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ABSTRACT. The chemical functionalization of SU-8 photoresist with amine-ended silanes is 

demonstrated. The resulting active layer, coated on a quartz substrate, is used for propagating guided 

surface acoustic waves: its acoustic properties are used for the development of a chemical sensor for in 

situ analysis of aqueous solutions. The analytical principle is demonstrated by measuring with time 

resolution the binding of organometallic complexes of molar weight in the 250 g/mol range. The 

acoustic signal is interpreted as a pure mass effect, with a non selective detection limit of the sensor of 

60 ng/cm2. 
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Introduction 

Epoxy-based SU-8, initially developed by IBM as a high-contrast, negative photoresist, has found 

increasing use as a structural component in devices [1]. SU-8 quickly gained popularity in the 

electronics industry as a photoresist for micromachining and microelectronic applications because of its 

compatibility with conventional microfabrication techniques and its ability to produce high-aspect-ratio 

microstructures [2]. SU-8 has been intensively used as a photolithographically defined film to produce 

free-standing features in MEMS[3], bioMEMS[4] and microfluidics devices [5]. In most cases, the SU-

8 is only used as a template, a mere structural layer (walls, channels) or for packaging.  The reduction of 

the number of fabrication steps is often a major factor of efficiency in industrial fabrication. In the case 

of guided acoustic wave sensors, the conventional pair of thick PECVD silicon dioxide layer and a 

photoresist layer acting as, respectively chemical sensor and microfluidic device, would be 

advantageously replaced by a single polymer-based system providing both functions. Nevertheless, 

there are still challenges to use SU-8 directly as the sensitive layer, the transducer, the microfluidic 

system and the packaging agent in an acoustic sensor, the two main ones being i) to develop a practical 

way to functionalize SU-8 and ii) to determine the acoustic properties of a thin SU-8 layer.  

The general context of this work is associated with the development of direct detection sensors: such 

devices provide electric signal changes resulting from the adsorption of molecules to be detected on a 

surface. The transducer used for converting the physical signal associated with the adsorption is either 

optical (surface plasmon resonance or guided evanescent wave coupling angle change due to local 

optical index variations) or acoustic (quartz crystal microbalance or surface acoustic wave sensor in 

which the adsorbed layer induces an acoustic wave propagation delay) [6].  Specifically, surface 

acoustic wave (SAW) sensors are based on the measurement of the velocity and acoustic losses of an 

acoustic wave generated by interdigitated structures (IDTs) patterned on a piezoelectric substrate. Love 

mode acoustic wave sensors use a guided shear acoustic wave capable to withstand the presence of a 

liquid medium on the wave propagation path. The quantitative analysis provides, thanks to the time 

resolution, adsorption or reaction kinetics as well as adsorbed mass and viscoelastic characteristics. The 
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main packaging issue then is to avoid coating the IDTs with the solvent since the large dielectric 

constant of water leads to a strong efficiency loss of the electric energy coupling in the piezoelectric 

substrate. 

In this paper, we develop a method to functionalize this material by alkoxysilane and to determine the 

acoustic properties of a SU-8 layer. The acoustic properties and the functionalization of a SU-8 thin 

layer are exploited to realize an acoustic sensor. Based on the grafting of a specific self-assembled 

monolayer (SAM) on the SU-8 guiding layer, this device can be used to determine in real time the 

concentration of ruthenium and rhodium complexes in an aqueous solution. 

 

 

Experimental section 

Acoustic waves sensors 

We have developed a Love mode surface acoustic wave sensor, in which a shear wave is confined in a 

guiding layer. The wave guide is fabricated by depositing a 1 μm thick SU-8 layer on AT-cut quartz 

with wave propagation along the rotated Z axis. The waves are launched and detected using double-digit 

interdigitated transducers (IDT) patterned in a 200 nm thick evaporated Al layer. The resulting sensor is 

thus made of 50 pairs of IDTs separated by a cavity 3.2 mm long and 3.5 mm wide. The acoustic 

aperture is 3.5 mm (See Figure 1). A major difficulty in using polymer guiding layers rather than the 

commonly used silicon dioxide arises from the higher acoustic losses. On the other hand polymer 

guiding layers display a large difference in acoustic velocity in comparison to quartz and hence 

improved acoustic confinement and thus increased mass sensitivity. Also, thick (> 1 μm) guiding layers 

are easily fabricated in an industrial fabrication perspective. Following polymerisation of the 1 μm thick 

guiding layer, a 150 μm thick layer is deposited and patterned in order to define the fluidic channels 

defining the chemical reaction cavity (above the wave propagation path) containing the fluid to be 

analyzed, while preventing the solution from reaching the interdigitated transducers [7]. 
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Figure 1. Picture of the SAW device. 

This fluidic network is tightly sealed with glass slides joining the walls delimiting the IDTs regions: 

by avoiding liquid over the transduction area, the electrical coupling in the quartz substrate is still 

efficient even during measurement of a high dielectric constant liquid sample, while leaving a 7 μl open 

well over the sensing area in which the sample to be analyzed will be deposited.  

The acoustic properties of the acoustic delay line is monitored at a rate of 1 Hz using a GPIB 

controlled Rohde & Schwartz ZVC network analyzer. The phase and magnitude of the S21 transmission 

coefficient within the band pass frequency range are recorded for post-processing. 

 

Materials 

All reagents and solvents were purchased (Aldrich) and used as received. Dinuclear dichloro 

complexes [Ru(η6-C6H6)Cl2]2 and Ru(η5-C5Me5)Cl2]2 were synthesized by previously described 

methods [8]. 

Grafting of SAMs on SU-8 

The SU-8 guiding layer was plasma treated under ozone for one hour. This oxidising treatment 

induces the formation of hydroxy functions at the surface of the SU-8 guiding layer. Monolayers were 
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prepared by immersion of cleaned substrates in a 100 μM toluene solution (100 ml) of 3-

(dimethoxymethylsilyl)-1-propylamine for 12-hours at room temperature. Then, the substrates were 

rinsed with large amounts of toluene and baked for 1h at 110°C. 

 

Results and Discussions 

SU-8 functionalization 

According to the literature, the surface of SU-8 can be activated either by an oxygen plasma, [9] 

reaction with ethanolamine [10] or by UV-ozone treatement [11]. The mechanism involved in these 

methods is to ensure the formation of free reactive radicals on a surface which can then be used for the 

grafting of new functionalities to surface of the target material (e. g. SU-8). Our approach is based on 

the UV-ozone treatment of the SU-8 guiding layer for grafting an amino-ended organosilane monolayer 

(Figure 2). 
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Figure 2. Functionalization of SU-8 layer by amino-ended monolayer. 

 

This type of precursors (i.e. dialkoxysilane derivative) has been chosen because it is known to lead to 

very compact monolayers [12]. Reactants bearing two alkoxysilane functions are the best approach to 

optimize the epitaxial growth of the SAMs on silica layer. The IV-valence of silicon is respected, 

leading to solid grafting because one molecule constituting the SAMs is covalently bounded with two 

silicon atoms of the substrate. The formation of aggregates and multilayers is annihilated thanks to the 

absence of trifunctionnal functions as would be the case when using trialkoxysilane derivatives. This is 

a key-point in the view of obtaining an efficient SAW sensor, because the formation of a thin sensitive 
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layer on the SU-8 guiding layer ensures that the SAW is not strongly attenuated as would happen with 

larger thicknesses. The functionalization has been confirmed by XPS experiments on the sensitive layer 

of our sensor. Peaks corresponding to Si-O, Si-C and C-N binding energies are detected at 103.5, 284.6 

and 398.8 eV respectively. For example, the N1s peak is centred at 398.8eV which can be assigned to 

the amino moiety as it has been previously described in the case of the functionalization of 

polyethylene-terephtalate by 3-aminopropyl-triethoxysilane [13].  

Application of SU-8 as a guiding layer for acoustic sensing application 

In order to check whether the modified SU-8 film can be used as a guiding Love mode SAW, this 

layer has been coated on an acoustic device and previously characterized [14].  

The organometallic compounds selected for tests are obtained after the hydrolysis of [Ru(η6-

C6H6)Cl2]2 and Rh(η5-C5Me5)Cl2]2, which arise into [Ru(η6-C6H6)(H2O)3]2+ and Rh(η5-

C5Me5)(H2O)3]2+ cations, respectively [15]. These cations react with aliphatic amine, R-NH2, to give 

cationic complexes of the type [Ru(η6-C6H6)(H2O)3-x(R-NH2)x]2+ and Rh(η5-C5Me5)(H2O)3-x(R-

NH2)x]2+ with x=1, 2 or 3, respectively. An aqueous solution of [Ru(η6-C6H6)Cl2]2 and Rh(η5-

C5Me5)Cl2]2, (concentration: 1 g/l) is freshly prepared and one droplet (10 μl) is deposited on the SU-8 

layer while the magnitude and phase of the acoustic signal at a fixed frequency are monitored.  The 

solution stands still over the sensing area (open well configuration). The open cuvette was then 

thoroughly rinsed 3 times using DI water in order to remove all the free organometallic species in the 

water solution. Figures 3 and 4 present the results of these experiments. The blank experiment in which 

the sensing area with no prior chemical functionalization is exposed to the same analyte does not 

display significant phase or magnitude shift within measurement uncertainties. 
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Figure 3. Time resolved measurements of the insertion loss (I.L., top) and phase shift (bottom) of a 125 

MHz Love mode acoustic wave sensor with a SU-8 guiding layer functionalized by amino-ended 

monolayer upon adsorption of an Rh organometallic complex.  
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Figure 4.   Time resolved measurements of the insertion loss (I.L., top) and phase shift (bottom) of a 

125 MHz Love mode acoustic wave sensor with a SU-8 guiding layer functionalized by amino-ended 

monolayer upon adsorption of an Ru organometallic complex. 

 

After obtaining a stable baseline using deionized water, the solution containing the organometallic 

complex (Rh: Figure 3 and Ru: Figure 4) is deposited over the sensing area. Following adsorption, the 

surface is thoroughly rinsed, before the same organometallic complex containing solution is again 

deposited on the surface to verify that the surface was saturated during the first reaction step and that no 

further signal change is observed. Finally, the surface is rinsed to achieve a stable final baseline. A 

phase change (see Figures 3 and 4) is noted, associated with the velocity shift generally attributed to a 

mass increase. The magnitude of the transmitted energy exhibits changes of the order of 0.5 to 1 dB (see 
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Figures 3 and 4), corresponding to a few 10-2 dB/λ. Such a magnitude change may be associated with 

viscoelastic or dielectric loss variations occurring due to the film adsorption [16]. We work here with a 

dielectric guiding layer without metallic coating on the sensing area which would act as a Faraday 

shield. Hence, the acoustic wave propagation is not only affected by a mass adsorption but also by 

permittivity changes of the layer adsorbed on the surface.  

In this context, acoustic direct detection sensors are not only sensitive to gravimetric effects but have 

also been shown to be affected by dielectic or viscoelastic effects [17]. The detection limit of Love 

mode SAW sensors is in the 60 ng/cm2 range as deduced from the intrinsic gravimetric sensitivity of the 

transducer [18] (250 cm2/g,), the phase-frequency slope dφ/df=360·L/V=5·10-4 °/Hz  (L=7 mm the 

acoustic cavity length, V=5000 m/s the phase velocity) and the typical phase measurement noise of 

network analyzers (0.3 degrees): such transducers were used for detecting thin films such as adsorbed 

protein or polymer films.  

The adsorbed mass density of the saturated organometallic complexes monolayer is estimated to be 

180 and 230 ng/cm2 for Ru and Rh complexes respectively as follows: there are 5 anchorage sites [11] 

(i. e. aminosilane) by nm2 and the molecular weight of complexes hydrated with two water molecules is 

215 g/mol and 274 g/mol for Ru and Rh complexes respectively. This mass density accounts by more 

than a factor of three above the detection limit of the sensor (60 ng/cm2). Furthermore, a mass of 180 or 

230 ng/cm2 deposited on a SAW with mass sensitivity 250 cm2/g yields a frequency shift of, 

respectively 5625 and 7200 Hz. This frequency shifts can be converted to phase shift of respectively 2.8 

and 3.6 degrees thanks to a phase to frequency slope of 5.10-4 °/Hz. These values are close to the 

experimental observations (Figs. 3 and 4). Since thin films will hardly provide significant viscoelastic 

interactions with the acoustic wave, it is assumed that an additional contribution due to the permittivity 

of the adsorbed layer interfers. 

XPS analysis 

The target analytes of our acoustic sensors are organometallic species containing one ruthenium or 

one rhodium atom because these elements are heavy enough to be detected with a SAW sensor, and also 
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significantly because these elements provide unique signatures during XPS analysis: the associated 

signals provide unambiguous information on the binding of organometallic species and hence of the 

amine functionalization of the surface. 

In order to definitively prove that the species which have been detected by the acoustic sensor are 

effectively the expected organometallic derivatives of Ruthenium or Rhodium, XPS investigations of 

the sensitive layer of the sensor after treatment by aqueous solutions of [Ru(η6-C6H6)Cl2]2 and Rh(η5-

C5Me5)Cl2]2 have been performed.  
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Figure 5. XPS spectra of sensitive layers of acoustic sensors without functionalization of the SU-8 

guiding layer (dashed line) and after functionalization with amino-ended groups and treatment with an 

aqueous solution of [Ru(η6-C6H6)Cl2]2 (left) and [Rh(η5-C5Me5)Cl2]2 (right) of the SU-8 guiding layer 

(line).  

 

In the case of ruthenium derivative, the Ru 3d5/2 peak is observed at 280.9 eV (Fig.5, left), which is 

close to the literature values of RuII in other complexes [19], that is, 279.5-281.8 eV for [Ru(NH3)L]2+ 

[20]. Moreover, in this range of energy, the carbon peak (C1s) was detected at 283.9 eV, which can be 

assigned to the C-H due to organic moieties. In the case of Rhodium species, the Rh 3d5/2 and Rh 3d3/2 

peaks are respectively seen at 308.1 and 312.0 eV, which are close to the literature values of RhI in 

other complexes [21, 22]. Figure 5 demonstrates that the functionalization process is effective since a 
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significant and irreversible signal is observed only following SU-8 functionalization with amine-

terminated silanes. 

These results hint at potential use of such sensors in real time industrial product control where 

selectivity is not an issue. For example, the metal contamination of target materials, after olefin 

metathesis reactions, can lead to side-reactions or dangerous doping in the context of pharmaceutical 

synthesis or nanoelectronic. The best reported work exhibit a concentration of ruthenium derivatives 

close to 60 ppm which is still above the level required for pharmaceutical applications (ca. 10-20 ppm) 

[23].  The main methods which are used to determine the amounts of metals are atomic absorption 

spectroscopy (AAS), X-ray fluorescence, and plasma emission methods. 

 

Conclusion 

The acoustic properties and the functionalization of a SU-8 thin layer are investigated. These 

properties have been applied to develop an innovative and original chemical sensor which is based on 

the propagation of a Love mode surface acoustic wave in an SU-8 layer. The functionalization of this 

layer by organosilane was demonstrated via the detection of aqueous ruthenium or rhodium 

organometallic complexes. All experiments have been further assessed by XPS analysis of the surface. 

This type of functionalization opens further opportunities for such a sensor since it lays the basic 

functionalization steps towards the detection of metallic nanoparticles as well as of biological species. 
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