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The magnetic properties, structural properties, and thermal conductivity of FePt films deposited on

Ag and Cu heat sink layers designed for use in heat-assisted magnetic recording (HAMR) were

investigated. It has been found that FePt films grown on Cu have a well-defined L10-FePt (001)

texture while the FePt films grown on Ag appear to be more isotropic. As the thickness of the heat

sink layer increases from 15 to 120 nm the coercivity of the FePt films decreases from 1.7 to 1.5 T

for Cu and from 1.3 to 1.0 T for Ag. The thermal conductivity measurements, carried out with the

“laser-flash” technique, revealed that the overall thermal resistance of the examined structures is

dominated by the thermal boundary resistance and the interface effects. The increase in the thickness

of Ag and Cu heat sink layers does not lead to the higher effective thermal conductivity of the layered

structure in the cross-plane direction. The obtained results are important for optimization of the FePt-

based structures for HAMR.VC 2011 American Institute of Physics. [doi:10.1063/1.3564968]

Heat-assisted magnetic recording (HAMR) has the

potential to increase the areal density beyond the limitations

of conventional perpendicular magnetic recording.1,2 In

HAMR, the recording media is heated near its Curie tempera-

ture during the writing process and needs to cool down

quickly to avoid thermal destabilization of adjacent tracks.

Furthermore, the bit transition length depends on the thermal

gradient of the media along with the magnetic field gradi-

ent.3–6 Also, the high temperatures associated with HAMR

can affect other aspects of the device.7–9 Therefore, a rapid

cooling rate is critical to achieve a sharp bit transition. This

leads to an important trade-off between fast heating and rapid

cooling, which can be tuned with the use of a heat sink layer.

L10-FePt thin films are a promising candidate for HAMR

media due to its high magnetic anisotropy.10 For a heat sink

layer to be incorporated into FePt HAMR media, the material

should demonstrate high thermal stability as well as a com-

patible crystalline structure for the L10-phase FePt. Both Ag

and Cu are well-known as heat sink materials in electronic

devices. Studies have shown that Ag and Cu have similar

crystal structures when they are sputter deposited.11 At the

same time, it is well-known that the thermal conductivity of

thin films may differ substantially from that of bulk crystals.12

It is affected by the electron (in metals) or phonon (in semi-

conductors) boundary or interface scattering, grain size, dislo-

cation lines, quality of the interface, possible alloying, and

interdiffusion.13 For this reason, it is important to investigate

the thermal conductivity of the FePt-based thin film structures

for HAMR applications. The knowledge of the thermal resist-

ance of the layered magnetic structures and its dependence

upon the material choice layer thickness would allow for the

structures’ optimization for heat-assisted magnetic recording.

In this work we investigate the magnetic properties,

structural properties, and thermal conductivity of FePt films

deposited on Ag and Cu underlayers. We correlate the mag-

netic properties with the thermal properties of the structures

and assess the feasibility of application of Ag and Cu under-

layers as heat sink layers for HAMR.

The structure of the films was Si/Ag or Cu/Ta (2 nm)/

CrRu (25 nm)/MgO (2 nm)/FePt (5 nm) prepared by rf

(MgO layer) or dc (all other layers) magnetron sputtering.

The Ag and Cu heat sink layers were deposited at room tem-

perature with 3 mTorr sputter pressure. The thickness of the

heat sink layer was varied at 15, 30, 60, and 120 nm. The Ta

layer was deposited at room temperature with a sputter pres-

sure of 10 mTorr, while the CrRu layer was deposited at 300

FIG. 1. (Color online) XRD spectra of FePt thin films grown on a Ag heat

sink layer of (a) 15, (b) 30, (c) 60, and (d) 120 nm.
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�C using 3 mTorr sputter pressure. The samples were cooled

to room temperature before depositing the MgO layer at 90
�C and the FePt layer at 550 �C, with 5 and 10 mTorr pres-

sure, respectively. The crystal structure of the films was

measured by x-ray diffraction (XRD) while the magnetic

properties were measured by a room temperature magneto-

optical Kerr effect with an applied field of62.7 T.

The thermal conductivity (K) has been measured by the

“laser-flash” technique. In this measurement, we directly

obtain the thermal diffusivity (a) across the FePt thin films

on the Si substrate. After determining the sample’s specific

heat (Cp) and mass density (q) we calculate the thermal con-

ductivity K of the layered sample as K ¼qaCp.

The details of the measurement procedure and compari-

son of the “laser-flash” method with other measurement

techniques have been reported elsewhere by some of us.14–16

Specifically, we calibrated our experimental procedures

using the data obtained with the 3-omega17 and “hot-disk”

techniques.18,19 One should keep in mind that the actual ther-

mal conductivity of the layers can differ substantially due to

size and other effects. The thermal conductivity measured in

our experiments should be treated as an effective cross-plane
value, which characterizes the whole “sandwich” structure

rather than individual layers.

Figures 1 and 2 show the XRD patterns of the FePt thin

films grown on Ag [Fig. 1] and Cu [Fig. 2] layers with thick-

nesses of (a) 15, (b) 30, (c) 60, and (d) 120 nm. None of the

samples grown on the Ag layer exhibited a FePt (001) texture,

while all samples grown on the Cu layer showed a preferred

L10-FePt (001) texture. This is attributed to the fact that the

CrRu (002) texture is not formed on the Ag layer, which is

necessary to grow the FePt (001) perpendicular orientation.

Note also that the samples grown on Ag do not exhibit FePt

(111) texture, demonstrating that the FePt films grown on Ag

are not perpendicularly oriented nor longitudinally oriented.

The out-of-plane and in-plane hysteresis loops of the

FePt films grown on Ag with varying thicknesses are shown

in Fig. 3, while the out-of-plane hysteresis loops of the FePt

films grown on Cu are shown in Fig. 4. In both cases, the

out-of-plane coercivity of the FePt films decreases as the

thickness of the heat sink layer increases. For the FePt films

grown on Ag, the coercivity decreases from 1.3–1.0 T, while

the coercivity decreases from 1.7–1.5 T for the FePt films

grown on Cu. For the samples grown on Cu, this decrease in

coercivity can be attributed to the fact that as the thickness

of the Cu layer increases, both the CrRu (002) and FePt

(001) XRD peaks decrease, as seen in Fig. 2. The squareness

of the loops of the FePt samples grown on Cu shows a per-

pendicular orientation, while the squareness of the loops

grown on Ag shows that the film is rather isotropic, demon-

strated by the fact that both the FePt (001) and FePt (111)

peaks are absent in the XRD spectra. The in-plane coercivity

of the samples grown on the Ag heat sink layer is also rather

large, about 1.5 T, further showing that the samples grown

on the Ag heat sink lead to isotropic orientation as opposed

to the perpendicular orientation of the samples grown on Cu.

The results of the thermal conductivity measurements

are presented in Fig. 5. It shows the thermal conductivity as

a function of temperature for the reference Si wafer, and

FePt films grown on Ag and Cu layers with thicknesses of

FIG. 2. (Color online) XRD spectra of FePt thin films grown on a Cu heat

sink layer of (a) 15, (b) 30, (c) 60, and (d) 120 nm.

FIG. 3. (Color online) (a) Out-of-plane and (b) in-plane hysteresis loops of FePt thin films grown on a Ag heat sink layer of varying thicknesses.
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30, 60, and 120 nm. The thermal conductivity of the refer-

ence bulk crystalline Si substrate was measured for calibra-

tion of the experimental procedure. The measured thermal

conductivity of Si closely matches the literature values

attesting to the high accuracy of our “laser-flash” technique.

The observed dependence of the thermal conductivity K with

temperature T (K � 1/T) is characteristic for the crystal

materials. The measured thermal conductivity of FePt films

on Ag and Cu has to be treated as an effective thermal con-

ductivity defined for the whole layered structure (including

the substrate). Although a portion of the dissipated power

can propagate along the layers, the measured values are

more closely associated with the cross-plane thermal

conductivity as determined by the experimental setup and

direction of the temperature gradient.

One can see from Fig. 5 that the effective thermal con-

ductivity of FePt layered magnetic structures is rather high

(K � 80–110 W/mK at RT), which suggests the overall high

quality of the layers. It is also related to the high thermal

conductivity of Si, Cu, and Ag. Another important observa-

tion is the effective thermal conductivity does not increase

with the increasing thickness of the Cu or Ag layer in the

technologically relevant thickness range (30–120 nm). One

would expect such an increase in structures with relatively

large thicknesses of the individual layers. The situation is

different in our multistructures where the layer thickness is

in the nanometer range. Our data suggests that the thermal

transport in FePt films on Ag and Cu is limited by the ther-

mal boundary resistance (TBR) of the interfaces and nano-

meter-scale size effects. TBR can be increased in the

magnetic layered structure due to possible interdiffusion of

the material during the deposition steps, which results in a

rougher interface and more scattering for electrons and

acoustic phonons. This is an important observation for the

thermal optimization of FePt films for HAMR. By control-

ling the number of interfaces and their quality one can

change the thermal resistance of the structure and tune the

heating and cooling rates during the recording process.

The overall thermal resistance of the structure can be

altered by using substrates with higher thermal conductivity in

the desired temperature range20 or by utilizing lateral heat

spreaders.21,22 The obtained results are important for the thermal

design of three-dimensional (3-D) memory and electronic chips.
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FIG. 4. (Color online) Out-of-plane hysteresis loops of FePt thin films

grown on a Cu heat sink layer of varying thicknesses.

FIG. 5. (Color online) Out of plane thermal conductivity of FePt thin films

grown on Ag and Cu heat sink layers of varying thicknesses.
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