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Abstract: Nanoimprint lithography (NIL) has revolutionized the fabrications of electronics, photonics, optical and bio-

logical devices. Among all the NIL processes, roll-to-roll nanoimprinting is regarded best for having the attributes of low

cost, continuous, simple, and energy-efficient process for nanoscale device fabrication. However, large-area printing is

limited by the master mold deformation. In this study, a finite element model (FEM) has been constructed to assess the

deformation of the roll mold adhesively wrapped on the carbon fiber reinforced material (CFRP) base roll. This study

also optimizes the deformations in the metallic roll mold with respect to nip-forces applied in the printing process of

nano-fabrication on large scale. The numerical simulations were also conducted to evaluate the deflection in roll mold

assembly due to gravity. The results have shown decreasing trend of the deformation with decreasing nip-force. Also,

pressure uniformity of about 40% has been optimized by using the current numerical model along with an acceptable

deflection value in the vertical axis due to gravity.
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1. Introduction

Professor S.Y. Chou and his team illustrated the tech-

nique of nanoimprinting lithography (NIL) for the first

time in the year of 19951). The invented NIL process

showed the desirable attributes of the manageable, eco-

nomical and high production rates in the fabrication and

transferring of the nano-patterns to the flexible substrates.

In Nanoimprinting technology, a metallic mold contains

the nano-imprints in the inverse form which are then trans-

ferred to the flexible substrate coated with the resist via the

application of the mechanical deformation on to the flexi-

ble substrates which are made up of PET (Polyethylene

Terephthalate) or PDMS (polydimethylsiloxane) etc. As

this technology has revolutionized the semi-conductor

devices and is very useful in many of the other sectors and

applications such as in making hydrophobic, Oleophobic

surfaces, nano scale drug delivery system designing, artifi-

cial skin, wearable sensors, etc. however, there are some

major downsides to it such as low throughput and high

expense2-6).

There are different techniques in use which are being uti-

lized as tool to imprint nano-patterns onto the flexible sub-

strates such as plate to plate, roll-to -plate and roll to roll

nanoimprinting method. Roll-to-roll nanoimprint lithogra-

phy has been regarded as the most throughput and econom-

ical method as compared to other existing methods of

fabricating nano-devices7). It is further divided into two

types R2R thermal NIL and R2R UV NIL, in R2R thermal

NIL which is also termed as hot embossing includes

imprinting on the thermoplastic resist which is softened via

thermal energy, metallic mold is preheated above the glass

transition temperature of the resist when put into operation

along with ample pressure and time in order to transfer the

patterns to the resist. However, in case R2R UV NIL, a liq-

uid photo-polymer resist is being used for imprinting pur-

pose which is then cured via the application of UV-light

while rest of the process is same as thermal NIL. Imprint-

ing is done on the liquid photo-polymer resist which is

cured due to cross-linking process which is caused because

of exposure to the UV-light. There are several plus points

of UV nanoimprint lithography over thermal-NIL namely

the ability of the UV-nanoimprint lithography to be per-

formed at the room temperature, this also keeps the UV

assisted nanoimprinting free of faults such as thermal

expansion variations among the mold, resist and substrate.

Furthermore, the resist that is usually used in the UV-NIL

is also less viscous which does not need high pressures for
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the imprinting process to be done, not only this but lower

viscosity of the resist also helps in filling the cavities of the

metallic mold efficiently which reduces the chances of get-

ting an error such as short run of the resist. R2R-NIL is

auspicious technique which is also utilized in the develop-

ment of Fresnel lens.

Roll to roll Nanoimprint lithography apparatus usually

consist of steel master roller upon which the roll mold is

set which makes the system heavy and difficult to handle

along with the high energy consumption. This weight also

causes deflection in the vertical axis along with the deflec-

tions produced due to the imprinting process. This study

suggests a CFRP based master roller to address the prob-

lem mitigate the associated limitations and issues. For this

purpose, multiple simulations have been performed in

order to assess the deformation of the metallic mold fixed

adhesively on CFRP base roller (a material compare met-

als) in roll-to-roll nanoimprinting process and deflection of

this assembly under the application of gravity is also eval-

uated. Fig. 1 presents the flow chart of the whole process.

2. Material and Methods

2.1. System Description

In this study deflection of the master roller made up

CFRP composite material in the application is performed

in the Ansys software under explicit non-linear mode in

dynamic conditions.

This system consists of two rollers, one is master roller

made-up of Carbon fiber reinforced material while the

imprinting roller is based of vulcanized silicon rubber.

Master roller contains the metallic mold upon which the

nano-patterns are etched. Force is applied at the both ends

of the imprinting roller upon the steel supports which as

result creates the nip pressure necessary for the execution

of the NIL process. Total length of the master roller is 1900

mm including the steel supports with the effective length of

CFRP structure to be 1400 mm and diameter ranging up to

300 mm whereas the effective length of vulcanized silicon

roller which is in the process of nip application with master

roller is 1400 mm along with the diameter of 100 mm. 

In this system, different magnitudes of forces are applied

at the end imprinting roller in the direction of master roller

in order to assess the deflection of the master roller in the

nipping process. For this purpose, frictional contact was

established between the two bodies along with angular

velocity of 1.5 RPM. Moreover, deflection of master roller

due to gravity in the vertical axis was also analyzed.

Fig. 2. Configuration of the system.

Fig. 1. Flowchart of the simulation process.
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2.2. Modelling and Simulation

All the 3D modelling of the individual parts and collec-

tive assembly of the was done on the SOLIDWORKS soft-

ware. Assembly was also evaluated in the SOLIDWORKS

software in order to successfully perform analysis. How-

ever, non-linear analysis was performed in the Ansys

(Workbench) in the explicit mode in order to evaluate the

deflection of the CFRP roller under the given scenario.

Furthermore, a static analysis of deflection under gravity

was also performed.

Behavior of the simulation solver was set to be non-lin-

ear as this system includes material whose stiffness

changes as deformation occurs. Material such as vulca-

nized silicon does not show linear behavior in response to

stress and also, contact non linearities are taken into

account too. An iterative method namely Newton-Raph-

son’s method was used as it is better for the finding the

solution to non-linear problems. Moreover, a tradeoff

between mesh refinement and the computational power of

the system on which the simulation is being performed

needed to perform the given simulation was also taken into

consideration (8). Major parameters regarding the simula-

tion have been stated in Table 1 below.

3. Results and Discussions

A minor simulation in the SOLIDWORKS software was

also performed in order to assess the deflection of the

CFRP master roller under its own weight. The supports of

the CFRP roller have been fixed at both ends in order to

experience the deflection due to gravity as shown in Fig. 3.

Results of the simulation gave an acceptable value of the

0.57 micrometer with the maximum deflection in the roller

was found to be in the center as shown below in Fig. 4.

Moreover, results of the deflection in the master roller

due to nipping have been evaluated which showed the

same trend for maximum stress and deflection. Peak values

for the von-mises stresses were found near the edges of

master roller away from the center whereas extreme values

of the deflection were found at the center of the roller as

shown in Fig. 5.

Data of extreme deflection values in different cases of

simulation for various magnitudes of forces has been repre-

sented in the Table 2.

As can be seen with the Table 2 data decreasing force

magnitude also decreases the deflection values drastically.

Maximum value of the contact pressure has found to be

at the edges of metallic mold with value of 0.07 MPa

whereas, towards the center of the CFRP roller these val-

ues were approximately 0.05 MPa.

In this study, CFRP material-based master roller is used

with wrapped roll mold in order to have more weight effi-

cient system. As shown in simulation conducted in

SOLIDWORKS, a mere of 0.57 µm deformation has been

experienced in the vertical axis due to gravity. Moreover,

simulations were conducted in order to assess the possibil-

ity of using larger roller for the process with results data

presented. The lowest deformation in the roller master

mold has been recorded to be the 97.6 nm along with the

imprinting pressure uniformity in simulation was found to

be an average of 40 percent. Apparently, very minute

deformations even on the scale if nanometers affect the

Table 1. Parameters of simulation

Parameter Specification

Simulation Type Structural

Physics Type Explicit

Solver Type Iterative

Mesh Quality Fine

Mesh Method Tetra/pyramid

Number of elements 204757

Number of nodes 206341

Fig. 3. Constraints for deflection under gravity simulation.

Fig. 4. Resulting Plot of deflection of CFRP Roller under gravity.
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quality adversely and the standard of the nano-patterns

being printed. So, innovative approaches can be adopted in

order to reduce the deflections along with inducing more

uniformity in nip pressure. Number of improvements can

be done in order to reduce deflection for even higher mag-

nitudes of forces such as increasing the stiffness of the

material or giving little room to one side (≈ 1/100th) of the

support by keeping the other support fixed or introducing

new supporting roller for master roller. Such a system can

greatly increase the throughput and dimensions of the

printed patterns such as required for the large displays and

superhydrophobic surfaces etc. 

4. Conclusion

Deformations of the metallic mold are very detrimental

for the roll-to-roll nanoimprint process which directly com-

promises the quality of the fabricated products. The defor-

mations produced in mold due to the assembly’s own

weight has been reduced to even less than half of the defor-

mation values found in the metallic assembly. Moreover,

pressure uniformity of the process can be increased above

40% with decent pressure value range however, decreasing

the deflections in metallic mold at the same time can

improve the standard of the nano-fabrications. Potential

approaches for lowering the deflection in metallic roll

mold have also been proposed.
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Table 2. Deflections results due to nipping

Force Deflection

25 N 488 nm

15 N 293 nm

05 N 97.6 nm

Fig. 5. Deflection of CFRP master roller under nipping force by imprinting roller.


