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ABSTRACT

Capacitance measurement system is no longer a fringe technology that only can be
used in the factory to select a defect product on the assembly line. It is a mature
technology employed in thousand of products and a newer application, coming into
widespread use is in the consumer product of human-to-machine interfaces such as on
the mobile phone, PC peripherals, portable digital entertainment devices, appliances,
remote controls, access control and digital cameras application. It is also reported that
this technique has been used in industrial applications for many years to measure
liquid levels, humidity, and material composition. The proposed capacitance-to-
voltage converter is designed based on CMOS 0.13 um technology using switched-
capacitor technique which reduces size of the circuit and lowers the power supply
requirement. The circuit is able to detect a capacitance, Cx change within a wide
range of capacitance variation under two detectable range; first is lower detectable
range in femto Farad from 100 fF to 1640 fF and secondly in pico Farad detactable
range from 120 pF to 380 pF. The output voltage of the circuit varies linearly with the
variation of capacitive transducer within these detectable ranges. The output voltage
for both the detectable range of capacitance Cx shows less than 1 V with power
dissipation of 0.939 mW. The evaluation of the proposed circuit is done by analytical
approach and using the simulation tool of PC based Simulation Program for Integrated
Circuit Emphasis (PSpice) OrCAD version 16.0. The circuit requires less supply
voltage, able to detect wide capacitive sensors capacitance variation, suitable to be
used at high frequency and produces less power consumption. The proposed
capacitance-to-voltage converter can be used in various capacitive sensors such in
communication, automotive and medical field that are making use of high frequency
system.
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CHAPTER ONE

INTRODUCTION

1.1  OVERVIEW

Capacitive measuring system is essentially an important technology in the transducer
system. The motivation behind using capacitive measuring system is that it easily
provides an efficient conversion of changes in the parameter of interest into a wide
range of capacitance changes, which are in turn changed into proportional voltage or
frequency changes. The advantage here is that these conversions take place without
functionality loss compared to other systems such as the inductive (Osoinach, 2008)
or resistive measuring systems (Wilson, 2005). This chapter presents a brief
background about transducer, followed by general view about capacitance measuring
system and the converter. It also presents the problem statement, highlights the
research objectives and details the research methodology. Lastly, this chapter presents

the organization of this dissertation with the chapter summary given at the end.

1.2 BACKGROUND

Transducer are widely used in instrument measurement and control systems, most
commonly in the biomedical (Morris, Rivens, Shaw & Haar, 2008),
telecommunications (Harris, Maruvada & Gamme, 2004), water treatment plants
(Ross, 1983), automotives, food, and chemical industries (Chiang, Wang & Huang,
2008). The sensor itself can be defined as a device that is able to measure (or detect)
changes in physical stimuli such as acoustic pressure, electrical or magnetic field

changes, optical, thermal and mechanical. The sensed stimuli are in turn changed into



recordable signals or pulses. On the other hand transducer are basically devices which
convert one form of input energy into the same or another form of output energy,
however from an application view point they may be sensors, actuators or a
combination of both.

Emerging work on transducer convert capacitance changes into corresponding
frequency has been reported. Some applications are for converting pressure variations
(Chatzandroulis, Tsoukalas, & Neukomm, 2000), humidity measurements (DeHennis
& Wise, 2005) into frequency variations of the corresponding signal. Further, such
transducer have been used in water level measurement system (Ross, 1983), wireless
pressure sensor (Pearce, 2006), sensor for human interface (Pratt, 2006) and telemetry
systems (Chatzandroulis & Tsoukalas, 2001).

Capacitance measurement system or sensing method using capacitance plays a
vital role in automation and measurement that can also be used in the factory to detect
a defect product on an assembly line. It is a mature technology employed in thousand
of products such as consumer products of human-to-machine interfaces as on the
mobile phone, PC peripherals, portable digital entertainment devices and domestic
appliances such as refrigerators, washing machines, remote controls, access control
and digital cameras just to name a few. It is also reported that this technique has been
used in industrial applications for many years to measure liquid levels, humidity, and
material composition (Pratt, 2006).

Capacitance-to-voltage conversion (CVC) is a simple and attractive method for
accurately measuring very low value capacitance variations over a wide range of
capacitance changes, leading to almost linear relationship between the capacitance
variations and the resulting voltage fluctuations obtained. Another added advantage

of this technique lies in its simple implementation in MOS technology



(Krummenacher, 1985). Also, this technique bypasses the usage of the conventional
analog-to-digital converter, as the signal obtained is already digital, thus reducing the
hardware cost by saving an important stage in the whole process (Chiang, Wang, &
Huang, 2008). The resulting output signal is digital which can be easily transmitted,
received and processed even by systems including wireless sensor networks. To meet

such expectations, the 0.13 um CMOS technology transducer is used.

1.3 PROBLEM STATEMENT AND ITS SIGNIFICANCE

As devices are becoming more compact with reduced power requirements especially
for portable gadgets, it is desirable that the design undergoes continuous changes in
design to meet up such expectation. Designing a sensitive sensor device is more
challenging when it takes into consideration low power consumption, fast response
time and functionality.

Many present detection systems are in the area of high sensitivity or wide
capacitance of lower detection value range. For example, in application such as
mobile communication like the capacitive touch screen (Morris, Rivens, Shaw &
Haar, 2008) that enables new applications like virtual keyboards and handwriting
without a stylus pen (Kolokowsky & Davis, 2010). A small capacitor between the
sensors and the finger will be created whenever a finger or other conductive object
comes near to the screen. According to (Kolokowsky & Davis, 2010), the created
capacitance value is small compared to the others in the system which is about 0.5 pF
out of 20 pF. Meanwhile, a finger capacitance value is usually in the order of pico
Farad (pF), whereas the associate background capacitances value is in the order of 10
nF. Chapter 2 will highlight more information about lower value of capacitance

range.



Previous research covers a range of frequency less than 100 AHz in their
method of switch capacitor in their previous design. This work must be improved as
high frequency range output are becoming more advantageous for application in
biomedical field like ultrasound (Morris, Rivens, Shaw & Haar, 2008) and in a
communication application of miniature ultrasonic hydrophones (Harris, Maruvada &
Gamme, 2004), radio transmission, accelerometers and many more. To meet those
demands, a range frequency of 100 kHz to 2 MHz should be studied and carefully
designed to reach an error free result and sensitive sensor. Highly integrated
capacitance-to-digital converters allow capacitive-sensor system designers to benefit
from recent mixed-signal technology advances that integrate high-performance analog
front ends with low-power, high-resolution sigma-to-delta converters.

Silicon technology can offer interesting perspectives for sensor development.
However, the transmission itself is also a key element in terms of power consumption
or dissipation, such that sensor interfacing, signal processing, data handling and data
transmission also become key parameters in the total system design. In (Chiang,
Wang, & Huang, 2008) the transistor size has been reduced to 0.35 ym from the
previous work of 4 um and was successful in achieving maximum frequency range of
500 kHz but consumed more voltage supply in the circuit which is about 3.2 V. This
is undesired as more power is used for a smaller size of chip area, although the supply
voltage is quite low which is below than 10 V. It is emphasized that both low power
consumption and transmission need to be thoroughly matched.

When technology has already moved into nano meter, nm range especially in
CMOS design technology, short channel effects need to be taken into account.
Referring to (Baker, 2008) and (Sedra & Smith, 2004), normal channel lengths of a

modern CMOS transistors is less than 1 ym.



1.4  RESEARCH OBJECTIVES

The main objective of this research work is to improve the existing work of
monolithic complementary metal-oxide-semiconductor (CMOS) auto-compensated
sensor transducer (Chiang, Wang, & Huang, 2008) in order to obtain a wide, lower
and linear detection range of a capacitance-to-voltage converter that is able to reduce
power dissipation and voltage supply. Useful alterations using the existing circuit are
made by considering all the design specification. In order to meet the requirement of
a good transducer and to overcome the problem mentioned earlier, this research work
aims at achieving the following objectives:

1. Implementation of capacitance-to-voltage converter using CMOS 0.13 ym
technology for transducer’s measurement system according to the
specifications.

2. Optimization of design parameters to attain a lower and wider capacitance
detection range with better sensitivity and improved linearity.

3. Evaluation and validation of the designed system.

1.5 RESEARCH METHODOLOGY
For research purpose, the technique of switched-capacitor as suggested in (Chiang,
Wang, & Huang, 2008) is used by modifiying the previous method using 0.13 um
CMOS technology to support a high speed application system. In order to solve
issues in the problem statements and achieve the objectives stated above, the methods
taken in this dissertation may be listed as below and simplified as in Figure 1.1

1. Explore related research and existing method available by studying the

weakness in the design layout.



Development of specification using 0.13 um technology for the CVC and
the operational amplifier (Op-amp).

Consideration over wider detection in high frequency range is emphasised
for better resolution and lower power consumption.

Evaluation and validation by comparing calculation with the specification
made to check the end result.

Implementation by developing, simulation and testing using the software
tool of PSpice.

Attaining a linear relationship between the capacitance to be measured and
the output voltage to be obtained.

Discussion of results by using analytical evaluation and simulation
approach.

Comparing design with previous reported work.



Explore previous
capacitance measurement
work and method

Develop Capacitance-to-Voltage
Converter according to 0.13 um
CMOS process

Specification consideration:

Wide and lower detection range

Reduce converter’s size

High linearity of output

Lower power dissipation and voltage supply
Design for high frequency application/purpose

205> BN =

No Calculation ==
Specification

Yes

Simulation and testing using
PSpice

Error Yes

No

Find capacitance range
for linear output

Compare with previous
reported work

Figure 1.1: Flowchart of Research Methodology



1.6 DISSERTATION ORGANIZATION

The first chapter of this dissertation introduces the concept of capacitance measuring
system. It presents the problem statements and its significance, research objectives,
research methodology and research scope. The rest of the thesis is organized as
follows:

Chapter 2 gives further explanation about the capacitance measurement
technique available in the market and previous related research work. The
fundamental theory behind capacitance measurement systems, existing similar trends
and applications of lower capacitance detection range are also listed and discussed.
Lastly, it presents literature review and related works in the area of capacitance
measuring system and introduces the proposed CVC and briefly explains the
operation.

Chapter 3 discusses on the CVC and the Op-amp design. Details of selection
transistor switch and the CVC operation are explained. It presents in details the
CMOS 0.13 um technology selection, design specification, procedural outline of the
design, schematic of the circuit and calculation using mathematic tools of MatchCAD
with simplified design calculations and alterations. Consideration over error
contribution is explained in details while designing the circuit system.

Chapter 4 provides the results and analysis of the converter’s system using
analytical evaluation and simulations approaches. Discussion is made based on the
CVC requirement and the Op-amp’s characteristic. This chapter also presents the
performance analysis undertaken to analyze the design circuit and results are shown.
It then compares the designed capacitive sensor with the previous reported research.

Finally Chapter 5 concludes this dissertation and recommendation for further

work is presented.





