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ABSTRACT  
 

This paper presents the development and fabrication of carbon nanotube (CNT) based sensor devices 
through morphological and electrical characterization. The silicon oxide (SiO2) as insulator is formed by dry 
oxidation process and Aurum (Au) layer is deposited using thermal evaporator. Then, the electrodes pattern is 
transferred by photolithography process. The single-walled carbon nanotubes (SWNTs) were mixed with 
isopropyl alcohol (IPA) for dispersion process. The suspended SWNT was aligned between the electrodes gap 
by using AC dielectrophoresis method. The composition of SWNT aligned was determined by The conductivity 
of SWNT aligned on devices was decreases as pH buffer solution increases. Capacitances value for pre-SWNT 
aligned is much higher than post-SWNT aligned. 
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Introduction 
 

Carbon nanotube (CNT) has many excellent and unique properties that may encourage developing next 
generation of sensors since its discovery (Sinha, N., et al., 2006). CNT have exhibits some unique properties 
such as electrical, mechanical, and optical properties that can be rapidly integrated into many novel devices 
especially sensors devices (Liu, T.X., et al., 2004). These features was motivated to post CNT aligned sensor 
device have potential applications as a good semiconducting sensor devices build into different types of 
electronic, optoelectronic, and sensor system (Th. S., et al., 2010). 

Single-walled carbon nanotubes (SWNTs) are class of material which is graphene sheets rolled up in certain 
directions designated by pairs of integers (Ajayan, P.M.,1999). In fact, SWNTs as 1D structure, atomically 
monolayered surface and extended π-bonding configuration have several unique properties like mentioned 
above (Ouyang, M., et al., 2002). For example, an individual SWNT with different chirality and diameter, it can 
be either semiconducting, metallic, or semimetallic, it able to be used as active conductivity in sensor devices 
due to their high current-carrying capacities (up to 109 Acm-2) (Yao, Z., et al., 2000), and high thermal 
conductivities (up to 3500 Wm-1K-1) (Pop, E., et al., 2006).  

For the SWNT alignment, there are two categories for SWNT attachment method which is direct growth 
and manual attachment of SWNT on electrode pads. Both the methods were found to be effective in attaching 
SWNT in the desired position. First of all, the growth technique of SWNT is often applied. However, it requires 
some patterning of very tiny catalysts and high temperature on the exact position (Jang, Y.-T., et al., 2004). 
However, it is extremely hard to get a uniform growth of SWNT for each catalyst. 

Meanwhile, the manual attachment of SWNT is a low cost and effective method of SWNT attachment but it 
is not suitable for large scaled production due to long handling time, vacuum environment and expensive 
apparatus. Some of the manual attachment methods were found using chemical treatment (Yamamoto, K., et al., 
1998), magnetic field (Long, D.P., et al., 2004), and electric field (Rao, S.G., et al., 2003) in the SWNT 
alignment process.  

One of the useful for alignment techniques which is applying manual attachments method by using electric 
field is the AC dielectrophoresis. The dielectrophoresis (DEP) enable to control the assembly of individual 
SWNT on an electrode (Chung, J., et al., 2004). Meanwhile, two important results about fundamental study of 
the nanotube DEP and a large scale assembly technique of the nanotube by using DEP (Hennrich, F., et al., 
2005). They reported that the advantages of DEP techniques is the position and number density of aligned CNTs 
can be controlled by adjusting the electric field. 
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Materials And Method 
 
Materials: 

 
Functionalized SWNTs-COOH (>97% carbon purity and <3% metal oxides impurities), IPA were 

purchased from sigma Aldrich, Malaysia. All materials were used as-received. 
 
Preparation and fabrication of SWNT sensor devices: 

 
First of all, fabrication processes begin from Si wafer cleaning with RCA1, RCA2, and Piranha solution. 

After cleaning, it was rinsed with DI water and then spun dry and loaded into modu-lab dry oxidation furnace 
with 1000°C for 60 minutes for dry oxidation process and silicon oxide (SiO2) layer was deposited. 

After that it is undergo titanium/aurum (Ti/Au) layer deposition process by using thermal evaporator 
machine. The length of Ti is around 0.5cm while length of Au is around 1.0cm respectively was deposited onto 
SiO2 surface. It is brought for annealing process heating at 300°C for 10 mins and ramp down to 100°C in order 
to maintain the deposition layer. 

After the layers were done, it was brought to the patterning process by using MIDAS MDA-400M Mask 
Aligner machine. In this photolithography process, few drops of photoresist (PR) were dropped onto the surface, 
the coating speed formula for ramp up is 1000rpm:10s, turning speed is 3000rpm:20s, and ramp down is 
0rpm:10s, then heat it as soft bake process at 120°C for 3 mins. The wafer was taken to expose to the ultraviolet 
light for 10s. After that, the sample was brought to the development process by using pure photoresist developer 
solution. The pattern was developed in 40s. When patterned has appeared, hard bake process at 120°C for 3mins 
in order to maintain the photorersist layer patterned (Th. S., et al., 2011). 

The next step is to etch the Au layer followed by Ti layer by using aqua regia solution. The aqua regia 
solution was prepared through a mixture of hydrochloric acids (HCI) and Nitric Acids (HNO3) in a ratio of 4:1. 
The aqua regia was then diluted in DI water in the ratio of 1:2 as the pure aqua regia is too strong and might 
destroy the patterned (Hashim, U., et al., 2012; Th. S., et al., 2011). Finally, the photoresist was stripped by 
using the acetone solution (Th. S., et al., 2011). The overall fabrication process was shown in Fig. 1. 

 

 
 
Fig. 1: CNT Sensor Fabrication Process Flow 

 
Morphological Characterization: 

 
Once single strand of SWNT is aligned, the sample is brought to atomic force microscope (AFM), 3D 

profilometer, scanning electron microscopy (SEM), and energy dispersive X-ray spectroscopy (EDX) to 
perform morphological inspection. The AFM is used to observe the surface roughness condition of the sample to 
ensure the electrode is uniformly deposited onto the sample. The 3D profilometer is used to measure the 
thickness of the electrode deposited onto the sample. On the other hand, the SEM is used to inspect the 
condition of the SWNT alignment. Last but not least, the EDX is used to confirm that the alignment is indeed 
SWNT and not other materials. 

 
Electrical Characterization: 

 
The electrical characterization is performed to ensure the sensors are functional. The electrical 

characterization for this research is performed before and after alignment of SWNT between the electrode gaps 
with various pH buffer solutions. The frequency range of the dielectric analyzer which will be used to measure 
the conductance and capacitance is 1Hz – 100MHz with constant 0.5V of AC voltage. The results were obtained 
from the dielectric analyzer and plotted into graphs. From the plotted graph, a comparison of capacitance will be 
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made for before and after CNT alignment process.During the pH measurement process, solutions were dropped 
carefully using micro pipet onto the aligned SWNT between the electrode gaps. After each value of the pH 
solutions tested, the sample was cleaned with DI water and filter paper. The blower was used to dry the sample 
and make sure there is no dust on the sample. Sample was kept stationary with the probe needle location to 
avoid inaccurate results. Furthermore, sample was tested without any vibration or noisy environment to avoid 
bad results (Th. S., et al., 2011). The experimental setup was shown in Fig. 2. 

 

 
 
Fig. 2: Electrical Characterization Experimental Setup 

 
Results And Discussion 
 
Atomic Force Microscopy Results: 

 
Atomic Force Microscope (AFM) is a necessary part to investigate the surface roughness and grain size of 

Au electrode pad. The AFM image results were captured under 10000nm scan area. Fig. 3 shows typical AFM 
topography of the Au electrode surface after fabrication process. The roughness value, Sdr, obtained from the 
corresponding AFM image is 2.15%. The roughness average of Au electrode gap is 1.430 nm whereas the grain 
size is 1.525 nm2. 

 

 
 
Fig. 3: Atomic Force Microscopy (AFM) Topographic Image of Au Electrode Gap 

 
A line profile of Au electrode gap obtained from the AFM topograph shown in Fig. 4. The inset shows the 

AFM image (1.0 µm x 1.0 µm, height scale 15nm) with a line indicating the location of line profile. The highest 
peak for the height is 11.94 nm with lateral distance with 3.47 nm. 

 

 
 
Fig. 4: AFM Line Profile 

 
3D Profilometer Surface Thickness Measurement: 

 
After SiO2 was deposited via dry oxidation process, Titanium (Ti) and Aurum (Au) layers were deposited 

by using thermal evaporator. The length of Ti used was 0.5cm whereas Au was 1.0cm. Due to the Au layer does 
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not very stick properly on SiO2, a Ti layer was deposited in between of SiO2 and Au in order to hold the Au 
layer so that the Au layer does not detach during the etching process. The results of Ti/Au thickness was 
measured by using 3D profilometer and shown in Fig. 5. The height of Ti/Au electrode of labeled P1 (white 
circled) spot is 146.6 nm and another spot labeled as P2 (white circled) is 142.5 nm. 

 

 
 
Fig. 5: Side View Electrode 3D Pattern 

 
From the Fig. 6, the Au electrode fabricated formed the gap with height around 106.2 nm for vertical 

measurement and 98.5 nm for horizontal measurement. 
 

 
 
Fig. 6: 3D Pattern of Au Electrode Gap 

 
The 3D profilometer surface analysis has shown 3D side view of electrode and the 3D pattern of Au 

electrode gap in Fig. 5 and Fig. 6, the results was shown non-uniform thickness. This problem could be caused 
by non-constant etching rate. During etching process with aqua regia solution, the photoresist was not strong 
enough to protect the pattern. 

 
Single Walled Carbon Nanotube (SWNT) Alignment Results: 

 
After the SWNT was successfully aligned, the sample was taken to Scanning Electron Microscope (SEM) 

for analysis. The SEM was shown in Fig. 7. The magnification results captured from Fig. 7 is x7000 
magnification and well aligned SWNT between the Au electrode pads. 

 

 
 
Fig. 7: SWNT SEM Results 

 
Single Walled Carbon Nanotubes (SWNTs) Energy-dispersive X-ray  Spectroscopy (EDX) results: 

 
The SWNT aligned device was analyzed by using the energy-dispersive X-ray spectroscopy (EDX) of field 

emission scanning electron microscopy (FESEM). The EDX result has shown the composition of material as in 
Fig. 8. From Fig. 8, a spot was chosen from the aligned SWNT for EDX analysis. The carbon (C) element 
obtained major percentage up to 49.44%, oxygen (O) with 12.92% and silicon (Si) with 37.64% because the 
surface below the aligned SWNT is the silicon dioxide (SiO2). 
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Fig. 8: EDX FESEM Results 
 
Electrical Characterization: 

 
To study the conductivity and capacitance of the device, electrical characterizations were carried out by 

using dielectric analyzer instrument. The following sections will present the results obtained before and after 
SWNT alignment and a comparison between the both. The mediums used in the test were pH buffer solution 
(pH) for pH3, pH5, and pH10, DI water and air.  
 
Device Conductance Results: 

 
For conductivity test of SWNT, there is no current flow before SWNT was aligned because of the device 

electrodes were separated by insulator. Therefore, this part test results were obtained only after SWNT was 
aligned between the electrode gaps (Th. S., U. Dhahi, Hashim, 2011). This conductivity test also applied AC 
electric field throughout the conductivity test. 

The Fig. 9 shows the Conductivity (|Sig|) against Frequency (f) plot. It was shown that the conductivity was 
decreased from pH buffer solution pH3, pH5, to pH10. The conductivity for pH buffer solutions for pH3, pH5, 
and pH10 are 13.37µS/cm, 13.35µS/cm, and 13.02µS/cm respectively. On the other hand, the conductivity of DI 
Water buffer solution is slightly lower than the three pH buffer solutions with a conductivity of 12.98µS/cm. 

 

 
 
Fig. 9: Conductance-Frequency Plot for After SWNT Aligned 

 
Device Capacitances Results: 

 
After that, a comparison of the capacitance value for before and after SWNT aligns devices was plotted into 

graph as in Fig. 10. From Fig. 10, the capacitance value for before SWNT alignment is much higher than after 
SWNT alignment. This is because before the SWNT alignment, the capacitor structure consist of conductor-
insulator(SiO2)-conductor whereas after the SWNT alignment, the capacitor structure consist of conductor-
semiconductor(SWNT)-conductor. Another explanation for capacitance concept is the decreases of the effective 
electric field between the plates and will increase the capacitance of the parallel plate structure. The dielectric 
must be a good electric insulator in order to minimize any DC leakage current through a capacitor. Means that 
for before SWNT aligned, the sensor detection is in air condition as dielectric insulator, the air insulator will 
decrease the electric field giving high capacitance (Th. S., et al., 2012; Th. S., et al., 2012; Th. S., et al., 2012). 
In other words, the electric field is inversely proportional to capacitance. Therefore, the lower the electric field, 
the higher the capacitance (Nazwa Taib, et al., 2011). 
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Fig. 10: Capacitance-Frequency Plot for Capacitance Comparison of Before and After SWNT Align 
 
Conclusion: 

 
In conclusion, we successfully aligned the SWNT on Aurum (Au) electrodes pad by using AC 

Dielectrophoresis method. When the pH increased, the conductance decreased. Whereas, as the pH values 
decreased as in acidic solution, the conductivity of electricity increased thus the capacitance decreased due to 
the electric field is inversely proportional to the capacitance. The SWNT aligned device has lower capacitance 
than the pre-aligned device. Our sensor device has highly potentially to immobilize and hybridize DNA onto the 
SWNT aligned device for Halal, protein or disease detection. 

 
Acknowledgment 

 
The authors wish to thank Universiti Malaysia Perlis (UniMAP), Geran MOA Sciencefund 050-01-15-

SF1009 and FRGS for giving the opportunities to do this research in the Micro & Nano Fabrication Clean room. 
The appreciation also goes to all the team members in the Institute of Nano Electronic Engineering (INEE) 
especially Nano Biochip Research Group members. 

 
References 

 
Adam, T., U. Hashim, 2012. Additivity ensures stability of design: Role of orthogonal arrays for process 

optimization through additive model ICSSBE 2012 - Proceedings, 2012 International Conference on 
Statistics in Science, Business and Engineering: "Empowering Decision Making with Statistical 
Sciences", art. no. 6396572, pp: 277-280.  

Adam, T., U. Hashim, 2012. Low resistance electrical layer formation: A simulation study of diffusive rapid 
thermal process on implanted dopant species for electronics active devices 
Proceedings of International Conference on Computational Intelligence, Modelling and Simulation, art. 
no. 6338116, pp: 428-430.  

Adam, T., U. Hashim, 2012. Simulation study of non ionic implantation process: Thinner electrical interfacial 
semiductor junction formation using ionic diffusion process  Proceedings of International Conference on 
Computational Intelligence, Modelling and Simulation, art. no. 6338117, pp:  431-433.  

Adam, T., U. Hashim, 2012. Statistical parameter evaluation for swing curves for the 1.2 μm and 1.8 μm resist 
thickness in CMOS photolithography process technology ICSSBE 2012 - Proceedings, 2012 International 
Conference on Statistics in Science, Business and Engineering: "Empowering Decision Making with 
Statistical Sciences", art. no. 6396571, pp: 273-276. 

Adam, T., U. Hashim, 2012. Taguchi's method of statistical design to form an ultra thin silicon dioxide Journal 
of Applied Sciences Research, 8(8): 4249-4253.  

Adam, T., U. Hashim, 2012. The effect of exposure time and development time on photoresist thin film in 
Micro/Nano structure formation 10th IEEE International Conference on Semiconductor Electronics, ICSE 
2012 - Proceedings, art.no. 6417102, pp: 107-110. 

Adam, T., U. Hashim, 2012. Ultra thinpolysilicon layer formation: Statistical process optimization by Taguchi's 
technique ICSSBE 2012 - Proceedings, 2012 International Conference on Statistics in Science, Business 
and Engineering: "Empowering Decision Making with Statistical Sciences", art. no. 6396546, pp: 155-157.  

 Adam, T., U. Hashim, D. Isa, C.Y. Yee, 2012. An Electric Double-Layer Capacitor (EDLC) Production for 
optimum energy driven communication system using taguch technique Proceedings of International 
Conference on Computational Intelligence, Modelling and Simulation, art.no. 6338112, pp: 405-409.  



3542 
J. Appl. Sci. Res., 9(6): 3436-3443, 2013 

 

 

Adam, T., U. Hashim, Foo, K.L., Dhahi, T.S., Nazwa, T. Technology development for nano structure formation: 
Fabrication and characterization (2013) Advanced Science Letters, 19 (1), pp. 132-137.  

Adam, T., U. Hashim, K.L. Foo, 2013. Microfluidics design and fabrication for life sciences 
application Advanced Science Letters, 19 (1): 48-53.  

Adam, T., U. Hashim, M.E. Ali, P.L. Leow, 2013. The electroosmosis mechanism for fluid delivery in PDMS 
multi-layer microchannel Advanced Science Letters, 19(1): 12-15.  

Adam, T., U. Hashim, P.L. Leow, 2012. Design and fabrication of passive fluid driven microchamber for fast 
reaction assays in Nano lab-on-chip domain  Journal of Applied Sciences Research, 8(8): 4262-4267.  

Adam, T., U. Hashim, P.L. Leow, Design and fabrication of passive fluid driven microchamber for fast reaction 
assays in nano lab-on-chip domain  Journal of Applied Sciences Research, 8(8): 4254-4261.  

Adam, T., U. Hashim, P.L. Leow, K.L. Foo, P.S. Chee, 2013. Selection of optimal parameters in fabrication of 
poly(dimethylsiloxane) microfluidics using taguchi method Advanced Science Letters, 19(1): 32-36.  

Adam, T., U. Hashim, P.L. Leow, Q.H. D, 2013. Fabrication of nanowire using ash trimming 
technique  Advanced Materials Research, 626: 1042-1047. 

Ajayan, P.M.,1999.  Chem. Rev.,99: 1787. 
Al-Mufti, W.M., U. Hashim, T. Adam, 2012. Current trend in simulation: Review nanostructures using 

comsolmultiphysics Journal of Applied Sciences Research, 8(12): 5579-5582.  
Chung, J., K.-H. Lee, J. Lee, & R.S. Ruoff, 2004. Toward large-scale integration of carbon nanotubes. Langmuir, 

20(8): 3011-3017. 
Hashim, U., P.N.A. Diyana, T. Adam, 2012. Numerical simulation of Microfluidic devices 10th IEEE 

International Conference on Semiconductor Electronics, ICSE 2012 - Proceedings, art. 
no. 6417083, pp: 26-29.  

Hashim, U., T. Adam, M.W. Al-Mufti, P. Ling Jie Lung, S.A.B. Ariffin, 2012. Low cost fabrication of 
micromixer and microchamber for microfluidic lab-on-chip IEEE-EMBS Conference on Biomedical 
Engineering and Sciences, IECBES 2012, art. no. 6498011, pp: 153-157.  

Hashim, U., T. Adam, P.N.A. Diyana, S.T. Ten, 2012. Computational micro fluid dynamics using COMSOL 
multiphysics for sample delivery in sensing domain IEEE-EMBS Conference on Biomedical Engineering 
and Sciences, IECBES 2012, art. no. 6498208, pp:  969-973.  

Hashim, U., Tijjani Adam, Th. S. Dhahi, 2012. Technology development for nano structure formation: 
Fabrication and Characterization. Advance Science Letters, pp: 263-268. 

Hennrich, F., R. Krupke, M.M. Kappes, & H.V. Lohneysen, 2005. Frequency dependence of the 
dielectrophoretic separation of single-walled carbon nanotubes. Journal of nanoscience and nanotechnology, 
5(7): 1166-1171. 

Jang, Y.-T., S.-I. Moon, J.-H. Ahn, Y.-H. Lee, & B.-K. Ju, 2004. A simple approach in fabricating chemical 
sensor using laterally grown multi-walled carbon nanotubes. Sensors and Actuators B: Chemical, 99(1): 
118-122. 

Liu, T.X., I.Y. Phang, L. Shen, S.Y. Chow, W.D. Zhang, 2004. Macromolecules, 37: 7214. 
Long, D.P., J.L. Lazorcik, & R. Shashidhar, 2004. Magnetically Directed Self‐Assembly of Carbon Nanotube 

Devices. Advanced Materials, 16(9‐10): 814-819. 
Nazwa Taib, U. Hashim, Azizullah and Th. S. Dhahi, 2011. “Polysilicon Nanogap capacitive biosensors for the 

pH Detection”, RSM 2011 Proc., 2011, Kota Kinabalu, Malaysia, 250-252.  
Ouyang, M., J.L. Huang, C.M. Lieber, 2002. Acc. Chem. Res., 35: 1018.  
Pop, E., D. Mann, Q. Wang, K. Goodson, H.J. Dai, 2006. Nano Lett., 6: 96. 
Rao, B.S., U. Hashim, T.S. Dhahi, T. Adam, 2012. PH sensing using in house fabricated 

polysiliconnanoelectrode based transducer IEEE-EMBS Conference on Biomedical Engineering and 
Sciences, IECBES 2012, art. no. 6498063, pp: 122-125.  

Rao, S.G., L. Huang, W. Setyawan, & S. Hong, 2003. Nanotube electronics: Large-scale assembly of carbon 
nanotubes. Nature, 425(6953): 36-37. 

Sinha, N., J. Ma, J.T.W. Yeow, 2006. Carbon nanotube-based sensors, J. Nanosci.Nanotechno., 6: 573-590. 
Th. S., U. Dhahi, Hashim, 2011. “Fesem and Electrical Characterization for the Nanogap Fabrication”, Seminar 

on Nanotechnology, Convention Research Finding in Nano Technology by Institute of Nano Electronic 
Engineering (INEE)m UniMAP, pp: 1-20. 

Th. S., U. Dhahi, Hashim, and N.M. Ahmed, 2011. “Fabrication and Characterization of 50nm Silicon Nanogap 
Structure”. Journal of Science of Advanced Materials (SAM), 3(2): 233-238. 

Th. S., U. Dhahi, M.E. Hashim, Ali and N.M. Ahmed, 2012. “Fabrication, Optimization and Characterization of 
6nm Silicon Nanogap Using Size Reduction Technique for Biosensor Application”, International Journal of 
Physical Sciences, 7(16): 2414-2421. 

Th. S., U. Dhahi, M.E. Hashim, Ali and N.M. Ahmed, and T. Nazwa, 2011. “Electrical Characterization of In-
House Fabriccated Polysilicon Micro-Capacitance for Yeast Concentration Measurement”. Journal of 
Engineering and Technology Research, 3(8): 246-254. 



3543 
J. Appl. Sci. Res., 9(6): 3436-3443, 2013 

 

 

Th. S., U. Dhahi, M.E. Hashim, Ali, 2012. “Electrical Characterization of a-Si Micro and Nano Structure 
Fabrication for Electrochemical sensor”, Sains Malaysia, 41(6): 755-759. 

Th. S., U. Dhahi, M.E. Hashim, Ali, Alaa’eddin and T. Nazwa, 2011. “5nm gap via conventional 
photolithography and pattern-size reduction technique”, International Journal of Physics Science IJPS, 
6(15): 3649-3656. 

Th. S., U. Dhahi, M.E. Hashim, N.M. Ali, Ahmed and T. Nazwa, 2011. “Fabrication and characterization of 
lateral polysilicon gap less than 50nm using conventional lithography process”. Journal of Nano Materials 
(JNM), 1-8. 

Th. S., U. Dhahi, N.M. Hashim A. Ahmed mat. Taib, 2010. “A review on the Electrochemical Sensors and 
Biosensors Composed of Nanogaps as Sensing Material”, Journal of Optoelectronics and Advanced 
Materials (JOAM), 12(29): 1857-1862. 

Th. S., U. Dhahi, T. Hashim, M. Nazwa, Kashif, Syed M. Usman Ali, 2011. “pH measurement using microgap 
structure”, International Journal of Mechanical and Materials Engineering (IJMME), 6(2): 189-193. 

Yamamoto, K., S. Akita, & Y. Nakayama, 1998. Orientation and purification of carbon nanotubes using ac 
electrophoresis. Journal of physics D: Applied physics, 31(8): L34-L36. 

Yao, Z., C.L. Kane, C. Dekker, 2000. Phys. Rev. Lett., 84: 2941. 


