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Flow Behaviors of Polymers in Micro Hot Embossing Process

Jun Ho Ban*, Jai Ku Shin*, Byeong Hee Kim* and Heon Young Kim**

ABSTRACT

The Hot Embossing Lithography(HEL) as a method for the fabrication of the nanostructure with polymer is

becoming increasingly important because of its simple process, low cost, high replication fidelity and relatively high

throughput. In this paper, we carried out experimental studies and numerical simulations in order to understand the
viscous flow of the polymer (PMMA) film during the hot embossing process. To grasp the characteristics of the micro
patterning rheology by process parameters (embossing temperature, pressure and time), we have carried out various
experiments by using the nickel-coated master fabricated by the deep RIE process and the plasma sputtering. During the
hot embossing process, we have observed the characteristics of the viscoelastic behavior of polymer. Also, the viscous
flow during the hot embossing process has been simulated by the continuum based FDM(Finite Difference Method)

analysis considering the micro effect, such as a surface tension and a contact angle.
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Fig. 1 Diagram of viscosity vs shear rate relationship by
temperature (Mold-Flow)
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Fig. 2 Contact angle measuring system
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Fig. 3 PMMA’s contact angle at various temperatures
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Fig. 5 Temperature control during hot embossing
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(b) PMMA
Fig. 6 Structure of inner chamber of hot embossing
machine
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Fig. 7 Optical microscope images of microstructure
formed by 100 m trench stamp at low temperature
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(a) Single cavity model (100um distance from side wall)

(b) Dual cavity model (50pum gap and 50um distance
from side wall)

(c) Dual cavity model (100pm gap and 25um distance
from side wall)

Fig. 8 Simulation result by changing the number of cavity
and gap distance
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(2) 190~200C (contact angle=45°)

(b) 175~180C (contact angle=90°)
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Fig. 9 Micro cavity filling at different temperatures
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(a) No surface tension & contact angle

(b) Surface tension & contact angle

Fig. 10 Comparison of flow patterns by applying surface
tension (73 dyne/cm) and contact angle (45 deg.).
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pressure contours

(a) Without A.S.S.

(b) With A.S.S. , w=12.5 im

(c) With A.S.S. , w=22.5 /m

Fig. 11 Influence of A.S.S. (auxiliary sinking structure)
in micro cavity filling
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