; and 

placing said metal substrate and said patterned areas of 
said multiple self-assembled monolayers in an electro 
less plating bath consisting of Water, formaldehyde, 
copper sulfate, and sodium hydrogen tartrate and 
adjusted to a pH of approximately 12.8 to form a 
metallic layer on said patterned areas of said self 
assembled monolayers. 

9. A process of making a solid-state device comprising: 

depositing a self-assembled monolayer on a metal sub 
strate, said self-assembled monolayer having a func 
tional group that provides increased interaction With 
metal ions in an electroless plating bath, said self 
assembled monolayer being selectively deposited on 
predetermined areas of said metal substrate; and 

placing said self-assembled monolayer, that is deposited 
on said metal substrate, together With said functional 
group, in an electroless plating bath so that metal ions 
in solution in said electroless plating bath are reduced 
on said self-assembled monolayer through interaction 
With said functional group to form a metallic contact 
layer such that said metallic contact layer does not 
penetrate said self-assembled monolayer and does not 
form a short circuit to said metal substrate. 

10. The process of claim 9 Wherein said functional group 
comprises carboxylic acid. 

11. The process of claim 9 Wherein said self-assembled 
monolayer comprises 4-mercaptobenZoic acid. 

12. A method of attaching metal contacts to molecular 
?lms to produce a solid-state device comprising: 

attaching a functional molecular group to a metallic plate 
to form a self-assembled monolayer With a conductive 
bottom contact; 
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attaching a metal contact to said self-assembled mono 
layer by depositing a metallic layer on a non-metallic 
surface of said self-assembled monolayer With an elec 
troless plating bath for metal deposition onto said 
surface; 

removing said self-assembled monolayer from said elec 
troless plating bath after a prescribed length of time; 
and 

rinsing said self-assembled monolayer With Water. 
13. A method of claim 12 Wherein said electroless plating 

bath comprises: 

Water, formaldehyde, copper sulfate, sodium hydrogen 
tartrate. 

14. A method of claim 13 Wherein the pH of said 
electroless plating bath is adjusted to approximately 12.8 

15. A method of attaching metal contacts to molecular 
?lms to produce a solid-state device comprising: 

attaching a functional molecular group to a metallic plate 
to a to form a self-assembled monolayer With a con 

ductive bottom contact; 

placing a non-metallic surface of said self-assembled 
monolayer into an electroless plating bath for metal 
deposition onto said surface; 

attaching a metal contact to said self-assembled mono 
layer to form a top contact by depositing a metallic 
layer on said non-metallic surface of said self-as 
sembled monolayer With an electroless plating bath 
consisting of Water, formaldehyde, copper sulfate, 
sodium hydrogen tartrate; 

adjusting the pH of said electroless plating bath to 
approximately 12.8; 

removing said self-assembled monolayer from said elec 
troless plating bath after a prescribed length of time; 
and 

rinsing said self-assembled monolayer With Water. 
16. A method of attaching metal contacts to molecular 

?lms to produce a solid-state device comprising: 

attaching a functional molecular group to selective por 
tions of a metallic plate to form patterned areas of 
self-assembled monolayers on a conductive bottom 

contact; 

placing patterned surfaces of said self-assembled mono 
layers into an electroless plating bath for selective 
metal deposition onto said surfaces; and 

attaching metal contacts to said patterned portions of said 
self-assembled monolayers to form top contacts by 
depositing a metallic layer on said patterned surfaces of 
said self-assembled monolayers With said electroless 
plating bath. 

17. A method of claim 16 Wherein said attachment of a 
functional molecular group to selective portions of a metal 
lic plate to form patterned areas of self-assembled mono 
layers on a conductive bottom contact further comprises: 

controlling the chemical state of said functional molecular 
group by preferentially inducing said electroless metal 
deposition at a functional molecular group site. 

18. A method of claim 16 Wherein said attachment of a 
functional molecular group to selective portions of a metal 
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lic plate to form patterned areas of self-assembled mono 
layers on a conductive bottom contact further comprises: 

patterning the functionaliZed molecules on a surface to 
give spatial control over the location of the metal 
contacts. 

19. A method of attaching metal contacts to functional 
groups on individual molecules in a molecular ?lm to 
produce solid-state devices comprising: 

attaching a functional molecular group to selective por 
tions of a metallic plate to form patterned areas of 
self-assembled monolayers on a conductive bottom 

contact; 

patterning the functionaliZed molecules on a surface to 
give spatial control over the location of the metal 
contacts; 

placing patterned surfaces of said self-assembled mono 
layers into an electroless plating bath for selective 
metal deposition onto said surfaces; 
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controlling the chemical state of said functional molecular 
group by preferentially inducing said electroless metal 
deposition at a functional molecular group site; 

attaching metal contacts to said patterned portions of said 
self-assembled monolayers to form top contacts by 
depositing a metallic layer on said patterned surfaces of 
said self-assembled monolayers With said electroless 
plating bath comprising Water, formaldehyde, copper 
sulfate, sodium hydrogen tartrate; 

adjusting the pH of said electroless plating bath to 
approximately 12.8; 

removing said self-assembled monolayers from said elec 
troless plating bath after a prescribed length of time; 
and 

rinsing said self-assembled monolayers With Water. 


