WO 02/ 086871 PCT/ US02/ 09721 NON- MAGNETI C METALLI C LAYER | N A READER GAP
OF A DI SC DRIVE FIELD OF THE I NVENTI ON The present invention rel ates
generally to heads for use in a magnetic 5 storage drive. In partr I@:T 2003
this inventVBA2¥8%74t es to met hods and structures for rRCIASN2HPAYS.
BACKGROUND OF THE I NVENTION A read/ Nrite head in a disc drive typically
i ncludes a magnetoresistive (MR) read sensor that is deposited ~ between
insulating |layers and nmagnetic 1o shield |ayers. The magnetoresistive
read sensor typically includes a magnetoresistor stack, electrical
contacts and one or nore bias magnets that magnetically bias the
magnet or esi stor stack. The nagnetoresistor and el ectrical contacts carry
an electrical bias current. As magnetically stored data on a disc flies
by the nmagnetoresistor, the NON-Ma@GNIDICHMETAMLIGHUNYER es readback pul ses
that have a readback anplituff® AtRIBADER @A ORtSSDISCEDRIVE stored on the

di sc. The readback anplitude is gmwmumagmomonal to the bias
current. The bias curr ] read,s or i mensi ons are chosen
in a way that consi der@e ﬁegs‘g[}relé‘ l%OSf al?'ﬁ%g?%ﬁ?gyg%ﬁ?ﬁqélﬁ" USf B MBERLE for a
hi gh anplitudesr emtbacdmpmnspartncalhxeﬂm insenciouf Fedutds tamRibotLIGR stacthurdd foread
sensor di nensi ons e lef % so chosen in a way that considers the need to
limt heating to pre% Nt danage to the magnetoresistor, The need for a

hi gh anplitude readback pul s&i@hﬁRDh’NBﬁEQHEONR/ENﬂ‘IOPheati ng conflict with

one another and limt h rfo man hat achi eved w
convent i onal mgnetore%%eg /l“gge fegs lé‘h \& t\pnﬁagl) chﬁﬁék"a@gﬂ%rFsc'ﬁ“Bn t he

di sc i ncreases, t(lhﬁi)r eaﬁecnsch metntsuiamuemsénvb& mﬂ&iﬁl&xgcleyeﬁrﬁsl’ﬂpﬁﬁgr&gby
fgﬁu rerarrgzg st Poﬁcr eas es eé%?gn}é\éete ﬂ%gtngtgrgg%f‘le?trfa«gg Sg'%sg{: utg”%lﬁﬂ&‘ d‘é@%@ﬁs.
magneti c read sensagnearsistar sedkheldctodal radccegargiuatz @ merg Hedsi rbagh@adhat sensor
are needed that gy oxk:A.d dPHRAEG:GIPLAR! T on of thermal and
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,



30 electrical characteristics in a read/ rite head usable w th higher
areal densities, -3 20051 WO 02/086871 PCT/US02/09721 -2 SUMMARY (R THECT 2005
| N\VENTI ON Di sclosed is a read/wite head that conprises a slider substrate
and a read WOH¥M¥H! The read shield includes a bottom nBgHE0#721shi el d

| ayer on the slider substrate and a shared nmagnetic shield layer that is
spaced apart fromthe bottom 5 nagnetic shield layer. The read/wite head
conprises a wite head di sposed on the shared nmgnetic shield |ayer. The
read/ wite head al so conprises a read sensor disposed between the bottom
magnetic shield |ayer and the shared magnetic shield |ayer. The read
sensor is spaced apart fromthe read shield by reader 10 magnetic gaps.
The read/wite head al so conprises el ectrfcally insulating |ayers on the
read sensor. The electrically insulating layers forma thermal resistance
between the read sensor and tlm_mwmmwwte head al so
conprises a thernally conductlng nonmagnet ' c er deposited on the
read shield in a firstDigsipsedis ageed/ Writshrad thmgmm!se@ag}a\gssubm andlaesadal | y
conducting nonnagggdd. crhleamrshfeﬁmﬁer%&estmonbm%&g%ué ﬁéél&?] BCn m theyt a
correspondi ng reduction in the reade qnetlc se an vari ous
other features asSuhErafe and aé@ﬁ?ﬁiﬁt‘%é‘@ shiglsk a\@h&ﬁtaﬂpeeqdzeeart frore thertegemt
invention wll 5bemagq1|g@¢rs¢‘md pen reading of the follow ng detailed 20
description and review of the associated draw n BRI EF DESCRI PTI ON OF
THE DRAW NGS FI G | ilibg geadfvaitedead eqnapsisesr 3 wtesg@da@@owvbrc&e faed 2
illustrates a PR'WsﬁélHalé%nﬁﬂé 10 TR L6 SRinlikel g [EATsenRiENSOF

bet ween shield | ayers. 25 FI | ustrates a cross sectl onal side view
of a thin fil m reditpossd; hepveen 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.



head. FIG 4 illustrates an enlarged cross sectional side view of a read
sensor along with a magnetic layer of a disc. 3 T 2005 WO 02/ 086871 - \
PCT/ US02/ 09721 -3 FIG 5 illustrates an enlarged partial cross sect |'031£"‘»~T 2005
front view BP 8871 ead sensor in FIG 4. FIG 6 illustPEHEs28032ien| ar ged
bottom vi ew of the read sensor shown in FIGS. 4-55. 5 FIG 7 illustrates
an enl arged bottomview of a second enbodi nent of a nagnetoresistive read
sensor. FIG 8 illustrates an enlarged bottom view of a third enbodi nent

of a magnetoresistive read sensor. FIG 9 illustrates peak and average
tenperatures in a magnetoresistor as 10 a function of a thickness X of a
thermal |y conducting nonmagnetic layer. FIG 10 illustrates electrical
breakdown failure rates of Y = 20 manonetders thick A1203 | ayers. FIG 11
illustrates electrical breakdown failure rates of Y = nanoneters-thick
A1203 | ayers. 15 DETAI ﬁm; Qel N the
enbodi me%t s descri bed %ﬁgﬁﬁgﬁn%%nbwgﬁgngfﬁ 1M'Erl}{lla:aci’/ wite
head provi des an F%FWG“EMI nation of thermal and electrical
characteristics. One OFIGNBAIRist Q" AiBehlaYoel BOAY biehor galdSnbyal S are

i ncluded in readerg?s'aps around a magnetoresi stive read sensor ese
thermally 20 cond§ g nonnmagneti c | ayers reduce thernal resistance
without a cor gesponding, 7 AjURIAsQR ket BoloRAIBT of PABGH Gt BRRn fagher

| evel s of bias current can be appl |e tot magnet or esi sti1ve sensor

Wi t hout over heat | FgeretrEcsistigrypaksoRsesi stor. The needed | evel of readback

anplitude i S achi eved miGt BQWfstrates an enlarged bottom view of a third embodiment of a

magnetoresistive read sensor,

FIG. 9 illustrates peak and average temperatures in a magnetoresistor as

10 afunction of a thickness X of a thermally conducting nonmagnetic 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



overheating. 25 FIG 1 illustrates an enbodi rent of a disc drive storage
device 100. Disc drive 100 includes a disc pack 126 havi ng storag€. 3 ool 2005
surfaces 106 that are illustratively layers of material (such as naghetic
material orWBP¥¥&%N| y readable material). The di sc pacRCHUS29%d| udes a
stack of multiple discs each accessible by a read/wite assenbly 112 that
includes a read/wite head 110, also called a 0 CT 2005 WO 02/ 086871

PCT/ US02/ 09721 .4. slider. A spindle notor 127 drives rotation of the
discs in disc pack 126 in a direction such as that shown by arrow 107. As
discs are rotated, read/wite assenbly 112 accesses different rotational

| ocati ons on the storage surfaces 106 in disc pack 126. Read/wite
assenbly 112 is actuated for radial noverdnt 5 relative to the disc
surfaces 106, such as in a direction indicated by arrow 122, in order to
access different S s ' Lt1.9ns) e .di,sc _surfaces 106.
Such actuation of gl{dgtg(@ #ﬁeeﬁlggg?n%%ﬁg %L&di&%g 0|fl uéslpc g&?ﬂﬁépﬁfﬂplﬁg\}? ed by a
servo system t hadirdchial sughss ahay shaven b atrowd0Br A¢ UG ark kbtated/adeaitwatwi |  not or

118 includes ar ' [ , 11 SO
illustratively 1%E%bé t%g)’e%gég%\%g;%?eﬁrz?%tﬁﬂ@ iogﬁ%oégf’ t g‘%éagggggf ?I?/r]loﬁ e head
assenbly 112. Di sin dsci pask 1106 Réadiveite assentely \ 12 i herokes] foonsdiabimovemeni try 130
for controllin i f - gl rd [ sferri,gg data in
and out of t e SRRV sy eRr 18! Pl aBo) Richh R LB C0 2 L
140 of a read senwder td46cess differfhtetrackd {os radial ipositions) B Ge discissrfaes 106,

cross-sectional V¢ f I i e flyi over a disc
such as disc surf%‘%ﬁlagtgghnnoz}li—ﬁ%@“@% gs%neb%?ﬁ%glgglgu {Fi!get{svl @tﬂ’?}é%?gga dhsor 146

i ncl udes a nagnetystewi thatoincloded a Yaite @ilumetor PECHAridRt Voieg bat mbaydl8 150 and
el ectrical contac; e et. L.Stor as, .a ,[ e wi.dt.h RW as
indicated in FIG TBQP&E%Q ﬁoe{;}i %:ﬁgﬁllgte ‘35‘?3"%%*25 l’ﬁdzl,s&(i@ﬁ]foal%or e ué‘é%’?ﬁlét ed from
t he magnet or ed? stivgludesan wyn 114dkat supporty theapal write headtasembiydi®n reader gaps. A

non-pl anar shape of t g RYDES( iﬁus?rgé\%iyqnéh?&é?Eon%r%?cilicﬁiu%'rﬁo foF&%rBlligg

operation of disc drive 100 and for transferring data in and out of the disc drive
100.

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



process and design constraints. A bias current | passes through electrical
contacts 152 and magnetoresistor 154. A portion of heat dissipated; IE @FZU%
magnet or esi stor 154 is conducted out of the magnetoresistor 154 thro dﬁ :
25 insul ati WG OMeB§®As 148 to the shield layers 142, 144. POMERRetizre is a
desire to adapt the prior art arrangenent 140 to operate at higher areal

bit densities, the overall size of the arrangenent 140 is reduced to

scal e the arrangenent to work with the higher areal bit density. It is

then apparent that the bias current | needs to be reduced in order to

avoi d overheating WO 02/086871 PCT/ US02/ 09721 -5 the magnetoresistor 154.
After the bias current | is reduced, it is found that the anplitude of

t he readback pulse is proportionally reduSed. In an effort to increase
readback pul se anplitude, the thickness of the insulating |ayers 148 are

reduced to reduce isha tween the net.or esi st 154 and
the 5 shields 142th%%ﬁ%£§r1§%tﬁés eebéfs C&T?ﬂgg.w %@%&t’ﬁf‘c’gg’fr@&%&gﬁ t her mal
resi stance, the bndﬁudpumfrélntreddbMple iserogontishallyo rédusedorli gin neffort| «evel

W t hout causi ng eroresi s \

then found t hat tﬁl\é'%g%(mltd %u € o%mlfqﬁ‘glagtg %‘bk% {fﬁ%g’@%‘“}%ﬁ"fﬁﬁﬁ &rﬁsed as
expect ed because reldeceéhd eldu= théndaal, reﬂlstmcalbetwem/\thb omgndtassstérol St had the
magnet or esi stor, 154 C ively. | di n t oresi stor
154 from nmagnefi ¢ ?lcgglglo ’?{‘@hsﬁ'(% %ﬁ%ﬁYg%k ﬁtﬂ S‘S rq.ﬁiﬁgﬂélrtn?rwgp rekistance,

magnet or esi st or 184, biksn carckadi tli cam, bé tretinmed murid bh@haltleeelredmedadsmgckness
of the insulati ngOV LGS ngt%e has greﬁir%%eggr e%‘?,’wéveﬁe ‘rg tn?{ggrfxd ﬁJat(a&%rl cal |

breakdown due to operari ng il
magnet or esi sti ve saplate of 46 readha:tkm’alee is hotdhaleasdidad exﬁs@t-’bd bexaeseahe shivkismaj or

nodes for electri Kk i 15 i terla

thermal Iy driven. ?ﬁ‘ f]g{?% '?Ogvm?og & tf’ﬁ g‘l@’é 05 lSF ésyﬁgéﬁg%\?ﬁ%‘elho t hus
reach a limt lbeydliﬂiding]thermdgnetobrssmmtlsptfmmtmmbnd wansiions of the tdiseflyingduct i ons
in size by adjustj f ons of
various |ayers in grgrrtén & %{esf%f)lg‘g@aégl}w%t’ lékoéméﬂlﬁ ﬁ'@red?’ﬁg&?ﬁ‘ﬁ?ﬁéd to
have hi gher nagneofdhemstg@yemtl#S)has ah endesieably High mtetqukectuéal bealdiown 20

redesi gn reaches Th eratin ltage limt o
materials used i r]&‘u‘e t!D rgpsrat%'lo \%‘ltag G ORRES B twgen B¢ hidgfetorbsivtive sensorhl%6

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

an arfangement which have areal densities approaching 50 Gb/inch?, 60k tracks

L2
th

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.



insulating layers 148 and the operating tenperature limt of the materials
used in various |layers of magnetoresistor 154 set practical physiﬁ:zﬂ CCT 2005
limts for areal density performance of the design illustrated in FIG 2.
In particulWP928%¥Le physical lints are encountered i nPGHUSE29%2t t o
provi de 25 an arrangenent which have areal densities approaching 50
Go/inch, 60k tracks per inch or 700 kb/inch tracks. In terns of the size
of the reader arrangenent, these physical limts are encountered with

shi el d-to-shield spacing of about 70 nanometers, reader w dths of about
220 nanoneters or stripe height of about 150 nanoneters. F 3 OCT 2005 WO
02/ 086871 PCT/ US02/ 09721 -6 These physical limts are overcone, however,
by arrangenents explained below in connestion with FIGS. 3-11 that

i nclude one or nore thermally conducting nonmagnetic |layers in the reader

gaps. These thermally C ! . non [ [ t her.na|
. resistance without a C@%}gﬁsﬂgéé‘%ﬁﬁggﬁg uc@%ﬁﬁﬁe?%ﬁﬁ#asge%g“rs eﬁpgaﬂn%ti C
gaps. Higher | evebdowfinbioasectar m’ihtFIf_Sén 3h¢ ppintlede boe tohemore thermally
noeded Tevel of Faiaine fbirhHbic ARk 6 il 45 THRE HiT HhBlpiney
Moreover, if probbremagnaticdayencabicd thererdl msistines elithag e chrraspddingneduttian r educed

i nsul ating | ayer, . i ' e r ghl e r by using
atom c | ayer ?0 d’e%gge?ﬁ{g%%'?r%ﬁéglsaﬁ@%%%(l) %éaﬁ {E‘gxﬁ%ﬂ@%ebéayaz)gf_fe%ﬁg &eyB
schematically il | vegreatrestiee gasdrivdthootr ostheatingttho magfetatesisemdTver ndeded head
200 for a disc dri .o read/ weite. head 200 . includes a thin filr

read/ wite head o;e\églr %fnggﬁbégcr a'?\é\f&h ghil'f“i"’ea‘c reé?fg lljté%‘ﬁ At Beglv?eg? on a
substrate 201. A pwmblgms parencophteted with althgabichlaloive afla R00ced $nsblaiidg lafer,om a
substrate 15 201 fk . and .21 illustrated. The
portion of read/ \A}l}lh%émﬁ%égg&%%& ﬁ’g(g’?e?%%%ﬁ?lbﬁs?efl at dgf nusglgo%gmlé’eg\yfron in
FI G 3 is nearlot hdepositiod materiabohghe infulatinp&yeread/ wite head 200 al ong a

?gg;; \‘er i Pgaﬂgageggg.ndi ﬁ&’:'l ?rscﬁe%aﬁl&llgiiﬁusggt@sr ia I?agl'tials yrggs%gceiio% 20% aof:ea Q%te

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



The substrate 201 is preferably formed froman electrically conducting 20
ceramic material, such as a m xture of alum num oxi de (A1203) and tmf%ﬂﬁ
carbide (TiC), sonetines referred as = AITiC'. Silicon and ot her

substrat e neiDo2esa87s can al so be used. A basecoat nateripgtT/ 020978 deposited
on the top of substrate 201. The basecoat material 202 is an electrically
insulating material, typically A1203. The 25 basecoat naterial 202 forns
a bond to the substrate material 201. Silicon dioxide and other known
basecoat nmaterials can also be used. Deposited netallic magnetic |ayers
fromalloys of iron (Fe), nickel (Ni), or cobalt (Co) forma bottom
magnetic shield | ayer 203, shared magnetic shield |ayer 204, top pole 212
and a core 206. Core 206 corrpl etes a witg.nmagnetic r 3 OCT 2005 WO

02/ 086871 PCT/ USQ2/ 09721 -7 circuit through the center of a coil 208 and

through a wite ga 220 a he air € ce 222. .Th re, 206, the
coil 208, the wrif “Bélﬂf%éb&%ﬁﬁ“cfﬁgaé@??b?gﬂsﬁ °H§lb? Wi 788p 3t th te head
2%1 flhsioosed (2)83t h@ng £ urfate mgmxri]&ctoeesdaﬂie@oﬂlzesgeﬂe vA@é gapl 709 afaettl%]e%gnagnetl C
shi e ayer i s .bon on t he of the hasecoat
material 202. Them\ﬁh‘lf‘tPreq@df ofm Aorte e?drs‘u iﬁ gﬁ%geﬁqﬁéa@e& &gl y made
from copper or fra?én.@moma%u&n ﬂla@euebtﬁaar Ify@razlob ¥s boadddumttha\@bsmieadolor
alloy. A coil ins ormed froma cured photoresist.

at or 07 is tég %
Silicon dioxidé aPu™et tdhe bagsaeaimaedpl 202nsul at ors can al so be used. 10 An
addi ti onal deposited elhﬁa»hm@oalleloymﬂns&h@amdagvmyp{efe;?a%@xﬁadelﬁw&g &pace

around bottom magnetic sh 3, and, shar net i s eld | ayer
204. A portion g?r {’%{'S}é?m e‘i"ﬂ“ﬁ%f?@l“@ﬂglnﬁtiPG ‘8’)Aaq°glo‘n Xnds g
between the bottzm K&gﬁl@dﬂnyoﬁ]theﬁ-dn laot@dd pHdtor@ie Jilidn ShididdandB@het i C
shield layer 204 o e nonnq etic, electrically insulating layers
around a nmagnet or “?t@@é‘s‘i%‘o‘isé %’g?‘?é‘éerd 205. Layer 213 is typically made
from A1203 andofornms aadeddgtiohdl deposited electrically insulating layer 213 fills the space

. 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.



t he basecoat |ayer 202. One or nore thermally conductive nonmagnetic
netallic |ayer (shown, for exanple, in enlarged FIGS. 6-8) are al $03 OCT 2005
arranged around the nmagnetoresistive read sensor 205. For clarity,

el ectrical Weauessgtmd contacts, forned from Cu, Au, or oedrusez®ninetal s or
metallic alloys in a conventional manner are not illustrated in FIG 3.
One or nore insulating overcoat or topcoat |ayers 210 are deposited on the
top of all the transducer 214. Overcoat laver 210 is typically also nade
from A1203 or other known dielectrics. Overcoat |ayer 210 is preferably
pl anari zed 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/wi8e head 200 is formed as
illustrated in FIG 3, it is |lapped to precisely shape the air bearing

surface (ABS) 222 thaty fli vel:th netic.nmedia, WO 02/ 086871
oCT] s 05721 -8 Tho Theisaf Senfir s i Bl 3Ny nfiieyef beee it Bo M or
bet ween t he bott omgneteghesld hyeH08ladd klayedrmandicashitld haereld4 nRepdetensor shi el d

| ayer 204. Read sor . 205 includes netor esi sti.ve or gi ant
magnet or esi st i ves)“?%\?ﬁ;w%se%g'g ,e%reéﬁﬁvec(wl%??@%t ’mﬁnft?rﬁflgnfg@@}% e read
sensor 205 is ar raadgebrises hultple lagers. Mhe radsenboe L0Rislayranped dith dbneng nvenmagnet i ¢
sehomt | cal |y | 1 1EPAG GEoing AARgRLe [Fart Peespatte L M ioBaron iy of a
read head 223 as HiG$.ustlrated in FIG 3, and flying above a magnetic |ayer
226 of a disc such as_discs, 126 i) lustrated in FlG 1l In the read head
223, a to bottom nagngﬁ'(s‘:‘ s@m%%&#%@‘@%at% eg pgﬁl&lrcgassr,?ﬁ Wgﬁli‘ée‘%_hi el d
| ayer 204 are plofieeehddradaZhassiilaeraed it AEG. Bead fdmpsaove 0 magtetic payeri de
magnetic shielding.for ..the read segsor 205 . insul.ating | aygr 224
electrically andr}ﬁgﬁﬁéﬂls&ﬁuf@as &gcéﬁagglius%%%d P@ﬁ&’l-ls@hé‘%?r“%g%“?%#n% he
magnet i ¢ shi elods baG@n ni2@detioi shialdniaygpn @03 end & clmekdrmapmaptic dRi8ld 1aRE204 He
magneti c reader aps RGL, R(&Z d-tage t hickness 15, of th &.el%d sensor 205
make up a shiel d%sag%fic hgcks! eﬂgg‘ﬁé?. P ranégf)ovﬁéé"agm ¢ shieidmg for

. the read sensor 205. An insulating layer 224 electrically and magnetically

isolates the read sensor 205 from 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.



al so includes a thermally conductive nonmagnetic |ayer 225 that is
deposited on the shared magnetic shield | ayer 204. The thermally ~ 3 @@? ﬂm5
conductive nonnagnetic |ayer 225 occupies part of the read gap R wth
mat eri al t h&O opgséstonnagneti c, such that the full nagnepcwusigadar gap RGQ
is maintained. The thermally 20 conducti ng non-magnetic |ayer 225,
however, is thermally conductive and thus reduces the thermal resistance
bet ween the reader 205 and the shared nagnetic shield |ayer 204. This
reduced thermal resistance allows nore power to be dissipated in the
reader 205 wi thout overheating. The bias current passing through the
reader 205 can therefore be higher w thout causing overheating. The 25
readback anplitude is increased proportiewal to the bias current and a
desired anplitude of readback pul ses can be achieved maki ng t he
arrangenment operabl e are b densities that be practlc IIy

achieved with the pri gFa ansorar. AR e mgpﬁw,:fiéd sompenenisr 230 05 WO

02/ 086871 PCT/ US43 frona iRkt meaﬁg{euam}eraaeaeﬁxe &E&l@ﬂx@ﬁﬁasﬂm&@&' c field
conponents 230 netl c layer 226 as the

nating from racklnt
track flies past :{txﬁé t A &Yt epsed;t 8“@6?%‘(’;%@ ’&Fmsﬂ?Q %B’ﬁ@!‘? ev¢fiel d

conponents 230 arechteseioh 208/ &r the ﬂﬁ@rﬁ'etlé ﬂa@r&‘sz”%l Eﬁbha?aﬁsxtléh biveisammeeti c | ayer
226. Each transiti n 228h¥;ah gh ng h the dlrectlon of
the magnetizati on ﬁ alfog, which 4 ?Q @F“"?? t er’@%@F o n@ﬁ%ﬁ‘i‘@é?‘*ﬂl #cti on.

Each magnetic fi aéﬁrseommgeg d@ﬁoﬂ Eac&ﬁh{h@@dﬂic ﬂsmlcbm mﬁm iRhdseat t he
magneti c shi el di 2’% gers 203," 204. ‘hl'h ry el dj g ,Eh 03,. 204 shield
the read sensor SHFIRE mpgPatic shislding lasrs 13 704 iolding Rythonent s

f230 Duhrl ng oper azole omcsiueai e $&ddéﬁs¥18205tﬁ’@r§ ga@ﬁaage{@mrﬂzsszt&aﬁ@dﬂl éO away
romthe magnetic | ayer aci n i ncl udes an
air bearing prot &8?’?%"?%@5% %}‘%Pg‘f é&“t‘i"{}’é’ ?‘%15 Eg% mENS SpASEbsi t ed
over the magmet iavay erthe?ﬁﬁgneﬁb Qyérl?zedy la 3pARIFEM3R OThel spacitg0r32Andilled he

magnetic |ayer 226 in the fo netic tr nS|t|ons 228. Each bit is
represented by t HR agtbgaglélﬁ ag)te(c_nl_ye 16¥er any é)lé)tectw ayer that 1s 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.



15 (0) of a transition in the nedia. Wen transitions 230 are sensedg e 2005
external electronic circuitry connected to the read sensor 205 inter rgfg

t he transit\;vﬁlay {}, as one | ogical state (a one (1) for{]‘ﬁgﬁsqﬂ' % and
/09
e a

interprets t sence of a transition 230 at a partic as

anot her logical state (a zero, for exanple). The read sensor 205 produces
readback pul ses that are coupled to the external 20 electronic circuitry.
Various arrangenents of the read sensor 205 and shields 203, 204 with
thermal |y conductive nonmagnetic |ayers are explained in still nore
detail below in connection with FIGS. 5-11. FIG 5 illustrates a
cross-sectional view of the alignnment of a magnetoresistor 23S and its
associ ated el ectrical contacts 242 that arpe part of the 25
magnet or esi stive sensor 205 shown in FIGS 3-4. The view illustrated in

FIG 5is normal to t air, bearin urface 222. FIG 5 illustrates a read
width RWof the mgngﬁﬁré.&!luﬁ%ﬁs a?%éﬁa%ﬁﬁ%%‘it%"‘ﬁw?fPipﬁﬁwﬁéﬁbﬁf thegeads ¢ he

Im’slgnet (2)r2 esi st olr | 23Bsor ng@l?oo&hiiﬁﬁmm-ﬁfll‘}ﬁ reddedenRt gmogq%tuggl}eg%%mmgsn gnetic
ayer 5is illustr ) ofted.ljne. & 5 )

PCT/ US02/ 09721 - 185%?%8 Shoofy ‘P%%&r%fbéé inglydlsg %&&' BEALG S0h $APRYTRS the porti on
251 of the read b&&OMaghd® hidIMAydrR0BlaEPa Wit heaiNBl 17 BdscdASPEhaed3 | S
part of the read/wite - he(j(ﬂ]g ZQg %Bgrﬁm in FlG, %ﬁthat i,,ncl udes a slider
substrate 201 SupPaFeihiuddlaver gt dbePoroghpgnsticibield lavar 203 mathashared a write
head 211 di sposedmaghetic shisid Rbr 304TR¢ BEdckE arfalti fRInfledeld YREr 22 4akehN6pfRE t OM
magnetic shield | ayer, 203?.%%1%%8 shared magnetic shield |ayer 204 are

spaced apart fronf ° HF taken together, conprise a read shield
209. The read sensor 206 réed shsePOGCH digovrennidin thobdHem MagRat kskeighi el d

e 0 N e TGS S o 1. Pl Soc il B 20
R (FIG 4). &l eglacddephrt Storh Mgt shidd DEYBY feaded daphbtit Reps R aKERSOT
provi de el ectrica i | ati on, bet ween t read sensor 205 and the read
shield 209, howengIK,}' @ﬁ@ecmca y msmﬁatmgqayersrﬁ4 on %’le read sensor provide electrical
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



electrically insulating |layers 224 also form an undesired thermnal
resistance between the read sensor 205 and the read shield 209. 13- ThéCT 2005
thermal |y conducti ng nonmagnetic |ayer 225 is deposited on the read
shield 209 VR8st one R& of the reader magnetic gapsr/@d/19721IRG2. The
thermal | y conducting nonmagnetic |ayer 225 reduces the thermal resistance
w t hout a corresponding reduction in the reader nagnetic gaps RGlL, R&. As
illustrated in FIG 6 at lines 266, there is an enhanced heat flow from
the 20 nmagnetoresi stor 238 to the shared magnetic shield | ayer 204 through
the thermally conducting nonmagnetic | ayer 225. By using the thermally
conductive nonmagnetic |ayer 225 to replace a portion of an adjacent

i nsul ating | ayer 224, higher |evels of bims current can be applied to the
magnet or esi stive sensor 205 w thout overheating the 25 nagnetoresi stor

238. The needed | evel ,of readback, anplitude |s,achi eved _w f hout
overheating. In aprﬁpeggdeérapgglggrspg%g%gmq Aiehe Iapsiavface 23adict é‘j‘ﬁber
nﬁ_nrrlagngg igc ITﬁyerpreﬁl%d Qﬁaf%hmsﬁ,s?&hiﬁgfead 1dy3y & delRBiedi it %@t&@e@ehmﬁ he read
shi e . e neta ayer preferably conpri.ses tungsten or chromi um
whi ch have good clﬂﬁ"i”??gi%%x’f Y g5 ?P@SW%@'?@W@Q?Z@ regd sijeldperti es

andf hi ghds mear i ng209e$hesﬂhﬁxr‘sﬁ@ lager is flkrampe%iﬁtujéefoa%m%%gat niafbhﬁhcfsél bieqe ][
preferred arrangenent, t se '‘layer is deposited at the interface
227 between the ‘Pﬁ@*‘rrﬁﬁqa ?bg'fktgor?cfﬂgf er’i]@e“ﬁé[?n%‘@ﬂ@f‘f‘%nqng?@?‘t@%er&?& k%e read
shield 209. The édamples£8dd lagyrahatiisSa Rx@re bedbRel Arofiand th&edfcaiBs adeg t hat
mat ch those used 5 in the Lead shield 09g§§1d t he therpmal I2é4conducti ng

nonmagnet i ¢ | ayer2s#seed lpxsy betwsen g nungsten layer 245 pnd anermpaliay layer 204.ni xt ure of
ni ckel , iron and tungsi efothsd Prf@red 2RhgeMentAths REGtrkcAkShsul@hY RS Brs P2k UNGSt en
[pyer 225 and 2 pet IeLLY | oyer 0% ML TSl B SLS e SLiangerent, he
A1203. As exphai neith BIEISOW0-1 ) elsetiiodl Ghsulating layés dbdobitethusitg theQsIId proRésgct ri cal
Insulating |ayer Shagg qr(r)l}s)rlogfee efélgt;'iga i;[‘lsbl ati&L%rga[cé)o(ivens ?e»liability, allowing ‘thinner |
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,



have inproved el ectrical insulation breakdown reliability, allow pg ~
thinner layers 224 to be used. In one preferred arrangenent, the” 3 CCT 2005
electrically insulating |ayer 224 adjacent the thermally conductive
nonmagnet i cWPAY87225 has a thi ckness of 20 nanonet er SP@USIBE9321 | n

anot her preferred arrangenent, the 15 electrically insulating |ayer 224

adj acent the thermally conductive nonnmagnetic |ayer 225 has a thickness

of 10 nanoneters or less. In applications where problens are encountered

wi th voltage breakdown of a reduced insulating |layer, this voltage

br eakdown probl em can be reduced by using atom c |ayer deposition (ALD)
material in the insulating layer. 20 FIG 7 illustrates an enl arged bottom
view of a second enbodi nent of a nmgnetonesistive read sensor 260 t hat
includes a thermally conducting nonmagnetic |ayer 262 in a read gap, The
arrangenment illustrat | ar

IS 1o the a
illustrated in FIG GﬂQCQHF’S?%ﬁtmleﬁlaﬁFéa%@nf HiEW 9f S éﬁ‘@ q ?"éf?EP 262 is
deposited on the rh@gnwafesmnead @nsohthel ldclhc&,yerthezﬁalyZ&mumhgemgn&lbe shar ed
magnetic shiel d er, 204. _Jh?éustrat ed n Flga %ﬁ nes, 264, there
is an enhanced helﬁ e fip Qepd §?ﬁt FENRE Y ’ésitrg?’ po §dsflﬂ‘éla‘bt9ti]’8m
Taver 262, T3 Cr 008 .05 GBANTL PO LABL D o T e gt €
ayer r-
iliustrates am erﬁg %pﬁ'ﬂieflo‘f’ﬁ q\‘? Raftomy s magnevig rséf 'gnébﬁl #ﬁnﬁn@alsa the
nagnet or esi st: ve ﬁmdg@aawér 12B@ddd_|p_6b¢tEdez€ﬂ1e@h&éﬁ&ﬁ@bﬁc}’shﬁéﬁﬂd}&@bﬂg% G o8
nonmagnetic layer in a read gap. | arrange IlJustrated in is
simlar to the aélpa:}géﬁ‘ghf’ "%I E‘é"t @H‘gl i 'ef‘I“%")gc@p “f ®n FIG 8
t he nonmagneti ¢ | Rymim&datdoae bbthélfR@fbiete 1a9és niwamwmf,ﬁaamwi@ gsdii el d
| ayer 203, and al so f 25 1 s depo he shared

magnetic shield I! HV%(‘P“ZOQQ tﬂ?’ﬁe‘ gﬁt@‘:’hcag‘l’eﬂé‘g?f o8t ﬁ"i‘%éhetraﬁ“il’tﬁrgﬂftg'tn?@ﬁfl ayers
224 is reducegh i rnthé bodon egndtio shnamcl@muda&leomethefﬁrit Rgermaiyregaeting | ayers
225, 262. As illustrated |neF| t@g es 264 %gﬁhaﬁQ%&?ﬂﬁa an
enhanced heat f| FR™PPEIHE 1Y ’F’rﬁ&ﬁeﬁ"gr 7 43 also sagnhap
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



10 the bottom magnetic shield | ayer 203 through the first thermally
conducting nonmagnetic layer 262, and there is also an enhanced hea {;9v9(05,
formthe nagnetoresistor 238 to the shared magnetic shield |ayer 204 :
t hrough t heWOd¥B8! t hermal | y conducting nonmagnetic | a}€FUS2B721F G 9
illustrates a finite el ement analysis of peak and average 15 tenperatures
in a magnetoresistor as a function of a thickness X of a thermally
conducti ng nonnmagnetic |ayer 225 in a head such as the one illustrated in
FIG 6. In FIG 9, the vertical axis 300 represents tenperature in degrees
centigrade and the horizontal axis 302 represents the thickness X in

nanonmeters 20 (nM. A first curve 304 illustrates an average cal cul at ed
tenperature of the magnetoresistor 238 a$3-a function of the thickness X
A second curve 306 illustrates a peak cal culated tenperature of the

t i st 238.,.The.. di nensi ops ed in.the finite .ele t .anal ysis
et o e it o AP B TR bbbl ol bk, R PR ) V555
adj acent the bott edinchi mkdatihgJayend24ais 35 riMhi THerniesdatiog 1a36r 204 adjebent riead
sensor 205 (includin h net or esj st or, 2 ias.m t .240 and
the el ectrical coﬁ?%%?&fﬁ%)rﬁ%gﬁgasaa ﬁﬁ"'&eﬁ%és—s%%f “@gﬁnl\tfatfﬁ%es 'ﬁrg%’ngﬂ?r esi stor
238 has a reader \iedtdt anbly@50lt idVfoamdthat thierrequits el glativedf ink&Ritivahg tlend t he
bi as current i§ 4 .mA. . The therrrﬁél cO ductir]( nonna Qeti c Layer 225 has

ohibe fhe g ASHpeLa]
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a thi ckness X whi Hiva o Shie hermalconduelihe hepRBiat gy L5 Silpreng
02/ 086871 PCT/ USO2¢ B8 Faydr 225 hac athitinabcbntiintieionehaisis aéar theahdrinalreondueyivity
conduct | na 1o TGl k35BS A0h35 I RSB BRI AR Ler 224
thi ckness Y = (35tirMvéthgd mperatariof the immghdiaresistori 238 carebertrtd epwl gboits. 1t i
ound Lhat L ne opbl e S bR b e 255 SDBT0 0n o
the layer 225 inasnbl Aeshoval bcamedBob, the pepk tienaterange naelie redieed tyetonabbut
conduct vy oF 405 AU MRRT el B RS iR atur e R D e
can be reduced upnMo about
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.



16 degrees centigrade by increasing the thickness of l|ayer 225 up to_ahout
20 10 nM As shown by curve 306, the peak tenperature can be reducé‘d3u§ﬁo’2005
about 20 degrees centigrade by increasing the thickness of |ayer 225 up

to about ZOWEIW"WE 10 illustrates el ectrical breakdowPCHESPINA rates of

Y = 20 nanoneters thick A1203 layers. FIG 10 includes a vertical axis

320 representing 15 a rate of insulation breakdown failures per unit tine,
and a horizontal axis 322 representing a voltage applied across a

thickness Y = 20 nMof insulation material on a curved surface sinulating

t he shaped surfaces of insulation material 224 in the read sensors

illustrated above in FIGS. 6-8. Afirst curve 324 illustrates a neasured
rate of insulation breakdown failures forl4d conventional 20 reactively
sputtered A1203 deposition process. A second curve 326 illustrates a

measured rate of insulakiqn eakdown fajl,ures for..an atom ayer
deposition (ALD) proc@ Sqﬁoﬁfu%?,g@%qal é)rg}g?qvgngéaﬂgqer f%?seﬂge}} o%/elj? vol ts
across the 20 nl vhanomatgmrhick ALOSkeIDIFEG, MHechidas & uerdeal atie3403epiesenting
conventional reactiyve sputtering ,depasition is.approximately 100.fail ures
per uni t time, wht P PHBHAER SREoRE dnbecs rdl iy e o DR PORALE B2 o
than 1 per unit tteprseniihe aAloRager gplisi aqoss\d thivknesy &f v tieaSeof mewdtiamal , | ow
| eakage current, high breakdown voltage fi.l in the reqime around 10 nM
b cknese. | Thes ALBeEPelcEE 3 SN, et Huleling;Birs et s s bighsn
concentrati on andmgefisl 234 RthcRedsagHes illashdted aovb tn FISSM6-84 A fintiturae 344
presputter etch. 02/ 086871 PCT/ US02/ Q9721 -14 Fl, illustrates

el ectrical br eakdg@ﬁtt“‘%eﬁial ’H?aéurfegfaéeso Jpsulgtion %fgakq}fgﬂgwgregrlér # RIYRREY 3

| ayers. FIG 11 i reattiveleput@ritvgeAl,Og déposixors proddls. e pecost alrvaBpié illustratee aof

i nsul ati on breakdown f

i_lures per ynit . ti and a hori.zontal axis 342
representing a Vo{“P?{j‘égéﬂﬁPF@&‘BQPPBD&'&%%nF@ﬂﬁSeg% a’?{““%‘“ﬁ)f‘)‘ﬁ‘f\% cigposﬁwgul ation
5 material onia c(Ahcreudssifacal,04. Fol avoltage tififereadeagfedvolbts aérass elee ¥ nM
insulation materjal 224 in ghq r ald sensor.s illustra#ed above_ in FIGS.
6-8. A first ourviEgniT pimgls T gaé WE TS STPe SOPEPOnay TR FPTaHe

br eakdown f ai | ur edepbsitionaiscapprorindatetyn &30 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.



reactive sputtering A1203 deposition process. A second curve 346
illustrates a neasured rate of insulation breakdown failures for a3 CCT 2005
atom c | ayer def))ositi on 10 (ALD) process for A1203. For a voltage

di fference BP %8t s across the 10 nM layer, for exanPFBUSOEPEIK aj | ure
rate using conventional reactive sputtering deposition is approxinmately
130 failures per unit tine, while the failure rate wusing the ALD process
is less than 10 per unit tine. In summary, a read/wite head (110, 200)
conprises a slider substrate 1s (201) and a read shield (209). The read
shield includes a bottom nmagnetic shield Ilayer (203) on the slider
substrate and a shared nmagnetic shield |layer (204) that is spaced apart
fromthe bottom nmagnetic shield | ayer. Th¥-read/wite head conprises a
wite head (211) disposed on the shared magnetic shield |ayer. The

read/ wite head al so gprpr| 0 [ ween
the bottom nagnetic shI:I-)tlarq)EfJ ?i)%%réoﬁgq?%goéhg?é@zﬁ%ﬁeﬁégi %@ﬁ?@ﬁ%gs P’gyer. The
read sensor is spadventagesaf tvafiqus smbidireentseafthe iniveritidn hyverteanleet forthrigniat i ¢ gaps
(RA@, R&). The r [ ' Lcal ' | ati ng
| ayers (224) on @?%ﬁ%a%%%ﬁ@grééﬁﬁéQ@%ﬁ@?%ﬁﬁ‘%gﬁg’?ﬁgﬁlnﬂél@ﬁ?%hygés form
a thermal resistanseus 26bdbneenf thhdnvesid, thindisnlosareds ilhstrativadniyheml d. The

read/ wite head al,so conprise t.her mal | ti 1 | ayer
(525, '262) depds 4G ket il S, Sy 16, Wi 3F BREcfo.
magnetic gaps. Thengémenwf pyriscwitidu diei prigeiplen ofithe grésent ihay@m togblkibdls t he
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only, and 5 changgsy IR ReinVBMEs Fr 8k adaRSRRHyRls Y inhfloVTBbitGiang'

structure and
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.



arrangenment of parts within the principles of the present inventi on,\tl\%I bﬁ
full extent indicated by the broad general neaning of the terns int W& 2005
the appended cl ains are expressed. For exanple, the particular el enents

may vary depending on the particular application for the read/ wite while

mai nt ai rwqu bst, jally the same functionality w thout departing from

t he scope-a-nﬂ—%m the present invention. For exanple, additional

| ayers to i nprove performance can be included and the shapes of features
inthe read/ wite head can vary depending on the needs of the

appl i cati ok. A readerriteihead caamprisnggh the preferred enbodi nent descri bed

herein is directed &: in.filmhead for a hard disc drive 15 system it

wi |l be appreciat ceadgthgf/lastuﬁg%{eae’ski lled in the art that the teachings of the

present invention axead $ifeldpiviludifl & Botedrh Giagh@@ il 1a5¥SHEIRE slilldrke t ape
drives, wthout departing fromthe scog; and spirit of the present

i nvention. - SBbSAAigTands ghargdympenetic ghiedchlayon theteis speaed @pam fiiom the:bottans| i der
substrate; a - Shi: l.ncl uding a bottom magnetic shield | ayer on the
sl i der substllﬁ%[%gtlgglﬁdagqa ﬁg’r ed magnetic shield layer that is spaced apart
fromthe bottom ragritethead dispesed oh alyeshared magnetic $ineld 1gliegposed on the
shared nmagnetic shi eléi | ayer; a read sensor disposed between the bottom
magnetic shield | &/%&~d 86140t fispossd hewieendhsbetian smgaetis shisid dayer gad thead
sensor bei ng sRHRE GhABAC ShibfdORYd thel | as{;%pﬁr@q I€agdaps;
electrically si nsul atgfﬁng I alye?lgyoh th%ﬁ?ggr%%ggkfég%a{%e electr i”tgglr?%/dg

i nsul ating Ishigbl by feaderimagnetiegamgl resi st ance between the read sensor and

the read shield; a,thermally. conqucting_ non netic tal | ayer conprising
a netal selected c}ch}ﬁaﬁﬁén }%‘&ﬁqﬁferﬁ?}gaﬁ% 0T rcalbasH#ing | ayer

bei ng deposiliyes Rpmidpané et realitRbbdtWedn file'rSdd &H@orggdh{éereﬁc? f; magnetic
gaps, the thermally conducting nonmagnetic layer reducing the thernal
resi stance wit houta thermally eopdunting gnorenhgoeticometal tayer cempesingsamadtalc gaps;
and

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.



a seed |l ayer bonding the netal layer to the read shield, wherein the seed
| ayer is a mxture of nmetals including metal matching netal used im 3HECT 2009
read shield and netal matching nmetall/used in the netal |ayer. 2. The
read/ wite head of Claim1l wherein the electrically insulating |ayers are
| ayers of atom c |ayer deposition Al1203 3. The read/wite head of Claim?2
wher ei n thg' é{ng@fl’rq%églm@“ Jqing @ 1yl WEtechead, GomIDE§ga | ayer that has a

t hi ckness of 20 ngs 8'as1iQEr dubSifate;r. The read/write head of Claim3
wherein the electrically insulating |ayer includes a |ayer that has a

t hi ckness of 10 ndbapositieg a bottomasagnetid shield Jayedn tHeQ%idér. substraed atl of

manuf acturing, a read/ wite head, conprijsing: . Providing sl i der

substrat e; Dg‘ﬁB%ﬁ"fl?gr@%arﬁgtWW%éWgﬁi f@y%rh'%éq i spagee apsit &ﬂ@ e jhetipm
substrate andnagieRoshitldNdycé, SR VoM BasREE shidfd Blét A | ced
apart fromthe %ottor% rra}gljn’eti coshfnel gé}[%alyer, tﬁg bé@ttgéns%g gétgﬁl eld
| ayer and t hehichhlager forgmgtairead shild)l d | ayer formng a read shield;
depositing a wite, head on the shared etic shield. |ayer; depositing a
read sensor bet m&?P?%%n%%Wﬁ&iﬁ%a@H&q@B "E‘I‘gﬂ‘e?‘%l%?ﬂé%’the shar ed
magnetic shiel d | aBosid@ida fRAGMGr biieb Pl bOROMInageAt shiblaadraRd figad
shiel d by reader nmagnetic gﬁfs; depositing electrically insulating |ayers
on the read sharedrmagngtic shigld lyemnd spaoirgthet fead sensperapart drom rthe tréask nal

resi stance b n. 1 he read sensor and the read shield; depositing a seed
| ayer on the%b}ggd %ﬁeﬁgﬁrd,gaa%nﬁéc sy | ayer being fornmed froma m xture of

netal s includi ng r@paditingpélehtiodlymsahtingsiagers 6n itieread 8éhsshitied electabsllyTet al
mat ching metal used in thermally conductive nonmagnetic netal |ayer; and
reduci ng t he inywating|layess fosmingcthenmal mesigtange bewress shmisad genseriand theeddn t he
r eader rragnets'hl%lcgaps by depositing the thermally conducting nonmagnetic
net al ’

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



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

The nmethod of Caimb5, further conprising: formng the electrically 3 Gm 2005
insulating |ayers by a process of atolit | ayer deposition of A1203 7. The
nmet hod of Claim6, further conprising: form ng at | east one of the
electrically jnsulatjng layers with a thickness of 20 nanoneters or |ess.

8. The net hoddn @nﬁfeﬁﬁg urther conprising: formng at |east one of the
electrically insulating Iayers with a thickness of 3 T 2005 -18 10
nanoneters or less. 9. Aread/wite head conprising: a bottom nmagnetic

shiel d | ay8r Aread/viitehead camyrising:e and a shared nmagnetic shield |ayer that

is spaced apart from.the bot netic i,eld te head

di sposed on the sHal? ét(?nh@@mlfghlgﬁgléﬁfqnffgp“%‘b?t %la%?'lglt?reci hat has read
width and t hahadngtié E&ﬁ&lﬂ%ﬁ?ﬂ{att 1sf§i)969dtéi’»ﬁnrﬁ%?rgth%moﬁbﬂ hYenkRAGREIdTRRRS] | C
gaps, electricall y i nsulati ngIlg ayers on the read sensor form ng thermal

resi stance Duttgdead disposedaen thersharedanagnetie shiold layerandeah sensdr thaghM| c

hield | d th t t hout
cor r espond ngeed BREE b foef i Pieehpattdrorh e 55Ty Todee MagfE e ng o
llayer width tetridafly pedlatihgllajeds tone tHee dshdWdHisbr FaichifX ol bl@yigl@ﬂcé he

read wi dth; and neans for formng a seed | ayer for bondi ng neans
reduci ng t he beprrsn hg read sensprad @botsom@n@shaésﬁbmangwbzemlam,e of rret al's

i ncl udi ng net al ’H?éa%*s" 19 f@ﬁﬁ&l‘n ut?lgdtheﬁﬁélh?es s?a%gSI s t§$ug gncgorrrcre%&ldmg At chi ng

nmetal used in the nmeans for reducin erma
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.





