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WD 02/ 086871 PCT/ US02/ 09721 NON- MAGNETI C METALLI C LAYER | N A READER GAP
OF A DISC DRIVE FIELD OF THE | NVENTI ON The present invention rel atea 0CT 2005
generally to heads for use in arragnetic 53torage drive. In partitc ‘

ARG o T |+ e OO CAReRRTAL Al o iRy DERAR MR AT, | ,

i ncl udes a magnetoresistive (MR) read sensor that is deposited ~ between
i nsul ati ng |vay®Ez soamGMMDMAtTIRO, RULD, sg8G.elrbikkayer s. The magnet or esi stive
read sensor d‘m\?g‘;ba Y. TNAR| T JEAUGTHG Bt orestrhsrtewww@tsaz@krepoel ectrical
contacts an “Mrore bias magnets tHat i’fffi’éfgﬁé’; 4] therfimpy i or o ’2@""3 the
magnetoresn)SIeﬂuhatatsa@k(regzéﬁh)eAmgmﬁt«meeMstora,,;; P eI R " CoRT At e L ry
an electric WPr EnZ TAU >|caIIy stored data on a disc flies
by the magn Qj}%"%m% BEn %rd ’%OI‘IE&MSA’U@Eode@@ﬂl&’l’et&zbl&&ah’ﬁtﬁa#ibaﬂé(@ml| ses
t hat have a deeéaxilag, b1 prnetpr“eﬂsléq'rwcidhe"ddlétmﬂm erpeantg @ rhe tedire
di sc. The remwa@ﬂ@cammmde: 6a ageweMal 1§ T BHSEET Fr o Tt & he bi as
current. Thé®ofa® Tdrrent anplitude and read sensor di nensions are chosen
in a way bhmbticasans Kleus:t he needs of the read channel electronics for a
hi gh arrplrtwdfeappleadbalé%evg?;pge’omﬂﬁheermvas current anplitude and 20 read
sensor di med§f R iR apkisiupinten ﬁ way that considers the need to

im ort. .
limt heatlemgg,;pﬁfcmﬁmem 7(,9"9379; l;aéy,,f magnet oresi stor, The need for a
hi gh anplitude readback pul se and the need to limt heating conflict with
one another and Iimt the performance that can be achieved with
conventional nagnetoresistive read sensors. 25 As track density on the
di sc increases, the reader dinensions nust be nade correspondingly
smal l er and the conflict between thermal and electrical design
requi renents increases beyond the capabilities of current designs.




A magnetic read sensor and a nethod of nmaking such a magnetic read sensor
are needed that provide an i nproved conbination of thernmal and 30

el ectrical characteristics in a read/ rite head usable with hi gher-a}@gﬁ 2003
densities, W802MH681 WO 02/ 086871 PCT/ US02/ 09721 -2 SUMNRYUSORITHE

| NVENTI ON Di sclosed is a read/ wite head that conprises a slider substrate
and a read shield. The read shield includes a bottom magnetic -shield

| ayer on the slider substrate and a shared nagnetic shield layer that is
spaced apart fromthe bottom 5 nagnetic shield layer. The read/wite head
conprises a wite head disposed on the shared nagnetic shield |ayer. The
read/ wite head al so conprises a read sensor disposed between the bottom
magneti c shield layer and the shared nagnetic shield |ayer. The read
sensor i s spaced apart from NON-MAGNERICMETALLICAMIVER 10 magneti ¢ gaps.
The read/wite head al so confiN ARBABER@GAR ORIA PISCBRIV i ng | ayers on the
read sensor. The electrically i nEHL&XORhTHEANEESTIGN m a t hermal resi stance
between the read sensgr d.the read shield he read/ wite head al so
conprises a thernall yslglgr?%gectimﬁ'ﬁmlr%r{%ﬁtéﬁéir]e@"yl%ﬁ?azgf/g‘?’ Yo Jb& MAEFUSn t he
read shield insa dragtdionelnghartichiar, rhisitlesntiom galuddsi 16 n@&R8s aninGructidefaral | y
conducti ng nonmagl@gcte}ga Isayer reduces the thermal resistance without a
correspondi ng reducti °in the reader magneti c gaps. These and vari ous

other features as well as advBaCKGROUNDAOF THEMHVENTION the present
invention wll be appay g di,ng.of the fall detail.ed 20

S ! encli/w R 22 ; ' ; o 1
description and revi ew Of tﬁqugcgglcq g‘fe&"‘cfrtéwarllléé{’dﬁgf E%‘W'WFO\I OF
THE DRAW NGS FI GMR) fehd watserathatsis aleposited etiveen Bkwlatigelagkey ki magnetic

10 shield layers. The magnetoresistive read sensor typically includes a
magnetoresistor stack, electrical contacts and one or more bias magnets that
magnetically bias the magnetoresistor stack.

The magnetoresistor and electrical contacts carry an electrical bias
current. As magnetically stored data on a disc flies by the magnetoresistor, the

15 magnetoresistor generates readback pulses that have a readback amplitude that
represents the data stored on the disc. The readback amplitude is generally
proportional to the bias current. The bias current amplitude and read sensor
dimensions are chosen in a way that considers the needs of the read channel
electronics for a high amplitude readback pulse. The bias current amplitude and

20 read sensor dimensions are also chosen in a way that considers the need to limit
heating to prevent damage to the magnetoresistor, The need for a high amplitude
readback pulse and the need to limit heating conflict with one another and limit
the performance that can be achieved with conventional magnetoresistive read
Sensors.

25 As track density on the disc increases, the reader dimensions must be
made correspondingly smaller and the conflict between thermal and electrical
design requirements increases beyond the capabilities of current designs.

A magnetic read sensor and a method of making such a magnetic read
sensor are needed that provide an improved combination of thermal and

30 electrical characteristics in a read/write head usable with higher areal densities,



FIG 2 illustrates a PRIOR ART arrangenent of a nagnetoresistive read
sensor between shield layers. 25 FIG 3 illustrates a cross sectiofiaj @14005
viewof athinfilmread/wite head. FIG 4 illustrates an enl arged cross
sectional sY8&¥B%Y of a read sensor along with a magnBEFESOREar of a
disc. 3 T 2005 WD 02/086871 PCT/US02/09721 -3 FIG 5 illustrates an

enl arged partial cross sectional front view of the read sensor in FIG 4.
FIG 6 illustrates an enlarged bottomview of the read sensor shown in
FIGS. 4-55. 5 FIG 7 illustrates an enlarged bottom view of a second
enbodi nrent of a magnetoresistive read sensor. FIG 8 illustrates an

enl arged bottom view of a third enbodi nent of a magnetoresistive read
sensor. FIG 9 illustrates peak and averade tenperatures in a

magnet oresi stor as 10 a function of a thickness X of a thermally

conducti ng nonmagnetic | ayer. Yi(b# T ctrical breakdown

failure rates of Y = 20 manometers ayers. FIG 11
i |l ustrates el ectri calPifsiesedigavwgadfvaity W@‘hP@D@Qﬂﬁﬁ a Ylider substrateeandpueadr s t hi ck

A1203 |ayers. 15 QERIATERMERCH Rl Chorlobl-HEEHEATNE FVBCE NS, | the
enbodi nents descri bed below in connection wth FIGS. 3 reaé/wrl te
head provides an tpnAad 2 sl meenptsishiskd lessethatds sraeed aphre omithectiottom

characteristics. Qg@eﬁgsh[m@vg,her mal | y conducting nonnagnetic | ayers are

i ncluded in reader gaps around a magnetoresistive read sensor. These
thermal | y The read/write head comprises a write head disposed on the shared

magnetic shield layer. The read/write head also comprises a read sensor

disposed between the bottom magnetic shield layer and the shared magnetic

shield layer. The read sensor is spaced apart from the read shield by reader
10 magnetic gaps.

The read/write head also comprises electrically insulating layers on the
read sensor. The electrically insulating layers form a thermal resistance between
the read sensor and the read shield.

The read/write head also comprises a thermally ‘conducting nonmagnetic

15 layer deposited on the read shield in a first one‘of the reader magnetic gaps. The
. thermally conducting nonmagnetic layer feduces the thermal resistance without
a corresponding reduction in the reader magnetic gaps.

These and various other features as well as advantages that characterize

the present invention will be apparent up-on reading of the following detailed
20 description and review of the associated drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a disc drive storage device.

FIG. 2 illustrates a PRIOR ART arrangement of a magnetoresistive read
sensor between shield layers.
25 FIG. 3 illustrates a cross sectional side view of a thin film read/write
' head.
- FIG. 4 illustrates an enlarged cross sectional side view of a read sensor

along with a magnetic layer of a disc.



20 conducting nonmagnetic | ayers reduce thermal resistance without a
correspondi ng reduction in the reader magnetic gaps. Hi gher |evels of q.l \
current can_be applied to the magnetoresistive sensor wthout overhé<33i{"@$m[]5
t he rragnetwpéé’?fg{%ér. The needed | evel of readback anpl PEUE2%521achi eved

w thout overheating. 25 FIG 1 illustrates an enbodi nrent of a disc drive
storage device 100. Disc drive 100 includes a disc pack 126 havi ng
storage surfaces 106 that are illustratively layers of material (such as

magnetic material or optically readable material). The disc pack 126

i ncludes a stack of nultiple discs each accessible by a read/wite
assenbly 112 that includes a read/wite head 110, also called a 0 CT 2005
WD 02/ 086871 PCT/ US02/ 09721 . 4. slider. A3spindle notor 127 drives
rotation of the discs in disc pack 126 in a direction such as that shown
by arrow 107. As di SCSF@y 8 ifl@h@besh efiSaLH Wién%rosége%ﬁml% %tl\%e\g%‘?%ses
different rotational |ocations on the Storage surftaces 8 I'n di sc pack
126. Read/write aS“ééﬁWIS‘V“ﬂIﬁf‘-s_ actuated for radial noverment 5 relative to
the disc surfaces 106,erusfah@@atesrhnammges%h&ﬂvie@ddf%swd DY RIhAW h22, 1N
order to access different tracks (or radial positions) on the disc
surfaces 106. SuEl%étduation of read/wite assenbl y 112 is illustratively
provided by a servo spigt ¢ilubidds ah BRkYELotRmARE §f £Qbdnd i 118.
Voice coil notor 118 includes a rot%rlrg 116 that g{vot 3 (;r!ra&bgélfr{s?}{t@(g. VCM
118 al so iIlustrama@@F%FeSISTO?TFWcﬁFWGES an arm 114 that supports the
read/write head assenbiyy § iRstrdtlsSth Gilakged bbb MeWtsrd fg.&h ﬁlgé(dﬂn&ﬁ'ogges
control circuitry 130 for controlling ~operation of disc drive 1 and for
transferring dat amegneipesisivareadiseasae di sc drive 100. FI G 2 illustrates a
PRI OR ART arrangenent é09 Dfusifhids $adk HE8R9Q5ge étherandres iIQ%dﬁHtUx%gi%t@lIdson n
FIG 2 is a cross-sectional view that faces an air bearing surface flying
over a disc suth a&ugiianof athigkaese X1nde thepmatlycondpctingipenmagnetic layer.

FIG. 10 illustrates electrical breakdown failure rates of Y 20

nanometers thick Al,O; layers.

FIG. 11 illustrates electrical breakdown failure rates of Y 10
nanometers thick Al;Os layers,
15 DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

In the embodiments described below in connection with FIGS. 3-11, a

read/write head provides an improved combination of thermal and electrical
characteristics. One or more thermally conducting nonmagnetic layers are
included in reader gaps around a magnetoresistive read sensor. These thermally

20 conducting nonmagnetic layers reduce thermal resistance without a
corresponding reduction in the reader magnetic gaps. ‘Higher levels of bias
current can be applied to the magnetoresistive sensor without overheating the
magnetoresistor. The needed level of readback amplitude is achieved without
overheating, o

25 FIG. 1 illustrates an embodiment of a disc drive storage device 100. Disc
drive 100 includes a disc pack 126 having storage surfaces 106 that are
illustratively layers of material (such as magnetic material or optically readable
material). The disc pack 126 includes a stack of multiple discs each accessible

by a read/write assembly 112 that includes a read/write head 110, also called a



magnet oresi stive read sensor 146 includes a nmagnetoresistor 154 that abuts
per manent nagnet |ayers 150 and el ectrical contacts 152. The -3 gol 2005
magnet oresi stor 154 has a read width RWas indicated in FIG 2. Magnetic
shield | ayeVQ0¥%6871144 20 are separated fromthe magnet BERES0HG2 154 by
insulating layers 148 that form reader gaps. A non-planar shape of the
magnetic shield layer 142 is the result of process and design
constraints. A bias current | passes through electrical contacts 152 and
magnet oresi stor 154. A portion of heat dissipated in the nmagnetoresistor
154 is conducted out of the magnetoresistor 154 through 25 insulating

| ayers 148 to the shield |layers 142, 144. \Wen there is a desire to adapt
the prior art arrangenent 140 to operate <4at higher areal bit densities,
the overall size of the arrangenent 140 is reduced to scale the
arrangenent to wo i\t fLs i it nelty. J1i 1s then
appargnt t hat thegl |I¥a\né dﬁﬂeﬁw@ioﬁ?ﬁéc&r@é@@ga@g Ofgﬁucil%c T SIS%P%fErI"Fdngvoi d
over heat i ng WO 024i@6@17 ucPGF/tSGRIVOOTR drrev lt)heAsmignseaxerretaﬂed;txead/\&?té. hAf ter
t he bias current ' i fbeel n h | i e t he
readback pul se i sgsﬁénzoé%??#%ggﬁsﬂ}ftrﬂeé%h‘g’gag .m%ll inoragélon%? '?glre?g?a eg‘lﬂﬁaﬁ?’sglgg e
readback pul se anipl discuphsk 12heRe¢adivaitnesentlf 112ds actsardafor maial memerfltgi arg
reduced to redyce -85l esi stk . an
the 5 shi ol do LazeliE 8o GERILAER, 8t HIER b AR IRRL PERET 0808 ™ ner e
resi stance, the dieado@asesedifferentctzackd@r radialpngtonspon the discisgifias 10@vel

W t hout causin r ' e r.es 54 . ver, it is

t hen found thatg'.J t eCﬁ agtﬁn%hh&gé%@%ﬁ%%% @gé@alg@%%@é’g&ipémh%?\g?ﬁé?‘ggsed as
expect ed because tybtemsthateincludes ndtnicelebdl mower (oM dd8.cVaise caibmbtoe 118
magnet or esi stor 14, ARd, a6 Ff%cﬁﬁtfhi\’;&L Xmlax% %56.6\'/6%4”@& Qfe%ﬂﬁ‘x%‘a%tv%es' stor
154 from nmagnetic transitions on e disc ying —under €

magnet or esi st &¢ 1iBdudes an amidl 1dithat supportsithe lfewwdltelhb@ftassehblyrléaucedl t hi c_knelss
of the insulating |ayey; . ' i.ah. ri ca
breakdown due to ope?g idrl?gg\lldgﬁ ‘ésgrg‘“gﬂ? ?%‘I'ru{ézgg&e%mgéé%g\}ggﬁgfﬁggmﬁcﬁgé

magnet or esi sti ve aperation of il drizie#00 4nd foritiasfersing d&a inlahd ouf¢heafisctdmse maj or
nodes for electriggl breakdown is

FIG. 2 illustrates a PRIOR ART arrangement 140 of a read sensor 146.

15 The illustration in FIG. 2 is a cross-sectional view that faces an air bearing

surface flying over a disc such as disc surface 106 in FIG. 1. The

magnetoresistive read sensor 146 includes a magnetoresistor 154 that abuts

permanent magnet layers 150 and electrical contacts 152. The magnetoresistor

154 has a read width RW as indicated in FIG. 2. Magnetic shield layers 142, 144

20  are separated from the magnetoresistor 154 by insulating layer's 148 that form

reader gaps. A non-planar shape of the magnetic shield layer 142 is the result of

process and design constraints. A bias current I passes through electrical

contacts 152 and magnetoresistor 154. A portion of heat dissipated in the

magnetoresistor 154 is conducted out of the magnetoresistor 154 through
insulating layers 148 to the shield layers 142, 144,

When there is a desire to adapt the prior art arrangement 140 to operate

(30
U

at higher areal bit densities, the overall size of the arrangement 140 is reduced to
scale the arrangement to work with the higher areal bit density. It is then

apparent that the bias current I needs to be reduced in order to avoid overheating



15 interlayer diffusion which is thermally driven. Efforts to reduce the
size of the arrangenment 140 thus reach a limt beyond which it is,ngt QT 2005,
practical to make further reductions in size by adjusting the Ievél

the currentWPoMd8%Mhe di mensi ons of various |ayers in BETESOYeNHNt 140
Reader stacks can be redesigned to have hi gher nmagnetoresistive ratios,
however, this type of reader 20 redesign reaches a |limt also. The
operating voltage Iimt of the materials used in insulating |layers 148
and the operating tenperature Iimt of the materials used in various

| ayers of magnetoresistor 154 set practical physical limts for areal
density performance of the design illustrated in FIG 2. In particular,

t hese physical limts are encountered in &n effort to provide 25 an
arrangenent whi ch have areal densities approaching 50 Gb/inch , 60k tracks

B angement, |t hedt PRt iss S R I
spaci ng of about @@plitwinefivtie erabackepder 1svpr¢1iolmaomlly asrtoodd. 22 Qn nedfoctnet er s or
oL B2t ! B R PR B S0 B
arrangenent s expl sdwed to badhcmv'mrmabmmtme betmem’ thh nﬁgﬁﬁoreﬁstdrﬂsuhﬁd thencl ude
O O Tt T TR SO TIPSR, e B hBes R 8E 0202,
wi t hout a corr espthadbiasy cnurealiudt cannbé remrnbmeo risadgginalalgnet withaya eausingi gher
R ST T R, ST R
anplitude is achi agitudeiof the u¢adback phisaits mmgncrmm\eepqctedfoecapseahﬂ shiekisar e
enoount ef o {1 Y01 LaRSILRIONLLSh i LEPHERHY S bR by S
deposi tion natier i shlielding ﬂmhmaimwmrbsast@rrﬂg4 |fmynemagnBitiGransitisnh enrdit idiza fllying
IlTustrates a par ﬁndgr théh anseto%eslcs%or ?5Y, ?:Iad%ltlgr? 61191/5 Wulncti ﬁ1at the reduced thickness
of the insulating layers 148 has an undesirably high rate of electrical breakdown
due to operating voltage differences between the magnetoresistive sensor 146
and the shields 142, 144. One of the major modes for electrical breakdown is
15 interlayer diffusion which is thermally driven. Efforts to reduce the size of the
arrangement 140 thus reach a limit beyond which it is not practical to make
further reductions in size by adjusting the level of the current I and the
dimensions of various layers in amrangement 140. Reader stacks can be
redesigned to have higher magnetoresistive ratios, however, this type of reader
20  redesign reaches a limit also. The operating voltage limit of the materials used in
insulating layers 148 and the operating temperature limit of the materials used in
various layers of magnetoresistor 154 set practical physical limits for areal
density performance of the design illustrated in FIG. 2.
In particular, these physical limits are encountered in an effort to provide

L2
A

an arfangement which have areal densities approaching 50 Gb/inch?, 60k tracks
per inch or 700 kb/inch tracks. In terms of the size of the reader arrangement,
these physical limits are encountered with shield-to-shield spacing of about 70
nanometers, reader widths of about 220 nanometers or stripe height of about 150

nanometers.



head 200 for a disc drive. The read/wite head 200 includes a thin film
read/wite head or transducer 214. The transducer 214 is deposited~ch(&T 2005
substrate 201. A large part of the read/wite head 200 is built froma
substrate 1%099%6§7hat extends to edges 215 and 216 as PGP HI. The
portion of read/wite head 200 that is illustrated in cross-section in
FIG 3 is near the trailing edge of the read/wite head 200 al ong a
central plane perpendicular to an air bearing surface 222 of the
read/ wite head 200. The substrate 201 is preferably fornmed from an
electrically conducting 20 ceramic material, such as a m xture of
al um num oxi de (A1203) and titanium carbide (TiC), sonetines referred as
AITiC'. Silicon and other known substr#&te nmaterials can also be used. A
basecoat nmaterial 202 is deposited on the top of substrate 201. The

basegoal et ori ol 202 faedh SRS A RHEIS IR A erbiflr® '
mat erial 201. Sil bdow indicondcden avith KGSes-1k mbuninblade onator medre ntheahallycan al so
be 4o, 2P, Sk opdBARChL b Rad T, Peputly G0
shared magnetic s hblehagneticaqyens r&de theropl psitancg Phand carresponding@&ductidor e 206
Cireur ¢t hrough ¢ Homg el fueetc G, RO o Bk SRR 1520 2
the air bearing mgﬂmgisﬁﬁ?senélan evithonteov2dbating be magretd®@Brort Tiee needdde gap
har od mmgnet o sitEr o Rpdiper’ ApiSidn el i niRES St R oA BRE R & 203 1 s
bonded on the substoblkne a@@dcousieidy withyoltge bieakdows ef oretluced tisnlatilg 12032. The
prite coll 208 ISl BANGRln ke B oLl SR Uil ABECRIE ©
i nsul at or 10 deposition material in the insulating layer.
FIG. 3 schematically illustrates a partial cross-section of a read/write
head 200 for a disc drive. The read/write head 200 includes a thin film
read/write head or transducer 214, The transducer 214 is deposited on a
substrate 201. A large part of the read/write head 200 is built from a substrate
15 201 that extends to edges 215 and 216 as illustrated. The portion of read/write
head 200 that is illustrated in cross-section in FIG. 3 is near the trailing edge of
the read/write head 200 along a central plane perpendicular to an air bearing
surface 222 of the read/write head 200.
The substrate 201 is preferably formed from an electrically conducting
20  ceramic material, such as a mixture of aluminum oxide (A1;03 and titanium
carbide (TiC), sometimes referred as “AlTiC”, Silicon and other known
substrate materials can also be used.
A basecoat material 202 is deposited on the top of substrate 201. The
basecoat material 202 is an electrically insulating material, typically Al;O3. The
25  basecoat material 202 forms a bond to the substrate material 201, Silicon
dioxide and other known basecoat materials can also be used.
Deposited metallic magnetic layers from alloys of iron (Fe), nickel (Ni),
or cobalt (Co) form a bottom magnetic shield layer 203, shared magnetic shield

layer 204, top pole 212 and a core 206. Core 206 completes a write magnetic



207 is typically formed froma cured photoresist. Silicon dioxide and
other known coil insulators can also be used. 10 An additi onal depoiieé,,egd 2005
electrically insulating layer 213 fills the space around bottom mag Yic
shiel d | ayewodd@ss7and shared nmagnetic shield | ayer 204.pcrugogedzzion of

| ayer 213 (not illustrated in FIG 3) also extends between the bottom
magneti c shield |layer 203 and the shared magnetic shield | ayer 204 to
provi de nonmagnetic, electrically insulating |ayers around a

magnet oresi stive 15 read sensor 205. Layer 213 is typically made from
A1203 and fornms a bond to the basecoat |ayer 202. One or nore thermally
conductive nonmagnetic netallic |ayer (shown, for exanple, in enlarged
FIGS. 6-8) are also arranged around the Jamagnetoresistive read sensor 205.
For clarity, electrical |eads and contacts, fornmed from Cu, Au, or other
20 nmetals or netalli¢c all in a conventiona nner, are not il lyustrated
n FG 3. e of ORI ERGE 6reH CohEMoPEpE S §:yD 8t BEGia o
deposi Itled on the g@ﬁ?g)&urﬁabéA %%gghddo@@mﬂﬁrkcoﬁld& é@@ﬁ@@agzdowg@hm isI
typically also made fro or ot her known dielectrjcs. ercoat |ayer
210 is preferabl yMSHAAnL 47 ogm ity he gUs?i'ﬂ?%‘ﬁl ?fb&@ﬁﬁﬁ magnstit spigld)
contacts (not il la5érr288.eThe bbgm maghetOktield Qferag is bdadddm thP@Baia BRI Sti ve
read sensor 205 ig}ftheflr%nsducer 21]14, After the read/wite head 200 is
formed as il udtr 5 Wey ¢ffheyapscoa majerial 202. | 5nned to precisely shape the air
bearing surface (ABS) hivrithetil J0B irfhe @%BABudehTl4 i5PERAIbIYCmaR Foma cofflr

02/ 086871 PCT/ US02/ 09721 -8 The read sensor 205 1s forned ir:l,a ery thin

| ayer between t he®HEmH 3Ath t jlectiioaile popdpeiipg et ot allny- &reoildpsuliiinet i ¢
shield | ayer 204.203eRdygiedyOformedOfforh CusiehotorésRY BICOR &fidxidel A dthéR) OF

gi ant magnet oresi stive ﬁGNR% sensegr, arécrjmcorrprl ses multiple layers. The
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. around bottom magnetic shield layer 203, and shared magnetic shield layer 204.

A portion of layer 213 (not illustrated in FIG. 3) also extends between the
bottom magnetic shield layer 203 and the shared magneﬁc shield layer 204 to
provide nonmagnetic, electrically insulating layers around a magnetoresistive
15 read sensor 205. Layer 213 is typically made from Al.O; and forms a bond to
the basecoat layer 202, One or more thermally conductive nonmégnetic metallic
layer (shown, for example, in enlarged FIGS. 6-8) are also arranged around the
magnetoresistive read sensor 203.
For clarity, electrical leads and contacts, formed from Cu, Au, or other
20 metals or metallic alloys in a conventional manner are not illustrated in FIG. 3.
One or more insulating overcoat or topcoat layers 210 are deposited on
the top of all the transducer 214, Overcoat layer 210 is typically also made from
AlL,0O; or other known dielectrics. Overcoat layer 210 is preferably planarized
after deposition to expose electrical contacts (not illustrated) for the coil 207 and
25  the magnetoresistive read sensor 205 in the transducer 214.
After the read/write head 200 is formed as illustrated in FIG. 3, it is
lapped to precisely shape the air bearing surface (ABS) 222 that flies over the

magnetic media.



FIG 4 schematically illustrates an enlarged partial cross sectional view
of a read head 223 as illustrated in FIG 3, and flying above a nagngt@gy 2005
| ayer 226 of a disc such as discs 126 illustrated in FIG 1. In the rea

head 223, aw0@2486¢7¢ om nagneti c shield | ayer 203 and a skawesi2evagnetic
shield | ayer 204 are placed on each side of the read sensor 205 and
provi de magnetic shielding for the read sensor 205. An insulating | ayer
224 electrically and magnetically isolates the read sensor 205 fromthe
magnetic shields 203, 204 with magnetic reader gaps RGlL, R&. The
magneti c reader gaps RGL, R& and the thickness 15 of the read sensor 205
make up a shield spacing SS. Magnetic reader gap R& also includes a
thermal |y conductive nonmagnetic |ayer 226 that is deposited on the
shared magnetic shield |ayer 204. The thermally conductive nonnmagnetic
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. the read sensor 205. An insulating layer 224 electrically and magnetically
isolates the read sensor 205 froxﬁ the magnetic shields 203, 204 with magnetic
reader gaps RG1, RG2. The magnetic reader gaps RG1, RG2 and the thickness

15 of the read sensor 205 make up a shield spacing SS. Magnetic reader gap RG2
also includes a thermally conductive nonmagnetic layer _225 that is deposited on
the shared magnetic shield layer 204. The thermally conductive nonmagnetic

. layer 225 occupies part of the read gap RG2 with a material that is nonmagnetic,
such that the full magnetic reader gap RG2 is maintained. The thermally

20 conducting non-magnetic layer 225, however, is thermally conductive and thus

. reduces the thermal resistance between the reader 205 and the shared magnetic
shield layer 204. This reduced thermal resistance allows more power to be
dissipated in the reader 205 without overheating. The bias current passing
through the reader 205 can therefore be higher without causing overheating, The

25 readback amplitude is increased proportional to the bias current and a desired
amplitude of readback pulses can be achieved, making the arrangement operable
with areal densities that can’t be practically achieved with the prior art

arrangement shown in FIG. 2.



5 wall along which the direction of the magnetization in nmagnetic |ayer
226 reverses or: changes direction. Each magnetic field conponenmvazﬁﬁﬁsﬂm5
sensed as it passes between the magnetic shielding |ayers 203, 204. The .:
shi el di ng |'wQe2e8687203, 204 shield the read sensor 205 fpomsigighboring
external magnetic field conponents 230. During operation of a disc drive,
the head 223 remai ns spaced 10 away fromthe magnetic |ayer 226 by a
spaci ng 232. The spacing 232 includes an air bearing protective |ayer and
any protective layer that is deposited over the nagnetic |ayer 226.
Digitized information is stored on the magnetic layer 226 in the form of
magnetic transitions 228. Each bit is represented by the presence (1) or
absence 15 (0) of a transition in the nmegia. Wien transitions 230 are
sensed, external electronic circuitry connected to the read sensor 205

interprets the transitjion 230 one | ogical state one (1) for
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an air bearing protective layer and any protective layer that is deposited over the
magnetic layer 226.
Digitized information is stored on the magnetic layer 226 in the form of
magnetic transitions 228. Each bit is represented by the presence (1) or absence
15 (0) of a transition in the media. When transitions 230 are sensed, external
electronic circuitry connected to the read sensor 205 interprets the transition 230
as one logical state (a one (1) for example), and intérprets the absence of a
transition 230 at a particular time as another logical state (a zero, for example).
The read sensor 205 produces readback pulses that are coupled to the external
20 electronic circuitry. Various arrangements of the read sensor 205 and shields
203, 204 with thermally conductive nonmagnetic layers are explained in still
more detail below in connection with FIGS. 5-11.
FIG. 5 illustrates a cross-sectional view of the alignment of a
magnetoresistor 238 and its associated electrical contacts 242 that are part of the
25 magnetoresistive sensor 205 shown in FIGS 3-4. The view illustrated in FIG. 5
is normal to the air bearing surface 222. FIG. 5 illustrates a read width RW of
the magnetoresistor 238 and also a stripe height SH of the magnetoresistor 238.
The alignment of a thermally conducting nonmagnetic layer 225 is illustrated by

a dotted line.



sensor 223 shown in FIGS. 4-5. The read sensor 223 is part of the _ °T 2005
read/ wite head 200 shown in FIG 3 that includes a slider substraté QBE

supporting tom magnetic shield layer 203 and a ' d 211
ATy Ml hed

di sposed on ared 5 magnetic shield | ayer 204. The b netic
shield | ayer 203 and the shared nmagnetic shield |ayer 204 are spaced
apart fromeach other and, taken together, conprise a read shield 209.
The read sensor 205 is di sposed between the bottom rmagnetic shield |ayer
203 and the shared magnetic shield | ayer 204. The read sensor 205 is 10
spaced apart fromthe read shield 209 by reader magnetic gaps R@ and R&
(FIG 4). Electrically insulating |ayers 224 on the read sensor provide
electrical insulation between the read sgnsor 205 and the read shield
209, however, the electrically insulating |layers 224 also form an

undesi red t her nal resielﬁhggqe bet wefeqn thﬁ read, sensor 205 and the read
shield 209. 15 The th Fpsteatss 30 SRieregd RoFAm e of @ Prriva RS b ok the seadeposi t ed

(in thS rT ﬁad tSEI ekeﬂlsolzom isliibc\;& ih IFIGS. menB@eatdps‘engohgzm 25rofm&gzred &w:itﬁgaps RG
: : e er conduc onrmagneti c_ | ayer reduces e
thermal resistanc eadv#’? ey lﬁtﬁ(!@?% g%abémg‘g?ﬁga F@GD%@?W POl supRorting: Hher
magneti c gaps RGlbotid@maghstic shidldiRyéraiosthnd B WiitShedd Al didpp@a oA6Hshatdfere is
an enhanced heat flow. fro the7£ gﬂ net or esi st or 238 to t he sha(ed _
magnetic shiel d | BPEEUOHF! lﬁ¥ec5clé Thp Bonomympgpsii shieldlavrs 207 Ay thothasdnet i ¢

| ayer 225. By usi mggieieshidhbleyer204 are padbt bfaviGrofP R SMEH dnf, hidNRbgedRR O

repl ace a portion of, an agdjace insul ating | ayer 224, higher |evels of
bi as current can ffé“p"é?)?)‘ief“g{]i‘efdtr%%he magnet or esi stive sensor 205 wi t hout

overheating the 25 magnetredasnsst 005 R3dsposddcveneRaakt bl mednefieanlback
?gl !t}]g(rjﬁn: is achi E\Y/ﬁ?duoﬁw ﬁig}%ﬁ% o%er heatt,ti n 14 n g p.r ef er rgg astr rangi(grrent ,
y con@i®t1"nd" g Magngtigys P8 08nphe ¥ad sepspred®dl is| ayer
deposi t ed adj agendpatddepirefom Iky RAdIsh2dd® 209TBerea®r Magndtia \e8ps RGERRT REBLY
conprises tungst e&l(?.u).cﬂgc?rrigahlymmsx\ﬁ@t{n% ayggv234 %g?lg r(e:a%rsre-r?silr gr%vi%lgoel%cn'ical
insulation between the read sensor 205 and»the read shield 209, however, the
electrically insulating layers 224 also form an undesired thermal resistance
between the read sensor 205 and the read shield 209.
15 ~ The thermally conducting nonmagnetic layer 225 is deposited on the
read shield 209 in a first one RG2 of the reader magnetic gaps RG1, RG2. The
thermally conducting nonmagnetic layer 225 reduces the thermal resistance
without a corresponding reduction in the reader magnetic gaps RG1, RG2. As
illustrated in FIG. 6 at lines 266, there is an enhanced heat flow from the
20  magnetoresistor 238 to the shared magnetic shield layer 204 through the
thermally conducting nonmagnetic layer 225.
By using the thermally conductive nonmagnetic layer 225 to replace a
portion of an adjacent insulating layer 224, higher levels of bias current can be

applied to the magnetoresistive sensor 205 without overheating the

w
n

magnetoresistor 238. The needed level of readback amplitude is achieved
without overheating.

In a preferred arrangement, the thermally conducting nonmagnetic layer
225 comprises a metal layer deposited adjacent the read shield 209. The metal

layer preferably comprises tungsten or chromium, which have good corrosion



WO 02/ 086871 PCT/ USQ2/ 09721 -11 properties and high snearing resistance at
the | apped surface 222. In a further preferred arrangenent, a thiﬂigﬁg@ﬁ 2005
"layer is deposited at the interface 227 between the thermally conducting
nonmagnet i cWPA¥84687225 and the read shield 209. The thipcBeseod7zyer is
preferably a m xture of metals that match those used 5 in the read shield
209 and the thermally conducting nonmagnetic |ayer 225. For exanple, a
seed layer that is a mxture of nickel, iron and tungsten can be used as
a seed | ayer between a tungsten |ayer 225 and a permalloy |ayer 204. In
anot her preferred arrangenent, the electrically insulating |layers 224 are
atom c | ayer depositions (ALD) of A1203. As expl ained bel ow i n connecti on
| o wth FIGS. 10-11, electrical insulating | ayers deposited using the ALD
process have inproved electrical insulation breakdown reliability,
allowi ng thinner |ayers 4.to0 be used. In on referred arrapgenent, the
electrically ins u?rQPﬁy"h"d an i@ﬁ“‘f?ﬁ‘géﬁﬁ'%%?t ‘Bﬁgpgerﬁleﬁuffﬁiel%ﬁ"z' pstyve
nonmagneti c | ayer préhedafaigemtdlj € kRiASEed lay2P i) ALIEEM C4t SthO lintk:®28 - 220N

the, 15 electrically jnsulati | ayer 224
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wi th vol tage breakdown . u insulating |ayer, this voltage

br eakdown pr ob? erﬁné%‘?f%ﬂgswei%%@éagﬁvtwﬁb QPGHips fopnagnetig ket BB (ALD)
material in the ipampRfa 8gd lgyahat i2dmixhiEe offnitiel, i%h kad AfgsaR canbanggd bottom
vi ew of a second enbodi a. m netorggi stive read sensor 260 that

nment of
i ncl udes a therna?slafe%ld?ﬁfﬁb?t\”#@a Byreieandaperoallgy laye 204 cad gap, The
alrlrangerren;[j illglstc; ag gl ahd’thdﬂpﬁﬁen%d!a&ang?ineﬁtl? ﬂ;eheldatrké]@ iﬁéﬂa@ﬂgwl 1224 262 i
illustrated in except that in the nonmagnetic |ayer is
deposi ted on the BOEPHIH A h@??‘ﬁm‘él‘ﬁ*{égh"%%r Aﬁe@l@@gﬁ%@‘("éﬁa‘)"&ﬁ%t“ﬁe shar ed
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5 20, Pnhancer hoat Lhgwld QML MEAlel e ator S eyl hation
| ayer layers 224 to be used. In one preferred arrangement, the electrically insulating
layer 224 adjacent the thermally conductive nonmagnetic layer 225 has a
thickness of 20 nanometers or less. In another preferred arrangement, the

15 electrically insulating layer 224 adjacent the thermally conductive nonmagnetic
layer 225 has a thickness of 10 nanometers or less. In applications where
problems are encountered with voltage breakdown of a reduced insulating layer,
this voltage breakdown problem can be reduced by using atomic layer
deposition (ALD) material in the insulating layer.

20 FIG. 7 illustrates an enlarged bottom view of a second embodiment of a
magnetoresistive read sensor 260 that includes a thermally conducting
nonmagnetic layer 262 in a read gap. The arrangement illustrated in FIG. 7 is
similar to the arrangement illustrated in FIG. 6 except that in FIG. 7 the
nonmagnetic layer 262 is deposited on the bottom magnetic shield layer 203

25  instead of the shared magnetic shield layer 204. ‘As illustrated in FIG. 7 at lines
264, there is an enhanced heat flow from the magnetoresistor 238 to the bottorh
magnetic shield layer 203 through the thermally conducting nomﬁagnetic layer
262,



262. r- 3 CT 2005 WO 02/086871 PCT/USC2/09721 -12 FIG 8 illustrate

enl arged bottom view of a third enbodi nent of a nagnetoresistive 3e T 2005
sensor that includes a thernmally conducting nonnagnetic layer in a read
gap. The arvanyesemt illustrated in FIG 8 is simlar teCHER20921Ir angenent
illustrated in FIGS. 6-7 except that in FIG 8 the nonmagnetic |ayer 5 262
I s deposited on the bottom nagnetic shield |ayer 203, and al so the
nonmagnetic | ayer 225 is deposited on the shared magnetic shield |ayer

204. In FIG 8, each of the two insulating |ayers 224 is reduced in

t hi ckness to accommpdate one of the nonmagnetic |ayers 225, 262. As
illustrated in FIG 8 at |ines 264, 266, there is an enhanced heat flow
fromthe magnet oresistor 238 to 10 the boft om magnetic shield | ayer 203
through the first ther mally conducting nonmagnetic |ayer 262, and there

I's al so an enhanced h w formthe net or e or 238 to the shared
magnetic shield | ayer%;édE %ﬁ@r%@f@%gg o VFWeoi @e’e%‘eﬂa@h E@
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238, the 10 the bottom magnetic shield layer 203 through the first thermally conducting
nonmagnetic layer 262, and there is also an enhanced heat flow form the
magnetoresistor 238 to the shared magnetic shield layer 204 through the second
thermally conducting nonmagnetic layer 225,
FIG. 9 illustrates a finite element analysis of peak and average
15 temperatures in a magnetoresistor as a function of a thickness X of a thermally
conducting nonmagnetic layer 225 in a head such as the one illustrated in FIG.
6.
In FIG. 9, the vertical axis 300 represents temperature in degrees
centigrade and the horizontal axis 302 represents the thickness X in'nanometers
20 (nM). A first curve 304_ illustrates an average calculated temperature of the
magnetoresistor 238 as a function of the thickness X. A second curve 306
illustrates a peak 'calculated temperature of the magnetoresistor 238. The
dimensions used in the finite element analysis model are illustrated at the bottom
of FIG. 9. The insulating layer 224 adjacent the bottom shield 203 has a
25 thickness of 20 nM. The read sensor 205 (including the magnetoresistor 238, the
bias magnet 240 and the electrical contact 242) has a thickness of 35 nM. The
magnetoresistor 238 has a reader width of 250 nM and a stripe height of 150
nM, and the bias current is 4 mA. The thermally conducting nonmagnetic layer
225 has a thickness X which is varied in the finite element analysis. The



bi as magnet 240 and the electrical contact 242) has a thickness of 35 nM
The nmagnetoresistor 238 has a reader width of 250 nMand a stripe -hgi ghT 2005,
of 150 nM and the bias current is 4 mA. The thermally conducting :
nonmagnet i cWYPAYA6871225 has a thickness X which is vari eBCT/HES®RAE2K | njte

el ement anal ysis. The WD 02/086871 PCT/ US02/ 09721 -13 conbi ned t hi ckness
of the thermally conducting non-magnetic |ayer 225 and the adjacent
insulating layer 224 is 35 nM The insulating | ayer 224 adjacent the

non- magnetic |layer has a thickness Y = (35 nMX) that varies in the finite
el ement analysis. It is found that the results are relatively insensitive
to the 5 thermal conductivity of the thermally conducting nonmagnetic

| ayer 225 so long as the layer 225 has ali-hermal conductivity that is
near the thermal conductivity of the shared magnetic shield | ayer 204. As
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FIG. 10 illustrates electrical breakdown failure rates of Y = 20
nanometers thick Al»O; layers. FIG. 10 includes a vertical axis 320 representing
15  arate of insulation breakdown failures per unit time, and a horizontal axis 322
representing a voltage applied across a thickness Y = 20 nM of insulation
material on a curved surface simulating the shaped surfaces of insulation
material 224 in the read sensors illustrated above in FIGS. 6-8. A first curve 324
illustrates a measured rate of insulation breakdown failures for a conventional
20 reactively sputtered Al,O3 deposition process. A second curve 326 illustrates a
measured rate of insulation breakdown failures for an atomic layer deposition
(ALD) process for AlLO3. For a voltage difference of 7 volts across the 20 M
layer, for example, the failure rate using conventional reactive sputtering
deposition is approximately 100 failures per unit time, while the failure rate
25  using the ALD process is less than 1 per unit time. The ALD process provides
very dense, conformal, low leakage current, high breakdown voltage films in the
regime around 10 nM thickness. The ALD process has low pinhole density, low
| impurity concentration and good step coverage, and can be used without a

presputter etch.



deposition is approximately 100 failures per unit time, while the failure
rate 25 using the ALD process is less than 1 per unit tinme. The ALD 3 0CT 2005
process provides very dense, conformal, |ow | eakage current, high
breakdown VBPOXPRESMi | ns in the regine around 10 nM t hi RB&FESZ0972the ALD
process has | ow pinhole density, low inpurity concentration and good step
coverage, and can be used without a presputter etch. WO 02/ 086871

PCT/ US02/ 09721 -14 FIG 11 illustrates electrical breakdown failure rates
of Y =10 nanoneters thick A1203 layers. FIG 11 includes a vertical axis
340 representing a rate of insulation breakdown failures per unit tine,
and a horizontal axis 342 representing a voltage applied across a

t hi ckness Y = 10 nMof insulation 5 materidal on a curved surface
simul ati ng the shaped surfaces of insulation material 224 in the read

sensors illustrated ahgue ,i.n, FI GS. §-8. first curve 344 jlJustrates a
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deposition is approximately 130 failures per unit time, while the failure rate
using the ALD process is less than 10 per unit time.
In summary, a read/write head (110, 200) comprises a slider substrate
15 (201) and a read shield (209). The read shield includes a bottom magnetic shield
layer (203) on the slider substrate and a shared magnetic shield layer (204) that
is spaced apart from the bottom magnetic shield layer.
The read/write head comprises a write head (211) disposed on the shared
magnetic shield layer. The read/write head also comprises a read sensor (223)
20  disposed between the bottom magnetic shield layer and the shared magnetic
shield layer. The read sensor is spaced apart from the read shield by reader
magnetic gaps (RG1, RG2).
The read/write head also comprises electrically insulating layers (224) on
the read sensor, The electrically insulating layers form a thermal resistance
25  between the read sensor and the read shield.
The read/write head also comprises a thermally conducting nonmagnetic
layer (225, 262) deposited on the read shield in a first one of the reader magnetic
gaps. The thermally conducting nonmagnetic. layer reduces the thermal

resistance without a corresponding reduction in the reader magnetic gaps.



magnetic gaps (R@, R&). The read/wite head also conprises electrically
insulating |layers (224) on the read sensor. The electrically insut3t(C6§ 2005
| ayers forma thermal resistance 25 between the read sensor and the read
shield. TheVPE&M¥lite head al so conprises a thernal |y BOHEIZPIHy
nonmagnetic |ayer (225, 262) deposited on the read shield in a first one

of the reader magnetic gaps. The thermally conducting nonmagnetic, | ayer
reduces the thermal resistance without a correspondi ng reduction in the
reader magnetic gaps. 3 OCT A2005 WO 02/086871 PCT/ US02/09721 -15 It is to
be understood that even though numerous characteristics and advantages of
various enbodi nents of the invention have been set forth in the foregoing
description, together with details of thel®tructure and function of

various enbodi nents of the invention, this disclosure is illustrative

only, and 5 changes myy ié’f‘o @%de&%og%ﬁ Fleben ﬁxﬁﬁe’&ch%éré’us' Jﬂaﬁ?t%rgs?l?]ss o
structure and arrangenment oOf parts Wt i principles of The present
i nvention to the #dvahtagesf eaious eubalithents dfythe inzertion havedremescalfortheiartheng of

the terms in whic ' : r ﬁé?ﬂﬂl t he
particul ar el erren?osrééargl)g (\?;egrﬁ glggtﬁgértl%% %thg#? 1§§6§$§ﬁguwggﬁdapp |lca§t|? on for
the read/ write whiirbusrambodimentngf e isaitionathis disdlgsutehie ilbamative onkyt emhal ity
wi t hout departi,ng C d irit . th re i.hvention. For
exanpl e, addi tlson%l{ahgéapy}en?g [?eo%f%rgr%(r’j}%vdee%gbreh%raﬁ&c% '%%tgeﬁs E’g%éﬁtp‘\éd%i and the
shapes of feat ur esrangemdne of panth/ within ¢hehypeiaciplesinf tharpyesedépenttinng tha flhe needs
of the applicatio i{ t e e | t

descri bed herein g‘{stedéiqrrxggiqée%b?gheaﬂ{c%?%%ﬁlm%gg% 4@?]& gtgrwgr'gb‘gﬁg@ rive 15
system it w || beppapiedelhinms ad chprestioBer exkinpleatie partitiiler ekntents sy viahye

teachi ngs of the [ Ivent | i 0 r iC
systens, |ike tap%&alﬁl\%é? tgevx? %%133? ag@%gt?oﬁ %g%er Igequ/ tee %@%p%’g@%g’? I¥sépi rit of
the present irnve nsubstantiallg ghe same functionality without departing from the scope and spirit

of the present invention. For example, additional layers to improve performance
can be included and the shapes of features in the read/write head can vary
depending on the needs of the application. In addition, although the preferred
embodiment described herein is directed to a thin film head for a hard disc drive
15  system, it will be appreciated by those skilled in the art that the teachings of the
present invention can be applied to other magnetic systems, like tape drives,

without departing from the scope and spirit of the present invention.



WHAT IS CLAIMED 1. A read/wite head conprising: a slider substrate; ,a ~

read shield including a bottom magnetjc shield |ayer on the slider docr 2005
substrate and a shared nagneti c shi e‘I]&'Iayer that is spaced apart fromthe
bottom magnetic shield layer; a wite head di sposed on the shared

magnet i C‘Vﬁ}ifllﬁ,dﬁ@rﬂgf read sensor disposed between the bottom nagnetic
shield | ared magnetic shield layer, the read sensor being
spaced apart fromthe read shield by reader nagnetic gaps; electrically
insulating layers on the read sensor, the electrically insulating |ayers
formi ng t hbr fhread@wite hgatbeonppaisitgén t he read sensor and the read shield; a

thermal |y conducti tic metal |ayer conprising a netal selected
fromthe group of a&%ﬁﬁé@{ﬁ@ﬁ@%ﬁd chromium the netal |ayer being deposited

on the read shi el dread ¢hidld iisdludiiea Bbttdrh enaph@ieshidl@iyet bicthe3RGer t he
thermal |y conducting nonmagnetic |a reduci ng the thernal resistance

| ayer :
without a coPPR@ME #sharedimagness shield lager halds spragd mpait érogmphe; bostath a seed
| ayer bondin . gt er to the read shield, wherein the seed |ayer
is a mxtur eg%%éﬁrgr%?gﬁghiléc ‘uding nmetal matching netal used in the read
shiel d and nmetal rvdeihead dispased oa el sharedheagietiashi¢ldY®yer; 2. The read/ wite
head of Claim1 wherein the electrically insulating |ayers are |ayers of
atom c | ayer depod b senagpdispesed baiwveen by bptiane magaeficoshietd dayer andyther ei n

the electricallygi bad El‘ﬁlgil.dl % &' the %ﬁ YR of beﬂngysﬁcegh%a%hgémathé Rigkness

of 20 nanoneters or 1ess. e read/wite hea whereérn the
el ectri cal | y shicklbyteadey thagnetic gaps} udes a | ayer that has a thickness of 10
nanoneters or less, -17 - .3 %005 5. /A net hod of msinuf,a turi qg, a
read/ wite head gmqagy Rpu afing layers on the read sensor, the electrically insulating
layers forming thermal resistance between the read sensor and the read shield;

a thermally conducting nonmagnetic metal layer comprising a metal
selected from the group of tungsten and chromium, the metal layer being
deposited on the read shield in a first one of the reader magnetic gaps, the
thermally conducting nonmagnetic layer reducing the thermal resistance without a
corresponding reduction in the reader magnetic gaps; and

a seed layer bonding the metal layer to the read shield, wherein the seed
layer is a mixture of metals including metal matching metal used in the read

shield and metal matching metal used in the metal layer.

2. The read/write head of Claim 1 wherein the electrically insulating layers are

layers of atomic layer deposition Al,Os.

3. The read/write head of Claim 2 wherein the electrically insulating layers include a

layer that has a thickness of 20 nanometers or less.

4. The read/write head of Claim 3 wherein the electrically insulating layer includes a

layer that has a thickness of 10 nanometers or less.



Providing a slider substrate; Depositing a bottom nmagnetic shield | ayer on
the slider substrate and depositing a shared magnetic shield | aye~ §H@ET 2005
is spaced apart fromthe bottom magnétic shield |ayer, the bottom

magneti c shield layer and the shared nagnetic shield |layer formng a read
shield; deposjting .a wite head on the shared magnetic shield | ayer;

deposi ti ngg'aAE’é MW“@@EM#TF%WBE&he@%Wtﬁg& shield layer and the

shared magnetic shpglidinaVGidefssRACi Ng the read sensor apart fromthe
read shield by reader ﬁagnetl Cc gaps; depositing electrically insulating

| ayers on the readepesiting a bottemehapnetic dh¢lt Yayet os tHealidexgsubsty¢ and or m ng
thermal resistance bety:ee t he r.ea]cai( Izdﬁ‘nsor and the read _shield;
deposi ting a CRRUINE §Sharge] m3gnetic shieldnjayerqthat 15spaerdyanagy, frpmyibe Mpttosy ned

froma mxt Urxﬁaéﬂ%ti@%i@l'ﬁ%a&é??ih@Cﬂioﬂgm”i‘ﬁﬁ etifRhfeld ?elnﬁltdat e Y84€d hﬁghaﬁ: read

shield and metal matching nmetal used Tn thernmalty conductive nonnmagnetic
met al | ayer; shietfl lagenfoimiggtaread shégldml resi stance wi thout a correspondi ng

reduction in the yeader magneti s by deposj.tin he thermal |y
conduct i ng nonrrag_rﬁ%??séu%zl %teekl‘eﬁéé’ﬂaﬂg%sﬁéi W@%&ﬁ“&?ﬁl&ﬂéaﬁﬁ; a first one of
the reader magnet idep&kitss a @ad[E&%of‘Bétla@% e bbgtéfnrﬁlggnefié' Eﬁi@fﬁrlg A4 kiR NY-

formng the electrically insulating |ayers by a process o omc |ayer
deposi ti on ofshaedgagnetiqishiekdlayeti and spacingrit@, repdrsehsor aparifromithe reddor mi ng

at | east one h lLectrically insulating layers with a thickness of 20
nanonet ers Orsﬁfegisl??regqﬂfﬁ n%r@‘f ﬁ%’&’ of Claim7, further conprising: formng

at | east one of th@pedided éleqatally infgatit lafidts bAYIRS allséiion thélekneas of 3
ocT 2005 -18 insulating layers forming thermal resistance between the read sensor and the read
shield;
depositing a seed layer on the read shield, the seed layer being formed
from a mixture of metals including metal matching metal used in the read shield
and metal matching metal used in thermally conductive nonmagnetic metal layer;
and
reducing the thermal resistance without a corresponding reduction in the
reader magnetic gaps by depositing the thermally conducting nonmagnetic metal

layer on the read shield in a first one of the reader magnetic gaps.

6. The method of Claim 5, further comprising:
forming the electrically insulating layers by a process of atomic layer

deposition of Al,Os.

7. The method of Claim 6, further comprising:
forming at least one of the electrically insulating layers with a thickness of

20 nanometers or less.

8. The method of Claim 7, further comprising:

forming at least one of the electrically insulating layers with a thickness of



10 nanoneters or less. 9. Aread/wite head conprising: a bottom npggeé;ﬁ%ﬁ
shield ayer on a slider substrate and a shared magnetic shield | aye 2003
is spaced apart fromthe bottom magrre]ta'c shield layer, a wite head

di sposed on the shared magnetic shield layer, a read sensor that has read

wi dth and th t0 sgaced s?E);f)gart fromthe read shield by reader nmagnetic

gaps, el ect ri0dBNPICIERRQNISSSi ng | ayers on the read sensor forning thernal

resi stance betvveen the read sensor and the bottom and shared magnetic
shield | ayers; nmeans for reducing the thermal resistance without a
correspondPng‘\reaéd’vrdbihgadd:mnprisimg‘eader magnetic gaps, the neans having a

odd width: ang. ménestRbReegeReldIRusah a gt sobdie i Mystbans for
reduci ng t he midnefieMieldadyes Hfh'ﬂfsesph&dsiibhﬁ |f1‘$rﬂ ﬂ%%ttgﬁ‘l%g%eﬂ& %‘ﬁlb’lﬁ%)féfr qretals
including metal. matching metal used in the read shield and netal matching
met al used i riviitacheaddinposeidoon thecihetedgmagnetienshickdekayer amc&i sensor that has
read width and that is spaced apart from the read shield by reader magnetic gaps,
electrically insulating layers on the read sensor forming thermal resistance
between the read sensor and the bottom and shared magnetic shield layers;
means for reducing the thermal resistance without a corresponding
reduction in the reader magnetic gaps, the means having a layer width that is
parallel to the read width and extends beyond the read width; and
means for forming a seed layer for bonding means for reducing the
thermal resistance to shield layer from a mixture of metals including metal
matching metal used in the read shield and metal matching metal used in the

means for reducing thermal resistance.





