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Modification Of Normal Microscope To Magneto-
Optical Microscope

Nurazlin Ahmad, Azuraida Amat, Wan Yusmawati Wan Yusoff, Nurshahidah Osman, Noor Baayah Ibrahim

Abstract: The present work reports on the modification of polarizing microscope to a magnetic domain imaging microscope based on Faraday Effect.
Sample used in this research is a ferromagnetic garnet; (Bi,Tm,Na)s(Fe,Ga)sO1.. The halogen lamp in the microscope is replaced by helium-neon
(HeNe) laser as a light source. To reduce the laser spatial coherent effect, thin transparent plastics placed in the laser path. The plastics are rotated at
certain velocity. Other factors to be considered are the plastic rotation velocity, the laser intensity and the laser alignment. Typical magnetic domain

pattern is obtained with the new system.

Index Terms: Magnetic domain, ferromagnetic garnet, HeNe laser.

1 INTRODUCTION

Magneto-Optical Faraday Effect Microscope is one of the
important tools for observing the structure of magnetic
domains of magnetic samples. According to Lee et al. [1],
magneto-optical microscope provides shorter observing time
and easier experimental methodology compared to other
techniques. Other techniques can be performed on magnetic
materials to study and measure the magnetic domain structure
such as magneto-optical imaging, Bitter pattern imaging,
transmission electron microscopy (TEM), electron reflection
and scattering methods, mechanical microscanning
techniques, etc. [2]. Tremendous studies about synthetic rare-
earth iron garnets have been reported as they are widely used
in microwaves and magneto-optical devices. One common
based magnetic materials used in most research for magneto-
optical imaging is Yttrium Iron Garnet (YIG). A survey of the
characteristic of the optical and magneto-optical properties of
the representative ferrite materials YIG and iron borate
(FeBO3) have been presented [3] and showed that these
compounds are good electrical insulators, optical transparency
in the visible spectral range and large variety of magneto-
optical phenomena due to the interaction of light with the
spontaneous magnetization. According to Aichele et al. [4],
YIG can only provide a small amount of Faraday rotation
(about 0.08 °/cm) which is not sufficient for the development of
integrated magneto-optical devices. Thus, the additions of
rare-earth elements such as bismuth into iron garnet thin films
could increase the Faraday rotation in the visible to infrared
range [5, 6].
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Sample used in this research is a transparent ferromagnetic
garnet; (Bi,Tm,Na)s;(Fe,Ga)sOy,. Previous report [7] has
mentioned that the material has an area called ferromagnetic
domains that is areas where the magnetic moments aligned.
Magnetic domain structure of the ferromagnetic garnet (FMG)
can be observed by Faraday or Kerr Effect using magneto-
optical effect. Sherwood et al. [8] reports that several magnetic
oxides (Li, Mg, Cd and Zn) with a thickness of about 0.002
inch were transparent in the red end of visible light when
viewed under a microscope with transmitted light. Magnetic
domain of transparent rare-earth iron garnets, YIG have been
observed through polarized light microscope [9]. Magneto-
optical observation in transmission; using the Faraday effect is
applied in this research as ferromagnetic sample is
transparent. Faraday Effect depends on the rotation axis of
polarized light. This technique requires the polarizing
microscope, equipped with image processing equipment. The
basis of the magneto-optical imaging refers to the rotation
plane of polarization of linearly polarized light from the
reflection or transmission through the magnetic material.
Normally, the transmission is based on the Faraday Effect
while the reflection is based on the Kerr effect. In both cases,
the contrast domain is dependent on the magnitude and
direction of magnetization of the sample. Polarization
microscope used in this study is limited to magnetic samples
as it cannot observe magnetic domain. Therefore, the aim of
this study is to modify the set-up of polarizing microscope to a
magnetic domain imaging system.

2 EXPERIMENTAL

The polarizing microscope apparatus used in this study is
"Research Metallurgical Microscope”, DMLM model. This
polarization microscope is equipped with a charge-coupled
device (CCD) camera and is supported by a software known
as Vision Builder Al 2.0. The image of the magnetic domains
can be viewed via computer and stored in a file using the
software with the help of the CCD camera. However, this
microscope is limited to magnetic materials because of their
inability to observe the magnetic domain structure. Therefore,
some changes on the source of light of polarization
microscope need to be done. First, the light source is replaced
to a more appropriate light source. Next, some plastic sheets
are aligned to the new light sources and a new black box to
store light source is designed and finally aligned in the
polarization microscope. Fig. 1 shows the schematic diagrams
of polarizing microscope before and after modification. The
illustrations of the optical system give an overview of the
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laboratory works to obtain the magnetic domain structure of a
ferromagnetic sample.

Halogen Sample Polarizing CCD Computer
lamp Microscope ~ camera pu
(a) Before
HeNe Rotating Sample Polarizing CCD Computer
laser plastics Microscope camera
(b) After

Fig. 1 Schematic illustration of the visibility of domains

2.1 Light Source Replacement

The original light source of this microscope is halogen lamp
(12 Vv, 100 W). To overcome this problem; the light source of
polarizing microscope is replaced by halogen lamp to helium-
neon (HeNe) laser [10, 11]. Kishore [12] used red laser with
wavelength 650 nm to verify the Faraday rotation. Bi-
substituted yttrium iron garnet thin film prepared by Lee et al
[1] used 530 nm green LED as a light source to measure
magnetic domain. HeNe laser with a wavelength of 633 nm is
in the range of visible light corresponding to the sample
observations that are transparent with the help of magneto-
optics systems Faraday Effect. Furthermore, HeNe laser has a
greater intensity, coherent and monochromatic. The
observation of magnetic domains using a HeNe laser is done
with the help of CCD camera and as an eye protection from
laser beam; the microscope lens is covered with an aluminium
foil to prevent the laser beam from passing through the lens.

2.2 Laser Intensity Increase

If any transparent solid or liquid is placed in a uniform
magnetic field, and a beam of plane polarized light is passed
through it in the direction parallel to the magnetic lines of force,
it is found that the plane of polarization of transmitted light is
rotated by an angle proportional to the field intensity. This
"optical rotation" is called the Faraday rotation (or Faraday
Effect) [13]. The idea of rotating plastic sheets which act as a
polarizer, at a high speed using a small electric motor, is
obtained by referring to the previous report of magneto-optical
Kerr Effect microscope [14]. In this study, only three thin
transparent rotating plastic sheets are used. These plastics are
aimed at breaking the spatial coherence of laser so that the
domain area observed is increased and therefore the image
can be seen more clearly. The use of lens in this study to
break the spatial coherence is not suitable because it is quite
heavy and requires power more than 0.06 V for small electric
motor to rotate the lens. Moreover, the laser intensity will
decrease and it will be difficult to observe the magnetic
domain. The 1 mW HeNe laser intensity is observed on the
white screen before deciding whether to use the three pieces
of plastic to break the spatial coherent laser. The distance
between laser and white screen is 7 cm. The length of 7 cm is
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considered due to the alignment of the laser light from the
laser to the back of the polarizing microscope which takes a
distance of 7 cm. Table 1 shows the intensity of the light for a
few pieces of rotating and non-rotating plastic.

TABLE 1
THE INTENSITY OF THE LIGHT FOR A FEW PIECES OF
ROTATING AND NON-ROTATING PLASTICS.

Rotating Plastics Sheets

Non-rotating Plastics Sheets

N
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2.3 Lamp house Design

Basically, the box of halogen lamp is constructed to avoid the
divergence of the light beam in all directions. The black box for
the laser known as lamp house is designed as a security
feature for protection of the eyes and to store the light source
systematically. Furthermore, it is also designed to place the
HeNe laser and motor holder; in which motor is utilized to
rotate the plastics. Fig. 2 shows the laser and motor holder
that has been designed to develop magneto-optical system
using laser light. The materials used to build the holders are
metal and perspex. Ring-shaped perspex is used to prevent
the plastic from folding or creasing during rotation due to
plastic thickness. The lamp house was then built to house the
laser, plastic sheets and motor as shown in Fig. 3.

Fig. 2 Laser and motor holder

Fig. 3 Laser and motor holder host placed inside lamp house

3 RESULTS AND DISCUSSION

The distribution of the laser light of rotating plastic is more
evenly than non-rotating plastic as shown in Table 1. The light
intensity for the three rotating plastic sheets shows the most
even, bright, focus and increased in spot area when motor is
supplied with 0.06 V. Thus, a total of three pieces of plastic is
found to be applicable to the domain observations in this
study. Therefore, 0.06 V of power supply is supplied to the
motor to rotate the plastic sheets. The lamp house (contains
laser and motor holder, and plastic sheets) is placed at the
back of the microscope to replace halogen light source with
Helium-Neon laser light source. Next, the alignment of the
laser beam at a distance of 7 cm from laser to the back of
polarizing microscope is done so that the laser light beam that
goes through the microscope will penetrate the sample that is
placed on a glass slide. Focus adjustment is made to obtain
the image domain structure using the CCD camera and
software Vision Builder Al 2.0. The image of magnetic domain
structure of sample (Bi,Tm,Na);(Fe,Ga)sO,, with the rotation
angle of 45°, 30° and less than 30° and with analyst using
100x magnification power were obtained.
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Fig. 4 (a) Image of magnetic domain sample
[(Bi,Tm,Na)s(Fe,Ga)sO;,] at 45° rotation angle of analyzer (b)
Image at 30° (c) Image at less than 30°. Observed domains
are not applied with magnetic field.

Fig. 4 (a), (b) and (c) show the domain pattern of
ferromagnetic films that are transparent and yellow in non-
polarized light, but when viewed through a polaroid, domain
patterns appear as bright and dark areas. Magnetic domain
can be observed at various angle of analyst. The pattern of the
sample domain (Bi,Tm,Na)s;(Fe,Ga)sO,, obtained in this study
for zero magnetic field is typical of ferromagnetic materials that
are transparent when not subjected to any magnetic field.

4 CONCLUSIONS

In conclusion, the magneto-optical system based on the
Faraday Effect has been successfully developed. However
there are some aspects which can be considered for further
studies such as the application of magnetic field on the sample
to observe the changes in the pattern of domain until it
reaches saturation. Lens which can also be used to replace
the plastic sheets need higher power motors that can
withstand the heavy burden of the lens. Essentially, the effect
of modified polarizing microscope on the magnetic structure
facilitate greatly in the understanding of the fundamental
studies of magnetism.

ACKNOWLEDGMENT

The authors appreciate the Universiti Kebangsaan Malaysia
(UKM) for giving permission to use their laboratory facilities.

33

1JSTR©2015
WWW.ijstr.org



INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 4, ISSUE 04, APRIL 2015

REFERENCES

(1]

(2]

(3]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

H. Lee, T. Kim, , S. Kim, Y. Yoon, S. Kim, A. Babajanyan,
& K. Lee, "Magneto-Optical Imaging Using a Garnet
Indicator Film Prepared on Glass Substrates," J. Magn.
Magn. Mater., vol. 322, no. 18, pp. 2722-2727, Sept.
2010.

A. Hubert, & R. Schafer, Magnetic Domains: The
Analysis of Magnetic Microstructures, Springer, Berlin,
pp. 11-95, 1998.

B. Andlauer, J. Schneider, & W. Wettling, "Optical and
magneto-optical properties of YIG and FeBOs," Appl.
Phys., vol. 10, no. 3, pp. 189-201, March 1976.

T. Aichele, A. Lorenz, R. Hergt, & P. Gdrnert, "Garnet
Layers Prepared by Liquid Phase Epitaxy for Microwave
and Magneto- Optical Applications—A Review," Crystal
Research and Technology, vol. 38, no. 7- 8, pp. 575-587,
2003.

T. Ishibashi, T. Kosaka, M. Naganuma, & T. Nomura,
"Magneto-Optical Properties of Bi-Substituted Yttrium
Iron Garnet Films by Metal-Organic Decomposition
Method," J. Phys. Conference Series, vol. 200, no. 11,
pp. 112002, IOP Publishing, 2010.

J. Pigosova, A. Cigan, & J. Marika, "Thermal Synthesis
of Bismuth-Doped Yttrium Iron Garnet for Magneto-
Optical Imaging,” Measurement Science Review, vol. 8,
no. 5, pp. 126-128, Oct. 2008.

D. C. Jiles, Introduction to Magnetism and Magnetic
Materials, 2nd edn. Chapter 6, CRC Press, June 1998.

R. C. Sherwood, J. P. Remeika, & H. J. Williams,

"Domain Behavior in Some Transparent Magnetic
Oxides," J. Appl. Phys., vol. 30, no. 2, pp. 217-225,
1959.

I. M. Levitt, "Transparent Magnetic Oxides," J. Franklin
Inst., vol. 265, no. 2, pp. 144, 1958.

K. Murakawa, Y. Kawata, & S. Kawata, "Microscope
System For Observing Magnetic Domain With Laser Light
as a Probe," Laser Technol., vol. 26, no. 6, pp. 423,
1994.

A. Jain, J. Kumar, F. Zhou, L. Li, & S. Tripathy, "A Simple
Experiment For Determining Verdet Constants Using
Alternating Current Magnetic Fields," Am. J. Phys., vol.
67, no. 8, pp. 714-717, 1999.

J. F. Dillon, "Origin and uses of the Faraday rotation in
magnetic crystals,” J. Appl. Phys., vol. 39, no. 2, pp. 922-
929, 1968.

K. Padmaraju, "Faraday Rotation," unpublished.
A. Brandow, A. Geiler, P. Head, R. Loura, H. Marvin, M.

Zartarian, "Magneto-optical Kerr Effect Microscope,”
Northeastern  University Electrical and Computer

1JSTR©2015
WWW.ijstr.org

[15]

[16]

[17]

(18]

ISSN 2277-8616

Engineering Department, available at
http://www.ece.neu.edu/fac-
ece/dimarzio/capstone/samples/Final%20Capstone%20R

eport.pdf

J. F. Dillon, "Magnetic and Optical Properties of Rare
Earth Garnets," J. Magn. Magn. Mater., vol. 84, no. 3, pp.
213-221, 1990.

J. F. Dillon Jr, "Observation of Domains in The
Ferrimagnetic Garnets by Transmitted Light," J. Appl.
Phys., vol. 29, no. 9, pp. 1286-1291, 1958.

J. F. Dillon, "Optical Absorptions and Rotations in The
Ferrimagnetic Garnets," J. Phys. Radium, vol. 20, no. 2-
3, pp. 374-377, 1959.

R. M. Bozorth, "Advances in The Theory of

Ferromagnetism," Electr Eng., vol. 68, no. 6, pp. 471-476,
1949.

34


http://www.google.com.my/search?tbo=p&tbm=bks&q=inauthor:%22David+C.+Jiles%22&source=gbs_metadata_r&cad=9

