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(57) Abstract: A magnetic recording head (105) includes a zero throat (120) formed on a bottom pole layer (1 10) and a dielectric
tayer (130) formed over a portion of the bottom pole layer and over a portion of the zero throat. A bottom pole extension (140). a
gap layer (150). and a top pole extension (160) are plated in a pole tip region (114) of the recording head so that the dielectric tayer
separates the plated layers in the pole tip region from the zero throat. The dielectric layer prevents the hotlom pole extension and
gap layer from plating over the zero throat. and reduces the magnetic flux leakage between a bottom pole extension and a top pole
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This application clains the benefit of provi si onal application No. NO

60/ 209,014 filed on June 1, 2000, entitled "Sel f-Aligned Selecti VZ 2 NOV 2004
Multiple La ayer Plating Process.” 5 TECHNI CAL FI ELD This invention rel ates
to i nproved 91%(?@? c recording heads. Mre particul arl yPCT/EW#18 ent i on
relates to magnetic recording heads with a dielectric layer, and to
nmethods for utilizing this layer to reduce magnet i c qux | eakage :n thed
recordi ng head. 1 ARKGRAIND ~ NVRGRE =¥ onmonl y use
to recorg dat a 'n R 0 tm‘c oA L), gEéorrputer har d

drive. A conputer E}? drlve uses at least one disc coated wth magnetic
material and a recor D ABRPEIGATION®f the disc. The

surface of the rmﬁyaﬁpma&ﬁaﬂﬁ BRterdest o‘fllbﬁﬁ&si’dﬁﬁl' a?ablhaén @'6b/§§9 019 dike
surface of 15 i’-‘“%? 28§C IS as an air bearing ace he recordi ng

head has a pH %8&?‘“’6 “S'ﬂﬁﬁh@ed Relestime %ﬂt'@letwer;fé%ﬁ@gamsa”bot t om pol e,
that aresmade of a magnetic material. The poles are separated by a
nonmagnetic gap layer in a region near the air bearing surface known as
the pole tip region. The recordi ng HEHNIGA BHD at | east one i nductive

coil that gener AthasnveRdsrelates fol ilprov el ﬁégﬂghctr%r&lﬁ’é’h&@ Mﬁ@?art%éﬁgaﬂgm tom

pole. A magnetic fjeld.is 20 fornmed across the g | ayer

bearing sur f 58 EVPHIoR LLesfo ragnstic epeprdias frads witha B’G}GFWG)FFY@’F andiiemgthedset i ¢ 1 ux
gener at ed by fok tilizindbis lay¥@o €sdiide rhagnéc 18R 1h k=30 fithé fe8ldinP Baneen the top and
bottom poles in a region outside the pole tip region. The | eakage of
magnetic flux in the recording head inpacts the nagnetic field at the air
beari ngl&urface, and may degrade BA@KG&G[MMnce of the recordi ng head.
25 A cross-secti ony net rrecor di head 3 is
shown in FIG 1. ee%ggér%cgﬁrﬁ}l?eg%sa ecr%g]?:né’gp il Hg déﬁﬁé% ama %’8{?‘?% pol e

| ayer 10 aof sloragegnesivng suqlmselcompqterﬁmdldnm ﬁpmmmtdrhgrddfmaxsw;easmml e |ayer
(ot ehown | SopReR§RR ek Segg Bahil and kGl hodd ol BAREY S1E B BirbiEoL i riown as
a shared pol te figy e¥he 5orfact of the sagdreling head ¢hait Isdubstantmlquallsl t@fhe mirfabm 30
recordi ng hegd 3. 15@%%?%%%§ Gur PR, efhe%coﬁ{ng 161 09 Hnglrn?)f%gxlm%ldgayer 10, a

zero throat 20.
poles, known as a top pole and a bottom pole, that are made of a magnetic material. The

poles are separated by a nonmagnetic gap layer in a region near the air bearing surface
known as the pole tip region. The recording head includes at least one inductive coil that
generates magnetic flux through the top pole and the bottom pole. A magnetic field is

20 formed across the gap layer at the air bearing surface to record data to the disc.

A portidn of the magnetic flux generated by the inductive coil is often transmitted
between the top and bottom poles in a region outside the pole tip region. The leakage of
magnetic flux in the recording head impacts the magnetic field at the air bearing surface,
and may degrade the performance of the recording head.

25 A cross-sectional view of a conventional magnetic recording head 3 is shown in
FIG. 1. The conventional recording head 3 has a bottom pole layer 10 of a magnetic
material, such as permalloy. The bottom pole layer 10 may serve as a magnetic shield
layer for a magnetoresistive sensor (not shown in FIG.1), in which case the bottom pole
layer 10 is known as a shared pole layer 10. To insulate the inductive coils 26 of the

30 recording head 3 from the magnetic material of the bottom pole layer 10, a zero throat 20
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Referring to FIG. 2, to make the magnetic recording head 3 of FIG. 1, an optional

20 seed layer 12 may be deposited over an exposed region 11 of the bottom pole layer 10
that is not overlain by the zero throat 20, as well as over a surface 21 of the zero throat 20.
The seed layer 12 is a thin layer of magnetic material that provides a base for plating
additional layers. After the seed layer 12 is deposited, the bottom pole extension 40, the
gap layer 50 and the top pole layer 60 are electroplated in a pole tip region 14, as well as

25 over the region 23 of the zero throat 20. Subsequently, the gap layer 50 is plated over the
bottom pole extension 40, and the top pole extension 60 is plated over the gap layer 50.
After the top pole layer 70 is deposited (FIG. 1), a lapping process may be used to form
the air bearing surface 80 of the recording head 3.
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leakage of the magnetic recording head.

In a second embodiment, the invention is a magnetic recording head including a
20 zero throat formed over a region of a bottom pole layer, a bottom pole extension, a top
pole extension, and a means for reducing overlapping area between the bottom pole
extension and the top pole extension over the zero throat.
In a third embodiment, the invention is a method of manufacturing a magnetic
recording head including forming a zero throat on a bottom pole layer; forming a
25 dielectric layer over a portion of the bottom pole layer and over a portion of the zero
throat; and plating a first layer on the bottom pole layer to in a pole tip region. The
dielectric layer separates the first layer in the pole tip region from the zero throat.
In a fourth embodiment, the invention is a method for selective multi-layer plating
including depositing a dielectric material over aregion of a seed layer, masking a pattern

30 over the seed layer and the dielectric material, plating at least one plated layer in the seed
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DESCRIPTION OF DRAWINGS

FIG. 1 is a cross-sectional view of a conventional magnetic recording head.

FIG. 2 is a cross-sectional view of the zero throat from the conventional magnetic
recording head of FIG. 1.

20 FIGS. 3A-E are cross-sectional views of a process for manufacturing the magnetic

recording head of the invention.

FIG. 4 is a cross-sectional view of the zero throat of a magnetic recording of the
invention.

FIG. 5 is a cross-sectional view of the magnetic recording head of FIG. 4.

25 Like reference symbols in the various drawings indicate like elements.

DETAILED DESCRIPTION
FIGS. 3A-E illustrate a process for manufacturing a portion of a recording head
105 of the invention. Referring to FIG. 3A, a zero throat 120 is formed on a selected
portion 115 of a bottom pole layer 110. An optional seed layer 112 may be then deposited



DETAI LED DESCRI PTION FIGS. 3A-E illustrate a process for manufacturing a
portion of a recording head 105 of the invention. Referring to FIZEIZ ROV 2004
zero throat i.s. formed on a selected portion 115 of a bottom pol e

| ayer 110. ‘,Xg?%gf)lltz?sonal seed | ayer 112 maybe then deposi PetdUS$YN® 72004 WO
01/93268 PCT/ US01/ 17827 over the exposed surfaces 111 and 121 of the _
bottom pole layer 110 and the zero throat 120, respectively. As shown in

FIG 3B, a dielectric lLayer i h eposited on the seed | ayer 112
over the bot tog"reﬁec%%?xgoslegﬁ‘éfacfjllg?ﬁ?@zﬁ I‘?gﬁl‘ﬁg‘?@q eg erl]éb?nﬁﬂ‘eﬁﬁrf’t@r of the
di el ectric 5 12@yespecti3€élyi s t hen renoved to expose a region lég of tBe segd
| ayer 112 in a polye tip.reg 4. . The dielectric |ayer 1 ma e nmade
ofyany diel ectri CA?r%]}OgEli%ﬁﬁ'%Ef%‘ii%lf’%n%lia@rziqlf‘&f“dmfl ogthe sesddav§lie, for
exanpl e, et dll2 ower edottons holatyer 100rhmithe @xd H@at( 1302 APprtidh olﬁh&ielectﬂihed
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regi on 113, gg%e%aal S:?Ib%%luge’l tgrg,eéclamgig&etgﬁaf&g‘s oo Bﬂ%ﬂ‘@&%ﬁ%@@%ﬁé@r e
subsequent | y Thedictedtriolager 130 enalp bt tieposifed b anyesheehtisralmdahd andbliksefhiiyom pol e
oret or abl y  ppat 8RS GUGL 1 o e IR er e 0B B Fred ol o 80l 7 Vi ch
15 t he siodewdhydsoflypric)ietshing progesss are al igned with an appropriately shaped
Dero throat 1aotrine pHGRs ERoddipdl BALER | Bl P SR et i ah 850, ana
tﬂe top pole %P(iaﬁﬂsiﬁ@mld@@quplemﬂenqhindtf@mmﬁ_hgequhﬁlyl ﬁa&idrpvbh:lhgbdétoﬂazliggedue \/\,}1 ioch
t he presence 3 i [ [ e die i :

act spas an acfgtlfe?gll%ﬁlgﬁ' %@i"%ﬁ%ﬁg%ﬁgﬁwﬁg?’lﬂ&%apgaé’ re@@i Vgﬁfzﬂt‘?ﬁlﬁoieg of the
bot t om pol e 28tersiancléd axgrpreferahly pla@dgsingféa!fﬁaﬁﬁribﬂﬁeleuﬁd? ﬂlhmgtmplt;sgmi @hifeh(t ensi on
160 in the p -1l ' 4 0, e zero [ 0. Referring
to FIG lg D, géetesé&re%s;&t%ggaﬁ se”%x!@%%mml%ﬁm%&p}y gfage pg‘\?@Fes'fWéﬁﬁgfp | ayer
150, the por tAlthaughfthe thotorkisist mattemingay Inatcever H@zetotimbati120,rtld botta poled by t he

top pol e ext %Qt%f? oh 14& ngd t{hﬁ g%)gg%)l[ g%), 51% tﬁ‘?(t&s) ﬁcﬁe %{tésngiroL 166 dollgo%plgt]; oitltg(?hes eed

| ayer 112 over e zero
zero throat 120 due to the presence of the dielectric layer 130. The dielectric layer 130,

which acts as an additional masking element, allows selective plating of the bottom pole

o]

20 extension 140, the gap layer 150 and the top pole extension 160 in the pole tip region 114
away from the zero throat 120.

Referring to FIG. 3D, after the top pole extension 160 is plated over the gap layer
150, the portion of the dielectric layer 130 that is not covered by the top pole extension
160 is removed to expose a surface 124 of the seed layer 112 over the zero throat 120.

25 The portion of the dielectric layer 130 that is removed to expose the surface 124 may be
removed using an etching process without the need to apply an etch mask since the
portion of the dielectric layer 130 that remains is already masked by the top pole
extension 160.

Referring to FIG. 3E, using the previously mentioned photoresist pattern, a top

30 pole layer 170 is plated over the top pole extension 160 and the exposed surface 124 of

the seed layer 112 that overlies the zero throat 120. After the top pole layer 170 is formed
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pol e tip regiappliction, laﬂdaetlagﬂi&ﬂﬁuékhés@atth&ﬁyéa% %ﬂld%@‘é‘élé‘c‘?é& tdi fdvge flux

IossesmthefluFIeatEerelonll nbodi nment of the

i nventi on t h&OURL PEweem the feysre f40s & @’éﬁﬁ? H‘t@%l’otlen'é’ rf&‘P’é)”c"rﬁnéﬂleZEO tredm t he

bott om pwl e @20 &dhedebykddice fidElogaPin kiR 1chidye Aspibnt1N6. TR, iR@iE €xtension

160 so that th bot t ol e, exter |on 140 _and t he p Iayer 150 are not
plated in th@mg?qi © tgg%s%re?t@al %‘fﬁ layspl %Qé?@“}t?sﬁ%z&matt mike 4-5,

the top pol e bbissnepold Slerivh @ 0] SheQ@df Taydr 80 briRhdX8p Bole extension 160 so that the
bottom pole extension 140 and the gap layer 150 are not plated in the flux leakage region
116.

20 Referring again to FIGS. 4-5, the top pole layer 170 extends over the top pole
extension 160 and the insulator layer 127, and an encapsulation layer 190 may be formed
over the top pole layer 170. Since the dielectric layer 130 reduces the overlapping area
between the bottom pole extension 140 and the top pole extension 160 over the zero
throat 120, the magnetic flux leakage in the magnetic recording head 5 may be

25 minimized.

A number of embodiments of the invention have been described. Nevertheless, it
will be understood that various modifications may be made without departing from the
spirit and scope of the invention.

For example, a portion of the dielectric layer 130 may be removed to expose a

30 surface 124 of the seed layer 112 after the gap layer 150 is plated, instead of after the top
pole extension 160 is plated (FIG. 3D). In this embodiment, the bottom pole extension



extension 160 and the insulator |ayer 127, and an encapsul ation | ayer 190
may be formed over the top pole layer 170. Since the dielectric | Qa\iﬂ\l%ﬂl'
reduces thew?%? ngsopi ng area between the bottom pol e extension 140 and

the top pol € exteéension 160 over the zero throat 120, tReVH¥YMBI ¢ f1 ux

| eakage in the magnetic recording head 5 may be 25 m nim zed. A nunber of
enbodi nents of the invention have been described. Nevertheless, it wll

be under st oo i : i £ i ans..may he i t hout .departi ng
From the.  apif ERied Bl ie S0 S8 RUF nERko BEodli e BUCCBPREL OF (e
di el ectric | d§@butitbere theyoriply externsietmsynot kpusessay. 38 e tite paeon b2theof t he seed

layer 112 af tyef | te ,nst ead . of ter .the top
pol e extension °f%_gq?’§9%f%’@e<’§& t(OIJE%%Sé %?‘lrglceng%‘lhﬁlg §°@r%%d‘fyﬁ’é 0 maybe hot t om
pol e ext ensi dteg directlyNmes thOS 1ARE) 150/288126 BxpoesT/shifika | I/ e sbéDlagend1Z he gap
| ayer 15Q ar g, .$6RAEAR rLt zero throat 120 by the dielectric |ayer
130, but there the t%}gqu%lt%%etxl?(gnsi on may not be necessary. After the

portion of the dTkd ddeqtticlayenyey bé empleyed veaimesiing)cleosst it by ssloctfivace 124, the

top pole lay 1 : |Fe .qver the.gap |l ayer 150 and the
exposed surf g‘}f:“é%g‘f‘& Ig% m?ﬁrém%gé?c? ??’é“%{é’ r iﬁl%yd@ecgﬁa{?at%‘?gﬂs ﬁ?pé’§1¥et%r?¥erfer o throat
120. The di elsessifiefl gegiompé e layerya prtternrmply by evisked overtiedkyiengndahedisladtrid N any

sel ective ' y e.lf the dielectric
materi al | smé%%%lg' ?% é?(s)ﬁ\yggﬂaagglsagée%%s’?’gge& gléﬁdgﬁ%g%igyaet ?yaﬂ?@f’?m%g‘ﬁat tern may
be masked ovéfelectsie matgyial todormh anietehedi didlestricraren; andmiating aver thatplateddsyter ide pl at ed
|l ayer may be glepfsd disdcRbatbpe | ayer by removing the 10 dielectric material
to forman etched dielectric area; and plating over the plated | ayer and

the etched di el ecfpdordingly gtheygmbodivhents arg withinttke scepetod thiefeltowdngaiaimsi t hi n t he
scope of the following clains. 7 2 2 NOV 2004 WHAT IS CLAIMED IS: 1. A
magneti c recordi ng head conprising a zero throat fornmed over a region of a



bottom pol e | ayer and spaced froman air bearing surface, a pole ?i z NOV
region 5 ternmnating on one edge on said air bearing surface on a 2004
second edge near said zero throat conprising a bottom pol e extension and
a.gap layer, and a dielectric |ayer spaced fromsaid air bearing surface

t hat sem&ﬂ g roat fromthe bottom pole extension and gap

| ayer, ere?zsttfkgAlé\?ie‘:befg%ri c layer reduces the nmagnetic fl ug I ]tcaakiage of
the magnetic fecording head. 10 2. The nmagnetic recordi ng head of claim1,
furt hegJ orrpr‘% ﬂq’g&e%];?eﬁﬁmﬁl?ﬂ head, squprisgg a%@a’t@&)% edrRegagesiaped such
that the gap JoHOEY Pole laxsrnend, spaced denm gvh gblbearing setageor palel tiheegiasp pol e
ext efsi on. 15erRINAtNg qreefiteadice op saidrair hegring suifase ovlaniarsegonddge aear salte

di el ectric | &gt threatfcompeiging aviznttom pale textensioh ahdhe gaprlayerhamisd divtecatc t 0
reduce over | dpysir spaceddeonb sdidearbenting sinfdce ahatpeparatex thengik® threndrdrh ehd Op

pol e ext ensi dmwttowrepolt hexteheion 4rfdr gt layér, wikgeinale Qidlécti® tayesirpdicheat of

claim 1, whenmighetibflutleakegt dfithe maygkicrécor@alghafd. a 20 material sel ected
fromot he group consisting of netal oxides and cured photoresist. 5. The

The magnetic i%e%(gi% | aqug e@%@d aogr g{:aiimatl, f%ai)t ir?gr JSO%WF%q H’gf OO, po eayer
between the Zero thr g{ SRECEREH 8 ect ric | ayer. 30 7. A nmgnetic
recqr.di he conprising: . a _bottompole |ayer; a zero throat formed over
a filPst Fegi gﬂwdﬁ%}?&c Betording e of slasp -2, avkgés‘pn Ithey dielegirigplgyerds darmpade
bot t om pol e 194gEP ROgiEnel Hg Zez0 dirantl Sp 2snipyredpeconyerlappingrasea betwaen the an air
beari ng sur f dotomaede extensidneandrthe toppplerexitensioatavethe keroghyoat. ayer from t he
zero throat. 35 8. The nagnetic recording head of claim7, further
conpri sidag a Thepmaietic esxcbrtisg hend df ayebin 1divepeese theali€lectiib taygRis thadsast aand
sepanat ed fr anatétie seleced Floromt gh)ﬁlptcbﬁsistﬂigeﬁf@ﬁétéllcﬁ(id&)iﬁd c®eé Bhétbakist. he gap
| ayer is between the bottom pole [ayer and the top pole extension |ayer.

5. The magnetic recording head of claim 4, wherein the dielectric layer is a metal

oxide selected from the group consisting OF A1,0; and Si0;.

-

25 6. The magnetic recording head of claim 1, further comprising a seed layer between
the zero throat and the dielectric layer.

7. A magnetic recording head comprising:
a bottom pole layer;
30 a zero throat formed over a first region of the bottom pole layer;
a gap layer disposed on the bottom pole layer extending laterally away
from the zero throat to an air bearing surface; and
a dielectric layer isolating the gap layer from the zero throat.

35 8. The magnetic recording head of claim 7, further comprising a top pole extension
layer disposed over the gap layer and separated from the zero throat by the
dielectric layer such that the gap layer is between the bottom pole layer and the
top pole extension layer.

40 O. The magnetic recording head of claim 7, wherein the dielectric layer is spaced
from the air bearing surface.

10.  The magnetic recording head of claim 7, wherein the dielectric layer is made of at
least a material selected from the group consisting of metal oxides and cured
45 photoresist.



40 9. The magnetic recording head of claim7, wherein the dielectric |ayer
is spaced fromthe air bearing surface. 10. The nagnetic recordingg w

of claim?7, wherein the dielectric layer is made of at |east a t%r 2004
selected fromthe group consisting of netal oxides and cured 45

phot or esjst . 2 004..11.. The netJj ¢ recording, head of claim?7
furt hersfclbrrprﬁ%ei rr{?aggaﬁcogﬁcgf:ﬁl Ihgage%% %’??(jn?‘ll Lo HEed RItoRRdI9IG he
bot t om pol e |AVESORWEF ASPYKH betrsn therbotiompoledaverandthe gamlayerng head of
claim8 further conprising a top pole extension 5 |ayer disposed between
the top ol e TheyBprenstia reqesdiga heachgloplaim B durthey opuipeisingtactopipoie exteysion
sepaPat ed fr dAYer ispesaddetwigenahe top poteclaytireind dher gap lhyeyathe tabold Gaensignet i ¢
recor di ng hedayesiseparatedfrod, thevoap ¢hroattbyetht dieleeaicdlay@yer contacts the
dielectric layer, the zero throat and the top pole extension |layer. 10 14.
The magrist i ¢ Tieansgheti révotin@heddl ofl oRith21 F, WheRSH tHeQBP pbRI 15 oGS the?Y €'
having a fi rcﬁélec&i‘ié‘ﬁay@t,w&&&traﬁ@tlﬁgbﬁ P&b@?ﬂeﬁsi{)@ a§5r.an the zero

[

thrqgt, and a second side having the etectric layer, a bottom pole

extensi on | aygy; LORCBRiS: héh Ah§esgd Lherean, wherein the bottom
pol & ext st i Tt R B B G EE e AP 08 b e

ap | aver. g HIst . ! roat, and a second side
gap y hgvmg the dielectric layer, a bottom pole extension layer and top pole layer
disposed thereon, wherein the bottom pole extension layer is disposed between
15 the bottom pole layer and the gap layer.





