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ABSTRACT:

ISFET, ion sensitive field effect transistor, is an electrochemical sensor that detects ionic
concentrations in the material. Those detected ions will results in a change of the threshold
voltage (Vth) of ISFET. The ISFET that was chose for this research was a PH ISFET sensor.
The changes in Vth of ISFET will be interpreted by a read-out interfacing circuit (ROIC) that is
called CVCC, constant-voltage constant-current. The circuit will show the changes of Vth as
variations in the output voltage (Vout). In order to measure the Vout from ROIC, it is connected
to a microcontroller based-system that measures the output voltage though a voltmeter
Temperature and time is calculated using different sensors. The softwares used were LTspice for
simulation, Proteus and Arduino microcontroller. The ROIC was tested under different
parameters value of the circuit. Some parameters had an effect of increasing or decreasing on the
output voltage from ROIC. The ISFET sensor itself had been investigated under different
conditions. It was observed that ISFET is affected by temperature and its fabrication

characterization



TABLE OF CONTENTS

ACKINOWLED GEIIVIINT i c000500ms0rwmssnsnsossssnsssionsasessss0s 055548558 555850 4058805550555 05 T U0 B PH SB35 ESRS0AS v
BABBTIRAUCTT ... st e 560 8 5, 50545 555543 850 S 8 95 S SIS SO S NSRS vi
TABLE OF CONTENTS ...ttt ettt et s ae et n e s vii
LIST OF FIGURES ..ot ix
LIST OF TABLES ... .ottt sttt xi
LIST OF ABBREVEATION ..ottt e Xii
CHAPTER 1: INTRODUCTION ....ooiiiiiiiiiiiiiiie et 1
1.1 BaCK@IOUNG ...ttt 1
1.2 Problem Statement .........cooiiiiiiiiiiiei e e 2
1.3 Objectives..............__ ................................................................................................................ 3
1.4 'SCODE OF WOTK.: cvuxssnaunsmsaninnss sonnnssnsnossusisssnssmss 55558 5o sssssssss 51 asas s s s sa st B S s wmiis 3
1.5 S 1GTNEICANE OF STOY it inoisoinihssmiie 5o 52456 008 5554 555505 54 865550 o045 SRS T PSS SR STV SRR A0S 4
CHAPTER 2 LITRATURE BEVIEWY ..o s s s sy 5
2.] Introduetion Of ISEET ..o s s s s s o s oS i 5
2. 1.2 ISFET SEIUCTUTE.....oeiniiieiiie ittt e s 6

2. 1.2 ISFET OPEIAtiON ...coouiiiiieiiiiieeie ettt ettt s 7

2. 1.3 ISFET tIMELINE ..ottt 8

2.2 PH LBVE: et et 11
CHAPTER 3: METHODOLOGY ...c.oooiiiiiiiiiieee et 14
3.1 Flow chart 0f the PrOJECt .....oooviiiieeiieeee et 14
3.2 Readout interfacing CIFCUIL ......co.ieiiriiiiiiiiie e e 16
3.2.1 Temperature sensor LM334 . ... e 17
3.2.2 Op-amip LMBOT .uouavmsmmmsorssvomsomssnmeosessmmssnommmns s vt sssss s 1 s sy s s psonssss 18
323 Nauiuble ToBiBITES o e o R RS RN 19

3.3 Ardduino Mega 2560 Mieroeontroller ... umsses s s s s ssmminsss s s 19



Chapter 1

Introduction

1.1 Background

Every specialization has its own benefits to the society. The more time passes, the more
developments are seen and the more technologies are invented. The reason are to make the world
a better place and less difficult to live on, and to improve the production of this world. The
developments involve all aspects of life that is made by different researches in different fields
such as agriculture, biomedical, industrial and others. A recent research was based in improving
an electrochemical sensor that is named ISFET. It is an electrochemical sensor that produces an
electrical response according to ionic concentration in an electrolyte solution by detecting the
ions activity in it. ISFET basic structure comes from CMOS technology. ISFET has an advantage
which it can be modified to detect different ions. In this research the ISFET chosen was the
ISFET to detect PH level. The detections are made though the structure of ISFET as will be
explained later. The selectivity of ISFET to response to different ions is made through a
membrane that is sensitive to ions [1]. Because of the detected ions that originally are charges,
the threshold voltage (Vth) of the ISFET will be changed and thus it will affect the flow of the
current from Drain of the ISFET to the Source. Therefore, the ionic concentration cannot be
measured directly due to other parameter changes beside Vth. In addition to that, the Vth
changes are too small and needs an accurate reading. By connecting ISFET to readout interfacing
circuit (ROIC), the changes in the Vth only will be observed by the output voltage from the
ROIC. The circuits provide biasing for ISFET sensor as well. The ROIC chosen is constant
voltage constant current (CVCC). The CVCC circuit operates in observing the changes occurred
on ISFET according to ionic activity and avoiding affecting other parameters in the circuit.
However, Vout from CVCC circuit is in an analog output and it needs a voltmeter device to
measure it or an oscillator to show its waveform. To get over that, the Vout from CVCC circuit is
connected to a microcontroller specifically Arduino Mega 2560 to measure Vout. However, Vout

will pass through a voltmeter circuit first and the result will be shown on LCD. The
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