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ABSTRACf 

This research is a failure analysis of the metal-oxide semiconductor field effect transistor 

(MOSFET) where the change of threshold voltage value, V TH, with the increase of 

temperature on the transistor is observed. In this researc~ the MPF 990 n-channel 

enhancement mode MOSFET is used. These transistors are first tested to confirm their 

good conditions before being heated in the oven. After the circuit built and the transistor 

heated in the oven, the measurement of the drain current, ID obtained will be recorded. 

This process is repeated for the other transistor. The drain current, ID that has been 

recorded is then used to calculate the value of the threshold voltage, V TH of the transistor 

with every increment of the temperature. Since the experiment does not obtain the drain 

current of the transistor, the measurement of voltage and resistance for each component in 

the circuit were taken and gathered in the tables. The circuit was successfully built but the 

drain current value was not being able to obtain. 
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ABSTRAK 

Kajian ini merupakan satu analisis kegagalan transistor (MOSFEn dimana pemerbatian 

nilai voltan ambang, VTH, terhadap peningkatan suhu pada transistor dibuat Dalam 

kajian ini, transistor yang digunakan adalah MPF 990 iaitu sebuah transistor jenis 

MOSFET perluasan salman-n. Transistor-transistor yang ingin digunakan dalam 

eksperimen diuji terlebih dahulu untuk menentukan bahawa ia berada dalam keadaan 

yang baik sebelum ianya dipanaskan di dalam ketuhar. Selepas litar telah dibina dan 

kemudian pemanasan dilakukan terhadap transistor tersebut, nilai arus salir, 10 diambil 

dan direkodkan. Proses ini diulang untuk transistor yang berikutnya. Nilai voltan ambang, 

V rn dikira dengan menggunakan nilai arus salir, 10 yang telah dipanaskan pada setiap 

peningkatan suhu. Oleb kerana eksperimen dijalankan tidak mendapat nilai arus salir 

yang sepatutnya, maka nilai voltan dan rintangan pada setiap komponen pada litar 

dijaduaJkan. Litar telab berjaya dibina akan tetapi transistor tidak memberikan nilai arus 

salir yang sepatutnya. 
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CHAPTER I 

PREFACE 

1.1 INTRODUcnON 

In this era of superior technology, today's world mostly using high tecbnology 

equipments to make the standard of living more adequate and uncomplicated or in othR 

words, make life simpler. By achieving this, the latest electronic components or devices 

are needed to match the engineering desires. This means that it is important to avoid any 

faulty devices from occurrence which it may leads to circumstances. Thus, device failure 

analysis is prominently needed in ensuring the devices that created will work as it is 

intended and also to be more reliable. 

This project is focused on Field-Effect Transistor (FE1) failure analysis. It intends 

to determine the cause and provide reason and suggestion for the identified failure from 

the temperature exposure. An analysis of the FET failure will further improve our 

understanding on the component's behavior and characteristics, particularly its 

performance and limitations. The information congregated from this analysis will 

significantly benefit manufacturers of such electronic components in terms of enhancing 
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the performance, capabilities and also the longevity of these components. This would 

convert into advanced and better quality products for the devices. Throughout this project 

the enhancement-mode n-channel Metal-oxide-semiconductor-field-effect transistor (E-

MOSFET) will be used. 

1.2 PURPOSE OF STUDY 

The purpose of this study is to fmd out the effects of temperature on the enhancement-

mode n-channel MOSFET. 

1.3 OBJECfIVES OF THE STUDY 

The objectives of this study are as follows: 

1. To build a circuit that is involving the electronic components such as the 

enhancement-mode n-channel MOSFET, the main component to be test. 

2. To conduct test on the enhancement-mode n-channel MOSFET when it is expose 

to various degree of temperature. 

3. To observe the changes of the value of the threshold voltage, VTH when it is 

expose to various degree of temperature. 
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1.4 RESEARCH SCOPE 

This research will be done at the Electronic Physics Postgraduate Lab of the School of 

Science and Technology in University Malaysia Sabah. The scope of this research 

involves the measurement of the drain current, 10, generated when the temperature are 

risen until it reach certain level of degree. The value of the drain current, 10 will be 

recorded by every temperature rise. 

1.5 SIGNIFICANCE OF THE STUDY 

This study looks for to find out the cause and provide explanation of failure on effect of 

temperature to the enhancement-mode n-channel MOSFET. As a result of doing this 

study on this matter, it may help the engineers to better understand its characteristic, 

capabilities and limitation furthermore hoping that the engineers will be able to design 

and produce better enhancement-mode-n-channel MOSFET in the future. 

1.6 HYPOTHESIS 

Every research done is based on learnt theories and these theories are meant as guides in 

the task of a scientific experiment Hypothesis is an assumption or expectation of the 

results before the research or experiment is done. 
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For this research, the hypothesis is that when the E-MOSFET heated with a range 

of temperature it will slowly reacts and effecting the performance of the E-MOSFET 

whereby in the early stages of heating which mean starting from a low temperature, the E-

MOSFET might still can be functioning quite well until it reached on the stages where the 

temperature is much higher, causing the E-MOSFET starts to malfunction. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 INTRODUCTION 

One of the most important achievements in the history of electronics was the invention of 

the transistor by John Bardeen, William Shockley and Walter Brattain in 1948. The 

transistor which also known as a solid-state or semiconductor were eventually replaced 

the vacuum tube used in television for instance. 

The field-effect transistor (FE]) is a type of transistor that relies on an electric 

field to control the shape and for this reason the conductivity of a 'channel' in a 

semiconductor material. The concept of the field effect transistor predates the bipolar 

junction transistor (BIT), though FETs were implemented after BITs due to the 

limitations of semiconductor materials and relative effortlessness of manufacturing BITs 

compared to FETs at the time. More recently, however, FETs have surpassed BITs in 

ease of fabrication and low co~ and currently most electronic circuits use FETs as the 

fundamental circuit elements. Nowadays, FETs are normally used electronic components 

in a large number type of devices and electronics appliances. 
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2.2 FIELD-EFFEct TRANSISTOR (FET) 

Field~ffect transistor (FEn is similar to bipolar transistor but there are a few differences. 

FET only has 1 type of charge canier that is either electron or hole. Besides that, FET has 

2 channels that are n channel FET andp channel FET. Moreover, FET has 3 terminals as 

shown below (Figure 2.1 ). 

Figure 2.1 The FET 

The electron flow from the source terminal to the drain terminal can be controlled 

by an electric field (hence field effect) set up inside the device by a suitable electric 

potential applied to the gate terminal. In the input circuit, the gate and channel act like 

two plates of capacitor. A charge of one polarity on the gate induces an equal and 

opposite charge in the channel. As a result, the conductivity of the channel can be 
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increased or decreased by the gate voltage. With an n channel, positive voltage at the gate 

induces negative charges in the channel to allow more electron flow from source to drain 

(Halliday et al., 2001). 

There are many types of transistor that are available now. But there are 2 types of 

FET that are discuss in this study which are the junction field-effect transistor (JFEn and 

meta1-oxide-semiconductor-field-efIect transistor (MOSFEn. 

2.2.1 Junction Field-Effect Transistor (JFET) 

As mention in the Introduction, the junction field effect transistor (JFEn was first 

proposed and analyzed by William Shockley in 1952. A cross section of the basic device 

structure is shown in Figure 2.2. In the WET the application of a gate voltage varies the 

pn-junction depletion widths and the associated electric field in the direction normal to 

the semiconductor surface. Changes in the depletion widths, in turn, modulate the 

conductance between the ohmic source and drain contacts. 

Figure 2.2 Cross section of the basic JFET structure 
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The JFET was initially named the unipolar transistor to differentiate it from the 

bipolar junction transistor and to emphasize that only one type of carrier was involved in 

the operation of the new device. Specifically, for the structure in Figure 2.2, normal 

operation of the transistor can be described totally in terms of the electrons flowing in the 

n region from the source to the drain. The source (S) terminal gets its name from the fact 

that the carrier contributing to the current move from the external circuit into the 

semiconductor at this electrode. The carriers leave the semiconductor, or are "drained" 

from the semiconductor, at the drain (D) electrode. The gate is so named because of its 

control or getting action. The modern version of the JFET although somewhat different in 

physical appearance, is functionally equivalent to the original Shockley structure (pierret, 

1996). 

As electrons flow from the source to the drain, they must pass through the narrow 

channel between the two depletion layers. The more negative the gate voltage is, the 

tighter. the channel becomes (Malvino, 1989). Therefore, the gate voltage can control the 

current through the channel. The current between the source and the drain is getting 

smaller as the gate voltage is more negative. More or less all the free electrons passing 

through the channel flow to the drain. Because of this, 

10=ls 

Where Id is the current through the drain and Is is the cmrent through the source. 

To analyze a JFET, these fonnulae apply: 
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Vp = -VOS(off) 

Roo = Vp I loss 

K = ( 1 - Vos I V OS(oft) i 
10 = Kloss 

2.1.1 Metal-Oxide Semiconductor Field-Effect Transistor (MOSFET) 

The metal."xide-semiconductor field-effect transistor (MOSFET, MOS-FET, or MOS 

FET) is by far the most common field-effect transistor in both digital and analog circuits. 

The MOSFET is composed of a channel of n-type or p-type semiconductor material, and 

is accordingly called an N-cbannel MOSFET or a P-channel MOSFET (also commonly 

nMOSFET, pMOSFET). 

Placing an insulating layer between the gate and the channel allows for a wider 

range of control (gate) voltages and further decreases the gate current (and thus increases 

the device input resistance). The insulator is typically made of an oxide (such as silicon 

dioxide, Si(h), This type of device is called a metal-oxide-semiconductor FET 

(MOSFEl) or insulated-gate FET (lGFET). The substrate is often connected to the 

source internally. The insulated gate is on the opposite side of the channel from the 

substrate. The bias voltage on the gate terminal either attracts or repels the majority 

carriers of the substrate across the PN junction with the channel. This narrows (depletes) 

or widens (enhances) the channel, respectively, as Vos changes polarity. For N-channel 

MOSFETs, positive gate voltages with respect to the substrate and the source (Vos > 0) 
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repel holes from the channel into the substrate, thereby widening the channel and 

decreasing channel resistance. Conversely, Vos < 0 causes holes to be attracted from the 

substrate, narrowing the channel and increasing the channel resistance. Once again, the 

polarities discussed in this example are reversed for P-cbannel devices. The common 

short form for an N-cbannel MOSFET is NMOS, and for a P-channel MOSFET, PMOS. 

2.2.3 The Depletion-Mode Metal-Oxide Semiconductor Field-Effeet Transistor (D-

MOSFET) and the Enhancement-Mode Metal-Oxide Semiconductor 

Transistor (E-MOSFET) 

The two types of MOSFETs are the depletion type and the enhancement type, and each 

has nip - channel type. The depletion type is normally on, and operates as a JFET (refer 

to Figure 2.3).The enhancement type is normally off, which means that the drain to 

source current increases as the voltage at the gate increases. No current flows when no 

voltage is supplied at the gate (refer to Figure 2.4). 
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Figure 2.3 The Structure of a Depletion Type MOSFET and its Operation 

(a) When Vas (Gate-source voltage) is not supplied 

(b) When Vas (Gate-source voltage) is supplied 
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Figure 2.4 The Structure of an Enhancement Type MOSFET and its Operation 

(a) When Vos (Gate-source voltage) is not supplied 

(b) When Vas (Gate-source Voltage) is supplied 
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L The DepletioD-Mode Metal-OIide SemkoDductor Field-Effect Tnnsistor CD-

MOSFET) 

The depletion-mode MOSFET structure consists with silicon in which it can be a p-type 

or n-type the channel; it is still mostly silicon. Then, the silicon dioxide is simply glass, 

which is a good insulator. Thus it can form a thin layer of silicon dioxide along one 

surface of the channel, and then lay a metal gate region down over the glass. The result is 

shown in the Figure 2.5. 

SiO .. D I 
'\. 

~ 

G-

S I 

Figure 2.5 The depletion-mode MOSFET structure 

This device is sometimes known as an insulated-gate field effect transistor, or 

IGFET. More commonly, noting the construction of the gate, it is called a metal-oxide-

semiconductor FET, or MOSFET. 
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