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1. INTRODUCTION

According to the World Health Organization (WHO), isch-

emic heart disease is the leading cause of death worldwide, 

accounting for approximately 13% of all deaths [1]. Numer-

ous drugs have been developed to address this issue [2]. How-

ever, the development of new drugs requires considerable 

time and financial resources [3], which makes drug evaluation 

a critical step in the drug development pipeline.

Various devices and techniques have been proposed to eval-

uate drug effects [4]. Pesl et al. introduced an evaluation 

method using atomic force microscopy (AFM), which, com-

bined with a microcantilever probe, enables high-precision 

measurement of cardiomyocyte contractility and beating rate 

[5]. However, AFM is limited by its low throughput because 

it can only evaluate a single cell at a time. Beussman et al. 

proposed an optical method using a Polydimethylsiloxane 

(PDMS) micropost array [6], but this approach is labor-inten-

sive and requires manual analysis. Qian et al. developed an 

impedance-based method for monitoring cardiomyocyte con-

traction [7], which allows real-time and long-term analysis, 

but involves direct current flow through cells, potentially 

causing side effects.

To overcome these limitations, several cantilever-based 

platforms integrated with strain sensors have been developed. 

Lind et al. employed multi-material 3D printing to fabricate 

such platforms [8], although the resulting cantilevers were rel-

atively thick, which reduced sensitivity. Kim et al. developed 

silicone rubber cantilevers with integrated crack sensors [9], 

offering high sensitivity and long-term stability, but exhibiting 
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ABSTRACT: Drug-induced cardiotoxicity is a major cause of failure in drug development during clinical trials, which therefore 

necessitates reliable in vitro evaluation methods. Polymer cantilevers have emerged as promising tools for measuring cardiomyocyte 

contractility. However, their low fabrication reproducibility has limited their application in high-throughput screening. In this study, 

we present an SU-8 cantilever platform integrated with a metal strain sensor for precise monitoring of cardiomyocyte contraction. 

The platform is fabricated using conventional microfabrication techniques, utilizing an SU-8 photoresist as the structural material due 

to its low Young’s modulus (~2 GPa) and high biocompatibility. To improve fabrication precision and yield, a deep reactive ion etch-

ing (DRIE) process was employed to uniformly release twelve cantilevers from a single chip. This approach significantly improved 

throughput and reduced process time. Each cantilever integrates a strain sensor configured in a Wheatstone bridge circuit, enabling 

real-time detection of mechanical deformations caused by cardiac contraction. Performance evaluation confirmed the sensor’s sta-

bility, with a measured gauge factor of 2.09 and consistent displacement resolution down to 10 µm across all devices. These results 

demonstrate excellent reproducibility and uniform sensing characteristics. The proposed platform offers a reliable solution for accu-

rate, high-throughput in vitro screening of drug-induced cardiotoxicity.
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nonlinear output. Dong et al. used silicon-based cantilevers 

[10]; however, the high Young’s modulus of silicon (~150 

GPa) rendered it unsuitable for detecting small cell-generated 

forces. PDMS-based biosensors [11] provide high biocom-

patibility but are not compatible with photolithography, often 

requiring manual bonding, which limits reproducibility.

Sun et al. proposed an SU-8-based cantilever platform [12]

that exploited the biocompatibility of SU-8 and its 

compatibility with standard photolithography processes. 

However, their platform included only a few cantilevers per 

chip and wafer separation was performed manually, resulting 

in low scalability and reduced yield. Additionally, the use of a 

silicon oxide sacrificial layer leads to prolonged etching times, 

and employing SU-8 as the cantilever body material introduces 

structural deformation issues during long-term cell culture. 

To overcome these limitations, we employed a deep reactive 

ion etching (DRIE) process to fabricate a multicantilever SU-

8 platform that enabled simultaneous and uniform release from 

the wafer. Twelve cantilevers were integrated on a single chip, 

resulting in a yield exceeding 85%, and eliminating the need 

for manual separation. This fabrication strategy improves 

throughput, batch-to-batch repeatability, and dimensional pre-

cision. Compared with previous SU-8 cantilever platforms, our 

DRIE-based process enabled scalable and uniform production. 

The integrated strain sensors exhibited a gauge factor of 2.09 

with consistent displacement resolution down to 10 µm across 

all devices, indicating excellent reproducibility and uniform 

sensing characteristics. These advancements have established 

the proposed platform as a promising tool for the high-

throughput screening of drug-induced cardiotoxicity.

2. EXPERIMENTAL METHODS

2.1 Working Principle of the Proposed Platform

Fig. 1. illustrates the structure and operating principle of the 

proposed SU-8 cantilever platform integrated with a strain sen-

sor. When an external force is applied to the free end of the 

cantilever (Fig. 1 (b)), mechanical displacement occurs, induc-

ing a strain along the cantilever. The maximum strain at the 

fixed end, max, can be calculated using the following equation.

(1)

In this equation, l, t, and  represent the length, thickness, and 

displacement at the free end of the cantilever, respectively. To 

quantitatively measure this strain-induced deformation, a Wheat-

stone bridge circuit is used. The circuit consists of a metal strain 

sensor and fixed resistors, as shown in Fig. 1 (c). The resistance 

of the metal sensor, R, is governed by the following relation.

(2)

Here, , L, and A denote the resistivity, length, and cross-

sectional area of the metal, respectively. As the cantilever 

bends, the strain sensor located near the fixed end undergoes 

the same mechanical strain. This results in a change in the sen-

sor’s length and therefore a change in resistance.

The Wheatstone bridge converts this change in resistance 

into a measurable output voltage. The output voltage, Vout, is 

given by the equation below.

(3)

In this circuit, R1 and R4 are the strain-sensitive resistors. 

When strain is applied, variations in their resistance result in a 

change in Vout, which can be continuously monitored to detect 

the deformation of the cantilever (Fig. 1 (d)).
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Fig. 1. Schematic and Operating Principles of Platform. (a) 

Schematic of the SU-8 cantilever platform integrated with a 

strain sensor. (b) Conceptual illustration of cantilever 

deformation under external force. (c) Schematic representation 

of the sensing principle for detecting cantilever deformation.
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2.2 Design and Fabrication

Fig. 2. illustrates the design and fabrication of the proposed 

SU-8 cantilever platform using an integrated strain sensor. 

Each cantilever was designed with dimensions of 3000 µm 

(length), 1000 µm (width), and 20 µm (thickness). A COM-

SOL simulation was conducted using these parameters to opti-

mize sensor placement (Fig. 2 (a)). Based on the simulation 

results, the strain sensor was positioned within 500  m of the 

fixed end, where approximately 80% of the maximum stress 

was concentrated. Aluminum (Al) was selected as the strain 

sensor material. The sensor pattern was designed with a line 

width of 20 µm and a thickness of 100 nm, resulting in a nom-

inal resistance of 133 Ω. To minimize the influence of inter-

connect resistance on signal accuracy, the connecting wires 

were designed to have a resistance of approximately 24 Ω, cor-

responding to 20% of the sensor resistance.

The fabrication process is shown in Fig. 2 (b). A 100 nm 

thick SiO2 layer was first deposited on the surface of a double-

sided polished (DSP) silicon wafer by inline sputtering. A 

3 µm thick SU-8 6002 layer was then patterned by photoli-

thography to form the initial cantilever structure. A Molyb-

denum–Aluminum–Molybdenum (Mo–Al–Mo) tri-layer (50 nm

/ 100 nm / 10 nm) was subsequently deposited on the SU-8 

structure using the same sputtering system. The strain sensor 

pattern was defined using an AZ-GXR 601 photoresist as a 

mask and etched via inductively coupled plasma (ICP) etching. 

A 17 µm thick insulating layer was formed using SU-8 3010 

by photolithography, yielding a total cantilever thickness of 

20 µm. To release the cantilever platform, JSR THB-126N 

photoresist was applied as a backside mask. The wafer was 

then etched to a depth of 500 µm using deep reactive ion etch-

ing (DRIE), completing the fabrication process (Fig. 2 (c)).

Fig. 3. shows the structural characteristics of the fabricated 

SU-8 cantilever platform. The optical image of the entire 

device shows an array of SU-8 cantilevers integrated with 

strain sensors (Fig. 3 (a)). The strain sensor region, including 

the metal interconnects patterned in a Wheatstone bridge con-

figuration, is clearly visible in the magnified view (Fig. 3 (b)). 

A high-magnification image reveals the aluminum (Al) strain 

gauge fabricated on the SU-8 cantilever (Fig. 3 (c)). The sensor 

lines were designed with a nominal width of 20 µm, while the 

Fig. 2. Platform Design and Fabrication Process. (a) COMSOL 

simulation results showing stress distribution in the cantilever 

structure. (b) Schematic diagram of the fabrication process for 

the SU-8 cantilever platform. (c) Layout of the strain sensor 

and electrical interconnections.

Fig. 3. Fabricated Platform Image. (a) Optical image of the fabri-

cated SU-8 cantilever array. (b) Magnified view of the strain 

sensor region, highlighting the patterned metal interconnects. 

(c) High-magnification image of the patterned aluminum (Al) 

strain sensor on the SU-8 cantilever.
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actual fabricated width was measured to be approximately 

20.6 µm, resulting in a dimensional error of 3.0%. This small 

deviation confirms the high precision and reproducibility of the 

microfabrication process.

3. RESULTS AND DISCUSSIONS

3.1 Measurement of Resistance Change with Displacement

An experiment was conducted to induce controlled dis-

placement at the free end of the cantilever and measure the 

resulting changes in resistance. Fig. 4 (a) shows a schematic of 

the experimental setup used for the real-time monitoring of 

resistance under mechanical deformation.

The cantilever platform was mounted onto a measurement 

stage and displacements were applied using a probe capable of 

moving along the x, y, and z axes. The resistance changes in 

the strain sensors were measured in real time using a Lab-

VIEW-based data acquisition system (USB 4065, National 

Instruments Inc., Austin, TX, USA). The measurement system 

was configured to sample at 50 Hz to capture the dynamic 

resistance changes in the sensors (Fig. 4 (a)). Fig. 4 (b) shows 

the initial resistance values of the three different cantilevers. 

The average resistance was 179.8 Ω, which closely matches 

the designed resistance of 181 Ω, with a percentage error of 

0.662%. The analysis of variance (ANOVA) confirmed that 

there were no statistically significant differences among the 

three sensors (p > 0.05). Fig. 4 (c) shows the real-time resis-

tance response of each cantilever during displacement. The 

sensors exhibited consistent trends in the resistance variation 

with displacement. Fig. 4 (d) displays the averaged resistance 

variation corresponding to the applied displacement. The 

gauge factor (GF) was calculated using the following equation:

(4) 

Here, GF denotes the gauge factor, and ΔR, R, and  rep-

resent the change in resistance, initial resistance, and strain, 

respectively. Using Eqs. (1) and (4), the gauge factor was deter-

mined to be 2.0924. This value is in close agreement with the 

known gauge factor of aluminum, which is approximately 2.

3.2 Changes in the SU-8 Cantilever Platform under    

Thermal Conditions 

The proposed SU-8 cantilever platform integrated with a 

strain sensor is intended for use in cell culture environments 

maintained at 37°C. To verify the thermal stability, measure-

ments were conducted under temperature conditions similar to 

those expected for biological applications.

As shown in Fig. 5 (a), the sensor platform was placed on a 

hot plate and fixed at a fixed position. A voltage was applied, 

and the output signal was monitored using the same acqui-

sition setup. Measurements were performed on three cantile-

vers at room temperature, followed by additional measurements 

at 40°C after thermal stabilization. Fig. 5 (b) shows the base-

line signal trends over time at both temperatures. The results 

indicated that the platform maintained a consistent and stable 

signal under both conditions, with no noticeable thermal drift. 

Fig. 5 (c) shows the average baseline values obtained from 

GF
R R


-------------=

Fig. 4. Methods and Results of Resistance Experiments. (a) Schematic of the experimental setup and measurement method for evaluating 

resistance changes under displacement. (b) Bar chart showing the initial resistance values measured from three different cantilevers. (c) 

Real-time resistance variation with displacement for each cantilever. (d) Averaged resistance variation as a function of applied 

displacement.
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three devices at each temperature. Analysis of variance 

(ANOVA) confirmed that the differences between the two 

groups were not statistically significant (p > 0.05), demon-

strating the thermal stability of the platform under conditions 

mimicking the cell culture environment.

3.3 Measurement of Voltage Change with Displacement

The cantilever platform was mounted on a measurement 

stage and controlled displacement was applied using a probe 

mounted on a motorized XYZ translation stage. An input 

voltage of 1 V was applied during the measurements, and the 

output voltage was recorded as the displacement was applied 

to the free end of the cantilever. Fig. 6 (a) shows the real-time 

voltage responses of the three cantilevers under the dis-

placement conditions. The voltage changes were clearly dis-

tinguishable, with a minimum displacement resolution of 

10 µm, and consistent trends were observed across all sam-

ples. Fig. 6 (b) shows the average voltage variation as a func-

tion of displacement, which exhibits a linear relationship, 

confirming the suitability of the platform for quantitative 

mechanical sensing.

4. CONCLUSION

In this study, the productivity and reproducibility were 

enhanced through deep reactive ion etching (DRIE), resulting 

in yields exceeding 85%. The performance of the proposed 

SU-8 cantilever platform integrated with the strain sensor was 

experimentally validated. The platform exhibited stable base-

line signals, even after prolonged exposure to the thermal envi-

ronment. The initial resistance measurements showed minimal 

deviation from the designed values, and the strain-sensing 

experiments produced a gauge factor close to that of alumi-

num, indicating the high reliability and accuracy of the fab-

ricated sensor system. Voltage-response measurements further 

confirmed the high sensitivity and linearity of the platform 

with respect to displacement, demonstrating its suitability for 

quantitative mechanical sensing. These characteristics are par-

ticularly advantageous for future applications such as the eval-

uation of the contractile force of cardiomyocytes. Although 

this platform has not been directly applied to measure car-

diomyocyte contractility, further studies under actual cell cul-

ture conditions are required to verify its applicability. If 

successful, the SU-8 cantilever platform could serve as a 

promising tool for high-throughput drug screening and car-

diotoxicity assessments.
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