1 8 JAN 2007 HEAT SINK FOR A MAGNETI C RECORDI NG HEAD BACKGROUND OF] FHEN 2007
I NVENTION 1. Field of the Invention This invention relates generally to a
magneti-¢ recording head used in a disk drive, and nore particularly to a
magneti c recording head incorporating a heat sink. 2. Description of the
Background Art Disk drives using magnetic recording of digital information
store nost of the infoHEAN SINKNFOBRNPeMAGNETIC && & . A disk
drive has at least one rotating disk with discrete concentric tracks of
data. Each disk drive also has at |east one recording head typically
having a separate wite el eBRCKGROINDeOE FHETINVERIIION iting and reading
the data on the tracks. The recording head is constructed on a slider and

the slider is attachedg{ 91 @ ofUSRENBhPERtile conbination of the recording
head, slider, and suS‘p‘éfﬁsJ?‘o_n_Ts_EéTFFaTiTead gi nbal assenbly. In

addition, there ig an actu | Dosi il opsy iher s egohdbngribead over the
speci fic track ofﬁ"fjrﬁ eT'es I% %V\g%%:%tatoré first )?ot at es t% seek the track

of interest and after lPL'%,EI)%itio i ng éhgiélgcgfg\i,gtg_Qﬁgdmgygr?gpgigﬁ@ggly
|

mai ntai ns t HECYEET9i ead inclose registration to that track. The

disk in a disk drive has a substr i c:Layer JAN 2007
the substr at'e® fbr3ynet § cr?%%léé%ﬁégbg#%e?%%?{%g#ﬁ%i ﬁghggt sink. -

2. Description of the Backgrounﬂ Art

Disk drives using magnetic recording of digital
jinformation store most of the information in contemﬁorary
computer systems. A disk drive has at least one rotating
disk with discrete concentric tracks of data. Each disk
.drive also has at least one recording head typically having
a separate write element and read element for writing and
reading the data on the tracks. The recording head ié
constructed on a slider and the sliderxr is.attached to a
suspension. The combinatipn of the recording head, slider,
and suspension is called a head gimbal assembly. 1In
addition, there is an actuator which pogitions the recording
head over the specific track of intereét. The actuator
first rotates.to seek the track of interest and after
positioning the'recording head over the track, maintains the
recording head in close registration to that track. The

disk in a disk drive has a substrate and a magnetic layer on
s
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the recording head has a disk facing surface upon which an air beani ngwin
constructed. The air bearing allows the slider to float on a cushi M 07
air and to be positioned close to the disk surface. Alternatively, the
slider surface facing the disk can be adapted for partial or continuous
contact with the disk. The recording head is fornmed fromvarious netals and
i s separat eq iy anddie-Aedyff ndumed idaredordindi n Thes s bitdery C3ERENg The

val ue of the coefficient of thernmal expansion of the materials in the

recordi ng hegd i,$ QB8NRENR] Inedd ghey 4 haisk thee iowy reaspanck ngporal el dloran he
insulating layer or the slider. Therefore as the tenperature of the

recordi ng h%fig: @bﬂci Ogl dey dendthai@ased, e phy Sheatimex pahbdwn tilse great er
for the recordi ng he than for the insulating layer or the slider. The

rise in temaraldlr &.d Al Jetd canhleodst ngix wind ing Mheposit tanadir ent
i s passed througeh the wite element of the recording head. During witing,

heat is gengrated | GG | Subpadoul evheaigively, | thé hel ignet i c
portion of tCﬁLeO%yeo%ed trjtyﬂélqigidly currené'E heati ng. Upon heating, the recording

head may protrude severgl nanoeisr scitboOfaddhteedi fobasattabust ace of the
slider tomarsd"itﬂaecedﬁés{iéﬁl)gecause of the m smat c{@?n t hermal expansi on

coefficients _and highe 1ggg@rﬁmettil@ di¥x region close to the coil
conpared w 9 Hes l‘?gt;eérori)o y. 2 1 8 JAN 2007 The flying height of the

3: Lge(rjr ?egve the dis kr.eséjchtcﬁcr?g 1 15e AENEL o & dind @WBF orh OFa £B6Ns NEFE A BN diyd of s
.separated from the body of the slidér by a thin insulating
layer. The value of the coefficient of thermal expansion of
the materials in the recording head is generally higher than
the corresponding'value for the insulating layer or the
slider. Therefore as the temperature of the recording head
and slider is increased, the physical expansion is greater
for the recording head than for the insulating layer or thg
slider. The rise in temperature is most noticeable during .
writing when write_cufrent is passed through the write
) element of the recording head. During writing, heat is
generated in the coils by Joule heating, and in_the magnetic
portion of the yoke by Eddy current heating. Upon heating,
the recording head may protrude several nanometers out of
the air bearing surface of the slider toward the disk
because of the mismatch in thermal expansion coefficients

and higher temperature in the region close to the coil

compared with the slider body.
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products to facilitate achieving ever higher densities of recorded
information. The required flying heights are now conparable with tL@JAN2m7
anount of recording head protrusion caused by tenperature increases during
writing. Contact between the recording head and the disk can cause damage
to the recording head and can also lead to wear failure at the interface
bet ween the recormiengt heany andight df skhe Tadidererhave EBAt ddfkr evgtacsy
apparatus allows contact between the slider and the disk. However, while a
slider surfage qayehel Dprsswert Bdrt eaghl newplanidy of déskt AR&¥Es cont act
with the disk, a recording head which protrudes fromthe disk facing
surface of Fsbdtaisito BabjEitate exhissing erar Haghge. dehgatiegeot

m smat ch bet'ween the thermal expansion coefficients of the recordi ng head

and the slider.d.eadh Noht&rmeE ObAUSI Dheofetthéredcblging headghts ame now
increasingly serious problem SUMVARY OF THE INVENTION In a preferred

embodi ment , ¢ hed.Avend i wicRr eMkdgacant eff eetbrdihgahesinprboruairecor di ng
head. The heat 'sink thus provided dissipates heat effectively and

therefore 'éé@ééﬁtﬁf tenperature exevessessdupingewrecondingChesdet 3 18
JAN 2007 -4 The present invention substantially inproves the tenperature
i nduced pr oty s, o0, of L& hee 688901 NBaBieafld the disk can cause damage to
the recording head and can also lead to wear failure at the
interface between the recording head and the disk.
The alternate contact recording apparatus allows
contact between the slider and the disk. However, while a
slider surface may be constructed to allow partial or
continuous contact with the disk, a recording head which
protrudes from the disk facing surface of a slider is
subject to excessive wear damage.
Thus, the mismatch between the thermal expansion
coefficients of the recording head and the slider leading to

protrusion of the recording head is an increasingly serious

problem.

SUMMARY OF THE INVENTION
In a preferred embodiment, the invention provides an
effective heat sink for a recording head. The heat sink
thus provided dissipates heat effectively and therefore

limits the temperature excursions in the recording head.
- 3 -



According to a first aspect of the invention there is provided a mh§nini 07
recordi ng head conjoined with the trailing surface of a slider,

conprising: a wite el enent having an exposed end; a read el enment havi ng an
exposed end; and, a heat sink disposed hetween said wite el enent and said
read el ement, wherein a portion of said heat sink is connected with said
trailing surface of said slider and said heat sink conprises a heat
conduct i VepBReBIG AMEGHYOR subsaniially; WeptpYss: hgntempsratpre Hadycst | prgtrpdien iobrthe

ext endi ngedRdihPRegiPOsed ends of the wite element and read el enent,
wherein the read el ement conprises a first magnetic shield and a second
magnet i ¢ shi elAkcoring tptacliret aspedhef theanvestio thers is groyjrted @dnadiets eeoigingdivadr ea
bet ween the. first. L | el gt nd magnetic shield. According
to a secé’ﬁﬂjoéd§8§%%hr]{§?ﬂ?’hlggis‘?f{?ée(%to?g%ﬂ? ré&ﬁnpﬁ%ﬁ% ovi ded a magnetic recording
head conj oi ned wiittRlenfedt havad armnékpssudfende of a slider, conprising: a wite
el enrent havi ng an exposed end; a read el epent having an exposed end; and, a
heat sink di spds¥eleae W“géPGXWF‘féndéla%%nt and said read el enent,

wherein a  port hQp sQk Sgdded8iwesh Riidl wrifeCOBREACHIMAD 1&R] derhéd! khB@in a
surface of said slider and said heat sink conprises a heat conductive
portion godiarcfisaidiieat simgissonnected withasadtl fraibng sirfage obenid sloler amdsaghhiiangink o

t he exposed ends_of the ite element ;and.read el enpnt wher.ei n .sai .
noul ab s RgmrEae PoteebOadivE oSt Hod M TR nE JETER L HF FuPe B Portiam e
read el ersrndimgn®tHes®posed kehdssdf thevagjreadlémertt Ahétedd alethent, SJhendintl theaepdeddngent
shield, and wherei.n t he hegﬁ%_?i nk_is di aposed.o tside of an grga bet ween
the firstCORRERSE Hrss Magneficatie'd ard 8 second maggRis srieldnand wheradhy arasginkgs

anot her agRR6dd Rlisiddsr dn¥&NHet@&bn th@ﬁfseniagnd@mmeﬂﬁﬂldahme@d nGgreB6 QRigidng
head conj.oined with a trailing surface of the slider, conprising: a wite

el ement havi nghaardingosesroerdiaspepteofithe inveetiamibare is prpiidesi nmagnadicregosdingol e;
a secondn}ﬁg% g?négiﬂgd QIR o RSt AL S AlRROSEA hGhyeen the first pole and

the seco
a write element having an exposed end;

a read element having an exposed end; and,

a heat sink disposed between said write element and said read element, wherein a
portion of said heat sink is connected with said trailing surface of said slider and said heat sink
comprises a heat conduétive portion and an insulating portion, said inéulating portion
extending to the exposed ends of the write element and read element wherein said insulating
portion of said heat sink is comprised of alumina, wherein the read element comprises a first
magnetic shield and a second magnetic shield, and wherein the heat sink is disposed outside of
an area between the first magnetic shield and the second magnetic shield. -

According to another aspect of the invention, there is provided a magnetic recording
head conjoined with a trailing surface of the slider, comprising:

a write element having an exposed end, the write element comprising:

a first pole;

a second pole; and

one or more coils disposed between the first pole and the second pole;

a read element having an exposed end, the read element comprising:

a first magnetic shield;

a second magnetic shield; and
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a read el'ement having an exposed end, the read el enent conpri sing: %Z@Nﬁ&
magnetic shield; a second magnetic shield; and 107609 2: AVC 1 8 JAN 7
-4a a read sensor di sposed between the first and second nagnetic shield,;
and a heat sink disposed between the wjte el ement and the read el enent,
wherein a portion of the heat sink is connected with the trailing surface

of the slider and the heat sink conprises  a heat conductive portion and an
i nsul ating poratrF%s,enfﬂéh%pﬂ%q.‘iiltﬁW‘??@rtrlgeogri‘tgi%ﬂsé%'@ﬁ’aﬁg’i‘ﬁ“‘f g"?lﬂea“dexposed ends

of the wite eliRaPOkk &BFbse@BEWREEINE Nrit¥BIRmehihni ke 1cA8 Wletichi) hRRYL 4 Pottigh the
heat sink is conprised of alum na, wherein the heat sink is di sposed

out si de off thmheat sizk heeanaesied fih the traskingypirecanithe lsedes and e kegt @ink gerdpugser ei n
t he heat sj i s Qut:Si - . - gnet |.c
e sl BB b Rl h 0 RSB A ST TRSG
enbodi ed eéxposkdlenad ofthacuité tlogeh@and reddl d@nar dvhebdi wednsulhihgrppaibred fahehtat and

the wite el enent of the recording head. In an alternate _arrangenent, a
heat si nkSifs!s SRBBHIGPIA ‘%i“i‘ré‘éﬁer%ﬂtfﬁﬁtiﬁﬁ@(Fgﬁ’Pse&i%é%ﬂf BAALFa BHwesh the e

el ement. #4& poetdAR! thalst&InRatdle, AdrdaRE&ERNhe Rah SRk i§idipob&l 80BRE FdarAgred
heat conducting | ayer disposed between two |ayers of turns in the coil of

the writ ebcebesmahe firsTmegirtigshiglriad ¢hd ssgond magnetic pireldhe enbodi ments are
formed froma Igu(%ntea aﬁlg%&ﬁf Iaqleafgiﬁp tigse %gﬁ%‘ﬁir a5 f‘h@?taéondﬁé}ﬂ%gfé&hﬁggﬁé%%&r

may be in contact w Or connec er to I ncrea
di ssi pat i tweehnthaneid efensent and)elie Mirite eletnehealf thé mécordingrhewd.ded ad theraatheat

conductin ortion _and a smaller. insulatin ortign. In an alterpate.
arr angenﬁ%{a?g%{“mt’s% hgst gak i e‘ﬁk’%‘i)‘F‘%ﬂéﬂ aprat ég’r’m‘P‘{“HBg ﬁ@@& f’gﬁpﬁéﬁdhgé"d tF% write

pr ovi ded él\é'xhéht.amﬁﬁithe'iiaﬂ&nat@ah@ﬁge@%ﬂ@%ﬂﬁa@ﬁﬂ( _@Q&‘rﬁi&bﬁ%% _aQi‘eattélﬁidhéan@fli)ieQn
wi || becone apparent fromthe follow ng detailed description, which when

t aken i n dmepeshlativesn e lkyemef deranimips, coil] gfifbe watte element.  The heat conducting

layers in the embodiments are formed from a suitable material such as copper. A heat
conducting layer may be in contact with or connected to the slider to increase the heat
dissipation. In another arrangement, the heat sink is provided with a heat conducting portion
and a smaller insulating portion. |

In an alternate arrangement, a disk drive is provided wherein the recording head is
provided with a heat sink. |

Other aspects and advantages of the invention will become apparent from the
following detailed description, which when taken in conjunction with the drawings, illustrate

by way of example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

©107609_2:AVC



by way of exanple the principles of the invention. BRI EF DESCRI PTI ON ©Fa g7
DRAW NGS 107609 2: AVC 1 8 JAN 2007 Fig. 1l illustrates a top view of a

di sk drive having a recording head with a heat sink; Fig. 2 illustrates a
perspective view of a slider and a recording head with a heat sink; Fig. 3
illustrates a cross sectional view of a recording head having a heat sink
di sposed bet ween pig. v iiElusteates antop catee| efrentdish [drive | h&ingtds a
detail ed cross sectional view of a recording head having a heat sink

di sposed betyaesirdirey Midd@ wetlenenheandsiwlad el enent; Fig. 5 illustrates a
cross sectional view of a recording head wherein a heat sink is forned
over the upper pole of the wite elenent; and, Fig. 6 illustrates a cross
sectional view of a recording head having a heat sink di sposed between the
layers of the turmisgim ai Whéereteseat pevspecDETA vEEY DESCR PR & GIHE

| NVENTI ON  The invention is enbodied in a heat sink which effectively

di ssi pat es heatofdom aELE0ohdingahrasde Thekheat 5 18 JAN 2007 sink linits
the tenperature excursions of the recording head and therefore limts the
anount of protrusion of the

Fig. 3 illustrates a cross sectional v%ew of a
recording head having a heat sink disposed between the write

element and read element;

Fig. 4 illustrates a detailed cross sectional view of a
recording head having a heat sink disposed between the write

element and read element;

Fig. 5 illustrates a cross sectional view of a
recording head wherein a heat sink is formed over the upper

pole of the write element; and,

Fig. 6 illustrates a cross sectional view of a
recording head having a heat sink disposed between the

‘layers of the turns in a write element coil.

DETAILED DESCRIPTION OF THE INVENTION

. The invention is embodied in a heat sink which

effectively dissipates heat from a recording head. The.heat
—— -5 -



recording head fromthe disk facing surface of a slider. The rishwglﬂw?@z
damage to the recording head and the risk of interface danage bet
recording head and the disk is significantly reduced. Referring to Fig. 1,
a magnetic disk drive 100 has at |east one rotatable magnetic disk 102
supported by a spindle 104 and rotated by a notor (not shown). There is at
| east one ghjdef 496sWihk aBmpbi-ached escardingshedidthedracdridéay heiadk
(described in detail below) positioned over the disk 102 surface while
readi ng and wgi ti,Agerdhe shindes 0@ iamouat! aghpaoteusisuspEnshen 110 and
the suspension 110 is attached to an actuator 112. The actuator 112 is

pivotally attaghefglhdato ribe RowSidgkl acahgt bardhsk dfi veslQAeand is
driven by a voilce cgil notor 118. As the disk is rotating, the actuator

112 posi tiogg,t | L¢er,106 ;ah@p@ Wd kheheecouanags headl kdr adicakiykor
al ong an ar@ﬁ%tggsgthglgg over he di sk 102 surfage to access the data

track of interest. fery OBt Rech tHedr HRGo2ReNHat heRdofanidhehdl Sksiri ve
100, the no??oﬁn%FrE%g%rgfggﬁng gisf 102 reIatFVe tg the slider 106

generates an_ai . _beari e slider 106 and the disk 102 surface
whi ch exert%Saﬁlﬁﬁﬁgﬁgg%gﬁgiwgn the slider 106. This upward force is

bal anced by a spti f e, f the susRepeql JiCkUEiReg the %lasdak 10. 6
toward the _ 6 _hfggrfih%b567%qghrpéc§ of%?he di sk 102.1AlternatF€er, t he

slider 106 gay_ bg i, & Lhgh1R hhiledc UMK 149UBupRRREM Wyl bhandnek
o 104 and rotated by a motor (not shown). There is at least
one slider 106 with an attached recording head 108 and heat
sink (described in detail below) positioned over the disk
102 surface while feading and writing. The slider 106 is
attached to a suspension 110 and the suspension 110 is .
attached to an actuator 112. The actuator 112 is.pivotally
attached 114.to the housing 116 of the disk drive 100‘and is
driven by a voice coil motor 118. As the disk is rotating,.

the actuator 112 positions the slider 106 along with the

suspension 110 radially or along an arcuate path 120 over .

~~
b
N

the disk 102 surface to access tﬁe data track of interest.
Referring to Fig. 1, during operation of the disk drive
100, the motion of the rotating disk 102 relative to the
slider 106 generates an air bearing bétween the slider 106
-and the disk 102 surface which exerts an upward force on the.
siider 106. This upward force is balanced by a Spring.force

from the suspension 110 urging the slider 106 toward the

- 6 -



surface during operation. Fig. 1 also shows an optional |oad/unload tab 122
on the distal end of the suspension 110. This |oad/unload tab 1208 JAN 2007
operates in conjunction with a |oad/unload fixture 124 to lift the slider
106 away fromthe disk 102 surface when the disk drive 100 is turned off

or enters a power savin node. Wien an unl oad operation is.ipnitiated, the
actuator 11gurépgeesfs gpeeﬁid&é‘h L0¢ -a (‘Pt]cf(ﬂmastewc% yecttl%(?n si?é{ésruclgmetw

the | oad/unload tab 122 then slides up the |oad/unload fixture 4 gently
lifting the bei dar eibbest Pagit e FF JENtHIIMAUF SRk ack yith Hhe Ve

el ectrical connection 128 as wires or a flex cable between the recording
head 108 andurhacpr damphdf IORErB33-OFi g. 2 shows a nore detailed view of a
slider 202. The recording head and heat sink 204 are preferabl

A Y
constructed on tFRégtrai kilsp sihovwscapEPdonde lgaddanlagsl teiy 122 on
illustrates the upper pole 208 and the turns 210 of the coil_ 214 of the
write el enenthef dikealeenddiafy theadusHrngiagd 110%| eyt iloagddunlqagttat ed
in Fig. 2. The electrical connection pads 212 which allow connection wth
the wite ehlepenpeanteseda ecaamctdran withsta doad/vodeaghifdaitvas I8¢ a
heat sink 204 is illustrated in Fig. 2. This enbodi ment of the heat sink
is a |layer ofohgaftceoheustliide mitos isatay from the) AskodP2 pwydiass |wheil ose
enough to the coil 214 and at |east one of the poles 208 of the wite
el ement to benef 8éeki derifvie 100 is turned off or enters a power saving

mode. When an unload operation is initiated, the actuator
112 rotates far enough in a clockwise direction 126 such
that the load/ﬁnload tab 122 then slides up the load/unload
fixture 124 gently lifting the slider 106 off of the disk
102 surface. Fig. 1 also shows the electrical connection
128 as wires or a flex cable between the recording head 108
and the preamplifier 130.
.Fig. 2 shows a more detailed view of a slider 202. The
recording head and heat sink 204 are preferably constructed
(") on the trailing surface 206 of the slider 202. Fig. 2
illustrates the upper pole 208 and the turns 210 of the coil
214 of the write element of the recording head. The read
element is not illustrated in Fig. 2. The electrical
connection pads 212 which allow connection with the write
element and read element are illustrated. One embodiment of

'a heat sink 204 is illustrated in Fig. 2. This embodiment

of the heat sink is a layer of heat conductive material

- 7 -



“conducting heat away fromthe wite element. A ceramic conposite Q%JANZM7
titanium carbide and alumna is commonly used to formsliders. This
material is a better heat conductor than the substantially pure al um na
comonly used to separate the recording head fromthe slider. Thus, the
heat. sink is somewhat nore effective if a porti of .the heat, sink is in
physi cal comfatﬁi,cairlbbd?#fé%?eﬂ?owkﬂht?h%h@?‘géi.éfgi%f‘dzatfl TR T aT'es go
areas 216 of the heat sink conductive |ayer 204 ich_are in contact with
the trailingleumrcles 288 of the §¥%H%reg%Qe?ﬁr6% eo%%ﬁ?%bgvid%%cribed in

nore detail below) in the underlg;ng i nsul ation iaﬁer (nog shown). Fig. 3
i || ustrat es eomchossin@di¢anadvway elrof Bheyprihf ©+¢ %?Bingﬁh%%ﬁa§ 2 and one

enbodi ment of a heat sink 304. The recording head, 302 typically has read
el enent 306 cadpadities Gép@ih@@§u$r©ﬁ¥bh@es@?ge?leHVa36% ?m%9?¥¥eY§e 10

of insulating material. The read elenment 306 has a thin filmsensor 312
and two magnes i fomhi sl idéayer sTBig. mFheripdadisepchehteB0BeR Y pFeRALGEREs an
exposed end 316 for comunicating with the disk (not shown). The wite

el enent 318 k@as thd oswibs 820t datilypperepalunidng gaamentyisused ¥8rning a
coi | disposed between the poles 320, 322. The goles.320, 322 of the wite
el enent 318 fayerexposied eaderd2egfbeadcbrauntbat Fhgdart h Thesdi ske(hegt-
shown).. Both the read 8 1 8 JAN 2007 elenent 306 and wite el enent 318

are usual |y sixk olmdesméyhatnmokat ebfientivei 4F axpeptienrofhkhexheakd ends
316, 326.

sink is in physical contact, or connected, with the slider.
(S ' ' .
Fig. 2 illustrates two areas 216 of the heat sink conductive
layer 204 which are in contact with the trailing surface 206

of the slider 202 through openings (described in more detail

below) in the underlying insulation layer (not shown).

Fig. 3 illustrates a cross sectional view of a typical
recording head 302 and one embodiment of a heat sink 304.
The recording head 302 typically has a read element 306
which is separated from the slider body 308 by a layer 310
7 of insulating material. The read element 306 haé a thin
| film sensor 312 and two maénetic'Shield layers 314. The
read element 306 typically has an exposed end 316 for
. communicating with the disk (not shown). The write element
318 has a lower 320 and upper pole 322 and turns 324 forming
a coil disposed between the poles 320, 322. The poles 320,
322 of the write element 318 have exposed ends 326 for

communicating with the disk (not shown) . Both thezread

- 8 -



There may be a very thin protective |layer of carbon material for rrgob NI 1007
‘the exposed ends 316, 326 to retard corrosion of the wite 318 and read
306 el ements. A recording head with a thin carbon overcoat is considered to
have exposed ends for purposes of nmagnetically comunicating with the

di sk. The heat sink Ny Fi:g. i hodj 0,

conducti ng naeteigr“}eéjinc &%’%%ﬁ% %Igjtti/\%?eénls?ﬁe rgjalggeﬁen&]%@%%%y %‘#&Ft ed?/\(/riil?g

el enent 318. .One .or. .nore eni_ngs i net i [ on ow a
portion 328 tlﬁleg“r}@é:tloéloﬁ“c?&%ﬁlna& err’g(‘tzeg)rﬂl %O%&I}%}%e(g%écgi%ﬁ&%oﬁébvﬂo%gi n
contact with _the slider 308 incrt nent axl‘olé/ec!‘trripJ OVES etlhe peat cgrpdua{:éi on.
Fig. 4 illustfess ™Y BhahdSF X i bR edor'dt ng feadt 405 9&i Wy et 2
enbodi ment of_a heat sink. The wite el t 8 aof the recording head has
an upper pol €FFELRYSF I%Were}cppooﬁee;fﬁ?esn%}éwﬁ 6eotecf e’f%e%eir ﬁ?léﬁ‘gsolcf{ésog
coil turns 424 and , an exposed end, 426 far conmuni catin i th the disk (not
shown). The rt&%d Y& &fert! 4(%“32&”533(%%i FEY r’éeé‘gjggs]é?%cﬂeaéfgé’fl%l%d
an exposed end 416 for conmuni cating with jgpe dj sk ((not shown)._ The_ heat
sink il ustréa &im garpory over eQffodie FUAE q’%fiert%é?vcﬁ HAEEN t he
wite elenent 418 and read el ement 406. In the particul ar, ._enhodi nent

i |lustrated ifPTFRRIPLSash©h&AINGHiICa Liye capmicaling wdh itdhe Aisk.
conposed of a heat conducting material, 9 1 8 JAN 2007 preferablélmjth a
hi gh ther mal Tendgati Wink 308d Wndtiser g 1BPPHRI AF B0 BSEHeRSHT an

insulating materjal. The . )
( conducting material disposed between the read element 306

and the write element 318. One or more openings 329 in the
insulation 310 allowing a porﬁion 328 the heat conducting
material of the heat sink 304 to be in contact with the
slider 308 incrementally improves the heat conduction.

Fig. 4 illustrates an expanded view of a recording head
402 having an embodiment of a heat sink. .The write element
418 of the recording head has an upper pole 422 and a lower
pole 420. The write element 418 also has coil turns 424 and
an exposed.end 426 for.communicating with the disk (not
shoﬁn)} The read element 406 has two shields 414, a read
sensor 412, and an exposed end 416 for communicating with
‘the disk (not shown). The heat sink illustrated in Fig. 4
is embodied as a layer 428 disposed between the write
element 418 and read element 406. In the particular
‘embodiment illustrated in Fig. 4, the heat sink layer 428

has one portion 43z composed of a heat conducting material,

- 9 -



insulating portion 430 is positioned near the exposed ends of thf wite
el ement 426 and read el enent 416. The insulating portion 430 of & dAN 3y
sink, preferably formed of a stable insulator such as alum na, hel ps
protect the heat conducting portion 426 from possible corrosion or wear. -

Alternatively, the smaller portion 430 may be formed froma . stahle capping
mat eri al sucbrafegeddy Moo iy tohqrag?)iofco eV Hng iarrbq‘n.arﬁt%l.e%

illustrates an alternative enbodi ment of a heat . sink. In this enhodinent,
the heat si nlemad leanpardd®rofi3d qopasesbel Ghed Eye RSP0l e
of the wite elenment 518. The heat sink layer 528 has a portion 532 forned
froma heat dosdlettiimg metdrical 430 i RERIGRIED JRaY JhSFIRBIGHRETDM an
i nsulator. The | ower pole 520 and the turns 524 of the wite coil are
i |l ustrat ed. oEheheeatritienle remerie Sfbadiederd £rmantedhfuct iThf | ayer
positioned adjacent to the turns in the wite head coil. This
confi gur at i odnefultate rheatodiimn pridviafes Heohent sigif e Rysde Frdaky diqimed nce
a primary heat source is the heat generated in the coil during witing.
Fig. 6. illusifrat esablespeidliarentodimas adfunifeathesink R¥REEFtcdh® i ses a
heat conducting |layer 632 di sposed between the turns 624, 625 of 10 1 8
JAN 2007 a heat aysidweaiing mpartirdn e 28 dmam BIB il Ri1es e M tWeRes- -
has a | ower pole 620 and an upper pole 622. In the enbodi nents of the heat
si nk di scussed tahigrg,ively, the smaller portion 430 may be formed from a
stable capping material such as permalloy or other alloy of
nickel and iron.

Fig. 5 illustrates an alternative embodiment of a heat
sink. In this embodiment, the heat sink is comprised of a
layer 528 formed over the upper pole 522 of the write
element 518. The heat sink layer 528 has a portion 532 .
formed from a heat conducting material and an optional
portion 530 formed from an insulator. The lower pole 520
and the turns 524 of the write coil are illustrated.

The heat sink may be embodied as a heat conducting
layer positioned adjacent to the turns in the write head
_coil. This configuration of the heat sink provides for an
effective heat sink since a primary heat source is the heat
generated in the coil during writing. Fig. 6. illustrates a

specific embodiment of a heat sink which comprises a heat

conducting layer 632 disposed between the turns 624, 625 of
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t he heat conducting material may be formed from any suitable nateri?%.
Copper is a preferred heat conducting material because the heat JAN 2007
conductivity is high and a copper layer is easily constructed by known
nmet hods of electroplating or vacuum deposition. The coil of the wite
element is usually forned from copper. Magnetic nater%gls are n

i

t as
suitabl e feortwsdarehe@ikoll R t'orstHeekrReNbicthe pb Bfétei?\f%rf‘?‘é’fence
with the function of the wite or read. elenments. The optional insulating
portion of @lfe Hesmta siomer egleoh@mehtay WePeHrRRYefPofT al uni na which is
wi dely used in recording head construction as an insulator. Qher
i nsul ati ng mat erimal she ushbediment ¢ opf osheldredte. KHAMNALSCUERBLe2RRYE1 ed i n
the art. The nmethods of formng the heat sink are well known to those
skilled in tie lsdt anchdwuct Ude mderdal wayesk, fpraed nfrospany eFihable
other suitable | techniques. In nunerical experinents sinulating an
i ncrease i MatefieY at Uepplere 1® arpreferre@coedt ngohdudsingvihageridkat
sink indicated a tenperature increase as |ow as 70% conpared wth the
t enper at ur ed diSasEhd Oiedecoondugt fredds i kighli andnat cARPeralf¥er s nk.
Correspondi ngly, the tenperature induced protrusion was reduced by up to
30% for recayging coddtricBed My IoNFwn headsodavohige behbruppiphkngonpar ed-
wi th recordi ng heads without a heat sink. Fromthe foregoing it is apparent
that the inygath®Ndeposition. The coil of the write element is usually

formed from copper. Magnetic materials are not as suitable
for use as heat conductors because of the possible
interference with the function of the write or read
elements. The optional insulating portion of the heat sink
may conveniently be formed from alumina which is widely used
in recording head construction as an insulator. Other
insulatihg materials such as silicon oxide are known to
those skilled in the art. The methods of forming the heat
sink are well known to those skilled in the art and include
(”) " forming a mask, plating, sputtering or other suitable
{ ;
techniques.

In numeridal experiments simulating an increase in
temperature due to writing, recording heads having a heat
sink indicated a temperature increase as low as 70% compared
with the temperature increase for recording heads which did

not have a heat sink. Correspondingly, the temperature

induced protrusion was reduced by up to 30% for recording
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provi des an effective heat sink for a recording head. The enbodinent§ XN
the heat sink significantly limt the increase in tenperature of th JAN 2007
recording head and significantly reduce the tenperature induced recording
head - protrusion. Although this invention has been described with respect
to specific enbodinents, the details thereof are not to be construed as .
limtations forgd thawlhgbg meper enhkt bampavad eushemkeodirdengs heedanges, and
nodi fications my be resorted to without departing fromthe spirit and
scope thereﬁgth@@@ Lthést usgerstood that such equivalent enbodinents are
intended to be included within the scope of this invention. 12 1 8 JAN
2007 -13 Ve clai l«n%orgr-tﬁbn@égﬂéébgnéeﬁﬁr disngppaaeneorjhaitneteninkenitd on
trailing surface of a slider, conprising: a wite elenent having an

exposed end; a r el ENEPE - Dayi,B0hRAEXRAREE ceNE; rakdrddneakadi.nk The
di sposed beﬂﬁgg%fgg?dém:?teeelenent and said read el enent, wherein a

portion of said he i nkei spE0RRgEt 8dnWi Eh g9aird chih@illi ngnskr taee of said
slider and §3w%°%%a%n§%n§f E%nprises anheatgconductive portion and an

insulating portion, said, ] i BRI £hen %Nt tebh@ HA@ exposed ends
of the write BFERRRT éﬂdtégégkgkg%gnt, wher ei n the ?gad el ement conpri ses

a first magnetl g, SOLelfhondoguseCend FRARRLLE.HR ahiducadd rtheidlifg e dipal
(0]

sink is dis%ﬁ%%ﬁ BUT ! an area between the first magnetic shield and

t he second magneti c. shi el h 938kt 1860 hdisN B ek die@l rabaidMwh.t h
wherein the %??Fﬁuﬁf%ﬂéntg%%ﬁépggeghggfirsf pole and a second pol e, and

wherein the heat sink ig disposed Bukihdaryf, AMeARRNIRHINE are not
to be construed as limitations for it will be apparent that
various embodiments, changes, and modifications may be
resorted to without departing from the spirit and scope
. thereof, and it is understood that such equivalent

embodiments are intended to be included within the scope of

this invention.
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first pole and the second pole. 3. A magnetic recording head conjoin g wtiﬂ
the trailing surface of a slider, conprising: a wite el enent havi ng aJ N“1007
exposed end; a read el enent having an exposed end; and, a heat sink

di sposed between said wite el ement andwsai d read el enent, wherein a

portion of said heat sink is connected"with said trailing surface of said
slider and said heat sink conprises a heat conductive portion and an

i nsul ati nyepimion, said insulating portion extending to the exposed ends

of the wite elenment and read el ement wherein said insulating portion of
said heat sink is conprised of alum na, wherein the read el ement conprises

a first hagnhed nagséticakcbrding heads@ngnuedreiginteitail sigisetfdge aradlidbrecanpridinge heat
sink is disposed.ouﬁside of. an area between the first magnetic shield and
the second madh¥HieEILRnEgyingan &gy eé‘sic head of claim3, wherein the

wite el enent LQAPEILSES HAvink ragtexp@b@eﬁd)qnag second pol e, and wherein the
heat sink is disposed outside of an area between the first pole and the

second pol e. PoheYgink dgreosgd detyygen seg7write glgment mdyirid aeadcelpmenyy dihatgimaad
conj ol ne O\Mi(grhofasa&ir fa éiﬂlgisscldérfné?feﬁ With ga@c?tr?i?ih glyrfacg(?)'irperiaﬁ'i({kgﬁnd ??Méattgink _
el ement havi ng an exposed end, the wite elenment conprising: a tirst pole;
a second qaipeisesandhenmecondudtiveep@toh sandi sposedhtingt peennt kad finsdatingo bertiand
t he second le; .a read el ene havi an exposed end, the read el enent
compr 1 o1 rgASPdinEitp (5 RSSO LOF BT LE ¢l Gl O T VAo R Teash e B T ad
sensor di sRGeRE PEtweeRnthestidld shd andcondGRA B gReld] endWheleth thamdataidkeiat

si nk di sposed between the wite elenent and the read el enent, wherein a
portion disposed outside of an area between the first magnetic shield and the second magnetic shield.

2. The magnetic recording head of claim 1, wherein the write element comprises a first
pole and a second pole, and wherein the heat sink is disposed outside of an area between the

first pole and the second pole.

3. A magnetic recording head conjoined with the trailing surface of a slider, comprising:

a write element having an exposed end;

a read element having an exposed end; and,

a heat sink disposed between said write element and said read element, wherein a
portion of said heat sink is connected with said trailing surface of said slider and said heat sink
comprises a heat conductive portion and an insulating portion, said insulating portion
extending to the exposed ends of the write element and read element wherein said insulating
portion of said heat sink is comprised of alumina, wherein the read element comprises a first
magnetic shield and a second magnetic shield, and wherein the heat sink is disposed outside of

an area between the first magnetic shield and the second magnetic shield.
4. A magnetic head of claim 3, wherein the write element comprises a first pole and a

second pole, and wherein the heat sink is disposed outside of an area between the first pole

and the second pole.
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of the heat sink is connected with the trailing surface of the sliden gayy 2007
the heat sink conprises a heat conductive portion and an insul ating
portion, the insulating portion extending to the exposed ends of the wite
el ement and read el enent wherein the insulating portion of the heat sink
is conprised of alum na, wherein the helt-sink is di sposed outside of an
area between the first pole and the second pole, and wherein the heat sink
i s di sposdd ouh siagaetist reeerdimg digad dpaiorradrivitthetrailing surfasg eé theslider edraprasite: t he
second nagnetic_shi - ti ' e f. claim5, wherein
t he heat sink acvc‘)ﬁ%re?‘l’srgesn:t ﬁ%wg? f?ré%Q%%gegitén@bﬁg&gt?élgggﬁkf?}%@%sggt ending to the
exposed ends doffitshgolewite el enent and read el ement, wherein the first heat
conductive portion js parallel to the first nmagnetic shield, and a second
heat conductif@“ﬁ%ﬁ4?Q5 QBatending fromthe first heat conductive portion to

the trailing siffel@afrOfoilshBspdbdddRiweeWifd fisnpdlBEnS@E 8dnlpale; conduct i ve
portion extends perpendicular to the first heat conductive portion. X07609
2: AVC a read element having an exposed end, the read element comprising;:
a first magnetic shield,
a second magnetic shield; and
a read sensor disposed between the first and second magnetic shield; and
a heat sink disposed between the write element and the read element, wherein a portion
of the heat sink is connected with the trailing surface of the slider and the heat sink comprises
a heat conductive portion and an insulating portion, the insulating portion extending to the
exposed ends of the write element and read element wherein the insulating portion of the heat

sink is comprised of alumina, wherein the heat sink is disposed outside of an area between the

first pole and the second pole, and wherein the heat sink is disposed outside of an area

between the first magnetic shield and the second magnetic shield.

6. The magnetic recording head of claim 5, wherein the heat sink comprises:

a first heat conductive portion extending to the exposed ends of the write element and
read element, wherein the first heat conductive portion is parallel to the first magnetic shield;
and _

a second heat conductive portion extending from the first heat conductive portion to
the trailing surface of the slider, wherein the second heat conductive portion extends

perpendicular to the first heat conductive portion.
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