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Highlight 

 Optical fiber addressed cantilevers have been reported previously in the literature and 

in this paper we propose techniques to design and fabricate polymer micro-cantilevers 

onto the end of standard single mode fibers using ns-laser machining. The sensor 

combines sensing probe with standard optical fibers as a delivery device. Low-cost 

optical sources and a fiber coupled spectrometer are employed to monitor the 

cantilever deflection and thereby observing biological binding between species of 

interests and activated cantilevers. A few biological experiments are conducted with 

the sensor developed in this paper:  

 Biotin and streptavidin binding with a minimum detectable level of 10nM; 

 Surface stress monitoring of SAM process on cantilever surface; 

 Detection of Listeria food pathogen with minimum detectable concentration of less 

than 105cfu/ml; 

 The benefit of the sensors is that it can provide rapid, reliable sensing platform, which 

can potentially not only be portable but also using minimal quantities of biological 

sample volumes. The ferrule-top cantilever opens a new route for label-free rapid 

portable biosensing platform with potentially low-cost fabrication process. 
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Abstract 

Micro-cantilever sensors have shown great promise in a wide range of applications including 

chemical medical and biological sensing. However, many of these devices are based upon a 

sensor ‘chip’ that requires careful alignment between the cantilever and the read-out system, 

which can be challenging. Furthermore, optical interrogation typically involves a bulky 

free-space system. Optical fiber addressed cantilevers have been reported previously in the 

literature and in this paper we propose techniques to design and fabricate polymer 

micro-cantilevers onto the end of standard single mode fibers using ns-laser machining.  The 

cantilever will deflect and thereby observing biological binding between species of interests 

and activated cantilevers. Proof-of-concept experiments demonstrate that the sensor is capable 

of detecting Listeria food pathogen concentrations with a minimum level of less than 

105cfu/ml. 

 

Keywords: ferrule-top cantilever; label-free; bio-sensing, ns-laser machining 

1. INTRODUCTION 

The current development of label-free biosensors for new drug discovery, disease diagnostics 

as well as healthcare industry has pushed both scientists and engineers to research on 

miniaturized bio-sensors. Micro-cantilever sensors [1][2][3][4] have been developed as one of 

promising candidates for this application without the need of fluorescent or radioactive 

labeling. Biomolecular interactions on one side of a cantilever surface can be transferred to 

mechanical bending due to differential surface stress change or resonant frequency shift of the 

cantilever. By interrogating the physical change either electronically [5] or optically, 

bio-information can be acquired and analyzed. The sensor is not only sensitive but also can be 

manufactured by microfabrication processes and further integrated with microfluidic device 

to allow rapid high-throughput measurements with small sampling volume. These 

micro-cantilever biosensor have found applications including monitoring of DNA 

hybridization [6], protein-antibody recognition [7], protein–DNA interaction [8], and bacterial 

endotoxins [9]. Recent experiments using micro-cantilever sensors have demonstrated this 

label-free detection approach for pathogen detection [10] with a high sensitivity of 

1000cfu/ml pathogen. 

 

The most common interrogation technique for micro-cantilever sensors uses a low power 

laser beam reflected by the functionalized biomolecule on cantilever surface to determine the 
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deflection caused by the differential surface stress change occurring on the cantilever surface 

[11]. The technology can be highly sensitive, however, many of these sensors are based upon 

a sensor ‘chip’ that requires careful alignment between the cantilever and the read-out system, 

which can be challenging. Furthermore, optical interrogation typically involves a bulky 

free-space system. Therefore, optical fiber based micro-cantilevers[12][13][14][15]have been 

reported previously in the literature to address interrogation issues. These sensors sometimes 

called Lab-on-fiber(LOF)[16][17][18] have been used for chemical and biological fields 

because of its advantages to performance measurements at precise locations, providing new 

ways for the implementation of all-in-fiber multifuctional sensing platforms. 

 

In this paper, we propose techniques to design and fabricate polymer micro-cantilevers onto 

the end of standard single mode fibers to create the Ferrule-top Optical Cantilever(FTOC) 

sensor for biological applications. A proof-of-concept experiment of biotin–streptavidin 

binding interactions is performed to show the use of such a sensor as a label-free biomarker. 

A detection limit of 10nM Streptavidin is achieved on a Biotin-HPDP functionalized surface. 

This limit is comparable to a previously reported limited by using optical beam deflection 

method on a silicon Nitride cantilever [19]. The saturation time only takes less than 20 

minutes. In addition, the capability of the FTOC sensors to detection Listeria food pathogen 

concentration within a level of 105cfu/ml is demonstrated. The FTOC sensor opens a new 

route for label-free and portable biosensing platform with rapid and high sensitivity to realize 

miniaturized all-in-fiber probe. 

2. SENSOR FABRICATION 

The initial aim is to fabricate a portable biosensor for food pathogen detection. The designed 

structure can combine the sensing probe and readout as a single element. Here a standard 

optical fiber secured by a commercial optical fiber ferrule is used as a delivery component. 

The polymer cantilever is micro-machined by a laser and then bonded to the top of a ceramic 

ferrule.  

 

In detail, the fabrication of sensor can be divided into four steps (Shown in Fig.1). First of all, 

S1800 negative photoresist (Dow Electronic Materials) is spin coated on top of the Polyimide 

(PI) film (DuPont™ Kapton® Type HN Film) substrate as shown in Fig.1. The PI film is used 

as cantilever materials to transfer the biomolecular interaction to surface stress, while the 

photoresist is considered as the intermediate supporting layer between the cantilever and the 

ferrule to provide a flat surface for laser bonding in the assembling process later.  
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Secondly, a donut photoresist is patterned on top of the PI substrate followed by UV exposure 

and development process. After that the whole structure is brought to a hotplate for both soft 

and hard baking. The process can easily produce the same pattern simultaneously. The 

resulting pattern has a maximum depth of 4~5μm determined by the characteristics of the 

S1800 photoresist. This step is required to form a stand-off supporting layer that allows an 

undeflected cantilever to be separated from the fiber end face in the final assembly.   

 

The third step shown in Fig.1 is called laser micromachining. PI films are taken to an ns-laser 

fabrication system, and clamped onto a work stage to produce the cantilever. A laser 

repetition rate of 100 kHz, 50ns pulse duration, 5 mm/s scanning speed and 35μm beam spot 

and an average of 1.2W laser power at 532nm is used to cut the cantilever. The forth step in Fig. 

2. shows the machined structure after laser processing. The dimensions of the resulting 

cantilever are 1.4mm long, ~300μm wide, and 25μm thick, which is suitable for the biological 

applications discussed in this paper. In this work we describe the fabrication of a single sensor; 

however the process could be scaled to offer a route towards mass production. 

 

Fig. 1.   Fabrication process of a ferrule-top biosensor. The resulting structure has a 

rectangular PI cantilever of 1.4mm long, 300μm wide and 25μm thick with a donut shape 

supporting layer.  

Then, the bottom surface of the resulting pattern is then first coated with 4nm Cr and 

subsequently functionalized with15nm Au for further process. This layer is considered as a 

reference layer when used for biomolecule binding. The functionalization with different 

biomaterials on the cantilever surfaces is then performed by the methods mentioned in the 

introductory section.  
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Fig.2.  Schematic structure of a ferrule-top cantilever sensor. The thickness of the PI film is 

25μm, The size of the optical fiber is 125μm in diameter, while the diameter of the ferrule is 

2.5mm.  

The sensor is finally assemble by using epoxy adhesive to secure the bonding between the 

cantilever and the ferrule after an initial laser based ‘tacking’ process. Alignment is achieved 

by mounting both polymer film and ferrule on translational stages. Special care must be taken 

to align the center of the ferrule to the tip of the cantilever by monitoring the real-time 

interference fringes coupled back along the fiber when illuminated with a broadband light 

source. The initial laser bonding process seals the gap between the patterned PI film and the 

ferrule. In this way, we avoid the risk of epoxy creeping into the gap, which would 

contaminate the fiber end face.  Fig.3 shows the final assembled ferrule-top cantilever. The 

peel force increases about 10 times after the outside edge of the ferrule is glued. Fig.3 shows 

the final fabricated ferrule-top cantilever under the microscope.  

 

Fig. 3.   Fabricated FTOC biosensor under the microscope. Left, donut shape supporting 

layer with polymer cantilever; Right, a typical ferrule-top cantilever after assembling. 

3. SENSING PRINCIPLE 

3.1  Principle of sensor operation 

The general configuration of a micro-cantilever based biosensor model can be found in Fig.4. 

The cantilever is coated with the functionalized material thiol on one side of the surface by a 
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standard Self Assembled Monolayer (SAM) process [20]. Alternatively, the other side of the 

cantilever can be functionalized with a blocking analyte for internal control. The bonding 

strength between gold and thiol are strong enough to form a nicely ordered thiol-gold bonding. 

The other end of biomolecular group with different functionality will bind with the detection 

molecules. In this case, the surface binding will generate either compressive or tensile stress 

which can be converted into a micro-mechanical force on the cantilever surface. The force 

will lead to an equilibrium state when the binding process finished. Hence, by detecting the 

force induced by surface stress, the characteristics of the specific analyte can be determined.  

 

Fig. 4.   General structure of a cantilever based biological sensor model. The top surface of 

the cantilever is coated with 20nm of gold. Thiol is attached to a gold coated cantilever 

surface via SAM process. 

 

The adsorption induced differential surface stress between the two sides of the cantilever is 

calculated by monitoring the cantilever deflection change. Based on Stoney’s equation [21], 

we can easily convert the cantilever deflection z into the differential surface stress with the 

following equation: 

                         

2

2

3 (1 )L
z

Et





                           (1) 

Where L is the length of the cantilever, μ and E are Poisson's ration and Young's modulus for 

the substrate respectively, t is the thickness of the cantilever, and Δσ denotes the differential 

surface stress of the cantilever. 

3.2 Interrogation principle 

All biological experiment is finished by using the interrogation system shown in Fig.5. A 

tungsten halogen lamp as a broadband source and a cheap Ocean Optics spectrometer

（OC-2000, product of Ocean Optics）are employed to measure the reflected interferogram.  

In this set-up, light is coupled to the cantilever sensor via a 3dB optical fiber coupler. A 

HP780 optical fiber is inserted into a FC/PC ferrule with an inner diameter of 127 μm. The 

light is partially reflected at the surfaces 1 and 2 , where 1 refers to the fiber end facet and 2 
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refers to the cantilever surface. (Shown in the zoomed in part in Fig.5). When the light 

propagates backwards, these two signals pass through the same fiber coupler and finally, 

wavelength and intensity information is acquired by the spectrometer. The interfered signal IR 

can be expressed as: 

     )
4

c o s (1)[()( 00 



 

nd
VII R                     (1) 

Where I0 is the input light intensity, V is the fringe visibility, n is the refractive index, φ0 is the 

initial phase and d is the cavity length between surfaces 1 and 2. Wavelength information is 

converted to the frequency domain and a Fast Fourier Transform (FFT) method is used to find 

the frequency peak and convert it to cavity length. 

 

 

Fig.5.  Schematic diagram of the ferrule-top biosensor read-out system. A broadband light 

source is connected to a 3dB optical fiber directional coupler via a standard optical fiber. 

Biological information is transformed via nanomechanical force of the ferrule-top cantilever 

and analyzed by an OC-2000 spectrometer. 

The sensor is sealed into a liquid chamber with a volume of 100μL and connected to the 

interrogation system mentioned in the above section. Exchange of different buffer solutions is 

controlled by a valve. The small size of the chamber allows a fast exchange of buffers. A 

thermal coupler is placed near the sensor to monitor the chamber temperature variation and 

yield the feedback to a temperature controller (temperature resolution ±0.1˚C).  In this way 

the temperature controller will either heat up or cool down the thermal mat mounted 

underneath the liquid chamber. The solution containing the specific biomolecule is pumped 

into the liquid chamber at a constant speed of 1mL/min via a syringe pumping system 

actuated by a computerized translational stage as shown in Fig.6. The whole system is 

mounted onto an anti-vibration air table to minimize the ambient vibration.  
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Fig. 6.  Schematic diagram of biological experiment set-up. The sensor refers to a ferrule-top optical 

fiber cantilever. One end of the sensor is immersed in the liquid while the other end is connected to a 

optical fiber interrogator. A thermal couple is placed next to the sensor for temperature monitor.   

3.3 Sensor calibration 

 

Fig. 7. Cavity length fluctuation of the FTOC sensor over a time of 35 minutes is recorded  

The performance of the sensor is tested with the interrogation system mentioned above. The 

cavity length fluctuation of the FTOC sensor is recorded for more than 35 minutes and plotted 

in Fig.7.  It is clear that the standard deviation of the cavity length of is calculated to be ±7 

nm. The result is much smaller compared with a cantilever in a normal air flow environment. 

This is because that the damping effect of the micro-cantilever is reduced in liquid 

environment, which makes it difficult for the cantilever to vibrate. On the other hand, the 

refractive index of solution reduces the visibility of fringes generated by the optical fiber end 

facet and the cantilever surface. Therefore, a small amount of metal coating on the end facet 

of the optical fiber is usually employed to optimize the fringe visibility for further detection. 

 

Flow rate and temperature fluctuation will lead to ambiguous cantilever deflection, thus affect 

the overall performance of the sensor. In our case, both sides of cantilever are coated with the 
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same thickness of gold to minimize the bimetallic effect. The differential coating thickness 

error for a 15nm layer is smaller than 5nm. By using the equation presented in ref. [21], we 

calculate that temperature induce FTOC deflection to be smaller than 8nm for a temperature 

variation of 0.5˚C. In our experiment, the temperature is controlled within 0.1˚C, which 

means that the deflection of the cantilever is within the noise level.  However, the injection 

speed of the liquid solution will cause a temporary temperature fluctuation and this will lead 

to the additional cantilever deflection. 

 

Fig.8  Cantilever cavity length and temperature variation after injection of a solution for 

70 minutes. 

To test the effect of temperature on cavity length, deionized water is injected into the liquid 

cell via a syringe at a rate of 1mL/minute. During the process, temperature change is ~0.8K 

while the RMS cavity length change is ~28nm(see Fig.8). The liquid environment causes the 

interferogram decreases due to the low reflectivity of the water and fused silicon interface. 

Although the cantilever is coated, the 4% reflectivity of the optical fiber surface reduces the 

visibility. Therefore, it’s better to inject liquid at a slow speed and make sure each time the 

cantilever is fully immersed into the solution to avoid any bubbles. If bubbles exist along the 

light paths, the visibility of the interferogram will reduce. In addition, the effectiveness of the 

liquid flow speed is also tested by injecting deionized water into the liquid cell via a syringe 

pumping system at a rate of 1mL/minute. It has been found that at this rate the monitored 

cantilever fluctuation is still within the system noise level. 

4  Measurements 

4.1 Monitoring of the SAM binding process to the Au surface 

Self-assembly of alkanethiols onto the gold coated surface offers a new route to transfer 

bimolecular interaction to a nano-mechanical force by micro-cantilevers [22]. The technique 

has been used to investigate surface stress and kinetics change during the SAM process. In 

this paper, we use FTOC sensors to monitor the variation of surface stress during the SAM 

process. Compared with a micro-cantilever detection system, the compact FTOC transducer 

combines the sensing and interrogation as a single element, providing a new route for fast and 

portable measurements. 
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(a)                                (b) 

Fig.9  （a）Cantilever cavity length change as a result of HDT injection. After HDT is injected, the 

cantilever starts to deflect in a few seconds, and bends away from the HDT side, corresponding to a 

compressive stress. (b) Schematic diagram of a functionalized cantilever. The top surface is 

functionalized with HDT, the bottom side with thiolated-PEG. 

The deflection of the FTOC derived from the interrogation system described in section 3.1, 

was measured as a function of time for experiments with a HDT concentration of 1mM. One 

side of the cantilever is coated with thiol-PEG while the other side is sputtered with a thin 

layer of gold for internal control. Since both sides of the cantilever are coated with the same 

thickness of gold, deflection due to the bimetallic effect is minimized. Furthermore, the 

thiol-PEG functionalized side provides a blocking layer immune to HDT. Therefore, only the 

side of the cantilever without thiol-PEG coating can interact with HDT.  

During the whole experiment, we observed a strong cantilever deflection response, and finally 

saturated at a constant value, corresponding to the expansion of the HDT functionalized side 

of the cantilever. After HDT was injected, the cantilever started to deflect within a few 

seconds, and bent away from the HDT side, corresponding to a compressive stress. The 

maximum surface stress during this process was calculated to be ~250 mN/m. This number is 

on the same level as demonstrated in [22] for a thiol chain length of 16. The saturation 

developed on a comparable time scale of ~200s similar to a previous report for monolayer 

formation by chemisorption on a gold layer [23].  It was clear that after saturation, cantilever 

deflection returned to an almost flat line. The system noise level observed in this period was 

on the same level as before the SAM process. We concluded that after saturation, HDT was 

nicely ordered on top of the gold surface; therefore, an equilibrium state was achieved and the 

differential surface stress between the top and back side of the cantilever was assumed to be 

very low. 

4.2 Biotin and Streptavidin interaction 

The binding between biotin and streptavidin is well known long before [24]. Many previous 

researchers have used different methods to investigate the binding between the two chemicals.  

In this paper, we use the FTOC biosensor to monitor the real time binding process between 
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biotin and streptavidin. By using the experiment set-up mentioned in section 3.1., the specific 

binding induced cantilever bending on the cantilever surface can be monitored.  

Biotin-HPDP (N-(6-(Biotinamido) hexyl)-3′-(2′-pyridyldithio)-propionamide), was purchased 

from PIERCE biotechnology. The top surface of the cantilever was coated with biotin 

molecules while the backside surface is functionalized with PEG.  Biotin has a high affinity 

for streptavidin but PEG has been proven to hinder non-specific adsorption of proteins [23]. 

In this case, the reference design significantly reduces the effects of non-specific binding of 

streptavidin on the rear surface as well as artefacts due to ambient temperature variation. The 

binding of streptavidin to the biotin-modified surface generates a differential surface stress 

that can be detected by monitoring the cantilever deflection. 

Gold coated cantilevers were finished by thermal evaporation. The selected biotinylated 

capture antibody was coated onto the cantilever by the self-assembly process. 100 μL of 

biotinylated capture antibody diluted with coating buffer was added into a 1.5 ml eppendorf 

which contained a gold coated cantilever, then this eppendorf was sealed with parafilm. This 

step was completed in the fume cupboard. The sealed eppendorf was left at room temperature 

for 3 hours, then the remaining buffer was removed and the cantilever was washed (all wash 

steps consisted of applying the wash solution for 5 times, each time was accomplished within 

5 minutes along with gentle shaking on a flat surface).  After that, 200 μL blocking solution 

was added into the reaction tube and the tube was incubated at room temperature for 2 hours, 

then the cantilever was washed as before. 

The FTOC sensor was placed inside the liquid chamber with a volume of 100µL. The 

temperature of the experiment was controlled by a commercial available temperature 

controller which had a temperature resolution of 0.1˚C. The whole experimental set-up was 

covered with foam and filled with insulate materials to minimize heat dissipation. During the 

whole experiment, the pH was controlled at 7.4. Fig.10 (a) shows the real time cantilever 

deflection plotted as streptavidin is injected gently into the liquid chamber. It can be seen 

from Fig.10 (b) that the cantilever bends away from biotin functionalized surface. The 

reaction is rapid just after injection. 
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(a) 

 

(b) 

Fig. 10.  (a) Respond time is roughly 10 minutes to allow the cantilever to reach an equilibrium state. 

A maximum surface stress of ~120mN/m is found at 50nM. (b) Schematic diagram of a typical 

functionalized cantilever. 

We monitored the binding stress for streptavdin at concentrations of 10nM, 20nM, 30nM, 

40nM and 50nM respectively. For each concentration, after injection, a reaction time of 

approximate 10 minutes was observed before the cantilever reached a steady-state deflection, 

with the shortest time of ~10 minutes found at 50nM concentration. It was observed that the 

higher the concentration of the solution the less time is took to saturate [19]. We concluded 

that when the streptavidin concentration is increased , the number of streptavidin bind to the 

biotin side causes more compressive surface stress, which in turn increases the differential 

surface deflection.  We didn’t observe any further deflection after saturation point, and this 

indicated that the most of streptavidin had bind onto the biotin site and the interaction 

between each molecule had reached an equilibrium state. Therefore, we believed that there 

was no additional surface stress in this case. 
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Fig.11  Surface stress changes of cantilever versus time at streptavidin concentration of 

30nM. The experiment is repeated twice and a same equilibrium level of approx. 80mN/m is 

found. 

 

Fig.12  Concentration of streptavidin versus differential surface stress for the ferrule-top 

cantilever. When the concentration of streptavidin is increased, the surface stress increases 

accordingly. The minimum detectable surface stress is 26mN/m at a concentration of 10nM of 

straptavidin. 

4.3 Listeria pathogen monitoring 

The Listeria innocua strain was purchased from Oxoid (Thermo Scientific, UK). Cultures 

were established as described by the manufacturer. Biotinylatedpolyclonal rabbit anti-L. 

monocytogenes antibody (Abcam, product ab20766) and the HRP labeled polyclonal rabbit 

anti-L. monocytogenes antibody (Abcam, ab20357) were used as the capture antibody and 

detection antibody, respectively. All media and broth were obtained from Oxoid, and 

prepared following the instructions recommended by the manufacturer. Fig.13 shows Listeria 

bacteria under the microscope with an oil lens. 

 

Fig.13  Listeria bacteria under microscope under an oil lens 
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 anti-L.innocuantibody 

 

         antibodybiotin 

Fig.14  Schematic diagram of the binding structure for pathogen detection. （a）: before 

pathogen injection. (b): after pathogen injection. 

To prepare the bacterial dilutions that were inoculated into food sample, three L. innocua 

colonies were added in 5 ml saline and this suspension was diluted with Maximum Recovery 

Diluent (MRD) to a series of dilutions down to 10-6.  For food samples preparation, 25 g 

food sample was added to 225 ml FB(Fraser Broth), to make a 1 in 10 dilution. The mixture 

was homogenised for 30 seconds. Then 1 ml 10-6 dilution of bacteria was inoculated into the 

mixture, and the mixture was incubated at 29℃ for 24 hours. Bacteria were fixed by 10% 

Formalin. To separate bacteria from the solvent, 1 ml sample was centrifuged (Micro Centaur, 

MSE, S99407346), and supernatant was discarded. Fixation was achieved by resuspending 

(Vortex-Genie 2TM, Scientific Industries, Inc.) the bacteria in 1 ml of 10% formalin for 10 

minutes.  Formalin was separated by centrifugation, and removed. Then the bacteria were 

resuspended in 1 ml PBS(Phosphate Buffered Saline) for 5 minutes for the purpose of 

washing, followed by centrifugation to remove the liquid.  This wash step was repeated for 

three times, after which the bacteria were suspended in 1 ml sample diluent. 

 

FTOC was gold coated using thermal evaporation. The selected Listeria capture antibody was 

coated onto the cantilevers by self-assembly process. The same coating process was used as 

described in section 4.2. for biotinlated cantilever.  

 

First of all, BSA(Bovine Serum Albumin) was injected gently into the chamber at a constant 

speed of 100 µL/min. This low speed will reduce the flow turbulence during injection and 

allow a stable measurement environment throughout the experiment. Due to non-specific 
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binding caused by BSA, the cantilever first bent upwards, equaling to a compressive surface 

stress. After about 40 minutes, it stopped bending and started to saturate. To ensure all biotin 

was blocked by BSA solution, we kept injecting BSA for another 30 minutes after saturation. 

Then pathogen with a concentration of 105 cfu/ml was injected.  Fig.15 (a) implies that the 

cantilever starts to deflect again after about 5 minutes and another equilibrium position is 

achieved within 40 minutes. During the whole process, the surface stress caused by the 

interaction of biotin-antibody and pathogen calculated by Stoney’s equation is ~1.2mN/m. 

 

(a) 
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(b) 

Fig.15 (a) Real time detection of pathogen with a concentration of 105cfu/ml. The zero position of the 

FTOC is set before BSA injection. It took more than 40 minutes for the cantilever to reach to the 

equilibrium position; (b) Zoomed in picture after injection of pathogen of 105 cfu/ml.  

The same experiment was done while increasing the pathogen concentration to 106 cfu/ml and 

subsequently to 107 cfu/ml.  At each pathogen concentration, the cantilever deflection at the 

equilibrium position was recorded.  The fluctuation range following the deflection saturation 

level was used as an error bar for each of the pathogen concentration. It is clear that the 

maximum cantilever deflection increased as the pathogen concentration increases. At higher 

pathogen concentration, this trend seems to slow down. The size of pathogen(shown in Fig.13) 

was large and it indicates that the interaction between adjacent pathogens yields a repulsive 

force and generates compressive surface-stress at the top side of the sensing cantilever. As a 

result, the cantilever will bend downward. The maximum cantilever deflections of ~470nm 

and ~550nm are achieved respectively with a pathogen concentration of 106 cfu/ml and 107 

cfu/ml after the binding process is finished, which takes approx. 45minutes (shown in Fig.16.). 

Using Stoney’s equation, a maximum surface stress of ~5mN/m is calculated. The surface 

stress obtained here is on the similar level found in reference [7]. 
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Fig.16   Pathogen concentration versus cantilever deflection change 

The cantilever bend-down induced by big bio-molecules binding was schematically shown in 

the above Fig.14 (b).  From Fig.16, we can see that the cantilever deflection amounts to   

~170nm at a pathogen concentration of 105cfu/ml.  The interrogation system developed here 

has a deflection measurement sensitivity of 20nm. Therefore, we expect a theoretical 

minimum detectable pathogen concentration of less than 105 cfu/ml. 

5  CONCLUSIONS 

In this paper, a ferrule-top cantilever biosensor is successfully fabricated onto the end of a 

standard optical fiber. The sensor combines sensing probe and readout as a single element, 

thus a time-consuming alignment process is not necessary. The use of the FTOC biosensor to 

investigate biotin-streptavidin binding is demonstrated and a minimum detection level of 

~10nM streptavidin is observed. In addition, the application for Listeria food pathogen 

detection is also demonstrated.  Listeria pathogen concentration of smaller than 105 cfu/ml is 

successfully detected in less than 30 minutes with a sample volume of ~100μL. This will 

allow the development of a new generation of micro-cantilever biosensors with higher 

sensitivity for food pathogen detection. 

Further work will focus on translating the ferrule-top optical cantilevers as practical sensors 

for biological applications while maintaining a good reproducibility. Since selectivity is 

achieved by coating the cantilever with selective receptor coatings, the specificity of the 

receptor target interaction controls the selectivity and sensitivity. The cantilever response also 

depends on the uniformity of the coating on the cantilever surface. Consequently, the 

development of more reliable immobilization techniques on the cantilever surfaces will be a 

key issue for fabrication of these lab-on-fiber biosensors. 
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