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Recently the ferromagnetic material L/, FePt has gained significant attraction as a candidate for ultra high
density magnetic recording due to its very high anisotropy constant (K, ~ 7.0x10 ergs/em’) and its high
corrosion resistance. To control the magnetic properties of LI, FePt several aspects such as deposition
conditions, substrate and buffer layer have to be taken into account. In order to apply FePt thin film for
recording media, it needs to be grown along preferred orientation, and such films were usually obtained on a
single crystal substrate. One of the major problems to use FePt in recording media is its extremely high
coercivity that results in a write-ability problem, meaning with the present write head technologies it is hard to
write bits on such a media. Additionally signal to noise ratio is also reported to be high. These problems can
be solved by using a soft magnetic under layer and by patterning the individual bits of the media. Such a
media is known as bit-patterned exchange coupled perpendicular recording media, and is expected to be
thermally stable, have high signal to noise ratio. The mass-production of such a media in the recording
density range of ~ Thits/inch’ is challenging because it requires a bit size of ~ 27 nm, which is extremely
difficult and time consuming even with very modern lithographic techniques. Moreover growth of L1, FePt
in preferred crystallographic orientation on a soft magnetic under layer is also challenging. In view of above
problems, this thesis aim for finding a suitable combination of soft magnetic under layer on which L/, FePt
can be grown in preferred orientation. Moreover such a material combination can allow pattern-ability to

nanoscale dimensions at lower processing cost.
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This thesis starts with the growth of FePt films on a single crystal substrate, and understands the
magnetic properties which are usually reported in the literature. After that growth of FePt on non-epitaxial
substrate is reported. In view of magnetic exchange coupling among the soft magnetic under layer and hard
magnetic FePt, exchange coupling is studied by fabricating a nano-composite exchange coupled magnet
in FePt-based thin films. Finally metallic glass thin films which have very good nano-fabrication abilities
were used to grow preferred oriented thin films of L/, FePt.

The results demonstrate, a high H, ~ 33 kOe at 300K and 42 kOe at 5K for a ~ 20 nm thick Fes;Ptyg
film deposited on MgO substrate at T; ~550 °C. The surface morphology plays an important role for deciding
the He. High H_ is only obtained for island like thin films in which islands are well separated from each other.
The continuous films show very low H,. The FePt films grown in the present study have a large value of
magnetocrystalline anisotropy K, ~ 6.11 x 107 erg/cc, which is close to the theoretical value (7.0 x 10 erg/cc)
reported for this system. The combination of H.and K,, obtained in the present study are usually reported for
the FePt thin films deposited at much higher temperature (~ 700 °C). Effects of two different crystallographic
orientations i.e. (200) and (002) on the magnetic and structural properties of the films were studied.
Anomalous temperature variation of H; was observed at low temperatures, and the origin for this behavior
was identified. The strong inter-particle interaction is the cause of anomalous temperature variation of H,
observed in the present case. The basic understanding of the magnetization behavior of single axis oriented
(c-axis) and two axis (c- and a- axis) oriented FePt will be useful for understanding the magnetization
behavior of poly-axis oriented film.

Fes Pty thin films were deposited on SiO,/Si substrate by dc magnetron co-sputtering technique.
Effects of processing conditions on the structural and magnetic properties were studied. Polycrystalline L/,
FePt films with high degree of chemical ordering (0.98) were obtained at substrate temperature < 550°C. A
maximum H, ~ 15kOe was obtained at T = 500°C for a 20 nm thick polycrystalline L/, FePt film deposited
on Si0O,/Si substrate. Hard magnétic L1 - FesoPtso thin films (H. ~ 8.2 kOe) can also be deposited on a silicon
substrate with a very thin native SiO; layer at T up to 400 °C. Increasing T; > 400 °C can result in soft
magnetism (He < 200 Oe), by formation of various iron and platinum silicide-phases triggered by the

diffusion of Fe and Pt with Si. If the surface of the substrate has some dimples, they can act as a nucleation
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sites for the growth of submicron-sized flower like patterns. Flowers are mainly made up of antiferromagnetic
FePt; phase, and are surrounded by the ferromagnetic iron-silicides and non-magnetic platinum-silicides.
Flower like nanostructures are not reported for FePt thin films. The ability to grow site specific
antiferromagnetic micro/nano-scale structures in a ferromagnetic matrix on silicon substrate seems to be
promising for understanding the basic physics of FM/AF interface and also for the development of future
spintronics devices.

Exchange-coupling behavior was studied by fabricating a nano-composite FePtB thick film magnet.
A mixture of soft FexB (x = 2, 3), and L1¢-FePt hard magnetic phases with grain sizes ranging in the
nano-meters was obtained in the FePtB films deposited at higher power and/or at Ty > 300 °C.  The hard
magnetic properties of these nano-composite films are dependent on the grain sizes and the crystalline quality
of the hard and soft magnetic phases, which can be changed by the processing conditions. Under optimized
sputtering conditions (Power = 200 W, Pressure = 0.5 Pa, Ts = 370 °C), a 1.4 um thick FePtB film exhibits an
in-plane H; ~ 7.6 kOe and (BH) max ~ 12 MGOe. In out of plane the H; = 7.1 kOe and (BH) mnac = 16.7 MGOe.
The high H, and the high (BH) max of thick FePtB films reported in the present study are due to the existence
of strong exchange coupling among the nano-sized soft and hard magnetic phases, which are uniformly
distributed throughout the film. These films also exhibit a very good spring back action, with a high recoil rate.
Fe-Pt-B thin films were also deposited by PLD technique on silicon and glass substrates. The maximum T
for deposition of FePtB films on silicon substrate was 450 °C. This was limited by the diffusion of film with
the substrate. At this temperature a high value of inplane H, ~ 6.0 kOe was obtained. The hysteresis loop
shape was similar to a two phase-like magnet and is due to the weak exchange coupling among the soft
(iron-boride) and hard (L1o-FePt) magnetic phases. FePtB films deposited on glass substrate at Ts ~ 525 °C
exhibit good hard magnetic properties [H. ~ 7.7 kOe; M/M; ~ 0.9].

The good hard magnetic properties of thick FePtB films, as demonstrated in the present study
using sputtering as well as PL.D are promising for the fabrication of micro or nano-sized permanent magnets
and the various magnetic MEMS components. The basic understanding gained about the nature of
exchange-coupling in soft and hard magnetic phase is valuable for tailoring the magnetic properties of soft

and hard magnetic multilayered structure useful for the fabrication exchange-couple bit patterned media.
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Non-magnetic and magnetic metallic glass thin films were deposited by magnetron sputtering. Our
results demonstrated very good surface and magnetic properties of metallic glass thin films. Metallic glass
thin films showed excellent micro/nano-fabrication abilities on a large area using a low cost mass-production
technique such as imprinting. A feature dimension of ~ 34 nm can be obtained easily on a large area. This is
not the limit for these materials but it is limited by our experimental technique. Excellent nano-fabrication
ability of metallic glass thin films gives the possibility of mass production of bits at lower cost. L1 FePt thin
films can be grown preferentially along (111) crystallographic direction on a soft ferromagnetic metallic glass
thin film at lower substrate temperature (~ 400 °C). The switching field of FePt can be easily tailored to any
desirable value below 8 kOe, just by changing the thickness of soft magnetic metallic glass under layer. The
magnetic easy axis of preferred oriented LI,FePt grown on soft magnetic metallic glass is tilted about 25 °
away from the out of plane direction. At this angle exchange coupling among the soft magnetic metallic glass
under layer and LI, FePt hard magnetic layer is very strong. This is believed to be very useful for the
fabrication of tilted bit-patterned exchange coupled perpendicular recording media.

Results of this thesis suggest the possibility of fabrication of tilted bit-pattemed exchange coupled

perpendicular recording media at lower cost.
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L1,-FePt SRR IIHRD CEVREBMARTEEZ AT A LD, BMETSEEREOFEM L LTH
PRI TWD, LM LM E, FePt RO % RIEZ 72556, FePt 1% FRECH S ¥ 25 2 & BUET
HY, EROIFLAEOHETITHMEREEA~NUET 58 a2 FRFESHNLNRTWS, E-, FePt
FHOMRD TEVMRBENIZ L > T, BATHHT Tl FePt U EAE DRI~ v FIZ X 2 HZ AL NEET
HHEZLHBEINTVWS, EBIL, 77y MROBRREEEEL ERTH-DITIRXE Yy b A X%
27nm LAFICHIRT DHERH Y, BATOY V7T 7 4 —HWi i THREETH 5 & RIS KRR
I DB 1ED 0 By, $EEME T HIE ~D L1, OB RFEIZSOW T HLIERE I TV,

AW CiE, BEBRKGCEA/SF —2 FAT 4 7 O/FEREM CHRERR L W A EBBEA MR 57
¥, FePt fHOBLIRHITH % FIHE & 3" 2 WKBaME THUE OB bR ORIL L, (R L - #iFKIZB1 5K = %
NTOF /) R —= TOEEDOKRIEEZ B E L1 bD TR 7TENLRS,

F1IETHSETHY, EREFRBANITHOVTRRTWS,

B2 ECITERFEIZOVWTHERLTWS,

B3R TIT ANy HET MgO(111)IEMR EIC/ERL U 7= BikE 2 AT 5 FePt MlEIZ BT A BEREZ IS
& RUEHE S D BRIC W THRE L, FePt IR ORBEN IIRARHE & & RFMERICHR KET D Z L2 R
L7z, HFIZ. JEE 20nm ORI EIR T 33k0e D@AEBEN 27T Z &, 25 CICARB O R R )
PRI 6.1x107erg/em’ Tdh Y BERED 90%IEVMERB OB Z L& R L=,

55 4 3 T Si0o/Si FeAi~ FePt AH ORI AI- SV CHRE L, IARERHREO Sio, B H T AETHH
ZHEb LY, B 20nm OFEIZIST 0.98 DEWHRIERE S, 15k0e DERBEN BB/ HN D Z
LERRH LUK,

5 5 HETId FePt TEREMERA & Fe-B iRBEMEAR O BHHHEIROER 21TV, B S 1L4pm OBETIE, BH—I
S LT YA XOBREVER L SRR OFRW A BFEARIC X - T, TN A & BEESHOEFNE
NTHREREND & BRIV 2RI EZ /R L,

WBOMTIIMBEMEEBY T AL THR LT B71-DD N2 —=2 T EiF\, FREBOMERRATHS
34nm PED Ky MNLIARBERHIATA D Z L &R L, BELT 0 2 Tl & 72 2 8t THhRg 2152 2
FCERTE DRMREM 2R Ls, £, AN T ok X /- 8RR T Z A2 FePt AR 2B L | 1
B D HER LT LI, BRSSO NS Z & & W THUBOE S 2#Ei+25 Z & T 8kOe UTF
DIREN EEREICHEcE 2 L2 R LT,
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LA EBEY 21T, ABFFEL FePt EREMEMIR DO FEWTHIRE & /R — 2 F AT 4 T~ RIS 2 Eiic
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