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Abstract
Lithography is an important process that has many applications 

but is also very expensive. The high cost associated with the 
process makes it difficult to teach with a limited budget. A 
method was established for teaching basic lithographic concepts 
using low-cost materials. Successful pattern transfers were 
completed using various adhesives and different master materials.
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Lithography was originally developed by Alois Senefelder 
in the 1790s as a method for transferring an image from a stone 
onto another medium. The process was developed as a method for 
increasing the speed and reducing the cost of printing processes. 
Charles Hullmandel used this research to increase effectiveness 
of pattern transfer, and in 1819, he created the printing press.1

Just as Hullmandel improved upon Senefelder’s pattern 
transfer methods, others have improved and advanced methods for 
transferring patterns as well. Today, lithography is used to create 
three-dimensional structures on the macro, micro, and nano scales. 
Along with uses for lithography, there have also been improvements 
in lithographic methods as well.2  Some types of lithography used 
today include, but are not limited to, nanoimprint lithography, electron 
beam lithography3 , and photolithography.4  Processes such as these 
are used in industry to create structures that would otherwise be 
incapable of being produced. The basic idea of pattern transfer, which 
is the foundation of lithography, is present in each of these processes. 

Nanoimprint lithography is a pattern transfer method in 
which a substrate is covered by a polymer and then stamped 
with a mold. After the mold is in place, the polymer is allowed 
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to harden, and then the mold is removed. This type of process 
can be used to make nanosized patterns that can be used in the 
electronics industry to make smaller, higher quality devices.5

Electron beam lithography (EBL) uses an electron 
beam to remove areas of a pattern that are either covered or 
uncovered by a resist. Creating nano-sized features with EBL 
is possible because the wavelength of the electrons is very 
short. One disadvantage to EBL is the high cost associated with 
both the materials and the equipment used for the process.6

One of the most common lithography methods used is 
photolithography. In photolithography, a resist is put onto a substrate 
and then covered by a mask. A light source is used to expose the 
areas that are not covered by the mask. The areas that are exposed 
may become more soluble or less soluble in the solvent used in the 
development process. The development process removes the areas 
of the resist that are most soluble.  The areas of the resist that are not 
removed protect the substrate during the etching process.  The areas 
that are not protected by the resist are etched away.  Once etching is 
complete, the resist is removed and a transfer of the substrate is formed.7

Many different industries turn towards lithography to 
solve problems. These industries include biotechnology, optics, 
and electronics. Electronic and optical devices can require 
microstructures for functionality. These structures can be complex 
and hard to produce, but lithography is one method used to 
create them.8 Lithography can also be used to pattern both cells 
and proteins in biotechnology. Patterning proteins and cells 
can be important in producing devices such as biosensors.9

Although there are great benefits to lithography, the materials 
and instruments that are used to perform the process can be quite 
expensive. Both equipment cost and chemical cost in lithography 
are dependent upon the type of process being done. Typical 
chemical cost can range anywhere from $100 to $2000 per liter, 
and equipment such as a wafer stepper can cost up to $20M.10

One alternative to teaching expensive processes, such 
as electron beam or photolithography, is to teach the basic 
concept of pattern transfer. Since transferring a pattern is the 
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primary goal in all forms of lithography, it is valuable to have an 
understanding of how this can be done. Pattern transfer can be 
taught using everyday materials that can be obtained at low cost.  

Experimental Method
This experiment was designed to determine whether or 

not the concept of pattern transfer could be demonstrated 
using low-cost materials. Two different masters were used to 
complete this experiment. One master that was used was a 
penny, and the other was a compact disc.  Various adhesives 
were used in order to transfer the image of the selected master.

Three glues were used for this experiment, all of which can be 
purchased from any hardware store for under $2.00. Three pennies 
were used, and each was covered with a different type of glue. 
The glue that was applied to each was allowed to cure overnight 
in a plastic container and was then removed carefully. Optical 
micrographs were taken of both the penny and the corresponding 
sample of glue. The micrographs were used to assess whether 
or not a transfer of the penny could be seen in the hardened glue.  

The pattern transfer that was done with the compact disc 
was a much lengthier process because the master had to be 
prepared before the glue could be applied. Three square sections 
of the disc were cut with scissors. The protective layer was then 
removed from each section using a piece of duct tape. Starting 
near the edge of the disc, the tape was pressed firmly onto the 
top surface until it was completely covered. The tape was then 
slowly removed, resulting in pieces of the protective layer 
being removed as well. This process was repeated until only 
the clear, polycarbonate layer of the compact disc was visible.  

The polycarbonate layer of the disc is where the data is 
stored in the form of small pits of varying size with the smallest 
size being 0.83 μm. The space between the rows of data on the 
disc is 1.6 μm.  Since the pits of the data layer are in the micron 
size range, electron microscopy was used to image the disc. 
The sample was prepared for microscopy by coating it with a 
thin layer of gold using a sputter coater. This layer of gold was 

Conceptual Lithography



Journal of Student Research110

applied to avoid electrostatic charging when using the scanning 
electron microscope (SEM) and is not required for lithography. 
Once the sample was coated, it was imaged using an SEM.  

After imaging was complete, a layer of glue was used to 
cover the top side of each section. A different type of glue 
was used for each section of disc. To ensure that the glue set 
properly and was strong enough to be removed, it was placed 
inside a plastic container and allowed to cure overnight. After 
24 hours the glue was removed and was prepared for imaging.  

The same process was used to sputter-coat the glue as was 
used for the disc. Micrographs were taken of all three types of 
glue using the SEM, and an assessment was made regarding 
whether or not a reverse image could be seen in the hardened glue.  

Results and Discussion
Each adhesive was examined using the following basic criteria: 

transferability, viscosity, and defects resulting from pattern transfer. 
All three glues were able to transfer the pattern of the penny. 
Figure 1 shows optical micrographs of the penny substrate and the 
corresponding transfer that was obtained from the glue. The larger 
features of the penny make it more suitable for higher viscosity glues.

The date was transferred from each penny and can be seen in 
all three of the glues that were used. The striations that were present 
in the metal of the penny were also transferred to Glue A and 
Glue B. Glue C formed a transferred surface that was more rigid, 
and the striations that were present in the metal cannot be seen.  

Glue A and Glue C both produced reverse images of the compact 
disc data layer. Glue B, however, did not produce a reverse image of 
the disc. Figure 2 represents electron micrographs of the compact 
disc data layer as well as the three different glues that were tested.  

Figure 2 shows ordered ridges in Glue A as well as Glue 
C. The presence of ridges shows that these glues did in fact 
produce reverse images of the disc. The defects that are present 
in Glue A show that, while it did transfer the image, it did 
not transfer it perfectly. The most likely cause for the small 
defective sections is removal of the glue from the master.
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Figure 1 

 

Figure 1. Optical micrographs of pennies (left) and corresponding pattern transfers in 
adhesives (right).  The adhesives are Glue A (B) Glue B (D) and Glue C (F). Scale Bars in the 
images correspond to 1mm. 

 

Figure 2
 
          
 

Figure 2. Scanning electron micrographs of a compact disc data layer (A) and pattern transfer in 
Glue A (B), Glue C (C), and Glue B (D). Scale bars in the images correspond to 10 μm. 

 

Figure 2 shows no presence of ordered ridges in the sample 
for Glue B. There are raised spots in the image, but they are not 
in an ordered structure and are therefore not a reverse image 
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of the disc. The most likely reason that the image was not 
transferred is because the viscosity of the glue was very high. The 
resistance to flow of the glue makes it less likely than the other 
glues to be able to transfer the pattern of very small masters.

From the results that were obtained, it is clear that patterns 
can be transferred using low-cost materials such as various 
adhesives and compact discs or pennies. In terms of cost, the 
penny and glue method was a less expensive way to teach these 
basic concepts because of the instrumental methods used for 
imaging them. Optical microscopes are more common and far less 
expensive than electron microscopes, so this method could be used 
by instructors within a smaller budget. Another distinct difference 
in instrumental methods is ease of use of the instruments. The 
electron microscope requires greater preparation of samples and 
is a more complex instrument to use than an optical microscope.

 

Table 1: Physical Properties of Adhesives 

Glue Type Viscosity Transferability Tackiness Defects 
Elmer’s School 

Glue Low Good Weak Few 

Elmer’s Wood 
Craft Glue High Good Strong Few 

Aleene’s 
Tacky Glue High Poor Strong Many 

In terms of their physical properties, the glues that were used 
had both advantages and disadvantages which can be seen in Table 
I. Glue A had the best overall results in terms of pattern transfer. 
As can be seen from Figure 1 and Figure 2, the glue transferred 
the features from both the compact disc substrate as well as the 
penny substrate very well. Glue C also transferred the features 
from both substrates, but as can be seen in Figure 2, the features 
transferred from the compact disc are not as pronounced as they 
were with Glue A. The most likely reason for this is that the 
viscosity of Glue C was higher than that of the Glue A. Glue C 
did transfer the pattern from the penny but did not from the 
compact disc which makes it less useful than the other glues when 
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1 The double asterisk (**) indicates students who assumed a team leadership role.
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transferring small patterns. Again the viscosity of the glue is the 
most likely cause for the inability to transfer the pattern effectively.

Glue A also had the best results in terms of ease of use. The 
application for all three glues was easily done, but the removal 
from the substrate was easiest with this glue. Glue B adhered 
strongly to the substrate which made it hard to remove without 
tearing. Glue C became brittle once it cured, so greater care had 
to be taken when removing it to avoid cracking the surface. The 
pliability of Glue A after it cured made it easy to remove from 
the substrate without cracking or adhering strongly to the surface. 

Conclusion
Although lithography is an expensive process which can limit 

where and when its concepts are taught, it is possible to teach 
the basic concepts using inexpensive materials. Adhesives are 
an excellent example of such a material because they are easily 
used and are inexpensive. The viscosity of glue makes it easily 
transferable. The pliability and the overall tackiness make glue 
easily removable, which results in few defects. Using adhesives 
and a simple master such as a penny, the principles of lithography 
and pattern transfer can be taught without great expense.
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