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We report herein that a substrate can he patterned using a 
diacetylenic. self-assembled monolayer (SAM) resist and pho- 
tolithographic and electrochemical methods. Our proof-of- 
concept experiments result in micron-scale pattern transfer onto 
Au substrates. but extension to other materials, including Si,' 
AI.' and GaAs,' and nanometer-scale patterning will he 
straightforward, 

For a number of reasons there has been considerable recent 
interest in using ultrathin SAM resists for patterning surfaces. 
First. since such resists consist of single, small molecules, the 
theoretical resolution of lithographically defined features can 
he as small as a few nanometers if the resist is patterned with 
an appropriate tool. such as the tip of a scanning tunneling 
microscope (STM).I-" Second, SAMs are extremely dense and 
in some cases their structure approaches that of a two- 
dimensional crystal even when the SAM is formed by vapor- 
phase dosing.'-" This insures low defect density and simplified 
resist application and stripping (vide infro). Finally, the terminal 
proups of the SAMs can he vxied to enhance selective chemical 
or physical vapor deposition of materials?."' 

Prior to the work discu .ed here, several reports had appeared 
that illustrate the viab ity of SAMs as resist materials. 
Examples of patterning based on the removal or the application 
of SAMs by photo-oxidation."~'Z stamping.l4-lx STM,I-" 
electron beam.l'.''' and physical abrasion'"-'' have been il- 
lustrated. 
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In this report, we use a diacetylenic SAM as a negative 
photoresist and transfer the image of a transmission electron 
microscope (TEM) minigrid into a Au substrate using the three 
steps illustrated in Scheme I .  We begin by placing the minigrid 
in contact with a SAM composed of close-packed HS- 
(CH2) IIIC-CC=C(CHZ)II,COOH. 1. molecules'Z-?' confined to 
a AdCdSi  surface (Scheme I, Frame A).'" The entire assembly 
is then exposed to UV light, which induces polymerization in 
the unmasked regions of the SAM (Scheme I. frame B).2'-'i-'7-2n 
Next the unpolymerized portion of the resist is selectively 
desorbed using an electrochemical reductive stripping method 
(Scheme 1, frame C).2')."' Selective stripping is possible because 
the polymeric SAM is sufficiently insoluble and strongly bound 
to the surface through multiple AulS and van der Waals 
interactions that it survives potential excursions that remove 
monomeric organomercaptan R esist removal 
results in a negative image of the mask, which can he elaborated 
by etching the grid image into the Au surface with an 
02-saturated 1 M KOH plus 10 mM KCN aqueous solution 
(Scheme I ,  frame D).".'5.2"." 

Figure la is an optical micrograph of the 400-mesh (holes 
per linear inch) Cu TEM minigrid, which was used to pattern 
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Figure I. (a) O ~ ~ t i ~ . t I  ~ I I I C I , ~ . ~ ~ I  0 1  t l ic 4l!l!~mesh minigrid used to 
generate the pattcrm 4,m\c in  ~pmic l i  h ;md u. Note that the right and 
left sides of this micrograph arc slightly out of focus. (b. c) Scanning 
electron microgrdphs of a Au surface patterned using the 400-mesh 
TEM minigrid shown in panel a. 

the Au surface. Panels b and c of Figure I are scanning electron 
micrographs (SEMs) of a patterned Au surface, such as that 
illustrated in Scheme I ,  frame D, obtained at two different 
magnifications. At this level of resolution, we observe excellent 
reproduction of the mask features. However, close inspection 
reveals that the lateral dimensions of the hexagonal raised 
regions are somewhat less than those of the original mask. This 
may arise from diffraction off the mask edges, that is, from the 
modulation transfer function, which will tend to reduce the 
photon flux in areas near the vicinity of the mask edges. We  
are uncertain of the origin of the dark spots that are especially 
apparent in Figure I C ;  however, they appear in both regions of 
the pattern, they are not apparent on the naked Au substrates or 
on substrates modified with the polymerized or unpolymerized 
SAMs, and they are not visible in STM images (vide infra). 

Figure 2a is a three-dimensional STM image (90 p m  x 90 
um) of the pattern shown in Figure Ib,c. The grooves in this 
image are regions of the Au surface that have been etched by 
the KCN/KOH solution, while the hexagonal regions are those 
parts of the Au surface that etch at a reduced rate as a result of 
the presence of the polymeric SAM resist. That the organo- 
mercaptan sunives CN- etching is consistent with our previous 
findings"." and those from other groups.t?-".2n.'i.ir The critical 
issue in this regard is that dissolution requires that CN- make 
intimate contact with the Au surface, and the strongly complexed 
mercaptan retards this process. STM depth profiles (Figure 2b) 
indicate that the grooves are about 7-8 nm deep. Note that 
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Figure 2. ( ~ 1 )  \ i l i r c ~  
patterned uiinp thc 1 O l ) ~ n ~ ~ +  T E \ I  ~ ~ I I I I ~ I I ~  \ I~OWI 111 I . I~L I IL  I., Sole 
that the image has hem liltcrcd to rmphaswe the lithi,praphic;illy- 
defined pattem. (h)  A depth profile centered on the line rhown in panel 
a. The profile is an average of several line scan*. 

we did not determine the extent to which the raised regions 
etched, hut we believe that defects within the polymeric resist 
do  result in at least some loss of Au from the SAM-coated, 
hexagonal regions. For example, the top of the hexagon in 
Figure 2 is not flat, which could result from the etchant 
undercutting the resist (the depth of this feature might be 
enhanced somewhat by the flattening software, since we used 
the maximum travel of the tube scanner to obtain this image). 
Optimization of the etching conditions, which is an issue we 
have not addressed, should reduce this effect. 

In summary, we have demonstrated that a SAM composed 
of diacetylenic organomercaptans can he used as a negative 
photolithographic resist. The importance of this method results 
from the fact that the resist is highly organized, thin. and largely 
defect free. These factors ensure high-resolution patterning and 
control over the surface energy and reactivity of the resist itself. 
which permits an added dimension of control over surface 
processing. In addition, resist stripping involves only gentle 
and easily controlled electrochemical methods. Moreover, we 
have previously shown that organized multilayers of polydi- 
acetylenic SAMs can be easily formed, so resist thickness can 
be controlled over a broad range." Finally, unique electronic 
and photonic properties of the polymeric SAMs might them- 
selves be integrated into Si-based devices using this lithographic 
approach in the future. 
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