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Fundamental Study of a BioMEMS to Detect Cells 

 

S. Sang / H. Witte 

Fachgebiet Biomechatronik, Fakultät für Maschinenbau, Technische Universität Ilmenau 

shengbo.sang@tu-ilmenau.de 
   

Abstract: Biological Micro-Electro-Mechanical System (BioMEMS) technology has 

increased tremendously in the last decade. Especially, surface stress-based BioMEMS have 

been investigated extensively in the recent years. In this paper, a surface stress-based 

BioMEMS based on microfluidics, membrane and optical detection method is proposed. The 

membrane as the crucial part of the biosystem consists of two layers, PDMS and gold. And a 

self-assembled monolayer is coated on the gold layer to improve biocompatibility and provide 

sufficient bending stiffness. To optimize the membrane and increase its sensitivity, a series of 

simulations have been done using ANSYS
®

 software. And it can be known that the deflection 

of membrane is maximal when the ratio PDMSGold PP  (P: size of PDMS and gold, length = 

width) is 0.85. Based on these fundamental studies, the BioMEMS can be designed and 

fabricated.  

 

 

Keywords: BioMEMS, surface stress, membrane, simulation 

 

 

Introduction 

   

BioMEMS is a heavily researched area with a wide variety of important biomedical 

applications [1], such as area of research and application in cells. Detection of cells and 

biological molecules would facilitate inexpensive and high-throughput testing and diagnosis. 

Voldman and coworkers applied microfabrication technology to illuminate biological 

systems, especially at the cellular level [2]. In general, BioMEMS is made of microfluidic 

systems and sensors. Microfluidic systems provide a powerful platform for biological assays 

[3-5]. Examples of bioassays and biological procedures that have been miniaturized into a 

chip format include cell counting, cell sorting, cell culture, DNA sequencing, polymerase 

chain reaction (PCR), electrophoresis, DNA separation, enzymatic assays and immunoassays 

[6-8]. Manimaran et al designed a BioMEMS based microfluidic device as a deformation 

assay to study the deformability and growth capability of cells through microgaps [9]. To the 

sensor, surface stress-based biosensor as a relatively new class of sensor has been investigated 

extensively in recent years. These sensors use the change of free energy, the underlying 

concept in any binding reaction, and hence, offer a universal platform for chemical and 

biological sensing. Some researchers have demonstrated the capability of surface stress 

sensors in detecting a variety of reactions using microcantilever sensors, which include DNA 

hybridization [10-13] and antigen-antibody binding [14]. The value range of surface stress is 

reported to be 5 to 50 mJ/m
2 

[15-17] or as high as 200 mJ/m
2 

[18] and 900 mJ/m
2 

[19] in such 

reactions.  

 

Polydimethysiloxane (PDMS) is a biocompatible, transparent material and convenient for 

direct morphological observations of the cells under a microscope [20]. Also, it has high gas 

permeability suitable to the cell culture for the oxygen supply in closed microdevices [21]. 

Therefore, it has become the main researched material to be used in BioMEMS. Especially, 

the Young’s modulus (E) of PDMS is lower than other materials, such as SixNy and Si, so the 

sensitivity of the BioMEMS is very high if it is as the material of membrane, the sensitive part 
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of sensor. In addition, the optical detection system is a full-blown technology [22-24] to be 

referred to measure the deflection of membrane resulting from surface stress. Thereamong, 

fiber optic interferometer [25, 26] has many advantages, better performance, low loss, high 

bandwidth, safety and relatively low cost, for example.  

 

In this paper, the BioMEMS to detect cells is based on microfluidics, surface stress-based 

membrane and fiber optic interferometric technology. A series of simulations have been done 

using FE analysis software ANSYS
® 

to optimize the parameters of membrane and to increase 

its sensitivity. Cells and solution are designed to manipulate in microchannels by means of 

pressure. 
 

 

The structure 

 

Microfluidics, membrane and fiber optic interferometer are the main parts of the BioMEMS 

(Figure 1). Microfluidics consists of inlet, microchannel and outlet. The membrane (Figure 2) 

as the crucial and sensitive part is made of two layers, PDMS (200 ȝm × 200 ȝm ×150 nm) 

and gold (30 nm thickness). The gold layer on the top of the membrane is essential for the 

fiber optic interferometer and forming self-assembled monolayer [15] to improve 

biocompatibility [15] and to provide sufficient bending stiffness [22]. The BioMEMS offers 

good biocompatibility and high sensitivity because its main material, especially for the 

membrane, is PDMS which is biocompatible, transparent and has small Young’s modulus. 

 
inlet outlet

microchannel

     
    Figure 1: Schematic diagram of cross section       Figure 2: Schematic diagram of membrane 
                               of BioMEMS 
 

 

FE analysis 

 

From basic membrane theory, it is well known that the deflection of a membrane is a function 

of the mechanical stiffness, here of the Au-PDMS composite membrane. Based on lots of 

prior simulations and the advice gotten from the technological fabrication workers, the 

thickness of PDMS and gold is 150 nm and 30 nm, respectively. Of course, the thickness of 

gold may be thinner (>10 nm) to increase sensitivity. 

 

FE analysis software ANSYS
®

 was used and the details of FE model are listed in Table 1. In 

general, there is no direct method to apply the surface stress load. Hence, a new method for 

applying surface stress load via an equivalent temperature load was proposed. The equivalent 

temperature load ( TΔ ) for a surface stress load (σ ) was evaluated using Eq. (1) and the 

coefficient of thermal expansion (CTE) of all the material except the gold layer was set to 

zero for the analysis [27].  
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gE , gα  and gT  are the E, CET and thickness of gold, respectively. 

 

Table 1 Material and FE model properties 
                            Parameters 

 

material 
E (GPa) Poisson 

ratio  
Length×Width 

(ȝm) 
Thickness 

(nm) 
Element 

type  

PDMS 0.5 0.48 200×200 150 Solid186 

Gold 780 0.44 variable 30 Shell93 

 

A typical value (10 mJ/m
2
) of surface stress [17] was used in the FE analysis. Once the 

compressive surface stress is loaded on the model geometry, the new deformed shape of the 

membrane can be gotten.  The surface stress causes the membrane to deflect as shown in 

Figure 3, which is the simulation result when the parameters of gold is 200 ȝm × 200 ȝm 

(length × width). 
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 Figure 3: Simulation diagram of the deflection         Figure 4: Deflection of membrane as a function 

  of membrane due to surface stress                                   of coating gold geometry 

 

Figure 4 gives a series of simulation results when the PDMS layer of membrane is fixed value 

(200 ȝm × 200 ȝm × 150 nm), and the size of gold changes. It can be seen that the center 

deflection of membrane is the function of coating gold geometry. And it will reach the 

maximum when the ratio PDMSGold PP  is 0.85, which gives us a good reference to design the 

parameters of membrane for getting the best sensitivity.  

 
 
The optical detection method 

 

In the optical detection methods, fiber optic interferometer is a full-blown technology and has 

many advantages just like explanation in the introduction. And it can measure the deflection 

in range of 10
-11

 to 10
-13

 m, which is suitable for our BioMEMS, just like the deflection of 

membrane in Figure 4. The principle schematic diagram is as Figure 5, the interference is 

formed inside an optical fiber. When the laser diode light arrives at the fiber end-face, a 

portion is reflected off the fiber/air interface (R1) and the remaining light propagates through 

the air gap (L) with a second reflection occurring at the air/membrane interface (R2). R1 is the 

reference reflection called the reference signal (I1) and R2 is the sensing reflection or sensing 

signal (I2). These reflective signals interfere constructively or destructively based on the 

optical path length difference between the reference and sensing signals which is called the 
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interference signal. Therefore, small deflection of the membrane causes a change in the air 

gap (L), which changes the phase difference between the sensing and reference signals 

producing fringes. 

 

 
Figure 5: The principle schematic diagram of fiber interferometer 

 

 

Conclusion  

 

The new BioMEMS based on the microfluidics is feasible to detect and diagnose the cells by 

measuring the deflection of surface stress-based PDMS membrane using the fibre optic 

interferometer. And the best sensitivity can be gotten if the ratio PDMSGold PP  is 0.85.  

 

 

Reference: 

[1] Biomedical Nanotechnology, Vol. I᧩IV, Maruo Ferrari (Ed.),Kluwer Academic Publishers, 2004,  

[2] http://www.rle.mit.edu/biomicro 

[3] Mitchell, P., Nat. Biotech. 2001, 19, 717–718. 

[4] Burns, M. A., Science 2002, 296, 1818–1819. 

[5] Meldrum, D. R., Holl, M. R., Science 2002, 297, 1197–1198. 

[6] Auroux, P. A., Iossifidis, D., Reyes, D. R., Manz, A., Anal. Chem. 2002, 74, 2637–2652. 

[7] Beebe, D. J., Mensing, G. A., Walker, G. M., Annu. Rev. Biomed. Eng. 2002, 4, 261–286. 

[8] McDonald, J. C., Whitesides, G. M., Acc. Chem. Res. 2002, 35, 491–499. 

[9] M. Manimaran1, F.E.H Tay, K.C. Chaw, “Cell Deformation in Cancer Metastasis: a BioMEMS 

Based Approach”, Journal of Physics: Conference Series 34 (2006) 1143–1147 

[10] J. Fritz, M.K. Baller, H.P. Lang, H. Rothuizen, P. Vettiger, E. Meyer, H.J. Guntherodt, C. Gerber, 

J.K. Gimzewski, Translating biomolecular recognition into nanomechanics, Science 288 (5464) (2000) 

316–318. 

[11] G.H. Wu, H.F. Ji, K. Hansen, T. Thundat, R. Datar, R. Cote, M.F. Hagan, A.K. Chakraborty, A. 

Majumdar, Origin of nanomechanical cantilever motion generated from biomolecular interactions, in: 

Proceedings of the National Academy of Sciences of the United States of America, vol. 98, no. 4, 

2001, pp. 1560–1564. 

[12] K.M. Hansen, H.F. Ji, G.H. Wu, R. Datar, R. Cote, A. Majumdar, T. Thundat, Cantilever-based 

optical deflection assay for discrimination of DNA single-nucleotide mismatches, Anal. Chem. 73 (7) 

(2001) 1567–1571. 

[13] R. Marie, H. Jensenius, J. Thaysen, C.B. Christensen, A. Boisen, Adsorption kinetics and 

mechanical properties of thiol-modified DNAoligos on gold investigated by microcantilever sensors, 

Ultramicroscopy 91 (1–4) (2002) 29–36. 



 5

[14] G.H. Wu, R.H. Datar, K.M. Hansen, T. Thundat, R.J. Cote, A. Majumdar, Bioassay of prostate-

specific antigen (PSA) using microcantilevers, Nat. Biotechnol. 19 (9) (2001) 856–860. 

[15] A.S. Widge et al, “Self-assembled monolayers of polythiophene conductive polymers improve 

biocompatibility and electrical impendance of neural electrodes”, Biosensors and Bioelectronics, 

22(2007)1723-1732 

[16] J. Fritz, M.K. Baller et al, “Translating biomolecular recognition into nanomechanics”, Science 

288 (5464) (2000) 316– 318 

[17] G.H. Wu, R.H. Datar et al, “Bioassay of prostate-specific antigen (PSA) using microcantilevers”, 

Nat. Biotechnol. 19 (9) (2001) 856–860 

[18] R. Berger, E. Delamarche et al., “Surface stress in the self-assembly of alkanethiols on gold”, 

Science 276 (5321) (1997) 2021–2024 

[19] R. Marie, H. Jensenius et al, “Adsorption kinetics and mechanical properties of thiol-modified 

DNAoligos on gold investigated by microcantilever sensors”, Ultramicroscopy 91 (1–4) (2002) 29–36 

[20] V.Z.Peter, Microchip Fabrication: A practical guide to semiconductor processing (McGraw-Hill, 

International Edition, 2000), p. 195. 

[21] M.J. Madou, Fundamental of Microfabrication (CRC Press, Boca Raton, 1997). 

[22] M. Yue et al., “A 2-D Microcantilever Array for Multiplexed Biomolecular Analysis”, Journal of 

Microelectromechanical System, 13 (2) (2004) 290–299 

[23] L.M. Lechuaga et.al., “A highly sensiver microsystem based on nanomechanical biosensors for 

genomics applications”, Sensors and Actuators B 118 (2006)2-10 

[24] M. Li, M. Wang, H. Li, “Optical MEMS pressure sensor based on Fabry-Perot interferometry”, 

Optics Express, vol.14, no.4 1497-1540 

[25] D. Rugar, H. Mamin, P. Günthner: Appl. Phys. Lett. 55, 2588 (1989) 

[26] A. Moser, H. J. Hug, Th. Jung, U. D. Schwarz, and H.-J. Güntherodt, Meas. Sci. Technol. 4, 769-

775 (1993) 

[27] S. Satyanarayana, et al., “Parylene micro membrane capacitive sensor array for chemical and 

biological sensing”, Sensors and Actuators B, SNB-8945, (2005) 

 


