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ABSTRACT 

The aim of this thesis is to design an on-chip Complementary Metal Oxide 

Semiconductor (CMOS) potentiometric biosensor circuit based on Charge-Modulated 

Field-Effect Transistor (CMFET) for label-free deoxyribonucleic acid (DNA) 

detection. Due to increasing demand for point-of-care testing to aid in medical 

diagnostics, the research and development of inexpensive and small handheld 

biosensor device is growing rapidly every year. The potentiometric biosensors show 

great potential towards low cost and future miniaturization, but are thermally unstable 

due to the properties of the semiconductor structure and sensing films. Long-term 

stability in a solution and reduced signal-to-noise ratio can be obtained by using a 

cascode source-drain follower as the detection circuit. However, the cascode topology 

is not suitable for low supply voltage environment. Therefore, this work proposes a 

low voltage circuit design for an efficient and low power potentiometric DNA 

detection circuit. CMFET is used as a sensing device since it offers simplicity by 

eliminating the use of an external reference electrode and is compatible with the 

standard CMOS process. The detection circuit consists of a self-cascode source-drain 

follower and a two-stage differential amplifier. Self-cascode approach is used to 

improve the accuracy and input voltage range of the source-drain follower. The 

proposed detection circuit is designed and simulated using 0.18 µm Silterra CMOS 

fabrication process with 1.8 V supply. The input voltage range of the improved source-

drain follower ranges from 0.104 V to 1.28 V within ± 5 mV of accuracy and the 

frequency range is 15.21 kHz. The power consumption of the improved source-drain 

follower is as low as 1.8 nW. The two-stage differential amplifier achieves a voltage 

gain of 76.19 dB and a frequency range of 2.45 kHz. The proposed potentiometric 

detection circuit gives a total gain of 79.81 dB with a frequency range of 1.528 kHz. 

The total power consumption is 0.19 mW and the optimized size of the layout area is 

5405 µm2. 
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ABSTRAK 

Kajian ini bertujuan untuk merekabentuk litar biosensor potentiometrik yang 

menggunakan piawaian semasa semikonduktor oksida logam pelengkap (CMOS) dan 

berasaskan transistor kesan medan cas termodulat (CMFET) untuk pengesanan bebas 

label asid deoksiribonukleik (DNA). Oleh kerana peningkatan permintaan terhadap 

ujian point-of-care untuk sokongan diagnostik perubatan, penyelidikan dan 

pembangunan biosensor yang murah dan mudah-alih berkembang pantas setiap tahun. 

Sensor potentiometrik menunjukkan potensi yang tinggi untuk kos rendah dan 

pengecilan pada masa hadapan, tetapi adalah tidak stabil terhadap haba disebabkan 

oleh sifat-sifat struktur semikonduktor dan lapisan penderiaannya. Kestabilan jangka 

panjang dalam larutan dan mengurangkan nisbah isyarat-hingar boleh diperoleh 

dengan menggunakan litar pengikut punca-salir kaskod dalam litar pengesan. Tetapi, 

topologi kaskod tidak sesuai untuk bekalan voltan rendah. Satu reka bentuk litar voltan 

rendah untuk litar pengesan DNA pontentiometrik berkuasa rendah serta cekap telah 

dicadangkan dalam kajian ini. CMFET digunakan sebagai pengesan kerana ia lebih 

ringkas dengan menghapuskan penggunaan elektrod rujukan dan serasi dengan proses 

pembuatan CMOS. Litar pengesan terdiri daripada pengikut punca-salir kaskod dan 

dua-peringkat penguat pembezaan. Kaedah kaskod kendiri digunakan bagi 

meningkatkan ketepatan serta julat voltan input pengikut punca-salir. Litar pengesan 

yang dicadangkan telah direkabentuk dan disimulasi dengan menggunakan proses 

teknologi 0.18 μm Silterra CMOS dengan bekalan voltan 1.8 V. Julat voltan input litar 

pengikut punca-salir yang telah ditambahbaik ialah di antara 0.104 V dan 1.28 V 

dalam lingkungan ketepatan  ± 5 mV, dan julat frekuensi ialah 15.21 kHz. Dua-

peringkat penguat pembezaan mencapai gandaan voltan sebanyak 76.19 dB dan julat 

frekuensi sebanyak 2.45 kHz. Litar pengesan DNA potentiometrik yang dibangunkan 

mempunyai jumlah gandaan voltan sebanyak 79.81 dB dengan julat frekuensi 1.528 

kHz. Jumlah penggunaan kuasa ialah 0.19 mW dan keluasan pelan litar optimum 

adalah 5405 μm2. 
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CHAPTER 1  

INTRODUCTION 

1.1 Introduction 

Point-of-care (POC) testing brings the test conveniently and immediately to 

the patient. Due to increasing demand for POC testing, the research and development 

of an inexpensive, rapid and small handheld biosensor device is growing rapidly every 

year. With the available Complementary Metal-Oxide Semiconductor (CMOS) 

technology, it allows the realization of a complete system that integrates the sensing 

unit and transducer element in the same device. In particular, realization of an 

integrated deoxyribonucleic acid (DNA) biosensor is the main interest of scientists 

due to the completion of human genome project and advances in genetic sequencing 

of pathogenic species [1]. Label-based DNA detection method such as optical DNA 

microarray is now a mature technology with applications in health care and biological 

researches. However, the technology is still far from POC applications and even from 

its implementation in home-diagnosis due to the expensive and bulky equipment. In 

contrary, label-free electrochemical DNA detection method can provide significant 

advantages including high sensitivity, small size, low cost, fast, and compatibility with 

standard CMOS fabrication for future integration. 

 

The general architecture of the sensor system is shown in Figure 1.1. The 

sensor is a device that gives a signal for the detection or measurement of a physical, 

chemical, or biological property to which it responds. The sensor system can be 

categorized into three main types based on the type of the sensor signal or the type of 

the transducer: mechanical, optical and electrochemical. The sensor gives an output 
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signal, which is then converted by a transducer to an understandable signal. The weak 

signal later will be amplified by the amplification and processing unit. The amplified 

signal will be converted to digital form before appearing at the output. Some of the 

important characteristics of the sensor systems are as follows: 

i. Sensitivity - The input parameter change that is required to produce 

standardized output change. Higher is always better especially for small 

molecules. 

ii. Selectivity - The essence of the sensor systems. It is defined as the ratio of the 

sensor’s response to the analytes of interest to its response to other analytes 

not of interest. Selectivity is infinity in an ideal sensor system. 

iii. Response Time - Defined as the time the sensor system takes to react to a 

change in the input. 

iv. Repeatability - Presents the stability of the sensor systems. It indicates the 

noise and error level of the sensor systems. 

v. Size and Cost - Smaller size provides portability and lower cost is easy to be 

widely spread. This can be easily realized with the available CMOS 

technology.  

The work presented in this thesis focuses on the electrochemical biosensor 

system for DNA detection.  

 

 

Figure 1.1 Architecture of the typical sensor system. 
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1.1.1 Deoxyribonucleic Acid 

Deoxyribonucleic acid (DNA) is the chemical responsible for preserving, 

copying and transmitting information within cells and from generation to generation. 

DNA as the basis of life can be transcribed to ribonucleic acid (RNA), which further 

translated to the protein structure. For instance, human’s DNAs contain genetic 

information that determines personal attributes such as height, eyes colour and so on. 

Nucleotides are single building blocks of DNA. It is made up of a phosphate group 

and deoxyribose as the sugar, and a nitrogen base. The only difference between the 

nucleotides is the nitrogen bases. There are four different nitrogen bases: adenine (A), 

guanine (G), cytosine (C) and thymine (T). In fact, DNA is made up of two single 

strands that are complementary to each other. The nitrogen base pairs, adenine and 

thymine will only bond with each other while guanine and cytosine will only bond 

with each other. This hydrogen bonding causes them to form the double-helix structure 

as shown in Figure 1.2 [2]. For instance, one strand contains a sequence such as 

CTAGG and the other strand will contain the complementary sequence, GATCC. The 

double-helix structure of DNA is discovered by Watson and Crick in 1953 [3]. The 

double-helix structure can be separated into two single strands by increasing the 

temperature (approximate 95 oC) or mechanical force. 

 

 

Figure 1.2 Diagram of the DNA double helix. 
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DNA hybridization is a binding event between two complementary single-

stranded DNA (ssDNA) that leads to the formation of a double-stranded DNA 

(dsDNA). The DNA hybridization is discovered by E.M. Southern in 1975 [4]. His 

contribution to the development of DNA biosensor is significant since most of the 

DNA detection techniques today based on the concept of DNA hybridization. The 

commonly used DNA detection method is shown in Figure 1.3 [5]. First, ssDNA with 

known sequence (probe) is immobilized on the sensor area using surface chemistry 

approach. Then, ssDNA with unknown sequence (target) will be injected into the 

solution and hybridized if its sequence is complementary to the probe. If it is non-

complementary, hybridization will not occur. In washing step, the unbind target is 

washed away and left over dsDNA which is the result of complementary 

hybridization. Various kinds of methods can be used to detect DNA hybridization, 

such as optical, electrochemical, and mechanical based. 

 

 

Figure 1.3 Hybridization of DNA. (a) and (b) Immobilization of ssDNA (probe) 

on the sensor area. (c) Hybridization occurs between complementary ssDNAs. (d) 

Hybridization will not occur between non-complementary ssDNAs. (e) Sensor area 

is left with dsDNAs (complementary hybridization). (f) Sensor area is left with 

ssDNAs (non-complementary hybridization).  
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1.1.2 Applications of DNA Testing 

The discovery of DNA testing has brought many technological 

accomplishments in different kinds of aspects. For example, clinical diagnostics field 

including gene-based diseases detection, cancer diagnosis, and viral or infectious 

bacteria identification. Besides that, the authorities such as police department can use 

the DNA testing to identify a victim or criminal in forensic investigations. 

Furthermore, human origin can also be discovered with the help of DNA testing.    

 

With the rapid development of the DNA microarray, large volume of genetic 

data can be obtained with a single experiment. The paying cost for having ancestry-

related genetic testing becomes lower every year. For example, 23andMe company 

offers a package with the price of 99 USD for an ancestry-related genetic report [6]. 

The affordable price will encourage more people to take the DNA testing for early 

detection of fatal diseases and health monitoring. 

1.2 Problem Statement 

The development of a potentiometric DNA biosensor has been started since P. 

Bergveld introduced the ion-selective field-effect transistor (ISFET) in early 1970s 

[7]. There are more than 600 ISFET-related papers published from 1970 to 2002 [8]. 

Other than ISFET device, there are several novel potentiometric biosensors have been 

reported such as charge-modulated field-effect transistor (CMFET) and umbrella-

shaped floating gate field-effect transistor (UGFET) [9][10]. The huge popularity of 

potentiometric device is due to its simplicity in measurement, which operates in a 

label-free manner and significantly saves analysis cost. Furthermore, it is fully 

compatible with the standard CMOS fabrication technology and allows flexibility to 

be integrated with other circuits thus contributes towards a small and low power 

biosensor for the realization of a portable handheld POC device. However, 

potentiometric biosensors are reported to be thermally unstable due to the properties 

of semiconductor structure and sensing films [11][12].  
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To overcome these drawbacks, one of the detection circuit that frequently used 

in potentiometric biosensor is a source-drain follower [8][13]. This circuit is operated 

under fixed gate-source voltage and gate-drain voltage. Thus, long-term stability in a 

solution and reduced signal-to-noise ratio can be obtained. However, conventional 

source-drain followers are constructed by op-amps and not suitable to be used as the 

detection circuit for an on-chip biosensor due to the high power consumption and large 

occupied area.  

 

Nakazato et al. proposed a CMOS cascode source-drain follower for on-chip 

detection that provides simple circuit implementation with lower power consumption 

[14]. The cascode topology can improve the accuracy (difference between the output 

voltage and input voltage) and input voltage range of the source-drain follower by 

reducing the channel length modulation effect. However, the cascode technique is not 

suitable for low voltage environment lower than 2 V supply due to the reduced voltage 

headroom available [15]. Thus, the main objective of this work is to develop a fully 

CMOS integrated potentiometric biosensor circuit for low power supply operation (< 

2V). In addition, an improved sensitivity is also required in order to detect DNA in a 

small volume of samples. Table 1.1 shows the comparison between this work and 

other works. 

 

Table 1.1: Comparison between this work and other works. 

 Barbaro et al., 2012 

[16] 
Nakazato, 2009 

[17] 
This Work 

Potentiometric 

Sensor 
CMFET 

ISFET 

(Require an external 

reference electrode) 

CMFET 

Detection 

Circuit 

CMFET/MOSFET 

Differential Pair 

(Need programmable 

current generators) 

Cascode Source-

Drain Follower  

(Cannot perform well 

under low voltage) 

Self-Cascode 

Source-Drain 

Follower  

Measurement 

Method 
Threshold Voltage Gate Voltage Gate Voltage 

Supply 

Voltage [V] 
3.3 2.5 1.8 

IC Technology 0.35 μm 0.35 μm 0.18 μm 
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1.3 Research Objectives 

The main objective of this study is to develop an efficient potentiometric 

biosensor for potentiometric sensing of DNA hybridization. Three specific objectives 

are considered in this study: 

i. To design a low voltage and high sensitivity CMOS detection circuit 

and physical layout for potentiometric sensing of DNA. 

ii. To analyze the electrical performance of the proposed potentiometric 

biosensor circuit. 

1.4 Scope of Work 

The scopes of the study are as below: 

i. CMFET device is used as the potentiometric sensor in the detection 

circuit. 

ii. Low voltage technique is used to improve the accuracy and input 

voltage range of the source-drain follower. 

iii. Differential amplifier is used in conjunction with source-drain follower 

to enhance the sensitivity of the biosensor circuit. 

iv. Silterra 0.18 µm (CL180G) standard technology with 1.8 V supply is 

used in the design process. 

v. Cadence EDA Tools is used as the simulation software in the design 

process. 

vi. Circuit performance analysis is carried out by comparing both pre-

layout and post-layout simulations. 

vii. This work is limited to circuit design consideration and no 

experimental work will be carried on. 
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1.5 Significance of the Study 

The continuous development in the DNA biosensor is important as it provides 

such many benefits to the mankind. Today, the main problem of available DNA 

biosensor is the portability and sensitivity of the device. Most of the analysis using 

state-of-the-art DNA biosensors have to be done in the laboratory due to the size and 

complexity of the device. With the latest CMOS technology, biosensors can be 

integrated together with the readout and signal-processing circuits. Moreover, 

shrinking in the supply voltage of CMOS technology allows biosensors to be battery-

operated and mobile. On the other hand, DNA biosensor requires high sensitivity 

especially for detecting short-stranded DNA which is less than 10-mer. Besides that, 

highly sensitive DNA biosensor only needs a small volume of DNA sample to produce 

a readable output change. 

 

This work proposed a fully integrated and high sensitivity CMOS DNA 

biosensor. It can operate in label-free and low voltage environments that are vital for 

the development of an ultra-small portable biosensor to meet current market demand. 

The achieved low power and small area consumption shows high possibility towards 

future array integration for massively parallel analysis of DNA detection, which is 

highly desirable in POC testing applications. 

1.6 Organization of the Thesis 

The rest of this thesis is organized as follows. Chapter 2 describes the literature 

review of DNA biosensors, for both label and label-free based. Currently available 

potentiometric sensors and detection circuits are discussed and their operational 

principles are explained briefly. Also, low voltage techniques are introduced.  

 

Chapter 3 illustrates the design of the proposed CMFET based potentiometric 

biosensor circuit using Silterra 0.18 μm CMOS process technology. The research 

methodology and IC design flow are explained briefly and the circuit simulation tools 
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used in this work are listed. The issues in analog layout are discussed and the physical 

layout of the designed circuit is presented.  

 

In Chapter 4, the pre-layout and post-layout simulation results of the proposed 

potentiometric biosensor circuit are presented. Lastly, in Chapter 5, a conclusion of 

the research work is given. The possible directions of the future research are also 

described. 

  



100 

 

 

 

REFERENCES 

1.  Teles, F. R. R. and Fonseca, L. P. Trends in DNA Biosensors. Talanta. 2008. 

77(2):606–623.  

2.  Watson, J. D. The Double Helix. New York : Athenaeum Press, 1968.  

3.  Watson, J. D. and Crick, F. H. C. Molecular Structure of Nucleic Acids - A 

Structure for Deoxyribose Nucleic Acid. Nature. 1953. 171(4356):737–738.  

4.  Southern, E. M. Detection of Specific Sequences among DNA Fragments 

Separated by Gel Electrophoresis. Journal of Molecular Biology. 1975. 

98(3):605–622.  

5.  Thewes, R., Hofmann, F., Frey, A., Schienle, M., Paulus, C., Schindler-Bauer, 

P., Holzapfl, B. and Brederlow, R. CMOS-Based DNA Sensor Arrays. In: 

Baltes, H., Brand, O., Fedder, G.K., Hierold, C., Korvink, J. and Tabata, O. eds. 

Advanced Micro and Nanosystems. Weinheim : Wiley-VCH. 383–413; 2004.  

6.  Bring Your Ancestry to Life through Your DNA. [Accessed 21 March 2014]. 

Available from: https://www.23andme.com/ancestry/ 

7.  Bergveld, P. Development of an Ion-Sensitive Solid-State Device for 

Neurophysiological Measurements. IEEE Transactions on Bio-medical 

Engineering. 1970. BME-17(1):70–71.  

8.  Bergveld, P. Thirty Years of ISFETOLOGY What Happened in the Past 30 

Years and What may Happen in the Next 30 Years. Sensors & Actuators: B. 

2003. 88(1):1–20.  

9.  Barbaro, M., Bonfiglio, A., Raffo, L., Alessandrini, A., Facci, P. and Barak, I. 

Fully Electronic DNA Hybridization Detection by a Standard CMOS Biochip. 

Sensors and Actuators B: Chemical. 2006. 118(1-2):41–46.  

10.  Chen, B., Tao, C., William, S. and Pandey, S. Biochemical Sensing of Charged 

Polyelectrolytes with a Novel CMOS Floating-gate Device Architecture. EIT 

2008.May 18-20, 2008. Amex, IA:IEEE. 300–303.  

11.  Wang, G. H., Yu, D. and Wang, Y. L. ISFET Temperature Characteristics. 

Sensors and Actuators. 1987. 11(3):221–237.  

12.  Martinoia, S., Lorenzelli, L., Massobrio, G., Conci, P. and Lui, A. Temperature 

Effects on the ISFET Behaviour: Simulations and Measurements. Sensors & 

Actuators: B. Chemical. 1998. 50(1):60–68.  

 



101 

 

 

 

13.  Bergveld, P. The Operation of an ISFET as an Electronic Device. Sensors and 

Actuators. 1981. 1:17–29.  

14.  Nakazato, K., Ohura, M. and Uno, S. CMOS Cascode Source-Drain Follower 

for Monolithically Integrated Biosensor Array. IEICE Transactions 

Electronics. 2008. E91-C(9):1505–1515.  

15.  Shouli, Y. and Sanchez-Sinencio, E. Low Voltage Analog Circuit Design 

Techniques: A Tutorial. IEICE Transactions Analog Integrated Circuits and 

Systems. 2000. E00-A(2):1–17.  

16.  Barbaro, M., Caboni, A., Loi, D., Lai, S., Homsy, A., Van der Wal, P. D. and 

De Rooij, N. F. Label-Free, Direct DNA Detection by Means of a Standard 

CMOS Electronic Chip. Sensors and Actuators B: Chemical. 2012. 171-172 

(Aug-Sept 2012):148–154.  

17.  Nakazato, K. An Integrated ISFET Sensor Array. Sensors. 2009. 9(11):8831–

51.  

18.  Fan, J. B., Chen, X. Q., Halushka, M. K., Berno, A., Huang, X. H., Ryder, T., 

Lipshutz, R. J., Lockhart, D. J. and Chakravarti, A. Parallel Genotyping of 

Human SNPs Using Generic High-density Oligonucleotide Tag Arrays. 

Genome Res. 2000. 10(6):853–860.  

19.  Lipshutz, R J., Morris, D., Chee, M., Hubbell, E., Kozal, M. J., Shah, N., Shen, 

N., Yang, R. and Fodor, S. P. Using Oligonucleotide Probe Arrays to Access 

Genetic Diversity. Biotechniques. 1995. 19(3):442–447.  

20.  Holzman, T. and Kolker, E. Statistical Analysis of Global Gene Expression 

Data: Some Practical Considerations. Current Opinion in Biotechnology. 2004. 

15(1):52–57.  

21.  Schrenzel, J., Kostic, T., Bodrossy, L. and Francois, P. Introduction to 

Microarray-Based Detection Methods. In: Kostic, T, Butaye, P and Schrenzel, 

J eds. Detection of Highly Dangerous Pathogens: Microarray Methods for BSL 

3 and BSL 4 Agents. Weinhem, Germany:Wiley-VCH. 184; 2009.  

22.  Lai, S., Caboni, A., Loi, D. and Barbaro, M. A CMOS Biocompatible Charge 

Detector for Biosensing Applications. IEEE Transactions on Electron Devices. 

2012. 59(9):2512–2519.  

23.  Nakazato, K. Potentiometric, Amperometric, and Impedimetric CMOS 

Biosensor Array. In: Rinken, T ed. State of the Art in Biosensors - General 

Aspects. InTech. 163 – 177; 2013.  

24.  Kim, S. and Yoon, E. Label-Free CMOS Bio Sensor with On-Chip Noise 

Reduction Scheme for Real-Time Quantitative Monitoring of Biomolecules. 

IEEE Transactions on Biomedical Circuits and Systems. 2012. 6(3):189–196.  



102 

 

 

 

25.  Zhu, X., Ino, K., Lin, Z., Shiku, H., Chen, G. and Matsue, T. Amperometric 

Detection of DNA Hybridization Using a Multi-point, Addressable 

Electrochemical Device. Sensors and Actuators B: Chemical. 2011. 

160(1):923–928.  

26.  Yusof, Y., Yanagimoto, Y., Uno, S. and Nakazato, K. Electrical Characteristics 

of Biomodified Electrodes Using Nonfaradaic Electrochemical Impedance 

Spectroscopy. World Academy of Science, Engineering and Technology. 2011. 

5(1):242–246.  

27.  Hong, S. and Jeong, H. QCM DNA Biosensor for the Diagnosis Of a Fish 

Pathogenic Virus VHSV. Talanta. 2010. 82(3):899–903.  

28.  Karamollaoglu, I., Oktem, H. and Mutlu, M. QCM-Based DNA Biosensor for 

Detection of Genetically Modified Organisms (GMOs). Biochemical 

Engineering Journal. 2009. 44(2-3):142–150.  

29.  Ermini, M L., Mariani, S., Scarano, S. and Minunni, M. Direct Detection of 

Genomic DNA by Surface Plasmon Resonance Imaging: An Optimized 

Approach. Biosensors & bioelectronics. 2013. 40(1):193–199.  

30.  Shumaker-Parry, J. S., Campbell, C. T., Stormo, G. D., Silbaq, F. S. and 

Aebersold, R. H. Probing Protein: DNA Interactions Using a Uniform 

Monolayer of DNA and Surface Plasmon Resonance. Proceeding SPIE 3922, 

Scanning and Force Microscopies for Biomedical Applications II, 158, Jan 22, 

2000. San Jose, CA:SPIE. 158–166;2000..  

31.  Hook, F. and Rudh, M. Quartz Crystal Microbalances (QCM) in 

Biomacromolecular Recognition. Biotech International. 2005. (March):1-5.  

32.  Chang, B. and Zhao, T. Surface Plasmon Resonance (SPR) Biosensor 

Development. Unpublished. Campbell Group. 2008.  

33.  Eggins, B. Analytical Techniques in the Sciences: Chemical Sensors and 

Biosensors. West Sussex : John Wiley & Sons, 2002.  

34.  Lee, C., Kim, S. and Kim, M. Ion-Sensitive Field-Effect Transistor for 

Biological Sensing. Sensors. 2009. 9(9):7111–7131.  

35.  Souteyrand, E., Cloarec, J. P., Martin, J. R., Wilson, C., Lawrence, I., 

Mikkelsen, S. and Lawrence, M. F. Direct Detection of the Hybridization of 

Synthetic Homo-Oligomer DNA Sequences by Field Effect. Journal of 

Physical Chemistry B. 1997. 101(15):2980–2985.  

36.  Dashiell, M. W. and Kalambur, A. T. The Electrical Effects of DNA as the Gate 

Electrode of MOS Transistors. Proceeding of IEEE Lester Eastman Conference 

on High Performance Devices. August 6-8, 2002. Newark, DE:IEEE. 2002. 

259–264..  



103 

 

 

 

37.  Kim, D. S., Jeong, Y. T., Park, H. J., Shin, J. K., Choi, P., Lee, J. H. and Lim, 

G. An FET-type Charge Sensor for Highly Sensitive Detection of DNA 

Sequence. Biosensors & Bioelectronics. 2004. 20(1):69–74.  

38.  Kim, D. S., Park, H. J., Jung, H. M., Shin, J. K., Jeong, Y. T., Choi, P., Lee, J. 

H. and Lim, G. Field-Effect Transistor-Based Biomolecular Sensor Employing 

a Pt Reference Electrode for the Detection of Deoxyribonucleic Acid Sequence. 

Japanese Journal of Applied Physics. 2004. 43(6B):3855–3859.  

39.  Goda, T., Singi, A. B., Maeda, Y., Matsumoto, A., Torimura, M., Aoki, H. and 

Miyahara, Y. Label-Free Potentiometry for Detecting DNA Hybridization 

Using Peptide Nucleic Acid and DNA Probes. Sensors. 2013. 13(2):2267–

2278.  

40.  Christopher, T. and Guiseppi-elie, A. Frequency Dependent and Surface 

Characterization of DNA Immobilization and Hybridization. Biosensors and 

Bioelectronics. 2004. 19(11):1537–1548.  

41.  Uslu, F., Ingebrandt, S., Mayer, D., Bocker-Meffert, S., Odenthal, M. and 

Offenhausser, A. Labelfree Fully Electronic Nucleic Acid Detection System 

Based on a Field-Effect Transistor Device. Biosensors & bioelectronics. 2004. 

19(12):1723–1731.  

42.  Baker, R. J., Li, H. W. and Boyce, D. E. CMOS Circuit Design, Layout and 

Simulation. New York : IEEE Press, 1998.  

43.  Barbaro, M., Bonfiglio, A., Raffo, L., Alessandrini, A., Facci, P. and Barak, I. 

A CMOS, Fully Integrated Sensor for Electronic Detection of DNA 

Hybridization. IEEE Electroon Device Letters. 2006. 27(7):595–597.  

44.  Barbaro, M., Bonfiglio, A. and Raffo, L. A Charge-Modulated FET for 

Detection of Biomolecular Processes : Conception , Modeling, and Simulation. 

IEEE Transactions on Electron Devices. 2006. 53(1):158–166.  

45.  Purcell, E. Electricity and Magnetism. Vol. 2. California : McGraw Hill, 1985.  

46.  Demelas, M., Lai, S., Casula, G., Scavetta, E., Barbaro, M. and Bonfiglio, A. 

An Organic, Charge-Modulated Field Effect Transistor for DNA Detection. 

Sensors and Actuators B: Chemical. 2012. 171-172(Aug-Sept 2012):198–203.  

47.  Shen, N., Liu, Z., Lee, C., Minch, B. and Kan, E. Charge-Based Chemical 

Sensors: A Neuromorphic Approach with Chemoreceptive Neuron. IEEE 

Transactions on Electron Devices. 2003. 50(10):2171–2178.  

48.  Chung, W. Y., Lin, Y. T., Pijanowska, D. G., Yang, C. H., Wang, M. C., 

Krzyskow, A. and Torbicz, W. New ISFET Interface Circuit Design with 

Temperature Compensation. Microelectronics Journal. 2006. 37(10):1105–

1114.  



104 

 

 

 

49.  Bausells, J., Carrabina, J., Errachid, A. and Merlos, A. Ion-Sensitive Field-

Effect Transistors Fabricated in a Commercial CMOS Technology. Sensors and 

Actuators B: Chemical. 1999. 57(1-3):56–62.  

50.  Nakazato, K., Ohura, M. and Uno, S. Source-Drain Follower for Monolithically 

Integrated Sensor Array. Electronic Letters. 2007. 43(23):26–27.  

51.  Pandey, S., Daryanani, M., Chen, B. and Tao, C. Novel Neuromorphic CMOS 

Device Array for Biochemical Charge Sensing. 30th Annual International 

IEEE EMBS Conference. August 20-25, 2008. Vancouver, BC:IEEE. 2008. 

2291–2294.  

52.  Liu, J. and Zhou, Z. Highly Sensitive Field Effect Charge Sensor for Direct 

Detection of Biomolecules. Electronics Letters. 2008. 44(17):1–2.  

53.  Martinez-Guerrero, E., Bernardo, J., Ochoa, C., Camarena-Castillo, G., 

Cervantes, A., Torres-Michel, I. and Herrera-Lopez, E. Circuit for a Direct 

Electronic Readout Biosensor. Iberchip XVII Workshop. February 23-25, 2011. 

Bogota, Colombia:Iberchip. 2011. 3–8.   

54.  Macanovic, A., Marquette, C., Polychronakos, C. and Lawrence, M. F. 

Impedance-Based Detection of DNA Sequences Using a Silicon Transducer 

with PNA as the Probe Layer. Nucleic acids research. 2004. 32(2):e20.  

55.  Allen, P. E. and Holberg, D. R. CMOS Analog Circuit Design. 3rd. New York : 

Oxford University Press, 2011.  

56.  Ferri, G. and Guerrini, N. C. Low-Voltage Low-Power CMOS Current 

Conveyors. United States : Kluwer Academic Publishers, 2003.  

57.  Eldbib, I. Low Voltage Current Conveyor Techniques. Proceeding of 14th 

Conference STUDENT EEICT 2008. Czech Republic. Brno, CZ:Brno 

University of Technology. 2008. 348–352.  

58.  Galup-Montoro, C., Schneider, M. C. and Loss, I. J. B. Series-Parallel 

Association of FET’s for High Gain and High Frequency Applications. IEEE 

Journal of Solid-State Circuits. 1994. 29(9):1094–1101.  

59.  Palmisano, P., Palumbo, G. and Pennisi, S. High Linearity CMOS Current 

Output Stage. Electronics Letters. 1995. 31(10):789–790.  

60.  Guzinski, A., Bialko, M. and Matheau, J.  C. Body-Driven Differential 

Amplifier for Application in Continuous-Time Active-C Filter. Proceeding 

European Conferece on Circuit Theory and Design ( ECCTD ’87 ). September 

1-4, 1987. Paris, France:Elsevier. 1987. 315–320.   

61.  Silterra CL180G Process Technology. [Accessed 12 April 2014]. Available 

from: http://www.silterra.com/cl180g.html 



105 

 

 

 

62.  Palmisano, G. and Palumbo, G. A Compensation Strategy for Two-Stage 

CMOS OPAMS Based on Current Buffer. IEEE Transaction on Circuits and 

Systems I, Fundamental Theory Applications. 1997. 44(3):252–262.  

63.  Razavi, B. Design of Analog CMOS Integrated Circuits. New York : McGraw-

Hill, 2001.  

64.  Barr, K. ASIC Design in the Silicon Sandbox. USA : McGraw-Hill, 2004.  

65.  CEDEC - Multi-Project-Wafer (MPW). [Accessed 12 July 2014]. Available 

from: http://www.cedec.usm.my/MPW/  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 




