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Abstract. This paper describes a promising method to improve the performances of organic resonant 

microcantilevers. This method is based on the tuning of the viscoelastic properties of the material by 

controlling internally the temperature of the structure. Actuation of the SU-8 free-standing 

microstructures has been integrated by means of electromagnetic forces while a static resistive thermal 

effect, obtained by applying a DC current in a conducting path, has been used to control the 

temperature of the structure. Investigation of the electromagnetic and thermal influence on the static 

and dynamic behavior has shown that the thermal effect dominates the electromagnetic one in static 

mode and inversely in dynamic mode. As a result, by applying a constant heating of the structure, the 

viscoelastic properties of polymers have been tuned, and the quality factor of SU-8 microcantilevers 

has been thereby enhanced by a factor 2 in air and 2.25 in liquid.  
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1. Introduction 

 

Free-standing microcantilevers are widely used as micro- and-nanoelectromechanical systems (MEMS 

and NEMS). More specifically, silicon cantilevers have shown great potential for sensing applications 

such as, molecular recognition [1, 2] or virus detection [3]. However, a recent emerging alternative 

concerns the introduction of polymers as structural layer in MEMS resonators [4], actuators [5] and 

spring structures [6] due to the ease of their processing, their low cost, their low temperature 

requirement during fabrication, and the possible tuning of mechanical properties such as Young 

modulus, a quality criterion hard to be achieved when using silicon.  

When organic MEMS are used in static mode, one of the advantages is their softness resulting in large 

deflections for small external applied forces. This specific property has been used for the fabrication of 

sensors used for chemical or biological applications [7, 8, 9] and micromanipulators for cell handling 

[10, 11]. In dynamic mode, it is well-known that the quality factor Q is an important parameter for the 

resonance characteristics. The quality factor determines the sharpness of the resonant peak and thus 

the frequency stability of the resonator. Therefore, a good quality factor is crucial for most resonator 

applications. In this context, the low quality factor limits the actual performance of organic MEMS 

resonators since losses in organic materials induce a non-negligible material damping. This raises the 

question of how the quality factor of polymer resonant microcantilevers can be improved. Recently, 

various methods have been proposed. For instance, in order to counteract the negative effect of the 

relative low quality factor, an electronic positive feedback has been used for polymer microcantilevers 

corresponding to an artificial increase of Q [4]. Other promising methods consist in using 

microcantilevers in the in-plane modes including longitudinal and lateral ones [12, 13] or introducing 

a microchannel into the cantilever to reduce the fluid damping and thus, to improve the quality factor 

for applications in liquid media [14]. Recently, the fabrication of asymmetric anchors or electrodes has 

been proposed to enhance the sensitivity of microcantilevers operating in the flexural modes [15, 16]. 

However, the fabrication of such devices generally requires more complex fabrication steps, reducing 

the simplicity and low cost criteria associated to organic MEMS. The control of the mechanical 

properties of silicon cantilevers by self-oscillations can be also realized [17] but this method is not 

adapted to organic structures due to their different mechanical behavior. 
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In this context, the understanding of intrinsic dissipation effects occurring in polymer materials and its 

influence on the damping behavior of polymer microresonators is of great interest since this behavior 

affects directly the Q-factor. Investigations on origins of damping in SU-8 microcantilevers have 

demonstrated that material damping due to polymer viscoelastic properties is the main loss mechanism 

[18]. The influence of the temperature on the viscoelastic properties of SU-8 has been also reported 

[18].  

In the present work, a simple method to precisely control the viscoelastic properties of SU-8 by 

inducing an internal heating is proposed in order to improve the quality factor of SU-8 resonators. This 

is achieved by patterning a U-shaped conducting path on top of the cantilever surface, allowing a 

constant static resistive heating thanks to a DC current flowing through the conducting path. Also, an 

integrated dynamic actuation of the cantilevers is provided by electromagnetic forces due to its simple 

implementation, the only criterion being an alternative current flowing into the conducting path and an 

external magnetic field. With this approach, the performances of resonant SU-8 microcantilevers have 

been evaluated and the dependence of the viscoelastic properties of SU-8 on Q-factor is reported. For a 

better control of the viscoelastic properties, the influence of the electrothermal, 

electrothermomechanical and electromagnetic effects on the static and the dynamic behavior of the 

structures has been widely investigated. As a result, the viscoelastic properties of the polymer have 

been successfully controlled thermally and the quality factor of SU-8 resonators has been significantly 

improved in air and in liquid media, where values of Q similar to those of silicon-based 

microcantilevers have been obtained. 

 

2. Materials and methods 

 

2.1 Fabrication process 

 

The specific polymer used in this study is SU-8, an epoxy-based negative photoresist (SU-8® 3000) 

from MicroChem, that ensures different functions: structural, support and adhesive layer. SU-8 was 

chosen for its excellent processability, and its properties which have been intensively studied [19]. 

The fabrication process of the microcantilever is based on a method inspired from wafer bonding. It 

consists in structuring simultaneously two wafers where the cantilever structures are first patterned 

upside down on a silicon carrier wafer and then clamped on a receiver wafer as reported in our 

previous work [20]. 

First, a silicon carrier substrate has been coated with an Omnicoat® sacrificial layer (from 

MicroChem) to allow the release of the microstructures after the transferring step. Then, SU-8 

microstructures and supporting layers have been successively spin-coated and patterned by 

photolithography. In parallel, the SU-8 transferring layer is structured on another silicon substrate. 

Next, both substrates are bonded together by a thermal wafer-bonding method. Afterwards, the free-

standing organic structures are released by chemical etching of the Omnicoat® sacrificial layer. 

To ensure the integrated actuation of the organic structures, a gold path has been deposited between 

the sacrificial layer and the SU-8 structural one. Standard methods for gold patterning such as lift-off 

or etching are not appropriate in our case since the Omnicoat® sacrificial layer does not resist to the 

solvents used for the protective resists patterning generally used in such processes. Hence, an 

alternative method based on shadow-masking has been chosen since it does not require any chemical 

etching step. This method combines deposition and patterning in one step via thermal evaporation of 

gold through polymeric microstencils made of SU-8 following the method described in [20]. 

The resulting gold conducting path, characterized by a thickness of 100nm, and integrated on the 

organic structures (cf. Fig. 1) allows the integrated actuation and the thermal control of the SU-8 

cantilevers as described in the next section. To finish the process, the free-standing structures are 

mounted on a PCB. The conducting lines of the PCB are wire-bonded to pads present on the structure. 

With this process, matrices of organic cantilever resonators have been successfully realized, as shown 

on Fig. 1. 

 

2.2 Experiments 

 

Polymer microstructures can be actuated by several methods including electrostatic [4], 
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electromagnetic [21] or electrothermal actuation [22]. In this paper, we propose an electromagnetic 

dynamical actuation coupled with an integrated resistive heating by electrothermal effects.  

The dynamic actuation of the polymer-based microcantilevers is generated by an electromagnetic 

Laplace force. For this, the structures are mounted above an external magnet, and the Laplace force is 

then exerted by an alternative electrical current (AC) flowing through the gold path deposited on the 

structure. Fig. 2 shows a schematic of the cantilever actuated by the Laplace force (Fig. 2). This 

configuration offers the possibility to obtain the torsional and flexural resonant modes. The dynamic 

characteristics of the organic microcantilevers have been then recorded with a laser-Doppler 

vibrometer MSA-500 from Polytec measuring nanometer magnitude displacements. 

A continue electrical current (DC) can be also applied on the conducting path which can generate a 

static Laplace force and a heating of the resistor by Joule effect. In our case, the temperature rise 

associated with the resistive heating has been used for a precise control of the temperature in the 

cantilever. For instance, an applied DC power of 3.5mW gives an internal resistive heating of the 

structure of 90°C (this temperature results from Comsol simulation and thermal resistor 

measurements). This temperature rise induces also a thermomechanical deflection of the structure due 

to the bimorph effect from the Au conducting path coated on top of structured SU-8. This effect can be 

added to the microcantilever deflection resulting from the Laplace Force. The microcantilever 

deflection due to both static effects has been measured thanks to an interferometry optical profiler 

NT9080 from Veeco. 

By using both approaches simultaneously, the organic microstructures can be used at different 

resonant frequencies while applying an initial resistive heating of the organic material. 

 

 

3. Results and discussion 

 

3.1 Dynamic characterization of the microstructures 

 

To obtain a reliable organic microresonator, it is important to evaluate the actual performances of the 

microstructures. An accurate dynamic characterization of the organic microcantilevers including 

mechanical resonant frequencies and quality factors is thus required.  

 

3.1.1 Resonant frequencies 

 

Cantilever resonant frequencies have been obtained by applying an alternative current (Imax=40µA) to 

the gold conducting path, that is low enough to prevent from a dynamic electrothermal effect. The 

mechanical properties of the material defined by the Young’s modulus of the structured layer have 

been then deduced from the out-of-plane flexural resonant modes using Eq. (1) [23]. 

  

 

(1)  E= (4π2f2
nL

412ρ)/(λ4
nh

2) 

 

 

In this Eq., E represents the cantilever effective Young’s modulus, fn is the resonance frequency of the 

nth mode, L and h are respectively the length and thickness of the microcantilever, ρ represents the 

mass density of the material,  and λn the eigenvalue of the nth resonance mode. 

Fig. 3 shows the Young’s modulus evolution measured for different flexural resonant modes. First, a 

wide panel of out-of-plane resonant modes, including torsional and flexural ones can be observed due 

to the high flexibility of the organic structures. In some cases (data not shown), the first fifteen flexural 

modes and torsional modes have been observed with the vibrometer.  For the flexural modes, the low 

values of Young’s modulus obtained are in agreement with the literature [24], validating the method 

used for its calculation. A slight increase of E can be also observed with the frequency. In fact, it is 

known that SU-8 provides a viscoelastic behavior [25], meaning that the mechanical properties of the 

material are frequency dependent and can be expressed by a complex modulus: 
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 (2) E* = E’+iE’’ 

 

Where E’, also called storage modulus, is the real part of E*, in phase with the strain. E’’, the loss 

modulus, is the imaginary part of E*, out-of-phase with the strain. E’ represents the stiffness of the 

material, and E’’ the loss due to material damping. It is thus noteworthy to consider the material 

viscoelastic properties which strongly influence the quality factor of the organic microresonators, as 

shown in the next paragraphs. 
  

 

3.1.2 Quality factors 

 

The ability of resonant structures to be used as highly mass sensitive devices depends mainly on their 

quality factor which defines losses in the structure. Thereby, the quality factor of SU-8 

microresonators has been determined by using the −3dB bandwidth of the resonant frequency spectra. 

From Fig. 4, it can be seen that the organic cantilevers have relatively low quality factors in air, 

decreasing with the frequency. For instance, the quality factor of a structure characterized by a length 

of 380µm decreases from 30 at low frequencies to around 10 at high frequencies (above 1MHz). 

Quality factor depends on several loss sources including losses from the clamped edge, the surface 

losses, the air damping and internal material damping. But, in the case of organic microresonators, the 

actuation of the structures induces vibrations of a viscoelastic material. Losses due to viscoelastic 

material damping can be expressed by Eq. (3) [18]: 

                                           

(3)  1/Qviscoelast. = E’’/E’ = tan δ  
 

Where tan δ, the loss tangent, represents the phase angle between stress and strain. 

Furthermore, previous works [18] have proved that the dominant damping mechanism is the 

viscoelastic material damping for SU-8 microresonators. Thereby, the quality factor of the organic 

microstructures can be expressed by Eq. (4): 	
 (4) Q = E’/E’’ =1/tan δ 
 

As shown by Eq. 4, the quality factor of SU-8 microresonators is inversely proportional to the loss 

tangent. The tuning of viscoelastic properties of the material could offer the possibility to enhance the 

quality factors of the organic microcantilevers and thus, their performances as microresonators. 

 

3.2 Optimization of the performances of SU-8 microresonators  

 

3.2.1 Method 

 

Previous investigations on the viscoelastic behavior of SU-8 have shown the influence of the 

temperature on the viscoelastic properties and that the loss tangent decreases with the temperature to a 

minimum peak [18]. Above this temperature (around 90°C), the loss tangent increases representing the 

glass transition.  As the quality factor is inversely proportional to the loss tangent (see Eq. 4), a 

maximum quality factor could be observed at the temperature corresponding to the minimum peak of 

the loss tangent. The thermal tuning of the viscoelastic properties of the SU-8 material by controlling 

internally the temperature of the structure would be an efficient method to improve the quality factors 

of the organic SU-8 microresonators. For this to be achieved, the conducting path integrated on the top 

surface of the microcantilevers previously described, allows an internal resistive heating of the organic 

microstructure. Hence, the organic microcantilevers can be used at the resonance frequency while a 

constant heating can be applied by adding an offset to the sinusoidal signal. Therefore, by using an 

electrothermal static effect, the viscoelastic properties of the SU-8 material can be accurately tuned to 

enhance the performances of the organic microresonators. However, this method requires a precise 

knowledge on the influence of the electromagnetic and the electrothermal effect on the static and the 

dynamic behavior of the microcantilevers. 
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3.2.2 Static behavior of SU-8 microcantilevers 

 

To precisely control the temperature of the SU-8 microcantilevers, the electrothermal effect is chosen 

for its simplicity and efficiency. But, due to different thermal expansion coefficients between SU-8 

(52ppm/K) and gold (14ppm/K), a static electrothermomechanical actuation of the structures should 

occur. Thus, the deflection of the cantilevers due to resistive heating has been investigated by applying 

a constant voltage across the resistor, corresponding to the U-shaped gold conducting path. The 

maximum DC voltage that can be applied over the resistor of 263Ω before causing damage of the 

microstructure and avoiding hysteresis effects is around 2V corresponding to a structure heating above 

the glass transition temperature of the polymer. Also, to clearly discriminate the influence of the 

electromagnetic and the electrothermomechanical static actuation, measurements with and without 

magnet have been performed. In this context, to evaluate the influence of the electromagnetic 

actuation on the global deflection of the microcantilevers, measurements have been performed in order 

to have Laplace force up and then down by applying respectively positive and negative voltages. The 

resulting deflections caused by the applied power in these different conditions are presented in Fig. 5, 

in the case of a microcantilever characterized by a length of 380µm. 

The measured deflections of the structure, presented on Fig. 5, are similar when only the 

electrothermomechanical actuation is provided and when a Laplace force is generated, either up or 

down.  The discrepancy between the different measurements is mainly due to uncertainty caused by 

the high transparency of SU-8, making optical measurements hard to be achieved. Thus, from this 

figure, it is clear that the static electrothermomechanical actuation dominates the electromagnetic static 

actuation. The theoretical electrothermomechanical results performed with Finite Element Modeling 

(Comsol) confirm the trend of the deflection obtained experimentally. Moreover, below 1.5mW, the 

deflection of the structure is nearly zero, meaning that the thermal effect can be neglected below this 

power value. This result is in agreement with previous observations [22].  

 

3.2.3 Consequence on dynamic behavior 

 

In dynamic mode, the integrated actuation can result from the electrothermomechanical or/and the 

electromagnetic effect. In the case of electromagnetic actuation, an AC current having an angular 

frequency ω results in Laplace deflection oscillating at ω. On the contrary, in the case of 

electrothermomechanical actuation, an AC current (without DC offset) characterized by an angular 

frequency of ω generates temperature oscillations in the cantilever at 2ω leading to thermomechanical 

deflection also at 2ω [26]. Thus, as the Laplace actuation has the same frequency as the current 

oscillation, this leads to a thermomechanical response equal to twice the actuation frequency. To 

evaluate the influence of both actuation schemes in dynamic mode, measurements have been 

performed with and without magnet. 

From Fig. 6, it can be seen that the magnitude of the resonant peak observed with the magnet is ten 

times higher than the one measured without magnet. As the thermomechanical frequency is equal to 

twice the actual resonant frequency f [26], this means that the thermomechanical response should be at 

2f. Thus, the peak observed without magnet cannot result from the thermomechanical actuation but 

from an electromagnetic actuation caused by Earth’s magnetic field. Moreover, no response has been 

observed at 2f (with and without magnet), showing that the amplitude of the AC current applied 

(Imax=30µA) is too low to generate enough power allowing a measurable thermomechanical deflection. 

Under this condition, considering the applied power, the electrothermal effects can be neglected in 

dynamic and the electromagnetic actuation becomes particularly appropriate for the dynamic mode. 

Moreover, as the oscillating deflection of highly flexible organic structures can be achieved at very 

low current density without heating the structure, the temperature of the structure can be precisely 

tuned by the static electrothermal effect only. 

Otherwise, an increase of the temperature due to an internal heating affects the mechanical properties 

of the SU-8 material and thus the resonant frequencies of the structures (see Eq. (1)). Therefore, this 

effect has to be considered in the dynamic behavior. From Fig. 7, a decrease of the resonant frequency 

as a function of the applied DC power and thus the temperature can be observed. One could think that 

initiating a static deflection into the cantilevers would increase their stiffness and thus their resonant 

frequencies. But in present case, the specific decrease of the resonant frequency is due to the softening 
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of the SU-8 material caused by a decrease of E’ with the temperature [25]. Moreover, the shape of the 

curves observed in Fig. 7 is close to the thermal behavior of the elastic part of the complex Young’s 

modulus [25], confirming the thermal dependence of the SU-8 cantilevers with the one of E’ of SU-8. 

Indeed, an important drop of the frequency can be observed between 3 and 5mW which should 

correspond to the beginning of the glass transition of SU-8. 

 

3.2.4 Q-factor optimization in air 

 

It has been seen previously that the viscoelastic properties of SU-8 depend on the temperature. By 

analyzing previous works from the literature [18], the quality factor could show a maximum peak at a 

temperature below the one of the material glass transition. To study the influence of the structure 

heating on the quality factor, an offset voltage has been applied into the conducting path. One has to 

remind that although the static electrothermomechanical actuation of the cantilevers has been studied 

in this work, the main idea was to induce precisely an internal heating into the SU-8 material.  

Fig. 8 shows the quality factor measurements for different DC powers applied to a microcantilever 

characterized by a length of 380µm. For each step, measurement stability is reached ensuring a 

constant temperature in the structure. The evolution of the quality factor is as predicted and in 

agreement with the thermal evolution of the loss tangent reported in [18]. Indeed, the quality factor 

increases until a maximum peak found at 90°C and decreases above this temperature which 

corresponds to the beginning of the glass transition of the material. In this case, the glass temperature 

is not exceeded. Irreversible modifications of the materials properties due to an internal heating are 

thus avoided ensuring repeatability of the measurements. An increase up to 100% of the quality factor 

is observed for the second resonant flexural mode. But, it has been observed that the resonant 

frequency decreases with the applied DC power (see Fig. 7); therefore, it can be assumed that the Q 

rise is not due to the increase of the stiffness of the organic structure (as often reported to improve the 

quality factor of resonators [27]). This rise is caused by a larger thermal decrease of the loss modulus, 

E’’, in comparison to the decrease of the storage modulus, E’, resulting in an increase of the E’/E’’ 

ratio and therefore Q, until 3.7mW.  Also, from Fig. 8 it can be seen that the quality factor of the 

second mode increases more than the first mode since an increase of 25% and 100% has been 

observed for the first and the second mode respectively.  

 

3.2.5 Q-factor optimization in liquid 

 

In liquid, losses due to the fluid damping dominate over internal material losses for silicon based 

microstructures.  In air, Q-factors up to 1500 have been measured for the first out-of-plane bending 

mode [28]. In water, Q-factors of silicon-based microcantilevers rarely exceed 2–20 due to the 

substantial viscous damping caused by the fluid. However in the case of an organic microresonator, the 

effects of viscoelastic material damping have to be considered too. The tuning of the viscoelastic 

properties of the organic structures could have the potential to enhance the quality factor of the 

cantilevers in liquid. It is thus interesting to investigate the effects of the initial heating of the structure 

on its quality factor in liquid media. The liquid used in this study is dodecane, a non-conducting fluid 

characterized by a viscosity of 1.55cP and a density of 746kg/m3 at 25°C. Fig. 9 shows the evolution of 

the quality factor of an SU-8 organic microstructure characterized by a length of 380µm for increasing 

DC power values.  

A maximum peak of 120% can be observed for the second flexural resonant mode, for an applied 

power of 3.5mW corresponding to a temperature of 90°C, as already observed in air. Although in 

liquid the losses due to the environment cannot be neglected, the influence of the material damping 

remains important. In our case, the quality factor increases from 4.8 to 10.8, the latter one being 

similar to the values obtained for silicon cantilevers. But a greater rise can be observed in liquid 

(120%) than in air (100%). In liquid, losses due to fluid damping have to be considered. These losses 

decrease with the density and the viscosity of the fluid [29, 30]. Moreover, the viscosity and the 

density of the dodecane decrease with the temperature [31]. Therefore, the structure heating reduces 

the fluid damping and thus increases also the quality factor. The combined decrease of both material 

and fluid damping leads to a more substantial rise of the quality-factor in liquid than in air where only 

the material damping decrease is considered. However, by simply integrating a conducting path onto 
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SU-8 organic microcantilevers, used as internal heater, a significant improvement of their quality 

factor is successfully achieved. These results potentiate organic MEMS resonators as good candidates 

for future biochemical mass sensitive applications in liquid media. 

 

4. Conclusion 

 

A promising method for the improvement of the performances of organic microcantilever resonators 

has been demonstrated. This method consists in precisely controlling the viscoelastic properties 

responsible of the low quality factor of the polymer devices by applying a constant heating of the 

structures. For this, an electrothermal effect is generated simply by incorporating a conducting path on 

top of the SU-8 structural layer. But the conducting path has been used also for an electromagnetic 

dynamic actuation by mounting the cantilever chips above a magnet. 

The dynamic characterization of these organic structures has been achieved to evaluate the 

performances of organic resonators including mechanical resonant frequencies and quality factors. 

Low Young’s modulus values of highly flexible organic structures have been obtained thanks to the 

flexural resonant frequencies. Investigations on the electrothermal and electromagnetic effect on the 

static and dynamic behavior of the cantilevers have been realized. This study has shown that the static 

resistive heating is an efficient method to control the temperature of the structure while the 

electromagnetic actuation is an appropriate method to create integrated structure oscillations. With this 

approach, the performances of the organic microcantilever resonators have been successfully 

improved. The quality factor of the resonant microcantilevers has been enhanced by 100% in air and 

120% in liquid. These structures have thus the potential to be used for biosensing applications in liquid 

media. Future works will aim to find polymer materials having tunable viscoelastic properties 

allowing this method to be used at lower temperatures. 
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