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ABSTRACT 

We present a preliminary study on utilizing cantilever biosensors to detect Odontoglossum ringspot tobamovirus (ORSV) 

- one of the most prevalent viruses affecting the health of orchids. The cantilever surfaces of the biosensor are immobilized 

by ORSV-antibody (Ab) as the recognition probe for ORSV detection. Implemented by using commercially available CMOS 

technology and post-processed for bio-MEMS capability, the biosensors are embedded with piezoresistors, which can realize 

surface  stress  changes  due  to  cantilever  deflection  coming  from the  specific  bioaffinity  between  the  antigen (Ag)  and 

the antibody. The result shows -0.7% and  +0.6% resistivity change when ORSV-Ab and ORSV are respectively presented.   
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INTRODUCTION 

Cantilever biosensors have been used as a sensitive and label-free diagnostic platform for malignant disease diagnosis by 

detecting DNA mismatch or protein biomarkers [1-3]. Figure 1 depicted the schematics of our device that contained an array 

of cantilevers with imbedded piezoresistors. The detection is normally achieved by modifying the surface of the cantilever 

with recognition molecules. The specific interaction between the recognition molecules and the target biomarkers generates 

surface stress and makes the deflection of the  cantilever. The deflection,  which  is  normally several nanometers, can be 

measured  using  either  optical  or  piezoresistive  readouts.  In this present study,  ORSV  antibody (Ab)  was  coated  onto  

a cantilever biosensor specifically for the detection of ORSV in plant crude saps. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ORSV  is  one  of  the  most  prevalent  and  economically  important  orchid  virus,  which  have  attained  a  worldwide 

distribution,  infecting  numerous  commercially  important  orchid  genera.  Current  ORSV  detection  methods  include   

enzyme-linked  immunosorbent  assay (ELISA),  reverse  transcription-polymerase  chain reaction (RT-PCR) [4], liquid 

chromatography (LC)- and matrix-assisted laser desorption-ionization (MALDI)-mass spectrometry [5], molecular beacons 

[6], quartz crystal microbalance (QCM) immunosensors [7] and immune colloidal gold [8]. While these techniques possess  

the  advantage  of  highly sensitivity or qualitative determination, they are mostly performed in the laboratory environment 

and lack portable  capability.  Herein, a biosensor, implemented by commercially-available CMOS technology, is presented 

as a low-cost, quantitative, label-free and portable means for plant health inspection and quarantine applications. 

 

CANTILEVER SENSOR DESIGN 

The cantilever biosensor was fabricated by using TSMC 0.35μm 2P4M CMOS technology and post-processed with a gold 

layer for bimolecular immobilization [9]. As shown in Figure 2, the cantilever structures were composed of two metal layers 

(M1, M2) and two oxide (IMD, ILD) while the piezoresistors were made of n-type doped polysilicon (Poly2). The cantilever 

was 305μm long, 30μm wide, and 3.865μm thick with a resistance of 11.488 kΩ. The cantilever was coated with a 50-nm  

titanium adhesion layer and a 300nm gold layer, for post-processing. This procedure allowed the covalent bindings in the  

following immobilization steps. The passivation layer of the oxide and nitride, which defined the sensing area, was etched 

  

    

 

  

    

Figure 1: Schematic view of the cantilever sensors 
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away.  Anisotropic  etching  was  then  conducted,  followed  by  isotropic  etching,  releasing  the  cantilever  structures.  The  

overview of the cantilever array was depicted in Figure 3.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The sensor  was  then  packaged  onto a printed circuit  broad  (PCB)  for  

testing.  Polydimethylsiloxane (PDMS)  as  applied  to  keep  the regions 

being chemically inert,  and  to  prevent  wire-bond  striping  and  circuit 

shorting. The cantilever region however was PDMS-free, where biofluid 

samples, or health/infected orchid leaf crude  saps,  can  be  placed  onto. 

Figure 4 illustrated the package scheme. 

 

 

ANTIBODY IMMOBILIZATION AND SPECIMEN TESTING 

The experimental protocol basically followed the flow chart in Figure 5. The ORSV-Ab was first immobilized onto the 

gold surfaces of the cantilevers.  The  cantilever sensors were thoroughly soaked in cross-linker, 0.2% 3,3’-dithiopropionic 

acid (DTP)  in  ethanol,  for  two  hours  at  room  temperature.  The  sensors  were  immersed  in  a  mixed  solution  of  75 

mg/ml 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC) and 11.5mg/ml N-hydroxysuccinimide (NHS) for 30 minutes 

to form a surface self-assembly monolayer (SAM) on the gold layer. Deionized (DI) water and ethanol were then followed. 

The biomarker of 0.3 μg/μl ORSV-Ab in sodium phosphate buffer (PBS, 0.1M, PH=7) was then applied on the sensors. After 

incubation for one hour at room temperature, the cantilevers were rinsed with PBS to remove redundant antibody solution, 

and then immersed in ECI buffer to create a blocking layer for preventing nonspecific bindings. The cantilevers were rinsed 

times with PBS and followed by DI water , and then air-dried. The impedance of each cantilever was measured.  

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Cross section of CMOS BioMEMS process [9] 
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Figure 4: Biosensor packaging scheme  

Figure 5: Flow chart of experimental protocol 

Figure 3: SEM images of the microcantilever 
array 
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Biofluid sample of 20mL in 15ng/µl ORSV in orchid leaf crude saps was applied on the sensing regions of the cantilevers 

and incubated for one hour at room temperature. The sensors were rinsed in PBS to remove redundant protein molecules and 

followed by DI water. The device was subsequently air-dried and the impedance was recorded to realize the average values 

of impendence change due to specific bindings.  

 

RESULTS AND DISCUSSION 

Figure 6 showed the measurement results of the 

sensors with biofluid samples of ORSV-Ab, ORSV-Ag 

and  control groups, which only contain PBS. When the 

ORSV-Ab in PBS was immobilized on the cantilever 

sensors, the average values of the impedance were 

found  to  decrease  from  11.488kΩ  to  11.413kΩ,  

corresponding to a -0.7% change. Later, ORSV-Ag in 

orchid leaf crude saps was applied onto the sensing   

region; the average value of impedance increased from 

11.413 kΩ to 11.481 kΩ which yield +0.6% resistivity 

change. The difference between experiment and control 

groups is about 0.5%; these results can be distinguished 

by  using  Wheatstone  bridge  and  an  instrumental  

amplifier.  

 

CONCLUSION 

The cantilever biosensors, fabricated by low-cost 

semiconductor  microfabrication  process,  show  its  

potential as an ideal platform for high-throughput, label-free orchid virus (ORSV) detection. The sensors, whose resistance 

can change while ORSV presented, are intended for on-site orchid pathogen detection. They hold the great promise for rapid, 

orchid plant health inspection and can be a point-of-care (POC) device, which is advantageous compared to most of today’s  

orchid-virus  detection  schemes  (e.g.  ELISA  or  RT-PCR).  
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Figure 6:  Resistance change of ORSV-Ab immobilization and 

ORSV binding comparing to PBS(control). Each value was the 

average values of at least three different measurements. 

∆𝑅

𝑅
 

ORSV-Ab      PBS                   ORSV-Ag     PBS  
bind ORSV 

625


	MAIN MENU
	CD/DVD Help
	Search CD/DVD
	Search Results
	Print
	Author Index
	Keyword Index
	Table of Contents

