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(57) ABSTRACT 

A magnetic recording system is provided having a Write 
head employing a combination of magnetic Write ?eld 
gradient and thermal gradient to Write data on a ‘thermal 
spring’ magnetic recording media. The Write head comprises 
a magnetic element using a Write current to induce a 
magnetic Write ?eld at the magnetic media and a thermal 
element using a very small aperture laser to heat a portion of 
the media. The thermal spring magnetic media comprises 
?rst and second stacks providing tWo exchange coupled 
ferromagnetic layers having different Curie temperatures. 
The ?rst stack has a high magneto-crystalline anisotropy, a 
relatively loW saturation magnetization and a 10W Curie 
temperature. The second stack has a relatively loW magneto 
crystalline anisotropy, a high saturation magnetization and a 
high Curie temperature. The magnetic ?eld gradient and the 
thermal gradient are arranged to substantially overlap at the 
trailing edge of the heated portion of the magnetic media 
alloWing data at high density With high thermal stability to 
be recorded on the rapidly cooling thermal spring magnetic 
recording media. 
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THERMAL SPRING’ MAGNETIC RECORDING 
MEDIA FOR WRITING USING MAGNETIC AND 

THERMAL GRADIENTS 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] US. patent application docket number 
SJO919990221US1, entitled THERMALLY ASSISTED 
MAGNETIC RECORDING SYSTEM AND METHOD OF 
WRITING USING MAGNETIC AND THERMAL GRA 
DIENTS, Was ?led on the same day and owned by a 
common assignee. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to magnetic recording 
systems for Writing information signals on a magnetic 
medium and, in particular, to a magnetic recording system 
employing a combination of magnetic Write ?eld gradient 
and thermal gradient to increase the a real density of 
magnetic recording, and to a ‘thermal spring’ magnetic 
recording media for recording information With such sys 
tems. 

[0004] 2. Description of the Related Art 

[0005] Moving magnetic storage devices, especially mag 
netic disk drives, are the memory device of choice. This is 
due to their expanded non-volatile memory storage capabil 
ity together With a relatively loW cost. Thin ?lm magnetic 
read/Write heads are used for reading and Writing magneti 
cally coded data stored on a magnetic storage medium such 
as a magnetic disk. 

[0006] Magnetic disk drives are information storage 
devices Which utiliZe at least one rotatable magnetic media 
disk having concentric data tracks de?ned for storing data, 
a read/Write transducer for reading data from and/or Writing 
data to the various data tracks, a slider for supporting the 
transducer adjacent the data tracks typically in a ?ying mode 
above the storage media, a suspension assembly for resil 
iently supporting the slider and the transducer over the data 
tracks, and a positioning actuator coupled to the transducer/ 
slider/suspension combination for moving the transducer 
across the media to the desired data track and maintaining 
the transducer over the data track center line during a read 
or a Write operation. The transducer is attached to or is 
formed integrally With the slider Which supports the slider 
above the data surface of the storage disk by a cushion of air, 
referred to as an air bearing, generated by the rotating disk. 

[0007] There is a continuing strongly-felt need for increas 
ing the data storage density in the magnetic media of the 
storage disks. Most efforts to increase magnetic storage 
density involve techniques for increasing the areal bit den 
sity in the magnetic storage medium. In rotating magnetic 
disk drives, the areal density is the product of the number of 
?uX reversals, or bits, per unit length along a data track and 
the number of tracks available per unit length of disk radius. 
In current high areal density storage systems the bit density 
is in the range of 300-500><103 bits/inch and the track density 
is in the range of 20-36><103 tracks/inch resulting in an areal 
density of about 10-18 Gbits/in2. Advances to areal densities 
of 40-100 Gbits/in2 are probably achievable With the prior 
art technology by implementing careful control of media 
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microstructure in order to ensure thermal stability of the 
stored data and to keep media noise Within acceptable limits. 

[0008] HoWever, there is a problem With the prior art 
magnetic recording systems and the magnetic media as areal 
density is further increased to densities greater than about 
100 Gbits/in2. As the track density increases, it becomes 
increasingly dif?cult to maintain the transducer centered 
over the very narroW data track during read and Write 
operations. As the bit density along the track increases, a 
more fundamental problem arises due to the small siZe of the 
bits causing instability of the bit magnetiZation due to 
thermal ?uctuations. As the bit siZe decreases, the energy of 
thermal ?uctuations becomes comparable to the stored mag 
netic energy Which is given by the product of the sWitching 
volume and the magneto-crystalline anisotropy of the mate 
rial. This results in a decay of the bit magnetiZation and loss 
of the stored data. 

[0009] Therefore, there is a need for a magnetic recording 
system that provides increased areal density of data With 
improved thermal stability and for a method of Writing data 
on high areal density magnetic media in such a magnetic 
recording system. 

SUMMARY OF THE INVENTION 

[0010] It is an object of the present invention to disclose 
a magnetic recording system employing a combination of 
magnetic Write ?eld gradient and thermal gradient to Write 
data on a magnetic recording disk. 

[0011] It is another object of the present invention to 
dislose a magnetic recording system combining a magnetic 
Write ?eld gradient and a thermal gradient to Write data on 
a magnetic disk having a high magneto-crystalline anisot 
ropy resulting in an increased areal recording density. 

[0012] It is yet another object of the present invention to 
disclose a magnetic recording system combining a magnetic 
Write ?eld gradient and a thermal gradient to Write data on 
a magnetic disk, Wherein the magnetic Write ?eld gradient 
and the thermal gradient are spatially and temporally coin 
cident on the Write area of the magnetic disk during the Write 
operation. 

[0013] It is still another object of the present invention to 
disclose a ‘thermal spring’ magnetic recording medium for 
Writing data at high areal density using a magnetic Write ?eld 
gradient combined With a thermal gradient. 

[0014] It is a further object of the present invention to 
disclose a method of Writing data at high areal density With 
a combined magnetic Write ?eld gradient and a thermal 
gradient. 

[0015] In accordance With the principles of the present 
invention, there is disclosed a magnetic recording system 
having a Write head comprising a magnetic element and a 
thermal element and a magnetic recording disk including a 
thermal spring magnetic recording media. The thermal 
spring magnetic recording media comprises ?rst and second 
stacks in a laminated structure providing tWo eXchange 
coupled ferromagnetic layers having different Curie tem 
peratures. The ?rst stack has a high magneto-crystalline 
anisotropy and a loW Curie temperature. The second stack 
has a relatively loW magneto-crystalline anisotropy, a high 
saturation magnetiZation and a high Curie temperature. 
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[0016] The Write head comprises a magnetic element for 
providing a magnetic ?eld gradient at the magnetic record 
ing medium and a thermal element for providing a thermal 
gradient at the magnetic recording medium spatially and 
temporally coincident With the magnetic ?eld gradient. The 
thermal element is a very small aperture laser (VSAL), a 
solid state laser device having a very small aperture in a 
metallic re?ector layer for emitting a pulse of high intensity 
light through a Write gap of the magnetic element. Alterna 
tively, continuous Wave (cW) light may be used for very thin 
or Well heat sunk magnetic media for Which the cooling rate 
after the heat source passes through is suf?ciently high. The 
magnetic element comprises the metallic re?ective layer of 
the VSAL electrically insulated from the solid state laser by 
a dielectric layer. A Write current pulse is directed through 
the metallic re?ective layer perpendicular to the direction of 
motion of the magnetic media relative to the read/Write head 
to produce a magnetic ?eld pulse With the ?eld eXtending 
into the region betWeen the the aperture and the magnetic 
media. Alternatively, the magnetic element may be a induc 
tive Write head having ?rst and second ferromagnetic pole 
pieces separated by a Write gap and magnetically coupled at 
a back gap and a conductive coil for inducing a magnetic 
?eld ?uX in the pole pieces resulting in a magnetic ?eld 
gradient at the Write gap. The pulse of light from the VSAL 
impinges on and is absorbed by the magnetic media result 
ing in rapid heating of the magnetic media in the Write gap 
region. As the magnetic media moves relative to the Write 
gap, a thermal gradient at the trailing edge of the heated spot 
in the magnetic media is coincident spatially and temporally 
With the magnetic ?eld gradient in the media generated by 
the Write current pulse. 

[0017] The magnetic ?eld gradient provided by the Write 
current pulse Will be steepest in the vicinity of the trailing 
edge of the light aperture. While the Width of the Write track 
is mainly de?ned by the siZe and shape of the aperture, that 
is, by the temperature pro?le and gradient created by the 
light spot, the transition length is de?ned by the overlapping 
thermal and magnetic ?eld gradients. In this region of 
overlapping thermal and magnetic ?eld gradients, the coer 
civity of the magnetic media is thermally reduced suf? 
ciently to alloW sWitching of the magnetiZation by the 
magnetic ?eld gradient folloWed by rapid cooling back to 
the high coercivity state due to the steep thermal gradient 
and the motion of the media. 

[0018] To avoid thermal instabilities of the stored mag 
netic data, a minimal stability ratio of stored magnetic 
energy KUV to thermal energy kBT of KuV/kBT of about 60 
is required, Where KU is the magneto-crystalline anisotropy 
of the magnetic media, V is the magnetic sWitching volume, 
kB is the BoltZmann constant and T is the temperature of the 
media. Having successfully sWitched the magnetic media by 
heating the transition region so as to exceed its Write energy 
threshold, it is necessary to rapidly cool the transition region 
in order to prevent thermal instabilities from degrading the 
neW magnetiZation state. By arranging to substantially over 
lap the trailing edges of the temperature and magnetic ?eld 
gradients produced by the VSAL light pulse and the Write 
current pulse through the metallic re?ective layer, respec 
tively, the transition region cools by diffusive processes 
sufficiently rapidly to maintain its magnetiZation. 
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[0019] The above, as Well as additional objects, features 
and advantages of the present invention Will become appar 
ent in the folloWing detailed Written description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] For a fuller understanding of the nature and advan 
tages of the present invention, as Well as the preferred mode 
of use, reference should be made to the folloWing detailed 
description read in conjunction With the accompanying 
draWings. In the folloWing draWings, like reference numer 
als designate like or similar parts throughout the draWings. 

[0021] FIG. 1 is a simpli?ed diagram of a magnetic 
recording disk drive system using the Write head and disk 
media of the present invention; 

[0022] FIG. 2a is a perspective vieW, not to scale, of a 
read/Write head of the present invention ?Xed on the trailing 
end of a slider; 

[0023] FIG. 2b is a vertical cross-section vieW, not to 
scale, of an embodiment of the read/Write head of the present 
invention. 

[0024] FIG. 2c is a sectional vieW, not to scale, of a 
section A-A of the read/Write head of FIG. 2b; 

[0025] FIG. 2a' is an air bearing surface vieW, not to scale, 
of the read/Write head of FIG. 2b; 

[0026] FIG. 26 is an air bearing surface vieW, not to scale, 
of a read/Write head having an alternate location of the 
aperture of the VSAL; 

[0027] FIG. 2f is an air bearing surface vieW, not to scale, 
of a read/Write head having an alternate shape of the 
conductive layer on the emitting surface of the VSAL; 

[0028] FIG. 2g is an air bearing surface vieW, not to scale, 
of a read/Write head having a second alternate shape of the 
conductive layer on the emitting surface of the VSAL; 

[0029] FIG. 2h is an air bearing surface vieW, not to scale, 
of an embodiment of a read/Write head having a magnetic 
layer on the emitting surface of the VSAL; 

[0030] FIG. 2i is a vertical cross-section vieW, not to 
scale, of an embodiment of a read/Write head having a 
magnetic layer on the emitting surface of the VSAL; 

[0031] FIG. 3a is a cross-sectional vieW, not to scale, of 
a high magneto-crystalline anisotropy magnetic media for 
use With the read/Write head of the present invention; 

[0032] FIG. 3b is a graph of the temperature dependence 
of the magneto-crystalline anisotropy ?eld HK for a high KU 
magnetic media material; 

[0033] FIG. 4a is a cross-sectional vieW, not to scale, of 
a ?rst embodiment of a thermal spring magnetic media of the 
present invention; 

[0034] FIG. 4b is a cross-sectional vieW, not to scale, of 
an alternate embodiment of a thermal spring magnetic media 
of the present invention; 

[0035] FIG. 5a is a graph of the magneto crystalline 
anisotropy and the Curie temperature of Co/Pt multilayers as 
functions of the Co layer thickness for a ?Xed Pt layer 
thickness of 10 






















