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Abstract. Traditional thermal nanoimprint lithography (TNIL) needs high temperature. This limits 
its application in the biological and medical area where substrate cannot sustain high temperature. 
Low temperature nanoimprint lithography (LTNIL) allows imprint conducted under temperature a 
little higher than transition temperature of the resist. However, in order to replicate with high fidelity, 
the process parameters should be optimized. This contribution employed finite element analysis to 
research the stress of nanoimprint resist under low temperature from three angles: imprint 
temperature, pressure on stamp and imprint time. The contact part between the stamp and resist has 
bigger stress than other areas. The bottom of the resist has minimum stress. With proper imprint 
temperature and time, the resist can fully fill the cavity of the stamp and the stress of the resist does 
not change anymore. The stress of the resist increases with the pressure on the stamp. 

Introduction 

Nanoimprint lithography (NIL), as an important nanofabrication technique, has the benefits of high 
resolution, high uniformity and low cost [1]. It can fabricate nano features as small as 5nm. Therefore, 
it has been as a possible candidate of next generation lithography (NGL) in the report of ITRS (The 
International Technology Roadmap for Semiconductors). Except microelectronics, NIL can also be 
widely used in the areas of optics, biological and medical [2]. However, traditional thermal 
nanoimprint lithography (TNIL) needs high temperature, which needs long process time and increase 
thermal stress [3]. Therefore, it is necessary to conduct research on low temperature nanoimprint 
lithography (LTNIL) [4,5]. In LTNIL process, the resist is heated to a temperature just beyond the 
polymer's glass transition temperature (Tg). LTNIL can provide samples which cannot sustain high 
temperature.  

Scheer et al. examined the polymer time constants for low temperature NIL [6]. Chen et al. 
imprinted SU-8 and NEB-22 at low temperature [7]. Lu et al. used room temperature imprint to 
pattern multilayer films poly(acrylic acid)/poly(allylamine hydrochloride) [8]. Employing Finite 
Element Method (FEM) to analyze the LTNIL process is a good approach to save time and cost. This 
method can help to understand the relationship between the process parameters and the inner 
properties. This contribution employed finite element analysis (FEA) to research the stress of 
nanoimprint resist in the condition of low temperature NIL. 

Modeling 

To save time, a simplified model was set up, in which the stamp had one cavity. The typical model is 
shown in Figure 1. The width of the stamp cavity L3 is 200nm and the depth of the cavity is 100nm. 
The width of the elevated part of the stamp L6 is 40nm The initial thickness of the resist L11 is 150nm. 
The length of the resist and stamp L10 is 280nm. The element type of the stamp is Plane42 and 
element type Hyper56 for the resist. The reference temperature of NIL is 300K. 
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Fig. 1 Typical model having one cavity (Blue part stands for stamp and Purple stands for resist) 

 
The stamp material employed was Silicon (Si). The traditional imprint polymer poly(methyl 

methacrylate) (PMMA) was taken as the resist. The material parameters of them are given in Table 1. 
 

Table 1 Material parameters of Si and PMMA 

material 
elastic 

modulus [GPa] 
poisson's 

ratio 
density 
[kg/m3] 

thermal conductivity  
[W/m·K] 

specific heat 
capacity [J/kg·K]

Si 190 0.300 2330 149 700 
PMMA 2.35 0.499 1200 0.21 1464 

Results and Discussion 

Temperature’s impact on resist stress  
The pressure applied on the stamp is 1×1010 Pa. In this section, four situation with temperature 

420K, 400K, 380K and 370K was simulated while other parameters kept the same. Figure 2 shows 
the displacement contour of the resist at 420K. From this figure, it can be noticed that the resist fully 
fill the cavity. The resist used to fill the cavity is mainly from the parts under the elevated part of the 
stamp. 

From our simulation, we found that the stress increases sharply with the imprint time at the initial 
period of imprint. After the resist fully fills the cavity, the resist’s stress does not change greatly and 
become stable. Figure 3 gives the final Von Mises stress contour of the resist at 420K with pressure 
1×1010 Pa. The stress in most parts of the resist is almost the same, except the contact part with the 
stamp. The contact part shows bigger stress. At other temperatures, the resist stress distribution shows 
the same regular. The maximum stress and minimum stress is nearly the same for 380K, 400K and 
420K. However at 370K, both maximum and minimum stress reduced. It demonstrates that at 
temperature higher than Tg of the resist, the final stress has little relationship with the imprint 
temperature. 

Pressure’s impact on resist stress 
At this section, the imprint temperature was set up at a low temperature 380K. Different imprint 

pressure situation was simulated. At 1×105 Pa, the resist does not fill the cavity of the stamp. At 1×108 
Pa, the resist only partly fill the cavity. We increased the pressure to 1×1010 Pa, and found the resist 
can fully fill the cavity. The stress changes greatly in the contact area between the stamp and the resist. 
The contact part also has the maximum stress, while the bottom area of the resist has the minimum 
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stress. The maximum and minimum Von Mises stress is shown in Table 2. With applied pressure on 
the stamp increases, the stress of the resist increases accordingly. 

 
Fig. 2 Displacement contour of the resist at 420K with pressure 1×1010 Pa 

 
Fig. 3 Von Mises stress contour of the resist at 420K with pressure 1×1010 Pa 

 
Table 2 Maximum and minimum Von Mises stress at 380K with different pressure 

Pressure Maximum stress Minimum stress 
1×105 Pa 8.89×105 Pa 5454 Pa 
1×108 Pa 1.19×109 Pa 1.79×106 Pa 
1×1010 Pa 2.56×1010  Pa 4.71×109 Pa 

 
Time’s impact on resist stress 
In this section, the resist temperature is 380K and applied pressure on the stamp is 1×1010 Pa. 

Through simulation by changing imprint time, it was found that the resist stress increase with time 
increase at first. Table 3 gives the maximum and minimum Von Mises stress at different time. It 
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appears linear relationship between stress and time for both maximum stress and minimum stress. 
After 1s, the resist stress does not change with time. 

 
Table 3 Maximum and minimum Von Mises stress at 380K and 1×1010 Pa at different imprint time 

Time Maximum stress Minimum stress 
0.1 s 3.49×1011 Pa 5.06×108 Pa 
1.0 s 3.49×1012 Pa 5.06×109 Pa 

Conclusion 

Low temperature nanoimprint lithography has the advantage of low stress, short thermal cycle, and 
bio compatible. Employing finite element analysis to investigate the inner property like stress can 
save researcher's time and reduce the use of expensive stamp and resist. Nanoimprint resist's stress 
was studied by FEA in this contribution from three angles, which are imprint temperature, pressure 
on stamp and imprint time. It was found that the stress in most parts of the resist is almost the same, 
except the contact part with the stamp, which has bigger stress. At temperature higher than Tg of the 
resist, the final stress has little relationship with the imprint temperature. With applied pressure on the 
stamp increases, the stress of the resist increases. The resist stress increase with time at first. After 
imprint finishes, the resist stress does not change with time. 
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