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With recent developments in heat assisted magnetic recording (HAMR), characterization of

HAMR media is becoming very important. We present a multi-functional instrument for testing

HAMR media, which integrates HAMR writing, reading, and a micro-magneto-optic Kerr effect

(l-MOKE) testing function. A potential application of the present instrument is to make

temperature dependent magnetic property measurement using a pump-probe configuration. In the

measurement, the media is heated up by a heating (intense) beam while a testing (weak) beam is

overlapped with the heating beam for MOKE measurement. By heating the media with different

heating beam power, magnetic measurements by MOKE at different temperatures can be

performed. Compared to traditional existing tools such as the vibrating sample magnetometer,

the present instrument provides localized and efficient heating at the measurement spot. The

integration of HAMR writing and l-MOKE system can also facilitate a localized full investigation

of the magnetic media by potential correlation of HAMR head independent write/read performance

to localized magnetic properties. VC 2014 AIP Publishing LLC.

[http://dx.doi.org/10.1063/1.4865969]

I. INTRODUCTION

With the recent development in hard disk drive, heat

assisted magnetic recording (HAMR) is a promising tech-

nique to increase the recording density by using smaller

thermal stable grains with higher magnetic anisotropy. In

HAMR, the magnetic grains in the recording area are tempo-

rarily heated by a localized heat source. The coercivity of

the heated magnetic grains is reduced below the available

magnetic recording field. The heated grains are then rapidly

cooled in the presence of the recording field. As the rapid

developments of HAMR in recent years, the testing of the

magnetic properties and recording performances of HAMR

media has been widely studied.1–3 The testing methods

include spin-stand4 for recording performance tests and

vibrating sample magnetometer5 (VSM) as well as magneto-

optic Kerr effect6 (MOKE) for magnetic measurements.

Spin-stand is an efficient method to test the overall write-

ability and readability of the HAMR recording system. The

testing results are affected by both the HAMR head and

media.3 The magnetic properties, such as magnetic moment

and coercivity of HAMR media, can be measured by VSM

and MOKE. For traditional VSM and MOKE systems, a rela-

tively large sample area/volume is involved, which make the

study of the localized magnetic properties difficult. For

HAMR media, the temperature dependent magnetic proper-

ties are more critical for recording performance and the

temperature variable tests are thus highly desired. The tradi-

tional heating method, such as oven or electric heating, has

the shortcomings of large area/volume heat up, slow hea-

ting/cooling speed, and the possibility of the media contami-

nation by the contact heating.

In this paper, we report a HAMR testing instrument, which

integrates HAMR write and read capability and l-MOKE mea-

surement. The main advantage of the present instrument is

the localized HAMR write and read testing and temperature

dependent magnetic property measurement in the micron

range. The correlation between magnetic properties and writ-

e/read ability can be readily realized.

II. INSTRUMENT

The instrument includes three parts: MOKE, HAMR

writing, and the third part including the electro-magnet for

applying magnetic field and the piezo stage for sample move-

ment. A planar schematic of the system is shown in Figure 1.

The MOKE part is for magnetic property measurement and to

read-back the written signal. Magneto-optic Kerr effect is a

phenomenon, which describes the change of the polarization

state of the reflected beam by a magnetic surface. The rota-

tion of the polarization direction is called Kerr rotation,

which is proportional (in the first order) to the magnetization

of the media. As shown in Figure 1, the laser source for

MOKE portion is a He-Ne laser at 633 nm. The beam is

modulated by an optical chopper, and the signal is recovered

with a lock-in amplifier to enhance the MOKE signal. For

HAMR writing, the laser source used is a modulated laser-

diode (Micron Laserage) at 785 nm. The different laser wave-

length of HAMR write and MOKE measurement allows the

signal to noise ratio (SNR) of the system to be improved
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through inserting a laser line filter before the photo detector

in the MOKE portion. In the HAMR writing part, the writing

beam is focused by an objective lens. The focused beam

transmits through a hole of the magnetic pole of the electro-

magnet and focuses on the testing media. In the temperature

dependent magnetic property testing and read-back measure-

ment, the two beams for heating and testing are aligned at the

same location on the media with the help of the vision sys-

tem. The piezo stage (P-527.3CD, PI) in the system provides

accurate sample movement in the nm-scale and helps fine

laser focusing adjustment. The magnetic field from the

electro-magnet can be swept in the range of 66 kOe.

III. MEASUREMENTS AND RESULTS

A. HAMR write and read

The sample we use in the experiment is a FePt granular

media, which is a critical candidate for HAMR.7 The FePt

based granular media were prepared using an Intevac 200

Lean in-line sputter system. FePt granular films were pre-

pared by using the Triatron source, which is a deposition

source capable of depositing up to three different materials

independently in the same process chamber simultaneously

or sequentially. The underlayers for FePt such as NiTa and

MgO layers were deposited at room temperature, and the

disk was then heated by resistive heater at the heating station

just before the Triatron station. The heated disk was trans-

ported into the Triatron station for FePt granular film deposi-

tion. More details of the sample fabrication process were

described in previous publications.8,9 In the HAMR writing

process, an out of plane magnetic field, which is uniform in

the central region of a few mm wide in the gap of the mag-

netic poles, is applied to the area of interest on the media. A

tiny spot of the media is then heated to a certain temperature

by the pulsed writing laser. When the media cools down

below the writing temperature, the heated bit is “freezed” in

the presence of the magnetic field, and a bit is recorded on

the media. In the HAMR writing and read-back testing, a

50� super long working distance objective lens (NA¼ 0.45,

Nikon) is used to improve the focusing of the laser on the

sample surface. In a typical experiment performed, a modu-

lated magnetic field and single laser pulses of same pulse

amplitude and width are used to write a line of magnetic bits

by moving the media in nanometer steps with the piezoelec-

tric stage. As shown in Figure 2(a), the bit length of the writ-

ten signal can be reduced to less than 100 nm, which is

determined by the thermal and magnetic properties of the

HAMR media. By performing SNR measurements on the

profile of the written bits, the write-ability and quality of the

HAMR media can be studied.

In the traditional HAMR writing, a near field transducer

(NFT) is integrated in the writing head to localize the tem-

perature profile in the media with radius to be much less than

100 nm. The temperature gradient with NFT could be

increased to �10 K/nm.10 In the present instrument, we use

far field optics, which produces a relatively lower tempera-

ture gradient with larger bit size. To overcome large bit size,

we overlap the written bits by moving the media in nanome-

ter steps with a piezoelectric stage. With this method, the bit

length can be reduced to less than 100 nm. This measurement

can be performed on different media for comparative study.

When the bits are written on the media, the written

pattern can be read-back by the MOKE imaging function. In

the experiment, the testing beam (of lm diameter and much

smaller power) for MOKE is scanned across the same area

for HAMR writing by moving the piezoelectric stage in re-

defined steps, the MOKE signal at each position is recorded

and 2D imaging can be drawn. In Figure 2(b), we plot the 2D

imaging of the read-back signal by l-MOKE and compare

with the magnetic force microscopy (MFM) image. The writ-

ten bits with bit length of 1 lm can be read-back by l-MOKE.

B. Heating laser power dependent magnetic
properties measurement

The measurement of the magnetic properties of the

HAMR media at various temperatures is important towards

understanding the writing and reading performance of the

media.11 In this instrument, we use an intense heating beam,

which is slightly defocused (with larger spot size), to effi-

ciently and locally heat up the testing area of the media,

while a weak testing beam, which is focused (with smaller

spot size) and overlapped with the heating beam at the cen-

ter on the media, tests the magnetic properties at a certain

power of the heating beam. In this configuration, the testing

area under the testing beam is relatively smaller than the

laser heated area (<1:5), and the media temperature reaches

FIG. 1. Schematic of the instrument. The upper left inset is the vision image

of the heating and testing beam profile, which can be overlapped.

FIG. 2. (a) The MFM image of magnetic field modulation written tracks with

bit length of 200 nm and 100 nm on the FePt granular media. (b) The read-back

signal by the l-MOKE function with bit length of 1lm. On the right side of

the read-back 2D imaging is the corresponding MFM image.
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a stable state from the continuous heating of the heating

beam, as shown in the inset of Figure 1.

The testing results are shown in Figure 3. The sample

we used in the testing is a FePt granular media film structure

with coercivity of �10 kOe at room temperature. When the

media is not heated, the magnetic loop is a minor loop as

the field is swept in the range of 66 kOe. However, when

the heating power increases gradually, we observe a change

from a minor loop to a major loop, due to the decrease of the

coercivity of the HAMR media as temperature increases.

Figures 3(a)–3(c) shows the hysteresis major and recoil loops

at heating laser power of 20, 30, 40 mw. Figure 3(d) shows

the dependence of coercivity of the media on the heating

power. A clear trend is observed and the measurement

is consistent with other reports.1,2 As shown in Figures

3(a)–3(c), the instrument can also be developed to perform

recoil loop measurements to obtain detailed magnetic prop-

erties, such as temperature dependent switching field distri-

bution of the HAMR media.12,13 In the measurement, the

hysteresis loops can be repeated, which demonstrates that

the heating does not degrade the media.

As the temperature of the heated area in the media is

dependent on the optical power of the heating beam, the

measurement of the heating laser power dependent magnetic

properties also reflects the dependence of the magnetic prop-

erties on temperature, even though the exact temperature has

not been calibrated. The instrument can be further developed

to make temperature calibration by introducing a separate

probe beam with the pump-probe configuration, as demon-

strated by the thermal reflectance measurement.14

IV. CONCLUSION

In conclusion, the present instrument integrates HAMR

writing and reading, with the l-MOKE testing function. It

will facilitate HAMR head independent correlation of local

magnetic properties (such as obtained from magnetic hyster-

esis loops) with the media write-ability and readability, by

allowing in-situ measurements at the same exact testing spot,

all on the same setup. In addition, the instrument can also be

extended to study HAMR transducer thermal imaging,15 and

HAMR media write/read by HAMR transducer through

clever insertion of a HAMR transducer between the focusing

optics and magnetic media while making use of the existing

focused laser already in place.
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FIG. 3. (a)–(c) The hysteresis major and recoil loops of the FePt granular

media at the heating power of 20, 30, 40 mw. (d) Coercivity of the FePt

media versus the heating optical power.
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