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We investigate various alkanethiol self-assembled monolayer inks for microcontact printing 

patterns on gold substrates.  Our research compares hexadecanethiol with an alkanethiol of higher 

molecular weight, octadecanethiol.  Transport mechanisms of alkanethiols along the gold surface and 

through the ambient are highly dependant upon the molecular weight of the thiols used, and thus are of 

particular importance when patterning submicron features.  Monolayers of octadecanethiol are well 

suited for patterning such features on gold.  The quality of transferred patterns printed with 

octadecanethiol and hexadecanethiol are examined.  The gold patterns fabricated in this work were 

analyzed via scanning electron microscopy.  
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Introduction

Microcontact printing (µCP) is a reliable process for directly defining features in thin films.1

Using µCP, patterns in thin films ranging in thickness from 20nm to 200nm can be realized.  

Microcontact printing research has been used to pattern many different metals including silver, 

palladium, and gold.  Numerous studies have been conducted on the use of gold in µCP2-4, which is the 

material we chose to use in this research.  
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Microcontact printing involves the transfer of alkanethiols (thiols) from an elastomeric stamp to 

a metallic thin film.  The thiols self-assemble onto the metal, leaving a pattern representative of the 

stamp.  In this paper, we analyze two kinds of self-assembling alkanethiol-based inking solutions for use 

on gold thin films.  There are only a few thiols suitable as etch masks against the cyanide-based gold 

etch solutions5.  One of the thiols examined in this work, hexadecanethiol (HDT), is a well-studied thiol 

that is quite reliable for printing micron-scale features.  A considerable amount of literature is dedicated 

to HDT and another thiol, eicosanethiol (ECT) as inking solutions for µCP.  When using thiols as inking 

solutions, there is a competing need to both limit the diffusion of the ink during printing and to provide 

good protection of the thin gold films during etching.  ECT has a higher molecular weight than HDT, 

which limits diffusion of the ink during printing.  However, ECT does not protect the gold film against 

cyanide-based etch solutions as well as the shorter polymeric chains of HDT. In contrast, HDT offers 

better protection against these etch solutions, but has a tendency to diffuse along the gold surface during 

stamping, thereby limiting resolution.  

The second thiol studied in this work is octadecanethiol (ODT), which we chose to investigate as 

a possible compromise between the properties of HDT and ECT.  ODT has a molecular weight of 

286g/mol, which is midway between the molecular weights of HDT (258g/mol) and ECT (314g/mol).  

By choosing such a thiol as an inking solution, one may benefit from some of the limited diffusivity 

noted for ECT while maintaining much of the wet-etch protection offered by HDT.  Undesired pathways 

for transport of thiols onto non-printed parts of the sample involve gas diffusion mechanisms along the 

wafer surface and through the ambient.  Transport of thiols through these two mechanisms is dependent 

upon the molecular weight of the thiol ink.  Transport through the ambient is proportional to the vapor 

pressure of the ink; vapor pressure decreases with increasing molecular weight.  Using ODT as the 

monolayer ink therefore limits the diffusion of ink during printing, resulting in monolayer patterns that 

are more representative of the patterns on the stamp.  

In this work, we have found that, indeed, ODT does offer a suitable compromise between 

diffusivity and wet etch protection when printing patterns on gold.  ODT allows for better linewidth 
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control compared to HDT while at the same time offering the long-lasting monolayer protection required 

during wet-etching to ensure thorough removal of gold micromasking structures in unpatterned regions 

of the sample.

Experimental 

Master Mold Fabrication.  Master molds are fabricated on two-inch silicon wafers.  Two thin 

film layers, chrome followed by silicon dioxide, are first RF diode sputtered onto the silicon.  A second 

chrome layer is then defined atop the silicon dioxide using conventional photolithography in a lift-off 

process.  The combined thickness of the silicon dioxide and top chrome layer is designed to equal the 

desired stamp feature step height.  The patterned chrome layer subsequently serves as an etch mask for a 

highly anisotropic CHF3-based reactive ion etch (RIE) of the underlying silicon dioxide.  The bottom 

chrome layer acts as an etch stop barrier to the RIE process, allowing the mold step height to be 

accurately controlled.  The sputtered chrome is unaffected by the CHF3-based RIE process.  Hence, a 

significant over-etch period may be used, permitting accurate definition of the sidewalls and feature 

thickness without etching the mask and etch-stop chrome layers.  Typically, the chrome films are 40nm 

thick, while the silicon dioxide film is varied from 160 to 360nm, depending on the desired stamp 

feature thickness.  Finally, a thin (20nm) layer of niobium is sputtered over the wafer.  This niobium 

layer prevents the chrome layers from chemically reacting with silanization vapor, which is a chemical 

used during the stamp formation process.

Following master mold feature processing, a thin silicon ring is mounted atop the wafer.  The 

ring has an outer diameter of two inches, an inner diameter of approximately 1.75 inches and a thickness 

of 250µm.  During the stamp molding process, separation between the mold and a glass mounting slide 

is maintained by the ring.  Having such a ring atop the master mold results in a stamp with a thin, 

uniform thickness.  

The ring is fabricated from a two-inch silicon wafer covered on both sides with 1.2:m of 

(LPCVD) silicon nitride.  A ring-shaped pattern is etched through one of the silicon nitride layers using 
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standard photolithography and a CHF3-based RIE process.7  With the silicon nitride serving as an etch 

mask, a bulk silicon wet etchant (tetramethyl ammonium hydroxide, isopropanol and de-ionized water) 

is used to etch completely through the exposed silicon, leaving the desired ring of silicon.8  This pattern 

is then mounted atop the master mold using liquid Apiezon-W black wax.9

 Stamp Formation.  Often when printing micron-scale features, a commercially available 

polydimethyl siloxane (PDMS) is used.  However, PDMS stamps are too soft to support submicron-

scale patterns in the print head.  Such patterns tend to collapse rather than conformally contact the wafer 

surface during printing.  For our work, a more rigid siloxane polymer is used to caste the stamp from the 

master mold.10  Rigid polymers are preferred over the softer PDMS for printing high-resolution features.  

Prior to casting the elastomer in the master mold, the mold is treated with a silanization vapor, 

(tridecaflouro-1,1,2,2-tetrahydro-octyl)-1-trichlorosilane, in a closed belljar for over twelve hours. The 

silanization layer that forms atop the mold prevents the cured elastomer from sticking to the mold.  

The elastomer is prepared as discussed by Delamarche, et. al., following their recipe for the  

“APS-B” material.  For these experiments, a 5% (weight) silica powder is used to increase stamp 

rigidity.   After thorough mixing and degassing, the liquid elastomer is poured over the silanized master 

mold.  An unsilanized glass plate is then placed atop the master mold.  Since this plate has not been 

silanized, the elastomer sticks to the plate after curing.  The curing process takes place in an N2-filled 

oven set at 65°C.  Once fully cured, the stamp is removed from the oven and allowed to cool to room 

temperature.  The stamp is then manually prided away from the mold.

Sample Processing. Samples are prepared on ~1cm x ~1cm silicon pieces scribed from a larger 

wafer.  Following a cleaning process, niobium (30nm) and then gold (20nm) are sputtered atop the Si 

wafers.  These metal layers are deposited via DC magnetron sputtering in a multitarget sputtering system 

with a base pressure of ~10-8 Torr.  After the metal layers are deposited, the samples are stored in a 

vacuum desiccator until needed.  Samples are used within three days of deposition in order to maintain 

clean gold surfaces.  
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Prior to printing, the samples are spin-cleaned with solvents, and then baked at 120C for 5 

minutes.  To minimize ink spreading during printing, a method called ‘contact inking’ is used to transfer 

ink to the elastomeric stamp.5  This method consists of contacting the stamp to a flat elastomeric block, 

impregnated with a thiol, for a set amount of time just prior to printing.  Upon contacting the stamp to 

the block, the thiol ink is transferred only to the raised surfaces of the stamp. By avoiding impregnation 

of recessed parts of the stamp, transmission of thiols from the stamp to the gold through the ambient is 

minimized. 

Inking solutions are prepared by diluting thiols, either HDT or ODT, in ethanol (MOS grade, Aldrich).  

HDT was obtained from Aldrich Chemical, with a purity of 97.8%.  ODT was obtained from TCI 

America, with a purity of 98.0%.  Both thiols were purified by the suppliers using titration.  The 

elastomeric blocks are impregnated with the thiols by soaking the blocks in the inking solutions for 

more than twelve hours.  Inking solutions are discarded after seven days.  Just prior to printing, the 

stamp is brought into contact with the impregnated inker block for 30 or 40 seconds.  Immediately 

following inking, the stamp is transferred to the surface of a gold sample where it is held in contact with 

the gold surface for between 10 and 30 seconds.  Impregnation and stamping are controlled to within 

one second.  After printing, the stamps are thoroughly rinsed in ethanol to purge them of any remaining 

thiols.  Finally, the stamps are dried using a steady stream of nitrogen.

After printing, the samples are transferred to the gold etchant.  The etchant is a solution of 

K4Fe(CN)6, K3Fe(CN)6, Na2S2O3 and KOH in de-ionized water.11  An additive, 1-octanol, is included in 

the etchant.  Octanol has an affinity for, and will tend to occupy, defects in thiol monolayers.  Defect 

areas in the monolayers are therefore protected from attack from the gold etchant by the presence of the 

octanol within the defect sites.12,13  The etchant, maintained at 21°C, plus or minus 1°C. is gently stirred 

using a magnetic stir bar.  Samples are exposed to the etchant with the gold side of the wafer facing the 

oncoming flow of etchant.  After etching, samples are removed from the etchant, sprayed with ethanol 

and rinsed thoroughly with de-ionized water.  Finally, the samples are dried with nitrogen.
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Results

For these experiments, the same stamps were used to print patterns using both ODT and HDT.  

This was done to ensure that the resulting gold patterns were produced with consistent stamp pattern 

sizes.  In order to eliminate the possibility of cross-contamination of thiol inks, the stamps were 

thoroughly cleaned and soaked in ethanol after printing the first set of samples with ODT.  All of the 

ODT samples were printed prior to any of the HDT samples in order to ensure that there would be no 

chance of low molecular weight residual thiols remaining on the stamp.  Prior to stamping the next set 

of samples with HDT, the stamp was allowed to sit undisturbed for one week.  In addition, the stamps 

were contacted to a number of dummy samples without inking to ensure pattern transfer due to residual 

ink did not occur prior to inking with HDT.  

In order to determine the optimal etch time of the gold patterns in the wet etchant, an initial set 

of samples were exposed to the etchant for various lengths of time, between six and nine minutes.  Top-

down Scanning Electron Microscope (SEM) images of the etched patterns were used to determine if the 

etch process was complete.  Measurements were made using a using a Zeiss DSM 982 Gemini SEM.  

For 20nm thick gold films, the optimal etch time for both the HDT and ODT samples was found to be 

around eight minutes.  The six minute etch period was not long enough to remove all of the gold from 

the unprinted regions.  Samples exposed for seven minutes did etch through the gold, but a significant 

amount of micromasking still remained in the non-printed areas.  Micromasking was largely reduced by 

extending the etch for an additional minute.  In addition, we did notice far less micromasking on the 

ODT samples compared with the HDT samples (though micromask density was not quantified).  For 

etch times longer than nine minutes, the thiols layers begin to break down, resulting in gold etching in 

printed areas.  

During the etch process, lateral etching of the gold along the pattern edges does occur.  This is 

attributed to either under-etching of the thiol monolayers by the wet etchant, or removal of the thiol 

monolayer along the pattern edge where the monolayer is less resilient.  Figure 1 shows linewidth spread 

plotted for various etch times.  The spread is measured as the single-side widening of the pattern with 

6 of 12

Tuesday , June  03, 2003

Elsevier



Rev
ie

w
 C

op
y

7

respect to the original stamp pattern dimension.  As can be seen, the printed pattern is inherently larger 

than the stamp pattern such that the linewidth spread decreases with increased etch time in both the 

ODT and HDT cases.  Figure 1 also shows greater over-all pattern widening for HDT samples compared 

to ODT samples, which is attributed to the influence of molecular weight on thiol diffusion.  However, 

the number of samples measured for this initial experiment is too small to draw significant conclusions 

regarding linewidth spreading.

After determining the optimal etch time, a more thorough analysis of pattern spreading was 

conducted.  Printing was conducted as previously described, but with a few minor variations; stamps 

were placed in contact with the inker pad for only 30 seconds before being transferred to the gold 

samples.  In addition, the stamps were held in contact with the gold for only 10 seconds.  Inking the 

samples for 30 seconds rather than 40 seconds reduces the amount of thiol absorbed into the stamp.  

Limiting absorption reduces the amount of pattern spreading during contact since less thiol ink is 

available to contribute to diffusion.   Reducing the contact time to 10 seconds also limits pattern spread 

by limiting the amount of time the thiol ink reservoir is in contact with the gold surface.  However, 

reduction of the contact time must be balanced with the need to thoroughly cover the contacted regions 

of the gold surface.  We found a 10 second contact time was sufficient for creating a durable thiol 

masking layer.  

Immediately after printing, the samples were transferred to the wet etchant.  All of the samples 

were etched for eight minutes.  Etch time was controlled to within five seconds.  After etching, 

measurements of the printed patterns were made using the Zeiss SEM.  For this experiment, spacing 

between two adjacent patterns was measured.  Pattern spacing on the stamp ranged between two and 

eight microns.  The quality of pattern reproduction was then quantified by comparing the printed pattern 

spacing to the measured stamp pattern.  SEM imaging was enhanced by depositing 10nm of gold atop 

the stamp surface via DC magnetron sputtering.  A total of eighty-five measurements were made of both 

the HDT and ODT cases.  
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Figures 2 and 3 show the deviation between the printed pattern spacing and the stamp pattern 

spacing.  A solid black line with a slope of one is included in both figures to show the ideal case of a 

printed pattern spacing exactly matching the pattern spacing on the stamp.  Deviation of measurements 

from this line demonstrates the error in pattern reproduction  The locus of points associated with the 

HDT measurements are shifted away from the ideal case, while the ODT measurements tend to cluster 

around the ideal case.  These results confirm our expectation that the diffusion of HDT is greater than 

that of ODT, resulting in greater deviations from the ideal case.

To analyze the date more thoroughly, the difference between stamp pattern spacing and printed 

pattern spacing was calculated for each of the sample measurements.  This difference gives the 

cumulative amount of pattern spread due to diffusion of thiols from the two adjacent patterns.  Dividing 

this difference by two gives the single-side spread for a given pattern. Calculated means and standard 

deviations are shown in Table 1.  The mean single-side pattern spread of ODT is significantly less than 

that of HDT, and is attributed to the  higher molecular weight of ODT.  Measurement error is calculated 

to be +/- 10nm.  Note that some of the measurements of pattern spacing shown in Figure 3 are greater 

than the pattern spacing measured on the stamp.  Such measurements suggest other factors contribute to 

pattern reproducibility other than thiol diffusion.  One such factor is the pressure applied to the stamp.  

If uneven pressure is applied across the stamp during printing or varies from sample to sample then 

pattern reproducibility will be limited since the stamp will not contact the gold surface consistently.  The 

influence of pressure on microcontact printing was demonstrated by Xia and Whitesides, and was 

actually shown to be a useful tool for fabricating nanometer-scale patterns.14

Conclusion

Octadecanethiol is shown to be a suitable inking material for microcontact printing on gold 

surfaces.  We have shown that ODT is robust and compatible with the wet etch process required to 

remove a 20nm thin film of gold.  An eight minute exposure to a cyanide-based etchant results in 

improved pattern transfer from the stamp to the gold thin film compared to patterns printed with HDT.  
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Importantly, the higher molecular weight of ODT limits diffusion of the ink along the gold surface and 

through the ambient during the printing process.  The mean single-side pattern diffusion of ODT was 

found to be considerable less than that of HDT.  For our printing process, we found the mean ODT 

single-side pattern spread is 30nm, while that of HDT is 160nm, when the stamp contact is limited to 10 

seconds.  Single-side pattern spread standard deviation was also improved, from 50nm for HDT to 40nm 

for ODT.   
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Figures and Captions

Figure 1  Initial tests to determine the optimal stamp etch time also showed that the pattern spread was 

reduced as etch time was extended due to under-etching of the gold by the wet etchant.  For these 

samples, the stamp contact time was 30 seconds, resulting in significant pattern spread.
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Figure 2  Spacing between two adjacent patterns was measured for gold lines patterned with HDT and 

then compared to the pattern spacing measure on the elastomeric stamp.  The solid black line represents 

the ideal case in which the spacing of the printed patterns exactly equals the pattern spacing measured 

on the stamp.  Note that the locus of data points is shifted away from the ideal case.  This is attributed to 

the diffusion of HDT during the printing process, which reduces the spacing between adjacent patterns.    

Figure 3  Spacing between adjacent gold patterns printed using ODT are plotted against pattern spacing 

as measured on the elastomeric stamp.  Note that the locus of data points is close to the ideal case, 

represented by the solid black line.  The diffusion of ODT during the printing process is significantly 

less than the diffusion of HDT under similar circumstances.
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Tables and Captions

mean standard deviation 

ODT 30nm 40nm

HDT 160nm 50nm

Table 1  Single-side pattern spread mean and standard deviation calculated for the ODT and HDT cases.  

The stamp was in contact with the gold surface for 10seconds.
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