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This paper presents a rapid, ultra-low-cost approach to fabricate microfluidic devices using a polyolefin
shrink film and a digital craft cutter. The shrinking process (with a 95% reduction in area) results in
relatively uniform and consistent microfluidic channels with smooth surfaces, vertical sidewalls, and
high aspect ratio channels with lateral resolutions well beyond the tool used to cut them. The thermal
bonding of the layers results in strongly bonded devices. Complex microfluidic designs are easily
designed on the fly and protein assays are also readily integrated into the device. Full device
characterization including channel consistency, optical properties, and bonding strength are assessed in
this technical note.

Introduction
For microfluidic technology to make a significant impact on
promising applications including cell culture,1,2 modeling of cell–
cell interactions,3 systems biology,4 and point-of-care diagnostics,5,6 the persistent chasm between academic prototyping and
industry-standard devices must be bridged. While most academic
labs prototype via soft lithography in polydimethylsiloxane
(PDMS), industry is typically intolerant to its significant drawbacks, including swelling, non-selective absorption, and poor
mechanical properties. Instead, industry relies on plastics,
including polystyrene (PS) and polyolefins (PO).7 To create such
fine features in plastics typically requires either hot embossing or
injection molding; both approaches require expensive capital
equipment and extensive processing time that largely precludes
academic prototyping.8,9 While laser ablation is a promising new,
more economical approach, interactions between the laser light
and the polymer can induce unwanted surface modifications and
are limited in resolution to the spot size of the laser.9–11
The use of laminated polymers to form stacked layers that ultimately define the components of a microfluidic chip offers several
advantages to hot embossing, injection molding, laser ablation,
and casting. These advantages include time of fabrication, reproducibility, low-cost, and strong, biocompatible bonds between
layers.12 However, the use of adhesives to bond the different layers
introduces material into the side-walls of the channels that are often
inhomogeneous to the properties of the bulk material.13 The cutting
of channels into the substrate layers often employs the use of a laser,
which substantially increases the expense of such a fabrication
technique.14 In a recent work, the fabrication of polymer laminatebased microfluidic devices with a digital craft cutter was explored as
a low-cost alternative to the use of a laser.15 The channel resolutions
achieved with the craft cutter were, however, limited.15 The use of
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shrink polymeric films would circumvent this limitation by allowing one to achieve channel resolutions beyond the limits of the
fabrication machinery.
Previous works with shrink films have focused on the applications of a polystyrene toy called ‘‘Shrinky-Dinks’’.16 PS was
shown to display a 60% reduction in area upon shrinkage and
was used in conjunction with a laser printer to fabricate masters
for the fabrication of PDMS microfluidic devices and micro
wells.16,17 Direct patterning of the sheets through etching or
deposition was shown to create complete microfluidic devices,
and was expanded upon to create a functional biochip that
integrated a complex microfluidic design and proteins spots.18–20
Recently, a shrink material comprised of PO was characterized
to exhibit a 95% reduction in area for high-aspect ratio templates
for soft lithography.21
This paper presents a novel, rapid, ultra-low-cost strategy to
fabricate microfluidic devices capable of integrating functional
immunoassays utilizing PO shrink film and a digital craft cutter.
The shrinking process results in relatively uniform and consistent
microfluidic channels with smooth surfaces, vertical sidewalls,
and high aspect ratio channels with lateral resolutions well
beyond the tool used to cut them. The thermal bonding of the
layers results in a strongly bonded chip, with leak proof channels,
and homogenous surface and bulk properties. Complex microfluidic designs can be easily designed on the fly and protein assays
also readily integrated into the device.

Methods and materials
Fabrication of the device
PO shrink film (Sealed Air Nexcel multilayer shrink film 955D)
of a 1 mil (0.0254 mm) thickness composed of 5 layers of coextruded PO was laminated to a polyester backing of a 3 mil
(0.0762 mm) thickness as previously described.21
A digital craft cutter (Quickutz Silhouette SD) was employed
for the through cutting of all channels.15 The corners and edges
of the substrate were taped to the backing to ensure that the
substrate did not move, remained flat, and that the shrink film
could not be peeled off its laminated backing during the cutting
This journal is ª The Royal Society of Chemistry 2010
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process. Channels could be designed in the Craft Robo software
(Graphtec Robo Master) or in a CAD software (AutoCAD)
and loaded into the Craft Robo Controller as a.DXF file. The
latter method was chosen in order to achieve greater control over
the accuracy and precision of the designed channels.
The through-cut layers of the microfluidic device were removed
from the backing (Fig. 1a and b). The through-cut layers were
arranged and aligned using 0.4 mm diameter pins (Clover
Patchwork Pins Fine) (Fig. 1c). The aligned layers and pins were
placed on a 4 in. diameter silicon wafer and placed in a cool oven.
The sample was heated in a step-wise fashion as follows: the oven
was heated to 115  C and held for approximately 5 minutes, then
heated to 135  C and held for approximately 5 minutes, and then
heated to 155  C. At the conclusion of the shrinking process, the
silicon wafer and substrate were removed from the oven, and the
pins in the chip were removed with tweezers (Fig. 1d). To ensure
flatness of the chip, the wafer and substrate were re-inserted to the
oven at 155  C for approximately 20 minutes. Gentle pressure was
applied at the chip corners with tweezers to ensure flatness before
removal from the oven.

Characterization of device
Channels of variable widths and constant lengths were cut for
characterization of the sidewalls and channel width resolutions of

the Quickutz silhouette in conjunction with shrinkage. Widths of
pre-shrunk dimensions 1.0, 0.6, and 0.2 mm were measured via an
optical profilometer (The Hyphenated Systems HS200 OP optical
profiler) with a confocal microscope (Nikon Eclipse L200).
Next, five 3-layer channel devices were characterized for
channel width homogeneity. The chips consisted of a ‘‘T’’ junction, a mixer region, and an assay region (Fig. 1). All channels
except for the assay region were 1 mm in width pre-shrunk. Postshrinkage, fluorescent dye (Alexa Fluor 555) was injected into the
channel and fluorescently imaged on an inverted fluorescence
microscope (Olympus IX51&BH2-RFL-T3) and image capture
software (QCapture Pro). Three channel images were recorded in
the ‘‘T’’ junction region and two in the mixer region from each of
the chips for analysis (Fig. 3). Line intensity measurements were
taken using ImageJ. The width of the channels was assessed as
the distance between the full-width, half-maximum points of the
line intensity profiles using MATLAB.
Immunoassay
A 3-layer microfluidic device was cut as described above. Prior to
alignment of the individual substrate, layer 3 was stamped with
100 mg ml1 of primary rabbit IgG (Molecular Probes) dissolved
in 50 mM of sodium phosphate buffer solution (pH ¼ 7) by
microcontact printing.22,23 PDMS stamps made from a silicon
master were used. Prior to stamping, the PDMS stamps were
sonicated (Branson) in 70% ethanol for 10 minutes, 1 molar
solution of sodium hydroxide for 10 minutes, and DI water for
10 minutes. The stamps were air dried and exposed to oxygen
plasma (SPI Supplies) for 30 seconds to render the surface
hydrophilic. The PO substrates were sonicated in DI water for 10
minutes and left to air dry.
After stamping, the substrate was incubated for 4 hours then
washed with DI water. The outlined region was incubated with
BSA blocking solution to prevent non-specific binding of the
secondary anti-bodies for 4 hours, then washed with DI water.
The layers were assembled, aligned with pins, and shrunk. 20 mg
ml1 of anti-rabbit IgG conjugated with dye (AlexaFluor 555) was
injected into the microfluidic device through one of the inlet holes
so that the immunoassay region of the device was covered with
solution. The device was incubated for 2 hours. The channels were
rinsed with DI water by flowing DI water through the channels,
and then fluorescently imaged on an inverted microscope.

Results and discussion
Characterization of the device

Fig. 1 Fabrication process diagram. (a) Etching of the substrate using
a digital craft cutter, (b) removal of the shrink film from its laminate
backing and alignment, and (c) shrinking of the substrate to achieve
a thermally bonded, shrunk, microfluidic device (d).
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In order to assess how our shrinking method improved the limit
of resolution using Quickutz Silhouette SD, channels of various
widths were measured via an optical profilometer. Channels of
pre-shrunk widths of 1.0, 0.6, and 0.2 mm were characterized as
having post-shrunk widths of 211, 128, and 95 mm respectively
(Fig. 2a). It was previously assessed that the Quickutz Silhouette’s lateral feature resolution was 0.2 mm.15 Our method of
utilizing shrink polymers was able to achieve a significant
improvement in lateral feature resolution.
The topographical analysis of the multi-width channels (Fig. 2)
depicts near vertical side walls, high aspect ratios, and smooth
surface features. The channel walls were on the order of 600 mm for
Lab Chip, 2010, 10, 2472–2475 | 2473
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Fig. 2 Channel characterization by optical profilometry. Topographical
micrograph of channels depicted in (b) with the pre-shrunk channel widths
of 0.2, 0.6, and 1.0 mm labeling lines in (a) and above the image in (b).

all three samples determined by the thickness of the sheet;
different thickness sheets can be chosen to meet desired channel
heights. Vertical side walls and high aspect ratios have various
applications in cell culture24 and on chip purification for diagnostics,25 but are difficult to achieve and require costly procedures
and expensive equipment.9,26 This is particularly true when using
molds involving elastomeric polymers such as PDMS.
Line intensity profiling (Fig. 3) of the 3-layer chips highlights
the decrease in channel size obtained after shrinkage. An average
reduction in channel width of 76% and an average variance in
channel width of 14% for the five chips tested were recorded.
Variances in the channel width can be attributed to nonuniformities arising from the shrinking process. However, it
should be noted that no channel blockage or collapse was
observed. It will be necessary to optimize the shrink films used
and the shrinking process to obtain less variance in channel
dimensions. The use of fluorescent dye to image the channel
shows that channels are also leak proof (Fig. 3). Pressure testing
indicated that the thermal bonding could withstand pressures in
excess of 50 psi (ESI‡).
Optical data (transmission and autofluorescence measurements) are available in the ESI‡.

Fig. 3 Channel characterization by line intensity. (a) A schematic of the
layout of the device is given with enlarged micrographs of the selected
areas taken with fluorescence microscopy (pseudo-colored red). The
yellow lines indicate the approximate region where the line intensity
profiles were taken. The original width of the channels except the assay
region was 1 mm. (b) Summary of channel width characterization.

previously microcontact printed prior to the device assembly and
shrinkage. Micrographs (Fig. 4b) depict the array under
a TRITC filter viewed through the top of the device (layer 1) to
the assay region at the bottom of the device (layer 3).
It was previously demonstrated that proteins stamped onto PS
are functional even after exposure to high temperatures and

Immunoassay
Fluorescence-based detection is a commonly employed strategy
in POC diagnostics.14 To demonstrate the potential of our
fabrication method, a functioning 3-layer, PO microfluidic device
with an integrated protein assay (Fig. 4a) was fabricated and
tested. Fluorescently labeled anti-bodies were flown through the
device where they selectively attached to proteins that had been
2474 | Lab Chip, 2010, 10, 2472–2475

Fig. 4 Immunoassay. (a) Fluorescently labeled anti-rabbit IgG was
pipetted through the microfluidic device where it selectively bound to the
primary rabbit IgG deposited in the array region of the device, which is
outlined in black. (b) Micrographs of the fluorescently-labeled array of
protein spots in (a) were taken at 4 (pseudo colored-red).
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enhance the sensitivity of the assay due to increased density of the
deposited proteins after shrinkage. This results in higher fluorescence intensity, and greater homogeneity of the deposited
proteins after shrinkage.18 This was also demonstrated using
PO.21 It should be noted, however, that a complete microfluidic
device entirely composed of shrink polymers with an integrated
protein assay has not been achieved until now.
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Conclusion
A functional microfluidic immunoassay device fabricated out of
PO shrink film was described. The use of multiple thin film
substrates to compose a device layer by layer allows one to
achieve vertical side walls and smooth channel surfaces as well as
allows one to control the height of the channels by selecting the
thickness of the film. The shrinkage process maintains the spatial
homogeneity of the channel dimensions while decreasing the
channel width and increasing the channel height. Thermal
bonding of the substrates produces leak-proof channels that have
the same properties as those of the bulk material. While the
optical properties of the material used to fabricate the device
post-shrinkage proved to deviate from the ideal, the problems of
opacity and autofluorescence do not inhibit the device from
being used in conjunction with fluorescence microscopy. A fully
functioning immunoassay was also integrated into the device.
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