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Abstract: SU-8 is a technologically important photoresist used extensively for the 
fabrication of microfluidics and MEMS, allowing high aspect ratio structures to be 
produced. In this work we report the use of SU-8 as a Love wave sensor guiding layer 
which allows the possibility of integrating a guiding layer with flow cell during fabrication. 
Devices were fabricated on ST-cut quartz substrates with a single-single finger design such 
that a surface skimming bulk wave (SSBW) at 97.4 MHz was excited. SU-8 polymer layers 
were successively built up by spin coating and spectra recorded at each stage; showing a 
frequency decrease with increasing guiding layer thickness. The insertion loss and 
frequency dependence as a function of guiding layer thickness was investigated over the 
first Love wave mode. Mass loading sensitivity of the resultant Love wave devices was 
investigated by deposition of multiple gold layers. Liquid sensing using these devices was 
also demonstrated; water-glycerol mixtures were used to demonstrate sensing of density-
viscosity and the physical adsorption and removal of protein was also assessed using 
albumin and fibrinogen as model proteins. 
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1. Introduction 

Surface acoustic wave (SAW) devices are widely used in sensing applications with a number of 
variants being used in many research fields [1, 2].  One of the simplest types of SAW device uses a 
Rayleigh wave, which propagates with an elliptical particle displacement through the substrate parallel 
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to the direction of the wave. The energy of the wave is not confined to the surface, although the 
amplitude of the wave decays into the depth of the substrate. These types of sensors cannot be used in 
liquids due to the direction of mechanical displacement allowing dampening of the wave to occur. 
Shear horizontally polarized SAWs (SH-SAW), propagating with a particle displacement 
perpendicular to the wave motion, can be used in liquids but similarly are not confined to the surface 
of the substrate. Love waves may be propagated when an overlayer is added on the surface of a SH-
SAW or surface skimming bulk wave (SSBW) device. Such a wave will be supported if the guiding 
layer material has a shear speed less than that of the substrate [3]. An enhancement in device 
sensitivity can therefore be achieved, with Love waves offering one of the highest mass sensitivities. 
Love wave sensors have been used for a variety of applications including the detection of biological 
analytes [4, 5] liquid properties [6, 7] and evaporation kinetics [8]. 

Due to their ability to be used in an aqueous environment and their sensitivity, Love wave sensors 
are often used as biosensors. Different guiding layer materials have been reported such as 
polymethylmethacrylate (PMMA) [9, 10] positive photoresists [11] SiO2 [12] and multi-layer 
polymer/SiO2 structures [13]. Although silica guiding layers display low acoustic losses in the MHz 
range their fabrication by deposition techniques is lengthy, and thick layers (~6 μm) are required to 
support a Love wave if quartz substrates are used due to the materials’ similar acoustic velocities [14]. 
Thin polymer layers (~2 μm) will support a Love wave and can be spun on relatively easily. PMMA 
based devices exhibit lower sensitivities compared to silica, possibly due to the high internal losses 
occurring in the guiding layer.  

One of the disadvantages of using Love wave devices is that the interdigital transducers (IDTs) are 
on the same side as the sensing surface. The operation of such devices in liquids can result in electrical 
short circuits. Harsh liquids may even damage the IDTs. For these reasons the guiding layer is often 
extended across the whole face of the device to avoid the use of complicated o-rings and sealed units. 
The use of different materials to protect the IDTs has been reported – specifically SU-8, an epoxy 
based negative photo resist [15]. SU-8 was used only as a protective layer to cover the IDTs whilst 
silicon dioxide was deposited as a guiding layer material between the IDTs. These devices were made 
in a multistage process, wherein silicon dioxide was grown by chemical vapour deposition, patterned 
between the IDTs by photolithography, with SU-8 being applied in a later process. SU-8 is spun on to 
a desired thickness and soft baked to remove solvent. Reactive sites within the SU-8 polymer are 
created during UV irradiation, which, upon heating cross-link to form a strong, hard, chemically inert 
surface resilient to acids, bases and solvents. [16] By using SU-8 as a guiding layer covering the IDTs 
any complicated and time consuming deposition of silicon dioxide wave guide layers would be 
reduced to a simple spin-on process. Devices would be sensitive, durable and chemically resistant. 

Here we present use of SU-8 as a Love wave guiding layer material. SU-8 is assessed in terms of 
the thickness required to support a Love wave, with the first mode being examined. Frequency and 
insertion loss of the devices were monitored with increasing guiding layer thickness. The sensitivities 
of devices with different thickness SU-8 guiding layers were assessed by gold deposition, and liquid 
sensing was demonstrated using water-glycerol mixtures and protein adsorption studies. 



Sensors 2007, 7                            
 

 

2541

2. Experimental Section 

Love wave devices were fabricated on ST-cut quartz with propagation orthogonal to the crystal 
direction. The IDTs consisted of sputtered gold (80 nm, Emitech) over titanium (10 nm, Emitech) as 
an adhesive layer, deposited using an Emitech K757X sputter coater. A single-single finger design was 
used. Finger widths and spacings were 12.8 μm, with each IDT being 4.5 mm in length, with an 
aperture of 4 mm and IDT centre-centre distance of 12 mm. SU-8 is a negative photoresist requiring a 
multistage process to form a semi-rigid layer. Parameters were defined such that the polymer was spin 
coated onto a device to achieve a desired thickness, soft-baked to remove solvent before UV exposure 
and hard-baking to allow cross linking to take place. Once hard-baked SU-8 has the advantage over 
other polymers often used as a guiding layer material being mechanically reliable and almost 
completely chemically inert. The thickness of each layer was determined by stylus and optical 
profilometry, being measured at 0.56 μm. The SU-8 guiding layers were successively built up using 
SU-8-10 (Microposit) diluted in 1-methoxy-2-propanol acetate (Aldrich, 98+%). These were spun to 
achieve a single layer thickness of 0.56 μm (verified using a Veeco Dektak 6M stylus profiler and an 
optical Veeco Dektak 3 surface analysis system.) Each layer added was prebaked at 55 oC 10 min, 
cooled to room temperature and exposed to UV using a Mega LV202E UV exposure unit, before being 
postbaked at 55 oC 10 mins and 95 oC 5 mins. Multiple 30 nm gold layers were used as a model for 
rigid mass, being sputtered on the centre of the Love wave propagation path up to 450 nm using an 
Emitech K575X fitted with a film thickness monitor. A mask was used to define a small area of 8 mm2 
onto which the gold was sputtered. Device spectra were recorded using an Agilent E5061A network 
analyser. Glycerol/water mixtures were pumped over the sensor using a Watson Marlow peristaltic 
pump. Glycerol (Sigma 98%) was diluted with distilled deionised water. Protein flow experiments 
were conducted with solutions being continually flown over the sensor surface at 1 ml min-1 by syringe 
pumps (Razel R100-EC). Protein solutions were prepared immediately prior to use at a concentration 
of 1 mg ml-1 in phosphate buffered saline (PBS, Sigma, tablets) using bovine serum albumin (Sigma, 
fraction V, lyophilized powder) and bovine fibrinogen (Sigma, type I-S, lyophilized powder) 
Temperature stability of 24 ± 0.1 oC was achieved using an Octagon 10 incubator. The Love wave 
device was used as the feedback element in an oscillator circuit consisting of cascaded amplifiers 
(Minicircuits ZFL-500LN), a 50 MHz high pass filter and 150 MHz low pass filter (Minicircuits BHP-
50 and BPL-150), a power splitter (M/A com T1000) and a frequency counter (Agilent 53132A) 
interfaced to a microcomputer.  

3. Results and Discussion 

Signal characteristics of devices were recorded during the build up of successive layers of SU-8 
photoresist. As the guiding layer thickness increases it is expected that the acoustic wave will 
gradually move from propagating entirely in the quartz as a surface skimming bulk wave (SSBW) to 
being confined at the surface of the substrate or travelling within the guiding layer as a Love wave. As 
this happens the velocity of the wave will decrease and so it is expected that a decrease in resonant 
frequency will also occur. The additional mass loading caused by the guiding layer will also contribute 
to a drop in frequency. Trends in frequency and amplitude of the signal over the first mode are shown 
in Figure 1. The signal attenuation initially decreased with increasing guiding layer thickness, reaching 
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a minimum of -15 dB at ~1 μm (z = 0.02). An increase in the amplitude of the signal demonstrates that 
more of the acoustic energy is located near the surface of the device which is consistent with previous 
reports using quartz substrates [11]. Additional layers of SU-8 gave rise to a gradual decrease in 
insertion loss due to the dampening of the overlayer, although it is well known that higher order modes 
can be observed with increasing thickness [3, 11]. 

 

 
Figure 1. Signal characteristics covering the first mode of an SU-8 guiding layer  
Love wave device. Frequency (closed triangles) and insertion loss (open squares)  

shown as a function of guiding layer thickness and dimensionless parameter z = d/λIDT. 
 
The mass sensitivity of devices with a range of guiding layer thicknesses chosen to cover the first 

mode has been investigated. For acoustic wave sensors without a guiding layer it usual to assume that 
the frequency change resulting from the addition of rigid mass is directly related to a change in phase 
velocity and hence a Sauerbrey type relation exists. For guided waves there may be significant 
dispersion and the frequency dependence of rigid mass loading onto a Love wave device may not be 
directly proportional [3, 17]. However if upon the addition of mass the change in guiding layer 
thickness is infinitesimal such that the operating point is not moved significantly down the dispersion 
curve, as in our experiments, then a Sauerbrey type proportionality may be observed [18]. If this is 
assumed then the mass loading effects of metalized layers on top of a guiding layer provide a simple 
route to defining the sensitivity of Love wave devices. All devices showed a linear relationship 
between frequency change as a function of increasing mass of gold, as shown in Figure 2.  
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Figure 2. Relationship between mass loading and frequency of a SSBW device (open diamonds), and 

Love wave devices having guiding layers 1.12 μm thick (closed triangles) and 2.24 μm (closed 
circles). 

 
A greater change in frequency was observed when depositing gold layers on all SU-8 devices 

compared to an uncoated device. The linear regions of the signal change was used to calculate the 
sensitivity of the devices in terms of a frequency change observed for mass loading of gold per unit 
area, Figure 3. From Figure 1 it would be expected that the most sensitive region would be where 
small changes in guiding layer thickness cause the largest changes in frequency, i.e. the middle of the 
mode. Indeed a sharp maximum in sensitivity was measured at ~350 Hz/ng/mm2 at a guiding layer 
thickness of ~2 μm (z = 0.04), Figure 3. This corresponds well with the experimental dispersion curve 
data (Figure 1), relating to a point where the maximum frequency changes are observed with 
increasing guiding layer thickness. 

 

Figure 3. Frequency sensitivity of Love wave devices. 
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 To demonstrate the use of SU-8 Love wave devices in liquid sensing, flow experiments were 

conducted to compare an SSBW device to a Love wave device with a 2 μm thick SU-8 guiding layer. 
Devices were clamped such that glycerol-water mixtures could be in contact with their sensing surface. 
Liquid was injected into the flow cell using a peristaltic pump with the flow direction perpendicular to 
the acoustic wave propagation; after the liquid was introduced the pump was halted until the next 
concentration was introduced. A stable signal was achieved oscillating in water, changing the liquid 
for 30% and 50% glycerol solutions before washing again with water, Figure 4. 

The propagating acoustic waves’ amplitude is attenuated by the liquid overlayer such that it decays 
with a penetration depth )/( 0 ll f ρπηδ = , where ρl and ηl are the liquid density and viscosity 

respectively. For non-guided acoustic waves the Kanazawa and Gordon relationship [19] between 
frequency change and square root of the density-viscosity product is assumed to hold. For Love wave 
devices this may not be assumed due to the considerations discussed previously for mass loading. 
However, again, if the operating point of the sensor is not moved significantly down the dispersion 
curve then proportionality between the square root of the density-viscosity product and the change in 
frequency may be observed.  

 
 

Figure 4. Liquid sensing of an SSBW device (dotted red line) and a Love wave  
device with an SU-8 guiding layer (solid black line), using water-glycerol mixtures.  

Arrows indicate points when liquid in contact with the sensor was exchanged. 
 
As the device is oscillated in more viscous liquids the operating frequency will decrease, shown by 

the stepwise drops in frequency in Figure 4 as the glycerol fraction was increased. Both the devices 
tested returned to their original oscillating frequency when water is replaced over the sensors, 
indicating that no residual glycerol remained or any changes occurred to the sensor surfaces. The Love 
wave device shows a much higher sensitivity compared to the SSBW device, giving frequency shift 
more than 4 fold and 12 fold greater than the SSBW device for 30% and 50% glycerol solutions 
respectively (relative to water).  
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Initial spikes in frequency were observed due to the peristaltic pumping motion of the liquid when 
flushed over the crystal (causing pressure waves). Thermal drifting is often a problem during liquid 
sensing, wherein even small changes in temperature alter the viscosity of the media and effect the 
sensor itself. However, the SU-8 Love wave device showed good stability when in contact with water-
glycerol mixtures, with only slight frequency drift of ~11 Hz min-1. The greater stability of SU-8 
compared to PMMA when in contact with water has previously been reported [20]. As SU-8 is highly 
chemically inert [16], it is anticipated that such devices will be stable under most chemical conditions. 
This may be particularly useful when measuring properties of corrosive or easily contaminated liquids 
such as ionic liquids. 

To demonstrate the use of SU-8 Love wave devices for the detection of biomolecules, the 
adsorption of two serum proteins was examined. Bovine serum albumin (BSA) is a small globular 
protein and fibrinogen is a much larger rod-like protein, both found in high abundance in serum and 
are often used as model proteins in adsorption studies.[21] PBS was flown over a Love wave device 
having a 2 μm thick SU-8 guiding layer before the inlet of protein solution. Frequency shifts observed 
suggest that both albumin and fibrinogen adsorb onto the SU-8 surface upon injection over the sensor 
(Figure 5, point a). Following adsorption any loosely adhered or unbound protein was removed during 
a PBS rinse (figure 5, point b) which is shown by a slight upward shift in frequency. Albumin 
adsorption gave rise to a much lower change in frequency (~370 Hz) compared to fibrinogen 
(~1330 Hz) which is expected due to its smaller mass and differences in surface chemistry. Fibrinogen 
was also found to adsorb at a faster rate. These observed trends in adsorption compare well with those 
previously reported for these two proteins, bearing in mind the wettability of SU-8 being neither 
highly hydrophilic nor hydrophobic (water contact angle 80o [22]). A more detailed discussion of 
protein adsorption profiles and how this relates to protein-surface interactions can be found elsewhere 
[21].   

 
Figure 5. Protein detection using an SU-8 Love wave device. Arrows indicate points when solutions 
over sensors were exchanged, a) protein solution injected, prior to a) and at b) PBS solutions injected. 

Adsorption of albumin (black line) and fibrinogen (red line) was detected. 
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Conclusions 

A negative epoxy-based photoresist, SU-8, was investigated as a Love wave guiding layer material. 
Signal characteristics were investigated in terms of guiding layer thickness. Observed trends in 
frequency and insertion loss were as expected for quartz Love wave devices. Frequency decreased 
with increasing guiding layer thickness, whilst insertion loss reached a minimum of ~-15 dB. Such low 
insertion losses are not common for these devices and may relate to the acoustic properties of SU-8. 
Sensitivity was assessed by the deposition of gold layers between the IDTs, showing a linear response 
in terms of frequency for all devices tested. A maximum sensitivity was achieved with a guiding layer 
thickness of ~2 μm (z = 0.04). Liquid sensing was also tested using water-glycerol mixtures, 
demonstrating the enhanced sensitivity of the Love wave device over an SSBW. Acoustic wave 
sensors are often used to assess viscosity-density of liquids although are often limited to those 
chemicals which will not damage the guiding layer The excellent stability of the devices when in 
contact with liquid highlights the applicability of SU-8 Love wave devices for sensing chemicals 
which may corrode/ dissolve/ swell or otherwise distort other polymers used as guiding layers.. The 
chemical stability of hard-baked SU-8 has been used by others to protect IDTs whilst another material 
is used as a wave guide. Protein adsorption experiments show the applicability of these sensors to 
detect biomolecules, showing a comparably larger frequency shift for fibrinogen adsorption than 
albumin and also a faster rate of adsorption for fibrinogen as expected. Here we have demonstrated the 
ease of fabrication and effectiveness of SU-8 based Love wave devices. 
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