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1. Introduction

The developed Micro-Rapid Prototyping (Micro-RP)
technology applies the principle of Stereolithography (SLA).
The stereolithography process, which is widely adopted for
rapid prototyping, builds three-dimensional parts layer by
layer using laser beams which induce polymerization of
specially formulated resin. The resin used in the
stereolithography process is a photosensitive liquid that will
undergo liquid-to-solid transformation when exposed to
radiation of specific wavelengths.

Micro-RP employs a similar principle, but the resolution of
the manufactured parts is scaled down to 10 microns or even
smaller - microstereolithography.

A Micro-RP machine has been designed and a PRC Utility
Patent (Patent No. ZL 02242789.9) has been granted. The
development of the system was funded by the Innovation
and Technology Commission (ITC) of the HKSAR
government.

Market-available RP equipment does not fulfill the resolution
requirement for prototypes of sizes of 10mm?® or less and
with fine structures measuring below 50 microns. The
developed prototyping technology aims to support the
product development of non-silicon Micro Electrical and
Mechanical Systems (MEMS) and miniaturized products
such as biomedical devices and microsystems.

2. Background Theories

2.1 Slicing 3D Model

Since Micro-RP is based on the layer-by-layer construction
of a whole three-dimensional object, it is necessary to slice a
model of the object into successive layers before the
prototyping process. This process of generating 2D images
from a 3D model is called “slicing”.

The slicing software of our system was developed by the
Department of Mechanical Engineering of HKU. Rather than
developing a specific slicing algorithm, the Department
carried out the slicing process using the application
programming interface (API) function provided by most CAD
software. This saved time in the development of the
software.

2.2 Optical Design

To project the required pattern generated by the pattern
generator onto the resin surface, a tailor-made optical
system has been designed, fabricated and installed in the
Micro-RP machine.

The optical system consists of six lenses. The purpose of the
optical system is to diminish the output image from the
pattern generator, the Digital Micromirror Device (DMDTM), to
a required dimension and focus it on the building platform.

The DMD used is a digital image generator which consists of
a rectangular array of 1280 x 720 micromirrors.

A computer-aided optical design system is used to carry out
repeated optimization of the optical system to enable it to
meet the magnification requirement and to minimize the
aberrations of the lens system for radiation of specified
wavelengths. Design constraints, e.g. the profile and
physical size of the lens, can be set in the design system to
attain the required specification and manufacturability.
Tolerance analysis can also be performed to evaluate the
sensitivity of the lens system’s performance to manufacturing
and assembling deviations.

The optical system provides an adequate Modulation
Transfer Function (MTF) value up to 0.7 at 50lp/mm, helping
to ensure the generation of high-resolution and high-contrast
images compatible with the DMD panel.

2.3 Photopolymerization of Resin

During the Micro-RP process, photopolymerization occurs on
the surface of the resin. Photopolymerization is a chemical
chain reaction where the absorption of certain amount of
photons inside the resin causes the creation of reactive
species. This reactive species then induce polymerization of
the liquid monomer into solid polymer, which is insoluble in
the remaining resin.

There is a threshold value corresponding to the quantity of
photons being absorbed by the resin that triggers
solidification of the resin [1]. Eq. 1 shows the relationship
between the threshold value and the absorption quantity of
photons.
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3. System Architecture and Mechanism

The three main components of the system are the DMD
system, a projection lens system and a building platform
controlled by an ultra precision position module as illustrated
in Fig. 1.




Fig. 1 Mechanical design of the Micro RP system

Fig. 2 Schematic Layout including lllumination and Imaging module

The light source in the system is a high-pressure mercury
vapor lamp, which emits a beam to be focused by the
illumination module onto the DMD system. It is then
reshaped by the DMD system and focused onto the building
platform (Fig. 3). The irradiated area on the surface of the
photosensitive resin solidifies to form a thin layer of polymer
in the shape of the projected image (Fig. 4).

Fig. 3 Image of the slice projected on the platform

4. Prototyping Trials

Various prototypes have been built with the developed
Micro-RP technology, verifying the functionality of the
machine and the photosensitivity of the resin.

4.1 Mechanical Components

One major application of the Micro-RP technology is the
fabrication of small mechanical prototypes, e.g. micro-gears
and micro-turbines. Fig. 5 shows a screw with a pitch size of
140 microns.
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Fig. 4 Screw with a pitch size of 140 microns

4.2 Microsystem Components
Another increasingly demanded application is the fabrication
of non-silicon MEMS prototypes. Various micro-fluidic and

micro-system prototypes like micro-mixers and
micro-packaging can be built efficiently with the developed
technology. Fig. 6 shows the substrate of a micro-fluidic
structure built using the developed Micro-RP system. The
40-micron-wide micro-channel of the substrate was built
successfully. The capability of fabricating micro-channels
facilitates the rapid prototyping of micro-fluidic structures in
biochemical applications.

Micro-channel of 40 microns

Fig. 5 Micro-component with channel of 40 microns

It is illustrated that Micro-RP serves as an effective one-step
micro-fabrication solution for small-size high-resolution
prototypes which facilitates design verification.

5. Conclusion

Based on the principle of the integral microstereolithography
process, a micro-RP machine has been developed. It
comprises a high resolution DMD, a corresponding lens
system with high resolving power, an ultra-precision
translation  stage, and photopolymerizable  resin.
Micro-prototypes can be formed by successive solidification
of ultra-thin resin layers.

With growing demand for product miniaturization in various
industries, the micro-rapid prototyping technology is a new
approach for the development of micro-critical prototypes
that cannot be made effectively by other existing fabrication
processes.
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