;e3ej g O6NTF & _ 1 REDUCI NG SENSOR TEMPERATURE | N MAGNETORESI STI VE
RECle NG HEADS 5 The present invention relater in general to the field of
magnet oresi stive (MR) devices of the type used in recording heads. In

particular, the present invention m \m“\mm\“ magnet or esi stive recording
head having a thermally conducti ve““\m mﬂ nproved heat dissipation. 10
Backgr ound W@ 0098212 nvent i on Magnet or esigisive recor di ng heX§IVEPRIGHEI | known
to be useful in reading back data froma nagnetic nedia nass storage

devi ces such as disk drives or magnetic tape drives. Popul ar designs
include a standard giant 1.5 nagnetoresistive (GW), vertical giant

magnet oresi stive (VAGW), advanced magnetic (AMR), vertical advanced

magneti c recording (VAMR), and spin valve type heads. Typically, a magnetic
read back sensor is used t4 detect a direction and anount of magnetic fl ux

as a magnetic zo nedia mlﬁ@/g@m@hogmmmuﬁg ynt 0 the sensor. This

sensor is biased by a c ;‘{Iﬁ@#on and magni tude in
t he presence of a magne ield signals are

sensed by the bi asToer Péﬁﬁegﬁmmit@@nr éﬁé@b@btm rarnvinedf G 8hea by a data
25 processi ngeﬁ@vwana@ﬁéto&@%@aﬁﬁ@ zm@ m&%tegcoﬂedh@ mﬁ@ W< age devi ce.

A basi c desij anrog;ora isr'g ar}flard AME{n lcnulvaz%cl v%hheage | ncI udes a
sensor el entht*% dd ace 5§ an 8i ¢ ear| ng ‘'surfake e%ﬁ—@"rj
el ectrical tohReRs stqza IRAGHOREAGSEHE sfafeyddndt head edoing & The sensor 4

li es bet weephdpRel 1 pnsbddueivehl el ds £or Gmprdveanheast dige figiimomdesi gn of z
verti cal GI\/R head (FIG 1) includes a sensor elenent 4 conprising a front

contact 9 adjacent to an ABS 8, an optl onal bias winding 35 3 and a rear
contact B The vertical GEESGroundebanbne Invaghlam 45712 PC fl US9911G571 -
2 4 runs away frOMhbherAB&qubﬂiél\B&l&nPHEnérmdtﬂmdrd’ el lcenbant 809 and 5.
An upper nefal t al el L ensor
el enent 4 a%% %’?gjég%\ndirfd I%'nd%él%g ﬁm@%oé\%?c?rfe%glsseguglég%nq ét}gap% onal , but
5 is known F‘BDF'ﬁﬁb?o@féV*Qﬂ? FRGhe BB cAbP)k | &7 8188y oaf mﬁﬁ@eab%uwe Anot her desi gn
general ly reatevéed tmomsldd desgughdeihenitie (Fisgan?hrdcoigmtids Ses two contacts
Z4 bet weeh i ar_.f.| ux | ux gui des
ﬁoéﬁg %%ig%fyé Q%Mﬁ ? éﬁgéﬂ 15&% ggggggo% 61;¥¥bg

15, 16 are ower netal shield

an
6. A probl efVeHat - ti‘)‘X ﬂ“@ﬂ@étﬂﬁ WRAI\/R'G"&'MC feaaced i nel udi ng
vertical Gviagndc £t m(e@mﬁezc_:haaelﬂmss ad shﬁat agvef tiybe lsemdor el enent cl ue

to Joule he@g,bmgaii hﬁ]gme%ﬁc(:?&é&nﬁ Heabi NPedScd Need&sYl tant
heating 15 onh matt current rom ener | 0ss, due to
el ectron-i ofi %F??"s’r%sandrﬁémﬁé%uﬁa'ﬁfg'b“ﬁ/ﬁec flygsap agher 10 is the

bi as curzentmetiha opghsehesansoioekepertimin Re ithet hemaesl sstlarece of. the
Sensor el enBRhaor! DsthBased by a current which changes in direction
and magnitude in the presence of a magnetic f£lux.
Changes in magnetic field signals are sensed by the bias
current and are correlated to meaningful data by a data
25 processing device wilh access to the magnetic media mass
storage device.
A bagic design of a standard AMR or spin valve
head (FIG. 0) includes a sensor element 4 adjacent to an
alr bearing surface ("ABS") B with electrical contacts 22
30 touching the sides of the sensor 4. The sensor 4 lics
between upper and lower shields 2, §.
In contrast, a basic design of a vertical GMR head
(¢IG. 1) includes a gensor element 4 comprising a front
contact 9 adjacent -o an ABS 8, an optional bias winding

35 3 and a rear contact 5. The vertical CMR gsensor element
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20 case of nost standard AMR and GVR-spin val ve type heads, nuch of the
Joul e heat is renoved fromthe sensor via direct thermal conduction to
nmetal shields through two halt-gap insulators 19, 21, 23. Halt-gap
.insulator refers to the insulators between the MY GWR el enent and 25 the
Iower/upper shield respectively. The gap is the di stance between the two
shi el ds. NoW@l0§712t he i nsul ator maternal is A 40" or any HFHUHHMSX 1 ee
dielectric with an adequately hi gh breakdown voltage. such as ALN, Si 3N4
Si 2, or dianmond-1ike carbon (DLC). 30 These half gap insulators 19, 21, 23
can conprises a |low thermal conductivity thermal path 7 (the wi dth of t he
hal f-gap insul ator regional 21, 23) of “typically 100 Angstrons or nore,
that can signifihsagldy Hidn teredbs s MO QEROILE? frodc PeAdUS9RL 16571

di ssi pation. _Sone, co ds realized b di_at,i on, and convective
Cool | hg. 11 ORPPRECHBS S Sre el PHPERCPEFbhiE iR 675 Rl fBSE to t he
recordi ng ngtam akiekd|é a%ma@amdccheueww itementt Heasfidesas hr ough the 5
contacts 22wiHoweses) peid Qloviceecandsee! redndd tyl ok bheibrad, asec | imted

b h i Lt I f I
T

gener al ecrea as It 0 accel er at ed
i nt erdi f f usPSHi6E - QAP TIGH |d8PdEs. STRETRELY | fefeTed 59efRehiPhg can have
resul ts ranguigefheadsi gniad. 120ss coapbbés ngvofcditacheads. baeweércad AMH and

Vertical oMedcepdsback Deaads el LeNCe, VRN IMIASTNE! endgubfpoaling of
t he sensor. For optl magnetic e fficienc h out put

shield rece§§é§eéll°23l‘€ R Pppogdes H@cé’és‘é\?ﬁ‘ﬁr W@ldéggaﬁd hoder
i ncreasesot helvhernabtpntdisield As a result, the rate of heat ext raction

fromthe sensor 4 is Jedyecad.and Lﬂ &SNS %dopgr%lifsﬁmp%%{ cMpan it there

were no shield recesses, Because the sensor er 20 than a standard
G\R sensor 2A@%Ras i CONSBIRRMATF IRGhENR 3¢ sF Lt SR NORRR S2ns¥t with
recessed shhekding. 4f thes caperakdeheht edud han Endkeahdaringofraont al GVR

sensor. In anLygigal cMF{éxh&a' Medﬁéagmm%alé (J.%t rg;%ﬂ&esht%éétﬂgied by an

upper rret aI shield 2 ower acent area corrprl si ng
an ABS 81°>TRE Partesf 1‘Ph‘lél'”s‘3h§6’trr2n£n§ PYont> %rﬁ“ﬁé’ﬁyﬁi”ﬁﬁt dug et Adj acent to

the ABS 8 ar@esepanaied ¢slmsdiltmsshi effls Reswltmntf rowerhabésghps 19. A bias
winding 3, if present. (it is optional ) , is set back fromthe front
contact 9 and 30 sided by the upper angl | ower metal shields 2, 6. Arear
contact 5 nay extend beyond the netallssheel ds 2, 5 and is connect ed to the
front contact 9 via a vertical giant nmagnetoresistive sensor ("VGW') 4

that runs agjhaeent ti tde l&llag Ehf‘ﬁéxﬁltg thraghPehRegeh sk 3élén%ntthe ABS 8.
The 35 reces%%d de I.gn, causes f ug&e recessed t al Shl

Tahd | OB ged“ﬁ%t% SIS 6 55 spaced at a

ovi os~rtz r5°9 ibSm ahd
rel ativréfy Claéﬁg@fdingﬁ*an@édlaw %mmtlh@“i%efpwor veéllene iy rsg, ha@%r ated by

the recesse@u@dpoiENsHtaydliPe JleaAnd s22embbied eason tc Heh@eRBb2! vehi el ds 2, 6

were | ocate ose_proxi to_the sepsar h| el ds could act as
ef ffective %eatecm ni? |gs Cg‘}c[ 187 fiPel § gr C}“%eelcesss’f ougg

half-gap 1nsulators 19, 21, 23. Halrf-gap 1nsulator
refers to the insulators between the MR/GMR element and
25 the lower/upper shield respectively. The gap is the
distance between the two shields. Normally, the
ingulatecx materxrial is Al,0,, or any pin-hole free
dielectric with an adequately high breakdown voltage.
such as AlIN, Si,N,, 8i0,, or diamond-like carbon (DLC).
30 These half gap insulators 19, 21, 23 can comprisc a low
thermal conductivity thermal path 7 (the width of the
half-gap ingulator regions 21, 23) of typically 100
Angstroms or more, that can significantly limit heal



form ng an increased area that is filled with a gap insulator 27., 23 that
i nhibits heat dissipation. The vertical design also positions the
heat - pr oduci ng part of 10 the elenent 4 including the bias w nding 3 such
that it is not exposed at the ADS D where it can radi ate heat away. VGWR
heads ‘are designed so that they have a nuch wi der. sensor-to-shield gap 7
inthe regiw@ W82 fromthe 15 ABS 8 in relation to the seRfSHIVHSEhi el d
air gap 19 in close proximty to the ABS 8. This wider gap 7 inhibits the
i nherent role of heat dissipater that the netal shields 2, 6 would

ot herwi se perform The w der gap from gsepsor to shield incorporatcd 20 into
the VGWR design is necessary to address considerations of magnatic fl ux
propagat i ondik8ipa€lssnt 0 ddme t:of:lluxgpi@p@@ﬂhjz&ﬁ, birheh¥GMRL t ype desi gns

typically r p Eq_iggg t shi g recessed
to i nprove %gnégiéﬁﬁqé%&%% #’E Séofﬂg% ggrgeilaisrgd JEitiallgeérgi‘gcure t hat
magnetic flHR FRrONTIME MsAsSRYr RichBe Berd dehdite; Vé”ﬁéﬁitn%f”‘f%’"\/@/z sensor .
The sensitiwe parl,agdwsteddnguthesh romt @)ﬂﬂmhiﬁesg&hm@glestm si gnal .

W t hout r?‘:t‘ééﬁﬁc{é‘a%z st 3{&we%§t hgeiﬁ’%’r fdndd o %@’it Qﬁi eyadd dfie Tl ux

| eaks from the two shi e owers t Sl out put. As a
result, thelBafidE° pjcﬂ"t”itcﬁ‘?1 &% the SeMROF TR 1Inicé'§a tﬁ?'i’iujtit’e“‘i‘/\i der gap 21,
23 experi en¢esvnmooendkaiscduifl dhp shasot he Bensoerpdrt tba head he narrow gap
19. The heaLeEHLMPPt' Sd&:%as%%t Ee§U|ﬁe§Js he Itgs§@£]§ge§§téclﬂer mal

conductivity I nsul at ors as

PCTI U8991165’?ieﬁ%h§5‘?%§‘”td’ft ﬁganéf‘a‘i“ js‘W%‘TEb“s v mGle*?Hgtlﬁgger gap 21, 23
bet ween 1heosenbeat dn@nehrt hawvikeatssl hki rapgietalf rehi eligsal, l@ss esults in a
corr espondi Qghylhgn&@rtggtqm path 7 for rermw ng a sensor's heat before
the heat 5 reachées the therm of e shi eﬁiﬁﬁf 6. Surrmary of the

| nvent i on Accor di ngI% *tARS 'i“i"i\ﬁe?ﬁq ’r?rﬁrl(‘f\?r d%@“ r 24Spar at us for
i mproved heeakpdisshpatéam imore ﬁagaeeot“@slsthawinecofdthg pemshr Heat

di ssi pati 0“Fb§ J0¢ LRk QNeF‘é?heQ)ic' @@kh!éi@x’ﬂc@farﬁi hiigh EE@&HB' oGoRductivity

nmet al aslg llli filler g Ekweenl)an renefper and Iowe,é netal shield and
a sensor. ‘Fyr?(ﬁ%?&iﬁﬁcza‘ AddELE v el st IRECERTERY " i nETtide an el enent
met al such dsqatmm e oY .coppercands shionl therralspechei @al 115 tailored to

have a sim E@bulb?rﬁiﬁé exarRg %@deoekt't&t@mn q&otnh@hahiaehgofrat efd al .
Nbr eover, the rreté laIIer nmust bg non- na I n addIEIOI’l to facilitate
i @ a

t he magneti & gi"?e }bef SERETh 8Pe:f"ae% ﬁ*f ttﬁ‘gnub ei’h%]n% | ower
shi el ds ar eWGSEdHC’Z@hGﬂed cnvdieriesn aBelFaeee d'—lten@enﬁeat £nys pkotdem of the

buri ed sefSehahSat Beah@ngh | @Mrt BahEBY £edducd idHnTs)éqh@ﬁtlpaﬁbgMV\een a
sensor acti ng aganggattﬁoq;G%& %ngsgrewu&pelreca nd \gﬁ&eggt al . | el ds acting
R Thete IS teunc

as a heat sin wever RO~ I NTFI NSiC ienar I reason why a 25
recessed regil6R GEREREE |ottepitharng shirdashdortieeraPlp@™® nust be filled
with an insgkakot. Fufciiwonpsmldag, vertychhreer ragiighemantsonust be net.
First, a reg %E%ggtgépﬁ“&bd%)deb o ”Si:'&eta%]e%‘%’l%ftdt Qe£§6nﬂ§$ o0t be an

el ectrical ort circuit n the"séensor el enent and ei t her an upper
or Iomerzﬁet“&FashﬁéiﬂldT%i%Qiaqeﬁé AEERr FETPTI9iNengraiPEcBss FRt be

conpati bl e wetrh afsbhelsedasr avend Erbradcaitamt or enan aeens of adhesion to
the shield and,Lhg.tbgrogl 1:%0%”%&8”5883%&&& ol nkNEnshi 8L 4, A

significant sparit inth
front half gaps 19 A.blas winding 3 , if present (it

im nprwonai), 18 aet back from the front contact 9 and

30 silded by the upper and lower melal shields 2, 6. A rear
contact 5 may extend beyond the metal shields 2, 6 and is
connected to the front contact 9 via a vertical giant
magrietoresistive sensor ("VGMR") 4 that runs adjacent to
the bias winding 3 and perpendicular to the ABS 8. The

35 receswed design causes the upper recessed metal shield 2



WO 001057f 2 PCTN599116571 .. (-, _ coefficient between a nmetal shield and
filler material could result in stress and possi bly cause separation of the
| ayers, or distortion to the VGWR head. This invezzLivil Leacaie5 s~unval

of ':zest generated 5 in a sensor in a magnetic head by use of a heat

di ssi pating device conprising a high thermal conductivity nmetal, such as a
transiticn Woweps7tZThe hi gh thermal conductivity netal shoRCA/USEY6ATY or ed t o
have a sim |l ar thermal expansion coefficient as the shield materialo and 10
positioned in close proximty to the sensor but not in electrical contact.
This nmetal hair non-magnetic filler prpvides a thermally conductive pd~.la
L.c~ L11C sh lelds acting as heat sinkS. In addition a netal but

nonmagnet i Caﬂd'lc%exprx@de@%%dl mefeﬁsmiéleﬁts dbSsE pabhesy i tahrough its own

t her mal Mass, her vanta glqg featur ) o(: gh resent invention wll
vel axr 3t e ron h sor e n

become appare ¥ro e 9o ﬁowr ng aEer | pt1o i AGTudi n etnhe dridwi ngs and

t he cl ai s. D%N’é?tq}’e%'r |tr5‘le| 6ﬁ‘36$‘°?‘ﬁe§{§r dﬂ%’@stQBDT%% Ear%r-e?rrentl oned and

ot her features andwbbyegst sioftidhinetianveniédds and & heraansesced attai ni ng

themw | lg b«gfé? é%ﬁnﬁ&&a%“&h?o??ﬁ%i gﬁngmawé séhf1¥dde g hPCl:

understood reference to the oW n escrrgtron of a pre erred
nt ~Lodi nent € FEREZYS MSBnSdREE oh2HFTa1 thhe 2515LE®nPEhVWSF S ngs,
wher ei n; Fl formind larstitatressedossesegtdton safdlazd alth beagamg view of a

standard AM o, Spi rblVaIzvgechg@dmlETﬁtsl Hala'tua&gaigétao@r()%esect' on of a
typi cal desr n of a Vertical Q ant ghet oresi stive Hcad GFIG,_2

i |1 ustrat esVar cruss dsee'fc’ﬂ“cﬁ‘lé‘f’ Hoﬂ'/‘b}‘?fhﬁ HEs PGAT P TR BE @ﬁ*&e %ead. FIG
3 i |l usttat else aelozrosd: Sedhicdnddhg atMerbidsc alinGiaat 3 Magriettdragsiist i ve Head

Wi th a recessed,dRiglost %.l"dtl*e MBS 091\ Bsl? s RCILYSPR41657 et upper net al

filler and a | owez: netal |1y providing shortened thermal paths for
sensor heat 2¥T%si pati on. F— . 3A -llustxates a cross section of q
VPri-.ical U ar_t NBYRererdsians veshaadd SoRiGt 4hdyl heveatesuahcr oss

section of @;fbuxsdasde JJ-eadenitt Jagn urppe_rherreeehoﬁléw@r Bgh apHeover net al
e mroviging shorlensd tRerial PaDS, Lol 38028"a DpAas s Gioo1 PRLT ON
Detaile t
close ploxlmlty to the ABS 8. This wider gap 7 inhibitsg
the inherent role cf heat dissipater that the metal
shields 2, 6 would otherwisc perform.
The wider gap from sensor to shield incorporated
20 into the VGMR design i necessary to address
congideratriong of magnetic flux propagation. In order to
limit flux propagation, the VGMR type designs Lyplically
require that both the upper and lower metal shields bpe
rocegacd to improve magnetic efficiency. The recess is
25 reguired to ensure that magnetic flux from the media
reaches the sensitive part of the VGMR sensor. The
gengillive parl, covered by the front contact 9, generates
no gignal. Without recesses that start at the top of
front contact 9, all the flux leaks from the two shields
30 2, 6 and lowers the signal output.
As a result, the buried portion of the sensor that
lies within the wider gap 21, 23 experiences more heat
buildup than the sensor portion in the narrow gap 19.
The heat buildup is a direct result of the lessened

35 thermal conductivity of the gap insulators 21, 23 as



10 Tha followi ng detail ed description nmakes reference to the acconpanyi ng
drawi ngs which farma part hereof and show by way of illustration a

speci f~. ¢ enbodi nent in which the invention may be practiced. This

enbodi nent is described in sufficient detail to enable those skilled in 15
the arf: i-.c~ practice the invention. It is to be understood that otlm ~
eWodi r nent Sweep/oss@2 ut i | i zed and that structural changes nmeBCHESWEFE wi t hout
departing fxar-.~ the scope of the invention. The foll ow ng detail ed
description is therefore not to be taken in a limting 20 sense and the
scope of the present invention i5 definred by the appended clains. Wth
reference nowto FIG 3 which illustrates an inplenmer _tation of this
invention, zowghkktatogtietmargneheeedbstjve. (EWRLakgad bapsashown. The
VAR 25 compsl §ESyelh PEL IR - Bagha 8ok MBS, MRINGHECKEERE shield G The

| ower et al rise h as Pernalioy, a
ni ckel |ron“QPF69q or BtYﬁﬁ”\&ﬁI‘“kﬁnﬁPrr?$$??4ﬁn Y ¢ ORAETt RBRFAR
conducti ve maghevi toal reyovithe d eeesos! &i kéc 16 dod $La bhetnal S|nk for

heat 30 genekatgdsbyne sensR1 4i3MdoePthonghi bigs i rding 3. The | ower
shield 6 also acts as a magnetic shield for the read sensor 4. Wth

reference nowto !~'ig. ~A an enbodi nent cf a VGWR sensor is shown to
illustrate de.tai.l;~ UL |.|svamgagpeef e | Bwggntdione| ds 2, G The upper WO

001Us712 _ g .. PCﬂcléoE%%é@Wthl@nﬂu}é@mronr phbel8ss 2a et qemst ruct ed
with recesses 140

net ri.al risi trie shields 2, 6 ss
so construcf&§> fﬁSFsbé gt il g%?ﬁe?és WP ff% % cspectively t he
spaces, CcO: zpamnrngesnsteweJxﬁqgnﬁlnz hsaﬁetvﬁﬁﬁttdkﬁﬁippépé§ 2s 6 and the
sensor 41ps ik@RbILM bpcste@ﬁ@ cﬁﬂma@edlgﬁ t e emess:sr@{nwe | oner and
upper hal f R ;nsul tors q egggcgégg Ipe ang dn&BO at which
the recess gﬁ R7s%Ps W%?%régly i'n-fré range of IB@' ﬁpg rees. The depth of
the recessesOy¥eg, m@DaEssb¥ﬁl¢u?QQaﬁg@eaﬁ°9 2- H.Qﬂgﬁkﬁw§ﬁ§r§ﬁél¥ s preterably
appr nxi mat elagnQuetii/er @aser Jdle rfildhRosachhdé hen reesses mb4ali suchl iiiU. cease

the ENTIcl Nty 0l eGPl LS, SONN0 sflon RGE 6603395 1401 nor ease (he

anount of nmgnetic actlve art e sensor X-betmeen t he
upper adgP f@li?rﬁdoFoth%V?r%nﬁlqi%%FaE eyMah PXRNGLOR COSAREAELSRE For
proper oper atdi ahe sheelédcesseciarlner sfo280yei20tlanchdtha dppéeredge: 120 of the

f.ront contagf %oﬁh@aggeé%& tth?%éa&t%huakayfgéiﬂmc&ewth@ &ﬁﬁé&éhan about

0,2 mcrons. The ness_ of I p' , . Tormed YD magnetic 20
shields 2, &ffBetRpEYi th%h‘ielteaé’s'sé?cfﬁéeﬁnﬂntﬂée A}H@‘%’ ﬁ'ﬂéit B¥*Tess than
0.5 nlcronssmmdlﬁs pref esedl y about 2-3 tinmes the distance of the shield to

shield gag 16C. Foro:%aa”eyd%mbh 5@&;:9@%1%&1 sleyth ”]};E&S’ﬂém dfemet he 1ip
15C is preferahly. 3. mcro d 3A forned

s. rin
on top of t @IFﬁﬂeFeﬁﬁPﬁllirﬁQﬁ 9b3°ﬁa§ﬁ8fm?ﬁ éﬁHaB8 2Heposi ti o z
t eChni cl ues mdh baswekecer ophatd mytime RP @rhéxxsﬁnnnqawang the a | ower

metal fillendayennb21608Prhst 19 s@uréqa@ageeih ém qsh Hel'é@’ &ahk . conductivity
metl. In an t he |.ower, ne es_a transition

eirbodi c 1al asgPrM%
netal such EWEﬁinuﬁgrsop% Thdi s ﬂﬁﬂﬁd“ ﬁﬁ eneneé genéral Py provi de
better tREr mce@@@dumemonyge%/lm coalr@rasm@yt}pes png Khermagy) may be
added in ordeied Quakt 8B Eiil&d tdiedHain axpansten. corfridiGionnt 1y th the 35

shi cldr = 2, G Atllr 3200 9P hIE dHacfOBAUREL VT 1) o !OLOQRBELEY -

gap must be non-magnetic. Second, there must not be an
elecLrical shorl circuit between the sensor element and

30 either an upper or lower metal shield. Third, the
material filling a recess must be compatible with a
shielc and overall head structure in terms of acdhesion to
the shield and the thermal expangion coefficient of the
shield. A significant disparity in the thermal



di el ectric such as dianond or. dianond-I|ike carbon (DEC) could al sa be
used. The lower netal tiller 12 should have a thermal expansion coefficient
that is matched with the thermal expansion Coefficient of the |lower netal 5
shield 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

t hrough treWOl00MEL2 netal filler layer 12 to the |ower rnetREAGHIVSHA 6 which
acts ac a thermal wink. The thernmal expansion 10 coefficients of the | ower
metal shield 5 and the lower nmetal filler 12 also need to be matched so
that during the other head fabricati ongprocesses the lawer netal filler

| ayer 12 does not separate fromthe |ower netal shiela 6 ox otherw se

di stort duecteffli¢isreridtaleshher matal-sleixpahsmdofiillax aneteebiodi ment, the

| ower net al céhi&%eé@’@rml?st'x%qm Sﬂér% &6 ahong,an H@ﬁ@fae‘i’éﬁa_ﬁe of the
| ower rretal er |ay e polishing is tn

ur, e

pr PVPnt - . fd &Y or° tr%rnﬁsgprf:%nb'b%n QPGS%t %@8@[ the 20 shields 2, 6 and
the .d I er 20, 1.Zhap povetsi¢u 2@-andgs=10dnpeshect inelty geTiggapkdnari zat i on
can be aoszomlasgeﬁis@y B Imaga%l@rﬁ@adqguu@et be anﬂaétt.ry, such as

chem cal hani cal né) 4854‘,hl|crégcogl apar i zati.a hl %h%sef b I‘ejR%_I’I ng for a
subsequent epos]i:’étl a senso n%n% Pieen tcfi'u rY nmet al
filler |ayefet®l anﬁu@%eaﬂsén%ﬁné%h@%tm@ftala | Gher hiiﬁéu‘lﬂa%mal ayer 11, al so
cal l ed the tbngtchaditwamtalusholedfos negh1okeids thonetei asedmdidr | ayer 1.1

el ectri cal | v, D3yl algs. L l1e, Sensat. £l genls THam bhe) houeLo pElal Jid ler 12

| ayer and t 30 “shi ower 1 nsulator layer ~. 1 aan
conpri set® BPEFeEPRPE Hatdass P§8§hm%1%vaq%rﬁh’?uﬁP8§PHe Ul R nkfn ni tri de or
sllinc~n ni tliederidal adshitdcan, trhesloses] imsunahomabayetc 14i sy conpri se

d~dnond- | i k r r i t conducti on and
are 35 non %ﬁg%@‘?@ 2 %ﬁﬁﬁgﬁ%‘}%s *é%‘%i%w?ﬁ}?. %ﬁgﬁﬁngﬁmsv\o b0143712 -

10 PC F/ LT365%185%% la"e?ibsfilﬂkan t SRhAFHELT By MEhaénBdti Ae™t, the surface
of the | owemapetalcfillleyr Raviadebeioxtreh wal Heatf dimpipatsul at or | ayer 26.

For exanpd etné‘oLQME{té’fPéﬁl tfﬂéﬁngﬁ ,%gsgray corrprl se alum num the suxface of
whi ch can be 5 oXxid forma la m.num oxi de prior to

er
deposition of the r% Ia BRARY 2GS Fa’f‘lﬁﬁ? ?frtfl’iat Hr&5%F Jap. An al uni num
oxi de surfadeveayienceilsdamres apphower frmultéeofolageindl. A ~aen~aor

el ement 4 igehermBdion, o1 hBechaveralihddsiatae hayehs11. In an

enbodi nent, tre sensor el enent is deposited using sputter deposition.
However , ot her means conduci ve to the rranuf acture of the head can al so be
utilized. An upper i nsuBatér EHD A0 Lnagp of the sensor

el ement 4o Prefer abﬂb)é E@@réhegﬁ‘ﬂeﬁ‘léd akdl b@ﬁléi:a*fé&t{llﬂ'éé’%rndz‘%b@@%él ses the

sane materi aI 2s; the lover i i nSLch| %E_ll on_la erofl att';'g‘ﬁ’%‘ﬁgrth&h'\?{n”at erials
provi di ng reqU| red alectrical y irnoul"atT ng propert e used, such as

a dielectri eecamarrmw FRIGeIE agH) Fb@nllh‘femtrliodplt§ﬁp-f-c‘ﬁhlbl%(l de or DLC.
An optional bbkasuRfenstebd 13 redielrelice wLﬁ}ﬁ ificad owithgodéSerippisn | ayer

i nsul ati on yer e 0 hogr aphy.
The bias w rl?gl %g %QEEEB%& %@gggﬂ%ﬁg Egk q dlﬁg%gtggﬁl ﬁg?ﬁo‘lfﬁ%t her known
manuf act % i A§CRBRABY 12 peingfet &'PeFFWer Iayer 10 is deposited over 25
ttze upper ~.nsul atmmm lbayelubriosanidipsa sagnesn cald yur edessed regi on 10
| n the uppehedpans! {o5Mheld ZankieqURRRIoIBIAL Fahbernbayer 10 is simlar

ro t-hc~ | ower t conprises a norimagnetl c,
H.i.g~lthernal y é‘btr%uét H‘H‘? ﬁﬁ%‘%(laalcrolsﬁ SRCBHPR T inehtEYRHF8130  uppex
nct ni fill edetlgal QD goviert aesl aniaekerMeatetetedissuck dsadlum num copper,

or _gol d. ;i amond orFIraLCmﬁg Ea0, WP 48R0 ccbuty 55 ot prigfar ed.  The

upper me=al filler 1 ave ~t Ltmxwal expansion coéfficient that is
mat ched wi t ReEHRET Rér Aaft ‘@%p%ﬁﬁ%ﬁeééeffl cient of 35 an upper netal shield

2 that is formed ov&lG.t e ilpperrates a cross section of a Vertical
Giant Magnetoresistive Head with a recessed upper shield,




WO U0105712 - 17. PCTIUS99116571 nmetal filler 10. Thexma~. expansion
coefticicnto of the upper netal filler and upper netal shield 2 need to be
suffir_iently rinsP gn that heat cii SSipati.on through the netal filler to
the netal shield wilc:li dots as a thermal 5 sink, does not separate the
upper netal filler 10 fromthe netal shield 2 or othervrise distort the
head. The up®i/05BRal shield 2 like the |ower netal shiel dPEVPE%bithri sed
of a magnetic alloy such as Permall oy, a nickel iron alloy, or other well
known 10 electrical and thermally conductive alloy with magnetic
properties. The upper shield 2 arts aq-an upper thermal sink to heat
generated by the sensor 4 acid Llas wWng 3. In an enbodi nent, the netal
filler |layeaa &QpeiZméEaBﬂEJh&hMEﬁﬂ 8. 2ower mhchl fQimei-hpekvbaingr ef erably

about 0.5m EEen%H ﬁ&% nép ehr f%Q éﬁséy@éf‘é’ Sch%ﬁir %‘?‘LBQElBﬁ”ﬂUCt orr~ of

heat tothet er na rising erret \7 6.. The netal
fillers 10, Z2 ShOLF'@ béAi A é?“é’é’f‘?“i 'C%Ja STPSEnERFRIOC It dbtValiTtiFethe net al
shi el ds 20 wia6r Bagnetectgisdvey Heasul ated fromthe sensor 4. Wth

referencegnow to F'ECEG 4,4 Whh gl Lt distd a:tx%%saeehb%neémmm »Gu%dfe' ux gui de
head wththerga %Iers 10, |2|Z%ﬁ£n %1 ar to the Y%?

di scussed ab§%8, "Hhe TP PR F8hda §% 2 {vier etalM =58 W6 wth
recessed vobgpeiddngUnerrtermdlthiermpdr pahs ofgredemsorrhaehbwer netal shiel d
6 within thgika¢gseednvol une, and a lower insulator layer 11 formed on the
surface of the lower netal tiller layer |z. 'These elenents included ~. n

the flux guide head conprise the 30 aa~uG clia.cac: Leristics as those
di scl osed e~bove fox the VGVRDegadlgdoRescyhtinon anal ly, the flux guide

head conpgi sas heacl[‘l'@"fb@.@.b&lﬂ:é deposi d & et opt hon | taveds ingdhahee | ayer 12

and the flux_guide G SEsQ) LEle onnect.in he cor_tac-~s
14. The head°coffac Eg‘%ag Fing Shaage aﬁ%h%‘b%‘l%’%b%ﬁ%b&%’é‘h%n
rear flux g§he® P8 HWAW <aff*Umsqr@@%oguﬁdépwﬁlfIHﬁé—‘“ﬁO@kaUFdé@ 15, 16 can be
patterned omb@chhehtovRventisdd aladyobel pyaetildedy mears edbophaest iidography.

For med abo"%ets@?uggédlg é&i%’f&l%r}tag%ﬁggﬁlgof%‘éﬁi%l%u't%%§el§kl}§eaSlsz‘n uppei 5

i.nsul ation layer et nagneti ¢ recess in
t he uppet®nmigfefiE §ﬁ|@F%I°‘21Qﬁ tdie HF‘P’&Pta%crljﬁtll&ntPo fhose sane di scussed
above for thadéEyRohéadhaTheclidinentpkidecheadnay lheGutdilesednatier enbodi nent

1D whi ch conrpris € }FE;}% o Aakdn om a censor
Pl PrnPni : b{}]ﬂngaﬁgrg?g?ﬁlﬁ% ta el[gem(%dg%nléégé S@aeent aeBg?El{ié stsield
acid pl dc: ed*oF FPecFESR® p? bxi i tlﬁ‘vteé‘téoﬁeatT@%rfé?:'&ﬂwr’ré‘gséﬁ’é?ﬁ'l%qienent

Thi s i nvent icescpnpvndasi$orhétiore nSondocbe vidieradmoss liheciegati vely 15
| ong theébr lélen@@t hnd Eromidis nsel ghegent fQ-dhadeatl degsheating netal

shi el ds
by the appended c¢laims.

With reference now to FIG. 3 which illustrates an
implementation of this invention, a vertical giant
magnetoregistive (VGMR) head 1 is shown. The VGMR

25 compriges, in pertinent part, a lower magnetic metal
shield 6. The lower metal shicld 6 can be comprised of
an alloy such as Permalloy, a nickel iron alloy, or other
well known electrrically and thermally conductive magnetic
alloy. The lower shield 6 dcls a Lhermal sink for heat

30 generated by a senscor 4 and optional bias winding 3. The
lower ghield 6 aleo acte as a magnetic shield for the
read senscr 4. With retference now to ¥ig. 3A, an
embodiment of a VGMR sensor is shown to illustrate
detalls of Lhe upper and lower shields 2, ¢, The upper



This invention can be practiced in any head structure having an active,
current carrying magnetic sensor of which part, or all, rif the gengor
resi des 2U bet ween magnetic shiel dw such that conduction oL Feat fromthe
sensor to the shields via a gap insulator bcncfito from being optim zed.
This invention may be used for exanple, but not limted to, vertical
advanced ne¥yREME1% ecor di ng heads, gi ant nagnetoresistive POg/SaesTly) ng
heads, horizontal 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 enbadidrents are within the scope of the
30 following clains) 'G-7hat i1 A clained is WO 00105712 - 13

PCTI US9911681A lbwek dbvptdsfar disys ganehyubeed Yitdmreassgest féOhead sensor

conpri si ng:riee rﬁﬁb@@u&hmgtéirmylcwpanrslibgr tﬁe @niéru.e&ml I 36 gendyctive netal

Liller | ayer nst_‘f orcrE%(cjl %g%@cge% nomsal &1_ ngt ers dde hin said recess,
and in cl os& pr(§ €nso ; neec rlcallylnsu ating

| ayer for ne‘(ffbét%ééfﬁls’aiihet?@mll W%”Gﬁé&éf‘ivf@#@f A° &nd & arid 10 the
sensor ekemdwechhehdevhteldor2 dissinthagsbradr of id aiapililyherein the

et al Shiel df%éﬁ%@ 5§§gr§&mﬂ%Qh&¥%%1c&ﬁQs l&? ﬁhé'H;na %%ﬁ'ce for

d|SS|pat|ng eat o rea.n the r.hernma conductive netal filler
| ayer is GUARSEsthald gAR EneViATRNR-. H}uﬁPdCBBpﬁ?SPiﬁﬂ’d’elé’ ‘t héXfal | |
conducti ve sidley 13@andtdivaiond:he keecemsbopend. idherafewrabdy hior cdessi pating

heat of cl alyncl. Whersl Dol hegtdiss malnt @RAHCLE Ve, Ieldlodddd gl S Pl anaxi zed

al ong an uer sur f ace.

he r~cvir tlng heat of claim
~. wher &n théeTelt&E FrEgF| 9T i hstinlatd ﬁH‘cFai}éraE%r%ﬁli@Jeo'%ta@ ielectric
mat eri al . Gpphhecideviete DOF wissirpat | Mpeheatpote cbfaithel ndvesees t he

electrically,g q%ulL%t 'AQLLQMSM‘P@@)EE;%@L%@& Leaste it 10 AhyuW mu oxi de,
silicon oxi de | icon nit~;zde, and num ni tr
e recesses 140 1ncrease t e amount magnetlc flux

in the active part of the gensor 4 between the upper edge

15 110 ¢f the front contact 9 and the rear contact 5. For
proper operation, the receas corners 100, 120 and the
upper edge 110 of the front contact 9 should all three be
mutually aligned within less than about 9,2 microns. The
thickneas of a "lip" 150, formed in the two magnetic

20 shields 2, 6, between the recesses 140 and the ABS 8 must
be less than 0.5 microns and is preferably about 2-3
times the distance of the shield to shield gap 160. For
example, if the gap 160 is 0.10 microns, then the 1lip 15C
ig preferably 0.2-0.3 microns.

25 Referring to Figs. 3 and 3A, formed on top of the
lower metal shield 6 by way of industry standard
depogition techniques such ag electroplating, or RF or DC
gputtering, is a lower metal filler layer 12 comprising a
nonmagnetic high thermal conductivity metal. In an

30 embodiment, the lower mctal filler 12 comprises a
transition metal such as aluminum, copper, or geold. Pure
elements generally provide better thermal conductivity.
However, an alloy (e.g., Al - Cu) wmay be added in order
to match the thermal expansion coefficient with the

35 ghiclds 2, 6. 2An ultra-high-thermal conductivity



7. The den ce for dissipating heat of claim1 wherein the nagnetic head
sensor is sputter deposited on the electrically insulating | ayer. WO
00105712 PCTI US9911G571 - 14 8. Z he device for dissipating heat of claim
~. wherein the thermally conductive netal tiller conprises alum num and an
upper surface of said alumnumfiller is oxidized to formthe eleC-rically
i nsul ating W@pewes”1s 9. A device for dissipating heat fromRCTHRYNEST) c» head
sensor conprising: an upper netal shield having an upper recess and | ower
nmetal shield having a | ower recess; a thermally conductive | ower netal
filler 10 | ayer fornmed adjacent to saig lLower nmetal shield Wthlill Sczl d

1. 1Wor RCC~~S; a |ower electrically insulating | ayer forned between said

| ower t her néi+iewgondudcche asodermond abr fdilamendl ayee earben s@igor el enent ;

alnd 25t an 3@@@{%%@5‘6 HeC alslels . itn@hlé al bt hyen E@m'eﬂ betagansai d sensor

el ement and_a t her conduct i ve er r aid upper
metal fill e? Y%y%rt ﬁ%‘gl 5&?888?1?“ g%:{l&leﬁg }'Lﬁét 8 aé/c %ﬂ %L in said
upper xec: eske gl Preagedpreceokt o eitp & ﬁbehéa‘t’elf r"&ﬁﬁié rragnetl ¢ head
sensor ofs Cél@iéﬂ@ ghergiginizne cupresidetale fiilcienc bayertigndiduea | oner net al
filler layer [ sel& %e S3ane, ma grélal a:l_.L f'[h Wﬁexﬁ clge%cﬁrtodlbsgm pating

heat froma" m~gn r| C. héead sensor erein e upper netal.
filler |ayerabered RO |G aﬁ*efiaﬁtf@H‘%#Pqtéfelthééhghs‘%ll‘%)flca'teq east one of
al um num caepser, f:gmle;i; lavietezpat o. yhe arodat meeadnl kbyeldnd whiarmnd- | i ke

carbon . 12, Jhe, ewlﬁ%\/\er)i gllgFl p@ﬁ(% %Jlﬁ%' g_g{gghg'i 9 wherein 30 the

thermal ly conductive nmet a rized al ong an upper

surface.1? gesbbtenss I@Cf,TItPfSQQYi?L%Bﬁtal |S_LllEi§. 6T e, FUEH or
di ssi pati ngméeal Dflldmiln alseheeedntd hee elagchedcadl tyhamsdn:atnmg | ayer

conprises alyt! o)W Qaed Q@i cdfioh gﬁmcsorchgl $SHhPAlhdG heat rroma
magneti c heﬁé}ﬁ@?e sor caonpy i mg&: grov a nefal_shield vmth a recess;
a

formng at ¥ difctdogs e??‘fa}%'r Ir%;le?: Sdi deeAgtal g sdici
iel.al Shiebbiaid ¥ rosatharedessdandortn dleoose gidXereryidb haswmdor
el ement ;; 10.2pd, £ 05 ng an el ectrical | y ~.nsul ating | ayer between said

thermal |y conductl ve netal filler an tlle magneti_c h(—:iz_ald s?nsor.
In an embodiment, ower metal filler layer 12

is plenarized along an upper asurfacc of the lower metal
filler layer 12. One of the purposes of the polishing is
to prevent a ridge or trench at the boundary between the
20 shields 2, 6 and the [iller 10, 12 at points 120 and 100
respectively. The planarization can be accomplished by
any known practice in the industry, such as chemical
mechanical polishing. Planarization is useful in
preparing for a subseqgquent deposition of a sensor element
25 4. Between the lower metal filler layer 12 and the
gsensor 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
30 shield ¢. The lower insulator layecr 11 can compriee a
dielectric material such ag aluminum oxide, aluminum
nitride or gilicon nitride. In addition, the lower
insulator layer 11 can comprise diamond-like carbon or
other materials that provide thermal conduction and are
3% non magnctie. They can be deposited using standard



15. The method for diuaiparing heat froma magnetic 15 head sensor of claim
14 wherein the netal bhield is conprised of a nickel iron alloy. 16. The
met hod for cliss~. pating heat froma tnagneti C head sensor of claim 14
wherein the thermally conductive netal Filler layez is at |east one of

al um num copper 20 and gold. 1'l. The nethod for dissipatin heat froma
magnet i c heW@9%8Hsbr of claim 14 wherein the thermally cork ¥Shlet a
filler is planarized along an upper surface. '1' hP nPrheci for d|93ipating
heat froma magnetic 25 head sensor of claim1l.4 wk~ereimtree

elec:~. ~.ir:ally insulating |layer comwd ses a dielectric netal. 19. The

nmet hod for dzss~pating heat froma magneti c head sensor of claim 14 wherein
t he magnet i éehestr swhdechnivineg01057 19" PORIAGS0erE657he -swtage afput t er

geposi t ed Oﬂ?léh_ﬁaxﬁéﬁﬁdﬂaqa:f|lilFﬂsuﬁ aﬁéylgoe!d@yce_rdlzéa tdN:@ppad@t us for

I ssi pati ng I ~I a e c [{s an upper
net al shlelﬁngﬁiﬁééfnaéi ﬂ % gﬁ %%FJEa'se%égﬁ%E eﬁ%ﬁ i f%%ked etmeen
sai d netal @ﬁYe«F%Enasmm@ﬁéw ctheatier fasie é’énubé?hnﬁﬂ%éﬁ from 10 said
sensor t & serfldfptdl tsHicaids; lapdramé i o Wlatingmreande foriet ecirical ly

i | at i f f h
nsulating sgbdsnonRaelis KBNS f 8L, SO IRE SR e E T AIBSRh geNSOT

A& A8 A . AZ2D2 G 2 BRI, QELAS) Wﬁ%ﬁi"a]]@é]ecraféa] B&f¢a]¢h]tal ca] cnal chal ¢
Aa]cAa]c“a]ma@ea]rmﬂnxﬂuuﬁ(xayea]ma]ca]ca]ca]ca]c“a]c“a]c“a]ca]cTa
ng L ]U] cdz{ -yl of e LVLcahoal gf%ﬁi;fg]a]q@] ¢alfiahcal f%ﬁ@b&éhga};f;g} gqa} g:} g:}
ca] ca] caI]Q:U%LE@]‘ 'Ef%}] a]1 a] caby @%Lﬁ'&%ﬂ%’]&] ) c&f@afﬁﬁf%’é} %,Jaﬁq't“g]%a] ca]ca]c
a]Ca]Ca]Ca]ealﬁa@@R@d&ﬁquusgnp gputter deposition. However, other
| wr mhe”Y] | ] paked] calsad Al ¢al Qa]zca;ﬁ@i&éﬂ&ae] Al eal rahgal &l Ladsal cal cal cal

ca] ca] ca] Cal)gal]lgﬂ{:zag&a] %@J %%]pca] :Lnsulatlon layer 20 is formed on

top of the eensor element 4. Preferably the upper

15 insulation layer 20 comprises the same material as the
lower insulation layer 11. However, other materials
providing required clectrically insulating properties may
be used, such as a dielectric, aluminum nitride, silicon
nirride, silicon dioxide or DLC. An optional bilas

20 winding 3 can be palterned 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 manufacruring means.

An upper mektal 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 ig gimilar to the lower metal
filler layer 12 in that it comprises a nonmagnetic, high-
thermally- conductivity material. In an embodiment, the

30 uppcr mctal filler 10 alpo comprises an element metal
such as aluminum, copper, or gold. Diamond or DLC may
alan be uaed, but is not preferred. The upper me:zal
filler 10 should have « Lhermal expansion coefficient
that is matched with the thermal expansion coefficient of

25 an upper metal shield 2 that is formed over the upper
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10%& () - % 1%%]3?? %o%e]‘) ‘lLd%Fch%]ﬁaﬁ é 106/«11;{)‘{@ “‘QsSf 16%9%/8%‘ 9% 109%&’ () -
1°9$ 109& ()f.orngg Pookhe ) lovgr gnet@d shield 6 within the recessed

volume, and a lower insulator layer 11 formed on the

gurface of the lower metal filler layer 12. ‘hese
elements included in the flux guide head comprise the
30 sawe characleristics 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 sengor element 27 connecting

35 the contacts 1l4. The head contacts 14 arc bordered by a
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10%==& () - magnetic recess in the upper magnetic shield 2 of similar
deacription to those same discussed above for the VGMR
head.
The flux guide head illustrateg another embodiment
10 which comprises a device and method for dissipating heat
from a sensor element hy means of a metal filler formed
adjacent to a metal shield and placed in close proximity
to a heat generating senscr element. This invention
provides for thermal conductivity across the relatively
15 ltong thermal path 7 from the sensor element to the heat
dissipating metal shields 2 and 6.

This invention can be practiced in any hcad
gtructure having an active, current carrying magnetic
sengor of which part, or all, of the sensor resides

20 between magnetic shields guch that conduction ol heat
from the sensor to the shields via a gap insulator
bencfits 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 1s claimed is-
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1. A device for digsipating heat from a magnetic head
sensor comprising:
a meta’ shield having a recesas;
a thermally conductive metal [iller layer
5 formed adjacent to said metal shield, within said
receos, and in close proximity to a sensor
element; and
an electrically insulating layer formed
between said thermally conductive metal filler and

10 the sensor element.

2. The device for dissipating heat of claim 1 wheredin
the metal shield is cowmprised 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 aluminuwn, copper, geld, a thermally conductive
alloy, and diamond-like carbon.

4. The device for digsipating heat of claim 1 wherein
the thermally conductive metal filler isg planarized along

an upper surface,

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

6. The device tor dissipating heat of claim 1 wherein
the electrically insulating layer comprises at least one

25 oL daluminwn oxide, silicon oxide, silicon nitride, and
aluminum nitride.

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

electrically insulating layer.
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The device for dissipating heat of claim 1 wherein
the thermally conductive metal tiller comprises aluminum,
and an upper surface of said aluminum filler ig oxidized

to form the electrically insulating layer.

5 9. A device for dissipating heat from a magnetic head
gsensor comprisging:

an upper metal shield having an upper recess
and lowcr metal shicld having a lower recess;

a thermally conductive lower metal filler

10 laver 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 electrically insulating layer formed
between said sensor element and a thermally
conductive upper metal filler layer, said upper
metal filler layer bheing adjacent to said upper

metal shield within said upper 1ecess.

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
laver and the lower metal filler layer consist of at
least onc of aluminum, copper, gold, a thexmally
conductive alloy, and diamond-like carbon .

12. The device for dissipating heatl of claim 9 wherein
30 the thermally conductive lower metal filler is planarized
along an upper curface.



1098 ()- ! L# 109X& ()- YR&R R3RBR#SSETgE@ 10°!9°

109&' ()-@P 109%& ()-!P10%& ()-F"f10%& ()-F109%& ()- 10 10ET+UUU V+WWUI3E@
1% L 10%p& ()-m LI 109KK& ()-m L 10%p& ()-m 9 10%& ()-@% 9
10%mM& ()-@ 9 109%& () - @WXAXBXCXDXPXWKf X~ @

196 LI F"S10% & ()- 10% & ()-F10% & ()- 10 10 109L3 10%& ()-! L!

109%&' () - nf »wwwmz[ <~ @!% yl0% & ()-y1l0%&' ()- - 109%&' (BCLUL99/16571

10%u& ()-! - 109%& ()-!Y- 109%8"3"& ()- YYEZZ[[\z[ 9~_@!!/9(

10% " & ()- M10% & ()-"19%9, 10%& ()-19,

1096 " & ()-1 F10% " & ()-&10% & ()-\\\"] Jolal[11{\: ! 109%& ()-L10% & ()-
10" 10" 10"410% & ()-s! ~9. 109& ()-19.710%"& ()-]1Y M} zX6{\: I1" &S

10% " & () - h3&S 10%fe( Hevlic&SEdDURS Pt 1ha&hed 0%8F (JraiiS LBUre&n() -

1o () P8 RRET T s oot e ol (e BT o crcconeeas

E: 10", ‘oyi &' ()-! 109 ()-s109%& ()-!sl10%& ()-10%& ()- 10"
10"dPeeef299wK6E 10! sf/
14, A method for dissipating heat from a magnetic head

5 sensor compriging:
providing a metal shield with a recess;
forming a thermally conductive metal filler
layer adjacent Lo said melal shield within said
recegs and in close proximity to a sensor element;
10 and
rorming an electrically insulating layer
between said thermally cconductive metal filler and
the magnetic head sensor,

15. The method for disaipating heat from a magnetic
15 head sensor of clalim 14 wherein the metal shield is
comprised of a nickel iron alloy.

16. The method tor dissipating heat from a maguetic
head sensor of claim 14 wherein the thermally conductive

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

L7, 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 merhod for dissipating heat from a magnetic
25 head sensor of claim 14 wherelin Lhe eleclrically
insulating layer comprises & dielectric metal.

13. The method for dissipating neat from a magnetic
head sensor of claim 14 wherein the magnetic head sensor
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20. An apparatus for dissipating heat from 4 maguelLlc
head sgensor 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 gaid mstal zhields; and
an insulating means for electrically
insulating said nonmagnetic means for conducting
heat from said scnsor.



