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Abstract 

This paper describes a silicon cantilever integrated with a 

surface-patterned PDMS thin layer and a piezoresistive sensor for 

the study of cardiac cells treated with drugs. The contractile force 

and the beat frequency of the cardiac cells were measured in real 

time by the sensor-integrated cantilever, and the displacement at 

the free end of the cantilever was also confirmed using a laser 

sensor. The fabricated cantilever made by silicon greatly improved 

the stability in comparing with previous polymer cantilevers. 

Rectangular groove arrays formed on the polymer surface help the 

cardiac cells to grow in one direction. This greatly enhances the 

contractility of the cardiac cells. In addition, the surface-patterned 

PDMS thin film is chemically bonded to the silicon cantilever, 

which enables the cantilever to be operated stably for a long time 

in culture media. The proposed MEMS-based cantilever sensor is 

expected to be employed in various biomedical fields. 
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1. Introduction 

The heart is an important organ for maintaining human life. Once 

the heart function fails, it will directly affect human life. According 

to the American Heart Association, cardiovascular disease is the 

number one cause of death worldwide, and the number of people 

dying from cardiovascular disease each year is more than any other 

reason. According to statistics, in 2016, approximately 17.9 million 

people died of cardiovascular disease, accounting for 31% of the 

global death toll [1]. Another article counts and predicts the number 

of congenital heart diseases in South Korea in recent years [2]. To 

control and reduce the number of patients, it is necessary to deeply 

study the reason that causes heart disease. As a first step in the 

research, it is necessary to obtain the physiological characteristics 

of cardiomyocytes. The contractility and beating frequency of 

cardiomyocytes are important indicators for measuring 

physiological characteristics. To measure the physiological 

characteristics of cardiomyocytes in vitro, researchers have 

proposed methods for measuring micro-post [3] and polymer 

cantilevers [4]. Compared with the cantilever, the displacement of 

the micro-post in the measurement of cardiomyocytes is small, and 

the structure of the cardiomyocytes is changed. At present, 

cantilevers made by polymer materials have drawbacks of low 

sensitivity, poor stability etc. In addition, current designs are very 

difficult to be practically applied. In this paper, we propose a novel 

design of a cantilever integrated with a surface-patterned polymer 

thin layer and a strain sensor. The strain sensors used here will be 

replaced by doped silicon to further improve sensitivity later. 

 

2. Experimental Section 

2.1 Design of Silicon cantilever 

The structure of the proposed silicon cantilever is composed of 

a cantilever body, a metal sensor and a PDMS thin film as shown 

in Fig 1. The use of silicon as the cantilever material is based on 

the excellent physical properties of silicon and the silicon can be 

doped to replace the Au strain gauge sensor (high gauge factor and 

low environment noise) in further experiments. The designed four 

resistors constitute a Wheatstone bridge circuit to represent the 

resistance change in the form of output voltage. The reason why 

PDMS is used is that it is very convenient to make micro-grooves 

on the cantilever and the low Young’s modulus of PDMS has little 

effect on the deformation of the cantilever. 

 

2.2 Fabrication of Silicon cantilever 

The process flow for the silicon cantilever fabrication is shown 

in Fig 2. The silicon cantilever is composed of two parts. One is 

cantilever part. The cantilever was fabricated using conventional 

MEMS processes. A thin metal is deposited on the cantilever 

surface and etched to form piezoresistive sensors as shown in the 

yellow part of Figure 2 (b). The sensor resistance on the body is 

fixed and the sensor resistance on the cantilever will be changed as 

a function of cantilever deformation. Another is the PDMS part, 

The PI used as a substrate due to the flexibility. Then, a thin PR 

(AZ-GXR601) layer was coated on the PI, and the PR was 

irradiated by the UV light through a photomask. The exposure time 

was optimized to obtain the desired depth of microgroove. Next, a 

desired thickness is obtained by spin-coating the PDMS on the 

grooved PR. An oxygen plasma was used to chemically bond the 

silicon cantilever with a strain sensor and the PDMS thin layer with 

rectangular -groove arrays. Finally, the fabricated cantilever was 
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put into the ST-1023 solution to remove PR, thus the cantilever 

fabrication was completed. 

 

3. Results & discussion 

The fabricated silicon cantilever is shown in Fig 3. There are four 

cantilevers. This means that these cantilevers are made by the same 

conditions. This has an important impact on ensuring the reliability 

of subsequent controlled experiments. The PDMS thin layer was 

bonded with the cantilever after the oxygen plasma treatment as 

shown in Fig. 3c, and the structure of PDMS grooves is shown in 

Fig 3d. The dimensions of these micro-groove are 3 m in groove 

width and space, and 1m in height. The culture of cardiomyocytes 

is shown in Fig. 4. On the left side, the cells grow on the flat PDMS, 

and the cell growth direction is random, while the right cells grow 

in a specific direction under the influence of the microgrooves. The 

experimental data is shown in Fig 5, the resonance frequency of 

each cantilever is confirmed using the integrated sensor.  
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Fig. 1. Schematic of the proposed silicon cantilever device 

 

 
Fig. 2. Process flow for the cantilever fabrication 

 
Fig. 3. Optical and SEM images of (a) silicon cantilever integrated 

with an Cr strain sensor body, (b) surface-patterned PDMS thin 

film form on the polyimide (c) plasma bonding between PDMS thin 

film and silicon cantilever and (d) micro-groove patterns on the 

PDMS thin film. 

 

 
Fig. 4. Optical microscope images of cardiac cells culture, (a, c) 

cardiac cells grown on the unpattern surface and (b, d) cardiac cells 

grown on the micro-groove patterned surface. 

 

 

 
Fig. 5. Cantilever displacement and output voltage obtained from 

the integrated sensor at resonance frequency. 

 



 

 


