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Abstract: This work demonstrates a simple fabrication process for the guided-mode resonance biosensors with
tunable waveguide thickness. For various waveguide thicknesses, the grating parameters can still keep the same.
Although consisted of the waveguide layer and the grating layer, the GMR biosensor can be simply fabricated in a
single step and of the same material by the conventional embossing technique. Moreover, the thickness of
waveguide can be well controlled by applying various forces. It is shown that the tunable range of the waveguide
thickness is approximately to 600nm and the deformation on the grating layer still keeps less than 10%.
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1. Introduction nanometer  scale  applications,  conventional
The guided-mode resonance (GMR) sensor as lithography techniques require more expensive
one of the optical biosensor has presented several equipments to increase resolution. For the high
advantages including: (i) monitoring in real time, (ii) throughput fabrication objective, it is a major issue
labeled-free detection to simplify assay, (iii) less under the consideration of cost and commerce.
analysis time, (iv) high potential for high throughput On the other hand, imprint techniques don't
device, and (v) compact measurement system[1-9]. need expensive equipments in high throughput
For the consideration of low cost and high fabrication but have simple fabricating processes
throughput, simple and easy-made structure has more instead. Imprint techniques provide a powerful tool in
advantages in practical applications. In the micro and nanometer scale applications. Fabricating
construction of GMR sensor, it simply consists of one GMR sensor by nanoimprint is an excellent solution
sub-wavelength  diffraction grating and one for low cost and high throughput consideration. In the
waveguide layer. Figure 1 illustrates the schematic conventional nanoimprint, a "hard" material, usually
structure of GMR sensor. In the figure 1, the structure silicon, or glass based, is used to be the master mold.
of GMR sensor can be subdivided into several parts: Generally, this master mold transfers designed
period, filling factor, grating depth, and waveguide patterns to UV-curing or heat-curing material. After
thickness. stripping the mold, a high refractive index (or

dielectric constant) layer was deposited on curing
material to form GMR sensor. In general, low
refractive index curing materials and high refractive
index deposited layer are usually chosen to enhance
the sensitivity. This method provides a cheap and
powerful solution in nanofabricating. However,
imprinting step in this fabricating process only
defines and transfers patterns to curing materials.

grating 0

waveguide

Figure 1. The schematic structure of GMR sensor. Nanoimprint does not build the GMR sensor. The
The GMR sensor, it simply consists of one sub- higher refractive index deposited layer constructs
wavelength diffraction grating and one waveguide GMR sensor's main structure after depositing step. In
layer. It can be subdivided into several parts: period, this method, two-step fabricating processes have
ﬁlling factor, grating depth, and waveguide thickness room for improvement. If nanoimprint is the only
in detail. needed fabricating process, the fabrication will not
only be more efficient but cost less. For fabricating
As being an excellent sensor, the capacity of GMR  sensor, simpler fabricating processes

high throughput in fabrication is an important factor. development is an important and attractive issue.
However, the conventional fabricating methods for Soft lithography is a new concept in
GMR sensor can be sorted roughly by lithography nanoimprint field [16-22]. The greatest feature of soft
and imprint techniques [10-15]. In the sub-micro or lithography is using an elastomer as a mold, a stamp,
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or a mask. The elastomer mold replaces the rigid
ones and is used to transfer designed patterns.
Comparing to conventional imprint techniques, the
soft mold is capable of larger-sized imprinting, such
as tens centimeter-scale. Moreover, it has superiority
in imprinting two-dimension and three-dimension
structures [16]. Soft lithography technology
approximately  includes microcontact printing
(uCP)[19,23-25], replica molding (REM)[26-27],
microtransfer molding (WTM)[19,28], micromolding
in capillaries (MIMIC)[29-31], embossing[32-33].
For the fabrication of GMR sensor by soft
lithography, Magnusson fabricates GMR sensor by
micromolding in capillaries (MIMIC) [34]. In their
fabricating steps, GMR sensor was divided into two
parts, grating and waveguide fabrications. The
waveguide part was first deposited on the substrate
with a high refractive index layer. Then, the grating
part was formed by the micromolding in capillaries
(MIMIC). In this method, the waveguide thickness is
adjustable depending on the depositing thickness and
not controlled by imprint step. It is a useful
experimental design because the adjustable
waveguide thickness is a key factor to GMR sensor.
The thickness of waveguide has great influence on
sensitivity. MIMIC technique is a powerful protocol
in nanoimprint but has several limitations for GMR
sensor fabrication. In MIMIC, the capillaries are the
domain force to make the imprint materials fill into
whole patterns. It needs much more time when the
imprinting area increases. Embossing, one of soft
lithography technology, has great superiority in GMR
sensor fabrication. The outstanding characteristics of
embossing are include a single procedure and high
throughput. Embossing also makes the waveguide
thickness adjustment possible due to its intrinsic
properties.

In our work, we developed a cheap and stable
imprint system to realize the fast fabrication of GMR
sensor. This cheap imprint system only cost about
400 dollars. Utilizing this imprint system, we
demonstrated a single procedure method successfully
for fabricating adjustable waveguide thickness GMR
sensor by embossing technique. In the practical
fabrication, the liquid spin-on glass (SOG) was used
as imprinting material.

2. Soft Lithography Process

Elastomer mold: Polydimethyl siloxane (PDMS)
is the major material used as an elastomer. In the
elastomer mold constituent, SylgardR 184 silicone
elastomer from Dow Corning was used. The
characteristic of low surface energy makes mold
stripping easily without any released agents.

Pattern material: In this experiment, the material
to pattern is Spin-on glass (SOG). SOG is a mixture
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of SiO, and dopants suspending in a solvent solution.
We use SOG (IC1-200) containing 7.2% solids
content from Futurrex.

Figure 2 shows the schematic fabrication process
of GMR sensor by the embossing technique. The
waveguide and grating of GMR sensor were
produced at the same in imprinting step.

(a) Prepare Si master template.

]

(b) Apply and cure PDMS and Remove Si master
template.

L

I R -
(c) PDMS mold.

]P

(d) Apply liquid SOG solution on a ITO glass
substrate.
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(e) Press PDMS mold on and heat. Then, Stripping
PDMS mold.

|

(f) Fabricated element.
Figure 2. Scheme of the fabrication processes for
producing one-dimension grating and waveguide
structure by embossing. The elastomer mold
production and imprint procedure composes of the
whole processes.
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In the beginning of procedures, a patterned
silicon plate is prepared as the master template. This
template was patterned of some sub-wavelength
gratings by conventional e-beam lithography. The
pattern size of sub-wavelength grating is 2 mm?”. Next,
transfer the patterns and structures from the template
to the elastomer PDMS mold. The SylgardR 184
silicone elastomer was mixed with the curing agent
of 10:1 ratio by weight and standing until the air
bubbles escaped from mixture. Applying PDMS on
the template and heating 10 minutes at 100°C to cure
PDMS. After curing step, the PDMS mold was
stripped from silicon template. This PDMS mold
plays an important role in embossing soft lithography.
PDMS mold was taken as major mold replacing of
rigid silicon template in soft lithography technology.
In the imprint steps, the SOG liquid was applied on
the surface of the glass substrate and pressed with
PDMS mold. After impression step, the imprint stage
heated from the room temperature to 90°C and made
the solvent vapor. Two hours later, the PDMS mold
was stripped from glass substrate.

This imprint method is not only designed for
GMR sensor fabrication but also capable of two-
dimension arbitrary patterns transference and
adjustable waveguide thickness fabrication. Figure 3
shows the SEM pictures of one-dimension grating
and two-dimension microcaves fabricated at 90°C
with 24.8N output force.
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Figure 3. The SEM pictures of (a)one-dimension
grating and (b)two-dimension microcaves. Both of
them were fabricated at 90°C with 24.8N output
force.
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In our experiment setup, the size of the PDMS
mold is 1cmx1.3cm and the volume of SOG solution
is 6 microliter. As maintaining at 90°C, the output
force from the pressure cylinder was set
approximately to 3.4N, 24.8N, 37.5N, and 50.2N,
respectively.

3. Instruments and Setup

We develop an imprint system to fabricate
waveguide thickness adjustable GMR sensor by
embossing technique. Figure 4 shows the
construction of the major imprint device. It is
composed of several parts: frames, heaters, thermal
sensors, thermal insulators, pressure cylinder, air
valve controller, imprint stage, leveling adjustment
components, and a plastic cover box. The heaters,
thermal sensors, and the thermal insulators construct
temperature control system. It provides stable and
controllable surrounding temperature. In this
temperature control system, power supply provides
all the needed energy. The pressure cylinder and air
valve controller provide the controllable output force
in the imprinting processes. The outside cover
prevents the disturbance of heat convention and helps
to keep surrounding temperature stable.

Figure 4. The picture of imprint device which is the
major part included in self-developed imprint
system. This imprint device composes of several
parts including stainless frames, heater, thermal
sensor, thermal insulator, pressure cylinder, air
valve controller, imprint stage, leveling adjustment
components, and a plastic cover preventing the
disturbance of any airflow.

Figure 5 show the self-developed imprint system.
This imprint system is composed of major imprint
device, temperature control system, power supply,
and pressure control system. For the low cost
consideration, it costs only approximately 400 dollars
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expect power supply. Simple construction makes
assembly and operation easier. In this self-developed
imprint system, low cost, stable, and practical are the
notable characteristics of our design. This imprint

system provides heating range from room
temperature to 160°C and pressing force
approximately up to 78 N.
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Figure 5. The picture of self-developed imprint
system. This imprint system includes major imprint
device, pressure controller system, temperature
controller system, and power supply. The whole

imprimt, expect the power supply, costs
approximately 400 dollars. It is a cheap, stable, and
practical design for imprinting.

4. Characterization

Embossing technique has two key factors, heating
temperature and pressure (or output force) during the
fabricating  processes. In the functionality
considerations, heating mainly evaporates solvent of
imprinting material. The total amount of solutes in
liquid imprinting material has small variation during
the heating process. Heating only influences the
evaporator rates but changes the total amount of
solutes. The higher temperature makes faster
evaporator. The experimental result of different
heating temperature at constant press force (50.2N)
condition shows in figure 6. In figure 6, the
waveguide thickness keeps approximately in the

order of 100 nm from room temperature to 120°C.

400 —

200 —

Thickness of waveguide (nm)

0 40 80 120
Temperature (degree C)

Figure 6. The variation of waveguide thickness at
different temperature. The temperature range is
form room temperature to 120°C and the output
force in all cases is 50.2N.
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5. Results and Discussion

Figure 7 shows the scanning electron microscope
(SEM) picture of silicon template in top view. The
grating period of this template is 1,013 nm and the
filling factor is approximately 0.4. The grating depth
is 520nm.

(b)
Figure 7. Scanning electron microscope (SEM)
picture of silicon template in top view (a) and side
view (b). The grating period of this template is
1013nm and the filling factor is approximately 0.4.
The grating depth is 520nm.

Figure 8 shows the SEM pictures of each one-
dimension grating and waveguide structure
fabricating under different compressed force
conditions at 90°C.

In those pictures, the thickness of waveguide
decreases with the increments of compressed force.
Those pictures also show that the characteristics of
grating have less variation than thickness of
waveguide. The variations of the period, the depth,
and the filling factor of the grating are all less than
10%. It reveals that the grating characteristics have
been reproduced very well.
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Figure 8. SEM pictures of one-dimension grating
and waveguide structure fabricating under different
compressed force conditions at 90°C. The picture
of output force shows (b) 24.8N.

Figure 9 shows the relationship of output force
and thickness of waveguide. Without doubts, the
larger the output force is, the thinner the waveguide
layer of the grating is. In the range of applicable force,
the thickness of the waveguide layer of the grating
reduces 10 nm per N pressing force.
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Figure 9. Relation between the output force and the
resulting thickness of waveguide. The resulting
thickness of the waveguide 1is inversely
proportional to the output force.

Figure 10 shows the shrinkage between imprint
sample and silicon mold. The graph shows the
shrinkage rates of grating depth, line width, and
period. In this case, the shrinkage rates of depth, line
width and period are approximately 31.2, 10.5 and
3.2 respectively.

In the design of this experiment, the solvent
vaporization time was set up to two hours which is
enough for entire formation. This solvent
vaporization time relies on the intrinsic
characteristics of solvent. For our used SOG type,
this time can reduce to 10 minutes in the condition of
24 8N applied force and 90°C.
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Figure 10. Shrinkage rates of (a) grating depth (b)
grating line width (c) grating period versus the
output force. In this case, the shrinkage rates of
grating depth, line width and period are around
31.2, 10.5 and 3.2, respectively.

6. Conclusions

In conclusion, we present a method for
fabricating adjustable waveguide thickness guided-
mode resonance (GMR) biosensor successfully. The
waveguide and grating can be fabricated in a single
step and of the same material, spin-on glass (SOQG),
by embossing technique. In our case, the adjustable
waveguide thickness range is around 600nm and the
grating deformation can still keep less than 10%. For
GMR biosensor design and fabrication, the stable
grating structure and changeable waveguide thickness
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make the design into reality easier. The short
formation time also helps to achieve low cost and
high throughput objective easily.
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