; kl e3eP\ MB46T\ ; C% HEAT SI NK FOR A MAGNETI C RECORDI NG HEAD THE
I NVENTION 1. Field of the Invention This invention relates WWWUIM
magneti c recording head used in a disk drive, and nore partlcm

nmagnetic recordi ng head incorporating a heat sink. 2. Descri pt i"'8H9%f t he

Background Art Disk drives using nagnetic recording of dlgltal i nformation

store nost of the infor te (#HEB . A disk
drive has at |east onelg%tgtlng S qpﬁﬁﬁ&%gfe concentrlc tracks of
data. Each disk drive also has at |east one recording head typically having

a separate wite elenent and e el tf L d reading the data
on tﬁe tracks. The recording s tﬁ@?%’s% %Wéf@oﬁl der andgt he slider
is attached to a suspension. The conblnatlon of the recording head, slider,
and suspension isleal | Bdeddnegdthenkaventionniy. In addition, there is an
actuat or which positions the recordlng head over the speC|f|c track of
interest. The actUhier ihiveptippt aedstes gerkrahtyttack wéghatérest and
after positioning the recording head over the track, naintains the
recordi ng headcondthgskerdgusedainoa tlbskhdtriveacénd Therdi phrthcaldrii
drive has a substrate and a magnetic |ayer on the substrate for
magnet i ¢ r ecoodangagitbeisl rdeordangyhagdt ilecoeporalt img headehtissanki sk
faci ng surface upon which an air bearing is constructed. The air bearing--
allows the slider to float on a cushion of air and to be positioned close
to the disk surface. Alternatively, the slider surface facing the disk can
be adapted for paztial Descefptianoof tbeatBatkardinmdh#reli sk. The recording
head is formed fromvarious netals and is

Disk drives using magnetic recording of digital

information store most of the information in contemporary
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 is
constructed on a slider and the slider is attached to a
suspension. The combination of the recording head, slider,
and suspension is called a head gimbal assembly. In
addition, there is an actuator which positions the recording -
head over the specific track of interest. 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
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separated fromthe body of the slider by a thin insulating |layer. The val ue
of the coefficient of thermal expansion of the materials in the recording
head is generally higher than the correspondi ng value for the insulating

| ayer or the slider. Therefore as the tenperature of the recording head and
slider is increased, the physical expansion is greater for the recording
head than for, the insulati | ayer or the sljder. The rise in tenperature
s most not i BTPRRRAST) S0 (RS ARATETEHT orfife S TSR FATRGRS  he
wite elenment of the recording head. During witing, heat is generated in
the coils byhrecartimichdeashdas & réel%gf%éms Fithase stPamahiske ay Eddy
current heating. Upon heating, the recording head may protrude several
nanonet ers GUtr HeAHAOSR IS KO HPLRF -acdhEt aite REaTdaIg daws tthe di sk
because of the msmatch in thermal expansion coefficients and hi gher

t enper at ur e Siidete tefilaptc B & HHO Gl adagme@de Fonikieh Rasd tdiongst  body.

- 2 The flying height of the slider above the disk surface is generally
| oner for eadiParews &g distk HWEaqe.ve Mditeamatdvied Y adilg tsdtidlegchi evi ng
ever higher densities of recorded information. The required flying heights
are now conpaycfidce iadinchdhamstimk oy deordiamng ede £01p pentigilowrcaused by
tenperature increases during witing. Contact between the recordi ng head
and t he di skecodrincmyse cpavagd wd thhé&heedasdti-ng head and can also lead to.
wear failure at the interface between the recording head and the disk. The
al t er nat e cont actTheegecgindg nap peedt s dorord fovmavericovnsemetaie shniddds and
the di sk. However, while a slider surface may be constructed to all ow
partial or cemevarsds foom dde hiody e tdiesisliderebyr @i tpimeddsnlintling
protrudes fromthe disk facing surface of a slider is subject to excessive
wear damagelajess, (The rviedmet of Thewsoefifhicientr odl tbepmadi expenefibnciofnt s
of the recording head and the slider leading to protrusion of the recording
head i s an ither sedierdlay) ssdmi g peciordingSHMMARYsOFenEEallVENIBBRr| than
preferred enbodi nent, the invention provides an effective heat sink for a
recordi ng héde¢ cPhrwespanddngk veRye gosvited insvdapings layer eoff sbei vel y and
therefore limts the tenperature excursions in the recording head. - 3

The present silddent.i oThexefoaet agl the fprperstule rénpbearecerdatgchead
protrusion of the recording head. In one enbodi nent, a heat sink is
embodi ed asandhedtidesndgcinsgyersaed, &hsppbreisalwerpangdoneid greater and
the wite elenent of the recording head. In an alternate enbodi nent, a heat
sink i s enbéereghgs recradingoheadt thgn fpsr thesposudasing dagewr prethe
element. In another alternate enbodiment, a heat sink is enbodied as a heat
conduct i ng Bajderdi sFbeedripet ibeieMReTpEVEes 16f mpgEnnoracenbleofnrdngt he
wite elenment. The heat conducting layers in the enbodinents are forned
from a suit ¥5i&Eing: #henl write gyreeppeis napead tbrneushi kel wydEemay be in
contact with_or connected to the slider to increase the heat dissipation.

| n anot her efepentert theergesrdingkheadpr oPryénowrhtingeaheabndacti ng
portion and a smaller insulating portion. In an alternate enbodi nent, a

di sk drive BgnprétﬁéednwﬁbﬁeP@igﬁebweégﬂaﬁnb?aﬁéaﬁ:i§n§réni§b§ whaghetipeat
sink. O her aspects and advantages of the invention will becone apparent-
fromthe fopookiog oft thectfolesbyi Baddyncurkenh hkestingkenUpanchepbihngi on
with the drawings, illustrate by way of exanple the principles of the

i nventi on. BReEEePBE8ARNBThERdOmayHPrORAWIBIGBeveral 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.
-2 -



Fig. 1 illustrates a top view of a disk 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 disposed between the wite el enent
and read elenent; Fig. 4 illustrates a detail ed cross sectional view of a

recordi ng head hayin heat, si di spased pet ween the ite. el enent and
read el ement; Fi g&‘%gﬁ]ﬁflﬁq g %k% Ac):fotgé}’se s%{c) |eolﬁa?%?/‘|’eemtfv%? cgl%éc%‘rua#ﬂﬁehead
wherein a heat sink is farnmed over the upper_pole of . the wite el enent;

and, Fig. 67 I%}%@S" ;l%‘f%%sfl%’éc??%haﬁg\'/i %‘Jolfey £f e%’(ﬁlﬁll ¥fead having a
heat sink di sposed between the layers of the turng in a ite e]lenent coil.
DETAI LED DE N Eﬁ%]:qﬁﬂﬁx%l?ﬁi’%‘élq%\ﬁeﬁ]f Hi9hek HRRF R G heat
sink which effectjvely dissipates heat froma recording head. The heat - 5
sink |imts %9&% R Tsiﬁ?‘% ’Eﬁth:'rfée‘i e@df’d?gh 2R} HRP®f or e
limts the anount of protrusion of the recording head fromthe djsk facing
surface of &£WMBF&EPLlereth dheranpmt ehdfReding headREFHERR and t he
ri sk of interface damage between the recording head and the disk is

si gni fi cant I9AYSEGLARH CamEeiati e tingrepses Hgghatyit gk Fet@aano has
at | east one rotatable nmagnetjc disk 102 supported by a spindle 104 and
rotated by Xafvesn thst mgrefdingrhgad jandytthe ghiisk mans|qange dagnage Hean
attached recordi ng head 108 and heat sink (described in detail bel ow

posi tioned &her neferdlidie toad wih@@mlse read f9 deprvfiailnge Bfe the der
106 is attached to a suspension 110 and the suspensjion 110 is attached to
an act uat or interipee hatwaes the yecqordighhepd@pskide Bisk.o t he housing
116 of the disk drive 100 and is driven by a voice coil nmotor 118. As the
di sk is rotatingThehaldeamater cPREasdsinacaisiinge appagatualdionsy with the

suspension 110 radially or along an arcuate path 120 over the disk 102
surface to &esksast: betygen ttheclelddampadedhe 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 recoxrding head. The heat sink
thus provided dissipates heat effectively and therefore

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



Referring to Fig. 1, during operation of the disk drive 100, the notion of
the rotating disk 102 relative to the slider 106 generates an air bearing
bet ween the slider 106 and the disk 102 surface which exerts an upward
force on the slider 106. This upward force is bal anced by a spring force
fromthe suspension 110 urging the slider 106 toward the - 6 surface of
the disk 102, Alternativel the slider 106 y.be in either partial or
continuous CBft REESGAENL Néh&FSR P Sgﬁp%ééégguFWﬁ§°86§rggﬁoﬁ?mPF§?tYr§Iso
shows an optiqnal | oad/ unlgad tab 122 on tgg diﬁtal end of the suspension
110. Thi s | dB4PGRACRICELHS19D ShefarelSFRTESRPFURERPON with a | oad/ unl oad
fixture 124 to lift the slider 106 away fronlkhe di sk 102 surface when the
di sk drive 100 i§ntBPﬁeHmBPﬁlﬂFnémté?geatpﬁﬁé 15V FPREORB8E. afnhenh8atunl oad
operation is initiated, the actuator, 112 rotates far enough in a _cl ockw se
di rection 12enduekipgadavre. AdgBPsRACREtYSBN15bet KeadselgBentipandethe

| oad/ unl oad fixture 124 gently lifting the slider 106 off of the disk 102
surface. Fi§riteagpdemenbnefth eeFééPFgéaﬂ beAdect FBnan28lhsrapkes or a flex
cabl e between the recording head 108 and the preanplifier 130. Fig. 2 shows
a nore det apmbgdimentof aghsatdeinko2s gmbodiedrasng heall gaudneningi nk 204
are preferably constructed on the trailing surface 206 of the slider 202.
Fig. 2 illudayveredishesagpeveporbe2@gitndelamentr nsInignotheneatbeinatd. of
the wite elenent of the recording head. The read el enent is not

i |l ustrat edemhogigen, Fhbeateeinkcis evhadiedonaspadbeat2candsht ihgow
connection with the wite elenment and read elenent are illustrated. One
enmbodi ment dayarhdasposald beuweeni tvaslayerd ¢h Fuyns2inThhe eabbdefrent of
the heat sink is a |ayer of heat conductive materi al physi cal ly cl ose
enough to thbecwritelalementt | Thethoat epnduetbogetayessointhbewite

el ement to be effective in conducting heat away fromthe wite elenent. A
cerani c conpubpddmentsi azai forvadbfuemaadsuitabphe natevkabnsychisas to form
sliders. This material is a better heat conductor than the substantially
pur e al unm neoppenonl & bheatl conduphingclayier rayri¢ nin heontéaconwitie ati der.
Thus, the heatsink is somewhat nore effective if a portion of the heat sink
is in physicahnechedcte thecshhderectio inmchease the deeat Flgsspratiomtrates
two areas 216 of the heat sink conductive |layer 204 which are in contact
with the tr&n| angtbarfavkodiment, t khe sheaersimp igrbreynidednvigs 3 desati bed
in nore detail below) in the underlying insulation |ayer (not shown). Fig.
3 illustrateenduetring pertionafngi avemrllex yingylatiedrperioRad 302 and
one enbodi nent of a heat sink 304. The recording head 302 typically has a
read el enent 306InhfBhalterepbe sevbodiment hea stiglerdpbyg b@gPrgvidedyer 310
of insulating material. The read el ement 306 has_a thin filmsensor 312 and
two magnet i ¥heheiéndthaysegonding Thead ch®l RYevided 3otk yaikeat ysirk. an
exposed end 316 for conmunicating with the disk (not shown). The wite

el ement 318 has @theweaspectanandppdyanpeagesof Jthe timyen fwtk ng a coil
di sposed between the poles 320, 322. The poles 320, 322 of the wite

el ement 318bagene expparentnfxonothe cfollowing ciatabl o t deseeiplt k¢  not
shown). Both the read _ g _ elenment 306 and wite element 318 are usually
surrounded Withswheni bakemt bni epniweepion ovithctha pdsavingss 316, 326.
There may be a very thin protective |ayer of carbon material fornmed over

t he exposedithdstB8ate BPoway ¢ftexampbe ridee dprisicipbesrof etl3a8 and read 306
el ements. A recording head with a thin carbon overcoat is considered to
have exposeineedsiénr purposes of magnetically communicating with the disk.
The heat sink 304 in Fig. 3 is enbodied as a | ayer of heat conducting

mat eri al di sposed between the read el enent 306 and the wite el enent 318.
One or nore openings 329 in the insulation 310 allowng a portion 328 the
heat conducting nateri al BRIEFOHSCRIPTION P4 THE DRAWING®tact with the
slider 308 increnentally inproves the heat conduction. Fig. 4 illustrates
an expanded view of a recording head 402 havi ng an enbodi nent of a heat
sink. The wite elenent 418 of the rqurding head has an upper pol e 422 and
a |l ower pole 420. The wite elenent 418 also has coil turns 424 and an
exposed end 426 for comunicating with the disk (not shown). The read

el enent 406 has two shields 414, a read sensor 412, and an exposed end 416
fox conmunicating Wth the disk (not shown). The heat sink illustrated in
Fig. 4 is enbodied as a | ayer 428 di sposed between the wite el enent 418
and read elenent 406. In the particular enbodinent illustrated in Fig. 4,

t he heat sink |ayer 42S has one portion 432 conposed of a heat conducting
material, - 9 preferably with a high thermal conductivity, and anot her
smal | er portion 430 conposed of an insulating material. The insulating
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insul ating portion 430 of the heat sink, preferably forned of a stable

i nsul at or such as alum na, hel ps protect the heat conducting portion 426
from possible corrosion or wear. Alternatively, the smaller portion 430 nmay
be formed froma stable capping material such as permall oy or other alloy
of nickel and iron. Fig. 5 illustrates an alternative enbodi nrent of a heat
sink. In this enbodinent, the heat sink is conprised of a |ayer 528 forned
over the upper poFig52R Dilvderares ca ctaperiedlt ahdidleadrisvenkhdwvaitey H28
has a portion 532 formed froma heat conducting nmaterial and an optional
portion 530 fecording dread withlatlosat Tdink pwer pol e 520 and the turns 524
of the wite coil are illustrated. The heat sink nay be enbodi ed as a heat
conducting | ayer positioned adjacent to the turns in the wite head coil.
This configuration of the heat sink provides for an effective heat sink

since a primary hegy. souTRudtsrdtes hegpeanasedwe view hef @idl iEd thd a

witing. Fig. 6. illustrates a specific enbodiment of a heat sink which
conprises a f@@ér@g@q@a@mi@ya Kbk diigposed between the turns 624, 625
of - 10 atw layer coil ina wite elenment 618. The wite elenent 618

has a | ower pole 620 and an upper pole 622. In the enbodi nents of the heat
sink di scussed above, the heat conducting material may be formed from any

suitable materi alpi £ p_peiru@,s@ragf@j &f b d1e e QOMBHET WiewRiferd @l because
t he heat conducti vi y is high and a copper layer is easily constructed by

known et ho%é&&i@ﬁﬂ&l& HdthPra AGHUM 8P QB didted HitweRid 13 WG LW ite

el ement is usually flormed from copper. Magnetic materials are not as

sui tabl e forelsfems dIRPIr&RPUIENUS: pecause of the possible interference
with the function of the wite or read el enents. The optional insul ating
portion of the heat sink may conveniently be formed fromalum na which is
w dely used in recording head construction as an insulator. Qher

insul ating mater Iﬂ&f G B tdd &Pl QB 1L I deodikRSA Yilehd & 1N

the art. The nmetho of form ng the heat sink axe well known to those
skilled in LRGN hd ¥ HA gframmta SR QIR bethidlenP thad wa'i tt her
a

sui tabl e techniques.” I n nuneric experinents sinulating an increase in
t enper at ur e &iusndit Wrld I¥dha 'E&@Hg heads having a heat sink indicated a
tenperature increase as |low as 70% corrpared with tie tenperature increase
for recording heads which did not have a heat sink. Correspondingly, the
tenperature induced protrusion was reduced by up to 30%fir recording - 11

heads having a hasig Sisik 0GB LEM R0 dlidtd Al 1t FU a heat sink.
Fromthe foregoing 1t is apparent that the invention provides an effective

heat sink f dfecorBGy Hd@ Rardeithe HERadigiRK S OfedriRd1RAerSithe upper
significantly limt the increase in tenperature of the recording head and

si gni fi cant |poTee BIC & He Qrrtit & 1imer: ;| Rgiaced recording head protrusion.
Al t hough thi's invention has been descri bed with respect to specific

enbodi nents, the details thereof are not to be construed as |imtations for
it wll be apparent that various enbodi nents, changes, and nodifications

may be resorted tmgh tehqutlihdtds @ @8t ke ctionall ¥¢ws eFrq thereof, and
it is understood that such equival ent enbodinents are intended to be
included W tRldbddigs HARA Haiticp 4 MR isGmk dikposed 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 -



CLAIM5S W claim 1. A magnetic recording head conjoined with the trailing
surface of a slider, conprising: a wite elenent having an exposed end; a
read el ement having an exposed end; and, a heat sink di sposed between said
wite elenent and said read elenment. 2. A magnetic recording head as in
claiml wherein a portion of said heat sink is connected with the trailing
surface of the slider. 3. A magnetic recording head as in claim1l wherein
sai d heat skemkkcdhpitseshe hempecaturet exeukrayens ¢f Aheageepbirdingcheddng
head as in claim3 wherein said heat conductive |ayer extends to the
exposed endandf thardfuriet @iattsr che ememmnt ©f broArmagoat o€ thaeor di ng head
as in claim1 wherein said heat sink conprises a heat conductive portion
and an i nsukatbpgipgr head, feaindthesdliaki figcpant bapfareeodi agsliadelbe exposed
ends of the wite elenment and read el enent. - 13 - 6. A magnetic
recordi ng hend asskno€l acge damagk wbethenrktberleay headuahtvehporibrn of
said heat sink is conprised of copper.

of interface damage between the recording head and the disk

is significantly reduced.

Referring to Fig. 1, a magnetic disk drive 100 has at

least one rotatable magnetic disk 102 supported by a spindle

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 reading 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

the disk 102 surface to accees the 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 between the slider 106

-and the disk 102 surface which exerts an upward force on the

slider 106. This upward force is balanced by a spring force

from the suspension 110 urging the slider 106 toward the
_6_



7. A magnetic recording head as in claim5 wherein said insulating portion
of said heat sink is conprised of alumna. 8. A magnetic recording head
conjoined with the trailing surface of a slider, said magnetic recording
head including a wite elenent, conprising: a |ower pole having an exposed
end; turns of a coil disposed over said | ower pole; an upper pole having an

exposed end, said upper, ,pole, dis ed er_said turns_,of coil; d _a
heat sink di%’g&aecif' rtkg%i%%bp (ﬁ)fpolgi/tﬁm%ﬁé%irj%‘t istch(? escza%%(g‘?%gl(ﬂga@aﬁs in
claim8 wherein a portion of sajd heat sink is connected with the trailing
surf ace of %euyé)ﬂofé?er. H@?t%?%%e?‘?’&t’r%%%?%li%@q?e%'ﬂ “é’swf 0§ Sfels 102
wherein said heat sink conprises a heat conductive |ayer. - 14 11. A
magnetic recBRfaRe IBEARE FRETFIPR 10 wherein said heat conductive |ayer

extends to said exposed ends of said |lower and u oles. 12. A nagnetic
recordi ng head afi%h & A8V mﬁ’%i?f‘s%?ﬁl?fé% ]s‘?%ff%ﬁlrﬂﬁ‘fsre%b a44yH
havi ng a heat conductive portion and an ipsulating Rortion,_ said insulating
portion ext &l rfbitﬁﬁat]heeréiﬁb%e@%rﬂéslb‘?nﬂ'@‘fﬂ%t éﬁﬂ%é&ﬁﬂiﬁ%%d 8ab A
magnet | e reclozrzdioriagepaetags aisn igorfjgfrilcngiolr? v(v)irthlza \A{]oearde)ur}lload fixture 124
to 1lift the slider 106 away from the disk 102 surface when
the disk drive 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 -



t he heat conductive portion of said heat sink conprises copper. 14. A
magneti c recording head as in claim 12 wherein said insulating portion of
said heat sink conprises alumna. 15. A nmagnetic recording head including a
wite elenent, said magnetic recording head conjoined with the trailing
surface of a slider, conprising: a lower pole; a first layer of turns of a

coL1 SLSPOSSH ML) I UETRRIS o RO At b WP e 600 Lo
e SRS AP S T Pl Whad L oo
of turns of a coil. 16. A magnetic recqQrding head as in claim 15 wherein
sai d heat sicrﬂ?d(‘,’(?ﬁ:ﬂ-ﬂgs&eaéop%ﬁy. trpm E%Fadﬁg‘ttiec erqé‘é‘tﬂrﬁi'ng M&EsFaS n claim
15 wherein a portion of said heat sink js connected with the trailing
surface of Fﬁ@wgﬁkﬁﬁﬂof titanium carbide and alumina is commonly used

to form sliders. This material is a better heat conductor

than the substantially pure alumina commonly used to

gseparate the recording head from the slider. Thus, the heat.

sink is somewhat more effective if a portion of the heat

sink is in physical contact, or connected, with the slider.

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

of insulating material. The read element 306 has a thin

film sensor 312 and two magnetic 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 the read
- 8 -



18. A disk drive, conprising: a disk; a slider; a magnetic recordi ng head
conjoined with said slider for magnetic recording on said disk, wherein
sai d magnetic recording head includes a wite elenent for witing to said
disk; a read elenent for reading fromsaid disk; and, a heat sink disposed
between said wite elenent and said read elenent. 19. A disk drive as in

claim 18 wheggkpepd! @olaeahdswite CARRERECS 180RRRYN usually sudPo @SS
drive, conprising: a disk; a slider; a magnetic recording head con10|nga

with said sli gghlge& Hagla%teﬁane%%@#gg £07 $hled cdhdseds dndisMBgRet 356 .

recording head inclu |ng awite ele wherein'said nagnetlc recordlng

head i ncl udesyg, Loyey Bals Bavingxan g&eeé%fél%edlﬁge%@s Sk eriag

di sposed over sail wer pol e; “an upp havi an expose
upper pol e formed over the exposed ends 316, 326 to retard corrosion of

the write 318 and read 306 elements. A recording head with
a thin carbon overcoat is considered to have exposed ends
for purposes of magnetically communicating with the disk.
The heat sink 304 in Fig. 3 is embodied as a layer of heat
conducting material disposed between the read element 306
and the write element 318. One or more openings 329 in the
insulation 310 allowing a portion 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
shown). 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 -



di sposed over said turns of a coil; and, a heat sink disposed over said
upper pole. 21. A disk drive as in claim20, wherein said heat sink
conprises a heat conductive layer. 22. A disk drive as in claim20, wherein
sai d heat conductive layer is formed fromcopper. 23. A disk drive,
conprising: a disk; a slider; a magnetic recording head conjoined with said
slider for magnetic, cecordin n _said disk, said netic _recordi - 17
head i ncl udi K€ eﬁFPﬁX gﬁgbe%tglggiﬁgﬁfW?i SPQﬁBHEQ%ﬁEVUdPH :aQOFg%ér pol e;
a first |ayer og turns of a caqil disgosgd gver sai d_| ower ggle;,a second

| ayer of turf%adtey PBFFigRsHdeqoBParedaPl Py sPSPAGEANGs MALERdads aThS | ;
an upper pol e di sposed over ,said_second | ayer of turns of a coil; and, a

heat sink di $pgudatpBowBertisnd4pPrif PajiriBRreduRRarofhs e¥PPssAderdpd

second | ayer of turns of a_coil.
of the write element 426 and read element 416. The

ingulating portion 430 of the heat sink, preferably formed
of a stable insulator such as alumina, helps protect the
heat conducting portion 426 from possible corrosion or wear..
Alternatively, 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. PFig. 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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24. A disk drive as in claim23 wherein said heat sink conprises copper. -
18 . AI?2.AAAAIJYy.AAI[.A Ay 9.ASI. A AL A A A5 AS. An. Afy);

<EH &Ww=u{ upkf a\ WR] cRa] ca] ca] ca] ca] ca] caU] ca] cal] cal] ca] cal] ca] ca] ca] ca] ca
U c”ra Ucna U c”raU ca] calca]ca U cral cal cal cal caU] ca] c<a)aKLPQ ( T

I'i Quoi d_ZU] cR] ca] ca] ca] caU] caU] caU] cal] cal] ca] ca] ca] ca] ca] ca] ca] caU] cal] ca

oAt (((+5 DL RO br REh VIR ciy LT ke eErhele F 817 rhe wiits) ehemapba) cay

(r:a]4ci] g!}g%{@ﬁ@%ﬁga-%@%%a&gﬂ c&}&azl&g]gg]&%&g]ﬁgigaégg[ 556A6v6?7899999: q:

o2 @]@@]””‘f@f c C“élali%L%@%%@%@%%%%L%@i‘%ﬁi‘%%@% P S Eat e B e bonhooh
EBE} EEz FFFF i Z

ol o] cal 38 diast) copabselag A LRl LA ap 1 S8l Ealedn TALGR] SAY TRl LR R T
I

J73W3] JgJJ P i ki FORReT ot 7/ s e eed gt cnduseing aprtsriatal cal ca

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calca] calcalca] cal calca]ca)ca! KLLLILLL>M?M M
}VIVIV}\IANg NNLW%MW&}&%‘%@%@ 3}%%}%‘3‘} c%l}% ReY c¥ey cbf ca] ca
! ' PPLLJ

}_EEL(I\:/S}\/Ea] calca N({la] ca] ca] ca] cal caj (ia] c?ﬁl%&a cal ggztgi%a%g%ﬁ%%%% g:] caloa

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]! cal ca
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10%&' () - S910%&' ()-:10%&' ()-yl10%& ()-"110%& ()-;&Vi K-@"10%& ()-S9! 10%& ()-S
109& ()-f Mowgrqd -from coppér. Magnetic materials are not as suitable

10%&' ()- @ 10%&' ()- SMLO%&' () - =ui KA7@0109910%&' () -1 810%& ()- @' 109& () - S3nmlL0
e () G111V (yScgma dvge )Cqaugtovs Haqaats sbithe possibie o

10BB! #610%BB&' () - @: 109B& () -!109B& ()- 109B& ()-, 109B& ()-10" (
#TU | ME?! 0_1mqr)ce gvith the function of the write or read

10988 ()-!! 109BB&' ()-!10% & ()-!!109%& ()-!! 109BB& () - .
10BBoi O S4! S Ren g ) - IARerpticnaly dpguliad ima Payiiqe ©Ff the heat sink

may conveniently be formed from alumina which is widely used
in recording head construction as an insulator. Other
insulating 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 numerical 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
- 11 -
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From the foregoing it is apparent that the invention
provides an effective heat sink for a recording head. The
embodiments of the heat sink significantly limit the
increase in temperature of the recording head and
significantly reduce the temperature induced recording head .
protrusion. Although this invention has been described with
respect to specific embodiments, the details thereof 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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1. 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.

2. A magnetic recording head as in claim 1 wherein a
portion of said heat sink is connected with the trailing

surface of the slider.

3. A magnetic recording head as in claim 1 wherein said

heat sink comprises a heat conductive layer.

4. A magnetic recording head as in claim 3 wherein said
heat conductive layer extends to the exposed ends of said

write and read elements.

5. A magnetic recording head as in claim 1 wherein 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.
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6. A magnetic recording head as in claims 3 or 5 wherein

A

the heat conductive portion of said heat sink is comprised

of copper.

7. A magnetic recording head as in claim 5 wherein said
insulating portion of said heat sink is comprised of

alumina.

8. A magnetic recording head conjoined with the trailing
surface of a slider, said magnetic recording head including
a write element, comprising:

a lower pole having an exposed end;

turns of a coil disposed over said lower pole;

an upper pole having an exposed end, said upper pole
disposed over said turns of a coil; and,

a heat sink disposed over said upper pole.
9. A magnetic recording head as in claim 8 wherein a
portion of said heat sink is connected with the trailing

surface of the slider.

10. A magnetic recording head as in claim 8 wherein said

heat sink comprises a heat conductive layer.
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11. A magnetic recording head as in claim 10 wherein said
heat conductive layer extends to said exposed ends of said

lower and upper poles.

12. A magnetic recording head as in claim 8 wherein said
heat sink comprises a layer having a heat conductive portion
and an insulating portion, said insulating portion extending-

to the exposed ends of the first and second poles.

13. A magnetic recording head as in claims 10 or 12 wherein

the heat conductive portion of said heat sink comprises

copper.

14. A magnetic recording head as in claim 12 wherein said

insulating portion of said heat sink comprises alumina.

15. A magnetic recording head including a write element,
said magnetic recording head conjoined with the trailing
surface of a slider, comprising: _

a lower pole;

a first layer of turns of a coil disposed over said
lower pole;

a second layer of turns of a coil disposed over said

first layer of turns of a coil;
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an upper pole disposed over said second layer of turns
of a coil; and,
a heat sink disposed between said first layer of turns

of a coil and said second layer of turns of a coil.

16. A magnetic recording head as in claim 15 wherein said

heat sink comprises copper.

17. A wmagnetic recording head as in claim 15 wherein a
portion of said heat sink is connected with the trailing

surface of the slider.

18. A disk drive, comprising:

a disk;

a slider;

a magnetic recording head conjoined with said slider
for magnetic recording on said disk, wherein said magnetic
recording head includes

a write element for writing to said disk;

a read element for reading from said disk; and,

a heat sink disposed between said write element and

said read element.

19. A disk drive as in claim 18 wherein said heat sink

comprises copper.
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a disk;

a Blider;

a magnetic recording head conjoined with said slider
for magnetic recording on said disk, said magnetic recording
head including a write element,

wherein said magnetic recording head includes

a lower pole having an exposed end;

turns of a coil disposed ovexr said lower pole;

an upper pole having. an exposed end, said upper pole

disposed over said turns of a coil; and,

a heat sink disposed over said upper pole.

21. A disk drive as in claim 20, wherein said heat sink

comprises a heat conductive layer.

22. A disk drive as in claim 20, wherein said heat

conductive layer is formed from copper.

23. A disk drive, comprising:
a disk;
a slider;
a magnetic recording head conjoined with said slider

for magnetic recording on said disk, said magnetic recording
- 17 -
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lower pole;

a second layer of turns of a coil disposed over said
first layer of turns of a coil;

an upper pole disposed over said second layer of turns
of a coil; and,

a heat sink disposed between said first layer of turns

of a coil and said second layer of turns of a coil.

24, A disk drive as in claim 23 wherein said heat sink

comprises copper.
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