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Optimized design for a hybrid magnetic bearing for the
artificial heart *
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Abstraet = In this: study, an optimization design
method is developed te design the magnetic cireuit of
the diagonal fow pump for the maglev artificial heart.
An optimization design method of the magunetic civenit
is developed with genetic algorithms, A reluctance
model is used to model the magnetic bearing, Using the
proposed method, we were able to optimize a magnetic
benring with an attractive force of 24.2 (), which is
farger than the desived attractive force. The magnetic
bearing alse has a power consumption of 1.§ (W),
which 1s less than the expected power consumption. In
addition, the size of the magnefic bearing is small
enough to use for the maglev artificial heart, The
developed optimization method with genetic slgorithms
and the reluctance model is a useful design tool for
magnetic bearings.

Index Terms ~ diagonal flow pump, magnetic
bearing, optimization, genetic algorithms, artificial
heart

I. INTRODUCTION

Mechanical parts such as sealing parts and mechanical
bearings in the motor determine the lifetime of the
artificial hearts. The magnetic bearing technique is-oseful
for ¢liminating the mechanical parts in artificial hearts in
order to achieve long lifetime and high durability [1}-[4].
Recently, turbo pumps have been applied as blood pumps
inthe artificial heart,

There are three-kinds of turbo pumps: centrifugal
pumips, the diagonal flow pumps,; and the axial flow pump.
The size of the diggonal flow pump s between that of the
centrifugal pump -and that of the axial flow pump. The
diagonat flow pump has better performance on pressure
head ‘than the axial pump and is smaller than the
centrifugal pump.

We have been developing the magnetically suspended
artificial heart with a diagonal flow pump. The artificial
heart should bé small enough to implant Thus;
optimization of the design parameters that can be
miniaturized while maintaining high pecfortmance is
required.

In the present study, an optimization design method is
developed in order to design the magnetic circuil of the
diagonal flow pump for the maglev artificial heart.

* This study is supported in pari by Healttv and Labour Seience Research
Grants,

Toru Masuzawa

Dept. of Mechanical Engincering
Ibaraki University
Hitachi, Ibaraki 3168511, Japan
masuzewa@mx. ibarakiacjp

I1. ‘METHODS
A.. Maglev artificial heart

The basie structure of a magley artificial heart with 3
diagonal flow pump is shown in Fig.1. The purp consists
of 2 hybrid magnetic bearing system, & sotor that encloses
the impellers and a motor. The rotor is suspended in the
axial dirsction using a hybrid magnetic bearing system.
The axial position and the tilf motion of the levitated rotor
are conirolled actively, ie., the movement in the radial
direction is restricted by the pessive stability. The motor
stator to rotate the rotor is placed In the outlet port.

B Magretic bearing model

The reluctance model by using an equivalent circuit
method is used to model the magnetic bearing. The
attractive force F (N} in the axial diredtion is derived as
follows:

Br  Hedsl
F =4;:owglm!3,-!g“c;{%+—~—-; A‘;) (1)
g:: 5

where o (H/m) is the vacuum permeability,4 n % 107
{H/m), B, (T) is the remnant magnetization, H, (A/m)is the
coercivity, 4 {(m?) is the cross sectional area of the
electromagnetic circuit between the pole of the stator and
the rotor. g (m) is the length of the air gap between the
pole of the stator and the rotor, 4, (m®) is the cross
sectional area of ‘the ‘core, L, (m) is the length of the
permanent magnet, & (turns) is the number of turns in'each
electromagnetic coil, and 7 (A) is the control current to
excite the electromagnetic coil.

C.. Optimization methods
An optimized design method of the magnetic cireuit is

Fig:1 Basic swuctioe of the hiybrid magnatic bearing
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developed -with genetic aigorithms (GAs), which ars
oplimization mathods based on ‘the evolition of fiving
organisms[5][6]. The GA starts with a large population, in
which each individual has a randomly generated genetic
code, To represent the magnetic bearing, the seven
variables were selected to construct the genetic code. The
variables are converted linearly to-réal numbers fom ¢-to
1. At each generation the individuals in the current
population are rated according fo their -effectiveness as
solutions. A new population of candidate solutions is
formed using specific genstic operators. This evolution
process is repeated until the best individisl, which has's
reasonably optimal sofution, is obtained,

The fitness of an individual is calculated based on the
attractive force acting on the rotor with (1) In‘addition, the
six “other restrictive conditions -ate used to evaluate
individuals. The fitness is set to & low value when the
individual cannct accornplish’ the restrictive conditions,
because ‘the solution must accomplish these restrictive
conditions.

The termination condition of the GA operations is that
the attractive force is greater than 24.2 (N3, because the
thrust force acting on the rotor is caleulated a5 24.2 (N).

II1. BEesurTs

Fifty wials of optimizations were carried out. Fig. 2
shows the characteristics of the best individual obtained by
gach trial. The best fitness, which is the biggest attractive
force, was 27.0' (N}, and the results of fifty trials varied
between 27.0 (N) and 242 (N). The minimum power
consuription was 1.52(W). The result shows that thereisa
tradeofl relationship between larger attractive force and
smaller power consumption,

We chose the design parameters to indicate the
minimom power consumption from these fifty solutions.
The length of the stator core is 3.1 {(mm). The cross
sectional area of the permanent magnet is 48.6 {mn?®). The
length of the permanent magnet is 9.9 (mm). The number
of trns of the ‘coil & 155 (turns). The current into the
magnetic coils is 0.41 (A). The maglev artificial heart with
the optimal designed magnetic bearing is currently being
manufactured.

IV, DISCUSSION

Optimization of a magnetic bearing design for an
artificial ‘heart is-a multi-cbjective optimization problem.
The proposed method solved this problem by setting multi
restrictive conditions by using GAs. The reason why we
used GAs for design optimaization is-as follows, GAs are
random, yet directed, search algorithms. They are superior
to 'gradient descent' techniques because the search is not
biased toward local optimal solutions. On the other hand,
they are also superior 1o random sampling algorithms due
to. their ability to direct the search toward relatively
prospeciive regions in the search space. The main
advantage of GAs is that they do not require any
knowledge of the function derivatives or restrictions on the
continuity of the first derivative. In the présent study, GAs
were treated primarily 8s & robust optimization fechnique,

for which only overall evaluations of candidate soluiions
#re only need.

The size of the designed magnetic bearing was suitabls
for an implantable artificial heart. The power consumption
of the designed magnetic bearing is assumed 1o be less
than 1.5 (W), which 'is sufficient for implantation. The
magnetic bearing model that is used in this study was 8
very simple model that neglects & leakage flux at the air
gap and. eddy-current losses in the core. It is possible the
maghetic bearing will display different performance with
the estimated values. We will report the performance of

* the optimization megnetic bearing and the pump in futire

studies.
V. CONCLUSION

We developed an optimization design method to design
the magnetic circuit of the diagonal flow pump for the
maglev artificial heart. The optimization design method
was developed with genetic algorithms and a reluctance
miodel. A magnetic bearing, which can produce an
attractive force of 24.2(N) and has a power consumption of
L3(W), was designed by using the proposed method. The
total length of the magnetic bearing was 48.4 (mm); and
the maximum diameter of the magnetic bearing was 60.0
{mm): The optimized magnetic bedring was suitable for the
construction of a diagonal flow pump for the ‘maglev
artificial heart. The performance of the designed mapnetic
bearing and the pumnp will be reported in near futurs,
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Optimal design of the magnetic bearing for artificial héarts
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We have developed the magnetically suspended artificial hearts with a diagonal-flow pump. The magnetic

* bearing for this pump has consists of four stators, for permaneént magnets and a rotor, In this study, optimal
design method of the magnetic bearing for diagonalflow blood pump has been developed. This method
includes the genetic algorithm (GA), which based on the evolution of living organisms. In this paper, three
types of magnetic bearing that have different target attractive force i designed with the propesed method;
Size of the designed magnetic bearing were 48X 60 [mm], 60X 89 [mml], 77X 76 [mm], respectively. Optimal
design solutions that minimize the power conswmption could bs obtained. As a next step, the suitable model

will be defined by using the Suite slement mathed

i

Key Words: Magnetic bearing, Diagonal-flow pump, Genetic algorithm, Ariificial heart
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ABSTRACT

Diamond-like carbon (DLC) films were coated on
high-polymer materials and we evaluated the durability
by an immersion test. In addition, we carried out a
Ball-on disk test for the tribological evaluation. After the
immersion test, the bending moment and Young's
modulus values were measured using a three points
bending test machine. In the immersion test, the DLC
film was detached from the PMBMA without the
pre-treatment , whereas, there was no deterioration on
the PMMA with the pre-ireatment. In the ball-on disk
test, some scratch traces-can be seen on the PC without
pre-treatment, whereas, there is no scratch trace on the

advantages, such ag high light trangmission, light weight
and lower susceptibility to fracture. Polycarbonate (PC)
glso has good characteristics such as an impact resistance,
thermal durability (upto 190 °C) and optically transparent
in a wide specteal region [1, 2], However, these materials
demonstrate low hardness, low resistance to abrasion and
gor chemical attack.

On the other hand, DLC films have many superior

properties such as exireme hardness, low fiiction
- coefficients, chemical inertness and high-comosion
. resistance. Since chemical vapor deposition (CVD)
" technique imder room temperature, CVD msthod is widely
-~ used for DLC deposition on polymeric materials.
. The DLC coated samples were immersed in the acid
solution for estimation of the durability. In addition, the
- iribological measurement was achieved by ball-on disk
" test and bending moment and Young’s modulus values
© ‘were obtained,

EXPERIMENTAL. PROCEDURE

Sample preparation
PMMA plates (Yamahachi Dental Mfg., Aichi, Japan)
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and PC (Takiron Mfg., Hyogo, Japan) were cut into 0.8 x
0.8 .1,0 mm® pieces using a diamond cutter.

The Oxygen plasma pre-treatment of the polymer
substrate and the deposition of the DLC were performed
in an ANELVA PED-401 radiofrequency plasma CVD
system. Oxygen plasma pre-treatment was for improving
the adhesion strength of the substrate to the deposited
DLC films. The substrates were cleaned in H;O by an
ultrasonic washing machine for 10 min before deposition.
Half of the samples received plasma pre-treatment before
DLC deposition. For this, the gas pressure was keep at
13 Pa and vf power was fixed at 250 W. The
pre-treatment time was kept constant at 2 min.

For DLC. coating, high purity methane (CH,) gas
{99.9999 %) was introduced into the chamber as a
reactive gas. The coating was carried out at 13 Pa and
2506 W. The deposition time was 3 min to keep the
coating thickness at 0.1 pm. The temperature of the
substrate remained below 100 °C during the deposition
process,

Immersion test

The three kinds of substrates were used for the test.
The substrates were the PMMA subsirate, the DLC
conted substrate without Oxygen pre-treatment, the DLC
coated subsitrate with Oxypen pre-treaument These
samples was immersed in 30 ml of normal saline
solution 0.9 % at 60 C for 10 days. Subsequently, the
Young's modulus -of the immersed substrates were
measured using three point bending machine. The
substrate surfaces were observed using optical
microscope before and after the immersion.

Ball-on disk test

Wear testing was performed using a ball-on-disc
appatatus. The lower rotating disc slides-against an upper
stationary stainless steel ball (316 L: 10 pun in diameter),
The used substrates were the DLC coated PMMA and PC
with and without the Oxygen pre-treatment. Each
substrate was fixed onto the lower rotating disc. The
rotating speed was 132 rpm. A normal load of 100 mN
was applied to the ball. The test was carried out for 2 min
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in room-air with humidity up to 35 %.
Afier the sliding test, optical microscopy was used to
observe the morphology of the surface,

RESULTS AND DISCUSSION

Surface observation after the immersion test

Figure. 1 and 2 show the photographs of sample
surfaces using the optical microscope before and after the
immersion. DLC film deposited the PMMA without the
pre-treatment showed many crack (Fig. 1<(b)), whereas
there were no cracks in the DLC-coated PMMA with the
pre-treatment (Fig. 1-{c)). After the immersion, the film
was detached from the PMMA without the pre-treatment
{Fig. 2-(b)), wheress, there was no detstioration on the
PMMA with the pre-treatment (Fig. 2-(c)). This suggests

that the strength of adhesion of the DLC film to PMMA
was increased by the Oxygen plasma pre-treatment.

Fig. 1 Micrographs of the samples before the immersion
test. (a) PMMA, (b) DLC/PMMA without pre-treatment,
{c) DLC/PMMA with pre-treatment.

Fig. 2 Micrographs.of the samples after the immersion
test. (8) PMMA, (b) DLC/PMMA without pre-treatment,
(c) DLC/PMMA with pre-trestment,

Mesasurement of Young’s modulis values

Young’s modulus values were measured using a three
points bending test machine. The DLC/PMMA with
pre-treatment showed highest Young’s modulus values in
-all samples.

Surface observation of the samples after the ball-on disk test

Fig. 3 shows the micrographs of the samples after the
ball-on disk test. In the PMMA substrate, there was no
difference on the surfaces between with and without the
pre-treatment. In the PC substrate, some scratch traces
can be seen on the PC without pre-treatment (Fig.3-(c)),

whereas, there is no scraich trace on the PC with
pre-treatment (Fig.3-(d)). These results also indicate that
the oxygen plasms pre-treatment can improve the
adhesion strength of the DLC Blm to PC.

{a) DLO/PMMA with pre-ireatment, (b) DLC/PMMA
without pre-treatment,

{c) DLC/PC with pre-freatment, (d) DLOPC withont
pre-teatment.

Fig 3. Micrographs of the samples after the ball-on
disk test.

CONCLUSIONS

DLC films were coated on high-polymer materials
(PMMA, PC) and we evaluated the durability by the
immersion test and the ball-on disk test. In the
immersion test, the DLC film was detached from the
PMMA without the pre-treatment, whereas, there was no
deterioration on the PMMA with the pre-treatment. In the
ball-on disk test, some scratch traces can be seen on the
PC without pre-treatment, whereas, there is no scratch
trace on the PC with pre-treatment,
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Characteristics of a Two-dimensional Integrated Magnetic Sensor

for Position Sensing and Motor Control
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Two-dimensional integrated magnetic sensors for position sensing were designed and fabricated with the

standard 0.35-um CMOS process on silicon. One such type is the n-type Hall sensor that uses an inversion

layer under the gate oxide of the MOSFET. The Hall sensors were arrayed (64 x 64), and the control digital

circuits and output amplifier were also integrated into the same chip. ‘One pixel’ was 50 x 50 pm, and the entire

chip was 4.9 x 4.9 mm. The sensitivity of one of these sensors was 2.7 m¥/AmAkG). The two-dimensional

magnetic flux distribution was measured from the 5-mm diameter Nd-Fe-B rare-earth permanent magnet. About

42 s was required to measure one frame. The position of the magnet could be detected with the fabricated sensors.

Magnetic sensors using an inversion layer in MOSFETS are useful for position sensing systems, but their noise

characteristics, such as poor sensitivity, should be improved. © 2006 Institute of Electrical Engineers of Japan.

Published by John Wiley & Sons, Inc.

Keywords: hall sensor, CMOS, two-dimensional magnetic field, position sensor
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1. Introduction

The position sensors used 10 control motors and

fctuators in robots or medical tools need to be extremely
precise. Although there are various types of position
sensors, magnetic field sensors are usually. used for
reasons of price and size. Several magnetic field sensors

In contrast, Si is not psed to fabricate magnetic field

sensors because of its poor sensitivity and mobility, How-

ever, Si-has demonsirated -its superiority - integrated

circuits [11 Integrated circuit technology can overcome

faults in silicon characteristics and poor sensitivity with

af amplifier and analog signal processing, ST magnetic
field sensors show poor seasitivity, but itdoes not mean
the noise floor is high. By using a low-noise amplifier,

are needed to accurately détect the position of an object,

Magnetic field sensors are conventionally fabricated

effective sensitivity can be made comparable 1o that of
InSh and Gahs. Si is also useful in intégrating analog

with InSh and GaAs, using the Hall effect, because of

their high-sengitivity. that corresponds fo high-mobility.

and - digital systems. Control and signal processing cir-
cuifs also can be integrated on magnetic field sensors.

However, 1t is difficult to achieve compact and highly
securate positioning systems: with sensors -using -such
materials:
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We. fabricated twp-dimensiopal integrated magnetic
field sensors using the Hall effect in Si Tor sensing
position, slant, and rotation. This. sensor will be applied
to sense the position and to control a magnetic levitated
miotor withronly one sensor. We discuss their fundamental

characteristics in this paper.

2. Principles of the Hall Sensor wsing Inversion
Laver in MOSKFETs

Magnetic field sensors are made in bulk from In8b and
Grahs using the Halleffect, Bocanse 81 is not as sensitive

@ 9006 Institute of Blectrical Engineers of Tapan. Published by John Wiley & Sons, Ine.




TWO-DIMENSIONAL INTEGRATED MAGNETIC SENSOR

|

Depletion

layer

p substrate

+

<

Fig. 1 Cross section of the hall sensor using inversion layer in

MOSFET

as InSb and GaAs, it cannot be used utilizing this effectin

bulk A masnetic ficld sensor using an inversion laver in

the MOSFET (Metal-Oxide- Semiconductor Field Effect

Transistor) had been proposed [2]. Its configuration is in

Axis of Mo

F’ig, 1

It 15 similar 0 an nchannel MOSFET. Only two

diffusion regions (marked ‘outputl’ and ‘outpii2’ in

Fig. 1) are made in the same process with the drain
and source added to the other sides of source and drain.

These regions are psed for the probes to detect the voltage

differences in the inversion layers. The Hall effect on the

carriers, 1.e. elecirons o this case, in the inversion layer

creates a voltage difference between the probes. This

difference changes hinearly with the strenpth of magnetic

flux density as

Fig. 2 Concepis of position sensing by two-dimensional arraved

hatl sensor

Ruy-I+-8

Vi = ¢)

that is placed on the object that we measure or control

where Ry is the Hall coefficient, [ i the current through

the inversion layer, B is the magnetic flux density, and

the position of. Figure 2 shows an example how to
detect the position of a motor axis. In this example, a

d is the thickness of the inversion layer.
The main advantage of this sensor is that it is
extremely sensitive because of the thin inversion layer.

magnet is attached to the edee of o molor axis. A wo-
dimensional magnetic sensor is placed below this magnet
without being in contact. Magnetic flux flows from

The mobility in the inversion layer is lower than that of

the magnet, The rwo-dimensional magnetic sensor wil

bulk. but its thinness overcomes that fanle. The end result
is that it 15 more sensitive than a magnetic feld sensor
using bulk Si. :

output a voltage proportional to the strength of magnetic
flux. density. This sensor can get the distribution of the
magnetic flux density. Essentially, magnetic flux density

from a column-shaped magnet will spread radially. So,

3. Prineiples of Position Sensing and Structure of
the Position Sensor

3.1, Concepts Position sensing is done by the
measurement of magnetic fux density from a magnet

‘the image’ of magnetic flux density from the two-
dimensional magnetic sensor will be a stack of concentric
circles of the same voltage. The readout 1mage is already
the object in signal processing. Figure 3 shows the signal
processing diagram of how the position can take the

TEET Trans 3: 188193 (2006)
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Stlect

Anothér Pixél

Vb

Fig 4 Readout circuit for Hall voltage. This is one arrangement

for CMOS image sensor

Quantumired Clreular pattern

image : image

column. These instructions are tepeated in every row,

until one frame readout is finished. The two read signals

in each pixel are substituted for each other, and the Hall

voltage is finally obtained. Although this calculation can

be dope by the 18] chip, we did it on 2 PC (personal

compuler}

Fig. 3 Method of positon sensing from the image of magnetic

3.3, Two-dimensional magnetic field sensor LSI

flux density

design The two-dimensional  integrated  magnetic

Held sensor was desioned for the Z-poly Fmetsl siane

niage: First, the image of the magnetic flux density is

dard 0.35-pm CMOS process by Rohm Co., Lid. The

quantized to a 2-bit (monochrome) image. The quantized

fabricated two-dimensional magnetic sensor is shown in

Fig. 5, The control logic circuit for timiing generation and

image is compared with circles of varying centers and

radii, The degree of agreement between quantized image

the output buffer circuit were also integrated on the same

and a circle is evaluated by a coefficient of correlation.

chip of the two-dimensional magpetic field sensor. This

As a result, the center of the circle corresponds to the

integration of the sensor and the other logic circuits is

center of the magnet aitached 1o the object. For example,;

the movement of the centér shows the axial vibration of

the advantage of the silicon process. This advantage cons

tributes to miniaturization of the device. The dimensions

of the LSEchip were 4.9 » 4.9 mm and the pixel size was

the motor as shown in Fig. 2.

50 % 50 pmi. The sensing area was 3.2 x 32 mm The

3.2. Structure of the readout circuits and data-

magnetic feld sensors and output bulfer circuit were fully

readout instructions - The two-dimensional integra:

custom-designed by Cadence Virtuso, and the control

ton of a magnetic field sensor, as can be seen in Fig. 1,

Iogic circuits in the Verilog-HDL by Synopsys Design

is needed to fabricate a position sensor. Various methods

Compiler.

are used to make two-dimensional arraved sensors. From

these, we chose the one used fo fahricate the circuit of a

CMOS hmuge sensor. The readout circuit for redding the

Inteprated 64x64 HALL magnetic sensor

Hall voltage is in Fig. 4. It consists of a twoistage source

P —

follower: The hrst-stage source follower is in 4 pixel,

and congists of two p-channel MOSFETs. Both p-channe

MOSFETs are connected 1o output]” and ‘output?” and

read the Hall voltage alternately. This instruction loses

time, but saves area on the L8 (large-scale integration)

chip. The second-stage source follower is located in each

column and consists of n-channel MOSEETs with an

active load.

Signals in onehorizonal ine from the Hall magnetic

field sensors are read at the same time in parallel
columins, As the Hall voltage 1s the difference between
‘outputl” and ToutputZ’, readout is done twice from

Output buffer T7gs

Fig. & Overview of fabricated two-dimensional magnetic sensor

each pixel. Then, readout is done sequentially from each

212
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TWO-DIMENSIONAL INTEGRATED MAGNETIC SENSOR

Bch analog
signal outpit

Cantrol

Sch
Signal 16bit ADC

:“ l}iﬁ}’

[6ch digital

cutput

Fig. 7 Noisy image with 16 times averag

Control

Siznal

Fig. 6 Block diagram of the measurement sysiem

4. Measurement Results for the Magnetic Field

Sensor

4.1. Measurement  The magnetic field for the

input of the two-dimensional magnetic ficld sensor

was provided by a S-mm diameter Nd-Pe-B. rarc-earth

penmanent magnet. The strength of magnetic Hux density

utput Hall voltage [m

was changed by the distance between the magnet and the

two-dimensional magnet¢ field sensor: Figure 6 shows

the. block diagram  of .the. measurement. system. The

output Hall voltage from the magnetic sensors was read

01 045 0.2 025 03 055 04 045

out as f-channel analog signals: These signals were

Magmetic Hux density [T]

converted to digital signals at the same time by eight

16-bit . ADCs. Finally, digitized: Hall wvoltage signals

Fig. 8 Relationship between strenpth of the input magnetic flux

density and the output hall voltage

were read into the PC The digitized signals were

reconstructed into a two-dimensional image of magnetic

field distribution.

sensitivity caleulated from Big 8 was 27 mV/imA kG

The output signal from the fabricated magnetic sensors

These sensors are lesy sensitive than the ones made

was very small and its magnitude was a few millivolts.

with InSb and GaAs by two or three figures, but as

As such a small signal is easily influenced by noise, digs

ital signal averaging was done to remove random noise,

For example, Fig. / shows the image with averaping 16

times, but this averaging was not sufficient. Averaging

128 times was sufficient to remove random noise from
the Hall signals. This averaging suppresses the random

noise to —42 dB, but 42 ¢ was needed 1o average one

image. Signals needed to be amplified to reduce noise

previously mentioned, signal amplification can boost this

low sensitivity. There is good linearity between the input

magnetic field and the output voltage.

Figure 9 shows reconstructed: two-dimensional mag-

netie flux distribution 1mages. The shape of the magnet

can be recognized. Pigure 9(a) is 2 magnetic Aux dis-
tribution image from the side of the N-pole and (b)

that from the S-pole. Here, voltage polarity has been

and measurement time. All magnetic field disiribution

neglected and. only the absolute Hall voliage has been

imdges in this paper were obtained with {28 times aver-

represenied; however, the oulput polarity of the Hall

aging. By the Hmitation of output voliage level, readout

voltage reverses between the magnetic flux from the N

time is very slow. Bui, potentially, the digital readont

and S-poles. Hssentially, a magnetic sensor using the

drive circuit 1s stiong, and few thousand frames per sec-
ond readout rate will be achieved if the level of the output

Hall effect can sense the direction of the magnetic flux.

The two-dimensional magnetic field sensor we fabricated

voltage is increased. :

4.2. Results and discussion Figure 8 plots the

resulis of the refationship between nput magnetic flux
density and output Hall' voltage. This graph  shows
the average for four different magnetic sensors, The

could also detect the direction of the magnetic flux.

Figure 10 plots a horizonial onc line profile of the Hall

voliage: This graph corresponds 1o the top horizontal line

in the magnetic flux distribution image of Fig. 9(a). Noise
can be seen. This comresponds to the fixed patiern noise
vaused by the characteristic fluctuation of the MOSFET

JEE] Trans 10 188-197(2005)
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Fig. 10 Horizonal one-line profile of a magnetic ficld sensor
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Abstract The research for controlling of a motor with a tow-dimensional integrated magnetic sensor which

was designed and fabricated standard 0.35 1 m CMOS process has been pertormed. A type of magnetic sensoy

is Hall sensor using inversion layer under gate oxide of MOSFET Magnetic field with a two-dimension

~ magnetic sensor was successfully measured. Improving output voltage and reading speed of 1000frame/sec
was achieved by the dynamic drive method. As the result, 20% improvement of sensor output vellage with

new stricture of Hall sensor was obtained.
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