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THERMALLY-ASSISTED MAGNETIC RECORDING SYSTEM WITH HEAD
HAVING RESISTIVE HEATER IN WRITE GAP

Technical Field

This invention relates to digital magnetic recording, and more particularly to a
magnetic recording disk drive where data is w_ritten while the magnetic recording

layer is at an elevated temperature.

Background of the Invenﬁon
Magnetic rgcording disk drives store digital information by using a
miniaturized thin film inductive write head. The write head is patterned on the
trailing surface of a slider that also has an air-bearing surface (ABS) to allow the

slider to ride on a thin film of air above the surface of the rotating disk.” The write

head is an inductive head with a thin film electrical coil located between the poles

- of a magnetic yoke. When write current is applied to the coil, the pole tips provide

a localized magnetic field across a gap that magnetizes the recording layer on the

disk into one of two distinct magnetic states (binary data bits).



The mégnetid material for use aé the recording layer on the disk is chosén to
hay_e sgf,ﬁcient coercivity such that the magnetized data bits are written precisely
and retain their magneﬁzation state until written over by new data bit_s. The data
bits are written in a sequence of magnetization states to store bihary information in
the drive énd the recorded information is read back with a use of a read head that
senses_ the stray magnetic fields generated from the recorded data bits.
Magneioresistive (MR)' read heads include those based on anisotropic -
magnetoresistance (AMR), giant magnetoresistance (GMR), such as the
spin-valve type of GMR head, and the more recently described magnetic tunnel
junction (MTJ) effect. Both the write and read heads are kept in close proximity to
the disk s_urface by the slider's ABS, which is designed so that the slider “flies” over

the disk surface as the disk rotates beneath the slider. As the recordiﬁg bit size

decreases to increase the data density on the disk, several problems arise with the
conventional thin film inductive write head and writing process.
The first problem relates to the “superparamagnetic” effect. The areal data

density (the number of bits that can be recorded on a unit surface area of the disk)
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of mégne_tic disk drives is now approaching tﬁe point where the data bits are so
small th_ey can be demagnetized simply from ihérmal agitation within the
magnetized bit (the so called the “superparamagnetic” effect). The conventional
approach to circumventing this problem is to increase the magnetic anisotropy and
coercivity of the magnetic material in the recording layer on the disk to improve the
tﬁerma_l stability. However, this requires that the write head be ﬁwade with a
materi‘é:l with high saturation moment to increase the write field of the head so the
head can write on the high coercivity media. Based on the properties of known
materials, the ultimate write field of the head can only be increased by about 30%,
thus severely limiting future data density growth. In addition, the increased data
rate required at higher areal density requires that the magnetic properties of the

mateérials used in the write head have to be optimized, which is very difficult to

achieve if the materials suitable for use are limited to only those that have a very
high saturation moment.
The second problem relates to the need for narrow track widths to increase

the areal data density. As the track width gets narrower, the portion of the track



width that is detined by thé irack edge stray or fringe fields from the write head
becomes a larger portion of the trac;k width since the spacing between the head
and disk cannot be scaled due to engineering difﬁculties with head and disk
tribology. This degrades the data quality since more and more of the written track
width consists of the poorly written edge' regions. In addition, to reduce the track
Qvidth v!hile still providing an adequate write field reqtjires that one of the pole tips
of the \A‘—;rite head has a geometry in which the height of the pole is much greater
than its width. A write head with such a high ésped ratio pole tip geometry is
difficult to fabricate.

Since it is known that the coercivity of the magnetic media (i.e., the magnetic
recording layer on the disk) is temperature dependent, one proposed solution is

“ther'rhally assisted"” magnetic recording (TAMR), wherein the magneti¢ material in

the media is heated locally to near or above its Curie temperature during writing so
that the coerciviiy is low enough for writing to occur, but high enough for thermal
stability of the recorded bits at ambient temperature. Several approaches to

TAMR' have been proposed, including use of a laser beam or ultraviolet lamp to do



the localized heating, as described in /BM Technical Disclosure Bulletin, VVol. 40,
Nq. _10,__0_ctober 1997, pp. 65-66, and IBM's U.S. patent 5,553,727. In these
approaches, the heating area is typically wider than the data bit ;so that the data bit
dimension is still determined by the size of the write head. Thus while ihe first
problem described above is addressed by these TAMR approaches, the second
broblem is not addressed because the write head geometry and fringé. fields still
limit the reduction in track width that can be achieved.

A read/fwrite head for use in a magneto-optic (MO) or TAMR system is
described in U.S. patent 5,986,978, wherein a special optical channel is fabricated
adjacent to the pole or within the gap of a write head for thermally assisted writing
of the MO or magnetic media by directing laser light or heat down the channel. An
older technology unrelated to TAMR is also known for use in a copy miachine
whici*n n:wagnetizes a film with an image that is then transferred to a pa;;er using
magnetic ink. In that technology, as described in U.S. patent 4,520,409, a ring

type head uses a resistive heater in the gap between the poles to modulate heat

pulses to the film while the pole piece applies a constant bias field to the film.
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What is needed is a write lead for a TAMR system that allows for narrow
tracﬁ_k widths to be achieved without the constraint that the track width is

determined by the geometry of the write head pole tips or the fringe fields from the

write head.

Summary of the Invention

The invention is a thermally-assisted magnetic recording disk drive wherein
the thin film inductive write head includes an glectrically rgsistive heater located in
the write gap between the pole tips of the write head. The resistive heater is
sandwiched betweep first and second spacer layers that a.re located between the
pole tips of the write head. In one embodiinent, referred to as
curre'ht-perpendicular—to-the plane (CPP), the spacer layers are electriéally' ,
cqnd_uc';ive and the pdle tips serve as the electrical leads to provide electrical
current in a direction generally perpendicular to the layer of resistive heater

material. In a second embodiment, referred to as current-in-the plane (CIP), the

spacer layers are formed of insulating material and electrical leads are formed as
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portions of a film between the spacer layers and in.contact with each side of the
resistivg heater. The width of the resistive heater is Iesé than the width of the pole
tips. Thus since only the region of the magnetic layer on the disk that is heated by
the resistive heater can be written by the p_ole tips of the write head, the data track
width on the disk is defined by the width of the resistive heater, not by the
Qeometry of write head pole tips.

Fér a fuller understanding of the nature and advantages of the present

invention, reference should be made to the following detailed description taken

together with the accompanying figures.
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Brief Description of the Drawing

_ Figs. 1A-1B are sectional views of a portion of a prior art merged
magnetoresistive (MR) read head and inductive write head, with the head shown

adjacent a portion of a rotatable magnetic recording disk in Fig. 1B.
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Figs. 2A-2B are sectional views of a TAMR write head of the present
inv_e_ntiqn_ wherein the curfent through the resistive heater in the write gap is
in-the-plane (CIP).

Fig. 3 is a sectional view illustrating the lithographic process for forming the
resistive heater in the write gap.

Fig. 4 is a plan view of the TAMR head shown inl Figs. 2A-2B illustrating the
layout of the electrical leads to the write coil and the CIP resistive heater.

Figs. 5A-5B are sectional views of a TAMR write head of the present
invention wherein the current through the resistive heater in the write gapis
perpendicular-to-the-plane (CPP).

Fig. 6 is a plan view of the TAMR head shown in Figs. 5A-5B illustrating the

layout of the electrical leads to the write coil and the CPP resistive heafer.

Detailed Description of the Invention

Prior Art



" Figs. 1A—1B illustrate a portion of a prior art merged magnetoresistive (MR)
read head and inductive write head showing the read element MR and the
inductive write head comprising yoke Y and coil C (the segments of co?l .C are
shown in sectional view in Fig. 1B). The merged héad is'mounted on the trailing
end of a head carrier, such as an air-bearinag slider. As shown in Fig. 1A, the read
head includes the magnetoresistive element MR which is sandwiched b:etween
first and second gap layers G1 and G2, the gap layers in turn being sandwiched
befween first and second shield layers S1 and S2. In a merged head, the second
shield layer S2 éf the read head also serves as the bottom pole piece P1 for the
write head (P1/S2). The magnetic field from the write head is produced in the
write gap WG between two magnetic poles P1 and P2, as shown in Fig. 1A where

- the write head pole tips are viewed from the slider’s air-bearing surface {ABS)

directly above the disk. Fig. 1B also shows a section of a disk 10 facing the ABS
and having a magnetic recording layer 11 located beneath a protective
overcoat 12. The magnetic field generated by the write head has to overcome the

coercivity of the magnetic layer 11 in order to write the data bit. The field limit of
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the write head is determined by the saturation moment of the materials used to
fat?r_icat_eythe pole pie-ces.’ The w?dth of the Written bitis deﬂnéd by the physical
dimension of the write head pole tip P2 (it_s width w and height h) and by the
amount of stray fringing field produced at the edges of the write head pole tips, as
shown by the arrows in Fig. 1A, and depends on the gap WG between the poles
and the spacing S (Fig. 1B) t;eméen the ends of the pole tips aﬂd thé magnetic

layer 11 on the disk.

Preferred Embodiments

In the TAMR system of the present invention a resistive heater is built into the
gap of the poles of a thin film magnetic recording write head. The close proximity
of the heater to the disk allows the magnetic layer to be heated near oeabove its
Curi;a t;mperature while the data bit is recorded as the magnetic layer ;ools while
exposed to a magnetic field from the write head. As the disk rotates beneath the

head, the magnetic layer cools and retains the sign of the magnetic field. There

are' two possible recording schemes for this approach: 1) the heater is kept on

-
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during the entire write process' and the cooling of the magneﬂc layer as ;che media
mqyes away from the heater determines the location of the data bit, with polaﬁty
of the data bit determined by the write head field at the time of the coo}ing, and 2)
the heater is turned on and gﬁ té record isl;nds of data bits with the polarity of the

magnetic state determined by the polarity of the magnetic field produced by the

write head.

B&cause the edge of the written track is determined by the spreading of the

heat in the resistive heater and in the magnetic layer the track w_idth is determined
by the width of the resistive heater. Thus, since the width w of P2 no longer
controls the track width, the problem of fabricating a high aspect ratio (hlw) pole tip
P2 is substantially alleviated. Also, since the magnetic fields required from the
write head are relatively small (e.g., less than 500 Oe), the magnetic material for
the \);Irif; head can be selected based on data rate performance rather than solely
on saturation moment. The orientation of the recorded magnetization can be

either in the plane (conventional longitudinal recording) or out of the plane
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(perpendicular recording), depending on the type of rﬁagnetic layer used and the
Iog_atiorl_ of the resistive heater within the write pole -gap.: -

Referring now to Figs. 2A and 2B, an embodiment of the TAMR head for
Iongitudinél recording is depicted. The resistive heater 20 is located to be spaced
symmetrically in the center of the write poles P2; P1 so that the poles produce

maximum longitudinal field in the magnetic layer with zero or very small

perperféicular componeﬁt. For perpendicular recording, the heater would be
placed asymmetrically nearer to one of the poles so that substantial amounts of
both perpendicular and longitudinal fields will bé‘ présent in the magnetic layer with
the magnetic layer's perpendicular anisbtropy causing the data to be written in the
perpendicular orientation. The written data is read back using conventional read
head technology, such as a MR read head.

- In Figs. 2A-2B, the resistor or resistive heater 20 is built with a
current-in—the-pfane (CIP) geometry, as shown by arrows 22 depicting the direction
of electrical current through resistive heater 20 located in conductive film 23.

Since the magnetic fields required are not large, the write poles P1, P2 can be
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“ separated farther than in conventional recording. Also, a largé'r variety of
magn_etic materials may used to fabricate the poles, such as 80/20‘ permalloy
(NiFe). Since the track width is-deﬁned primarily by the width (wg) of re_s.istiv.e
heater 20, the magnetic poles P2, P1 can have a width w wider than the width wg
of resistive heater 20 and thus wide enough so that low areal density write heaq
fabrication technology can be used. In the CIP geometry, the write gap WG
material;aetween the write poles comprises a patterned conductive film 23.
containing resistive heater 20 sandwiched between two spacer films 11 and 12,
which inthe CIP geométry are diglectric films formed of any electricaily insulating
and good thermal condubting material, such as alumina (AlLO,), aluminum nitride,
and diamond-like carbon. Film 23 is an electrical conductor that includes a central
region where the resistive heater 20 is located and is made of a good electrical
and thermal conductor, such as rhodium or gold. Resistive heater 20 is made qf a
material with a higher electrical resistance than the non-central regions of film 23

(the regions on either side of heater 20 that serve as the electrical leads to heater

20). Heater 20 may be formed of a low thermal ¢onductivity electrically
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conductive material, such as graphite-like carbon, tantalum (Ta), titanium (Ti) or
Ni?__r. 'l;[]e linear resolution of the thermal write head is determined by the
sharpness of the tempemture drop between the resistive heater:_2'0 and the
surrounding electrically insulating films 11, 12. Thus the thermal conductivity of |1
and 12 needs to be as high as possible while retaining thé electrical insula'tin‘g
propert—y.

The CIP resistor 20 is fabricated by a process similar to that used to | I
fabricate conventional magnetoresistive read heads. R'eferring'to Fig. 3, first the
resistive heater 20 is formed by depositing a full film of resistive heater material
over the |11 layer that electrically isolates the heater from the magnetic write
pole P1. Next a conventional bilayer photoresist 30 is deposited and patterned
over the heater material 20 to form a long narrow stripe whose width defines the
heatTer ';rack width. This is followed by a subtractive removal of the non-central
regions of the resistive film material on either side of the heater 20 using the
photoresist 30 as a mask. This removal can be done using conventional ion

miliing. Next a film of conductive lead material 23 is deposited over the ']
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photoresist 30. This allows the film 23 tb overlap the edges of heater 20 and

| prgyide__glectric current to operate the heater. After removal of the _bilaye_r :
photoresist 30, an additional bilayer photoresist process is performed to define the
front and back regions of the preferably square-shaped heater 20. However,
unlike the process for the definition of the track width when conducting films are

redeposited after side removal of the resistive material, an insulating film is

depositéd after ion milling the front and back regions to electrically isolate the input
and output. leads for the heater. After removal of the second bilayer photoresist,
an insulating layer I2 is then deposited over heatér 20 and film 23 to electrically
isolate the heater from the magnetic pole P2 of the write head. Fig. 3 also shows
an advantage of the present TAMR writg head over conventional write heads.
Sincé'the track width defining process (the formation qf resistive heater 20) can be
mad; \Is;ith a low aspect ratio (e.g., less than 4:1), the write track width can be.
extended much farther than in conventional magnetic recording in which write

heads with aspect ratios (h/w of P2 in Fig. 1A) of greater than 10:1 are needed for

high areal density.
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The electrical lead layout for a CIP TAMR write head is shown in the top
plaq vie:\‘(_\__r of Fig. 4. Four leads are needed, two leads 40, 42 for the write coil 3
that passes through yoke Y, and two leads 50, 52 for the CIP resistive heater 20 in
film 23. However, one of the four leads may be eliminated by using a common
ground for both the write coil C and the resistive heater 20.

In Figs. 5A-5B, an embodiment of the TAMR write head is shown wherein

the eledtrical current to the resistive heater 20' is perpendicular-to-the-plane (CPP)_
of the. resistive film. The write poles P2, P1 carry the electrical current to the
resistive heater 20’. To use the two magnetic ﬁlms P2 and P1 as electrical leads,
they are electrically separated in the back of the write head yoke Y by a thin
dielectric film 60, as shown in Fig. 5B. This separation will only degrade the
magnetic efficiency of the write head by a very insignificant amount since the
overlép;;ing area in the back gap can be made to be much larger than the overlap
area in the front pole tip region. The electrical shunt capacitance caused by the
back gap is negligible. In the CPP geometry, the material for the write gap WG

between the write poles P2 and P1 comprises a patterned resistive film 27
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sandwiched between the two spacer films L1 and L2 that serve as the electrically
coqdu_c_:tive leads for electrical current from the poles P2 and P1. The lead

films L1 and L2 may be made of rhodium or gold. The film making ub heater 20’
is made of a very good insulator, such as diamond-like carbon or aluminum nitride
(AIN) so that current from P2 to P1 is directed through the resistive heater 20’

portion of film 27. The resistive heater 20" is fabricated by a process like that used

to fabriéate the CIP resistor (see Fig. 3). In the CPP geometry the area of the
electrical connection between the leads P2, P1 and the resistive heater 20’ is
larger than in the CIP geometry because in the CIP geometry the resistive
heater 20 is.contacted at its edges by the non-central regions of film 23 (see
Fig. 2A). Thus the contact resistance and reliability of the juncti(;n is better in the
CPP geometry. Another advantage of the CPP embodiment is that the lead
mate}ialis with both good electrical conduction properties and good thermal

conduction properties are readily available so that good thermal gradients can be

created in the resistive heater 20'.
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The electrical I_ead layout for a TAMR write head using the CPP geometry

is shown in Fig. 6. Lead 50’ goes to pole tip P2 and lead 52 goes to pole tip P1.

Typical dimensions, resistances and predicted areal data densities for the

structures of the CIP and CPP TAMR write heads are given below in Table 1.

Table 1

Resistor | Resistor | Resistor | Write CPP CPP cwP cip Density
track- | stripe | thickness gap (nm) | resistor | junctn | resistor | junctn | (Gblin?)
width¥ height (nm) {ohms) area {ohms) area
{nm) (nm) __{nm?) (nm?)

200 200 100 300 125 40000 [5.0 120000 {32

100 100 50 300 2.50 10000 {10.0 5000 129

50 50 25 300 5.0 2500 20.0 - 1250 -|516

10 10 5 300 25 100 100 50 12900

Both the CIP and CPP resistive heaters can be fabricated using thin film

wafer processes that are similar and compatible with existing recording head

procéss-technology and is thus very inexpensive to implement. Modeling shows
that with appropriate thermal engineering of the magnetic layer on the disk and
with the head only 5-10 nm from the disk, good thermal power transfer efficiency

can be expected. The 30 microwatts of power needed to heata 10 nm x 10 nm
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area of the disk surface to 200° C can be achieved by near-field thermai coup!ing
frti(n a_._r_gsistive heater heated to 500 - 600° C. The thermal response times of
both the CIP and GPP TAMR write heads are less than 100 picoseconds (ps).
While the present invention has been particularly shown and described wﬁh
rgference to the preferred embodiments, it will be understood by those skilled in

the art that various changes in form and detail may be made without departing

from the spirit and scope of the invention. Accordingly, the disclosed invention is.
to be considered merely as illustrative and limited in scope only as specified in the

appended claims.
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What is claimed is:

1. A thermally assisted magnetic recording thin film inductive write head
having a thin film inductive coil and pair of write poles separated by a write gap,

the head comprising an electrically resistive heater in the gap.

-
-

2. The head accordiﬁg to claim 1 further comprising first and second
electrical leads in the gap and connected to the heater.
3. The head according to claim 2 further comprising a
first electrically insulating spacer layer in the gap and separating a first one of the
poles from the heater, and a second electrically insulating spacer layer in the gap ‘

and éebarating the other pole from the heater.

«21-
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4, A thin film write head for thermally assisted magnetic recording
con_‘n_pris_i?g:

a substrate;

a magnetic yoke on the substrate, the yoke comprising first and second
pole pieces, each pole piece having a pole tip, the pole tips being spaced-apart to
define a gap;

;'ﬁrst spacer layer located in the gap adjacent the first pole tip;

a second spacer layer located in the gap adjacent the second'pole tip;

a layer of electrically conducting material located between the ﬁrst, and
second spacer layers in the gap and baVing a higher electrical resistance region for
generating heat when electrical current is applied to said conducting layer; and

- a coll layer located within the yoke for generating a magnetic field across

the pblé tips.

5. The head according to claim 4 wherein the substrate is the trailing

face of an air-bearing slider.
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6 The head according to'claim 4 further comprising a mégnetoresistive
read element on the substrate.
7. The head according to claim 6 wherein the
magnetoresistive read element is located bélween the substrate and the magnetic

yoke of the write head and further comprising a first shield layer located between

the substrate and the read element.

8. The head according to claim 4 wherein the width of the higher
electrical resistance region is smaller that the width of the second pole tip

measured along a line parallel to both the pole tip surface and the substrate

surface.
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9. The head according to claim 4 further comprising first
and_ .seggnd electrical |e§ds connected to the layer of electrically conduc.t.ing
material locate.d between the first and second spacer layers in the gaﬁ for
providing electrical current to heat said .higher electrical resistance region.

10.  The head according to claim 9 wherein the first and
second spacer layers are formed of electrically conducting material and wherein
the ﬁrsﬁ;'and second pole pieces comprise the first and second leads, whereby
electrical current directed through one of the pole pieces is conducted through one
of the spacer layers generally perpendicular to the plane of the layer of electrically
conducting material located between the first and second spacer layers.

11.  The head according to claim 9 wherein the first and

second spacer layers are formed of electrically insulating material.
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12. A magnetic recording disk drive 'comprising':
-i_rotatable magnetic recording disk qomprising a substrate and @ magnetic
recording layer on the substrate;
a slider having a disk-facing surface and a trailing face and being
maintained in proximity to the disk; and
a thermally assisted magnetic write head formed on the trailing face of the
slider ;ﬁd comprising
a magnetic yoke having first and second pole pieces, each pole
piece hav_ing a pole tip facing the disk, the pole tips being spacedfapart so
as to define a write gap;
a first spacer layer located in the gap adjacent the first pole tip;
a second spacer layer located in the gap adjacent the second pole
tip;
a resistive heater layer of electrically conducting material located

between the first and second spacer layers in the write gap for heating the
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magnetic recording Iayér on the disk when electrical current is applied to
seid resistive héater; and

a coil layer located within the yoke for generating a magnetic field
across the.pole tips to the heated magnetic recording layer on the disk

when write current is applied to the coil.

13.  The disk drive acéording to claim 12 further comprising
electric%l leads for providing current to the' resistive heater layer._

14.  The disk drive according to claim 13 wherein the
electrical leads are located in the write gap between th.e first and.second spacer
layers, whereby electrical current passes generally in the plane of the resistive
heater laye_r.

15.  The disk drive according to claim 12 wherein the
spacer fayers are electrically conductive and wherein the pole pieces comprisg the

electrical leads for providing current generally perpendicular to the resistive heater

layer through the spacer layers.
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16.  The disk drive according to claim 12 wherein the width of the
resistivg heater layer is smaller that the width of the second pole tib measured

‘along a line parallel to both the pole ’tip surface and the trailing face of the slider.
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