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Abstract

Fe50Pt50/Ti double-layer films were deposited on corning 1737F glass substrates by d.c. magnetron sputtering of FePt and Ti

targets. The magnetic layer FePt was deposited at substrate temperature of 600 8C in order to get ordered g1-FePt hard magnetic

phase. It is found that the degree of order (S ) of FePt layer increases with increasing Ti underlayer thickness. The S value for FePt

single-layer film is about 0.68, and it increases to about 0.76 as the thickness of the Ti underlayer increases to 150 nm. The average

grain size of the FePt film is largely reduced as the Ti underlayer is introduced. The average grain size of the single-layer FePt film is

about 25 nm, it will reduced to about 12 nm as 30 nm Ti underlayer is introduced, but the average grain size of FePt is increased as

the thickness of Ti underlayer is increased. Magnetic measurement indicates that the in-plane coercivity (Hc�) of the FePt film

increases with increasing thickness of Ti underlayer, but the in-plane squareness (S�) decreases.
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1. Introduction

The FePt thin films with L10 ordered structure have

received extensive attention due to their extremely high

magnetic anisotropy constant Ku. The Ku value of fully

ordered FePt alloy can be as high as 7�/107 erg cm�3

[1,2]. Generally, the crystal structure of FePt film which

deposits at room temperature is face-centered cubic

(f.c.c.) g-FePt disordered phase and shows soft magnetic

behavior [3,4]. This disordered f.c.c. g-FePt phase can be

transformed to hard magnetic face-centered-tetragonal

(f.c.t.) g1-FePt ordered phase after annealing at high

temperature [4,5]. Therefore, Hc value of the FePt film is

dependent on the degree of order of the film, i.e., the

content of ordered g1-FePt phase in the film. When the

f.c.c. g-FePt phase transforms to the g1-FePt phase, the

lattice parameter is contractive along the c -axis, result-

ing in a c /a ratio less than unity. The c /a ratio is 0.956

for fully ordered g1-FePt phase [6]. The degree of order

of the FePt film is increased as c /a ratio is decreased.

It has been shown that the introduction of Ti under-

layer would improve the out-plane magnetic properties

of the CoCrPt magnetic recording films [7,8]. In this
work, we investigated the effects of Ti underlayer on the

degree of order, microstructure and magnetic properties

of the magnetic FePt layer, which was deposited on

heated substrate in order to form ordered g1-FePt hard

magnetic phase directly [9].

2. Experimental

The Fe50Pt50/Ti double-layer film was sputtered on

corning 1737F glass substrate by using high-purity FePt
(99.99%) and Ti (99.99%) targets with d.c. magnetron

sputtering. The magnetic layer FePt was deposited at

substrate temperature of 600 8C in order to get ordered

g1-FePt hard magnetic phase. The thickness of Ti

underlayer was varied from 30 to 150 nm and the

magnetic layer was fixed at 300 nm. Thickness of Ti

underlayer was controlled by varying sputtering time.

The substrate was rotated at 38 rpm in order to attain a
uniform composition of FePt/Ti double films. A layer of

SiNx with 30 nm thickness was covered on the magnetic

film to avoid the oxidation of magnetic layer.
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The base pressure of sputtering chamber was around

3�/10�7 Torr. The sputtering power for Ti underlayer

was 120 W and the sputtering Ar pressure was fixed at 3

mTorr after introducing high-purity argon (99.999%).
The sputtering power for FePt magnetic layer was 40 W

and Ar pressure was 10 mTorr.

Magnetic properties of the film were measured by

using vibrating sample magnetometer (VSM) with

maximum applied field of 12 kOe. Structure of the

film was determined by X-ray diffractometer (XRD).

The film microstructure was observed by field emission

scanning electron microscopy (FE-SEM). Grain size of
the film was derived from the XRD diffraction peak

based on Scherrer equation. The composition and

homogeneity of the magnetic film were analyzed by

energy-dispersive spectrum (EDS). The film thickness

was measured by atomic force microscope (AFM) and

a-step.

3. Results and discussion

Fig. 1 shows the XRD patterns of Fe50Pt50/Ti films

with different Ti underlayer thickness. As thickness of
the Ti underlayer increases from 0 to 50 nm, intensity of

the peak Ti(0 0 2) become stronger and the peak of

Ti(1 0 0) appear. However, the (0 0 1) and (1 1 0)

diffraction peaks of g1-FePt phase disappear and

intensity of the g1-FePt (1 1 1) peak is raised. Intensity

of the g1-FePt (1 1 1) peak increases as the Ti underlayer

thickness is further increased from 50 to 150 nm. This

indicates that the amount of g1-FePt phase in the FePt

layer increases and the preferred orientation of g1-FePt

(1 1 1) is induced as the thickness of Ti underlayer is

increased.

Fig. 2 shows the average grain sizes of FePt layer and

Ti layer as a function of Ti underlayer thickness. The

grain sizes of FePt and Ti are calculated from Scherrer

equation [10] by using the diffraction peaks of g1-FePt

(1 1 1) and Ti (0 0 2), respectively. We can see that the

grain sizes of FePt and Ti are increased with increasing

Ti underlayer thickness. Average grain size of the Ti

underlayer increases from 18.2 to 27.1 nm and the

average grain size of the FePt layer increases from 11.6

to 24 nm as thickness of Ti underlayer increases from 30

to 150 nm. Average grain size of FePt without Ti

underlayer is 24.3 nm. However, the grain size of FePt

decreases sharply from 24.3 to 11.6 nm as 30 nm of Ti

underlayer is introduced. The decrease of FePt grain size

when Ti underlayer is introduced is because the grain

growth of FePt is along the grain of Ti underlayer. The

grain size of FePt is controlled by the grain size of Ti

underlayer. Since, the grain size of Ti increases with

increasing Ti layer thickness as shown in Fig. 2, the

grain size of FePt also increases with increasing Ti layer

thickness.

Fig. 3 shows the FE-SEM micrograph of the cross-

section of the SiNx /FePt/Ti film with Ti underlayer

thickness of 100 nm. Since the sample is tilted slightly

during preparation, the thickness of SiNx layer looks

like larger than 30 nm. The Ti underlayer grows to

columnar grain which is perpendicular to the film plane

and the XRD analysis of Fig. 1 shows that the preferred

orientation of Ti underlayer is [0 0 2]. The grain growth

of FePt is along the grain of Ti underlayer initially,

columnar grains of FePt disappear and become ran-

Fig. 1. The XRD patterns of various Fe50Pt50/Ti films with different

Ti underlayer thickness. The thickness of FePt layer is fixed at 300 nm.

Fig. 2. The average grain sizes of FePt layer and Ti layer as a function

of Ti underlayer thickness.
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domly orientated when FePt layer is thicker than about

150 nm as shown in Fig. 3.

The degree of order (S ) of the FePt magnetic layer

will affect the magnetic properties of FePt/Ti double-

layer films. The c /a values of partially ordered FePt

films with different thickness of Ti underlayer were

determined by using the X-ray diffraction peaks of
(1 1 1) and (2 0 0) of g1-FePt phase. Degree of order of

the FePt layer can be obtained and expressed as [11]:

S2�
1 � c=a

1 � (c=a)Sf

;

where (c /a )Sf
is the c /a value of fully ordered FePt film,

it is 0.956 [6]. (c /a ) is the value of partially ordered FePt
film. Fig. 4 shows the degree of order as a function of Ti

underlayer thickness. The result shows the degree of

order of FePt film increases with increasing the thick-

ness of Ti underlayer. This means that the introduction

of Ti underlayer and an increase in Ti underlayer

thickness will increase the degree of order of the FePt

film. The degree of order of FePt film without Ti

underlayer is 0.684. However, it increases to 0.741 as the

thickness of Ti underlayer is 100 nm, as shown in Fig. 4.

When the thickness of Ti underlayer is further increased

from 100 to 150 nm, the degree of order of FePt film

increases from 0.741 to 0.762. The increase in the degree

of order of FePt film is due to the grain sizes of Ti

underlayer and FePt layer increase with increasing the

thickness of Ti underlayer, as shown in Fig. 2. Wong et

al. [12] had shown that the degree of interfacial misfit is

larger as the grain size is larger in Co/Cr film, and this

will introduce stacking fault and misfit dislocation into

the Co layer in order to reduce the degree of interfacial

misfit, and the phase transformation is easier owing to

the existence of these defects. Similarly, in our FePt/Ti

system, the introduction of these defects in the FePt

layer will make the transformation of g-FePt into g1-

FePt phase easier. Therefore, the degree of order of FePt

layer is increased with increasing Ti underlayer thick-

ness, i.e., the grain size of Ti, as shown in Fig. 4.

Fig. 5 shows the in-plane coercivity (Hc�) and

perpendicular coercivity (Hc�) as function of the Ti

underlayer thickness. It indicates that Hc� and Hc� of

the film increase with increasing thickness of Ti under-

layer. For the FePt single-layer film without Ti under-

layer, Hc� and Hc� are 3.1 and 2.3 kOe, respectively. As

the thickness of Ti underlayer increases to 100 nm, Hc�
and Hc� will increase to 7.3 and 4.2 kOe, respectively.

Since increasing the thickness of Ti underlayer will

enhance the degree of order of FePt layer, i.e., increase

the amount of g1-FePt phase in the FePt layer, the in-

Fig. 3. FE-SEM micrograph of the cross-section of the SiNx /FePt/Ti

film. Thickness of SiNx , FePt and Ti layers are 30, 300 and 100 nm,

respectively.

Fig. 4. The degree of order of FePt film as a function of the thickness

of Ti underlayer in FePt/Ti film.

Fig. 5. Hc� and Hc� of the FePt/Ti film as a function of Ti underlayer

thickness.
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plane and perpendicular coercivity of the film are

increased.

Fig. 6 shows the saturation magnetization (Ms), in-

plane remnant magnetization (Mr�) and perpendicular

remnant magnetization (Mr�) of the FePt/Ti films as a

function of the Ti underlayer thickness. It shows that

Ms, Mr� and Mr� of the film decrease with increasing

thickness of Ti underlayer. For FePt single-layer film

without Ti underlayer, the Ms, Mr� and Mr� values are

875, 736 and 124 emu cm�3, respectively. Ms, Mr� and

Mr� values will decrease to 672, 538 and 50 emu cm�3,

respectively, as 100 nm Ti underlayer is introduced. The

decrease in magnetization of FePt layer with increasing

Ti underlayer thickness is mainly due to the increase of

g1-FePt phase content in the film, because the Ms value

of g1-FePt phase is lower than that of g-FePt phase [13].
Fig. 7 shows the relationship between in-plane

squareness (S�) and the thickness of Ti underlayer of

the FePt/Ti film. S� is defined as the ratio of Mr� to Ms.

It shows that S� decreases with increasing Ti underlayer

thickness. S� value is 0.84 for the FePt single-layer film

without Ti underlayer. As the thickness of Ti underlayer

increases from 0 to 100 nm, S� decreases from 0.84 to

0.8. Obviously, thicker Ti underlayer has not favored
the in-plane squareness of FePt/Ti film.

4. Conclusions

The conclusions are as follows: (1) The degree of
order and Hc� of the FePt/Ti double-layer films, both

increase with increasing thickness of Ti underlayer, and

(2) although the increase of Ti underlayer thickness

enhances the degree of order of the FePt layer in FePt/Ti

film, the in-plane squareness and saturation magnetiza-

tion decrease with increasing thickness of Ti underlayer.
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