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Magnetic thin films based on the giant magnetoresistance (GMR) and colossal
magnetoresistance (CMR) effects are currently being used as head sensor in the
magnetic data storage technology. With the technological revolution in the magnetic
recording world of last decades, a need of better and more sensitive
magnetoresistance material arises for head sensing. In the first part of this work, a
series of Ag-Fe-Co granular films with different composition and thickness had been
fabricated onto microscope glass slides using RF magnetron sputtering system. The
cryétalline analysis show that the as-deposited films consist of <111> and <200>
silver texture. Negative GMR values have been obtained and no tendency to saturate
at any temperature has been observed. The experimental results show that the GMR
value is govermed by the composition, microstructure, thickness and temperature.
Under an optimum condition, formation of the right shape and size of magnetic
cluster in the matrix will cause rapid increase of the GMR value. In this work, the

optimum conditions for the highest GMR value of 7.6% measured at room
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temperature is obtained for the Agg7oFeqsCoss deposited for 60 minutes. In the
second part of the work, Pulsed Laser Deposition (PLD) system had been assembled
to fabricate ceramic films. Surface studies of the laser irradiated targets show that
low fluence of laser causes the periodic structure such as ripples, ridges and cone.
However, high fluence of laser will cause the exfoliational and hydrodynamic
sputtering process. In this work, bulk and thin films of Lag ¢7Cag 33MnO; (LCMO),
Laj 6751933MnO3 (LSMO) and Laje7Bap3sMnO; (LBMO) had been prepared.
Scanning electron microscope micrograph shows that the films consist of wide range
of small particles size distribution and they are in spherical shape. The XRD shows
that the as-deposited film is in amorphous state and later transfers to polycrystalline
state when heat-treatment is applied. Curie temperature, Tc of the films is slightly
lower than that of bulk due to the existing amorphous or antiferromagnetic phases at
the grain boundaries (GBs). However, the resistances show a huge increase due to
the existence of the insulating GBs region. Overall, negative CMR had been obtained
for bulk and film samples. The CMR value of polycrystalline films increases with
decreasing temperature at low applied magnetic field. This behaviour, which is
known as Low Field Magnetoresistance (LFMR), is expected to be due to the
polarization of electrons in the magnetically disordered regions near the grain

boundaries.
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Fakulti : Sains dan Pengajian Alam Sekitar

Saput nipis magnet yang berdasarkan kesan magnetorintangan gergasi (MRG) dan
magnetorintangan raksaksa (MRR) kini telah diguna sebagai kepala sensor dalam
teknologi data simpanan bermagnet. Dengan revolusi teknologi dalam dunia
pengrekodan bermagnet pada dekat yang lepas, keperluan bahan magnetorintangan
yang lebih baik dan peka diperlukan bagi kepala sensor. Dalam bahagian pertama
kerja ini, satu siri saput granular Ag-Fe-Co telah disediakan di atas slid kaca
milaroskop pada ketebalan dan komposisi yang berbeza dengan menggunakan sistem
percikan magnetron RF. Pencirian hablur menunjukkan bahawa saput nipis baru
mendap mengandungi tekstur perak <111> dan <200>. Nilai negatif MRG telah
didapati dan tiada kesan untuk menjadi tepu dilihat pada mana-mana suhu.
Keputusan eksperimen menunjukkan bahawa nilar MRG dikuasai oleh komposisi,
mikrostruktur, ketebalan dan suhu. Di bawah keadaan optimum, pembentukan rupa
bentuk dan saiz butiran yang betul di dalam saput akan menyebabkan nilai MRG

bertambah secara mendadak. Dalam kerja ini, keadaan optimum untuk mendapat



nilai MRG yang paling tinggi yang bemilai 7.6% diukur pada suhu bilik telah
diperolehi bagi AggsoFessCoss yang dimendap selama 60 minit. Dalam bahagian
kedua bagi kerja ini, sistem Mendapan Dedenyut Laser (MDL) telah dipasang untuk
fabrikasi saput tipis seramik. Kajian permukaan bagi bahan yang disinar cahaya laser
menunjukkan bahawa sinaran kuasa rendah laser menyebabkan struktur berkala
seperti jurang, bukit dan kon. Manakala, sinaran laser yang tinggi akan menyebabkan
process percikan “eksfoliasi” dan “hidrodinamik”. Dalam kerja ini, pepejal dan saput
nipis bagi LageCapsMnO;  (LCMO), LageSro33MnO;  (LSMO)  dan
Lag¢7Bap33MnO3 (LBMO) telah disediakan. Mikrograf pengimbasan mikroskop
elektron menunjukkan bahawa saput menggandungi taburan butiran kecil yang
berjulat besar dan berbentuk sfera. Data kritalografi menunjukkan bahawa saput baru
mendap adalah dalam bentuk amorfus dan akan bertukar ke bentuk polihablur bila
diberi rawatan haba. Suhu Curie, Tc bagi saput tipis adalah rendah sedikit
berbanding dengan bahan pepejal disebabkan oleh wujudnya kawasan amorfus dan
antiferromagnet di bahagian sempadan butiran (GBs). Walau bagaimanapun, satu
peningkatan mendadak pada rintangan berlaku disebabkan oleh wujudnya bahagian
penebat di GBs. Secara keseluruhan, MRR negatif telah diperolehi bagi sampel
pepejal dan saput tipis. Magnitud MRR bagi saput tipis polihablur meningkat dengan
penyusutan suhu pada keadaan medan magnet yang rendah. Tingkahlaku ini, dikenali
sebagai magnetorintangan medan rendah (LFMR), adalah dijangkakan dan
disebabkan oleh pengutuban elektron dalam bahagian kemagnetan yang tidak

tersusun berdekatan dengan sempadan butiran.
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Scanning electron micrograph of La-Ca-Mn-O bulk sample
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Scanning electron micrograph of La-Ba-Mn-O bulk sample.
Scanning electron micrograph of La-Sr-Mn-O bulk sample.

Surface modification of the rotational target irradiated by
low fluence laser.

Low magnification (35X) scanning electron micrograph of a
track produced in a rotating LBMO target.

Higher magnification (150X) showing the transition region
between cones (at center) and ripples (at both edge).

SEM micrograph of a portion of a rotational target which
has gone through exfoliational and hydrodynamic
sputtering.

Optical micrograph of a sectioned and polished LBMO
target with cones that have been formed after irradiated by

pulsed laser.

Optical micrograph of a sectioned and polished LBMO
target with ripple and the undisturbed portion.

SEM micrograph of droplets formation on the surface of the
deposited film.

SEM micrograph of droplets in various shape (a) expelled
cluster (b) cone with round tips (c) cone with shape points.

SEM micrograph of the LSMO thin film at magnification of
250X.

SEM micrograph of the LCMO thin film at magnification of
3,000X

SEM micrograph of the LBMO thin film at magnification of
10,000X

SEM micrograph of the LBMO thin film at magnification of
50,000X

Scanning electron micrograph of a portion of a sectioned
deposited film

SEM micrograph of a portion of the static target
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SEM micrograph of the crack surface after annealing
process (Magnification S00X)

SEM micrograph of the crack surface after annealing
process (Magnification 1,000X)

XRD spectrum for LCMO bulk and ICDD standard.
XRD spectrum for all LCMO thin film.

Thermal dependence of AC suscepbility at H=10 Oe for
LCMO thin films deposited at various duration.

Inverse AC susceptibility against temperature of LCMO
system.

The temperature dependence of AC susceptibility for LC; s
sample at various applied field.

Temperature dependence of resistance for LCMO bulk
sample.

Temperature dependence of resistance for all LCMO thin
film.

CMR curve of LCy thin film as a function of magnetic field
at various temperatures.

CMR curve of all LCMO thin film as a function of
temperature for different deposition times.

XRD spectrum for LSMO bulk and ICDD standard.
XRD spectrum for all LSMO thin film.

Thermal dependence of AC suscepbility at H=10 Oe for all
LSMO thin films.

Thermal dependence of AC suscepbility at H=10 Oe for all
LSMO bulk.

The temperature dependence of AC susceptibility for LSs0
sample at various applied field.

Temperature dependence of resistance for all LSMO bulk.
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Temperature dependence of resistance for all LSMO thin
films.

CMR curve of LSMO bulk as a function of magnetic field at
various temperatures.

CMR curve of all LSMO bulk as a function of temperature
at 1 Tesla.

CMR curve of LS4y thin film as a function of applied
magnetic field at various temperatures.

CMR curve of all LSMO thin film as a function of
temperatures at 1 Tesla.

XRD spectrum for LBMO bulk and ICDD standard.
XRD spectrum for all LBMO thin film.

Thermal dependence of AC suscepbility at H=10 Oe for all
LBMO thin film.

Thermal dependence of AC suscepbility at H=10 Oe for
LBMO bulk.

Inverse AC susceptibility against temperature of LBMO
system.

The temperature dependence of AC susceptibility for LB4 o
sample at various applied field.

Temperature dependence of resistance for LBMO bulk.

Temperature dependence of resistance for all LBMO thin
film.

Deposition time dependence of Tp for La-Ba-Mn-O thin
films.

CMR curve of all LBMO bulk sample as a function of
applied magnetic field at various temperature.

CMR curve of all LBMO bulk as a function of temperature
at0.1 and1 Tesla.
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LIST OF PLATES

The ESM 100 Edward Rf magnetron sputtering system
Carbolite box furnace

Carbolite double tube fumace

Pulsed Laser Deposition system

Rotational target holder

Handy YAG Lasers (model: HYL 101 E)

Focus lens for the PLD system

Vacuum system for the Pulsed Laser Deposition
Stainless steel substrate holder embedded with heating rod
Rotational target holder

Target and substrate holder

Philips X-ray diffraction unit

Lakeshore AC Susceptometer (Model 7000)
Four-point probe system for resistance measurement
Magnetoresistance measurement system

VPSEM micrograph of one of the AgFeCo samples.

Low quality GMR granular film
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LIST OF ABREVIATIONS/NOTATIONS OF TERMS

DC Direct current

RF Radio frequency

S Sputtering yield

YAG Yttrium Aluminium Gamet
PLD Pulsed Laser Deposition

105 Distance target to holder
LIPSS laser-induced periodic surface structures
AL/L, Thermal expansion

I Young’s modulus

T Thermal shocks

Tsub Substrate temperature

Tery Crystallization temperature
Tepi Epitaxial temperature

MR Magnetoresistance

OMR Ordinary Magnetoresistance
AMR Anisotropic Magnetoresistance
GMR Giant Magnetoresistance
CMR Colossal Magnetoresistance
TMR Tunnelling Magnetoresistance
MBE Molecular Beam Epitaxy

CIP current parallel to the plane

CPP current perpendicular to the plane



