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Numerical Analysis of the Flow Characteristics in the Nano
Fountain-Pen Using Membrane Pumping

J-H Lee, YK Lee, S-H. Lee’, Hun-Mo Kim~ and Youn J. Kim"

Key Words: Nanolithography (1= FAFE), Nano fountain-pen (4= THIE), Membrane pumping (BFEl HF)

ABSTRACT

Nano fountain—pen is a novel device to make the constant patterning in micro process using new
designed probe. Fountain—pen nanolithography (FPN) is applied for constant supply of liquid in conjunction
of patterns and surface variation in the micro process. In this study, nano fountain-pen is composed with
reservoir, micro channels, tip and scondary chamber. Instead of traditional method only using capillary force,
liquid can be definitely and exactly injected with membrane pumping by the repulse force of tip. It is
dfficult to perform experiments in the micro range so that we carried out a numerical analysis for internal
flow, using a commercial code, FLUENT. The velocity, pressure and flow rate are obtained under laminar,
unsteady, three-dimensional incompressible flow with no-slip condition, and results are graphically described.
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Fig. 1 Schematic of the nano fountain—pen
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Fig. 2 Operation of the nano fountain—pen :
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Fig. 3 The process of real deforming a membrane :
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(@) 0 sec Fig. 4 Schematic of a deforming process :
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(a) the expansion of the volume to contact a tip at surface (b} the injection along a
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Fig. 5 Mode! and grid systems of the secondary chamber :
secondary chamber
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Fig. 6 Pressure distribution in the secondary chamber for different values of the membrane velocity : (a) membrane velocity (1 um/s)

(b) membrane velocity (2 umfs)
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(a) drawing of the secondary chamber (b} grid systems of the
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Fig. 7 Velocity distribution in the secondary chamber : (a) membrane velocity (1 #m/s) (o) membrane velocity (2 zm/s)
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Fig. 8 Transient velocity distributions at the outiet for different values of the membrane velocity : {a) membrane velocity (1 4m/s)

(b} membrane velocity (2 um/s)
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