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ABSTRACT 

This thesis presents integrated circuit design of readout interfacing circuit to allow 
measuring EGFET sensing response in an array, utilizing a single reference electrode. 
The research area covers discrete and integrated circuit design of the proposed circuit. 
Two constant-voltage constant-current (CVCC) readout interfacing circuit 
architectures were designed and investigated. Through the experimental investigation, 
it was found that the CVCC readout interfacing circuit with source follower 
configuration has better performance than gate feedback configuration in terms of 
power consumption and response to pH. The chosen readout interfacing circuit was 
further designed in Mentor Graphics EDA tool using SilTerra's CL130G technology 
design kit. Based on the simulation analyses, it was found that the high-swing cascode 
current sources/sinks (CSS) and three-stage operational amplifier had better 
performances over the other sub-modules. Body-effect elimination circuit technique 
was also presented in this research to solve body-effect problem of the EGFET sensor 
and thus improved the output pH-sensitivity. The output pH-sensitivity based on the 
simulation results was improved from 36.4 mV/pH to 50 mV/pH, while in the post-
fabrication measurement results, the sensitivity increases from 40.7 mV/pH to 51.8 
mV/pH. Power consumption was successfully reduced by 250 % as a result of shifting 
from dual to single supply in discrete design, followed by a further 135 % as a result 
miniaturization from 3 V to 2.5 V supply. For the circuit array measurement, the 
average output pH-sensitivity for six sensors using a single reference electrode was 
less than 3 % error from the average input. The proposed integrated circuit was able to 
extract the EGFET sensing response with significant reduction of power consumption 
using a single reference electrode for an array setup. 

IV 



ACKNOWLEDGEMENT 

Praise to Allah, I have successfully completed this thesis. First of all, I would like to 
express my sincere gratitude to my supervisor, Assoc. Prof. Dr. Wan Fazlida Hanim 
Abdullah, for her continuous support of my Master study, for her motivation, and 
immense knowledge. Her guidance and motivation in all time not only for the 
research and thesis, but also in real life. This thesis would not have been possible 
without her excellent supervision. 

Furthermore, I would like to express my sincere gratitude to my co-supervisor, Dr. 
Sukreen Hana Herman for her insightful comments, moral support, and guidance to 
complete this thesis. 

Special thanks to Mr. Muhammad AlHadi Zulkefle Msc student from Nano-
Electronic Centre (NET) UiTM, who was providing the sensing membrane; other 
research fellow Ms. Rohanieza Abdul Rahman, Mdm. Khairul Aimi Yusof, Mdm. 
Nurul Izzati Mohammad Noh, Mdm Aimi Bazilah Rosli, Mdm. Siti Musliha Ajmal 
Mokhtar, Mr Shariman aziz, Mr. Izaidi, Mr. Faiz Kamaruzzaman, Mr. Abdul Mu'izz 
kahar and Mr. Muhammad Zaki Seman for their help, motivation, kindness, and 
support during my study. 

I would like to gratefully acknowledge Ministry of High Education under the 
Fundamental Research Grant Scheme [project Code: 600-RMI/FRGS 5/3 (21/2013)] 
for financial support. 

Finally, this research and thesis may not be possible without the help and 
understanding from my family: my parents and my brothers. The word cannot be 
expressed my deepest gratitude for their patience and support all through these years. 
Praise to Allah, the Almighty, the Most Merciful. 

v 



TABLE OF CONTENTS 

Page 

CONFIRMATION BY PANEL OF EXAMINERS ii 

AUTHOR'S DECLARATION iii 

ABSTRACT iv 

ACKNOWLEDGEMENT v 

TABLE OF CONTENTS vi 

LIST OF TABLES ix 

LIST OF FIGURES xi 

LIST OF SYMBOLS xvii 

LIST OF ABBREVIATIONS xix 

CHAPTER ONE: INTRODUCTION 1 

1.1 Research Background 1 

1.2 Problem Statements 3 

1.3 Research Objectives 4 

1.4 Scope of Work 5 

1.5 Research Contributions 6 

1.6 Thesis Organization 7 

CHAPTER TWO: LITERATURE REVIEW 9 

2.1 Introduction 9 

2.2 Chemical Sensors Research Trend 9 

2.3 MOSFET-Based Electrochemical Sensors 15 

2.4 Readout Interfacing Circuits for Capturing Sensor Signals 22 

2.5 Chapter Summary 33 

CHAPTER THREE: METHODOLOGY AND DESIGN CONCEPTS 34 

3.1 Introduction 34 

3.2 Project Framework 34 

3.3 Integrated Circuit Design Strategy 40 

VI 



3.3.1 Custom Integrated Circuit Design Flow 40 

3.3.2 Layout Techniques 44 

3.4 Test and Measurement Strategy 49 

3.4.1 Simulation Analysis Strategy 49 

3.4.2 Post-Fabrication Measurement Strategy 60 

3.5 Chapter Summary 63 

CHAPTER FOUR: INTEGRATED CIRCUIT DESIGN OF INTERFACING 

CIRCUIT SUB-MODULES 64 

4.1 Introduction 64 

4.2 MOSFET Characterization for Sensing Transducer 64 

4.2.1 Temperature Investigation 65 

4.2.2 Threshold Voltage Shift Investigation 67 

4.3 Current Reference Circuit 71 

4.3.1 Current Reference Circuit Architectures 71 

4.3.2 Results and Discussion 75 

4.4 Voltage Reference Circuit 80 

4.4.1 Biasing Circuit Architecture 80 

4.4.2 Results and Discussion 84 

4.5 Operational Amplifier Design 87 

4.5.1 Operational Amplifier Circuit Architectures 87 

4.5.2 Results and Discussion 95 

4.6 Chapter Summary 105 

CHAPTER FIVE: EGFET SENSOR READOUT CIRCUITRY 106 

5.1 Introduction 106 

5.2 Ion-Sensitive Sensor Readout Interfacing Circuit 106 

5.2.1 Discrete Circuit Design 106 

5.2.2 Results and Discussion 110 

5.3 Integrated CVCC Readout Interfacing Circuit 113 

5.3.1 Integrated Circuit Design 113 

5.3.2 Results and Discussion 115 

5.4 Integrated CVCC Readout Interfacing Circuit Array 121 

vii 


