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ABSTRACT 

 
An 8x8 carbon nanotube (CNT) sensor array integrated 

on top of the CMOS chip is proposed. After the chip is 
fabricated in standard CMOS process, the CNTs network is 
formed on top of each sensor cell site of the fabricated chip. 
When the resistance of the CNT is changed by the chemical 
reaction, the sensing circuit in the chip measures the 
charging time of the RC (CNT-Resistor & Capacitor). 
Finally the information of measured time is converted to a 
digital code. The CMOS chip was fabricated by Dongbu 
0.18um technology and the size of the 8x8 sensor array is 2 
mm*2mm. From the electrochemical experiments, the test 
chip shows the feasibility of sensor for the simultaneous 
detection of the various chemical reactions. 
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1 INTRODUCTION 
 
Carbon nanotubes have been a material for novel 

chemical or biological sensors. [1]- [2] In order for the 
CNT technologies to be a commodity technology, the 
integration with the existing CMOS (hereafter called 
NANO System on a Chip; SoC) technology may be 
mandatory. There are several ways of NANO SoC; using 
CNTs as interconnects, as resistors to the chemical 
reactions, and as the antenna to support the bio molecules, 
thereby transferring the charge as the results of chemical/ 
biological reaction. To achieve the successful NANO SoC, 
two problems should be solved: the compatibility with 
CMOS process and the uniformity and reproducibility of 
the CNT materials after completion of the SoC.  

In this paper, we present the NANO SoC chip with the 
8x8 array of CNTs network junctions for the chemical/ 
biological sensor applications, where the CNTs network 
arrays are formed on top of the completed CMOS chip for 
the signal processing and each cell can act as an individual 
sensing element if proper functionalizations are performed.  
Significantly, for the compatibility with the CMOS process, 
the CNTs network arrays are formed at room temperature 
with, at most, 2 non-critical mask steps. The feasibility for 
chemical or biological sensor system is investigated by 
experiments of the fabricated chip.  

 

2 PROCESS & TEST CHIP 
2.1 The formation of CNT sensor array 

 
Figure 1: Optical micrograph of the fabricated CNT 
junction array and an AFM image of a CNT junction 
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Figure 2: Device structure of the integration CNTs with 

CMOS processed circuits 
 
For the formation of CNT sensor arrays, polar and non-

polar regions are first created on the top of CMOS chip by 
patterning self-assembled monolayer (SAM). When the 
chip is placed in the CNT solution, CNTs are adsorbed 
selectively onto polar surface regions, and they self-align 
along the regions, resulting in CNT network arrays with 
precise locations and orientations. Thereafter, we use a Ti 
electrode to connect the CNT network array to CMOS 
interconnection metals using lift-off process. The Ti-CNT 
contact shows the good electrical contact properties without 
the high temperature annealing. Fig. 1 shows optical 
micrograph and AFM images of the fabricated array. The 
connection of the CNT network to the CMOS aluminum 
pad is shown in Fig. 2.  

 
2.2 Test Chip 
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Figure 3: I-V curves of the individual sensor cell.  

 
Fig. 3 shows the IV curves of a functionalized CNT cell 

in the phosphate buffer solution with and without the 
glutamate. From this characteristic, the detecting circuit is 
designed only to use the bias range from vdd to about 
1.2[V] to sense the maximum reduction of the current after 
the bio-chemical reaction.  
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Figure 4: Concept of detector 

 
Fig. 4 shows the concept of the detector CMOS circuit. 

This circuit measures RC (CNT-Resistor & Capacitor) time 
constant and when the voltage level of the CNT node 
reaches the triggering level (roughly VT of the NMOS), the 
output pulse of the detector circuit will be discharge the 
voltage of CNT node. Thus, one cycle time is proportional 
to the integration of 1/ICNT from vdd to vdd-VT. This 
procedure repeats until the address reset is disabled. The 
counter transforms the number of output pulse to a digital 
code. This concept of operation is used in other sensor 
circuit and image sensors. [3] The capacitor in this circuit is 
implemented by the junction capacitance of the ESD 
protection transistors since the pad for the CNT connection 
also may need ESD protections. The logic transfers of the 
odd and even inverters are strongly skewed to the ground 
and vdd directions, respectively, in order to make the 
difference between the pull-down and pull-up delay, thus, 
to provide a finite pulse width for the capacitance discharge 
signal. It may be helpful to use the dynamic logic for the 
first inverter stage for the reduction of the short circuit 
current during the rather slow charging-up time (as much as 
50% is expected). Fig. 5 shows the CMOS chip 
microphotograph of the 8x8 sensor array. 

 

 
Figure 5: CMOS chip microphotograph 

 

3 EXPERIMENT & RESULTS 
 
The resistance of the carbon nanotube network in the 

sensor cell is modified by acceptance (or donation) of the 
charges as the results of chemical/biological reaction of 
nearby charged molecules. Any kind of bio-receptors, 
enzyme, for specific biomaterial must be incorporated 
together into the CNT sensor cell region so that the CNT 
sensor cells can work as biosensors. The glutamate oxidase 
is used as the enzyme to functionalize the sensor cells that 
detect the glutamate. The glutamate oxidase can oxidize the 
glutamate to 2-oxoglutamate. The electrons as the results of 
this chemical reaction (oxidation) can change the resistance 
of the sensor cell due to its modulation of the CNTs’ 
conductance. The resistance of the sensor cell is altered 
with the glutamate in the analyte up to 10% depending on 
the bias condition while no change has been measured for 

the CNT networks without functionalizations with the 
glutamine oxidase. 

 
Figure 6: The test results of the chip 

 
The test results of the detecting circuit are shown in Fig. 

6, where the off-chip resistors are wire-bonded to the test-
chip pads instead of the supposed CNT network in order to 
verify circuit functionality. The output digital codes are 
nearly in accordance with the conductance considering the 
small discharging pulse width. Table 1 shows the output 
results of the total 64 CNT sensor array. After the reaction, 
the code value has been changed by ~10% with the 
functionalized CNT network, while it has been hardly 
changed where the CNT networks are not functionalized.  

 

 
Table1: The output results of the total 8x8 sensor array 
 

4 CONCLUSION 
 
An 8x8 carbon nanotube sensor array that is integrated 

on the CMOS chip is proposed. From the experiments, 
proposed chip functions as good chemical sensor. 
Especially, test results indicate that if each sensor cell is 
functionalized differently, the test chip may be a good 
sensor chip for simultaneous detection of the different (bio) 
chemicals if proper signal processing is followed. 

  
ACKNOWLEDGEMENTS 

 
This work was supported by the Nano Systems 

Institute–National Core Research Center (NSI-NCRC) 
program of KOSEF, Korea. 

 
REFERENCES 

[1] J. Kong, et al, “Nanotube Molecular Wires as 
Chemical Sensors”, Science, vol. 287, 622, 2000. 

[2] Philips G.C et al., “Extreme Oxygen Sensitivity of 
Electronic Properties of Carbon Nanotubes”, 
Science, vol. 287, 1801, 2000 

[3] Meinrad Schienle, et al, “A Fully Electronic DNA 
sensor With 128 Positions and In-Pixel A/D 
Conversion”, IEEE JSSC, Vol. 39, 2438, 2004 

NSTI-Nanotech 2006, www.nsti.org, ISBN 0-9767985-7-3 Vol. 2, 2006200


	280.pdf
	2. МATERIALS AND METHODS
	3.1. Principle of CPM
	REFERENCES



	373.pdf
	CONCLUSION
	REFERENCES

	771.pdf
	Preliminary cytotoxic effects of application of an AC magnetic field were obtained in CaCo-2 cell media in contact with 0.15 mg/ml of magnetite/crosslinked dextran nanoparticles.  A decrease in cell culture viability of about 60 % was found upon the application of an AC magnetic field at 3.0 kA/m and 1.0 kHz for about 45 minutes. 

	546.pdf
	3. CONCLUSIONS

	825.pdf
	 
	Each step of the bioactive functionalization was confirmed by a novel CBQCA (3-4-carboxybenzoyl quinoline-2-carboxaldehyde) fluorescence method (3). CBQCA is inherently a non-fluorescent molecule but fluoresces well when attached to amine groups that arise from the aminated surfaces and the amines from bioactive group moieties.   

	1030.pdf
	ABSTRACT
	Acknowledgements
	References


	342.pdf
	ABSTRACT
	4  CONCLUSIONS
	 
	 
	Figure 4: UV-VIS spectra of silver colloidal solution mixed with bacteria.
	 
	Figure 5: Time evolution of the major SERS peak.
	 
	Figure 7A: Tapping mode AFM image of a roughened silver surface after the landing of crystal violet molecules and subsequent thorough washing. 
	 
	Figure 7B: Flattened view of the tapping mode AFM image of the same surface shown above.
	 
	5  REFERENCES
	[
	[
	[
	[
	[
	[
	[


	228.pdf
	A
	ABSTRACT
	INTRODUCTION
	RULE BASED MODELING
	CELLULAR COMMUNICATION
	CHEMICAL  SIGNALING
	CONCLUSION
	REFERENCE

	658.pdf
	INTRODUCTION
	MATERIAL AND METHODS
	The phytoplankton
	The nutrients
	The system

	RESULTS AND DISCUTION
	CONCLUSIONS AND PRESPECTIVES
	REFERENCES

	215.pdf
	Self-Assembled Soft Nanomaterials from Renewable Resources 
	 
	 
	ABSTRACT 
	 
	Keywords: organic soft materials, amphiphiles, self-assembly, lipid nanotube, renewable resources. 
	3   RESULTS AND DISCUSSION 





	281.pdf
	Introduction
	Figure 2: Fig 1(a) shows a TEM image of lath-like single cry

	705.pdf
	Demonstrative Applications of the Infusion Process
	3.1 Anti-Fouling and Release Applications
	3.2 Enhanced Interfacial Bonding and Adhesion
	3.6 Flexible Broad band Radiation Absorbing materials

	633.pdf
	1. INTRODUCTION
	2. TECHNOLOGY & PRODUCTS
	3. APPLICATIONS
	4.  CONCLUSIONS

	995.pdf
	Electrochemical Synthesis of Polyaniline




