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Quantitative rheology of polymers in high resolution structuring

Byeong-hee Kim, Heon-young Kim, Ho Kim, Kwang-soon Kim and Shin-ill Kang
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Abstract

The hot embossing process has been mentioned as one of major nanoreplication techniques. This is due to

its simple process, low cost, high replication fidelity and relatively high throughput. As the initial step of

quantitating the embossing process ,

simple parametric study about embossing time have been carried out

using high-resolution masters which patterned by the DRIE process and laser machining. Under the various

embossing time, the viscous flow of thin PMMA films into microcavities during compression force has been

investigated. Also, a study about simulating the viscous flow during embossing process has planned and
continuum scale FDM analysis was applied on this simulation. With currently available test data and

condition, simple FDM analysis using FLOW3D was made attempt to match simulation and experiment.
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(a) draft of stamp () fabricated stamp
Fig. 2 Shape of stamp
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Fig. 3 Schematic representation of Hot embossing
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Fig. 4 SEM images of different stages of fill of
100 /m circle pillars with 200 /m height
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Fig. 5 Cross-sectional shape of flow channel
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Table 1 Boundary condition

Item Detail
unit mm/g/sec
flow tvpe laminar
P incompressible
. . acquired from test
viscosity 190 - 230°C
width : 50 gm — 50 nm
scale .
height : 20 m —20 nm
embossing time 2 min
gravity 9.8 m/s’
density constant uniform density

surface tension -

(a) t=0.975 (b) =3.959

(c) t=9.988

(d) t=7.925

(e) t=8.881 (f) t=9.922
Fig. 6 simulation result of hot embossing process
using 50 /m width, 20 /m height,
190 C temperature, 110000 Pa's viscosity coefficient
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Fig. 7 quoted schematic representation showing
filling of a stamp cavity in micro scale(by PSI Schift et al.)

(a) one cavity with 0.1 mm distance
from each side wall

(b) two cavity with 0.05 mm gap and
0.05mm distance from side wall

(b) two cavity with 0.1 mm gap and
0.025mm distance from side wall

Fig. 8 simulation result by changing
the number of cavity and it’s gap, distance.
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