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ABSTRACT

The objective of this project is to design a micro fluxgate sensor using
Coventorware software. This project is focusing on designing a fluxgate sensor in
micro scale for sensing the magnetic field. Micro fluxgate sensor can be widely
applied in the conventional and potential fields, for examples, scientific research,
automation, process control of industry, mineral prospecting, medical appliance
and satellite missions. The collection of technical details and data regarding the
harmonics of magnetic field, micro fluxgate sensor and its conditioning circuit
existing in the world is done. A 3D model of micro fluxgate sensor is designed
using Coventorware software in its Architect and Designer applications. A simple
analysis of micro fluxgate sensor is carried out to after designing the 3D model of

micro fluxgate sensor.
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CHAPTER 1

INTRODUCTION

1.1 Background of Study

A micro fluxgate sensor is a device which measures magnetic fields
utilizing the nonlinear magnetic field characteristics. This sensor is based on the
fluxgate magnetometer principal. Fluxgate magnetometers were first introduced in
the 1930s. The purpose of this invention in 1930s was for airborne magnetic
surveys and for submarine detection during World War Il. Much airborne
magnetic surveying was carried out using fluxgate detectors between 1945 and
1985, and hand-held portable devices were used for making vertical-component
ground measurements between 1965 and 1985 [1]. After that, this technology was
further developed for geomagnetic studies (airborne, seaborne and underwater),
for mineral prospecting and later for magnetic measurements in outer space. It
was also adapted and developed for various detection and surveillance devices,
both for civilian and military use. Nowadays, micro fluxgate magnetometer is
invented and can be widely applied in the conventional and potential fields, for
examples, scientific research, automation, process control of industry, mineral

prospecting, medical appliance, especially in satellite missions.

Despite the advent of newer technologies for magnetic field measurement,
micro fluxgate sensor continues to be successful in all of these areas, because of

their reliability, relative simplicity, economy and ruggedness [2].



1.2 Problem Statement

Nowadays, magnetic field sensors are really useful devices in human life.
With these sensors, human can do so many things such as geomagnetic studies
and magnetic measurements in outer space. Currently, micro fluxgate
magnetometer is invented and can be widely applied in the conventional and
potential fields, for examples, scientific research, automation, process control of
industry, mineral prospecting, medical appliance, especially in missions. But there
are needs to improve its design and sensitivity for the sake of the existing
technology that we have in those fields. Therefore, this project will aim to design

a miniature micro fluxgate sensor with improved design and sensitivity.

1.3 Objective and Scope of Study

The objectives of this study are:

e Todo research on theory of operation of micro fluxgate sensor.

e To design a rough model of micro fluxgate sensor using
AutoCAD software.

e To design and simulate a micro fluxgate sensor using
Coventorware software.

e To analyze simulation results.



The scope of study for this project is to investigate the characteristics and
behavioral of the fluxgate magnetometer. Once knowing its characteristics, a
study of micro fluxgate sensor will be done. This study its theory of operation is
essential in order to design this type of sensor. A rough 3D design will be design
using AutoCAD software. Once finish with the AutoCAD, a micro fluxgate

sensor will be design using Coventorware software.



CHAPTER 2

LITERATURE REVIEW

2.1 Theory of Operation of Micro Fluxgate Sensor

The understanding of the theory of operation is essential in designing a
micro fluxgate sensor. The operation of this sensor is quite similar to the operation
of a fluxgate magnetometer. So, understand about micro fluxgate sensor, a study

about fluxgate magnetometer is done.

A fluxgate magnetometer consists of two bars of ferromagnetic material,
primary coil, secondary coil, AC power supply and an ammeter. These two bars
are placed closely and parallel to each other. Each bar is wound with a primary
coil, but the direction in which the coil is wrapped around the bars is reversed.
Primary coil is supplied with an alternating current and will produce varying
magnetic field in each coil [3]. With the current flowing in the primary coil, the
two cores will experience induced magnetic field that have the same strength but
opposite orientations, at any given time during the current cycle. The two
ferromagnetic cores and the primary coil are surrounded by the secondary coil.
With existence of external magnetic field, one component of the external field
will be parallel to the core axes. The external field will be parallel to the magnetic
field in one core when the current in the primary coil increases. The other core
will be opposite the external field and so smaller. The field will reach saturation in
one core at a time different from the other core and fall below saturation, as the
current decreases, at a different time [1]. The secondary coil will detect the
difference occurs in the both cores. A voltage potential in the secondary coil is

produced by the magnetic fields induced in the cores. Voltage detected in



secondary coil would be zero without the existence of external magnetic field but
will have some values in the existence of magnetic field since the behavior of two
cores differs depending on the external magnetic field. Figure 1 shows the figure

of a simple fluxgate magnetometer.
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Figure 1 : A simple fluxgate magnetometer [1]

The difference between fluxgate magnetometer and micro fluxgate sensor
is the size of both devices. The other difference is type of coil that will be used in
designing this sensor. Planar rectangular coils will be used in this project and
replace primary and secondary coil as shown in Figure 1. In Conventorware
software, it is known as movable coil. The example for this type of coil is shown

in Figure 2 which also represents the secondary planar rectangular coil.
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Figure 2 : Secondary planar rectangular coil

Figure 3 shows the construction of a primary planar rectangular coil.

Figure 3 : Primary planar rectangular coil

Besides that, the location of the core will also be changed. Two
symmetrical magnetic cores will be located on the both side of the coils. The
centrally located coils magnetize the cores in opposite directions, so that the
structure forms two closed magnetic paths. Since the design of this micro-fluxgate
sensor has a slight difference with the design of a fluxgate magnetometer, the
theory of its operation also changes. In this micro-fluxgate sensor, the current still
produce magnetic field at the both primary coils but in the opposite directions.

Then the magnetic field will flow through the core and make a circulation at each



coil [4]. At one point, both opposite magnetic fields will meet each other. If there
is no external field expose to this device, both magnetic field will be canceling
each other since both of them have same magnitude but different direction. If the
is an external field, one component of the external field will be parallel to either
one of the direction of magnetic field and will has a greater magnitude of
magnetic field and current. This phenomenon will create a difference in
magnitude of magnetic field and current between the primary coils. The difference
is sufficient to induce a measurable voltage in a secondary. This theory is

illustrated in Figure 4.

Figure 4 : Theory of operation of a micro-fluxgate sensor [4]

Micro-fluxgate sensor with symmetrical core on both sides of the planar
rectangular coils has substantially improved parameters compared to its single
core predecessor and almost closed magnetic path for the excitation field allows
much deeper saturation of the sensor core, which reduces the perming effect,
hysteresis and noise [5]. The construction of this micro-fluxgate sensor is shown

in Figure 5 for the side view.
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Figure 5 : Micro-fluxgate with closed core [5]

2.2 Transformer Principal

The micro fluxgate sensor is based on the transformer principal since it
transfers electrical energy from one circuit to another through inductively coupled

conductors. The example of circuit diagram for this sensor is shown in Figure 6.

Figure 6 : Example of a circuit diagram for micro fluxgate sensor [6]



Transformer in general is a passive device which transforms alternating
(AC) electric energy from one circuit into another through electromagnetic
induction [7]. It normally consists of a ferromagnetic core and two or more coils
(windings). The coils are commonly wound around the core, or around separate
but magnetically-coupled cores. A varying current in the first or primary winding
creates a varying magnetic field in the core (or cores) of the transformer. This
varying magnetic field induces a varying electromotive force (EMF) or voltage in

the secondary winding. This effect is called mutual induction.

2.3 Perming Effect

Perming effect is recognized as a weak point of all magnetic sensors,
which contain ferromagnetic material either in form of the sensor core or in the
form of the field concentrator. It is defined as the change of sensor zero (or even
distortion of its characteristics) after the shock of large magnetic field and in the
former case the core should be periodically re-magnetized in order to erase its
magnetic history; it is usually no way how to prevent perming of the field
concentrator [5]. It is a particularly serious problem in micro-fluxgate sensors

incorporating flat coils, which cannot be effectively tuned.



Figure 7 shows the linear part of the single-cored sensor characteristics

based on experiment conducted by [5].

waveform - SIN
fexc=1MHz
lexc=180mA

— 1-initial curve
— after -6mT shock |

—&— after +6mT shock

—=— after -6mT shock Il

Figure 7 : Hysteresis and perming of the single-core in 400 uT range [5]

First curve (A-B-C-D-A) was measured on carefully demagnetized sensor.
Its hysteresis was 20 uT. Then the sensor was subjected to the in-field axis field
shock of -6 mT: the output skipped to point E, which corresponds to the gross
perming effect error of 50 uT. The following characteristic is (E-B-C-D-A). After
another field shock of reverse polarity (+6 mT) the characteristic is similar to the
virgin one. This effect caused by low saturation of the core. As the excitation
current cannot be further increased because of the temperature limitations and the
coil thickness is limited by metallization technology, the only way to increase the
saturation level is to decrease the demagnetization of the core by decreasing of its
width [5].

10



Figure 8 shows the same characteristics measured for novel sensor with
double-sided core (X-Y-X-Z-X).

waveform - SIN
fexc=1MHz
lexc=200mAp-p

Uout [mV]

-500 - - : - 400

—=— 1- initial curve
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45
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I

Figure 8 : Hysteresis and perming with double-sided core [5]

As the magnetic core is almost closed, the coupling between the coils and

magnetic material is much stronger and the cores are saturated more deeply.

2.4 AutoCAD Software

AutoCAD is a CAD (Computer Aided Design or Computer Aided
Drafting) software application for 2D and 3D design and drafting, developed and
sold by Autodesk, Inc. Initially released in late 1982, AutoCAD was one of the
first CAD programs to run on personal computers, and notably the IBM PC [8].
Most CAD software at the time ran on graphics terminals connected to mainframe
computers or mini-computers. AutoCAD supports a number of application
programming interfaces (APIs) for customization and automation. These include
AutoLISP, Visual LISP, VBA, .NET and ObjectARX. ObjectARX is a C++ class

library, which was also the base for products extending AutoCAD functionality to

11




specific fields, to create products such as AutoCAD Architecture, AutoCAD
Electrical, AutoCAD Civil 3D, or third-party AutoCAD-based applications [8].

2.5 Coventorware Software

This project is wusing software called Coventorware software.
Coventorware software is a product of Coventorware, Inc. which a leading
worldwide provider of 3D analysis and design automation software for the
development of micro-scale and nano-scale devices and systems [9]. This
software is a common platform for a broad range of semiconductor applications,
provides a complete process steps with a user-friendly interface. In this software,
there are some functions that are really useful in developing this sensor such as
Process Editor and 3D visualizer function. The Process Editor function allows the
user to define layer thickness, process steps and descriptions and the 3D visualizer
enables users to view, manipulate and cross-section 3D models [9]. Coventorware

software is commonly used:

e to build 3D models

e to interact with 3D visualization

e to view and save any 2D cross section

e to view complex structures in 3D at unique perspectives

e to explore process variations with metrology-capable models

12



CHAPTER 3

METHODOLOGY

3.1 Procedure Identification

Before proceeding with the methodology itself, steps were drawn out
diagrammatically to clear out on the flow. Figure 9 shows the flow chart of

procedure identification that includes:

Gathering information of Micro Fluxgate Sensor

A

Study on Coventorware Software

A

Designing a rough 3D design of Micro Fluxgate
Sensor using AutoCAD Software

A4

Designing Micro Fluxgate Sensor using
Coventor Software

A4

Analyze the design of Micro Fluxgate Sensor

Figure 9 : Flowchart of procedure identification
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3.1.1 Gathering Information of Micro-Fluxgate Sensor

First step of doing this project is to gather all the information about the
micro fluxgate sensor. This research also include the study of the behavioral and
characteristics of magnetic field. It is conducted by doing research through
internet and books that related to this project. Information also collected from the

journals and thesis that been done before.

3.1.2 Study on Coventorware Software

Since this project will be using Coventorware software, a study about this
software also been done. All the information about this software are gathered
from the internet and its manual. From this study, all the tools and functions to be
used are identified. More understanding on this tools and functions needed to

make sure the project flow smoothly.

3.1.3 Designing Micro-Fluxgate Sensor in AutoCAD Software

At this stage, a rough 3D design or sketch model is needed. Using
AutoCAD software, this model can be created just to visualize what will be

designed in the Coventorware software.

14



3.1.4 Designing Micro-Fluxgate Sensor in Coventorware Software

Design stage comes after all the tools and functions in the software are
understood. In this stage, assistance from the master student that been using this
software before is needed since this software need to be handled carefully because

of its high value. A micro fluxgate sensor design is expected from this stage.

3.1.4.1 Initialization

During this initialization process, a project directory is selected and a
setting file is created. To do this, Coventorware software must be started first. In
the project window, a file project name fluxgate is entered. Then a default setting

file appears on the Setting file line. This process is shown in Figure 10.

1= G:\WserhwriterWDesign._Files2006\Desing. microhotplate\logsV1B0c12009-105123\CoventoWare... [~ | DX

sersectings: File C:)\Coventor ¥ Lle.tat vas ¢
opied into directory C:\Userywriter\Design_FLlesz006\Desing_microhotplate\layoutGensrators

= Architect_layoutGen MTI_ProcessEdi
I_PreProcessor MTI_PreProcessor Me
cap MTT_Memcaplossy MTI_MemcapTurbc
trans MTT_ThermoMech MTT_MeuMechPre
FTI_MenEThers_trans MTT_EThermoMech

MTI_Danping MTI_$tokesDauping MIL
_Springid LinearMech MTI_MAST Expor
MTT_FlouMM MTT_DropSim MTI_Bubbless
PEM_Lib MTT_Magnetic_Lib MTI_Optic:
\frastructure MTT_Scenedb_GDSZ NTI S

GE/25005 0204 P
104108 10:43 AW
0818009 0502 PM
0712308 1158 AM
10109 0257 PM
1011009 1201 AM
0712309 11:53 AM

Flescttype [Proect setngs Fis Crge)

= [ conce |

Figure 10 : Initialization in Coventorware software

15



3.1.4.2 Material Properties

Before starting a design, the Material Properties Database (MPD) is

checked so that it has the necessary materials and the correct material parameters.

The material specified in the process file will be used to assign certain material

properties to the micro-fluxgate sensor schematic. The properties of these

materials are determined by the parameter specified in MPD.

To start with, the Material Editor icon in the Function Manager window is

selected. In the Material drop-down menu, Aluminum is selected. The material is

verified as shown in Figure 11.

IE| Edit Materials in C:\ser\writer\Desipn_Files2006\Desing_microhotplate\MPDAmpd1.mpd
| D e Material | j Iimport Material ‘ Copy Material ‘ >< Delete Material
|Material |||ALUMINUM |~ J|| |
[Esstic Constarts |Erastic-so =] Edi |
|Den3ity(kgium"3) (| constart-scalar =] 2.3000002-015 |
|Stress(MPa) | Constart-Scalar ﬂ| 0.000000e+000 l
|TCE Integral Form (1.4 | Constart-Scalar EH 2.310000e-005 l
ThermaiCona(aiuni)  |[Table-T =] Eclt |
|SpecificHeat(pJJ'kgK) ([Table-T =] Edit |
[EectricCond(oshm) ([Table-T -] Edit |
|Die|ectric ([constart-scalar -] {0.0000008-+000 |
|\riscosrty(kgmms) (| constant-Scatar ﬂ| 0.0000002+000 |
[FiezoResistiveCoetts( MPa)][Constart_Scalar <]l Edi |
|Custom Properties File ”normTAndP || Browse J
[ cese | (2]
Figure 11 : Aluminum properties
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Then, in the Material drop-down menu, Chromium is selected. The

material is verified as shown in Figure 12.

I€ | Edit Materials in C:\Userwriter\Design_Files2006\Desing microhotplatedPDAmpd1.mpd

D Meswe Material ‘ j Impott Material | | Copy Matetial

‘ X Delete Material |

Material |erRonum -] |
Elastic Constarts | Erastic-tso =] Edit |
|Dens'rty(kg.ﬂ.1m"3) ||c:.nstam-5ca|ar E]” 7 1900008-015 ]
|9tress(MPa) ||Constar'|t-8c:alar E” 0.000000e+000 J
|TCE Integral Form (14 ||Constant-5calar E” 4.300000e+007 J
ThermsiCond(pitmi) || Constant Scalar ]| 9 030000e+007 |
|SpecificHeat(pJﬂch) ||Constar'|t-5calar E” 4 470000e+014 J
[ElectricCond(pSim) | Table-T -] Edi |
|Dielectric ||Constar'|t-5calar E” 0.000000e+000 J
viscositythgiums) | constant-Soalar ]| 0 000000E-+000 |
PiezoResistiveCoetis(1 MPa) | Constant_Scalar =] Edit |
(Cusstom Properties File Lk | Browse |

(o )

Figure 12 : Chromium properties
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Once again, in the Material drop-down menu, Silica is selected. The

material is verified as shown in Figure 13.

I€ | Edit Materials in C:AUserwriter\Design_Files2006\Desing_microhotplate\AMPDAmpd1.mpd

‘ [ Mewe Msterisl | | j Irpart Matsrial | | Copy Materisl | | X Delste Matarisl |
Material [BLica, [~]| |
Elastic Constants | Etastic-teo [~]| Ecit |
IDensty(kgtr’3) | Constert.Scaler = 2 300000e-015 |
St (Pa) (| constart-scatar - 0. 000000E+000 |
|TCE Irtecral Farm (1/M) ||Con3tar'rt-5calar E” 4.000000e-007 J
ThermaiCond(@urk) | Constart-Scatar [ 1 4D0000E+006 |
|SpecificHeat(p.J.ﬂ<gK) ||Con3tar'rt-5calar EH 1.000000e+015 J
ElectricCondipSium) [|constartscatar [~]| 0.0000002+000 J
Dietectric | constant-scatar [-]| 3.9000002+000 |
iscosttyleimis) | constant-Soalar [~]| 0,0000002+000 |
IPiezoResistiveCoefis(1 MP)|| Canstant_Scalar [~]| Edit ]
|Cu310m Properties File ||Substrate || Browse J
Close m

Figure 13 : Silica properties

Material Editor window is closed after all the material properties are
verified. After that, Process Editor icon is clicked. In this Process Editor, layer for
cores, primary coil and secondary coil is defined and they are shown in Figure 14.
This file is saved as fluxgate.proc. The Process Editor is closed after all the

information as in Figure 14 is inserted.
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[€! Process Editor - [C:MUserhwriter/Design_Files2006/Mesing microhotplateftest/Devices/baru. proc]
File Edit ‘iew Tools ‘Windows Help
Do) m@X2C o[

Step Mame | Action Layer Mame

Murnber MateriaIName Thickness "MaskName

[cosl | CHROMIUM |
[sics] | SILICA
| coill | ALUMINUM

ol [ |0 0

sica2 [SIcA 172

[coiend  [ALUMINOM (70| ; - - |
| | | leoizia |+ ] |0 |0
[dica  [gllica ' | | |
[ooe2 | CHROMILM

Figure 14 : Process Editor

3.1.4.3 Schematic Creation

In this section, a schematic of micro-fluxgate sensor is assembled in one of
Coventorware application that is Architect. Electrical and magneto-electrical
components from the Coventorware Parametric Model Library and other provided

generic components, such as voltage sources, wires and ground are used.

To start, Saber icon drop-down menu in Architect tab is clicked. New from
Process is selected. A sketch window appears and is maximized. This file is saved
as fluxgate. COVENTORWARE symbol is selected to edit its attributes. In the
Name field, plate_legth is entered. For the Value, 4400u is entered. The other

properties that been added are shown in Figure 15.
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Properties of saber_2_ E5]

Edit  Attributes Help
Mame Yalue
pcay *opt* - ] :i
architect_wersion 200600222361, P
architect_numerical_set|[vel_scale=100p,ddof_p @
architect_temperature  |273.15 P
architect_pressure 101325 [ ]
architect_relative_permil1 [ ]
zubstrate_analysis [variable=architect_temp
madal_damping [a=0.b=0) &
plate_lenagth 4400u P
plate_width 1200u P
time 0 [ ]
[Mew Property] [Mew Y alue] -
ualifier: | [Arw Qualifier] i]
Help:
ak Cancel Spp |

Figure 15 : Properties of COVENTORWARE symbol

After that, a Rigid Plate is placed in the schematic. The Rigid Plate
component is located in Coventorware Parts Library/Parametric Library/Electro-
Mechanics/Rigid Plate. It is named as rigid plate 1. The plate parameter is

assigned as shown in Figure 16.
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[label [ o [itn
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damging fex=10n.cy=10n.cz=10n @ cx ([10p
|eusvate [ ] T
[generic_segments ® o2 [[T0p
[iiangular_plates L
lrectangular_plates  [[forigin={x=0 y=0].angle=
pie_plates [
circle_band_plates L 4
circle sechon olates L Ll e s
Quaifier [Any Dusiipr] 3 [~ Use global vansble: |
Helg: Initial position of he knot] :
ok | Ccocd| | aew | O | Conen]
Edit
_ | oign | enge |  cize | rumboles | e vidh | edgsype |  layer | loyer ovenide| mege |
1 le=0y=00 [0 [e=plate_tength, [(e=0p=0)  Jfe=Op=0) | [corel [etch=substrate, |add
2 .|[new walue] |:r-?l-.' walue] ||new vahe]  |[new value]  [Inew vatue] |[ne-w value] ||new vahie]  [[newvalue]  [Inew value]

Figure 16 : Rigid plate parameters

Step above is repeated but with some different parameters. It is named as

rigid plate 2. The parameters that changed are shown in the Table 1.

Table 1 : Changes of parameter for rigid plate 2

Name Value
knotl x=0, y=0, z_layer = core2
rectangular_plate layer = core2

Next, in the Part Gallery, a fixed planar rectangular coil bus is selected and

placed in the schematic. The detail of the coil is shown in Table 2.
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Table 2 : Details of fixed planar rectangular coil bus

Symbol name Symbol Path Quantity

fixed_planar_rec_ 'f /Coventorware | 3
Parts Library

coil_bus

/Parametric
Libraries

/Magneto-
Mechanics

! /Fixed
Sources of
Field

th W

The coils are named as coill, coil2 and coil3. At coill, the properties are

shown in Figure 17.

Marne Walue

primitive fixed_planar_rec_coil_b i =
ref fixed_planar_rec_coil_b i

label Fixed Coil i
[x=0y=0,z_laver=cail] [ ]
fieldpairt [#=0y=0laper=coill]
line_width 100 P

pitch 20U P
bLrris 25 P
zize [#=12000,p=1200u] () B
anigin [w=0p=0] P
winding_dir counterclockmize P
laver coill L] ﬂ
Qualifier: [Ary Qualifier] M

Help: Initial pozition of knot

ak. Cancel |

Figure 17 : Properties of coill
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For coil2 and coil3, the some parameters have changed and shown in Table 3.

Table 3 : Changes of parameter for coil2 and coil3

Name Value

knotl x=0,y=0, z_layer = coil2n3

fieldpoint x=0,y=0, layer = coil2n3
coil2

origin X =-1000u,y=0

layer coil2n3

knotl x=0,y=0, z_layer = coil2n3

fieldpoint x=0,y=0, layer = coil2n3
coil3

origin x =1000u,y=0

layer coil2n3

After changing all the coils parameters, 2 uniform magnetic field
components, a field adder component and an op-amp are added in the schematic.

The details of the components are shown in Table 4.
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Table 4 : Details of uniform magnetic field, field adder and op-amp
component

Symbol Name

Symbol

Path

Quantity

Uniform_mag_field

Uniform Field
AAAAA

!

/Coventorware
Parts Library
[Parametric
Libraries
/Magneto-
Mechanics
/Fixed Sources of
Field

Field_adder

Field
Adder

[COoaNTCR]

’ J"‘L

/Coventorware
Parts Library
[Parametric
Libraries
/Magneto-
Mechanics
/Utility Parts

OpAmp, Ideal 3-
Pin

(W}

/Mast Parts
Library/Electronic/
OpAmps

There is no property for uniform magnetic field and field adder

components but for op-amp component, the properties are stated as shown in

Figure 18.
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Properties of oab_3p_oab_3pl E3
Edit Attibutes  Help

Mame Value

primitive oab_3p {8

library al_electrical [}

ref oab_3p1 [}

a 100000 [ ]

fu undef [ ]

VO3 0 [ ]

fity undef [}

rok 1] [ ]

fe undef [ ]

[Mew Property] [Mew Value]

Quaifier: | [Any Qualifier] [
Help:

Ok | Cancel Apply |

Figure 18 : Properties of op-amp

Last components inserted in the schematic are parts needed to set up the
electrical stimuli components. They are ground, control source (DC source),
resistors, inductor and voltage source (periodic PWL) and their details are shown
in Table 5.
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Table 5 : Details of ground, control source (DC source) voltage source
(periodic PWL), resistors and inductor

Part

Symbol

Path

Quantity

Ground,
Node 0)

(Saber

1

IMAST Parts
Library

/Sources, Power,
Ground

/Power & Ground

3

Control Source,
DC Source

IMAST Parts Library
/Control Systems
/Continuous Control
Blocks

/Control System

Sources

Voltage Source,
Periodic PWL

IMAST Parts
Library
/Electronic/Electrical
Sources

/\Voltage Sources

Inductor (-)

IMAST Parts
Library/Electronic
/Passive

Elements/Inductors

and Coupling

Resistor (])

IMAST Parts
Library
/Electronic/Passive
Elements
/Resistors

For DC control source that will be connected to the hz_in terminal of the

uniform field component, its dc_value is set to 29.4k. For the inductor, the | value

is assigned to 1n. For all the resistors, their rnom values are set to 10k and their
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tnom are set to 27. The properties of voltage source (periodic PWL) are shown in
the Figure 19.

ar a =
Ede  Afiribfed  Hep
el . .-
pemive v powd “a
By 5y :_::-u-u-:-c ] e
= o -~ - {B_J,.?_;'-':L
el W TmE 5T :
a_rog o ‘ ?_ 1m ;{I
e phe i e | 3fiom 55
vebdln_rciim ] i §12m h8
e - z-.' 5 zim 0
Fhaeen (P apgary | [Tt T E [ '{l
e Py G +| 7o [ss
Hilgs B— ]%? :.-Sg
8 PRam 0
ok | cecad | apow
& positive cument pulse turms on
ihe relay. A negative pulsé tlums
off the relay

Figure 19 : Properties of voltage source (periodic PWL)

When all the components needed are placed in the schematic, they are

connected and the connection is shown in the Results and Discussion chapter.

3.1.4.4 2D Layout Verification

During schematic creation, many parameters have been entered in the
Properties window for each component. These parameters are carefully selected in
order to maintain consistency. Inconsistencies in the design are usually difficult to
find. So, to avoid these inconsistencies from happen, the schematic is netlisted
using Netlist application in the Architect. Netlisting can often highlight hookup
errors. If any errors occur, a dialog box displaying those errors will appear during
the netlist procedure. If there is no error, the process can proceed to design 2D
layout using Designer tab. In the Designer tab, Layout Editor icon is selected. It
creates 2D layout based on the schematic created in the Architect. When the 2D

layout appears, it is saved as fluxgatel.
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3.1.45 Building 3D Model

To build a 3D model in Conventor software, it has to start with clicking
Start Preprocessor icon in the Designer tab. This application creates 3D model
based on the 2D layout and the schematic. After a few minutes, a solid 3D model
of micro-fluxgate sensor appears in the window. Then, this file is saved as

fluxgate2.

3.1.5 Analyze the design

The last step for this project is to analyze the design of micro fluxgate
sensor. This will be done in order to verify and justify the new design of micro

fluxgate sensor.

3.2 Tools and Equipment Required

3.2.1 AutoCAD Software

Using AutoCAD software, a rough 3D design of a micro fluxgate sensor
can be design. This 3D design is important in order to visualize the sensor before

it is designed using Coventorware software.

3.2.2 Coventorware Software

Coventorware software is the main tool that required doing this project.
With this software, a 3D micro fluxgate sensor can be design. An experiment to
verify the new design of micro fluxgate sensor also can be conducted using this

software.
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CHAPTER 4

RESULTS AND DICUSSION

4.1 Results

4.1.1 3D Model Using AutoCAD

Below are the figures of 3D model of micro fluxgate sensor that have been
designed using AutoCAD software. It is considered as a rough design or a sketch
model of a micro fluxgate sensor before it is designed using Coventorware
software. Figure 20 shows the isometric view of micro fluxgate sensor that is

designed using this software.

Ferromagnetic core

Silicon dioxide (5i02)

Secondary coil

Primary coil

Figure 20 : Isometric view of a micro fluxgate sensor
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Figure 21 (a) shows the top view and Figure 21 (b) shows the bottom view

of micro fluxgate sensor in AutoCAD software.

{.

Figure 21 : (a) Top view of micro fluxgate sensor and (b) Bottom view of
micro fluxgate sensor

Figure 22 (a) shows the front view and Figure 22 (b) shows the back view

of micro fluxgate sensor in AutoCAD software.

Figure 22 : (a) Front view of micro fluxgate sensor and (b) Back view of
micro fluxgate sensor
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Figure 23 shows the side view of micro fluxgate sensor in AutoCAD software.

i
—

Figure 23 : Side view of a micro fluxgate sensor

Figure 24 shows the isometric view of primary coil that is designed using
AutoCAD software.

Figure 24: Isometric view of primary coil
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Figure 25 shows the isometric view of secondary coil in the AutoCAD software.

Figure 25 : Isometric view of secondary coil

4.1.2 Results In Coventorware Software

4.1.2.1 Schematic in Architect

As mentioned in Schematic Creation part (see 3.1.4.3), after all the parts
are assembled in the schematic window, they are connected to create a circuit of

micro fluxgate sensor. The details of the connection are shown in Figure 26.
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Wout

@ | / «—— Rigid Plate 2

Figure 26 : Schematic in Architect

This schematic shows that the voltage supply (periodic PWL) and the
inductor are connected to the coil2. Then both coil2 and coil3 are connected in a
way that they can produce a different direction of magnetic field. Both of them are
connected to field adder 1. Then, field adder 1 and uniform field block are
connected to field adder 2. Before that, uniform field block is connected to the
three DC source. When these DC source are activated, the uniform field will
produce external magnetic field that can be detected by coil2 and coil3. The figure
also shows how coill is connected to an op-amp. The difference of magnetic field
at coil2 and coil3 is detected using this coil and measured at Vcoill at the op-amp
output. After that, rigid plate 1, rigid plate 2, coill, coil2 and coil3 are connected

to each other using bus.
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Figure 27 shows the signal that been measured at VVout. It represents the

input signal supplied by the voltage source (periodic PWL) to coil2 and coil3.

&timulues Profile

1.0m 2.00m

Figure 27 : Measured Vout signal

The signal shows that at it will has positive signal at 1 millisecond and 5

millisecond but at 3 millisecond the signal will have negative value.
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4.1.2.2 2D Layout In Designer

After finish designing the schematic, 2D layout is designed in the Designer
application. This is compulsory before proceeding with the 3D creation in the

Coventorware software. Figure 28 shows the 2D layout for the micro fluxgate
sensor.

01 = 2 .

C - [B]X]
& cat:layerbrowser 3]

File Edt View Cell Okject Modify Tools Generstors \indow Help

ED-@-H- |G| tmB|on

o & Il BeamcapLaver jg DA RAQ - | H A

Layer
Folarty
on Mask

o O

Mask DarkiLight
Name Mask Field

PRORLDRNOR AL EF

Figure 28 : 2D layout in Coventorware
As shown in the Figure 28, there are 3 coils. The red coil represents coill

while the green coils represent coil2 and coil3. The blue rectangular represents the

rigid plate 1 and rigid plate 2 which indicate the cores.
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4.1.2.3 3D Model In Designer

3D model of micro fluxgate sensor is designed in the Designer application
after the 2D layout is verified. This 3D model is generated based on the 2D layout
created before. Figure 29 shows the 3D model that is generated in the Designer

application.

Wi CoventorWare(TM) Preprocessor - baru._3-barul

Fle Edt Miew SoidModel Mesh Toods Help

=0 PA|SAKAKAR B+Q QAQ L-|2c|ww g0 bh|BRE|=HY
Z—Scale'Resﬂv

@ " Georetry

@ £ sold Madel
@ & LayerO(Substrate)
@ & Layeri(core)
@ & Layer2(siicat)
@ & Layera(coi)
@ & Layerd(siica2)
@ & Layersieoi2n3)
@ & Layert(siicas)
& & LayerT(core2)

@ [ Mesh Model

1§ 3 brup - Paint &5 " 1149 am

Figure 29 : 3D model of micro fluxgate sensor in Coventorware software
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4.2 Discussions

Figure 30 shows the relationship between the 3D model and the schematic

in the Coventorware software.

T
N

Figure 30 : Relationship between 3D model and schematic in Coventorware
software

The brown layer indicates the substrate layer. The red layers represent
rigid plate 1 and rigid plate 2 or the first core layer and second core layer. The
green layer represents the silica layer which is acting as insulator in this sensor.
The purple layer indicates the coill, coil2 and coil3.
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The schematic shows that coil2 and coil3 is supplied with voltage by the
voltage source (periodic PWL). When voltage is supplied, magnetic field will be
produced at both coils with same magnitude but in the different direction since the
flow of the current in each coil is opposite to each other. The magnetic field will
flow through the rigid plate 1 and rigid plate 2 which act as cores and make a

circulation at each coil. The circulation of magnetic flow in micro fluxgate sensor

3D model is shown in Figure 31.

t  =TFlow of magnetic field produce by coil2 and coil3

Figure 31 : Circulation of magnetic field in the micro fluxgate sensor

The function of uniform field block is to supply external magnetic field to
the both coils. If external magnetic field is existed in both coils, one component of
the external field will be parallel to the direction either one of coil magnetic field
axes. The coil which has the same direction with the external magnetic field will
have a bigger current compared to the other coil. This difference is sufficient to

induce a measurable voltage in coill and can be measured at Vcoill.
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The following figures will show the construction of micro fluxgate sensor
by each layer. They will also show how components are located in each layer. To

build this sensor, firstly, a substrate layer is needed as shown in Figure 32.

i CoventorWare(TM) Preprocessor - baru_3-baru1

ol Model Mesh  Tools  Help

Basaaas sra aaals-as rwll-e]se RE=ny

Figure 32 : Substrate layer
The substrate layer is acting as a base for the creation of this sensor. It is

normal to have this kind of layer in order to design a micro-elctromechanical

system (MEMs) device.
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After creating the substrate layer, first core layer or rigid plate 1 is inserted

above the substrate layer. It is shown in Figure 33.

T CoventorWare(TM) Preprocessor - baru_3-barul [EEE)

Fis Edt View SoldModsl Mesh Tools  Help

sE|pdEasaand $+Q QRA[4- 2e|we|g- g oo BE|=HY ;
Z-Scale: [5 \| [caret Ready
@ "= Geometry

@ & solid Model

@ = Layer0(Substrate)
@ & Layeri(corel)
@ 5 Layer2tsiicat)
& 5 Layer3cail)
@ = Layerd(silicaZ)
@ = LayerS(coi2n3)
@ = Layers(siica3)
@ = LayerT(core2)

@ (& Mesh Model

& for report Cov e, 3 Facshook | Hom,.. 3 vare(... | W 3d7.bmp - Paink & % "2 12:00P0

Figure 33 : First core or rigid plate 1 is inserted in the design
This layer acts as one of the core for this sensor. The magnetic field will

flow through the rigid plate 1 and make a circulation at each coill, coil2 and
coil3.
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Then the first silica layer is stacked on the first core layer as shown in the
Figure 34.

Ti: CoventorWare(TM) Preprocessor - baru_3-barul
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@ [ Mesh Model

Figure 34 : First silica layer is stacked on the first core layer

This layer is inserted in order to make sure that first core layer is not
directly touch the coill layer which will be stacked after this step since both of
them is considered as conductors. If these two layers are touching each other, the

sensor might not work.
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Coill is stacked on the silica layer as shown in Figure 35.
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Figure 35 : Coill is located on the first silica layer

This layer indicates the measuring layer since coill is located in this layer.
It will detect the difference of magnetic field magnitude occurs between coil2 and

coil3 that flowing through it.
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After that, the second silica layer is filled in the coill layer. It is shown in
the Figure 36.
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Figure 36 : Second silica layer is filled in the coill layer

This layer will act as insulator between coill layer and coil2 and coil3

layer. It can avoid those layers from directly touching each other.
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Next, coil2 and coil3 is stacked on the second silica layer. Figure 37 shows

how these coils are located in this layer.
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Figure 37 : Coil2 and coil3 is stacked on the second silica layer.

In this layer, magnetic field will be produced at both coil2 and coil3.
These coils will act as the detecting coil whenever it is exposed to the external
magnetic field. The current flows in these coils have same magnitude but different
direction and these phenomena will effects the direction of magnetic field at the

coil.
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After stacking coil2 and coil3 layer, once again silica layer is filled in the

coil2 and coil3 layer as shown on Figure 38.
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Figure 38 : Third silica layer is filled in the coil2 and coil3 layer
This purpose of this layer is same as the other silica layer that is to act as

an insulator. This layer is created in order to make sure that coil2 and coil3 layer

and second core layer are not directly touching each other.
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The construction of second core layer is shown in Figure 39. It is stacked
on the third silica layer.
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Figure 39 : Second core is stacked on the third silica layer

The second core layer or rigid plate 2 has the same function as the first
core layer. The magnetic field that produced in the coil2 and coil3 will use this

layer as their flow path in order to make a circulation at each coil.
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Figure 40 shows the top view of the coill, coil2 and coil3 in the

Coventorware software.
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Figure 40 : 3D top view of coill, coil2 and coil3 in Coventorware software

Coill is located at the origin that is at (0, 0) coordinate. For coil2 and coil3
they are separated a little bit at x-axis since their coordinate is set to (-1000u, 0)
and (1000u, 0). This separation is to make sure that the magnetic field can flow

smoothly through coill without any distraction from coil2 and coil3.
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Figure 41 shows the 3D side view of coill, coil2 and coil3 in

Coventorware software.

Fle Edt Vew SoliModsl Mesh Toos telp
z@pd[aasaass@+a QQ)s-|ae|mms-|efoe K=y
@ emomery |

@ £ Solid Madel

& = Layer(Substrate)
& 5 Layertgooret)
*Hla 1)

=
© 5 Layera(siics2)
@ = Layer5(coizn3)
(siicad)
@ LayerTicors2)
@ [ Mesh Model

6 - LONG (F )

Figure 41 : 3D side view of coill, coil2 and coil3 in Coventorware software
Coill layer and coil2 and coil3 layer is separated by the silica layer in the

y-axis. This is because both layers are made from conductor material and if they

are directly touching each other, the sensor might be malfunctioning.
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CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

Using Coventorware software, a micro fluxgate sensor can be designed
using its Architect and Designer application. The schematic, 2D layout and 3D
model of micro fluxgate sensor are designed using this software. This sensor
should manage to detect the external magnetic field and helps in conventional and
potential fields, for examples, scientific research, automation, process control of
industry, mineral prospecting, medical appliance and satellite missions. However,
some improvement must be implemented to this micro fluxgate sensor in the

future in order to work efficiently

5.2 Recommendation

For future work, it is recommended that:
1. Fabricate the micro fluxgate sensor.

2. Analyze the fabricated micro fluxgate sensor in the real experimental

condition.
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