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We have studied the reliability of a near field transducer (NFT) embedded in a magnetic recording slider used for heat-assisted
magnetic recording (HAMR) in hard disk drives with a linear velocity of 20 m/s. The NFT head structure and the disk are separated
by an air film of 2 nm thickness. In this work, the magnetic write width and amplitude of the written magnetic signal on the disk are
used as a “health-monitor” for the reliability of the NFT under long-term thermal exposure. The results show that the reliability of the
NFT head structure decreases sharply with increasing temperature of the near field transducer but depends only slightly on the media
temperature.
Index Terms—Heat-assisted magnetic recording (HAMR), Laser optical power, Near-field Transducer (NFT) Life-time, Signal-toNoise ratio

I. INTRODUCTION

H

ARD disk

drives (HDDs) are the most widely used storage
devices in the world for data storage. Over the last few
decades the HDD industry has tremendously increased the
areal density by moving from longitudinal magnetic recording
(LMR) to perpendicular magnetic recording (PMR)
technology. As a result, areal densities of up to 1Tb/in2 have
been demonstrated [1, 2]. Due to basic physics limitation, it is
difficult with conventional magnetic recording technology to
achieve substantially larger areal densities. To realize higher
areal densities, two requirements must be met, i.e., the volume
for each individual bit must decrease while the signal-to-noise
ratio must remain constant. Expressed differently, the number
of magnetic grains within each bit must remain the same.
Thus, greater areal densities require smaller magnetic grains.
As the volume of magnetic grains decreases, a limit is reached
where the magnetic orientation of the individual grains
becomes thermally unstable. This phenomenon is generally
termed the “superparamagnetic” limit. To overcome the
superparamagnetic limit, magnetic materials with high
magnetic anisotropy, such as L10-FePt, must be used [3, 4].
However, these materials require a much larger magnetic field
to switch the magnetic direction of the grains in the media,
i.e., to write data, the field available from conventional
recording heads is too small. Clearly, a further increase in
areal density requires a new recording technology.
Heat-assisted magnetic recording (HAMR) overcomes this
writing challenge by raising the temperature of the recording
media momentarily to near its Curie temperature in order to
reduce its magnetic coercivity [5, 6]. The recorded bit is then
quenched to the high anisotropy state by cooling to ambient
temperature. HAMR technology has the potential to enable

areal densities in the range of several terabits per square inch
[7, 8]. HAMR uses a near field transducer (NFT) coupled with
a laser diode to confine optical energy to a small region on the
rotating disk media that is an order of magnitude smaller than
the optical wavelength of the laser light used [9]. Confining
light using an NFT structure has found several other
applications such as optical lithography, surface enhanced
Raman spectroscopy and bio-medical devices [10-13].
However, the challenges for the NFT in HAMR are more
difficult than in other applications. In particular, in addition to
the smaller spot size requirement, HAMR hard disk drives
(HDD) have the following three extra challenges: (1) a higher
energy density is required leading to increased temperature on
head and media; (2) elevated temperatures are encountered on
the media (500 - 600˚C) and head (200 - 300˚C); and (3) nanogap spacing (1-2 nm) between the NFT and the rotating disk
(Figure 1(a)) [14] are required. Understanding the dominant
mechanism that governs the reliability of the NFT is critical
for HAMR hard disk drives.
In this paper, we use HAMR disk media and a fully
integrated HAMR head to investigate the effect of the NFT
temperature on the reliability of the head disk interface. The
reliability of the NFT is quantified by measuring the time at
which the HAMR recording degrades, generally described as
the “NFT lifetime”. We show that the temperature at the headdisk interface is critical to NFT lifetime. As the optical energy
in the HAMR system is increased, the resulting increase in the
temperature of the head and the media reduces the NFT
lifetime significantly. Comparing the NFT lifetime at the same
disk temperature for different media, we observe that the head
temperature is the dominant parameter causing failure of the
NFT.
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Figure 1. (a) Illustration of temperature distribution on head and disk due to HAMR heat source. (b) Percentage change in optical
power of laser diode (left) and normalized areal density (right) as functions of magnetic write width MWW (c) Normalized
temperature of an embedded temperature sensor as a function of percentage change in optical power of laser diode

II. EXPERIMENTAL SETUP AND PROCEDURES
The HAMR head-disk interface setup used in this study
consists of the recording head with integrated on-chip optics,
including a laser, a waveguide and the NFT head structure
flying on the disk. The disk is fabricated by sputtering a
magnetic L10-FePt multilayer film structure onto a glass
substrate, then coating it with a thin amorphous carbon thin
film (protective overcoat layer), and finally lubricating it with
a molecularly thin layer of perfluoropolyether lubricant (1 nm
thick). The head is coated with a diamond-like carbon
overcoat of approximately 1nm in thickness for wear
protection. The disk-facing air bearing surface of the slider
creates the air bearing pressure that supports the head over the
disk. A 3.5 inch (95 mm) HAMR disk is rotated at an angular
velocity of 7200 rpm and the head is flying at the middle
diameter of the disk such that the linear velocity of the head in
the experiments described in this paper is set to 20 m/s. When
the head is not used for reading or writing operations, the
flying height is typically on the order of 15 to 20 nm,
depending on the air bearing design. To reduce the head disk
spacing to the order of 1-2nm during read/write operations, a
micro-heater is embedded in the slider. Upon energizing the
heater, the slider will deform thermally and bring the
read/write elements in close proximity to the disk surface [15].
This technology is described as thermal flying height control
technology.
The micro-heater can also be used to evaluate and measure
other protrusions that develop inside the head structure. For
the “laser-off” condition, contact between the head and the
disk is detected using a piezo-electric acoustic emission
sensor, which detects elastic waves generated during headdisk contact events [16]. To set the desired spacing between
the head-disk interface, we use the Wallace magnetic spacing
loss equation which relates the exponential decay of the
readback signal R from a random data pattern to the headmedia spacing h as
(1)
R( f , h)   ( f ).e2 fh
, where  ( f ) is the readback signal amplitude at the spatial
frequency f.
For the “laser-on” condition, several thermal protrusions

develop on the head structure. During the writing process,
optical power from the laser diode is delivered through the
optical waveguide and couples to the NFT. A fraction of this
optical energy gets absorbed inside the NFT leading to an
increase in temperature and material protrusion. This
protrusion is generally called the 'near-field' transducer
protrusion (NFTPtr). Here, we note that [18] describes a
contact-based touchdown scheme to measure the clearance
between the protruded NFT structure and the disk. Due to the
sharp and small radius of curvature of the “protrusion bulge”
for the energized NFT structure compared to the “micro-heater
bulge”, in this study we rely on an alternative non-contact
recording based scheme to set the desired clearance (~2 nm)
between the head and disk [19].
Increasing the laser current or the optical power leads to
increased heat dissipation in both the NFT and the disk. This
leads to an increase in temperature of both the head and the
media. While temperature on the media surface is estimated
based on the Curie temperature of the magnetic layer, the head
temperature can be monitored using an embedded calibrated
temperature sensor located near the NFT [20]. Turning on the
laser and the writer allows a magnetic pattern to be written on
the media surface and the written track amplitude of the media
and its width can be used to estimate this temperature. Figure
1(b) shows an increase of the percentage change in optical
power of the laser diode as a function of the measured
magnetic write width (MWW) signal on the media. As the
magnetic write width increases from 45 nm to 100 nm, the
optical power increases by 35% (Figure 1(b)). An increase of
the temperature of an embedded sensor, that is located near the
NFT, is also proportional to an increase of the laser optical
power (Figure 1(c)). It is important to mention that as the
magnetic write width increases from 45 nm to 100 nm, the
areal density of the hard disk drives decreases by
approximately 4 times (Figure 1(b)).
The read back signal of a hard disk drive can be used for
in-situ “health monitoring” of the NFT. Signal amplitude and
write width of a HAMR drive signal (HAMR writing quality)
depend on several parameters including the dimensions and
efficiency of the NFT. The Figure 2(b) shows a typical written
cross-track profile at constant magnetic write width (MWW)
for both a pristine and a degraded NFT. We observe that the
amplitude of the magnetic readback signal is reduced
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by continuously tracking the change in the quality of the
written track (amplitude and width) on the media.

Figure 2. (a) In-situ monitoring of parameters like magnetic write width and signal-to-noise ratio on written track on media during
lifetime testing. (b) Normalized read-back amplitude before and after the lifetime testing (c) Optimal laser current and optimal laser
power as a function of magnetic write width (MWW) for lifetime testing.

III. EXPERIMENTAL RESULTS AND DISCUSSIONS
In this investigation, we perform a systematic NFT lifetime
testing protocol where the reliability of the NFT is tracked
through continuous monitoring of the written tracks on the
media (stress writing) and comparing these measurements
with reference measurements (performance check). The
performance check and stress writing were done on separate
locations on the media denoted as reference and stress-writing
tracks, respectively. On the stress-writing tracks, the NFT
underwent prolonged exposure with the laser diode turned on
continuously for 120s before moving to the reference track.
On the reference track, the performance of the NFT was
evaluated by monitoring the magnetic write width (MWW)
and the signal-to-noise ratio (SNR) of the written track. This
measurement was repeated until the decrease of the signal-tonoise ratio was larger than 1 dB, i.e., until the NFT was
degraded to the point that it cannot write with the same quality
as at the beginning of the test. Figure 2(a) shows the behavior
of a typical lifetime head tested where the NFT was stressed at
a constant magnetic write width of 60 nm. For most of the
lifetime, the MWW and SNR remain unchanged at the target
values.
After prolonged usage, both MWW and SNR begin to
deviate from the initial target, indicating failure of the NFT to
perform heat-assisted magnetic recording. We have performed
similar lifetime tests with multiple heads at different MWW
conditions. Figure 2(c) shows the normalized optimal laser
current (left y-axis) and power change (right y-axis) required
for different heads to write a magnetic signal on the media
with MWWs of 60 nm, 70 nm, 80 nm and 100 nm,
respectively. We note that the optimal laser current required to
attain the same target MWW signal on the media varies from
device to device. This is primarily attributed to the alignment
variation among optical components such as the laser diode,
the waveguide and the NFT, which are all integrated inside the
head structure. Figure 3 shows the normalized lifetime of
heads stressed at different target MWW conditions on the
media. Clearly, as the MWW increases from 60 nm to 100 nm,
the NFT lifetime is reduced by approximately 10 times. It is
apparent that the reduction in lifetime at larger MWW is

related to the higher temperature of the head and the media.
Heads tested under higher stress conditions (MWW = 100 nm)
require approximately 25% higher optical power than heads
writing with a lower target MWW of 60 nm.

Figure 3. Normalized lifetime as a function of magnetic write
width (MWW)

To further investigate the effect of media and head
temperature, we performed a lifetime study on a different
media (Media B) having higher optical power requirements
(~21%) than the previous media (Media A) for the same
magnetic write width of 60 nm (inset Figure 4). Since the
magnetic materials and the heat sink layer on both types of
media were the same, it is justifiable to assume that the
temperature of the two media is the same keeping the same
magnetic write width. Figure 4 shows the normalized NFT
lifetime as a function of the change in optical power on media
A at different MWW conditions (filled circle) and on media B
at MWW of 60 nm (open circle). The reduction in NFT
lifetime at higher optical power on media A is attributed to the
higher temperature of both the head and the media. We note
that the NFT lifetime on media B at a constant MWW of 60
nm is much lower than the NFT lifetime on media A at the
same MWW of 60nm. In addition, lifetime on media B at
60nm MWW is similar to the lifetime on media A with MWW
of 100 nm for which the optical power requirements are
similar. This clearly demonstrates that the increase in head
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temperature is the dominant mechanism for the writing quality
failure in HAMR recording. The increase of the NFT
temperature is likely to cause thermal reliability issues at the
head-disk interface [21]. An increase of NFT temperature also
affects formation of write-induced contamination on the slider
surface [22]. The formation of so-called “smear areas” over a
long period of time will have a negative impact on the flying
stability of the slider and the head-media interface.

[3]

IV. SUMMARY
A study of the reliability of a near field transducer at high
head and disk temperatures was performed in a heat-assisted
magnetic recording disk drive. The reliability of the NFT
structure was found to depend on the dissipation of heat inside
the head structure. Head and disk temperatures were
monitored by using an integrated thermal sensor and the width
of the magnetic signal on the media, respectively. Operating
the NFT with a higher target magnetic write width (increased
head and media temperature) reduced its lifetime by a factor
of ten. Comparing the NFT lifetime with a media with higher
optical power requirement for the same media temperature, we
found that the head temperature is the dominant factor
determining NFT failure.
A thorough understanding of the failure mechanism of the
NFT structure is important for the understanding of drive
reliability, and holds great economic value to the computer
hardware industry. The results presented in this work
demonstrate the importance of optical heat management in the
near field transducers of HAMR hard disk drives.
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Figure 4. Normalized lifetime as a function of change in optical
power for media A (filled circle) and media B (open circle). Inset
shows the optimal optical power comparison of the two media.
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