;e3erral | noXt o] g6qTrR V19 NOV 2004 THERMALLY- ASSI STED MAGNETI q: ‘Fﬁw ller

SYSTEM W TH HEAD HAVI NG RESI STI VE HEATER I N WRI TE GAP Techni cal
imvention relates to digital nmagnetic recording, and nore particularly to a
magneti c recording disk drive where data is witten while the magnetic

recording |ay I . f vention
Vagnet | o r ecor o S TNCRP-(O ST ER) IEERETIC HECORTING BYR it iy HED
mniaturized thin film i AVYING RESIST/ BHBATERINWRITENGAP i S patterned on
the trailing surface of a slider that al so has an air-bearing surface (ABS)
to allowthe slider to ride on a thin filmof air above the surface of the
rotating disk. The wite head is an inductive head with a thin film

el ectrical coil |ocated between the poles of a nagnetic yoke. Wien wite
current is applied to the coil, the Mﬂjovi de a localized magnetic
field across a gap that magneti zes the recording |ayer on the disk into one
of two distinct magnetic states (binary data bits). . 19 NOV 2004 The
magnet i ¢ nat eri alhi$ tventien esdatehdo digital mhagoeti@sording L4 ﬂio%pbﬁicﬁﬂ\ﬂ?% a0
have sufficient coercivity such that the magnetized data bits are itten
precisely and retain their nagnetization state until witten over by new
data bits. Thegoeficareotdingizkwirive twiere Hats BEAURINCS | I.QPyish at es
to store binary informati%n in the drive aﬁ’d t he rgﬁ?@gaﬁﬁ‘%tﬁ‘f}%ﬁ%ﬁéis
read back with a use of a read head that senses the stray magnetic fields
generat ed frayerti®at aseriaesy ahserltrs. Magnetoresistive (M) read heads

i ncl.ude those based on ani sotropi c magnet oresi stance (AVR), gi ant
magnet or esi stance (GWR), such as the spin-valve type of GWR head, and the
nore recently described nagnetic tunnel junction (MIJ) effect. Both the
wite and read heads are kept in close proximty to

Background of the Invention

Magnetic recording 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
heac; 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 colil, the pole tips provide
a localized magnetic field across a gap that magnetizes the recording layer on the
disk int_o one of two distinct magnetic states (binary data bits).
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the disk surface by the slider's ABS, which is designed so that Tt@eNs@‘Vd?@m
"fljes" over the disk surface as the disk rotates beneath the slider. As
the recording bit size decreases to increase the data density on the disk,
several problens arise with the conventional thin filminductive wite head

and witing proc i fir problemrel ates to the "superparanagnetic"
effect. The ar eaﬁ}ﬁgé?%aa%é'ﬁsm%i?”g{ﬁéuﬁ%ﬁﬁgFe Eﬂ“co[f’"?%'ab’ﬁbtm %dgé ig eleesredidd on
a unit surface area of the disk) 2 14 NOV 2004 of magnetic disk drives
i's now approggchi ng.the, point where the data bits are so small they can be
demagnet i zedﬁiY-‘?‘rfﬁ%yc'lePBE?‘?rﬁlé’ft)‘rﬁ!‘dhﬁiaﬁ the magnstizedrdata bitsratmerittee prédisely t he
so called the "superparamagnetic" effect). The conventional approach to

ci rcunventi ng éhi S. problemis to increase the magnetic anisotropy and
coerci vity ofiNd Fiaiftgaistmagnatizationstatenuntihevritten oveii Ingnéwayiita Bis t MRe dask t o

i nprove the thermal stability. However, this requires that the wite head
be made with a material with high saturation nonent to increase the wite
field of thebitreait wottemin heaquarme offhaghciRatidiesthicdho SRIE i YfHﬁﬂ%ﬂon E\ased
on the properties of known materials, the ultimte wite fie oPo e head
cari only be increased by about 30% thus severely limting future data
densi ty gr ovihi.drive ardbtheirecdrdelienfoRasadasi rRQuUl | ghe
areal density requires that the mgneﬁi@gﬁgﬁgﬁgggﬁgf&?weﬁﬁa ag{'?%cggaied
inthe wite head have to be optimzed, which is very difficult to achieve
i f the nmat ergealsesthié 688 ehddpieti r ey 0 at have a
very hi gh saturation rrgilmentgfwé‘tllﬁgglggggﬂgfdg%%gﬁg{mﬁ%?g?g%géQtd%?? hBS'need for
narrow track widths to increase the areal data density. As the track width

gets narr oweagh&@Rrethve QMO reblheh HEHEIIGR thodebdbed of gr?iggtropic

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 keptin close proximity to
the disk surface 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 recording 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)



width that is defined by the track edge stray or fringe fields fﬁé%ﬂﬂ@Q/7004
wite head becones a larger portion of the track width since the spacing
bet ween the head and di sk cannot be scal ed due to engineering difficulties

wi th head and disk tribology. This degrades the data quality since nore and

ogrons. | 1'n AatrerEle GEasl: Rl Fachi it e ¥ IR 88y an

adequate wite field requires that one of the pole tips of the vvrite head
has a geonetry Jihn which the hei ght of the pole is nmuch greater than its
width. A w el Bed Saide dertnetitedsimmidam iering! sekaliofiwthiaditet ry i s
difficult to fabricate. Since it is known that the coercivity of the
magnetic nmedia (i,e., the magnetic recording |ayer on the disk) is
tenperature F&Abit Ghresp Fallsskiba ‘sunaiperamagneticheffent). | Theisenvarddnal
magnetic recording (TAVR), wherein the magnetic material in the nedia is
heated locally to near or above its Curie tenperature during witing so
that the co@pbreachytoi aircupwestiogititis problem i forigerease teumaghetic bhigbtreppagh f or
thermal stability of the recorded bits at anbient tenperature. Several
approaches to TAMR have been proposed, including use of a | aser beam or

ul travi ol et doangivityoofcthe madrbtibi@vateAaiin thdwecordhad iaxefoR&dd HRE to ARpReahkbed
in I BM Technical Disclosure Bulletin, Vol. 40, No. 1 O . QOctober 1997, pp.
65-66, and IBMs U S. patent 5,583,727. In these approaches, the heating
area is typiteerinal statsity. Hb&)bvbh&hi@@é@hiﬁé‘stthéﬂhéhﬁtteh@ﬁd%trﬁagéwlﬁ!émns' on 1s
still determ ned-by the size of the wite head. Thus while the tirst

probl em descri bed. above is addressed by these TAMR approaches, the second
probl em i s npriteAdOKBS i firl el ds
still Iimt the reduc??gnﬁﬁﬁaﬁﬁﬁ%mﬁhﬁéﬁg%%ﬁg@tgém gfrv}g .heha%éath%’wi te
head for use in a nagneto-optic (M) or TAWR systemis described in U S
patent 5,98 i i al. j S j cated adj acent
o the pol o f T RS EREEOALAP ok, BRRRDS) tehgP RIS 3iced
witing of the MO or magnetic nedia by directing |laser |light or heat down

the channel , Mrials, 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
materials 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
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ol der t.echnol ogy unrelated to TAMR is al so known for use in a cop)j BBN@\MeQDm
whi.ch magnetizes a filmwith an inage that is then transferred to a paper

usi ng 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

ol es to nodul,at ea ul,ses, to the filmwhile the pole piece applies a
(F:)onstant bi é{Edﬁ@Pﬂ'stcf?“ﬁﬁeivﬁh%ﬁa-cgedgqgtfﬁmr fringe fields fppmxthe yvritebgad is a
wite head for a TAMR systemthat allows for narrow track widths to be
achi eved without the constraint that the track width is determ ned by the
geonet ry of DEGEMASa Breeraepriven ef thedrackiwitdiesinge heespacisigdsetiveenmthébead i t e
head. Summary Di scl osed herein is a thermally-assisted magnetic recording
di sk drive wherein the thin filminductive wite head includes an
el ectri cal | pndedisk canvwt heatcaled duratoeehginedring diffictltegaith headesid disle pol e
tips of the wite head. The resistive heater is sandvviched between first
and second spacer layers that are | ocated between the pole tips of the

write head. tibologe Ehibatdignats, the elaes yeslity inas ntdfe RAtMBRY PRAE IviHed trd & t he
pl ane (CPP), the spacer layers are electrically conductive and the pole

i ps serve as the electrical |eads to provide electrical current in a

di rection geethaddngisResPRRGoRHY Aritled ddi regins. o a&ﬁg&gl&g\r@d%)@trﬁtee” al

In a second enbodi nent, referred to as current-in-t
spacer |layers are forned of insulating materlal and electrical |eads are

formed as - §idthdoniQY oar. im! il W%$ he s er layers and
i n contact \?\)1[ t’]tu1 ealch gli g\ﬂglﬁgt ere u%{set \Iﬁr\r}éé 1#1%%?%# ! ﬁ%}’\/ﬁ”& ‘ﬁfatﬁf" pto#e%fps
resistive heater is less than the width of the pole tips. Thus since only
the region . ' n.the.disk.that iis s heated by the
resistive hgggiépﬁg{agralﬁﬁagé \bv%? %%ﬁfr}? t'ﬂ@ﬁ%cg\ @etneb‘g‘tt&f aTen%é]W§ f’\é‘cﬁgfﬁﬂ?ter

than its width. A write head with such a high aspect ratio pole tip geometryis

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

‘thermally assisted” magnetic recording (TAMR), wherein the magnetic material in

the media is heated locally to near or above its Curie temperature during writing so

that the coercivity 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 data track width on the disk is defined by the width of the qealrﬁﬂ\gezo
heater, not by the geonetry of wite head pole tips. According to & rst Olf
aspect of the invention, there is provided a thin filmwite head for

thermal |y assisted nmagnetic recording conprising: a substrate; a nagnetic

yoke on the ; g L S| i | st d secon ol e pieces,
each said pgﬁg%g%&ngé%%gk%&%ﬁg%&)E{Aﬁjeﬁéwgaﬁ?'ﬁg%ﬁgf%éu ?fé(bég"-atddbrt to
define a wite gap; a first spacer layer located in the wite gap adjacent
the first pgq| [ s a ond .spacer | r located in the wite gap

adj acent t hg\kg'etdog%ctéﬁ?@ ?ﬁg;ppaGSé@'@ﬁJéM?%Ht%-rpqtﬁme?1553178I7edm thesel | y
conducting material |ocated between the first and second spacer |ayers in
the wite gap for generating heat when electrical current is applied to

sai d resi st i%@f drefiesy thedYeatingareniis typicafiy widat dhen theedataibitdo thetthe datamdtct ed
to the resistive heater layer for providing electrical current to heat said
resistive heater l|ayer, the resistive heater |ayer having a higher

el ectrical rd¥®essiandestilhdetesninddibyatis sizenaf the eoité hbayeThLiooaiilethavitshi n t he
yoke for generating a magnetic field across the pole tips. According to a
second aspect of the invention, there is provided a magnetic recording disk

drive conpripsobigm d@sdrited aboBeli® 368redsed Wy theselPAMRVaF884 cRed, hakaky
magneti c recording disk conprising a substrate and a nagnetic recordi ng
| ayer on the substrate; a slider having a disk-facing surface and a

trailing fapeotsarh beiotaddrRisabaibeedusdtnOMeMdad ded h i '
thermal |y assisted magnetic wite head forr?ed ondtrﬁl,@tﬂ g#‘?:ﬁ;\n Ptgeégs gtf” t he

slider and conpri sing;
limit the reduction in track width that can be achieved.

A read/write 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 machine
which n;agnetizes a film with an image that is then transferred to a paper 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.



|

a magneti c yoke having first and second pol e pieces, each said po e(’ggmg
having a pole tip facing the disk, the pole tips be| ng spaced- apart 2004
to define a wite gap; ]J]o a first spacer |ayer located in the gap adjacent
.the first pole tip;Vhateowedesiiaaerritt apad o0& TR ishs e 1R RIS ;GSNYrd\he
__second pole tip; a resistive heater |ayer of electrically conducting
material |ocated between the first and second spacer layers in the wite
gap for heati nfrackevidthgnebiec chReeHHiMGul fﬁ)ée(fongf?afnlf' aq'tf?é(tr%’n L?Ct“ cal
current is applied to said resistive |s heater; Y ocated

wi thin the yoke for generating a magnetic fleld across t he pole tips to the
heat ed magneti gete8GM&d B n tecrr is applied
to the coil. For a full egﬂteﬂgd%'gtangl ng orf?tE I}\gg% é)t\i\%:t'gs %g‘ H‘U%tfébjésfr%ﬂ thee
present 20 invention, reference should be nade to the follow ng detail ed
description ta{g@,%pgggt her with the acconpanying figures. -7a

~R. ' vLI BQ 2768. doc: 19 NOV 2004 Brief Description of the Drawi ng Figs.
1A-1 B are sectlonal VI ews of a portion of a prior art nerged

magnetoresi stive (MR) read head and inductive wite head, with the head
shown adj acent a portion of a rotatable magnetic recording disk in Fig. 1
B. -8 19 NOV 2004 Figs. 2A-2B are sectional views of a TAMR wite head
of the present invention wherein the current through the resistive heater
inthe wite gap is in-the-plane (S#mmary

Disclosed herein is a thermally-assisted magnetic recording disk drive wherein

the thin film inductive write head includes an electrically resistive heater located in
the write gap between the pole tips of the write head. The resistive heater is
sandwiched between first and second spacer layers that are located between the
pole tips of the write head. In one embodiment, referred to as
current-perpendicular-to-the plane (CPP), the spacer layers are electrically
conductive and the pole lips serve as the electrical leads to provide electrical
current in a direction generally perpendicular to the layer of resistive heate;
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



Fig. 3.is a sectional viewillustrating the |ithographic process r
formng the resistive heater in the wite gap. Fig. 4 is a plan \}Tgv\NQVtm[r

TAMR head shown in Figs. 2A-2B illustrating the |ayout of the electrical
| eads to the wite coil and the CIP resistive heater. Figs. 5A-5B are

sectional views of T ite head of the present invention wherein the
current t hr RIToRheT Al hteendhe Spanhr laneruand & gaptack with each side of the
per pendi cul ar-to-the-plane (CPP) Fig. 6 is a plan view of the TAWVR head
shown in Fi gésistye s@aten ufbe aviditgot He repjstive béatehés dsscthancthle Wigltlioftthet he
wite coil and the CPP resistive heater. Detail ed Description of the

I nvention Prpoe tifyst Thus sink® ORIy tR8Géglondst thbAmbagRetit 14pdr 8 @hd disK tHaNisOof
a prior art nerged magnetoresistive (MR) read head and 1 nductive wite head

Showl 10, e Heed BhaRBVesMRabaldiccdrduching By the dFAHLEATANL YA ke ¥

and coil C (the segnents of col are shown 1 n’sectional "viewin

B). The ner I ed o he .trai]ing end. of head carrier, sych
as an air- bgggidr%gggﬁkgw&{%sn g}?o@/ﬁﬁ Hdéﬁrbed Eiy ﬁ‘,e YVHjéRroé ﬁ%%%f"’ienr&‘?ﬁﬂbé"#he
magnet or esi ti%e el enent 1M?,whi ch is sandw ched between first and second
gap | ayers FPemetne’ Weis MeRLPeitipSt ur n bei ng sandwi ched bet ween fir st
and second shield |ayers S1 and S2. In a nmerged head, the second shield

|l ayer S2 of the rMFOrdAg talsbrsté aspest abthehimvbotiemnthpot és pravddedPalthirofilmhe
wite head (P1/S2). The nmagnetic field fromthe wite head is produced in
the wite gapitibeaetfnetermatly magisttd magot#srdebréing cBhpristnghown in Fig. 1 A
where the wite head pole tips are viewed fromthe slider's air-bearing
surface ,CABS) di reqidsyragdove the disk. Fig. 1 B also shows a section of a
di sk 10 facing the ABS and having a magnetic recording | ayer 11 | ocated

beneath a protectiy - LN t el nerated by the wite
head has to over pg@a@ﬁéﬂé&é&%% tth;§ %BE@%E&nﬂgé%%%ﬁﬁ@@ﬁ@%g%q 88?0?%
wite the daptoe %lletdes:rggct]; Is%}ddpgllen;])igcgfhavin%—a pole tip, the pole tips being spaced-

apart to define a write gap;

a first spacer layer located in the write gap adjacent the first pole tip;

15 a second spacer layer located in the write 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 generating heat
when electrical current is applied to said resistive heater layer;

20 first and second electrical leads connected to the resistive heater layer for
providing electrical current to heat said resistive heater layer, the resistive heater
layer having a higher electrical resistance than said leads; and

a coil layer located within the yoke for generating a magnetic field across
the pole tips.

25 According to a second aspect of the invention, there is provided a

magnetic recording disk drive comprising:

-7 -
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19 NOV.2004 the wite head is determ ned by the saturation nonment 1obwm
materials used to fabricate the pole pieces. The width of the witte 200’*
is defined by the physical dinension of the wite head pole tip P2 (its

wi dth w and height h) and by the amount of stray fringing field produced at

t he edges of the ite head pol.e ti a hown by the arrgws in Fig. 1A
and depends on th%ﬁ%tgga%mgﬁe‘fcﬁ'ai%@égCQW@H?%Q %B%@?t eandm® B"a%feéf
bet ween the ends of the pole tips and the nmagnetic layer 1 ~ on the disk.
Preferred Enfssardigatayer onithe seprieioyst em of the present invention a
resistive heater is built into the gap of the poles of a thin filmnmagnetic
recording wite haaliderTeving asiisksfaciignsuriacef arice ttadmgeiace @ndheeidg sk al | ows
the magnetic |layer to be heated near or above its Curie tenperature while

the data bitmiatnta@ednd@eoasity ie tHPgieRt akd | ayer cools while exposed to a
magnetic field fromthe wite head. As the disk rotates beneath the head,

the magnetic | aye : j ; I LGk ere
are two p'{)ssi bl e éé@égﬁ{ |'Xgagg‘c?ﬁeg‘}n@s’"@f%{r'@?“ﬁlﬁésHgﬁg&%@% g@%[rhgmhefgéé‘ejpﬂl S
kept on 1%. %004 during the entire wite process and the cooling of
the magneti ¢S &NLOMHE R a noves away from the heater determines the

| ocation of the data bit, with polarity of the data bit determ ned by the
wite head fiel damaghetic yoke bavingfrd ¢o1i segond melepiechs, erch saidipole piesed on
and off to record islands of data bits with the polarity of the magnetic

st at e det er nivandag Bypalééip fating ithe disk, theepatedipetbieind spdakdeapattisedisliy defiae
write head. Because the edge of the witten track is determ ned by the
spreadi ng ofatnitelgapf in the resistive heater and in the nagnetic |ayer the
track wwdth is determned by the width of the resistive heater. Thus, since

et o 2 BB N el e e i om o

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 magnetic
recording layer on the disk when electrical current is applied to said resistive

15 heater; 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.
For a fuller understanding of the nature and advantages of the present

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

together with the accompanying figures.

-7a -
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P2 is substantially alleviated. Al so, since the nmagnetic fields ﬂq@qygﬁﬂ2004
fromthe wite head are relatively small (e.g., |ess than 500 Ce),

magnetic material for the wite head can be sel ected based on data rate
performance rather than solely on saturation nmonent. The orientation of the

recorded magnetization can b i I: D venti onal

| ongi tudi nal recording) or o ﬁ%{ﬁ et '6R%f _Bﬁa 2004
(perpendi cul ar recording)) depending on the type of magnetic |ayer used and
the | ocation of -t he,nesistive heater within the ite pole gap. Referring
now to Figs. 2A" d1§‘B1Sl§3 aFe SaBearhYRYS of ainostionRira REgHaR sRendshgi t udi nal
recording is depicted. The resistive heater 20 is |located to be spaced
symmetrically in the center of the wite poles P2, Pl so that the poles
produce rraxf'i/ﬂ_grﬂel'“?fﬁéls?\tﬁj('\ﬂap readdhend and induativgrweiteche agy avithvihe theadrshoom very
smal | perpendi cul ar conmponent. For perpendicul ar recordi ng, the heater
woul d be placed asymetrically nearer to one of the poles so that

subst ant i al adiasgnt 8 pertiohaefa [éateblednaghelic recdrdinmdiskuniFigal1Bfi el ds wi |l | be
present in the magnetic layer with the magnetic | ayer's perpendicul ar

ani sotropy causing the data to be witten in the perpendicular orientation.
The witten data is read back using conventional read head technol ogy, such
as a MRread head. In Figs. 2A-2B, the resistor or resistive heater 20 is
built with a current-in-the-plane (CIP) geonetry, as shown by arrows 22
depicting the direction of electrical current through resistive heater 20

| ocated in conductive film23. Since the magnetic fields required are not

| arge, the wite poles Pl1, P2 can be -93 19 NOV 2004+ separated farther
than in conventional recording. Also, a larger variety of magnetic
materials may used to fabricate the poles, such as 80120 permalloy (N Fe).
Since the track width is defined primarily by the wwdth (WR) of resistive



heat er .20, the magnetic poles P2, P1 can have a wdth w wi der than t&eo

wi dth wR of resistive heater 20 and thus w de enough so that | ow 'aPe#@l V 2004
density wite head fabrication technology can be used. In the CIP geonetry,
the wite gap W material between the wite poles conprises a patterned

Cpacer 111 107 2025 ot BRlca| Fhwtbed AR it aRR AR et e

formed of any electrically insulating and good thermal conducting material,

such as al un na,.(A1203)., ,alumn nitride, and di apond-li ke carbon. Film 23
is an el ect HWV@QF'S,'&S‘&WU%? e PWé?nL{HE\'&UQb&e %F%'H??‘&ﬁteﬂé@ﬂ@nwﬂﬁeﬂ@ Bhe
resistive heater 20 is located and is made of a good electrical and thernal
conductor, such as rhodiumor gold. Resistive heater 20 is made of a
material w tithe-plagaée!Rdl ectrical resistance than the non-central regions
of film23 (the regions on either side of heater 20 that serve as the
electrical |leads to heater 20). Heater 20 may be forned of a | ow thernal
conductivity el &g.rJ isal dectiond! vievt QuBICMIRODS littaryashic peodst doi Rrmirgubl as
graphite-like carbon, tantalum (Ta), titanium (Ti) or NiCr. The linear
resolution of the thermal wite head is determ ned by the sharpness of the
t enper at ur e relsistiveltedateran thdavritegapt i ve heater 20 and the surrounding
electrically insulating filnms 11, 12. Thus the thermal conductivity of 11
and 12 needs to be as high as possible while retaining the electrical

i nsul ating prop#id. v is BsafhBw 66the!TRMRdad dhali ipdtigs 2avop nms%g§§ tRd m | ar
to that used to fabricate conventional magnetoresistive read heads.
Referring to Fig. 3, first the resistive heater 20 is forned by depositing
a full film 6 il d i (o

el ectricall ;I/&ifosugiggj%h?sél%( gbﬁgéaﬁsr@bgrﬂrt geﬁggﬁgﬁ?gﬁ%ﬁ%oﬁ%ﬁl. Next a
conventional bilayer photoresist 30 is deposited and patterned over the

h i al ' idih defi h
neator Urack w i TS o8 SRR BB D TANRC BB LU0 P T

non-central regions of the resistive filmmaterial on either side of the
heater 20 u?ﬁ\f&ti&#@«h@%’ﬁ (ﬂ{eegﬁr%nt%lgroﬁsgh%enpesslfs'tivg rP\'egxterr(?15791\@3\;\/rit(tﬂ'aag?apbig done

usi ng conventional "Ton
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 heater.

Detailed Description of the Invention

Prior Art



il hg. Next a film of conductive |ead material 23 is deposited 109e[§0@e%004
19 NOV 2004 photoresist 30. This allows the film23 to overlap the edge
heater 20 and provide electric current to operate the heater. After renoval
of the bilayer photoresist 30, an additional bilayer photoresist process is
performed to deFigsel AN llistiite @sbrias bf E oY ahl,

squar e- shaped heater 20. Hovvevepfjo unl i ke%fahe Etrrg%rgtg?%pgéﬁ%tﬁfees&g% I(IMﬁ)OH of
the track wi dth when conducting filnms are redeposited after side renoval of
the resistinadPERS A/ ind@ivienSh ] LLmis depogified after ion mlling
the front and back regi onslteyﬁegi%a;a?scﬁé)l '@Bt orleﬁﬁﬁ"?rﬂsmi Mg{ﬁ” e out put

| eads for the heater. After renoval of the second bilayer photoresist, an

i nsul ating ; ol e eposited gver, h 20 and film23 to

el ectri cal I'ba?@(ryleivtgréﬂe?hetealahééﬁperfs?qgr% e[ﬁ@“ﬁﬁféﬁg ﬁE!e geog@epts oftcailHe ang i t e
head. Fig. 3 also shows an advantage of the present TAMR wite head over
conventi on ite heads.. Since the track width defining process (the
formation g%how&Wssteics(énﬂé(?t%W '%9) TBhnThe masged head issmbunteaspetbie tralirigo
(e.g., less than 4:1 ), the wite track width can be extended nuch farther
than in conVﬁtg oHaI magnetic recording in which wite heads with aspect
ratios (h/fBtOERNERd EAGIer,SU astaryaichearing blider 1 Bislshane indaglerh ftRs rbag@h
areal density. -96 19 NOV 2004 The el ectrical lead |ayout for a CIP TAMR
wite head is shown in the top plan view of Fig. 4. Four |eads are needed,

two | eads 4addncludes theemagheterasistive Glarhant MROSKISh i AEICHQKSeYeednd t WO
| eads 50, 52 for the CIP resistive heater 20 in film23. However, one of
the four |leads nmay be elimnated by using a comon ground for both the

wite coil fitang sdeondegsipdayere Greand G2 Ghe hap Fiyes inTAmbEinda pgent of
the TAMR wite head is shown wherein the e?ect ryigcal curre"rllg?l ?ﬁg@ﬁgbge
resistive heater 20' is perpendicul ar-to-the-plane (CPP)

between first and second shield layers S1 and S2. Ina merged head, the second
shield layer S2 of 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 £fABS)
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

overcoatl 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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of the.resistive film The wite poles P2, Pl carry the electriﬁak current
to.the resistive heater 20'. To use the two magnetic filnms P2 a d7#ig*£2004
et ectrical leads, they are electrically separated in the back of the wite
head yoke Y by a thin dielectric film®60, as shown in Fig. 5B. This
separation whé buritehyad RaEniBE bIRABShiufatilif InbhfRE bf e Aol hEod R0 DY 8
very insignificant anount since the overlapping area I'n the back™ gap can be
made to be nuch larger than the overlap area in the front pole tip region.

The el ectri : itan C e tF ack i ligible. In
the CPP geo?fre ?%E%%Bﬁgfpgﬁ% cﬁber\%mg(/\;%tvémge{gb'g\ﬁ %gﬁ?ghqﬁ%é’r&ﬁ'ic?le pol es
P2 and Pl conprises a patterned resistive film27 -~ 7 19 NOvV 2004

sandw ched bgtween t t wa, spacer fil 1l a L2 that serve as the

el ectricall ﬁ@SHﬁﬁeﬂ? Y"E?cfge?‘ﬁ?o%lt@ﬁ% b@é’r"ggh‘?’raé}ﬁ’thQ"Qth)t@M tothes P2 and
P1. The lead filnms L1 and L2 may be made of rhodiumor gold. The film

maki ng up heater 2(2' is _made of a very good insulator, such as dianond-Iike
carbon or alAMPWLATSIraY fringingfies psedudediat dhe edaes of the witetheartipals tigsr ast ed
t hrough the resistive heater 20" portion-of film27. The resistive heater
20" is fabricated by a process like that used to fabricate the CI P resistor
(see Fig. 3)phoyn ti)h%‘*@@%@rﬁé@-r%,ta’i@ dapeadsfontthe gababiG belve erntheaxtéon
between the |l eads P2, P1 and the resistive heater 20' is larger than in the
Cl P geonetry because in the CIP geonetry the resistive heater 20 is

contact ed atandttbe eggeing i/ (Rifhel B)ydretwean tia emdofane pale fipd andthd ARQYNELE. 2A) .
Thus the contact -resistance and reliability of the junction is better in
the CPP geonetry. Another advantage of the CPP enbodinent is that the |ead
mat eri al s wildyerddidn theadisie! ectri cal conduction properties and good ther nal
conduction properties are readily available so that good thermal gradients
can be created in the resistive heater 20'. 16 19 NOV 2004

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 or above its
Curié témperature while the data bit is recorded as the magnetic layer cools 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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The electrical |lead |layout for a TAMR wite head using the CPP try is
showmn'in Fig. 6. Lead 50' goes to pole tip P2 and | ead 52 goes ggﬁ@ﬁ@ﬂ@r
Pl. Typical dinensions, resistances and predicted areal data densities for

the structures of the CIP and CPP TAMR wite heads are given below in Table

1. Table 1 T \ i i iy i st.or
Chi chnegs (o0t oo e ibocEes eouie kobRla & he BRadfhE Mver SDGERSS

resistor (ohnms)CIP Density junctn (Gblin2) area

0 \ 0500012950502530
SRR e e
heaters can be fabricated using thin film wafer proc;az(s:eﬁo]t gat :Lg IS|Smt lhﬁ;
very i mexpedtirea Hgeried BYSRE i NeHOIE A e Ueiel dnpeopindacedPher nal
engi neering of the nmagnetic |ayer on the disk and with the head only 5-10

nm from the disk, good thermal power transfer efficiency can be expected.
The 30 ni cr fimbeatebis thapsiomardieti te teapsdislandsefsiata bitowithmthe 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 width 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 (h/w) 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 v;/rit;e 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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_~9_ .19 NOV 2004. area of the disk surface to 200 C can be ac v&%b
near-field thermal coupling froma resistive heater heated to 5009 1) ZQ[M
The thernmal response tines of both the CIP and CPP TAMR wite heads are
| ess than 100 picoseconds (ps). Wile the present i nventi on has been

Bmbod ment s e erpcF e Aok TRt [ e S o1 BabhiTRES S anet hpar  ous

changes in formand detail nay be made W|thout departing fromthe spirit

and scope o '0&‘;{@”53!#@ S%'V?ﬁég%ﬂgﬁﬁ\ %erﬂ"f 8(?%, sézl osed invention i s to be

consi dered nere | ust 9% ope only as specified in
t he appended clalms. - 20 19 NOV 2004 W claim 1. Athin filmwite head

for thermally assi tednan cr i conprising: a substrate; a
nmagneti c yoke On%eﬁgrrwﬁg{ E’gstffg g@g@arﬁmb@mm ot the TAMRSashior pol e
pi eces, each said pole pi ece having a pole tip, the pole tips being

spaced- apar ne awite gap; a first spacer |layer |located in the
wite gap ai? ma FREOfqing is Cﬂﬁﬂi@,teﬂi ghe sesisliveriadgrad(is loeated to beapadedn t he
wite gap adjacent the second pole tip; a resistive heater |ayer of
electrically conducting material |ocated between the first and second
spacer | ayesymmetrinaliyinithecentpr bbthegaite patedsriRe, Hehso Wit thebeleb oré@lcecur r ent
is applied to said resistive heater |layer; first and second el ectrl cal

| eads connected to the resistive heater |ayer for providing electrical

current to Imwtim?m' ldngitsdindlifier indaé eragnaliefayet With 7864 6f 119 small
perpenfiicular component. 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 be 'pre'sent in the magnetic layer with
the magnetic layer's perpendicular anisotropy 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-plane (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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heater |ayer having a higher electrical resistance than said IQa?l Oa\pcz[}g)*
coi|l layer located within the yoke for generating a magnetic fie acr oss
the pole tips. 2. The head according to claim 1, wherein the substrate is
the trailing face of an air-bearing slider. 3. The head according to claim
1, wher ei nseprratddifanthef thamein cesveritional feeatding. | Alger a lagemedriety of hat t he

wi dth of the second pole tip neasured along a line parallel to both the
pole tip surface and the substrate surface. 4. The head according to claim
L, wher ei nidynofit nsdtcAals maroat RITABRCath 1@ poles! QichUBI20befhRy | Cal | ¥
conducting material and, wherein the first and second pol e pieces conprise
the first and second | eads, whereby electrical current directed through one
of the pol gyipk§cC i ol aofi t r eneral ly
per pend oul oy o TicE f SBEHSHAH 1L B AL pNEn by BF WA TH STEEEl Dot ween
the first and second spacer layers. -21 [R\LIBQ02365.doc:pjm 19 NOV

ayors arc Farhed o Ereatiafuifs P2 b sl ENE Tt R AR e R e

first and second |eads are forned in the wite gap between the first and

"aciti vo PEalsPESaleT rmnRys it Bno B Clhef Bufaisdl Dot MiHF g one of

the leads is conducted generally in the plane of the resistive heater

| ayer. 6. JThe head according to claiml, further conprising a

magnet or es{aYicglion teghnalogieap bstisede 18 thesERgeometry the wikagapddér di ng t o
claim®6, wherein the magnetoresistive read elenent is |ocated between the
substrate and the magnetic yoke of the wite head and further conprising a
first shi eMdterigldetwermthedviietpaiemcarnprisasts patiereededndintivedidd 23 enent . 8. A
magneti c recording disk drive conprising: a rotatable magnetic recording
di sk conprising a substrate and a nagnetic recording |ayer on the

subst r at e; centsiningeiesistivé hgater @D sknéaichad betwéacevagshar fimed |1 agd face and
being maintained in proximty to the disk; and a thermally assisted
magnetic wite head forned on the trailing face of the slider and

conpr i si ngwhicheg tiet CtP getmetsuaradidléatisd filandiosiaednd ap b@cmc@ﬂgﬁwsu%ﬁa sai d
pol e piece having a pole tip facing the disk, the pole tips being spaced
apart so as to define a wite gap; a first spacer layer located in the gap
adj acent tdmd fbodtharalat conducting sestend, SEACA alumigd (AIFS At Admiduint RRrigap

adj acent the second pole tip; a resistive heater |ayer of electrically
conducting material |ocated between the first and second spacer |ayers in

the wite gaddfediomEd Agbbhe FIRMELidh dI6QRESIRHAl @¥PIhaPRclldBs A Shhpipen

electrical current is
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 of 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 conductivity electrically
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applied to said resistive heater; and -22 [R\L1BQ 02365. doc: pL 19 NOV

2004 a coil layer located within the yoke for generating a nmag N@Vi%@g;r
across the pole tips to the heated magnetic recording |ayer on the dis
when wite current is applied to the coil. 9. The disk drive according to

claim8, wherein. the spacer |layers are electrically co CLive a wher ei n
The pol e pr oot ipRRESE uoBHS GranmitsiRe Satory Bantdus i) nigotions Bt of
general |y perpendicular to the resistive heater |ayer through the spacer

| ayers. 10. The disk drive according to claim8, wherein the width of the
resistive h&delr Thejrearreselyiion @frth?ﬂﬁ‘?fmqiwlkﬁ bead it detaemiseddnidthgol e ti p
nmeasured along a line parallel to both the pole tip surface and the
trailing face of the slider. 11. The disk drive according to claims$8
further conpharpness of thettemperatues dopfatwpen thaliesistive heeter 20candther esi st i ve
heater |ayer. 12. The disk drive according to claim 11, wherein the
electrical leads are located in the wite gap between the first and second
spacer | ayessrrowidinglklecticadly insarlting fiment, 1nashestheahemaall sondactiviy dfllane of
the resistive heater layer. -23 [R\L~Q 02365. doc: pjm

AR A Ay. Ay. Ay3. AYr. A3. AT F. A . A@l . AYnR A. ?. AA?. A AY. A(. A . Al . AF. AU. A53. AH
-AL3r. AL@ ey@Ehgetyto be as high as possible while retaining the electrical insulating

zupkfa\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c&a] c<a] cTa] ca] ca]ca] ca] ca]
ca] ca] ca] cMa] ca] ca] ca] cha]ca]ca] c&alU c&a! >C

$rm w3" v} xsgf c] ca] ca] ca] ca] ca] ca] ca] c&a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c
a)J ca] ca] ca] cal cal]'ca] ca] c&a] c&a] ca] ca] ca] ca] ca! o' x! n#pcl-xh{vqgl gb] X]]ca]ca]c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca] ca] c&al] c&a] c&a] ca] ca] ca] ca

ca] ca] ca] ca] ca] & 2 ancs kKX LT .
]' X" ] | vv]r nh!:"Y% 11 Lﬁ%g‘ﬁﬁé ggfoga oégf%:%e{féggﬁdc% %gf o Sgasfr%?rctg]ﬂé@ta‘jsceéi] t(‘:)a] ca) cal ca
] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] c6a] ca! """ =###( $i $$$%U Y6 Y] WIRALKEEKET' D

(M () e))) } RIIoFteFoaventipralpagnetpiesistiug teadhgads; Rsfedingtieddcd st ths) caj ca
] ca] c&a] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]cal)*G L*f*r***0e| +m+t +++, ' | X, ,
y-{---8... . [.. [ 1] SOz fa\Wca] ca] cal.calc al cal chral ctal cal] cal cal ca] ca
ca] E:a] ca] caf%%ﬁ%]'beé]?%’gq( @3}’\6%?@&}' %Pegﬁéé?@@ﬁ%‘?']@éfé’ﬁ Bg%atg@]@@)a,t]er vaI] Jeal
111) 2z2223¢c33334p445_5555- 666&7w7788( 8{ 88#9| w mhc”Y] ] ca] ca] ca] c&a] ca] ca] ca]c
Moreibostegbenghs tishealielsahiaals bl feherh o el madsaloati o el
;< <<<<=ME==6>>>?07? @@AAUA} AAA} xsni d_Z]]] ca] c&a] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] c(a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca! A"BtB
BC_CCCL DDDBEEIESFH-Regtacprestiaral bilayscpliaeiesies A0 ds depositeldeai]dpatterhed] ca] ca] -
ca] ca] ca] ca] ca] ca] ca]ca]ca]c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca
] ca!l HKLKXKKKHLLL 6 MMVBNNN( Oz OOP0 P8 PDPPP3QQORZRRRNSSS<T| wr mhc”Y] ] ca] ca] ca] ca]
ca] ca] ca] capeel] be|hedteapstevipt 2d e tgrwad bapawlos sthipe ajfoskosiftadefijesdhea] ca] ¢
aJca] ca] c(a] cal <TTT' UOU<UUULVXWV

VWOWAKXXXXAYYYYYZezZZ[ [ a\\\ D] ] } xsnid_Z]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c$
a] ca] ca] ca] bajteatreak ovfliba]1dug sdbkoyexhby ajsobffaatjveak oaht af ihe]rom}csit]d 02 8" EM
ANz n T 7aCaPaaabObbbb, ct ccdZddd} xsni d_Z]]] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] c6a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c&a] ca] ca] cal
deeeeggggi j kdditvhkef Wkl resibivefiim mataran8eietherssiddloZihk] itetlte2 G asipgahe al cal cal ¢
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c8a] ca] caJca] ca] ca] ca]
ca!ioi ppqTqgqq '

rovrrrk=lW 2rysreaincy i | - ; cal cal ca
] ca] ca] ca] cg?gﬂg] caj cao]qﬁma]a(@%:”éﬁzﬁg E:Barﬁ%gd]l ]gg??}as]c(%};]%gla ca%@gl]e@g%ﬁ%}@g] i y%‘ € ]
10% & ()-m

milling. Next a film of conductive lead material 23 is deposited over the
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10t " &<10% & () - &7S10% & () - 310%&()-|o&| 10%&(2} m: I10/&1§W&8 .
10% & ()-S=:xY:/ 10t 110% & ()-Zg 10%&() Fy 10% & ()- vy

10% & () - %4 Ofictofesist 20t 'ﬂh%,E?lﬁ véiol?n rI Seh %helggg%s hesger 28 @nd/
TIEER T P s ()%G& (ZG 10?& ()- gé*)eL%?LO%& () @@
e O e irasst ()c 0t SF109® ()- y 109& ()-9%A0%& ()-S
1048 0 Ié’q’@ﬁﬁiﬁ%‘“&&%'? _%fujrl?en Y @'@ﬁﬂ%g@{g Aftq;@moval of the bilayer
185/&1?3 gtlow& ()- Y&! 10% ()- s | 1098 () - gs{ol/gy&)() glrmlg%c

_ 1009 F10%& () - LS 10° 9
gfgl 1(1)00/«8/L&( § )@%%S'fg?@(’léfg Ow@myqr)nhomea_let n@nes&(s(mr(oyﬁﬁ@tb&f@in(e)thé\(

0" 109%& () -
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
deposit"éd 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 12 is then deposited over heater 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 write head over conventional write heads.
Sincé the track width defining process (the formation of resistive heater 20) can be
made wﬁh 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 (hw of P2 in Fig. 1A) of greater than 10:1 are needed for

high areal density.
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I KI X1 dBbC
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 electrical 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
overlapﬁing 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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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 fabricate the CIP resistor (see Fig. 3). Inthe 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 C|P 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 junctioﬁ is better in the
CPP geometry. Another advantage of the CPP embodiment is that the lead

materials 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",

-18-



, &1 109 ()- 10/ 10/ 10/8 10% & ()-',X,,,7-{--dEbC 10@;&1%&1&87 300 004
@LO%& ()-F * 109%& ()- @0%&() &10%&() --8.6 ..... dE: |

1098 ()- @ 10%& ()--10%& ()-@"' 10%& ()- L$ 109%&' () - 0@. Y@ 0% ()- FF

109 ()-.../ /1/SOxY:/ 10:1109%& ()-nyf 10%& ()-Sl 10%&' ()- Y@

3 109 () - ZS
1300/;{&(9'%00/@/‘&( 2)5@?? E%iifﬁ%éé}% zTr)a%%g%{?? %?ﬁ/g '??ﬂgggmﬁ 5XY: / 10@
e a | Yoo 20 C F10% & ()- 3@ 10% & () - %40% & () -

To ¢ §5(5) égga:%% O/%&SEQ %0 éa gggaﬁqg%ﬁ&'(p%BZ and BLePBRG6¢s to pole tip P1.
126?4& 0)- @16%& 0) - @@10%& () - 6&7W7788888dYNC 10 10/ 10/

10% & ,
10/9810% & (? 8}/0‘ é{pﬁaﬁ gtrg riqggﬁ;s{ g%gm(\%esmhd PreQidBEd fdeal dMa]&?@ﬁle@for C
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&310 ( structures of éme CIP and CPP TAMR write heads are given below in Table 1.

Table 1
Resistor | Resistor | Resistor Write CPP CPP CIp CIP Density
track stripe | thickness gap (nm) | resistor junctn resistor junctn (Gb/in?)
width® height (nm) (ohms) area (ohms) area
{(nm) (nm) (hm?) (nm?)

200 200 100  [300 1.25 40000 (5.0 20000 |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
process‘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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' ()- - 0)- & ()-
'()-310%.& ()- 010% & ()- -10% & ()- *10%
10/1L&910% & () 3W1ile ttgg present invention has been particularly shown and described with

reference 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 fimited in scope only as specified in the

appended claims.
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a second spacer layer located in the write 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 generating
heat when electrical current is applied to said resistive heater layer;
first and second electrical leads connected to the resistive heater layer
for providing electrical current to heat said resistive heater layer, the resistive
heater layer having a higher electrical resistance than said leads; and
a coil layer located within the yoke for generating a magnetic field
across the pole tips.

2. The head according to claim 1, wherein the substrate is the trailing face

of an air-bearing slider.

3. The head according to claim 1, wherein the width of the resistive heater
layer 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.

4. The head according to claim 1, wherein the first and second spacer
layers are formed of electrically conducting material and, wherein the first 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 resistive heater

layer located between the first and second spacer layers.
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head and further comprising a first shield layer located between the substrate

and the read element.

8. A magnetic recording disk drive comprising:
a rotatable magnetic recording disk comprising a substrate and a
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 and comprising
a magnetic yoke having first and second pole pieces, each said
pole piece having a pole tip facing the disk, the pole tips being spaced-
apart 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 magnetic recording layer on the disk when electrical current is

applied to said resistive heater; and
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leads for providing current generatly perpendicular to the resistive heater layer

through the spacer layers.

10.  The disk drive according to claim 8, wherein the width of the resistive
heater layer is smaller that the width of the second pole tip measured along a
line parallel to both the pole tip surface and the trailing face of the slider.

11.  The disk drive according to claim 8 further comprising electrical leads

for providing current to the resistive heater layer.

12.  The disk drive according to claim 11, wherein the electrical leads are
located in the write gap between the first and second spacer layers, whereby

electrical current passes generally in the plane of the resistive heater layer.
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