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LASER POWER SENSOR FOR THERMALLY
ASSISTED MAGNETIC RECORDING

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to apparatus, systems, and methods
for monitoring laser light output in thermally assisted mag-
netic recording disk drives.

2. Description of the Related Art

Hard-disk drives provide data storage for data processing
systems in computers and servers, and are becoming increas-
ingly pervasive in media players, digital recorders, and other
personal devices. Advances in hard-disk drive technology
have made it possible for a user to store an immense amount
of digital information on an increasingly small disk, and to
selectively retrieve and alter portions of such information
almost instantaneously. Particularly, recent developments
have simplified hard-disk drive manufacture while yielding
increased track densities, thus promoting increased data stor-
age capabilities at reduced costs.

A typical hard-disk drive will include a stack of disks or
“platters” mounted on a common spindle. The surfaces of the
disks are typically coated with a material that is magnetized
and demagnetized in performing read/write functions. A
number of read/write heads may be positioned over the disks
as the disks are spun to magnetize portions of the disks to
write information thereon or detect the magnetized portions
to read information there from. A plurality of read/write heads
may be used to simultaneously read information from mul-
tiple rigid platters that are typically arranged in a vertical
stack and rotated as a unit via the spindle.

The read/write heads write information to the disk by cre-
ating an electromagnetic field to orient a cluster of magnetic
grains, known as a bit, in one direction or the other. In longi-
tudinal magnetic recording media applications, a magnetic
recording layer has a magnetic c-axis (or easy axis) parallel to
the disk plane. In perpendicular magnetic recording adjust-
ments are being made to adapt the disk media so that the
magnetic c-axis of the magnetic recording layer grows per-
pendicular to the disk plane.

To read information, magnetic patterns detected by the
read/write head are converted into a series of pulses which are
sent to the logic circuits to be converted to binary data and
processed by the rest of the system. To write information on
perpendicular recording media, a write element located on the
read/write head generates a magnetic write field that travels
vertically through the magnetic recording layer and generally
returns to the write element through a soft underlayer. In this
manner, the write element magnetizes vertical regions, or
bits, in the magnetic recording layer.

The read/write heads are typically moved from one track to
another by an actuator that is capable of very precise move-
ments. A slider may be interposed between the read/write
heads and the actuator in order to provide a degree of flex-
ibility, enabling the read/write heads to “float” on the surface
of'the disk on a very thin layer of air, or “air bearing,” as the
disks spin at a very high speed relative to the read/write heads.
The combination of slider and read/write head is often
referred to as the head-gimbal assembly (HGA).

To increase the capacity of disk drives, manufacturers are
continually striving to reduce the size of bits and the grains
that comprise the bits. The ability of individual magnetic
grains to be magnetized in one direction or the other, however,
poses problems where grains are extremely small. The super-
paramagnetic effect results when the product of a grain’s
volume (V) and its anisotropy energy (K,) falls below a
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certain value such that the magnetization of that grain may
flip spontaneously due to thermal excitations. Where this
occurs, data stored on the disk is corrupted. Thus, while it is
desirable to make smaller grains to support higher density
recording with less noise, grain miniaturization is inherently
limited by the superparamagnetic effect.

Magnetic bit thermal stability is dictated by the equation
K, V/K;T where K,, is the magnetic anisotropy energy of the
magnetic medium, V is the volume of the magnetic grain, K,
is Boltzmann’s constant, and T is the absolute temperature.
To control the superparamagnetic effect, researchers typi-
cally attempt to increase the value of the numerator. Where
smaller magnetic grain volume V is desired the magnetic
anisotropy energy K, must be increased to avoid the super-
paramagnetic effect. However, the increase in K, is limited by
the point where coercivity H_becomes too great for the media
to be written by conventional write heads.

One solution to the problems associated with the super-
paramagnetic effect is thermally-assisted recording (TAR). In
TAR, the volume of a magnetic grain can be reduced while
still resisting thermal fluctuations at room temperature. As the
name suggests, thermally-assisted recording uses a heat
source, typically a laser, to increase the temperature of a
magnetic bit during writing such that the coercivity of the
magnetic media is substantially reduced. By design the coer-
civity drops to a level which allows the magnetic field from
the write head to orient the bit. Once the temperature is
reduced to room temperature, the bit is effectively perma-
nently frozen in the written orientation. This enables the use
of'media that is magnetically stable at room temperature with
the very small magnetic grains required for high-density stor-
age.

Overtime, as a laser ages the laser light power decreases. In
atypical commercial laser, the laser light power is monitored
by a photodiode. However, TAR technology does not utilize
currently available commercial lasers with photodiodes
because of the added bulk associated with the commercial
laser and photodiode. Instead, due to the small size con-
straints, custom lasers without photo diodes are used in TAR
technology. Alternatives to current commercial photodiodes
such as a custom photodiode are unpromising because of the
added costs and complexity associated with adding another
element to the read/write head. Additionally, a photodiode
added to the read/write head necessitates additional electrical
contact pads on the already limited space on the slider.

Electrically conductive traces or leads extend from the
read/write head and along the suspension in order to transport
electrical signals from the read/write head components to and
from drive electronics. The drive electronics interpret signals
from the read/write head in order to retrieve data or send the
appropriate signals to the read/write head causing it to write
information to the disks. In some hard-disk drive suspensions,
the traces are integrated with the suspension in order to pro-
vide ease of manufacture and high data rate capability. Such
suspensions are referred to as integrated lead suspensions
(ILS). A typical ILS has at 4-6 six leads routed from the
read/write head to the drive electronics. Thermally assisted
recording may require 8 leads routed from the read/write head
to the drive electronics (2 for the read head, 2 for the write
coil, 2 for a thermal fly height control heater, and 2 for
powering the laser). This is a large number of electrical leads
disposed on a very small area (the front face of a read/write
head can be as small as 0.27x0.78 mm).

Inview of the foregoing, it is apparent that a need exists for
an apparatus, method, and system for measuring laser light
power which does not add additional components or costs to
the device. To that end, it would be an improvement in the art
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to provide an apparatus that utilizes existing elements on the
magnetic head to measure laser power.

SUMMARY OF THE INVENTION

The present invention has been developed in response to
the present state of the art, and in particular, in response to the
problems and needs in the art that have not yet been fully
solved by currently available hard-disk drives. Accordingly,
the present invention has been developed to provide an appa-
ratus, systems, and methods for monitoring laser light output
in thermally assisted magnetic recording disk drives.

In one embodiment in accordance with the invention, the
thermally assisted magnetic recording system with a laser
power monitor includes a rotational magnetic medium con-
figured to bear perceivable information, an actuator arm, and
a slider secured to a distal end of the actuator arm. It further
includes a read/write head secured to a distal end of the slider,
a laser, and one or more head elements coupled to electrical
leads such that the temperature dependent electrical resis-
tance of said head elements can be measured. The thermally
assisted magnetic recording system also includes a measure-
ment module coupled to the electrical lead, a determination
module, and an interface module. The actuator arm is config-
ured to selectively position the read/write head over the rota-
tional magnetic medium. The laser delivers laser light to a
small spot (also known as a “hotspot”) on the rotational
magnetic medium. A portion of the laser light is absorbed in
a head element, typically the write pole, heating said head
element. Heat from this element spreads throughout the head.
One or more head elements register a measurable electrical
resistance change to electricity flowing through the electrical
leads and head element in response to a temperature change in
the read/write head produced by the laser light. The measure-
ment module is configured to measure the measurable elec-
trical resistance change. The determination module is config-
ured to determine the power level of the laser in response to
the measurable electric resistance changes. The interface
module is configured to report the power of the laser light in
response to a request.

In certain embodiments a write pole will be disposed adja-
cent to a path of the laser light. The temperature of the write
pole will vary in response to the write pole absorbing a por-
tion of the laser light. The heating of the write pole in turn
causes the temperature of the other head elements to rise.

In one embodiment a heat pipe may be disposed in thermal
communication with the write pole. The heat pipe may be
configured to collect heat from the write pole and conduct the
heat to a head element to measure the head elements electrical
resistance.

In one embodiment in accordance with the invention, the
thermally assisted magnetic recording system with a laser
power monitor includes a rotational magnetic medium con-
figured to bear perceivable information, an actuator arm, and
a slider secured to a distal end of the actuator arm. It further
includes, a read/write head secured to a distal end of the slider,
alaser, and a heat absorbing sensor with a temperature depen-
dent electrical resistance coupled to an electrical lead or
leads. In one embodiment the apparatus further includes a
measurement module coupled to the electrical lead, a deter-
mination module, and an interface module. The actuator arm
is configured to selectively position the read/write head over
the rotational magnetic medium. The laser delivers a laser
light to a small spot on the rotational magnetic medium. The
heat absorbing sensor registers a measurable electrical resis-
tance change to electricity flowing through the electrical lead
and heat absorbing element in response to temperature
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changes produced by the laser light. The measurement mod-
ule configured to measure the measurable electrical resis-
tance change. The determination module is configured to
determine the power level of the laser in response to the
measurable electric resistance changes. The interface module
is configured to report the power of the laser light in response
to a diagnostic test.

In certain embodiments a dielectric waveguide may be
disposed within the read/write head. The dielectric
waveguide may be configured to propagate the laser light
from the laser to a small spot on the magnetic recording media
without absorbing heat.

In one embodiment of the current invention, a method for
determining a laser power output for thermally assisted
recording on magnetic media includes providing an electri-
cally coupled read/write head element coupled to an electrical
lead. The method further includes applying an electrical cur-
rent to the read/write head element and measuring a first
electrical resistance at a lead coupled to the read/write head
element. A laser generator is signaled to deliver laser light to
the laser light waveguide. The read/write head element is
heated by one or more elements of the read/write head ele-
ments absorbing a tail of the laser light. A second electrical
resistance is measured at the lead and the power level of the
laser is determined based on an electric resistance change
comprising a difference between the first electrical resistance
and the second electrical resistance. The power of the laser
light is reported as a function of a heat induced electrical
resistance change.

In one embodiment in accordance with the invention, the
thermally assisted magnetic recording system with a laser
power monitor includes a rotational magnetic medium con-
figured to bear perceivable information, an actuator arm, and
a slider secured to a distal end of the actuator arm. It further
includes a read/write head secured to a distal end of the slider,
a laser, and a near-field aperture structure positioned in close
proximity to a write pole. The thermally assisted magnetic
recording system also includes a measurement module
coupled to the electrical lead, a determination module, and an
interface module. The actuator arm is configured to selec-
tively position the read/write head over the rotational mag-
netic medium. The laser delivers laser light to a small spot
(also known as a “hotspot”) on the rotational magnetic
medium. The near-field aperture structure is configured to
focus the laser light on a hotspot disposed on the rotational
magnetic medium. A portion of the laser light is absorbed by
the near-field aperture structure, heating said aperture struc-
ture. The near-field aperture structure is coupled to electrical
leads such that the temperature dependent electrical resis-
tance of near-field aperture structure can be measured. The
measurement module is configured to measure the measur-
able electrical resistance change. The determination module
is configured to determine the power level of the laser in
response to the measurable electric resistance changes. The
interface module is configured to report the power of the laser
light in response to a request.

In certain embodiments of the current invention, transpar-
ent material is disposed within a void of the near-field aper-
ture structure and laser light propagates through the transpar-
ent material.

Reference throughout this specification to features, advan-
tages, or similar language does not imply that all of the
features and advantages that may be realized with the present
invention should be or are in any single embodiment of the
invention. Rather, language referring to the features and
advantages is understood to mean that a specific feature,
advantage, or characteristic described in connection with an
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embodiment is included in at least one embodiment of the
present invention. Thus, discussion of the features and advan-
tages, and similar language, throughout this specification
may, but do not necessarily, refer to the same embodiment.

Furthermore, the described features, advantages, and char-
acteristics of the invention may be combined in any suitable
manner in one or more embodiments. One skilled in the
relevant art will recognize that the invention can be practiced
without one or more of the specific features or advantages of
a particular embodiment. In other instances, additional fea-
tures and advantages may be recognized in certain embodi-
ments that may not be present in all embodiments of the
invention.

These features and advantages of the present invention will
become more fully apparent from the following description
and appended claims, or may be learned by the practice of the
invention as set forth hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

In order that the advantages of the invention will be readily
understood, a more particular description of the invention
briefly described above will be rendered by reference to spe-
cific embodiments that are illustrated in the appended draw-
ings. Understanding that these drawings depict only typical
embodiments of the invention and are not therefore to be
considered to be limiting of its scope, the invention will be
described and explained with additional specificity and detail
through the use of the accompanying drawings, in which:

FIG. 1 is a schematic representation of one embodiment of
a data storage system in accordance with the present inven-
tion;

FIG. 2 is a top view illustration of the system of FIG. 1;

FIG. 3 is a perspective view illustration of an embodiment
of a read/write head disposed above a magnetic recording
disk in accordance with the present invention;

FIG. 4 is a cutaway view of a read/write head including a
waveguide in accordance with one embodiment of the present
invention;

FIG. 5 is a laser light intensity plot across a waveguide in
accordance with one embodiment of the present invention;

FIG. 6 is a cutaway view of a read/write head including a
heat absorbing sensor in accordance with one embodiment of
the present invention;

FIG. 7a, is a cutaway view of a read/write head including a
heat absorbing sensor with a finger in accordance with one
embodiment of the present invention;

FIG. 7b, is a cutaway view of a read/write head including a
near-field aperture in accordance with one embodiment of the
present invention;

FIG. 8 is a cutaway view of a read/write head including a
heat pipe in accordance with one embodiment of the present
invention;

FIG. 9 is a plot illustrating the correlation between laser
power and electrical resistance of read/write head without a
heat pipe in accordance with one embodiment of the current
invention;

FIG. 10 is a plot illustrating the correlation between laser
power and electrical resistance of read/write head with a heat
pipeinaccordance with one embodiment of the current inven-
tion;

FIG. 11 is a plot illustrating the correlation between laser
power and temperature of the write pole without a heat pipe in
accordance with one embodiment of the current invention;

FIG. 12 is a plot illustrating the correlation between laser
power and temperature of the reader without a heat pipe in
accordance with one embodiment of the current invention;
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FIG. 13 is a plot illustrating the correlation between laser
power and temperature of the write pole with a heat pipe in
accordance with one embodiment of the current invention;

FIG. 14 is a plot illustrating the correlation between laser
power and temperature of the reader with a heat pipe in
accordance with one embodiment of the current invention;
and

FIG. 15 is a flow chart for monitoring laser light power in
accordance with one embodiment of the current invention.

DETAILED DESCRIPTION OF THE INVENTION

Reference throughout this specification to “one embodi-
ment,” “an embodiment,” or similar language means that a
particular feature, structure, or characteristic described in
connection with the embodiment is included in at least one
embodiment of the present invention. Thus, appearances of
the phrases “in one embodiment,” “in an embodiment,” and
similar language throughout this specification may, but do not
necessarily, all refer to the same embodiment.

Furthermore, the described features, advantages, and char-
acteristics of the invention may be combined in any suitable
manner in one or more embodiments. One skilled in the
relevant art will recognize that the invention can be practiced
without one or more of the specific features or advantages of
a particular embodiment. In other instances, additional fea-
tures and advantages may be recognized in certain embodi-
ments that may not be present in all embodiments of the
invention.

FIGS. 1 and 2 show schematic diagrams of one embodi-
ment of a data storage system in which the present invention
may be deployed, which is designated by the general refer-
ence number 10. The system 10 may include a plurality of
magnetic recording disks 12. Each disk 12 may have a plu-
rality of concentric data tracks. The disks 12 are typically
mounted on a spindle motor shaft 14, which may connect to a
spindle motor 16.

The motor 16 is typically mounted to a chassis 18. The
disks 12, spindle 14, and motor 16 form a disk stack assembly
20.

A plurality of read/write heads 30 may be positioned over
the disks 12 such that at least one surface of each disk 12 has
a corresponding head 30. Each head 30 may attach to one of
a plurality of sliders 32. Each slider 32 may have a corre-
sponding actuator arm 34. Sliders 32 are typically connected
to a rotary actuator 36. The actuator 36 moves the heads in a
radial direction across disks 12. The actuator 36 typically
includes a rotating member 38 mounted to a rotating bearing
40, a motor winding 42, and motor magnets 44. The actuator
36 is also mounted to chassis 18. The heads 30, slider 32 and
actuator 36 form an actuator assembly 46. The disk stack
assembly 20 and the actuator assembly 46 may be sealed in an
enclosure 48 (shown by a dashed line), which provides pro-
tection from particulate contamination.

A controller unit 50 typically provides overall control to
the system 10. The controller unit 50 may contain a central
processing unit (CPU), memory unit and other digital cir-
cuitry. The controller 50 may connect to an actuator control/
drive unit 56 which in turn is connected to the actuator 36.
This allows the controller 50 to control the movement of the
heads 30 over the disks 12. The controller 50 may be con-
nected to a read/write channel 58 which in turn connects to the
laser power monitor 62. The laser power monitor may be
connected to the heads 30. This enables the controller 50 to
send and receive data from the disks 12 including read/write
data and laser output information. The controller 50 may
connect to a spindle control/drive unit 60 which in turn is
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connected to spindle motor 16. This enables the controller 50
to control the rotation of the disks 12. A host system 70, which
is typically a computer system, may connect to the controller
unit 50. The system 70 may send digital data to controller 50
to be stored on disks 12, or may request the digital data be read
from disks 12 and sent to the system 70.

FIG. 3 depicts an embodiment of a read/write head 30 for
use in thermally assisted magnetic recording. Read/write
head elements include a write coil 316, write pole 314 and a
read element 326. In certain embodiments, read/write head
elements may also include a thermal fly height control heater
328. The read/write head 30 may also include a laser 302
configured to emit a laser light 304 and a write pole 314
configured to write data to the magnetic recording disk 12.

The laser 302 is electrically connected to read/write chan-
nel 58 by laser electrical leads 306. The read write channel 58
may provide electrical current to the laser electrical leads 306
when the system 70 requires data to be stored on disks 12. The
laser light 304 may be configured to heat a hotspot 308 on the
magnetic recording disks 12 corresponding to a magnetic bit
310. In certain embodiments, magnetic bits 310 have a higher
magnetic anisotropy than magnetic bits used in conventional
magnetic recording. Magnetic bits 310 may comprise a plu-
rality of magnetic grains having a field of magnetization 312
that points in a direction substantially horizontal to the mag-
netic recording disk 12 surface. While FIG. 3 illustrates an
embodiment wherein the magnetic recording disk 12 com-
prises a longitudinal media, one skilled in the art will recog-
nize that the current invention is equally applicable to per-
pendicular media where the grains each have a magnetic easy
axis substantially perpendicular to the media surface, thereby
allowing the magnetic grains to be vertically magnetized.
Further, one skilled in the art will recognize that the current
invention is equally applicable to tilted media wherein the
magnetic easy axis of the grains are neither perpendicular nor
horizontal to the media surface.

A write pole 314 may be disposed adjacent to the hotspot
304 on the magnetic recording disk 12. The write pole 314
may also be disposed adjacent to the laser light 304 and in
certain embodiments, a portion of the laser light 304 may be
absorbed by the write pole 314 causing the write pole 314 to
heat up. In other embodiments the write pole 314 may be
coincident the laser light 304. In yet another embodiment,
laser light 304 may be disposed in a channel through the write
pole 314.

Write coil 316 is coupled to write coil electrical leads 318.
The read write channel 58 may provide electrical current to
the write coil electrical leads 318 when the system 70 requires
data to be stored on disks 12. In certain embodiments the
electrical current provided to the write coil electrical leads
318 may be supplied simultaneously with the current sup-
plied to the laser electrical leads 306 such that both the laser
302 and the write coil 316 are powered when the system 70
requires data to be stored on disks 12.

Applying an electrical current through write coil 316 pro-
duces a magnetic field. The direction of the magnetic field
produced by the write coil 316 depends on the direction that
the current is flowing through the magnetic coil 316. This
magnetic field is transferred to the write pole 314 as indicated
by arrows 320. A return path 324 returns the magnetic field to
the write coil 316. The magnetic recording disk completes the
magnetic circuit 322 which, in turn, orients the field of mag-
netization 312 of the magnetic bit 310 on the magnetic disk
12. Thus, when the system 70 requires data to be stored on
disks 12, the laser 302 may be powered to produce laser light
304 to heat the hotspot 308 such that the magnetic anisotropy
of magnetic bits 310 is reduced. Simultaneously, the write
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coil 316 is powered and a magnetic circuit 322 is completed
to orient the field of magnetization 312 of the magnetic bits
310. As will be apparent to one skilled in the art, the direction
of flow of the magnetic circuit 322, and thus the orientation of
the magnetic bits 310 will depend on the direction of flow of
the electrical current through the write coil 316.

The write pole 314 is disposed in close enough proximity to
the write coil 316 to be influenced by the write coil electri-
cally induced magnetic field. This close proximity between
the write pole 314 and the write coil 316 also results in
thermal conduction between the write pole 314 and write coil
316. Thus, as the write pole 314 absorbs laser light 304 and
heats up, the write coil 316 also heats up. As heat increases in
the write coil 316, the electrical resistance to the write coil
electrical leads 318 is increased. The laser power monitor 62
may be configured to sense electrical resistance changes in
the write coil electrical leads 318. The laser power monitor 62
may be configured to calculate laser power as a function of
electrical resistance in the write coil electrical leads 318. In
certain embodiments the laser power monitor 62 may report
the power of the laser light 304 to the controller unit 50 which
in turn may increase or decrease electrical current to the laser.
In another embodiment, the laser power monitor 62 may
report the power of the laser light 304 to the host system 70 so
that appropriate action may be taken such as replacing the
laser 302, if needed.

A read element 326 is disposed between a first magnetic
shield 330 and a second magnetic shield 332. The magnetic
shields 330 and 332 may be configured to shield the read
element 326 from the magnetic circuit 322 produced by the
write coils 316. In one embodiment the read element 326 may
comprise an anisotropic magnetoresistive head. In another
embodiment the read element 326 may comprise a giant
magnetoresistive head. In one embodiment the read element
326 may comprise a tunnel-type magnetoresistive head. The
read element 326 is coupled to read element electrical leads
334 and is configured to produce a change in electrical resis-
tance in response to the magnetic fields 312 of the magnetic
bits on the magnetic recording disk 12. The electrical resis-
tance of the read element 326 also changes in response to
thermal changes in the temperature of the read element 326.
As the temperature rises, the electrical resistance of the read
element 326 increases. To read data embedded on the mag-
netic recording disk 12, the read element 326 may commu-
nicate electrical resistance changes to the read element elec-
trical leads 334. The electrical resistance change may be in
response to the magnetic fields 312 of the individual magnetic
bits 310.

In certain embodiments the read element 326 may be dis-
posed in close enough proximity to the write pole 314 to be
heated by the write pole 314. Thus, as the write pole 314
absorbs laser light 304 and heats up, the read element 326
may also heat up. As heat increases in the read element 326,
the electrical resistance to the read element electrical leads
334 is increased. The laser power monitor 62 may be config-
ured to sense electrical resistance changes in the read element
electrical leads 334. The laser power monitor may be config-
ured to calculate laser power as a function of electrical resis-
tance in the read element electrical leads 334. In certain
embodiments the laser power monitor 62 may report the
power of the laser light 304 to the controller unit 50 which in
turn may increase or decrease electrical current to the laser. In
another embodiment, the laser power monitor 62 may report
the power of the laser light 304 to the host system 70 so that
appropriate action may be taken such as replacing the laser
302.
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A thermal fly height control heater (TFC heater) 328 may
be provided to maintain a minimum temperature within the
read/write head 30. The TFC heater may be coupled to TFC
heater electrical leads 336. The electrical resistance of the
TFC heater 328 may change in response to thermal changes in
the temperature of the TFC heater 328. As the temperature
rises, the electrical resistance of the TFC heater 328 increases.
The TFC heater 328 communicates electrical resistance
changes to TFC heater electrical leads 336 which in turn may
communicate the electrical resistance change to the laser
power monitor 62.

In certain embodiments the TFC heater 328 may be dis-
posed in close enough proximity to the write pole 314 to be
heated by the write pole 314. Thus, as the write pole 314
absorbs laser light 304 and heats up, the TFC heater 328 may
also heat up. As heat increases in the TFC heater 328, the
electrical resistance to the TFC heater electrical leads 336 is
increased. The laser power monitor 62 may be configured to
sense electrical resistance changes in the TFC heater electri-
cal leads 336. The laser power monitor may be configured to
calculate laser power as a function of electrical resistance in
the TFC heater electrical leads 336. In certain embodiments
the laser power monitor 62 may report the power of the laser
light 304 to the controller unit 50 which in turn may increase
or decrease electrical current to the laser. In another embodi-
ment, the laser power monitor 62 may report the power of the
laser light 304 to the host system 70 so that appropriate action
may be taken such as replacing the laser 302.

In certain embodiments the write coil electrical leads 318,
the read element electrical leads 334 and the TFC heater
electrical leads 336 are all coupled to the laser power monitor
62 which is in turn configured to monitor electrical resistance
change in one or more of the read/write head elements. In
another embodiment any one or more of the head elements
may be coupled to the laser power monitor to provide an
electrical resistance change in response to thermal fluctua-
tions in the read/write head 30. The laser power monitor may
be configured to calculate laser power as a function of elec-
trical resistance change. In certain embodiments the laser
power monitor 62 may report the power of the laser light 304
to the controller unit 50 which in turn may increase or
decrease electrical current to the laser. In another embodi-
ment, the laser power monitor 62 may report the power of the
laser light 304 to the host system 70 so that appropriate action
may be taken such as replacing the laser 302.

FIG. 4 illustrates a block diagram according one embodi-
ment of the current invention. In one embodiment, the write
coil 316 may be disposed around a laser light waveguide 402
and may be configured to surround the waveguide 402. The
waveguide 402 may be disposed through the center of the
write coil 316 and adjacent to the write pole 314. In certain
embodiments the write pole 314 may be arranged such that
the write pole 314 partially blocks the laser light 304 in the
waveguide 402.

The waveguide 402 may be configured to convey laser light
304 from the laser 302 to the hotspot 308 on the magnetic
recording medium 12. The waveguide 402 may comprise a
dielectric material that will convey the laser light 304 without
absorbing heat.

FIG. 5 illustrates laser light intensity across one embodi-
ment of a waveguide 402. Laser light intensity is at its maxi-
mum 502 at the center of the waveguide 402 and tapers off
toward the edges 506 of the waveguide. As shown in FIG. 5,
the laser light intensity is generally not zero immediately
outside waveguide, but exhibits tails 504. A metallic element,
such as write pole 314 or other metallic object disposed
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adjacent to the waveguide 402 absorbs the laser light 304 of
tails 504 and converts the laser light 304 into heat.

Turning now to FIG. 6, a heat absorbing sensor 602 may be
disposed within the read/write head 30, in certain embodi-
ments. The heat absorbing sensor 602 may be coupled to heat
absorbing sensor electrical leads 604. In one embodiment, the
heat absorbing sensor 602 may be positioned in close enough
proximity to the waveguide 402 to absorb a tail 504 of laser
light 304. In certain embodiments the heat absorbing sensor
602 may be disposed in close proximity to the write pole 314
to absorb heat from the write pole 314. Thus, as the write pole
314 absorbs laser light 304 and heats up, the heat absorbing
sensor 602 may also heat up. As heat increases in the heat
absorbing sensor 602, the electrical resistance to the heat
absorbing sensor electrical leads 604 may increased. The heat
absorbing sensor electrical leads 604 may be coupled to the
laser power monitor 62. The laser power monitor 62 may
sense electrical resistance changes in the heat absorbing sen-
sor electrical leads 604. The laser power monitor 62 may
calculate laser power as a function of electrical resistance in
the heat absorbing sensor electrical leads 604. In certain
embodiments, the laser power monitor 62 reports the power
of the laser light 304 to the controller unit 50 which in turn
may increase or decrease electrical current to the laser 302. In
another embodiment, the laser power monitor 62 reports the
power of the laser light 304 to the host system 70 so that
appropriate action may be taken such as replacing the laser
302. For example, the power of the laser light 304 detected by
the laser power monitor 62 may be very low or zero indicating
that the laser 302 is inoperative. In one embodiment, such as
the embodiment illustrated in FIG. 7a the heat absorbing
sensor 602 may include a finger 702. The finger 702 may
comprise a thermal conductive material such as metal. The
finger 702 may connect to or be intergrated with the heat
absorbing sensor 602. The finger 702 may partially extend
into the waveguide 402 to absorb laser light 304.

FIG. 7b illustrates a read/write head 30 with a near-field
aperture structure 706 according to one embodiment of the
current invention. In certain embodiments the waveguide 402
may propagate laser light 304 several hundred nanometers in
diameter to a hotspot 308 (see FIG. 3) on the magnetic record-
ing disk 12. To narrow the laser light 304, a near-field aperture
structure 706 is positioned in close proximity to the magnetic
write pole 314. In certain embodiments, the near-field aper-
ture structure 706 is disposed around the write pole 314. A
dielectric material may be disposed within a void 708 in the
aperture structure 706 and around the write pole 314. The
dielectric material may comprise a material with a high opti-
cal index of refraction to allow the propagation of light
through the aperture structure 706. In certain embodiments of
the current invention, the void 708 of the near-field aperture
structure 706 is filled with a transparent material such that
laser light 304 propagates through the transparent material.
As laser light 304 propagates to the surface of the aperture
structure 706 through the wave guide 402, some laser light
304 is absorbed by and heats the aperture structure 706. The
laser light that passes through the near-field aperture structure
706 is narrowed due to the structure of the near-field aperture.
The resulting laser light 304 passing through the aperture
structure 706 is narrowed to about 30 to 50 nanometers in
diameter. The shape of the void 708 disposed within the
aperture structure 706 may be C-shaped, square, rectangular,
circular or any other shape as is known in the art. In certain
embodiments the void 706 in the near-field aperture structure
706 may not contain a dielectric material or transparent mate-
rial but rather may be empty.
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According to one embodiment of the current invention,
aperture structure electrical leads 710 may be electrically
coupled to the near-field aperture structure 706 at one end,
and the laser intensity monitor 62 at the other end. As laser
light 304 is absorbed by the near-field aperture structure 706
and one or more other elements of the read/write head, the
temperature of the near-field aperture structure 706 rises. As
the temperature increases in the near-field aperture structure
706, the electrical resistance to the aperture structure electri-
cal leads 710 increases. The laser intensity monitor 62 senses
electrical resistance changes in the aperture structure electri-
cal leads 710. The laser intensity monitor 62 calculates laser
intensity as a function of electrical resistance in the aperture
structure electrical leads 610.

In certain embodiments, the laser intensity monitor 62
reports the intensity of the laser light 304 to the controller unit
50 which in turn increases or decreases electrical current to
the laser 302. In another embodiment, the laser intensity
monitor 62 reports the intensity of the laser light 304 to the
host system 70 so that appropriate action may be taken such as
replacing the laser 302. For example, the intensity of the laser
light 304 detected by the laser intensity monitor 62 may be
very low or zero indicating that the laser 302 is inoperative.

FIG. 8 illustrates a schematic block diagram according to
one embodiment of the current invention. A heat pipe 802 is
positioned around the write pole 314 in certain embodiments.
The heat pipe 802 conducts heat from the write pole 314 or
hotspot 308 to the write coil 316 or other electrically coupled
head element. In one embodiment the heat pipe conducts heat
from the near-field aperture structure 706 to the write coil 316
or other electrically coupled head element. The heat pipe 802
may comprise a heat conductive element such as copper or
other metallic material.

In one embodiment, in operation a read/write head element
measures a first electrical resistance of one or more read/write
head elements when the slider 32 is on a load/unload ramp. A
laser 302 heats the head elements either directly or indirectly.
The head element measures a second electrical resistance of
the head element at regular intervals when the slider 32 is on
the load/unload ramp. When the electrical resistance mea-
surements are conducted when the slider 32 is on the load/
unload ramp there is no cooling from the disk and air bearing
s0 temperature rise per unit of laser power is maximized.

In another embodiment the electrical resistance measure-
ments are conducted while the slider 32 and read/write head
30 are flying on the disk. Temperature sensitivity is reduced
dueto cooling of the air bearing on the disk. This embodiment
can provide a continuous or nearly continuous monitoring of
laser power.

FIG. 9 is a graphical illustration of electrical resistance
calculations at regular intervals with the read/write head 30
on the ramp. The embodiment illustrated in FIG. 9 does not
utilize a heat pipe 802. As laser power 902 is increased along
the x axis, the electrical resistance 904 in the head element
increases along the y axis. Line 906 illustrates electrical resis-
tance change in the write coil 316 as a function of laser power.
Line 908 illustrates electrical resistance change in the TFC
heater 328 as function of laser power. The difference in the
slope of lines 906 and 908 may be due to the greater physical
distance of the TFC heater 328 from the write pole 314. In
certain embodiments the TFC heater 328 may be positioned
closer to the write pole 314 such that the TFC heater 328 may
absorb more heat and at a faster rate than the illustrated
embodiment. This graph illustrates that electrical resistance
rise is proportional to the power of the laser. The write coil
316 has an electrical resistance increase approximately 2.25
times the electrical resistance of the TFC heater 328. The
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electrical resistance of the write coil 316 when the write coil
316 is cold is about 3.5Q, the electrical resistance of the TFC
heater 328 when the TFC heater 328 is cold is about 120Q.

FIG. 10 is another graphical illustration of electrical resis-
tance calculations at regular intervals with the read/write head
30 on the ramp. In contrast to FIG. 9, the embodiment illus-
trated in FIG. 10 utilizes a heat pipe 802. As laser power 1002
is increased along the x axis, the electrical resistance 1004 in
the head element increases along the y axis. Line 1006 illus-
trates electrical resistance change in the write coil 316 as a
function of laser power. Line 1008 illustrates electrical resis-
tance change in the TFC heater 328 as function of laser power.
The difference in the slope of lines 1006 and 1008 may be due
to the greater distance of the TFC heater 328 from the write
pole 314. In certain embodiments the TFC heater 328 may be
disposed closer to the write pole 314 so that the TFC heater
328 absorbs more heat and at a faster rate. This graph illus-
trates that electrical resistance rise is proportional to power of
the laser. The write coil 316 has an electrical resistance
increase approximately 2.25 times the electrical resistance of
the TFC heater 328. The electrical resistance of the write coil
316 when the write coil 316 is cold is about 3.5€2, the elec-
trical resistance of the TFC heater 328 when the TFC heater
328 is cold is about 120Q.

FIG. 11 is a graphical illustration of temperature rise as the
laser 302 heats the write pole 314. The temperature calcula-
tions occur at regular intervals with the read/write head 30 on
the ramp. The embodiment illustrated in FIG. 11 does not
utilize a heat pipe 802. This graph illustrates that temperature
rises at the write pole 314 is proportional to laser power. The
temperature rise of the write pole 314 is about 6.4° C./1 mW
of power absorbed from the laser light 304. Absorbed power
is expected to be in the 1-100 mW range.

FIG. 12 is a graphical illustration of temperature rise cal-
culations at the read element 326 as the laser 302 heats the
read element 326. The temperature calculations occur at regu-
lar intervals with the read/write head 30 on the ramp. The
embodiment illustrated in FIG. 12 does not utilize a heat pipe
802. This graph illustrates that temperature rises at the read
element 326 is proportional to laser power. The temperature
rise of the read element 326 is about 1.2° C./1 mW of power
absorbed from the laser light 304. Absorbed power is
expected to be in the 1-100 mW range.

FIG. 13 is a graphical illustration of temperature rise cal-
culations at the write pole 314 as the laser 302 heats the write
pole 314. The temperature calculations occur at regular inter-
vals with the read/write head 30 on the ramp. The difference
between FIG. 11 and the embodiment illustrated in FIG. 13 is
FIG. 13 does utilize a heat pipe 802. This graph illustrates that
temperature rises at the write pole 314 is proportional to laser
power. The temperature rise of the write pole 314 is about 5.3°
C./1 mW of power absorbed from the laser light 304. This is
lower than where a heat pipe 802 is not utilized.

FIG. 14 is a graphical illustration of temperature rise cal-
culations at the read element 326 at regular intervals with the
read/write head 30 on the ramp. The difference between FIG.
12 and the embodiment illustrated in FIG. 14 is FIG. 14 does
utilize a heat pipe 802. This graph illustrates that temperature
rises at the read element 326 is proportional to laser power.
The temperature rise of the read element 326 is about 1.1°
C./1 mW of power absorbed from the laser light 304. This is
lower than where a heat pipe 802 is not utilized.

FIG. 15 is a flow chart of an embodiment of one possible
method 1500 of monitoring the power of laser light 304. A
read/write head element is provided 1502 and coupled to an
electrical lead, the electrical lead is coupled to laser power
monitor 62. The read/write head element may comprise a
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write coil 316, a read element 326, TFC heater 328, heat
absorbing sensor 602 or other electrically coupled head ele-
ment. An electrical current is applied 1504 to the electrical
leads coupled to the read/write head element. A first electrical
resistance is measured 1506 in the read/write head element. A
laser 302 is signaled 1508 to generate laser light 304. The
read/write head element is heated 1510 by laser light 304. The
read/write head element may be directly heated by the laser
light 304 or the read/write head element may be heated by a
tail 504 of laser light. A second electrical resistance is mea-
sured 1512 in the read/write head element. The power of laser
light 304 is determined 1514. The laser power may be
reported 1516 to the read/write channel 58.

In certain embodiments the measurement of the first elec-
trical resistance 1506 and the measurement of the second
electrical resistance 1512 may be measured at regular inter-
vals when the slider 32 is on the load/unload ramp. In one
embodiment the measurement of the first electrical resistance
1506 and the measurement of the second electrical resistance
1512 may be measured at regular intervals when the slider 32
is flying over the magnetic recording medium 12. In one
embodiment the measurement of the first electrical resistance
1506 and the measurement of the second electrical resistance
1512 may be measured continuously while the slider 32 is
flying over the magnetic recording medium 12.

The present invention may be embodied in other specific
forms without departing from its spirit or essential character-
istics. The described embodiments are to be considered in all
respects only as illustrative and not restrictive. The scope of
the invention is, therefore, indicated by the appended claims
rather than by the foregoing description. All changes which
come within the meaning and range of equivalency of the
claims are to be embraced within their scope.

What is claimed is:

1. An apparatus for monitoring laser power for thermally
assisted recording on magnetic media, the apparatus compris-
ing:

a laser that delivers a laser light to a head element and a
hotspot on a rotational magnetic medium, a first portion
of'the laser light contacting the head element to heat the
head element and a second portion of the laser light
contacting the hotspot to heat the hotspot, wherein the
first portion of the laser light is prevented from contact-
ing the hotspot by the head element;

wherein the head element is coupled to an electrical lead,
the head element registering an electrical resistance
change to electricity flowing through the electrical lead
and head element in response to a temperature change in
the head element produced by the head element absorb-
ing a portion of the laser light before the laser light is
delivered to the rotational magnetic medium;

a measurement module coupled to the electrical lead, the
measurement module measuring the electrical resis-
tance change; and

a determination module that determines a power level of
the laser in response to the electric resistance change.

2. The apparatus according to claim 1 further comprising a
write pole disposed adjacent to a path of the laser light, the
temperature change varying in response to the write pole
absorbing a tail of the laser light.

3. The apparatus according to claim 2 wherein the write
pole is disposed adjacent to the hotspot on the rotational
magnetic medium.

4. The apparatus according to claim 1 wherein the laser
light heats the head element and the hotspot substantially
concurrently.
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5. The apparatus according to claim 2 further comprising a
heat pipe disposed adjacent to the write pole, the heat pipe
configured to collect heat from a tail of the laser light and
conduct the heat to the head element.

6. The apparatus according to claim 1 wherein the head
element comprises a write coil.

7. The apparatus according to claim 1 wherein the head
element comprises a reader.

8. The apparatus according to claim 1 wherein the head
element comprises a thermal fly height control heater.

9. The apparatus according to claim 1 wherein the head
element comprises a near-field aperture structure.

10. The apparatus according to claim 1, further compris-
ing;

an actuator arm;

a slider secured to the actuator arm;

a read/write head attached to the slider, the actuator arm
configured to selectively position the read/write head
over the rotational magnetic medium, the rotational
magnetic medium configured to bear perceivable infor-
mation; and

a interface module configured to report the power of the
laser light in response to a request.

11. The apparatus according to claim 10 further comprising

a dielectric waveguide, the waveguide configured to heat the
read/write head by way of a laser tail emanating from the
waveguide in response to a laser pulse.

12. An apparatus for monitoring laser power for thermally
assisted recording on magnetic media, the apparatus compris-
ing:

a rotational magnetic medium configured to bear perceiv-

able information;

an actuator arm;

a slider secured to the actuator arm;

a read/write head attached to the slider, the actuator arm
configured to selectively position the read/write head
over the rotational magnetic medium;

a laser configured to deliver a laser light to a write pole and
a hotspot on the rotational magnetic medium, the laser
light contacting the write pole and the hotspot to heat the
write pole and the hotspot;

wherein the write pole is coupled to an electrical lead, the
write pole registering an electrical resistance change to
electricity flowing through the electrical lead and the
write pole in response to a temperature change produced
by the laser light heating the write pole before the laser
light is delivered to the rotational magnetic medium;

a measurement module coupled to the electrical lead, the
measurement module configured to measure the electri-
cal resistance change;

a determination module configured to determine a power
level of the laser in response to the electric resistance
change; and

a interface module configured to report the power of the
laser light in response to a diagnostic test.

13. The apparatus according to claim 12 further comprising

a dielectric waveguide, the waveguide configured to propa-
gate the laser light from the laser to the hotspot without
absorbing heat.

14. The apparatus according to claim 13 wherein the write
pole is disposed adjacent to the waveguide, the write pole
configured to absorb a tail of laser light.

15. An apparatus for monitoring laser power for thermally
assisted recording on magnetic media, the apparatus compris-
ing:

a rotational magnetic medium configured to bear perceiv-

able information;
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an actuator arm;

a slider secured to a distal end of the actuator arm;

a read/write head attached to the slider, the actuator arm
configured to selectively position the read/write head
over the rotational magnetic medium;

a laser configured to emit a laser light;

a dielectric waveguide, the waveguide configured to
deliver a first portion of the laser light to a hotspot on the
rotational magnetic medium and a second portion of the
laser light to a head element on the read/write head, the
first portion of the laser light contacting the hotspot to
heat the hotspot, the second portion of the laser light
contacting the head element to heat the read/write head,
the second portion of the laser light contacting the head
element before the laser light is delivered to the rota-
tional magnetic medium;

a write pole disposed adjacent to the waveguide;

a write coil coupled to an electrical lead, the write coil
configured to register an electrical resistance change to
electricity flowing through the electrical lead and write
coil inresponse to a temperature change produced by the
second portion of the laser light contacting the head
element;

a heat pipe disposed adjacent to the write coil, the heat pipe
configured to collect heat from the head element of the
read/write head and conduct the heat to the write coil;

a measurement module coupled to the electrical lead, the
measurement module configured to measure the electri-
cal resistance change;

a determination module configured to determine an power
level of the laser in response to the electric resistance
change; and

a interface module configured to report the power of the
laser light in response to a diagnostic test.

16. The apparatus of claim 15 further comprising:

a plurality of electrical leads;

a reader coupled to the plurality of electrical leads, the
reader registering a measurable electric resistance
change to the plurality of electrical leads in response to
a temperature change; and

a thermal fly height control heater coupled to the plurality
of electrical leads, the thermal fly height control heater
registering a measurable electric resistance change to
the plurality of electrical leads in response to a tempera-
ture change.

17. The apparatus of claim 16 wherein the measurement
module is further coupled to the plurality of leads coupled to
the reader and the thermal fly height control heater.

18. A method for determining a laser power output for
thermally assisted recording on magnetic media, the method
comprising:

providing a head element of a read/write head, wherein the
head element is coupled to an electrical lead of a read/
write head;

signaling a laser generator to deliver a first portion of a laser
light to a hotspot on a rotational magnetic medium;

delivering the first portion of the laser light to the hotspot
on the rotational magnetic medium, the first portion of
the laser light contacting the hotspot to heat the hotspot;

delivering a second portion of the laser light to the head
element, the second portion of the laser light contacting
the head element to heat the head element, wherein the
second portion of the laser light is delivered to the head
element before the first portion of the laser light is deliv-
ered to the rotational magnetic medium;

measuring an electrical resistance change at the electrical
lead coupled to the read/write head; and
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determining a power level of the laser light based on the
electric resistance change.

19. The method according to claim 18 wherein the first
electrical resistance measurement and the second electrical
resistance measurement are performed at a regular time inter-
val with a slider on a load/unload ramp, the slider comprising
the read/write head element and the laser generator.

20. The method according to claim 18 wherein the electri-
cal resistance change measurement is performed at a regular
time interval with a slider flying over the rotational magnetic
medium, the rotational magnetic medium configured to bear
perceivable information, the slider comprising the read/write
head element and the laser generator.

21. The method according to claim 18 wherein a measure-
ment module registers the electrical resistance change mea-
surement continuously as a slider flies over the rotational
magnetic medium, the rotational magnetic medium config-
ured to bear perceivable information, the slider comprising
the read/write head element and the laser generator.

22. An apparatus for monitoring laser intensity for ther-
mally assisted recording on magnetic media, the apparatus
comprising:

a rotational magnetic medium configured to bear perceiv-

able information;

an actuator arm;

a slider secured to a distal end of the actuator arm;

a read/write head secured to a distal end of the slider, the
actuator arm configured to selectively position the read/
write head over the rotational magnetic medium;

a laser delivering a laser light to a hotspot on the rotational
magnetic medium and to a head element of the read/
write head, the laser light contacting the head element
and the hotspot to heat the head element and the hotspot;

a near-field aperture structure positioned in close proxim-
ity to a write pole of the read/write head and within a
path of the laser light, the near-field aperture structure
configured to focus the laser light on the hotspot;

an electrical lead coupled to the near-field aperture struc-
ture, the near-field aperture structure registering a elec-
trical resistance change to electricity flowing through
the electrical lead and the near-field aperture structure in
response to a temperature change produced at least in
part by the laser light absorbed by the near-field aperture
structure before the laser light is delivered to the rota-
tional magnetic medium;

a measurement module coupled to the electrical lead, the
measurement module configured to measure the electri-
cal resistance change;

a determination module configured to determine an inten-
sity level of the laser in response to the electric resistance
change; and

a interface module configured to report the intensity of the
laser light in response to a diagnostic test.

23. The apparatus according to claim 22 wherein the laser
light delivered to the hotspot is about 30 nm to about 50 nm in
diameter.

24. The apparatus according to claim 22 further comprising
an transparent material disposed within a void of the near-
field aperture structure, the laser light propagating through
the transparent material.

25. The apparatus according to claim 22, wherein the near-
field aperture structure further comprises a void disposed
within the near-field aperture structure, the laser light propa-
gating through the void.



