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MAGNETORESI STI VE RECORDI NG HEADS 5 The present invention rel at gpﬂg
to the field of magnetoresistive (MR) devices of the type used |n recor
heads. In particular, the present invention relates to a nagnetoresistive
recordi ng head having a thermal ly conductive layer for inprov

di ssi pation. 10 Background of the Inveption Magnetoresistive recqmwumwmmumlm
heads are well know to be useful in reading back data froma magn

nmass storage devices such as disk drives or magnetic tape drives. Poptffiar

designs include a standa@bgtp% SERGHH Pi -gﬁ,lE t mgQ/R), vertical giant 15

magnet or esi stive (VAR RS ISPREER) O t’H I cal advanced
magneti c recordi ng ( VANR) T —ard spt ir-var ve - freads. Typically, a nagnetic

read back en ed tqQ detect dir nount, of, c fl
as a ts . c;ﬁf pssih ety rqlﬁe%rlb§é 5; g}%&d of Fﬁ%l%@ﬁ%&fveg@ﬁﬁi sensor
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presence %ma&n%sﬂwedeqor@mg eaﬁialwg@g%the Méml ctiyelayertor unpawgdsheat o
sensed bydlﬁshléatlﬁpas current and are correlated to neaningful data by a data
processing device with access to the magnetic nmedi a nass storage device. A
basi cl@®esi gn of a standard AMR or spin valve head (FIG 1A) includes a
sensor el enent 4 adjacent to Backgroundefithe fmyeptorf ace ("ABS') 8 with

el ectrical conVagtesor@?stib récordihg hepds bree welblemwofo Hehaefik isreadidg bddkedasensor 4
| i es bet veen aungfeti@n@ddiaguBs stofigelddvides sach badigho dfivasir magnb@siape degdsgn of a
vertical gdyldieadignk! faclulie B gtzﬁﬁbwd%&na rﬁ Qiresti®OB(TMR),C Q8BiEAIS piadt a front

contagd ImasHerfr&tive O VARV Sa@vané‘éli pﬂ@s V‘éhﬁgll Advanic@d) dndgnE G
EEPQZZE t“ E 5 (FANRR and i § qlésage& igally, o xfeﬁ@%élﬁ% fl? £8a§g .
over &m tﬁ‘?‘ﬁ’é:@:% sgf el Qa‘*ﬁ iy o e

| ower rec %% ghetic
r fea oy B g e AR Rgpelie of Pi‘ l?aag% 5 dield 1y

Sw :jg enc ;{ bé’o ‘afe%‘rﬁe%a‘bc{;gfac? f“al ?attgrﬁzf &4ala gui de
16 and a I?r8 sip E}?( LVt 29asss tg e mRgRete gicgi énafSStofLa@ FE’B5 bounded by an

upper netal Shl eId 2 and a lower netal shield 6. A robI emthat is

encount ered i A &Rr¥ic dpaensefcr svrareANR of spin valysibeaddFiG ¢4) ingydesameespux Gui de
heads is @lemetichiaisgensftotaneais dieating sheren( ABSS) Bowith electrieshtdonigetsrBm t he
bi as Zur rtenchingltbgsidehefzthe sepsorst. {The serseid tieshetwiesatupper and lomertsbicld 2 6whi ch
current 40 flows fromenergy | oss due to electron-ion collisions. The
resul tant powdn doossst, sbasR desigi?éBe veiealcGMR headt (FEG bl Bisincludesenserdsbr ough
t he sensodleraém @esvimpaisihgRsteort Sofithet I RBacshtanaa ABS B dibioasingay wakdiagent . | n
the case #@id aeak coihtatidRTheAMRiaN GNRRehfr RlanRiny @ fypawhe &dm tHULBSE the
Joul egdreadetiveen' BEBOREadd RE édheackeN R SVAR ufbérandtalt SARdBlang QNEWEL thexal t O
et al shiétd 5AuMbERGBe sensor element 4 and bias winding 3. The lower recessed region 21

is optional, but is known to improve the magnetic efficiency of the device. Another

design generally referred to as flux guide heads (Fig. 2), comprises two contacts 14

between a front flux guide 16 and a rear flux guide 15. The flux guides 15, 16 are

35 bounded by an upper metal shield 2 and a lower metal shield 6.

A problem that is encountered in all AMR and GMR heads, including vertical
GMR and Flux Guide heads is the heating of the sensor element due to Joule heating
from the bias current. Joule heating is the resultant heating on matter in which current
40  flows from energy loss due to electron-ion collisions. The resultant power loss is:

P= Ibste
where I, is the bias current through the sensor element and Ry is the resistance of the

45  sensor element. In the case of most standard AMR and GMR-spin valve type heads,
much of the Joule heat is removed from the sensor via direct thermal conduction to metal
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-2 shields through two half gap insulators 19, 21, 23. Half gap insulator
refers to the insulators between the MR/ GWR el enent and thesz]qvxﬂ(éN ?Bﬁsr
shield respectively. The gap is the di stance between the two i .
Normal |y, the insulator material is A1203, or any pin-hole free dielectric
wi th an adequately hi gh breakdown vol tage such as ALN, 5 Si3N4, Si Q2, or

di anond-| i ke carbon (DLC). These half gap insulators 19, 21, 23 can
conprise a Iowthernal conduct|V|ty tHermal path 7 (the width of the half
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sensor 4 mﬁg@hgaoﬁqé bRItinglbthd Headdler e were no shield recesses. Because the
sensofs 4 is longer than a standard GWR sensor and has consequently higher

resi st ance f\ﬁen QVBMR%@W%&JP dﬁR%&ﬁﬂa&me%sdé{p\éhédce%lvapnfas&eée%l% hot t er
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and 30 peepwendiaodifom ¢cantach@ theBareddjarhet tp dhecABS § adesﬁpgntqdafmﬁletsheelclmper
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heat di Ssthp@éﬂsmlellaﬁ 4\@@%&&% IRSic8iisdd & iRQBidd 9Dand #¢ heat - produci ng

part of the el enent udln the bi as vmndl ng 3 such that it |s not
exposed at th
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VGWR desi gn |s necessary t o address consjderations, of magnetic fl ux
propatfati on. |YGMRdaeads are|depigped o that thoy have & mpohgpider ensardersbigidi2sn,7 t he
VGVR typemdb%tegm awayi from the ABS §iin aclation topshe penserctorsbisld aingap [ weeloseet al
shi el ds bwoxisutyss ¢ht ABSi8nibhiswadereggp dtitkibiss thiednkerery rolghEheat dissipatesthatequi r ed
t o ensur ethe heetal shglde 2 @wblldotierwise péréornedi a reaches the sensitive part of
the VGWR sensor. The sensitive part, covered by the front contact 9,
genergd es no sThgnwider Y fromt the 86866 RSsHidldtindormirated imd tHeneGIMIR dedigd fsont

contact Shecédshry!t adftebcdnBrIkmtibALH hghetivlus Prépagdatioh. I orfRel td RMA! fuxt he
signal output. As a result, the buried portion of the sensor that lies

within the wider gap 21, 23 experiences nore heat buil dup than the sensor
portion in the narrow gap 19. The heat 10 buildup is a direct result of the
| essened thermal conductivity of the gap insulators 21, 23 as conpared to
the netal shields 2, 6. The larger gap 21, 23 between the sensor 4 and the
heat sinking nmetal shields 2, 6 results in a correspondingly |onger thernal
path 7 for renmoving a sensor's heat before the heat reaches the thernal
sink of the shields 2, 6. 15 Summary of the Invention Accordingly this

i nvention provides a nethod and apparatus for inproved heat dissipation in



20 inclusion of a high thermal conductivity netal as a netal | gr Iocated
bet ween an upper and a |lower netal shield and a sensor. A hlgh|2 ana
conductive material mght include an el enent netal such as alun1nun1or
copper and should be specifically tailored to have a simlar therm
expansion coefficient as the shield nmaterial. Mreover, the nmetal filler
must be non-nagnetic. In addition to 59C|I|tate t he nagnetlc ef ficiency of
the 25 head, recesses in the upper and | ower shields are used. One
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di st or t i olembeinghseMGVRhbs ddford thie heatmeazhes the theeraalfsek af ¢lmoshadldsdt, 6heat
generated in a sensor in a magnetic head 40 by use of a heat dissipating
devi cg conprising a high thermal conductivity nmetal, such as a transition
metal . The high thermal conduginthdryofBtahvenfionl d be tailored to have a
similar thermal expansion coefficient as the shield materials and
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This invention teaches removal of heat generated in a sensor in a magnetic head

40 by use of a heat dissipating device comprising a high thermal conductivity metal, such as

a transition metal. The high thermal conductivity metal should be tailored to have a

similar thermal expansion coefficient as the shield materials and positioned in close

proximity to the sensor but not in electrical contact. This metal but non-magnetic filler

provides a thermally conductive path to the shields acting as heat sinks. In addition a

45  metal but non-magnetic filler provides increased heat dissipation through its own thermal
mass.



25 Detail ed Description The follow ng detail ed description nmakes reference
to the acconpanyi ng drawi ngs which forma part hereof and sh b Y,
illustration a specific enbodinment in which the invention rra?wl)e\é’m(ﬁdaaad
This enbodi ment is described in 30 sufficient detail to enable those
skilled in the art to practice the invention. It is to be understood that
ot her enbodinents may be utilized and_jhe structural changes nmay be nade

wi t hout departing fromthe scope of the invention. The follow ng detailed
description is therefore not to be taken in a limting sense and the scope

of the presentoingyfivah@Pes ahd FitirB @6k thY picBdht ARRANCEWIICHRbM® apphrent¥iloth
referencethe@a{n&anga&cnﬁlammdtd tHéHfa@Er?gt% aﬁ@tﬂemlﬁgent ation of this

invention, a vertical giaht magnetoresistive (VGW) head 1 is shown. The
VGWR conprises, in pertinent part, a |ower nmagnetic netal shield 6. The

| ower et al Shl eld 6 can beBc E&ri S@ﬁjo of§ lg@l%wiﬁ)é such as Pernmal |l oy, a

ni ckel iron alloy, or other aIIy and thernal |y
conductive maghetic alloy. The | r. shield ac thermal SI n for heat
generated by a hé’&"rmzi‘t‘éh‘ﬁi g’r‘?élfeaﬁ‘i‘ﬁ% aﬁﬁlrﬂ? thﬁté“We

al so act sMAYICE Oh#ANEAg &he§hY"81 QFCPG‘F “Eq{%al?%?i‘té Anventigy iteelf & 'e‘?eetﬁé% now to
Fig. HA e@ﬁ?@é(hwféf?fen@? tcathvéw@vglé&éeﬁcnpeors%%refeéreﬂlemb@fimtaaet Hils of

t he upperccmmcnmrthslma@mm@ymdravwegw@érem 21 JAN2u3 - 5 and | ower
shields 2, 6 afle. dndlustiatesedrass sértior ead g gir bearingTviewrmd gratariderdnab® ol

conpri si n@amwel\@ﬂteed ds 2) 6 is so constructed that beginning at corners 100
and 120 respechlGvelB illintratepax @sgss cectian of rag typidal elesigh afnal Vé&ticd Grhween t he
shi el s 2Magnetorasistive Headsor 4 is rapidly increased conpared to the

thi ckness of tHIE. hoNtrars e cropPsdctibRbf a Gpieal desighat @ FluxlGuiddHe
respectively. Fte3anahated 30raat séthibs Bf & WerticBCE Rt MRgRSorkSstReei@aahina i n the
range of GQssQ0) GRF ﬁﬁ@ld &Wﬁpp&iﬁp&e 1 Hilef BRI & RARE HRtal iR, ptoQidu?gr !:,Hbrtteﬁ'&i range
of 0.2-1. t?%a‘fb&ﬂ?fo@@ sbls% (8155 !n . approximtely 0O ons.

h t
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cont act r?go‘fvﬁr mF@E CHTA ng 0 patgy S'Prfs%he h’éSIPaét,oé‘ss corners

100, 120 and t he upper edge 110 of the front contact 9 should all three be
rrut ually aligned within less than abqut 0,2 mcrons. The thickness of a
"1 p"2%50, formed in the two nadéiied Dsspripion| ds 2, 6, between the recesses
140 and the ABS 8 nust be |less than 0.5 mcrons and is Ereferabl y about 2-3
ti mes the di stBiecdoliwingedeisiled) descoption anekegafsefareme fworthexamepipanying t he gap
160 i s 0.drewingsrwhish fohmnat pest |herpof 3@di show divemall ¢f Gllwuotich i spesifie. 25

Ref er r i ngerbtwditngg .in 3vhaghdth8 Apvehtomedy de pragiced. Thieehbwdimentes dbscsihedelnd 6 by
way o030 i naiifiSdient detadindagrdbldethose dkilted inethb nartqiogsragtice thasvehtat. Mol @tbeng, or
RF or DC wileistoddi thg, oth& embodiéntdrefaglbefiitilized ahduter stllidued ehinges Mhyabe
nonmagnet ingddivgthoti @epating GREIGhe Vdcbpe BELtAE . inlé¢htiah. aaeemnedmgeaétaﬂéme | ower
netal fild&REriphidnGo ARIIERSNA 1 baRlch iR 1AL séd6 An@ $hePdcUPd BEHe fr@RREr . Of

gol d. Purlelvgit,%meﬂng@%ﬁﬁﬁlalp}ge,{are@g]agﬁs better thermal conductivity. However,
an alipy (e. 9., be added in order to match the thernal

expansi on coef entth tno»@ htg Il\:‘:} Sf" \gﬂngﬁ 1ﬁust1@tesA5h lﬂn feﬂ'lemaggn td?e{ht@'
glogduct : Vl!rﬂ/é(ntlon al ~a71?ﬁ % tore {sﬁ{/)cg? ¥ %ﬁ ? is Sh&WRN ng . 12
shoul d ha?/g‘%é‘sﬁt ? ‘“ ‘i‘%“u"%‘f @nf £ 6. 1‘;111‘”"1 "r\m %
t her mal e s tsu ermaljgy, % iron alloy, or er we

40 e ctrlca ly an therm y conductlve magnetic alloy The lower shield 6 acts a thermal

sink for heat generated by a sensor 4 and optional bias winding 3. The lower shield 6 also
acts as a magnetic shield for the read sensor 4. With reference now to Fig. 3A, an
embodiment of a VGMR sensor is shown to illustrate details of the upper and lower
shields 2, 6. The upper



5 shi.eld 6. Thermal expansion coefficients of the |lower netal shield 6 and
the I'ower netal filler 12 need to be matched so that as heat dissipates

through the Iower netal filler layer 12 to the | ower netal s2|i1elf‘m‘ﬂ glpgag
acts as a thermal sink. The thernmal expansion 10 coefficients of the r

metal shield 6 and the lower nmetal filler 12 al so need to be matched so
that during the other head fabrication processes the |ower netal filler
| ayer 12 does not separate fromthe I"ower” netal shield 6 or otherwi se

distort du differentjal thermal 15 expansion..lp,an _enbodi , the
Lower met 40 11T [E5Er 195 761 Brar PoBRL AN Retan  BRperCEarraca F ( no
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prevent a J4d.dgs ngar e h 0 ields 2, 6 and ,
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di anond-1i ke carbon qr other materials_that provide_thermal conduction and
are 35 noRPRFGREMAtethey- T M BB posT PedPUEPRTE sPhntiifdrecesses—— — Q03
_,_ deposiiudicon & echniirfiesasd ncigd efbOeli ey, of hehsundaner ot tbasbower net al
filler 12 may.be oxidized t orman_jinsul ator |ayer_26. For.ex le, a
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5 oxi di zed t ¢hieoramta Meaymar2Ghitlse unemser oki et yeenrthe dppesi efdga of the
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| ayer can serve as a lower i1nsulator layer 11. A sensor elenent 4 is formed
on top of POPESOWRCTET ioRul BROrreeses 42rNeFRS akf 2nbddP ndRE, thfe sensor

el ement 4 uppedepefid ad dIsd N 18P UL ESht depashtt 0. sibedes110theeenBans
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be deposi t W%p&ftcé:r?%g?a%lla??nb,g (gr%)trﬂé?g?(ﬂ th%ﬂu'f:gﬁt EFPnSgerreans. An
upper net dls foddferrdtdwero 18- ¢ s3 deposohed over 25 the upper insulation |ayer
20 forging a nagngli I, e r egi i :E.Jﬂﬁ r td.c. shield
2. Theﬁ%pper met aﬁ%%?%é%g{ g%er%ﬁ%%'ig& ??% Il%'r’ '?’:o t gjrbgf\etrégineg{glelﬁ Il er
| ayer 12 ikpweratmetale ripke @ st dononarngnbt ieduat gyt aeARERYE- conductivity

materi al . ddpc P di dEi i qhde S0cHPR8T e MBEBLopL AL €hg 1002l RP 6@NBEI Ses an
el emrent netal such as al um num copper anpnd or DLC nay al so be
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transition metal such as aluminum, copper, or gold. Pure
elements generally provide better thermal conductivity.
However, an alloy (e.g., Al - Cu) may be added in order
to match the thermal expansion coefficient with the

35 shields 2, 6. BAn ultra-high-thermal conductivity
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all, of the sensor resides
echan1ca1 polishing. Planarization is useful in

preparing for a subsequent deposition of a sensor element
4. Between the lower metal filler layer 12 and the
sensor element 4, a lower insulator layer 11, also called
the first half gap, must be formed. This lower insulator
layer 11 electrically insulates the sensor element from
the lower metal filler 12 layer and the lower metal
shield 6. The lower insulator layer 11 can comprise a
dielectric material such as aluminum oxide, aluminum
nitride or silicon nitride. In addition, the lower
insulator layer 11 can comprise diamond-like carbon or
other materials that provide thermal conduction and are
non-magnetic. They can be deposited using standard



20 between magnetic shields such that conduction of heat fromthe sensor to

the shields via a gap insulator benefits from being optim zed.4 Thi
i nvention may be used for exanple, but not limted to, verti2a1 iﬁh&@%

magneti c recordi ng heads, giant magnetoresistive 25 recordi ng heads,

hori zontal spin valve readers with recessed gaps, or tape heads in which a
flux guide is used to convey nagnetic flux fromthe tape bearing surface to
a buried sensor. O her enbodinents are Wi thin the scope of the 30 foll ow ng
clains. What is clainmed is: 2 ~ JAN ~~~3 o 1. A device for_dissipating
heat from ScPR§AELCE feshrdames cdmp@rsigRpodimentypitdie FHRfCRSt ng a

recess; a ther ey arRRducCtiive dehidl nfdy Iy dxaldizdd fuas niskmdiracent to said
metal shield, within_said recess, and in .close

proximty to ens
el ement ;. andSHh2EPECLAYER 2P i nE R AT RE e 57 W %efnﬁsg?ﬁ ff)%er mally -
conduct i vemagt abmbirlilser admshitfint,heheemsorf aafee mefhtwhich ®en desvi ce for
di ssi patd n f . clal el shiel . 4 m of a
ni ckel ié’ro%xgﬁﬁ%ﬁa §% %?e'})még‘\’/":l;% orj%%sfggﬁgqlﬁmrﬁe%%l%‘ o ,allrns'%gmherei n
t he t her maBeposahdert iofe tingt aioxmal| @owegy emsul oY ekffen of ot drasf uni num

copper, gohdp.a hhRenTRhkihusPRAUHd \Rirdlddey 1 fpuk diaimiwitd ks carbon. 4. The
devi ce for dissipati n%itheatl of claim1 wherein the thermally conductive

metal fill éPYPE PRSHAALPEd 1&Y&Fg Ydn upper surface. 20 S. The device for
di ssipating heat & stéréstr leWdreért N4t he Ebenedi cal byppi n§utaki hgweayer

conprises a_dielectri,c material .. 6. T | or.,dl ssi | of
claim il‘{s,méPSPEa?%g &Iagc?lrr ﬁéa‘l I )}nl r?snulrégkb%% "%%%’r tc}g(:’lrrpss'rsélrg%:ésf }’?l%}g%té% one 25
of al um nuth 6%i deposiiltiedomsaxiadeputitex slensiaiin - aiPwavay nPSPeXride. 7.

The devi Cem%%sdjba%g%tmg tRedlh OhathAdBchMhas i dhd heedmanat ig1 dwad sensor
'S sputter bgeg?:silltiezedcfn tzk.rzlue u%lpee?:t rilncs?.lllla%ilor};slilaa);érngzcg aiyserformed on
top of the sensor element 4. Preferably the upper
15 insulation layer 20 comprises the same material as the
lower insulation layer 11. However, other materials
providing required electrically insulating properties may
be used, such as a dielectric, aluminum nitride, silicon
nitride, silicon dioxide or DLC. An optional bias
20 winding 3 can be patterned into the upper layer
insulation layer 20, Patterning can be accomplished via
photolithography. The bias winding 3 can be deposited by
sputtering, plating, or other known manufacturing means.
An upper metal filler layer 10 is deposited over
25 the upper insulation layer 20 forming a magnetically
recessed region 10 in the upper magnetic shield 2. The
upper metal filler layer 10 is similar to the lower metal
filler layer 12 in that it comprises a nonmagnetic, high-
thermally- conductivity material. 1In an embodiment, the
30 upper metal filler 10 also comprises an element metal
such as aluminum, copper, or gold. Diamond or DLC may
also be used, but is not preferred. The upper metal
filler 10 should have a thermal expansion coefficient
that is matched with the thermal expansion coefficient of

35 an upper metal shield 2 that is formed over the upper



21 JA~~ Q03 -m 8. The device for dissipating heat of C'i%ﬁ]l *Eerein t he
thermal |y conductive netal filler conprises alum num and rzagﬁface
of said alumnumfiller is oxidized to formthe electrically insulating

| ayer. 5 9. A device for dissipating heat froma magnetic head sensor
conprising: an upper netal shield having an upper recess and | ower netal
shield having a | ower recess; a thermally conductive |lower netal filler. 10
| ayer formed adjacent to said | ower net@l 3shield within said | ower recess;

a lower electrically insulating |ayer formed between.said | ower ermal |y
conduct i ve Mok} ﬁ%¥é¢rfiPFerTgﬁ?@?laﬁﬁpan§éﬂ§oF°§$gﬁ8ﬁFPtSng%lgkgn upper

el ectrical | yphasuhathngrhayer spanagpbet meeal sahiletdngoneedetonbeand a
*thermal |y conductive per netal fille YRE Ld.upp | kil | er

| ayer beingsﬁgyéﬁéﬁPtgg Ei?ﬁeuﬁﬁeﬁhﬁ%téFgghﬁé a§é??ﬁyﬂ ggfgﬁgﬁpgbbrecess.
20 10. The devatefidledi s6i pati mgthtashiedth shighnacreé REad §68%8RLof claim
-9 wherein t PP ' a theetoverimeeal 1bi lthem | ayer
'conprise%thgfgghegégggéggl%Eb%ﬁgt%hgﬁéeg?gg to? dissigg%ingfheat froma
magneti c 25theadetehsshieldcRapm otRREWAFR BAECAPbef SP%iller |ayer and
the lower netal fildiRl J3%sF fiisl Ehididt2 |leided wiree Jdwet umetaln  copper,
gold, a thermall conductive,allog% and diggggd-%i?ﬁ g?rgogs. 12. The

devi ce for Ehégiéaﬁiﬁﬁ remprifed QFnfo™RHBF&I R 3 e“Cher &l |y conducti ve
| oner netal péihheloys pl atekezedrahondlaw, uppeprtbarf@edl knewpaN ~D~~. - 12
13. TheJQFV%ESCLQECQ&SthaEhgng§§%]QEHBLEtgbé wherel ithe maleekniccal Iy
insul ati'ng rayer-conprrses alum num ' . _oxide. 14. A method fox dissipating
heat from apwagectieshead@ht spnesr SBéRBA 8i AGESpREVRT HEPETMES ™EHi el d

with a recegsp.f pbnhag.agbherarkhY hgoRAUC Eengoietahnti biak Wayerinadj acent
to said netal shiel mﬁt%in said recess and in close proximty to a sensor

el ement; 103and formng an electrically insulating | ayer between said
thermal |y conducti vienh net admbbdd entandehdreneteanef il deathgensot0, 12

15 are between 0.2pum and 1.0um thick but preferably about
0.5um thick. The metal filler 10, 12 layers serve as
conductors of heat to the thermal sinks comprising the
metal shields 2, 6. The metal fillers 10, 12 should be
in electrical and thermal contact with the metal shields

20 2, 6, but electrically insulated from the sensor 4.

With reference now to FIG. 4, which illustrates
another embodiment, a flux guide head with thermal
fillers 10, 12 is shown. Similar to the VGMR head
discussed above, the flux guide head has a lower metal

25 shield 6 with recessed volume, a lower metal filler 12
formed on the lower metal shield 6 within the recessed
volume, and a lower insulator layer 11 formed on the
surface of the lower metal filler layer 12. These
elements included in the flux guide head comprise the

30 same characteristics as those disclosed above for the
VGMR head above.

Additionally, the flux guide head comprises head
contacts 14 deposited onto the lower insulator layer 12
and the flux guided magnetic sensor element 27 connecting

35 the contacts 14. The head contacts 14 are bordered by a



15. The method for dissipating heat froma magnetic 15 head sensor of claim

14 wherein the netal shield is conprised of a nickel iron y
nmet hod for dissipating heat froma nagnetic head sensor of Iﬁngbael n

the thermally conductive nmetal filler layer is at |east one of al um num
copper 20 and gold. 17. The nethod for dissipating heat froma magnetic
head sensor of claim 14 wherein the thermally conductive netal filler is

pl anarized al ong an upper surface. 18 Bhe-method for dissipating heat from
a magnetic 25 head sensor of claim 14 wherein the electrically insulating

| ayer conpriedds fdul auwidde ilS randila fixonghelwetdetde ok 6 di SEhpaflivy heat

froma mag 1'dé§1qaﬁd SIENSUn He P4 v ddeahened nchbel sRaRet hsuhgadogensor
2 ~~Q~ ~ is sputter depaosited on the eI ectrically insul

| ayer. 20. EtYezfpﬂr&r ;;mgnqaé}s d?fssﬁl]ﬁaﬁ‘?lrﬂgtl'ﬁé%{'a? Bm aF?l’a@%‘%t?}eoﬁ%aghgensor
conpri si ngheadara:dnmtsrralqalarﬁhlﬂxm afdli des OVR; 1@t b mne]aplera sensor

el enent ocat e sai rret al , shi el ds: &, o ans_for
conducti!lhg e a%rlé)ﬁ)i Ys% erfgbq HP%hi nae{]a]?{%ﬁ? %@ %ﬁr&”a%
i nsul at i ng magaes ifcoresleset rircalHey uppar atagre suk or‘mbermthg:necpf csmbhaxrf or

conduct | ngd@%%tr tQ.'Br? 'dt or. éo‘ld’)s%n d ab for the VGMR
% Al {1 ASe AHA " A e (STl NN AR i S & W

"&))))) zuplbﬁa‘@\/\] ca] ca] ca] c a] ca] ca] ca] c™a] ca] ca] ca] ca] c&a] ca] ca] ca] ca] ca] c:
a] c<a] ca] ca] ca] ca] TR Cﬁi@ﬁ] uﬂxhéahéa}icla]lﬁéa}catab) hnotH3r3eab34i8Rnt:

,; =>>22222B BF EE&F' FHHz

| o cal L4] CRRCH COTFEAFER, Ca Pt Gt TS0 o] Tl U] T Ly (5 MR | kKL
LLL® hthEPEEBhRERB @W@ﬁént by means of a metal filler formed

W

Jca ot cal %ﬁ?%%t%%} o e R cf?]%%%z% e i S PP
bbKbcc! ddS&BerehgRlf pfe}n;egmtd,ng] Jeensdiz, %f@ﬁ]fé:*a] calltied dlaleeiteda)l ca] cal cal c
a] ca] C*a] Cal-eal eakc dhalktrl Rt dnph el vl cal s s alidl cal gaf w4 i f @[ [\ 7
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a] ca] c*a] cdlieslipakdalcC ajetalic alhgallech] & amd ad ca] ca] cal ca]c, aU c, aCbe >!v

|-#10% This invention can be practiced in any head
structure having an active, current carrying magnetic
sensor of which part, or all, of the sensor resides

20 between magnetic shields such that conduction of heat
from the sensor to the shields via a gap insulator
benefits from being optimized. This invention may be
used for example, but not limited to, vertical advanced
magnetic recording heads, giant magnetoresistive

25 recording heads, horizontal spin valve readers with
recessed gaps, or tape heads in which a flux guide is
used to convey magnetic flux from the tape bearing
surface to a buried sensor.

Other embodiments are within the scope of the

30 following claims.

What is claimed is:



%6&%7{50%&f()-!8"10%Ee&f() 109 () - 1109%@ek () -3

"()-z2"gwxe! @ #-#109%&' ()-M -#109%&' ()-!'@-#109%&' ()-!;|-#1 "DV

| -#109%&' ()-y!' @-#109%&' ()-yl }"<!@;|5-#10%& ()-093 10%&k ()%ﬁ:BMOB@ﬂB)
P@3.-#109%& ()- |1#-#109%& ()-M ;| #-#109%&' () - M

"1~ =1 @!'6Y®#10%&' ()-!Fs109%& ()-L$10% ()- 10 10

10L$<109%&' ()-! @5-#109%&' () -}/ W3~ =l @@ #10%&' ()-!!; YO #10%& ()-!!;

Yggg}oi/%l ()0-I Y@ #10%' () -!! 1Y@ #10%'10) -1 ! 1=Y@ #10%&' ()-! 7CZ#$%&WI [ MEl Y@
- (0 1

10! DY6- #10%& () - | DYFdey10eROy- di@vipratdng hpat) from gu@agnetdss head

OME! @ ## % M 8,"10%] & "10% j & %&!
}1([)%&'() Js(;{%%d\gn(%%f&lé) §7& ()-M,"10% | & ()- Ms109%& ()-0$

) #-#100& () -1 109%& () - 8! Betedo@hirld BpVigeiRd FeFEESde: () -, 100& () - #9%&B ()
)) WUR=! @10 10! DI &O@flgo/&héhnaﬂ.@/&&@éﬁ&%ﬁl(v)a— merc&a@ﬂa%r( )la-yiefr

Gty | LS (I B A, i as

10s* +e++, , D- WU61=! r¢t6%&, ( png; in close proximity to a sensor

#109&' ()-!, #109 1 ) ot [\ o B _
##10%'(%) #ﬁlg%g"%‘ent# Qué ()-!D #10% ()-!D #10% ()-D---..x01}[91=11;

# #10% ()-Ys! 10%& ()- ! 200@LeFLrgFatdve PP is44 P38 308 F3ERE81R81! * n 109& () -
0! M 109BB&' () - 03104BE&wken, £210Y8BRefmally Honductive metal filler and

10 the sensor element.

2. The device for dissipating heat of claim 1 wherein

the metal shield is comprised of a nickel iron alloy.

3. The device for dissipating heat of claim 1 wherein
the thermally conductive metal filler layer is at least
15 one of aluminum, copper, gold, a thermally conductive

alloy, and diamond-like carbon.

4. The device for dissipating heat of claim 1 wherein
the thermally conductive metal filler is planarized along
an upper surface.

20 5. The device for dissipating heat of claim 1 wherein
the electrically insulating layer comprises a dielectric
material.

6. The device for dissipating heat of claim 1 wherein
the electrically insulating layer comprises at least one
25 of aluminum oxide, silicon oxide, silicon nitride, and

aluminum nitride.

7. The device for dissipating heat of claim 1 wherein
the magnetic head sensor is sputter deposited on the

electrically insulating layer.
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5 9. A device for dissipating heat from a magnetic head
sensor comprising:
an upper metal shield having an upper recess
and lower metal shield having a lower recess;
a thermally conductive lower metal filler
10 layer formed adjacent to said lower metal shield
within said lower recess;
a lower electrically insulating layer formed
between said lower thermally conductive lower
metal filler layer and a sensor element; and
15 an upper electracally insulating layer formed
between said sensor element and a thermally
conductive upper metal filler layer, said upper
metal filler layer being adjacent to said upper

metal shield within said upper recess.

20 10. The device for dissipating heat from a magnetic
head sensor of claim 9 wherein the upper metal filler
layer and the lower metal filler layer comprise the same

material.

11. The device for dissipating heat from a magnetic

25 head sensor of claim 9 wherein the upper metal filler
layer and the lower metal filler layer consist of at
least one of aluminum, copper, gold, a thermally
conductive alloy, and diamond-like carbon .

12. The device for dissipating heat of claim 9 wherein
30 the thermally conductive lower metal filler is planarized

along an upper surface.
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14. A method for dissipating heat from a magnetic head
5 sensor comprising:

providing a metal shield with a recess;

forming a thermally conductive metal filler
layer adjacent to said metal shield within said
recess and in close proximity to a sensor element;

10 and

forming an electrically insulating layer

between said thermally conductive metal filler and

the magnetic head sensor.

15. The method for dissipating heat from a magnetic
15 head sensor of claim 14 wherein the metal shield is

comprised of a nickel iron alloy.

16. The method for dissipating heat from a magnetic

head sensor of claim 14 wherein the thermally conductive

metal filler layer is at least one of aluminum, copper
20 and gold.

17. The method for dissipating heat from a magnetic
head sensor of claim 14 wherein the thermally conductive

metal filler is planarized along an upper surface.

18. The method for dissipating heat from a magnetic
25 head sensor of claim 14 wherein the electrically

insulating layer comprises a dielectric metal.

19. The method for dissipating heat from a magnetic
head sensor of claim 14 wherein the magnetic head sensor
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head sensor comprising:
5 an upper metal shield and a lower metal

shield;
a sensor element located between said metal

shields;
a nonmagnetic means for conducting heat from

10 said sensor to said metal shields; and

an insulating means for electrically

insulating said nonmagnetic means for conducting

heat from said sensor.



