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Abstract

Nowadays TFT has developed for many years, and its fabricating technic
is very mature. Due to using low-cost glass substrate and low-temperature
fabrication technology, TFT has widespread application to use in switching devices
of LCD. However, from the latest foreign research reports, many applications of
TFT has emerged, and some commercial products of TFT application has appeared.
In this thesis, we will develop a new Hall Effect sensor by using thin film transistor
integrated with magnetic sensing principle. In the whole device fabrication, the
processing temperature is been controlled below 600 degrees as well as other
conventional TFT. In addition, we will analyze Hall voltage mode of magnetic



sensors by use of various geometries of TFT. We also do a intensive discussion
about Hall voltage and Bias offset due to different structures. By way of various
geometry designs, device fabrication, characteristic measurement, we will be able

to obtain optimal magnetic sensing devices.
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Chapter 1

Introduction

1.1 The Development of Magnetic Field Sensors

Semiconductor magnetometers provide an excellent means of measuring
both magnetic field intensity and direction. Fast response, high sensitivity, good
reliability are advantages over other conventional magnetometer alternatives. Even
more, the semiconductor magnetometers are small size, low cost and can be
combined with the semiconductor integration circuits. It makes possible to transfer
magnetic signal into electrical signal, which can be operated as some useful function.
With extremely low magnetic field sensitivity capability and a user configurable
command set, the TFT (Thin Film Transistor) magnetometers fabrication technology
is the most important technique index to solve a variety of problems in custom
applications [1]-[4]. Possible magnetometer applications include process control,
anomaly detection, laboratory instrumentation, traffic and vehicle detection, security
systems, compassing, magneti¢ ink recognition, current sensing, and space motion
detection [5]. Our extensive experiments in-fabricating magneto sensor devices allow
us to develop electronic compass modules-that are suited to the earth's crust, .the

atmospheric layer and the oceanic trench.

Magnetic field sensors, magnetic switches and instruments measure
magnetic fields and/or magnetic flux by evaluating a potential (Hall effect), current
(wire coil / flux gate), or resistance change because of the field strength and direction.
They are used to study the magnetic field or flux around permanent magnets, coils,
and electrical devices. TFT magnetic field sensor devices are semiconductor devices
in which the electrical voltage drop is a function of the environmental magnetic field
[6]. Magnetic flux induces the electron charges accumulated in the sensing electrode
pads and perform a continuous measurement of the voltage differences in the
magnetic field at the ends of the sensing electrode pads. Hall effect describes a device
that converts the energy stored in a magnetic field to an electrical signal by means of

the development of a voltage between the two sensing electrode pads of current TFT



devices which can been applied in any particular environments to measure the

magnetic field.

Flux density, measured in Tesla or Gauss, is the most important specification
to be considered when selecting between the available magnetic field sensors and
magnetic switches. Numbers of axes of measurement is also important. Some of these
instruments also measure the direction of the magnetic field, including bipolar
measurements. They can also measure how large the magnetic field is. Accuracy is
represented as a percentage of full scale. Resolution represents the smallest change in
reading the sensor can detect. Sensitivity (V/Tesla or V/Gauss) is the most important

factor to consider as well.

Outputs for magnetic field sensors, magnetic switches and instruments can be
analog current, voltage or frequency; digital, such as TTL; or computer signals,
parallel or serial signals being the mosticommon [7]. These devices can also be
switches or alarms. They can bessensorgelements; sensors with some built-in signal
conditioning, and gauges with no output or as sophisticated as an instrument with a
video display and many outputs. They can. also be the totalizers and the data

recorders.

1.2 TFT Magnetic-Field Sensors
Nowadays, Magnetometer is widely applied to MRAM - OSD
( Optical-super-density ) ~ many kinds of sensors. Magnetic field sensor is superior to

optical position sensor because the optical film is easy polluted on the worst
environment. Fabrication technology of thin film transistor is very mature in Taiwan.
The cost of thin film transistor is gradually decreased due to bulk production of TFT
(Thin Film Transistor). Fabrication technology is so mature that it could enlarge its
applications to all kinds of family electrical applications. Generally, as the higher
mobility in the channel, the thinner of the channel, and the lower concentration in the
channel under gate voltage bias, the device has better performance in measuring the
magnetic field. The major substrate material is silicon for the magnetic sensor
because silicon-manufacturing technology is very mature and reliable. Besides, the

sensing devices, the signal processors, and drive circuits are made on one chip



simultaneously with silicon compatible process can achieve the smart sensor. This
method can reduce external environmental noise and the cost of the device fabrication;
on the other hand, it also can add sensitivity of the sensor. A large number of
magnetometers are made with similar MOSFET structure having higher temperature
process, but this structure is not suitable for glass or flexible substrates [8], [9]. In
addition, magnetic sensing sensitivity of silicon substrate is easy to been interfere
with the magnetic field. These problems can be avoided by using glass substrates.
A list of criteria for magnetic field sensor design comprises the following

items [10] :

e compatibility with microelectronics technologies

e design of the device

e output signal : voltage or current

e manufacturing cost

e device geometry

e sensitivity

e the ratio of signal and noise

e time resolution

e linearity

e temperature coefficient of sensitivity

* offset

e power consumption, size

e clectrical input and output impedance

» stability, reliability, lifetime

1.3 Applications
Consider a Hall effect sensor : the primary quantity measured is the component

of magnetic induction perpendicular to the plane of the sensor, averaged over the
active area, An example of a primary application of this world be a Hall effect
Gaussmeter. At the secondary level a Hall sensor can be used in a proximity switch,
wherer it is acting as a position sensor by virtue of the spatial variation of magnetic

induction near a permanent magnet. Sensors are used in applications covering almost



every area of human activity. It is helpful to classify these areas, because the priorities
vary widely from one to another. Areas of application for sensors is listed as follows
[11]
e Aerospace
* Automotive
* Biomedical
* Consumer/domestic
* Industrial * Chemical/Construction/Electrical/Mechanical
* Scientific research
e Surveying and prospecting

Furthermore, the thin film transistor on glass substrate accompany with the
lower leakage current, the lower power consumption and the higher on-off current
ratio compare to the MOSFET on silicon substrate. These advantages will promote
the performance widely in the fabricationof the magnetic sensor array lately. As the
foreign scientific or technical literaturesreported, only several few research papers
mentioned the fabrication of ‘the-magnetic<sensor; using the thin film transistor
structure. According to these literatures;-we find that these devices are not the real
thin film transistors, the improper device’s architecture design and without suitable
fabrication flow, lead to the bad performance’in these sensor devices. Consequently,
our research project design a series experiments to develop the complete technology
of TFT magnetic sensor device, for measuring and analyzing the magnetic field
distribution of direction and density in the space. We design several kinds of
geometric structures TFT magnetic sensor with different dimensions to realize and
analyze the effects of the magnetic sensitivity, Hall voltage, and the signal to noise
ratio on the TFT magnetic sensor. Thanks to the mature technology in TFT process,
high yield and stability produced, we can integrate the sensor devices with sensor
circuits in unit process flow. By means of parallel array sensor devices, it will
increase the magnetic sensitivity, decrease the disturbance of environment noises and

enhance the sensing analyzability.
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Chapter 2
Theory

2.1 The Hall Effect

The Hall Effect is a physical effect arising in matter carrying electric field
in the presence of a magnetic field. Fig. 2-1 shows bulk materials with free
electron carriers under the applied voltage. Suppose that in this bulk material,
along the +x direction, an external electric field Ee is established. Then we
applied a uniform magnetic field in the +z direction. From Lorentz force we know
that the electrons will be affected by the magnetic field. Electrons will be pushed

towards +Y direction. The interaction is described by the Lorentz force :

F =q(vxB) 1)

Where F is the Lorentz force expressed byja charge' carrier of charge moving with
velocity v in a magnetic flux density B. The“foree FE pushes carriers toward the
back side of the bulk. Consequently, the"carrier concentration at the back side of
the bulk starts to increase, while the carrier concéntration at the front of the bulk
starts to decrease. Then an electric field" 'E,, appears between the two edges.
This field, E, acts on the moving carriers too, and the transverse electrical
force becomes strong enough to balance the magnetic force eventually. The
transverse electric field E,, is called the Hall electric field. In this balance

condition, we can get this equation:
q,E, +9,*vxB =0 (2.2)

and

E,=-vxB (2.3)
This means that the Hall field is a function of the velocity of the carriers and the
strength of the magnetic field. For a transducer with a given width W between

sense electrodes, the Hall electric field can be integrated over W, assuming it is

uniform, then

V, =-WvB 2.4)



Therefore, the Hall voltage is a linear function of :

(a) The carrier velocity in the body of the transducer
(b) The applied magnetic field in the sensitive axis

(¢) The spatial separation o f the sense contacts

Consider the case of a piece of conductive material with a given cross section

area of ““A”. The carrier drift velocity can be determined by :

V= _ (2.5)
g, *N *A
where V is carrier velocity, | is current, (o is the charge on an electron, N
is the carrier density, A is the cross section area.
So we can derive an expression that describes sensitivity of a Hall transducer as a
function of cross sectional dimensions, current, and carrier density.
Ve Y (2.6)
g, ¥*N *d
Where d is the thickness of the conductor.
Besides, the resistance of the Hall transducer is-a function of the conductivity and
the geometry, for a rectangular slab, the resistance.can be calculated by :
p*
" wHd

2.7)

Where R is resistance, p is the resistivity, | is the length, w is the width, and d is the
thickness. We suppose that the magnetic field is constant. From equation 2.1, if we
want higher hall voltage, we must select higher biased current, material of lower
implanted concentration and of thinner thickness. But higher biased current will cause
higher consumption of the power and instable characteristic of device. From equation
2.2, material of lower implanted concentration and thinner thickness will cause higher
resistance of material.

From equation 2.6 and 2.7, there is no sufficient information to select
appropriate material and design structure of device. In our study, we employ
traditional thin film transistor to carry out the hall sensor. We use inversion layer of
MOS as sensing region and has to analyze the basic sensing mode of sensing region.

In general, hall effect sensor has two sensing modes which we can measure the hall



voltage to compute the intensity of magnetic field for longer structure of device and
employ Lorentz current to compute the intensity of magnetic field for wider structure
of device. The followings we specifically make a sample analysis from two different

modes to obtain what information we need to design the structure of device.

2.2 Hall Effect in semiconductor
In n-type semiconductor materials, we can derive a equation when there is no

magnetic field applied to the semiconductor :
J,(0)=0,6+09D,Vn (2.8)

where o, is conductivity, D, is diffusion coefficient, n is carrier concentration.

n n

When a magnetic field is applied to semiconductor materials, the current

density can be described by the equation :
3,(B) = [3,(0) + 4,Bx3,(0) + 2B # I, (0)BI[1+ (1,B)*]" (2.9)
where g, 1s drift mobility
If we consider the scattering -factor ' | in matetials, we will substitute Hall
mobility x for drift mobility =, *
Hy =1 %0, (2.10)
Then, we can get:
J,(B)=[3,(0) + ,Bx 3, (0) + K(1,)’B e I (0OBI[1 +(4,B)’]"  (2.11)
If we neglect the carrier concentration gradient, we will simplify the equation :
J,(By=0g[e+ 1 Bxe+K(u ) (Besg)B] (2.12)
Org = Ol +(44,B)°]"
Lorentz force produced by the vertical electric field, and the vertical field is produced

by our proposed Hall sensor using external magnetic filed and itself electric field.

Thus, we can get :
J = Ong (gx - lu:Bgy) and J ny = Ong (gy + lu:ng) (213)
Now we consider the Hall voltage mode of operation, let us consider the long and thin

sample, and there is no current in y direction, J =0

Jy=0(e, +1,Be)=0 > &,+ 1 Bes =0 (2.14)



>¢, =-uBe, =R,J,B (2.15)

H ™~ nx

where R, : Hall coefficient = e WY (2.16)

o, on

& x
and define a angle 6, ,tan6, =—=-u,B=0,R,B (2.17)
&

The Hall coefficient is the proportionality factor relating the Hall field or the Hall
voltage to the current-magnetic field product in a Hall effect experiment. The value
and stability of the Hall coefficient directly determines the magnitudes and the
stability of the sensitivity of the sensors based on the Hall effect.

For a sensing layer with thickness t, we can derive the Hall voltage and relative

sensitivity
v, =RulB Ve Ry T, (2.18)
t IB t gnt

Thus, we can find that the Hall voltage mode of operation is dependent of carrier
concentration and thickness of-the[sensing layer but independent of carrier Hall

mobility [1].

2.3 Recrystallization of Amorphous Si ('a-Si) Thin Films

Generally, as the higher mobility in the channel, the thinner of the channel, and
the lower concentration in the channel under gate voltage bias, the device has better
performance in measuring the magnetic field. For LTPS TFTs, there are three kinds of

low temperature crystallization methods and they are roughly reviewed.

2.3.1 Solid Phase Crystallization
Amorphous silicon thin films deposited by low-pressure chemical vapor

deposition( LPCVD )below 600°C annealed in furnace at 600°C several hours(~24 h).

The films will be converted into polycrystalline form, and the grain sizes obtained by

this method ( SPC ) is more larger and smoother morphology than as-deposited poly-Si

films. However, due to the low deposition temperature used, long crystallization

duration is necessary, and large defect density exists in crystallized poly-Si.

10



2.3.2 Excimer Laser Annealing Crystallization

Laser crystallization is a much faster process than others. Especially, excimer
laser crystallization is by far most widely used method now [2]-[4]. Because excimer
laser is the strong absorption of UV light in silicon, most of the laser energy is
deposited close to the surface of the a-Si films. The laser process heats the a-Si films

to the melting point in a very short duration ( several nanoseconds ) without damaging

the glass substrate, and the silicon films will melt and recrystallize. Because ELA
process has the highest annealing temperature among the other methods, we can

obtain the higher quality poly-Si films.

2.3.3 Metal-Induced Lateral Crystallization

A certain metal, for example, Al [5], Cu [6], Ag [7], or Ni [8], are deposited on
a-Si. By annealing in furnace they will transform to metal silicide. Considering the
metal-Si eutectic temperature, an a-Si thin film can be crystallized below 500°C.

Consequently, the metal-induced crystallizéd:. (MIC ) process is lower than SPC

annealing temperature to get low temperature process. However, in spite of low
crystallization temperature, metal contamination is a serious problem in MIC poly-Si.

To improve its property, metal-induced-lateral. crystallization (MILC ) process has

demonstrated that high performance ETPS TFTs can be fabricated using Ni-MILC.

2.4 The Geometrical Correction Factor

A Hall device does not have to have a rectangular shape such as the example
shown in Fig. 2-3, or indeed any other regular shape. Actually, any finite plate,
provided with a least three contacts, may be used as a Hall device. Using conformal
mapping theory, Wick demonstrated the invariance of Hall plate electrical efficiency
with respect to geometry. However, some of the shapes may have some technological
or application advantages over the others. For example, a vertical Hall device is much
easier to fabricate in IC technology if all contacts are situated on one side of the plate.
Alternatively, achieving a high value for the geometrical factor G in small-size
devices is much easier in a cross-shaped configuration than in a retangular one.
Hall voltage of a Hall plate with an arbitrary shape can be expressed as

Vi =G Vi (2.19)

11



Where G is a parameter called the geometrical correction factor and V., denotes the
Hall voltage in a corresponding infinitely long strip. ”Corresponding” means that the
two devices have identical Hall coefficients and thicknesses, are biased by identical
currents, and are exposed to identical homogeneous magnetic inductions. The
geometrical correction factor summarily represents the diminution of the Hall voltage
due to a non-perfect current confinement in a finite length Hall device. The
geometrical correction factor is a number limited by 0 < G < 1. For a very long Hall
device, G ~ 0.The geometrical correction factor G is an important parameter of real
Hall devices. To determine the value of G for a particular Hall plate shape, one must
somehow calculate the Hall voltage for a plate of this shape Vu, and the Hall voltage
of the corresponding infinitely long device VH». The geometrical correction factor is
given by

G = VH/ VHx (2.20)
The Hall voltages for Hall plates of various shapes have been calculated using the

following methods : conformal mapping téchniques, boundary element methods, and

finite difference or finite element.approximations.

The influence of the shape of d& Hall plate on' the*Hall voltage can be represented by
the geometrical correction factot G. Briefly, this factor describes the diminution of the
Hall voltage in a Hall device due to a non-petfect current confinement. The
geometrical correction factor is defined by (2.20). The geometrical correction factor is
a function of device geometry and the Hall angle. For a rectangular Hall plate with
point sense contacts, such as that show in Fig.2-3 (a), the geometrical correction

factor can be approximated as
®2
Gz 1—gexp(—zl)[l—§exp(—7zl)](l——H) (2.21)
V2 2w 9 w 3

This holds if 0.85< l/'w<wand0 < O, < 045

For a relatively long Hall plate, with I/w > 1.5 and small sense contacts s/w < 0.18, it

was found for small Hall angles that

16 zl, O, 2s 04

X =2
PERG 2Wtan®H]( 7 Wtan®,

) (2.22)
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2.5 Basic characteristics
The normal component of the magnetic induction is then the input signal, and
the Hall voltage is the output signal. We shall define and discuss the basic
coefficients of a Hall device characterizing its operation as a magnetic
induction/voltage transducer [9].
(a) Sensitivity S :
Sensitivity is the most important parameter of a sensor. In a modulating
transducer such as a Hall device, we may define absolute sensitivity and relative
sensitivity.

(1) absolute sensitivity :

SA :V_H: GIDrnch (223)
B Qch
(2) supply voltage related sensitivity :
:%L V, :ﬂ:G_WBV S, :V_H:ﬂ:G_W (2.24)
qng, Wt L BV L

(3) current related sensitivity -

Vu _RG_Gr, (2.25)
Bl  t  qnt

(b) Offset voltage V;

When a Hall effect transducer is biased, there will be a small voltage on the
output even in the absence of a magnetic field. The offset voltage will limit
the ability of the transducer to discriminate small steady-state magnetic fields.
Some effects conspire to create this offset voltage, including misalignment of
the sense contacts, inhomogeneous in the material of the transducer, and
nonuniform thickness of the film. Besides, the materials used to make Hall
effect transducers is highly piezoresistive, meaning that the electrical
resistance of the material changes in response to mechanical distortion. This
may cause most Hall effect transducers to behave like strain gauges in
response to mechanical stresses imposed on them by the packaging and
mounting.

(c) Noise voltage V, :

13



The fundamental and unavoidable of electrical noises is called Johnson noise,
and it comes from the thermally induced motion of charge carriers in a
conductive material. It is a function of the operating temperature and the

resistance of the device. Johnson noise is described by :

V, =+4kTRB (2.26)
where K is Boltzmann constant, T  is absolute temperature, R  is resistance,
B is bandwidth
Besides, another noise called Flicker noise ( or 1/f noise) is found in
many physics systems, and can be generated by many different and
unrelated types of mechanisms. The flicker noise developed by a
transducer is related to the specific materials and fabrication techniques
used. Then, we must consider the two kinds of noise simultaneously and

call them V.
(d) SNR':
At a steady magnetic field, the signal-to-noise ratio is given by

VHall

off +VN

SNR= = Bw Al (2.27)

where . is Hall mobility, Al is.the geometrical offset of the sense contacts relative

to an equipotential plane. Generally, it is proportional to carrier mobility.

2.6 Structure design

We can know that hall voltage is proportion to the geometry factor for
semiconductor magnetic sensor from equation 2.28 and 2.29 is the induced charge

from channel [10], [11].

V,, =Gl B Do (2.28)

ch

Qi =Co (V5 —V7) (2.29)

We add two sensing electrodes on the structure of traditional thin film transistor.

When the device is operated at biased voltage and simultaneously affected by a

14



magnetic filed simultaneously, the potential will be measured by electrodes. Figure
2-2 shows the profile structure of Hall sensor. The potential will proportion to the
applied magnetic filed bias. On the other hand, the potential will arise when we
applied higher bias current at constant magnitude of magnetic field. The magnitude of
potential will saturate when the bias current up to a degree. At this time the carrier of
inversion layer will not change their direction with different applied magnetic field.
The size and location of electrodes will affect the magnitude of potential and
sensitivity. Besides, the channel length and width will also have influence on the
potential and sensitivity. In our study, we focus our study on the comparison of
different channel length and width, the location of the sensing electrodes, and the

geometry of structure. Figure 2-3 shows the different electrode designs of structure.
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Chapter 3

Experimental Procedure

3.1 The Fabrication Process Flow

The devices were fabricated on 4-inch-diameter p-type silicon wafer. Fig. 3-1
shows the process flow of the device. The 100nm undoped amorphous silicon (a-Si)
films were initially deposited on 500nm thermally oxidized silicon (100) wafers by
low-pressure chemical vapor deposition (LPCVD) system with silane (SiH4) gas at

550 C. The deposition pressure was 100 mtorr and the silane flow rate was 40 sccm.
Amorphous Si thin films anneal in furnace at 600°C several hours (~24 hr) to convert

into polycrystalline form. After defining the device active areas, a 60 nm-thick TEOS
oxide film was deposited at 350 C to serve as the gate dielectric by PECVD. Then, a

300 nm thick poly-Si was deposited by [LPCVD at 600 C with SiH, for the gate

electrode. Gate areas were patterned and-the regions of source, drain, and gate
electrode were doped by a self-aligned 5x10">ions/em® phosphorus implantation with
a He-diluted PHj3 gas, at 50 KeV of acceleration voltage. The dopant were activated at
600 C in N, ambient for 24 hr. Next, 2 500nm TEOS oxide was deposited by PECVD

at 350 C as a passivation layer, and contact lithography was carried out. After opening

contact holes, a 500 nm Al was deposited by evaporation and the metal layer was

patterned. Finally, the samples were sintered at 400 C for 30min in N, gas ambient.

The conventional Hall sensors which use inversion layer as sensing layer has
three disadvantages compared with bulk Hall sensor, including lower channel
mobility, surface instability, and larger 1/f noise. In order to improve the performance
of the device, we have to lower defects of the channel to add carrier mobility, avoid
misalignment of the sense contacts to decrease offset voltage, and decrease contact

resistance. The detailed fabrication process flow is listed as follows :

1. (100) orientation Si wafer
2. Initial cleaning

3. Thermal wet oxidation at 1050°C to grow 5000A thermal oxide in furnace
4. 1000 A a-Si was deposited by LPCVD at 550 °C in SiH4 gas

5. Amorphous Si thin films anneal in furnace at 600°C several hours (~24 hr)
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to convert into polycrystalline form

Mask#1: define active regions (poly-Si dry etch by Poly-RIE system)
RCA cleaning

600 A gate dielectric deposition by PECVD at 350 °C

A S

3000 A poly-Si was deposited by LPCVD at 620 “C in SiHsgas

10. Mask#2: Define gate regions (poly-Si dry etch by Poly-RIE system)
11. Ion implantation: P 50KeV, 5x10"° jons/ cm?

12. Dopant activation in N, ambient at 600 ‘C for 24hrs in furnace

13. 5000 A TEOS oxide was deposited by PECVD as passivation layer
14. Mask#3: Open contact holes

15. 5000 A Al thermal evaporation

16. Mask#4: Al pattern defined

17. Etching Al and removing photoresist

18. Al sintering at 400 °C in N2 ambient for 30 min

Only four masking steps and one implant'step are required to fabricate our
proposed Hall effect magnetic -sensors. The proposed devices are entirely controlled

low temperature, lower than 600°C.A polycrystalline layer can be considered as

monocrystalline grains separated by grain.boundaries. Trapped charges in these grain
boundaries create an energy barrier. These barriers limit the carrier mobility in the
film. In order to decrease grain boundary, the active layers are amorphous and
crystallized by a thermal annealing to obtain a polycrystalline film. Besides, we adopt
the self-aligned method to avoid misalignment of the device. So we only need the
same mask to define source, drain, gate, and Hall probes. Thus, we can accurately
control the positions of source, drain, and probes to discuss the relation between the
geometrical factor and the performance of the Hall sensor.

In this thesis, our study process flow is listed as follows :

1. assemble information for a experiment
design the structure of the proposed devices
layout the fabricated process of the device
draw the mask

the fabrication of the mask

A i

the fabrication of the sensor
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7. measurement of the sensor based on TFT
8. measurement of the magnetic sensor with Hall effect
9. analysis data and information

10. optimize different kinds of the sensing devices

3.2 Measurements

3.2.1 Electronic Bench Equipment
We measured the I-V characteristics by HP4156 semiconductor parameter
analyzer with five probe stages at room temperature. And we apply magnet to
constant magnetic field. All the Hall effect measurements are made at a magnetic
field of 0.2 Tesla and Vuis extracted from a mean of three measurements. Fig. 3-3,
3-4 show the schematic of the measurements. We use five probes to contact source,
drain, gate, and two pads. The source side is ground while drain and gate side are
applied some voltage. Two pads are read pad-source voltage and determine the Hall
voltage.
We must consider the offsetjvoltage and weé may get the actual Hall voltage
[1], [2]. In ideal case, there is no difference between two sensing pad. However, there
are some experiment errors,. including--misalighment of the sense contacts,
inhomogeneous in the material of the transducet,; nonuniform thickness of the film,
nonuniform quantity of the dopant. And they will produce offset voltage between two

sensing pads [3].

3.2.2 Magnetic Instrumentation

A gaussmeter measures magnetic flux density (B) at a given point in space.
Most gaussmeters employ Hall effect sensor elements as the magnetic probe [4]. In its
simplest form, a gaussmeter is a linear Hall effect sensor with a meter readout. A few

of the features to look for in a gaussmeter are :

(1) range — How small, and how large a field can it measure?
(2) accuracy — To what degree does the reading reflect reality?
(3) interface options — In addition to a front-panel display, can it communicate with
PCs or other instruments?
Range is important because there are times when you will want to measure

fields of a few gauss, and others where you will want to measure fields of several
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kilogausses. The need for accuracy needs little, if any, elaboration. Inaccurate
instruments can make your life vastly more difficult. Accurate instruments,
regularly calibrated, can make development work go more smoothly by reducing
one potential source of errors.

We place our devices between two magnets and magnetic field is
perpendicular to our devices. We control the distance of the magnets to maintain
magnetic field of 0.2 Tesla and use gaussmeter to measure the magnetic flux

density (B).
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Chapter 4

Results and Discussion

In this chapter, we will discuss the device performance of our proposed
magnetic sensor. We measured the I-V characteristics by HP4156 semiconductor
parameter analyzer. All the Hall effect measurements are made at a magnetic field of

0.5 Tesla and VH s extracted from a mean of three measurements.

4.1 Transistors Characteristics

4.1.1 The output characteristics of our proposed magnetic sensor

Fig. 4-1, 4-8, 4-12 show I4-V4s output characteristics of our proposed
magnetic sensor based on TFT structure with varies Vgs following the well square
low of a standard thin film transistor under general measuring environment (without
magnetic field applied), And we ¢an find that.I4 is not obvious until the V arise to
20 V. Obviously, there is no kink effect when Vg arise to 30 V. It is because that the
kink current in TFT devices is basically.due to the avalanche or impact ionization in
the device and is strongly influenced by grain boundary traps. The grain boundary
traps can prevent the channel carriers from gaining higher energy, and therefore the
impact ionization probability can be reduced as the grain trap density is increased [1].
It is well know that the grain boundary trap density of SPC is usually higher than that
of ELA or other recrystallization methods. Therefore, the TFT device with SPC

method has higher carrier mobility and less kink effect.

4.1.2 The transfer characteristics of our proposed magnetic sensor
Fig. 4-2, 4-9, 4-13 show the transfer characteristics of our proposed magnetic
sensors based on TFT structure under general measuring environment (without
magnetic field applied). Here we can find that the off leakage current Iy increase with
the arising bias voltage V4. There is less difference on the saturation currents regime
on device 1 but much difference on device 3 and device 4. The main reason for lower
off-state leakage current of the TFT device with low drain voltage is that the drain

electric field is lower and hot carrier effect is less serious [2]. The best on/off current
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ratio on device 1 is more than 7 orders in logarithm scale and 6 orders in logarithm on
device 3 and device 4. The on-off current ratio is defined as that ratio of the maximum
turn-on current to the minimum off-state current. Besides, the four kinds of device

have different turn-on current due to different W/L value.

4.2 Sensors Characteristics

4.2.1 The comparison of the Hall voltage versus Vs
Fig. 4-3 shows the comparison of the Hall voltage versus Vg, for varies Vg, at

10V to 30 V in steps with W/L = 80 £ m/150 1z m and sensing pad is closed to source
with the 35 g m. In this figure, we find there is a peak value of each characteristic

curves. The first peak value happened in the curve of Vg at 10V, corresponding to the
Vs at 1.3V. The peak positions corresponding to the Vs shift to be larger as the Vg
increasing. The maximum peak value!'happened at the Vs with 15V, and then
decrease with the Vg increasing: The peak values appear at some gate and drain
voltage. In the linear region, the Hall voltage-arises with the V4 increasing and this is
because the Hall voltage is dependent-of drain current. The Hall voltage decreases
with the Vg increasing in the saturation region of the drain current. We think the
carrier accumulating pad may be attracted ‘due to electric field between sensing pad
and drain. The amount of the attracted carriers is more than that of the accumulated
carriers. So the Hall voltage decreases deeply. Due to the sensing pad is closed to
source, the voltage gap between sensing pad and drain is larger to absorb carriers
accumulating pad easily.

Fig. 4-6 shows comparison of the Hall voltage versus Vds for Vgs = 15V,
20V, 25V, 30V, W/L = 80 £ m/150 £ m, and the sensing pad is closed to drain with

the 35 ¢ m. In this figure, the characteristics are quasi linear for smaller drain voltages

and saturate for higher drain voltage. There are smaller peaks in this condition. In
other words, when the sensing pad is closed to drain, there are smaller peaks. The
peak positions corresponding to the Vg, shift to be larger as the Vs increasing. The
smaller peaks may arise from smaller voltage gap between sensing pad and drain due
to the sensing pad is closed to drain. In the linear region, Vu decrease with gate

voltage increasing and drain voltage arriving saturation is higher for higher gate
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voltage. The carrier concentration will increase as gate voltage increases. Thus, Vu
will decrease in this condition. In other words, the carrier concentration is dominate
factor influenced VH in this device.

Fig. 4-10 shows comparison of the Hall voltage versus Vds for Vgs =
10V, 15V, 20V, 25V, 30V with W/L =40 £ m/100 ¢z m and the sensing pad is closed

to source with the 20 # m. Like Fig. 4-3, it also has peak Hall voltage values when the

sensing pad is closed to source. But the peaks are smaller than those in Fig. 4-3. This
device is shorter so the voltage gap between sensing pad and grain is smaller. Thus,
the attractive ability is smaller than device 1. Besides, we can find the Hall voltage
versus Vds presents oscillation. The voltage gap between sensing pad and drain is
smaller so the accumulating carrier can compensate the lost attracting carriers. The
carrier mobility is proportion to gate voltage and then the current will increase as gate
voltage increases. So we can find the Hall voltage is higher as gate voltage increases.
We think the Hall voltage arriving saturation is higher for higher drain voltage and
drain current arriving saturation is also-higher for higher gate voltage. Drain current
arriving saturation shows no mogre carriets run to sensing pad and directly transport to
drain.
Fig. 4-14 shows comparison of the Hall voltage versus Vds for Vgs = 10,
15, 20, 25, 30 V and W/L = 40 #m/100 ¢ m and‘the sensing pad is closed to drain

with the 20 £ m. From this figure, there is no peak in lower gate voltage. We think

this is related to the channel length of this device. This device is shorter so the voltage
gap between sensing pad and drain is smaller to keep the carriers at the sensing pad.
So we can find that there are two kinds of type in Hall voltage variation
accompany with the increasing of drain voltage. The first one appears large peak type
of Hall voltage when sensing pad is closed to source. The second type of Hall voltage
appears rising with the increasing of drain voltage Vs initially, and the following is

smaller oscillation after some critical V45 when sensing pad is closed to drain.

4.2.2 The voltage of sensing electrode pad varies with time

Fig.4-4, 4-5 show the voltage of sensing electrode pad varies with time

with/without magnetic field bias and Hall voltage versus time for some Vgs and Vds.
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We find Vu decreases with time increasing and then saturates subsequently. Vsr is
voltage with/without magnetic field and Vuis Hall voltage. The relation between Vsr
and Vuis [3]

VH= Vsr (with B) — Vsr (without B)
Where B is magnetic field

Fig. 4-5 can demonstrate the Hall voltage decreases with the V4 increasing in
the saturation region of the drain current in Fig. 4-3. We apply 100 seconds to observe
the change of the Hall voltage and we find the Hall voltage is not constant. The Hall
voltage is higher initially and lower eventually due to the accumulating carriers are
attracted by electric field between sensing pad and drain. In addition, we also find the
time of arriving saturation is longer at higher gate voltage.

Fig.4-7 shows the voltage of sensing electrode pad wvaries with time
with/without magnetic field bias and Hall voltage versus time for Vgs = 25V ,Vds =
15V. This figure also can explain why there are peaks in Fig. 4-6.

Fig. 4-11 shows the voltagesof sensing electrode pad varies with time
with/without magnetic field bias :and Hallyveltage versus time for different drain and

gate voltage with W/L = 40 4 m/100 #m and-the sensing pad is closed to source with
the 20 #um . We can easily find the Hall voltage increases with the gate and drain

voltage increasing in the linear region.

4.2.3 The offset voltage Voff

We take Fig. 4-15, 4-16, 4-17, 4-18, and 4-19 examples to explain how we get
the Hall voltage as the offset voltage exists.

Fig. 4-15 shows the voltage difference of sensing electrode pad varies with

time with/without magnetic field bias and Hall voltage versus Vds for Vgs =
10,15,20,25,30 V and W/L = 40 £ m/100 zz m and sensing pad is closed to drain with
the 20 ¢ m. There are five groups having different gate voltage in this figure and every
group has four curves. Viensing 15 the voltage difference of the sensing pad with and
without magnetic field and Vensing 1S larger with gate voltage increasing.

Fig. 4-16 shows the partial region of the Fig. 4-16 as Vgs = 20V. The black
curve is voltage of the first sensing pad without magnetic field and blue curve is that
of the second pad without magnetic field. We can find there is voltage gap between

the two Hall probes and the gap increases with drain voltage increasing. And we call
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this offset voltage V4 [4], [5]. Fig. 4-18 shows comparison of the offset voltage

versus Vds for Vgs = 10,15,20,25,30 V. The red curve is voltage of the first contact
pad with magnetic field and the green curve is that of the second pad. The red curve
shifts upward and the green one does downward. The shift degree increases with drain
voltage increasing. From this figure, we know the second pad is accumulated by
electron carriers. Thus, the voltage of the second pad with magnetic field is lower than
that without magnetic field. Fig. 4-14 shows the voltage difference between the black
and red curves and Fig. 4-17 shows the voltage difference between the blue and green
curves. Then, the Hall voltage is the mean of the two VH values. If we neglect the

offset voltage, we would get wrong Hall voltage as Fig. 4-19.
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Chapter 5

Conclusions and future work

5.1 Conclusion

The thin film transistor magnetic sensors were fabricated completely with several
kinds of geometric structure patterns and different dimensions. Characteristics of
sensor devices with different measuring environments are analyzed and discussed.
We can get effective Hall voltage under the magnetic field bias. Magnetic field
strength changes the carriers’ behavior in the semiconductor and induces the

semiconductor devices appear different electrical characteristics [1].

Different geometric structures appear different magnetic sensitivity under the
same space field strength [2]. We also find that the Hall voltage of the sensor pads in
the thin film transistor responds with individual operation conditions. Gate bias and
Drain voltage are the main twoparameters in these experiments. There are two kinds
of type in Hall voltage variatiofi accompany with the-increasing of Drain voltage. The
first one appears the peak type of :Hall woltage.'The second type of Hall voltage
appears rising with the increasing of drain.voltage Vg initially, and the following is

smaller oscillation after some critical V.

Before the Gate bias is less than the threshold voltage, the Hall voltage appears
the oscillation wave type with the increasing of Drain voltage. It is due to the carrier
electrons accumulated and discharged in the sensing pad alternatively. The
accumulated charge will increase the Hall voltage, but the increasing drain voltage
will attract the accumulated charge as the drain current. Then, the Hall voltage will

turn down immediately.
5.2 Future work

The Semiconductor magnetometers fabricated embedded with thin film transistor

by our design mentioned above could provide well sensing analyzability. We will
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design different shapes of the Hall sensing layer and study the relation between
sensitivity and shape. Thus, we can choose the suitable structures to the application of
Hall sensors to every life. Furthermore characteristics of TFT magnetic sensor are not
well known, especially how do the magnetic field affect the electrical variety in TFT.
Semiconductor sensors can be applied in many kinds of family and industry
applications. Relative process technology should be developed completely. We are
deep interesting in optical, electrical and magnetic interactions in semiconductor
micro structures. We believe that these technologies would extend and change our life
mode in the future. How to integrate the magnetic sensor with other application
circuits including some micro electro-mechanical systems in a unit chip is the most

difficult challenge.
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Fig. 2-3 (d)
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Fig. 2-3 (f)

Fig. 2-3 the different electrode designs of structure

34



T — (a) Thermal oxidation

RN

(b).LPCVD a-Si,
recrystallization, and

Silicon substrate define active layer

Oxide

NI

(c) Deposit SiOz2 dielectric by
PECVD

Silicon substrate

35



[l oo

Silicon substrate

EEEEEEREER

(e) lon implantation
EEﬁ!%%iﬁig*ﬁiiiiﬁiﬁiﬁiﬁiiﬁﬁ&éﬁiﬁ%ﬁﬁ@i&ﬁ Gopontactaton

Silicon substrabe

Fig. 3-1 Process flow of fabricating proposed magnetic field sensor

36



PO Cate”

Probe

-

VH+

Probe

=
_ [

maver [

Thermal oxide

-
@h

37

<

l
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Fig. 4-5 The voltage of sensing electrode pad varies with time
with/without magnetic field bias and Hall voltage versus
time Vgs =20V ,Vds =75V ; W/L=80m/150 zm ;
sensing pad is closed to source with the 35 m
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Fig. 4-9

Ids-Vgs transfer characteristics of our proposed magnetic
sensor based on TFT structure for Vds = 2,6,10,14,18 V ;
W/L =40 m/100 . m ; sensing pad is closed to source with
the 20 um
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Fig. 4-13 1ds-Vds output characteristics of device3 versus Vgs ; W/L
=40m/100m ; sensing pad is closed to drain with the 20m

47



S1 B and NB
100

90

Vgs (V)

80

70

60 —

50

VH (mV)

40
30 4
20 4

10 +

Fig. 4-14 Comparison of the Hall voltage versus Vds for Vgs =
10,15,20,25,30 V ; W/L =404 m/100 zm ; sensing pad is
closed to drain with the 20 . m ; S1 is one of the sensing
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Fig. 4-17 Comparison of the Hall voltage versus Vds for Vgs =
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closed to drain with the 20 . m ; S2 is another pad
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Abstract

Nowadays TFT has developed for many years, and its fabricating technic
is very mature. Due to using low-cost glass substrate and low-temperature
fabrication technology, TFT has widespread application to use in switching devices
of LCD. However, from the latest foreign research reports, many applications of
TFT has emerged, and some commercial products of TFT application has appeared.
In this thesis, we will develop a new Hall Effect sensor by using thin film transistor
integrated with magnetic sensing principle. In the whole device fabrication, the
processing temperature is been controlled below 600 degrees as well as other
conventional TFT. In addition, we will analyze Hall voltage mode of magnetic





sensors by use of various geometries of TFT. We also do a intensive discussion
about Hall voltage and Bias offset due to different structures. By way of various
geometry designs, device fabrication, characteristic measurement, we will be able

to obtain optimal magnetic sensing devices.







