Journal of Minerals & Materials Characterization Engineering Vol. 8, No.3, pp 171-179, 2009
jmmce.org Printed in the USA. All rights reserved

Three-dimensional Inspection and Characterization bPlastic Micro Mixers
Fabricated by Different Packaging Techniques

R. Y. Zhang, K. Chen, L. X. Wang, W. J. Zhu

Department of Materials and Energy Engineering, Ggaong University of Technology,
Guongzhou 510090, China.
"Department of Mechanical Engineering, Universitytéh, Salt Lake City, UT 84112, USA
(Ph. No.-01-801-5814150. E-mail: chen@mech.utah.edu

ABSTRACT

An X-ray microtomography system was used for irtsgpand characterizing the packaging of
micro mixers of planar configuration. Two typesnatro mixers were machined from acrylic
plate by means of precision milling, and four ddéfg packaging techniques were tested for
mixer assembly: adhesive bonding, plasma bondorgwsbolting, and xurography with double-
sided tape. The interiors of the mixers were thghdy examined by navigating the three-
dimensional images generated by the micro CT systikwas found that plasma bonding did
not work well on acrylics. The boundaries betwdenadcrylic plate and the plastic tape used in
tape bonding were almost indistinguishable in thea)X images because the densities of these
two materials are very close. Of the different @agkg techniques we tested tape bonding
provided good sealing without the drawback of ghresealing materials smeared into the
mixing chamber or flow channels.

Key Words: Characterization of plastic packaging, Micro-GComputed Tomography), Micro
mixer

1. INTRODUCTION

X-ray based technologies have been commonly usethdéoinspection and characterization of a
variety of natural and man-made materials and @svid-or instance, Stojanovic used the X-ray

powder diffraction technique to determine the dtrted and microstructural parameters of B-
doped PbTe semiconductor [1]. X-ray diffractioriteans of iron oxide powders were analyzed
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in Shi and Hwang's investigation of microwave-aggisminiaturization of chemical plants [2].
X-ray micro CT (Computed Tomography) is a very papuechnique for nondestructive
inspection and characterization of structures, rmese as well as microelectronics and MEMS
devices. Nano-focus X-ray sources are commerciallgilable in recent years, and high-
resolution Nano-CT has been developed [3] for nelteresearch [4].

Micro mixers of planar configuration are the mammponents of today’'s micro sensors and
micro biological, medical, and chemical reactoralgrers, which can be batch-fabricated and
easily combined with microelectronics using thegmated circuit technology. Mixing of two or
more fluid streams is also encountered in other NBE®&M microfluidic devices such as micro
pumps and valves and micro heat engines. Plastctha favorable materials for micro mixers.
They cost less and are easier to handle and usentbsat other materials used in the fabrication
of microfluidic devices and components. Most ptasare transparent, thus flow visualization is
easy. This feature is important to medical devioesvhich easy and continuous monitoring of
fluid flows are often required. A transparent stadio makes it convenient to inspect the mixer
interiors, detect leakages, and study the flondmshe mixer.

Different plastic materials have been tested amdriety of packaging and assembly techniques
developed for the fabrication of plastic micro mixe At present adhesive bonding and hot
embossing are the popular packaging techniquegl&stic micro mixers. Innovative designs
and methods (e.g., [5-9]) have been developed fwawe bonding strengths and conditions,
prevent adhesives and sealing materials smearedthit mixing chamber or flow channels,
facilitate the packaging process, and reduce deftbom during packaging. Plasma bonding is
another technique that has been applied to theagaud of plastic microchips and microfluidics
fabricated from plastics as well as glass and rmetBlouble-sided tapes were used to bond two
glass slides in Greer et al’'s manufacturing of ofloidic channels [5].

The machined or etched surfaces in plastic mixer®#ien opaque, prohibiting visual inspection
with a magnifier or optical microscope. Of the 8ndestructive methods (IR transmission
imaging, X-ray tomography, and acoustic microscapyyently used to inspect bonded devices
[10], X-ray imaging has gained increasing popwafdr measuring and characterizing internal
features and flaws of MEMS and microfluidics. Hawedetailed information (e.g., [11]) about

the application of X-ray CT for the inspection afdhracterization of microfluidics is rare. This

motivated the present investigation of 3D (thremelsional) X-ray images of micro mixers

fabricated by different packaging techniques.

2. FABRICATION AND PACKAGING OF MICRO MIXERS
Two types of micro mixers of planar configuratioene fabricated in the present investigation: a

T-shaped mixer and a swirling-flow mixer that inve$ a circular mixing chamber with two
tangential inlets and an axially directed outl€hotos of these two micro mixers are given in
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figures 1 and 2. The pink powder in the photatiésdried red ink (Rhodamine) used in our flow
visualization experiment. The rectangular mixingutier of the T- mixer was fabricated out of
a thin acrylic sheet and glued to another acryimes$ to enable the mixing process to be observed
easily. Two inlet and one exit channels were ellilinto the mixing chamber after the two
acrylic plates had been glued together. The dianwétthe flow channels was approximately 0.4
mm. The mixing chamber was approximately 20 mm land 4 mm wide, and its thickness was
0.4 mm before packaging.

Inlet

channel
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Figure 1. A T-shaped micro mixer fabricated from thin dicrgheets.

Figure 2. A swirling-flow micro mixer with two tangentiahlets and an axially directed exit channel.
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The swirling-flow mixer was also fabricated fromrgic sheets for easy observation of the

mixing process. The circular mixing chamber and tmlet channels were micro machined on
one acrylic plate. The exit flow channel was ddllthrough another acrylic plate. The mixing

chamber was approximately 0.4 mm deep before adgemd its diameter was 5 mm. The two

rectangular inlet channels were 1 mm wide and 1n% aeep at the mixing chamber rim. At

about 2 mm upstream of the inlet ports the dimerssad the inlet channels increased to 2 mm by
2 mm for reduced frictional loss. The diametettd exit channel was approximately 0.4 mm.
The surfaces of the mixing chambers of the 2 mixgese inspected using a SEM before

packaging, and the roughness of the surfaces wasl fim be in the micron range.

Three different techniques were tested for therableof the swirling-flow mixer. The first
method was to bolt the two acrylic plates togetiwth screws. Because the surfaces of
industrial acrylic sheets are extremely smooth,tii@ acrylic plates pressed against each other
by the screws would make intimate contact. No bumadr sealing was applied to the contact
surfaces of the two acrylic plates.

Plasma bonding was the second technique we trikédnd the two halves of the swirling-flow
mixer. While this technique has been applied sssfodly to the bonding of a variety of
materials, it failed to yield a good bonding betwesrylic plates. Thus plasma bonding is
probably not applicable to the packaging of MEMSracrofluidics fabricated from acrylics.

In the third technique a knife plotter by Graphtet the geometry of the contact surface out of
25 nm thick, double coated tape by 3M. The tape waa sandwiched between the two acrylic
plates before the plates were tightly bolted witlo tscrews. In the last stage the tape-bonded
acrylic mixer was placed in a 66 oven for 45 minutes to ensure good bonding betwiee tape
and the acrylic plates. Detailed information abihig micro fabrication method can be found in
Greer et al's paper [5].

3. FACILITY FOR 3D NONDESTRUCTIVE INSPECTION

The instrument used in the present investigatiomiofo mixer packaging is a custom-designed,
X-ray micro-CT machine, Konoscope 40-130, by ARACORmicrofocus X-ray tube by Kevex
(Model number KM 13006) was used for X-ray generatvith a focus spot of 8m at 8 Watts,
and 20mm at 16 Watts. The 2D (two-dimensional) cone-bganjections of this micro CT
system have 2048 x 2048 pixels over a 10-mm diamétee system magnification can be
adjusted by changing the location of the specimenaocomputer-controlled vertical/rotary
positioning stage, allowing for the imaging of atigeup to 40 mm in diameter. The maximum
material density this micro CT system can handbbisut 8 x 10kg/nr’.
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The major component of the image detection systera Photometrics XR300 camera with
Thompson 2048 x 2048, Grade 1 CCD. It providesil@lgitization at 2 x 10 pixels per
second. A Mac Power PC with LabView and LVCamtatied was used to control the
movements of the positioning stage and to acqheeXCD camera images. Three-dimensional
tomographic images were reconstructed using anC&@&ne workstation. The software MIPAV
(version 4) was used to display and navigate their@Bges. Detailed specifications and
description of this custom-designed micro CT systan be found in Lin and Miller's paper
[12].

4. RESULTS AND DISCUSSION

The 3D images re-constructed by the micro CT sysikbow a nondestructive inspection of the

interiors of a micro mixer after the mixer has beackaged. The software MIPAV which was

originally developed for medical research makesoiivenient to view the scanned images at
different locations from different angles, or tovigate the 3D images for animation making.

Presented in figures 3 to 5 are the orthograpl@wsiof the X-ray images of the micro mixers we
fabricated. The orientations of the Cartesian coaitds in these figures are shown in figures 1
and 2. Complete 3D data can be furnished uporestqu

The three orthographic views of the T-mixer imageéswo different locations are shown in
figures 3(a) and 3(b). The three panels from eftight in each figure are the X-ray images on
the X-Y, Y-Z, and X-Z planes. The origins of treehl coordinate systems in these two figures
are approximately at the middle points of the heiglhong the Y axis) and width (along the X
axis) of the mixing chamber. The X-axis passesutjnothe two inlet ports in figure 3(a), and is
slightly upstream of the inlet ports in figure 3(b)The crosshairs in these images are the
projections of the orthographic views in the ottweo directions. Each pixel in these images is
about 20mm. The dark areas in the images are voids (aid,the white areas are the adhesive.
The gray areas represent the acrylics. Due tddige difference in densities of these three
materials (air, adhesive, and acrylics), the botiedabetween different materials are clearly
distinguishable in the X-ray images.

At the locations marked by the crosshairs in figuséa) and 3(b) the mixer was well sealed by
the adhesive. The white areas (the adhesive)darcéimtral and right panels in figure 3 are in
good alignment with the mixer contour except fag tbwer edges of the two inlet ports in the
right panels. On the other hand the bonding veas@ry good as evidenced by the gaps in dark
color (voids) between the surfaces of the acrylidgpand the adhesive in the two central panels.
The finger-shape white areas attached to inletspiarthe right panels indicate some adhesive
was smeared into the mixing chamber during packpgand partially blocked the flow
passageway in the neighborhood of the inlet pdtis.left panel in figure 3(a) showed one of the
inlet channels was also partially blocked by thieemive. In the left panel in figure 3(b) the white
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area on the left has a slanted upper boundarytrenchixing chamber at this location is slightly
narrower due to the smearing of the adhesive hr@achamber.
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Figure 3. Orthographic views of the X-ray images at twidedtent locations in the T-mixer.
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Figure 4. Orthographic views of the X-ray image at a sielddocation in the swirling-flow mixer
packaged by screw bolting alone.

Figure 5. Orthographic views of the X-ray image at a sielddocation in the swirling-flow mixer
packaged by tape bonding and screw bolting.

The X-ray images of the swirling-flow mixer fabrted by screw bolting are shown in figure 4
with a spatial resolution of about 2@n per pixel. As can be seen in these images, duhimed
mixing chamber surfaces are very smooth and flag thickness of the mixing chamber is also
fairly uniform.  The hump at the mixer outlet ihet left and central panels is the dried
Rhodamine ink (the pink powder in figures 1 and R)has a density close to that of acrylics. A
small gap — about 40m in width — between the two acrylic plates carclearly seen in the left
and central panels in figure 4. Mixing of watedaRhodamine in this mixer was examined
under a bifocal microscope, and no leakage wasrobde The experimental observation proved
that the high surface tensions of water and Rhodenm small acrylic channels prevented
leakage through the small gap between the twoiaguidtes. The X-ray images however show
that this packaging is not completely airtight,ghsinot suitable for gas mixing.

The images of the swirling-flow mixer fabricated tape bonding and bolted together with two
screws are shown in figure 5. A pixel size of abé@tm was used in this scanning to allow a
larger volume to be scanned by the micro CT systkmmas found from these X-ray images that
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the tape we used had a density very close to thatrglics. As a result the double-sided tape
and the two acrylic plates are almost indistingaisa in these images. The adhesive coatings on
the two sides of the plastic tape were compressddiaformed when the two acrylic plates were
pressed against each other by the screws, resuftiggod sealing of the mixing chamber and
flow channels and intimate contact between the &mgkthe acrylic plates.

It is not expected the double-sided tape can hw@dwo acrylic plates together when the mixer is
subjected to a large pressure difference. Thewnscie this packaging technique therefore serve
two purposes: to secure together the two acryategland to provide a compression force to the
flexible tape for good sealing. The imperfect rhaig of the plastic tape and the mixer contour
can be seen in a few places such as the top lefecof the mixing chamber in the left panel in
figure 5. The tape protruded into the mixing chamibe bit blurry in this X-ray image because
the tape thickness (2@m) is only half of the pixel size (48m). Scanning with smaller pixels
(which will reduce the size of the scanned volume)eeded for more accurate inspections of the
alignment and matching of the layered structuresthpe bonding is used for packaging.

5. CONCLUSION

Different packaging techniques were tested to abBEemmicro mixers fabricated from acrylic
sheets, and the interiors of the mixers were irtepleand characterized using a custom-designed
micro CT system. The image acquisition and prangskardware and software of the X-ray
scanner allowed convenient and thorough 3D inspeati every portion of the mixer. Plasma
bonding did not work well on acrylic plates. Thexer assembled by screw bolting was not
perfectly airtight, thus relying on surface tensiciw prevent leakage through the small gap
between the acrylic plates. X-ray images of adieeBonding showed good contrast between the
acrylics and the glue. Tape bonding provided geealing, but densities of the tape and acrylics
are very close, making it difficult to distinguiiese two plastic materials in X-ray images.
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