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W DTH AND METHODS FOR THEI R PRODUCTI ON AND USE BACKGROUND OF THE | NVENTI ON
‘1. Field of the Invention The present invention generally rel ates i& E&hﬁ

filminductive read-wite heads for use in nagnetic storage systb k e
particularly, the present invention is directed to high throughput nethods
for the rapid production of thin filminductive read-wite heads having

very narrow wite track w dths i i i - rnoduced,
andt ot haTaREEENEDERURERes REGD WRIThB RO IR R PR e TR RO DT
of Related Art In magnetic disk drives, data is witten and read by

magneti ¢ t r ansducw/®TERANBAMETEENS. FOR AEEIRBEGARVETIEN RITAHSEr ot at ed at

hi gh speeds, producing a thin layer of air called an air bearing surface
(ADS). The read and wite heads are supported over the rotating disk by the
ABS, where they either induce or detect flux on the magnetic disk, thereby
either witing or reading data. Layered thin filmstructures are typically
used in the manufacture of read and wite heads. In wite -1 17 DEC 2003
heads, thin film structures provide high areal density, which is the anount
of data stored per unit of disk surface area, and in read heads they
provide high resolution. Athin filmwite head conprises two pol e pieces,
a top pole piece P1 and a bottom pol e piece P2.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to thin film inductive read-write heads for use in magnetic
storage systems. More particularly, the present mvention is directed to high throughput methods
for the rapid production of thin film inductive read-write heads having very narrow write track

widths, to inductive read write heads so produced, and to the associaled apparatus and methods

for their use.

2. Description of Related Arl

In magnetic disk drives, data is written and read by magnetic transducers called “heads.” The
magnetic disks are rotated at high speeds, producing a thin layer of air called an air bearing
surface (ABS). The read and write heads are supported over the rotating disk by the ABS, where
they either induce or detect flux on the magnetic disk, thereby either writing or reading data.

Layered thin film structures are typically used in the manufacture of read and write heads. In write
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A wite head generally has two regions, denoted a pole tip region and a

back region. The pole pieces are formed fromthin magnetic mate“]gil m‘ujl ne
and converge in the pole tip region at a magnetic recording gélp nown as
the zero throat level, and in the back region at a back gap. The zero

throat |evel delineates the pole tip region and back region. A wite head
al so has two pole tips, PIT and P2T, associated with and extensions of PI
and P2 respectively. The pole tips, which are relatively defined in their

shape ang ;s itﬁiﬁ :ﬂh@l s%%fe@?a}ovﬁdé Hidyenrd |cengiy esleish isdhe awepdcadedd SyecaP

| ayer of I risu ron material such as alumna, referred to as a gap. As a

magnetic disk is spinnin en ii- gkli;of he P2 pole tip trails the
Pl pol ecftdigk sface aje‘bﬁ%‘ill E?fgrﬁar‘@]efa%gﬁga‘%?%%& lrllg(%cel?ll ux on the disk. Thus,

t he P2T di nension predom nantly defines the wite track width of the wite

head, and is generally considered an inportant.f 1L bReed PACK
wi dth, BB film \EStpehciith¢d11}l3fisf>ﬁd6’|0ﬂ3&]rﬁp"i?§%é’l}g}épﬁ%f P1“-"Feﬁﬁ g’g“te%lé&%?’eg\? E(?leﬁsi ty of

a magnetic disk. A narrower track width translates to ggeater t;@cﬁ)]eper
inch (TRIYriekd @Bnd4ht e twdirsgonsydercted mpelarty Tegiah 4PG  dck &8 &P°ar eal
density. However,” with present manufacturing nethods for rlead-wr,iteiheads,
the ability to.pro L OWaleFiRC Rl slichsonivargk iimitheeplole Tiperegion at a

i m tatPISﬁ% 4 mﬁglﬁoﬁ?;ﬂﬁgr ]%’%pl ained with reference to a specific type of

i nductive head. Inductiye heads conmonly..eMRLe¥e6e 8hckxegdsat a dick gap. The
magnet on@gm%@irv&r%lﬂ&%a&l‘ﬂ%’? g the ?Igﬁggétge\ ii'ghl'y sensi tlg}\?e to changes in

magnetic flux on a disk witten by inductjve w.ite s Miis SRS
conpr i seso awbiti Javef idehmdatey dhe B‘%%HW%@Ha‘@yﬁﬁgé?gl%}jﬁ g’?ﬁqgﬁ?dfﬁg?) i'nsul ation

| ayers, or gaps, -2 1 7 DEC 2003 which are in turn sandy ched between
bot t om 8p4 P1PRNE P2 shsbariel sith 810 anehsBRs oAy wid Fsepecayely. The pole ips,

are relatively defined in their shape and size in contrast to the pole pieces, are separated by a thin
layer of insulation material such as alumina, referred to as a gap. As a magnetic disk 1s spimnnimg
beneath a write head, the P2 pole tip trails the P1 pole tip and is therefore the Jast to induce flux on

the disk. Thus, the P2T dimension predominantly defines the write track width of the write head,

and is generally considered an 1mportant feature.

The write track width, P21, is especially important because it limits the areal density of a
magnetic disk. A narrower track width translates 1o greater tracks per inch (TPI) wniten on the
disk, which in tum translates to greater areal density. However, with present manufacturing
methods for read-write heads, the ability to produce very narrow track widths is limited. These

limitations will be further explained with reference to & specific type of imductive head.

Induclive heads comumonly employed at present are magnetoresistive (MR) sensors, which are
highly sensitive to changes m magnetic flux on a disk written by inductive write heads. An MR
sensor comprises a thin film layer sandwiched between bottom and top insulation layers, or gaps,
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read i nformation on a magnetic disk with nmuch narrower track w dths an nuch
hi gher fidelity than other known types of read heads. The appalijzﬁf&aﬁbi ity
of MR sensors to read very narrow track wi dths may enable the U

narrow track width wite heads and therefore lead to high areal densities.
Wil e this advantage has been sought through the use of photoresist frame
plating and ion beammlling of wite heads, manufacturing heads with very
narrow P2B track widths remains a significant challenge. A particular type

of MR head is.a, merged . AotilBs, B MRRAG s 83 ahb 2t ap MihbeldtaB2 of
t he I\/R”ﬁ?é%ﬂarﬁénf% Sgnocﬁ)flgr%d%gﬁemﬁl of the G\VE te ﬂsead. Thus, this layer is

h db h of th d . ite heads. [ :
i g capaidymoen botHmRGs ARG ToFt PG ey RS B HERe @

narrowness of the track width they nmay utilize because they g(gve been found
t0 POSRASShEAKGEvS hepes bf fendberglsf Ted efpaciut PRYYrEAIRGFHGTS PHELR VFY éPTEYar e
caused by differences in PIT and P2T widths. The fringing field, caused by

flux | R0 1R Lsbenpndwithek widlh hvriad hdads and therkfoee Joad tologh okalt he
magnet ﬁ% ??\g?tgg\%ﬁgﬁa extends toward the tracks adjacent to the tracks being

witten, The i.nging fields r ' Ve 4 eNQfran plaRg G

adj acerﬂenflpascwn?et %%ﬁ%eﬁ}ﬁsﬁg %Bg%%ﬁ]gqgﬁoﬁﬁlgggﬁjlsg og;élggcfr densi ty]% Prior art
practitioners have sought to reduce frjnging,fields i r - .
Typi caliby bearh 'méllingW@@FW@?H%ﬁli’f‘%%ﬁ‘ﬂ’fl%beaaé&’g@ ‘Wt‘“ﬁ”%’?’ tzgg%ﬁ%?s" 1%3? %ﬁ% %PI T
and P2T side walls. A nmethod exenplary of one which addresses this issue

i s foungdspmbinbchdlrhgnt 5,438,747, entitled "Method of Making a Thin Film
Merged MR Head Wth Aligned Pole Tips," incorporated herein by reference.
Manuf acturing techniques directed to achieving P1 and P2 pole tips. of

subst ang ip@hicﬁla‘r 3pe of MR head is a merged MR head. A merged MR head uses the top shield S2 of

the MR head as the bottom pole P1 of the write head. Thus, this layer is shared by each of the read
and write heads. While merged MR heads have a high capacity for both reading and wnting, they
are limited in the narrowness of the track width they may utilize because they have been found to
possess large side-fringing fields during recording. These fields are caused by differences in P1T
and P2T widths. The fringing field, caused by flux leakage from P2 to Pl beyond the width of P2,
is the portion of the magnetic field which extends toward the tracks adjacent to the tracks bemg
written. The fringing fields require lower TPI in order not to impinge adjacent tracks, thereby

Jimiting the achievable areal density.

Prior art practitioners have sought to reduce fringing fields in merged MR heads. Typically, tlus
involves manufacturing heads with vertically aligned PIT and P2T side walls. A method
exemplary of one which addresses this issue 1s found in U.S. Patent 5,438,747, entitled “Method
of Making a Thin Film Merged MR Head With Aligned Pole Tips,” incorporated herein by

reference. Manufacturing techniques directed to achieving P1 and P2 pole tips of substantially

-3-



17DEC2003 simlar wdths do effectively reduce the fringing field. However,
they may be unfortunately Ilimting in their ability to produce
substantially narrow P2B track widths. Therefore, while the capdcl B§L 2083

hi gh areal density is preserved through manufacturing nethods which are
aimed at reduction of fringing fields, it may actually be hanpered by

t hose sane nmanufacturing nethods which place an undesirable lower Iimt on
the size of P2B wite head track width. Furthernore, they produce an
addi ti onal., manyf act uri.n urden i he -fo o] n } ,

mat er | a?lfmlawlgwst aFﬁﬁcﬁ}’eg% r?qgm%rtg%%}enrguf Er}gdaiﬁ?wﬁ?%hg% yglﬁm d(tl}gteli}’l)l mlggl s.

O her MR head manufacturing nmethods have addressed the_ issue of reducing
the wri beitingaiokthempablipy, topprodues igpgantigllynagrovpdy rPfacls,"?lg%l,Sa herelpre; PG e Thi n
Fi |l m Magnetic Head Wth Trinmed Pole Tips Etched by Focused |on Beam for
Under shegfaciBefbr ¢idlostedl densigriporatee theouphmbyfacalisg enleods Whiitleare iemed el of a
focused ion beamtool (FIB) may effectively produce a narrow P2B track

wi dt h, ChAMR. WRidk it Ry ReAEDY BEHafipsapsy #og tdnembarfa@aniy hehdds | n
typi cal féa‘rérggnoﬁlf%cr}%%é‘?%g pr’ocesges V\%Ch Eéie]\jlel o%r nore than 20, 000 heads per

waf er, use of FIB is not. .feasible. - | : t,] ot &eriBthods
for mantPReliGeRy ‘H‘égsdrsa%lﬁi ]Pﬁervlgﬂtiog éﬁs ?E%m% %’eo egtqagpg‘g(i’m 'eF Wafelns ’
include formng the P2 pole tip either by photoresjst fr |.at.ing or, ion
beam r nihey iprrgluce am addyeensl paBHactuRpgEbYsden liﬂstﬁ‘b?%ég C\\ﬂaP‘PP ‘é’g‘g?"tfi%&'ﬂegl mgﬁ’i‘%kness
as it is used as a nmask during the processing which trins the pole tip
wi dt h, mwaishuiangates loogrédig tinhd apldiegsr produdiien pestcess. Sufficient pole tip
t hi ckness nust be retained throughout the mlling process for a pole tip to

have a suitable aspect ration. Aspect ratio is the thickness / width of a
pol e ti piheandr Hred shngenearial liyeth@isgraeataddressed the issue of reducing the write track

width. An example 15 U.S. Patent 5,726,841 entitled, “Thin Film Magnetic Head With Trimmed
Pole Tips Etched by Focused Jon Beam for Undershoot Reduction,” incorporated herein by
reference. While the use of a focused ion beam tool (FIB) may effectively produce a narrow P2B
track width, the techrique would be performed a separate time for each head. In typical
manufacturing processes which develop more than 20,000 heads per wafer, use of FIB 1s not

feasible.

As previously mentioned, other methods for manufacturing heads with vertically aligned pole tip
side walls include forming the P2 pole tip either by photoresist frame plating or ion beam mulling.
In these cases, the P2T is plated with additional thickness as it is used as a mask during the
processing which trims the pole tip width, removing pole tip thickness in the process. Sufficient
pole tip thickness must be retained throughout the milling process for a pole tip to have 2 suitable
aspect ration. Aspect ratio is the thickness / width of a pole tip, and should generally be greater

than about 2. The width of the pole tip P2B that may be fabricated by present methods is limited,
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than about 2. The width of the pole tip P2B that nmay be fabricated by
present nethods is |imted, -4 17 DEC 2003 then, by the anmount of pole tip
t hi ckness that may be lost during pole tip width mlling. This, 47dECitkr
limtations inherent to current manufacturing technol ogy, reates

si-gni ficant challenges in the production of very narrow pole tip

read/ wite heads. SUMVARY OF THE INVENTION It is a purpose of the present
invention to inprove the current limtations known in read-wjte ,heag
track whel s thd\aHeRe! Rilc Bp adknes thdtinytlat osd Aeringf paubp widlh paiReativtieifg

met hods. Speéecifically, an object of the present invention is to inprove
wite head . .track w ecl@blogiaentd sigigficahhehallavgents e
utili zecgﬁeé hbl?lgal%ioﬁ ]ﬁ]g%]emﬁlxICF?%E%%@ECIE@%{e stggr{gard P%Li notching in order to
create a P2B track w dth that i]sr upstantially sub-m cromet er and narrower
t han tH%I@d‘w*ip%ﬁf‘éf‘él’JPHTO“bP‘@?/PB{F?f]Q”gFélerag%il i zed. Larger ampunts of Pl
material may then be renoved during P1L mlling procedures, the wite track
di mensi on having already been reduced. It is a further object of the
invention to produce the nagmoWMRIivIiEr THEIKVIEBEWGNDY a net hod that enabl es
hi gh t hroughput manufacturing. A prelimnary mlling step may be utilized
on a wafer in a high throughput manufacturing system wherein the wite
track width P2B nmay be milled to a very narrow djnension befare it ri.ts

di vi dedit i1 Gouipdst iop e presais invaiteoni toviemdveba T b MERAIISLOYD 1 SeAs Ve
application of a prelimnary precision mlling step to substantially reduce
the Wij&alfaaekiai Sl by Paciertdaton o caraghensiabetingmethods. Specifically,

an object of the present invention is to improve write head track width by nearly an order of

magnitude.

The invention utilizes a preliminary milling step before standard P] notching in order to create a
P2B 1track width that is substantially sub-micrometer and narrower than that which could
previously be realized. Larger amounts of P1 material may then be removed during P1 millmg

procedures, the write track dimension having already been reduced.

It is a further object of the invention to produce the narrow write track heads by a method that
enables high throughput manufacturing. A preliminary milling step may be utilized on a wafer m
a high throughput manufacturing system, wherein the write irack width P2B may be milled to a
very narrow dimension before it is divided mto multiple heads. The invention thereby enables a
novel application of a preliminary precision milling step to substantially reduce the write track

width of many heads on a single substrate.

The preliminary milling step of the present mvention occurs before standard P1 notching. It

employs a wafer manufacturing process such as ion beam milling to perform P2 pole trumnnng
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The prelimnary mlling step of the present invention occurs before
standard Pl notching. It enploys a wafer manufacturing process such as ion
beans mlling to performP2 pole trimring -5 17 DEC 2003 and m || tf? \rﬁizh[ﬁ
track wwdth prior to Pl notching. The wite track wwdth is mlled a Q
angle, preferably 45 to 85 fromthe wafer normal, effecting a precise
renoval of material. As used in this specification, the tern "wafer
normal " refers to a direction substantially perpendicular to the plane in
whi ch L he wafier i ok SRE8hrioT REP Pheciisd, dihe PRBe math i rawyilleHdh ap&ngl8! | owed
by | ess precise, conventional P1 mlling, which provides alignnent of PIT
and P2T sidewal)s for. reductio g is€h&lSovall BEmpPlegsients used/ent i on,
t her ef Bfe&™@ Yé%tjd‘? e\;r&lhﬁ]eév &eﬁrﬁ%ﬁ%g&gﬁ@%? Begissgtl)g]zr the prior art. A thin
filminductive read wite head mapufactured according. - | ary
of t hetlimsgnificairon, el troh Ay efernaipat éﬂ?&saeﬁ dgﬁeéh‘%“f%“gsé‘r’r}giawﬂ’g?gf?‘%’ a% 1t6 )rin]g{rp

whi ch has been previously known. This will vyield a substagl'al increase in
the argrhe 3§ ohagetefwiiagnerinedli Bl medves P2 antlngrib wen 01;‘)?‘%%‘?% €ss
invention enables high throughput manufacturing systens for producing |arge
quanti ties of fhe; DA OMME tehibh g5kiddadaaiinest bE@AS. abhB2T ovidayeilagand

ot her Bbjedts, eat ures, and’advant'ages of the present invention will be
apparent. from_the follow ng detailed description of the preferred

enbodi FRIHEE! ﬁ%ﬁgﬂﬁﬁggsreference to several drawing figures. BRI EF

DESCRI PTION OF THE DRAWNGS Figure | is a side view of a typical thin film

mer ged MR head. _ . : : -
J The present invention, therefore, yields several surprising advantages over the pror art. A thin

film inductive read write head manufactured according to a method exemplary of the invention
will have a write track significantly less than that which has been previously known. This will
yield a substantial increase in the areal storage of magnetic disk drives. Furthermore, the present
invention enables high throughput manufacturing systems for producing large quantities of the

narrow write track inductive heads.

The foregoing and other objects, features, and advantages of the present invention will be apparent

from the following detailed description of the preferred embodiments which makes reference to

several drawing figures.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a side view of a typical thin film merged MR head.

Figure 2 is an ABS view of a typical thin film merged MR head taken along plane II-10.



Figure 2 is an ABS view of a typical thin filmnerged | head taken al ong
plane I'l'l1-111. -6 17 DEC 2003 Figure 3 is a schematic of an exenplary ion
beam chanber. Figure 4 is an ABS view of a first inplenentation off ADEC 2003
prelimnary ion beammlling step according to an enbodi ment of the
present invention. Figure 5 is a graph which depicts the ratio of anount of
P2T that is renoved during the inventive P2B mlling step to the tine
spent utilizing the P2B mlling step. Figure 6 is a plot of P213 wite
track wi dths. vs, £y idebicRgnbdie 1 nventive P213 milling step.
Fi gure ;/guirgfé?na S}&E%g@?&géffvagfw%ﬁ%@rﬁgﬁf i npl ementation of a prelimnary ion
beammlling step according to an enbodi nent of the present invention.
DETAI LED DESCRI PTI ON OF THE PREFERRED - h Whilehe ste
descri Figuwsh 4of Bhé s BERr &E%I f‘é‘“ﬁb‘%}’éf" eﬁ:’eeﬁﬁsl‘\,@l %Blft glrz Eﬁg}éﬂ}@ ?r%];gkdtlg the o
acconpanyi ng, draw ngs which formthe part thereof, and in which are shown
by way aedordihg usdrr enhodnnof obthesicsing MVEHSEdi nents i n which the invention may
be practiced. It is to be understood that other enbodi nents may be
utilized and structural and functi onal changes may be nmade w thout .

depar t igagy-£ 5 qim g{-‘@hsﬂﬁ@ﬁd@fctﬁ the rapives embuitied BRT e 1s TEFPEG Wrge hhBVHIE ent

i nvention include providing a nmethod for producing both nerged and piggy
back ( rge - M PIB subsg ewspi al |y narrowed wite
tracks?ﬁgﬁgﬁ]tn%ég%\%!lgﬁl?@g%%%g%i ly pr oduceétﬁlbe read-write heads in high
vol une. The invention seeks to address these objects

Figure 6 is a plot of P2B write track widths vs. amount of time utibizing the inventive P2B milling

step.

Figure 7 is an ABS view of a different implementation of a preliminary ion beam nulling step

according to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

In the following description of the preferred embodiments reference is made 1o the accompanying,
drawings which form the part thereof, and in which are shown by way of illustration of specific
embodiments in which the invention may be practiced. It is to be understood that other
embodiments may be utilized and structural and functional changes may be made without

departing from the scope of the present invention.

Objects of the present invention include providing a method for producing both merged and piggy
back (not merged) MR and GMR heads with substantially narrowed write tracks, and the ability to
feasibly produce the read-wrile heads in high vohime. The invention seeks to address these objects

with a novel approach 1o overcome limilations mherent 10 the technology utilized in the prior art
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w th a novel approach to overcone limtations inherent to the technol ogy
utilized in the prior art. -7 1 7 DEC 2003 In view of these objects, the

description will continue in an illustrative sense with respect tq¢ NpE(
exenpl ary enbodi nents of the invention. A merged MR or GVR head as shown i n
Fi.gure | is manufactured using a new, prelimnary }precision mlling step

prior to Pl notching. The head conprises two pole pieces | and 3 denoted
Pl and P2, respectively. P1, in a nerged head, al so serves as the second
shi el d [Bvidwrof tthee radieds, fior désomptoh willecchbrut. inTHe Lipsiretiysi wawsWith J6wpee r e
separated by a gap 5 and bounded by an ABS 8 at a pole tip region of the

head. RLand..22 o CcaBanstical hynsamact ed where they are separated by the
gap. The pol e preces converge at a back region of the head, such that they

are not separated by a gap in this region. Extending fromthe pol e pieces

are tWOA \%gt%rggc} }ilﬁior;g@{jp?aglsys éhrc])%npnqlﬁ%ﬁria R is&‘gﬁlﬁébaurgf 'ﬁg‘hgq ]%TJ, ﬁ&ﬂnﬂ?ﬁf

respecti are shaped and relatTve to their

respective pole pieces by manufacturing processes such as ian i 1. i ng.
A mer gadeddomenlding slegericoiep? i suehing flibe Jead ¢RERATSeS B H’QA‘E/B’F“E%, mge%g%g‘eé&
conductor layer 13, and a second insulation |layer 15. A nethod accordi ng
to an ambeg AENesmttitehe PPy Bsenterderiient, iabn servss oy Sheaseeendothinkd S8 dorothe kefsn
thin filmphotolithography and ion beammlling steps with a unique,

pr eci Sﬁ‘%j#?d}, S8R ! hil{}g,]e E&k 11MHA a8 Ye Spdieatlyurdapd aidepunded byhe ABSSpl ary

enbodi photolithodgraphy is used to deposit magnetic |ayers using

hot i st f i i : L L b S ML Rty Sed i t h
Phot or Gepat innaban Lk R, PAIGER HE SRelAiodBPREhted\SHL Bl hre MpRfted WY L1 &

appr eCIﬂ%é galg_ hI%Ea pole pieces converge at a back region of the head, such that they are not separated by

a gap in this region. Extending from the pole pieces are two pole tips 7 and 9 in the pole tip
region, denoted PT1 and PT2 respectively. The pole tips are shaped and defined relative to their
respective pole pieces by manufacturing processes such as 1on beam milling. A merged MR head
also comprises a first insulation layer 11, a coiled conductor layer 13, and a second insulation

layer 15.

A method according to an embodiment of the present invention employs a combination of known
thin film photolithography and ion beam milling steps with a unique, precise ion beam milling
preliminary manufacturing step. In the exemplary embodiment, photolithography is used to
deposit magnetic layers using photoresist frame plating, and is used to deposit insulation layers
with a photoresist and developing process. Those skilled in the art will appreciate that
photolithography is exemplary only and that altemative deposition methods are contemplated as
being within the scope of the present invention. These can include electroplating, cathodic

sputtering, jon beam deposition, and the like. The inventive preliminary step, n an exemplary
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photolithography is exenplary only and that alternative deposition nethods
are contenplated as being within the scope of the present invention. These
can include electroplating, cathodic sputtering, ion beam depositi q? gﬁfbm
the like. The inventive prelimnary step, in an exenplary -8 17 DEC OB
enbodi ment, will enploy precision mlling to renove very small anmounts of
material in the base region of the upper pole tip P2T, and reduce the
wite track wwdth P2B to a very narrow dinension. The precision m|ling of
a nar r QAR M i W8 difeKpredi sl Mg tdremobe vdre kinehhvehobyls ot orteank indhabaspol e
tip trinmmng and pol e piece notching. Definition of the pole tips is shown

in Figure 2, where the eobt PS a7 AN SedhB1eSERA AEBH IR & gNery Marrow
Fri ngi §8FY eqf‘(’]@? WFICHO]Fﬁlr% Fﬂ”hgndng{arﬁom}gss of pole lips in ther)pri or art,

are caused by the greater _w dth of t irst |l e. pi ec j tQ the
nar r ow EenSomidegeeaien puilas t‘}&}ﬂ TGITow 8’8’2‘3 115% WId?li] N Héel{p?‘% g(%]foéfr%? b? or
reducing the fringing field include P1 notching, which involves renoval of
a si gnichi@tiohalgateutip riefmingbet pa¢ pikeeortdhing. first pol e piece at field
regions 17 and 19, as well as from the top of P2T, indicated at 10 in
Figure 1. Also, pole cleaning is used to renove redeposition nmaterial from

the verpimakoShdge Yok Lis Bihddh inaMguPT2whas thepolnipis 7 Aiduaresaraied tark &Pf or t
to reduce fringing fields. lon beamnulling is a conmon nethod used for Pl

P gﬁrgclalry g?l?lgglgéf{éi% \\QBIIC{‘.I Lim tﬁ@m%ne%ﬁf Ipi())l?ﬁti ORVBA LS, hie ddbieldib @tk dretert he

enoval ahounts of materia 11 and the top of P2 10. The
cdeposteRont HRGTEPERAIR: | dDBC OISO P8 TRE RS L th e ey
create sub-micronmeter wite track_ w dths. : o
in the prior art for reducing the fringmmg field melude Pl notching, which involves removal of a
significant amount of material from the first pole piece at field regions 17 and 19, as well as from
the top of P27, indicated at 10 in Figure 1. Also, pole cleaning is used to remove redeposition
material from the vertical side walls of PT1 and PT2, as shown in Figure 2, in an effort to reduce
fringing fields. lon beam milling is a common method used for P1 noiching and P1/P2 wall
cleaning, but is conventionally utilized for the removal of large amounts of material from P1 1 and
the top of P2 10. The significant removal of material in these processes, combined with material

redeposition and cleanup, does not allow for the precision required to create sub-micrometer write

track widths.

Ton beam milling, for P2 pole trimming and P1 notching, js performed in a processing chamber, as
shown in Figure 3. The work piece, which may be a wafer 29 with more than 20,000 heads, 15
mounted on a turntable 21 and rotated while it is milled by a primary ion beam source 23 at an
angle between 0° and 50° from the wafer normal. A shutter 25 may be employed to control

various steps in the process. According to known manufacturing methods, a secondary jon beam
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lon beammlling, for P2 pole trimmng and P1 notching, is perforned in a
processi ng chanber, as shown in Figure 3. The work piece, which ga,y ﬁ@znﬂl
wafer 29 with nore than 20,000 heads, is mounted on a turntable 271 g
rotated while it is mlled by a primary ion beam source 23 at an angle

bet ween 00 and 50 fromthe wafer nonnal. A shutter 25 may be enployed to
control various steps in the process. According to known manufacturing

nmet hods, a secondary ion beam-9 1 7 DEC 2003 source 27 may be utilized for

cl eanupsoffce EABRP TetitRed f@MIEhuARE rdRpRale Piradd sidB2 wale giece side walls.
Alternatively, a single ion beam source nmay be used for both notching and

cl eanup, pperatjons. by . r [ the, : Al LHak | es
Pt opr SPE s By gh Shb st B 838 e bapPahl d AEortPopBuBoR N O
beam for precise mlling of the P2B track width in ddition to PI

not chi Mgtatmathepsage 39 |lp phigindbeFrivly ke GPPePiHe fof SePdPREUSP- after the Pl
notching. In an exenplary formof the new P2B m || step, shown in Figure
4, the ion beam 31 is directed at the base of P2T for precise mil|ing of

t he P2Bhanirtiquet pralakinaiydittp 85plofihirsiopraeandpopresisd milling f $yg P2Rhradk Widdymbe
used to produce a P2B of substantially less than | pm may then be foll owed

by furtRafioRlo PIOLERNBITIRY PR EKIES st‘é@hﬁ? ob@imeNligr o drafier thalP1 horchingt lnhed
P1 and redeposition-free PI/P2 sidewalls. lon beametching, used for pole

pi ece “a%t&ghgg%y {oﬁﬂ Uk 185 @p A ﬁmb%%émga di?]?i@ﬁ@h,elﬁ& icﬁmhﬁa:ﬁ?ﬁtii P& t1éfat tehe

read-writée at are not 'to tch A" conhon mask at is used for

this purpose i.s.a photaor.esi %/?ﬁk..Fr Pl..no. t}in the P2T - pl at ed
i th adert PORES o reBRRECER 6t phAcBoiLe T el Relp Rty o i
t hi ckness, may actually suffice as a nmask. During ion bean etchi n%
may be used to produce a P2B of substantially less than 1pum, may then be followed by further P1
notching procedures which remove more material for notched P1 and redeposition-free P1/P2

sidewalls.

Ton beam etching, used for pole piece notching, requires an etching mask to protect the portions of
the read-write head that are not to be etched. A common mask that is used for this purpose is a
photoresist mask. For P1 notching, the P2T may be plated with additional thickness so that the
pole itself, with it’s extra thickness, may actually suffice as a mask. During ion beam etching,
portions of the mask are actually reduced, making it desireable 10 use a mask that is relatively
thick. However, use of a thick mask adds a high degree of difficulty in producing a very narrow
P2B with presently known photolithography techniques. The present invention, therefore, enables

production of a narrow P2B without the use of a thick photoresist mask.

Figure 5 is a graph which depicts the ratio of amount of P2T that is removed during the inventive
P2B milling step to the time spent utilizing the P2B milling step. In light of the etch selectivity as
plotted in Figure 5, the range of P2B track widths that may be achieved with a method of the

-10-



portions of the nmask are actually reduced, making it desireable to use a
mask that is relatively thick. However, use of a thick nmask adds a high
degree of difficulty in producing a very narrow P2B with presently] kKpppmy3
phot ol i t hography techni ques. The present invention, therefore, enables
production of a narrow P2B wi thout the use of a thick photoresist nask.
Figure 5 is a graph which depicts the ratio of anpunt of P2T that is
renmoved during the inventive P2B mlling step to the tinme spent utilizing
the P2Bd3idilihnatst Rishowd it Fighte OThthé ietaivisidabatitmik yidiss bahtv Otieen may
Figure'5, the range of P2B track widths that may be achieved with a nethod

f the, -10 17 DEC 2003 N 100 d s g1 it
ant i of BaTEHeTAL Tt B0 0P HERE e P 0 S0 ol R Rl T Y e ent i ve

P2B milling step without consum ng very nuch of the P2T material. The

met hod of the present inyentjon be utilized in a variet f

manuf adie netepdsd dfepie Es! 11’é{ﬁﬁlon\mqg’ﬁ%%‘ﬁz%eleé‘sv§ﬂﬁyl ”’5?‘%@%“6%“%36%}% € iaH%
steps. For exanple, in an alternate enbodi nent of the present. invetn@ji on,
P2T Wi Ik}l bt peatadlt preedde (Rt #tdhimg stepshFer eueipte, i o RItGEpEE KoBedigisaust B 8um
The inventive prelimnary ion beammlling step will then be used to

produc etk 3ok Wil hiddiab abbig 4DUBSHARS valid Yackarid OV abovd®. o viie i n
Fi gure%ﬁm%h\} or% IE)’eam 31 vviHbII be angl ?g at about 70 degrees to the wafer

normal .33 and dji.rected to P2B.. The angl Lo Lk by Rk irab P S & to a
Fimal JRVEREVR PRERTTOER S anbe et Tt o) Sed PR o Th e SR e 0.

as well as different mlling cycle tines, .vm'gl rroduce different k
wi dt hs insebstrpjiale nemeert SspPawnce gue 0 6P dPhLehal iR cbe %&E%W‘o‘i’bﬁ%‘%f’g
Subsequent procedures, according to known nmethods, will renove gr gst_er
anount slegreés wwethe wiafdr namakl 33 and drtedted jodi2Eo e Praledioatbesy WiB mildhe PeBand
depth. The finished product wll be -
fina] write track width of about 0.6un. It is noted that different angles, as well as different milling
cycle times, will produce different track widths and may be used to produce track widths that are
below 0.4pun. Subsequent procedures, according to known methods, will remove greater amounts
of material and be used to perform P1 notching to about 0.3um depth. The finished product will be

a merged MR or GMR head with a write track that is anticipated 1o be substantially less than any

which has been known to date.

In an exemplary manufacturing process according to an allemative embodiment of the inventien,
photolithography and P1 notching steps may be combined with the inventive preliminary step to
produce a merged GMR head with a sub-micrometer P2B write track width. In the exemplary
process, a magnetic layer is deposited on a wafer to form a second shield layer of a merged GMR
head, which also serves as the bottom pole piece, P1. A second magnetic layer is deposited o
form a top pole piece P2, An extension of P2 is a deposited pole t'ip P2T, which 1s defined and

shaped as a smaller, pedestal-like protrusion from the P2T pole piece. The pole tip P2T 1s bounded
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a nerged MR or GWVR head with a wite track that is anticipated to be
substantially |less than any which has been known to date. In an exenplary
manuf acturing process according to an alternative enbodi ment of the 47 DEC 2003
i nvention, photolithography and P1 notching steps nmay be conbined wth the
inventive prelimnary step to produce a nerged GVR head with a
sub-nicroneter P2B wite track width. In the exenplary process, a magnetic
| ayer is deposited on a wafer to forma second shield | ayer of a merged GWR
head, whj &Magd, saosemndesoasrtichiesidrovt bamtpobage Pefoveg 1R P2BAwsitcord wanettic

| ayer is deposited to forma top pole piece P2. An extension of P2 is a

deposi t i BheRekeed BB heb S e Bl B65h ANk es S BRRRA> BSotéhisiT et legdi a single
pedesta%?'fil eO%B?%P‘]redﬁ? en fromet hlg P2T pojlggiﬁpiaece. The pol e%triap P2T is

bounded -11 1.7 DEC 2003 b base,. a top, and.t ertical , si.de , the
base. aepncag 1 fecossst aniobe Baag i aeroe B bt SEPrE M Rk HEPRE; o

GWR head manufacturing process, before Pl notching, at |least a single ion
beam i sAdirefectdahgt isdreteergldd dgtees endik dagrasorlvdhe exymplantprosesshis @ressIET
and reduce the P2B. A preferred angle is between 45 degrees and 85

degr eesm;ilifle bnAXSARIE of BNaReEsm (hdP2Pbaeitsioon themdrtdwnBBivriaerahdk wiitunt s
of material fromthe P2T base to fonn the narrow P2B wite track wwdth 1is

f ol | owed Pl. . nai,chi t.eth& pand
mt ual 19 YU D R T W B b RS B i B
Thus, a nerged GWR . head.is nuf.act.ur ¢ i ch has ubst anti al . Pl

0t ohi npaRICEd o Pt Mo GRS TAL Brgt el boamaiee? R R G h R o
now readi |y apparent that the aforenentioned discoveries allow a nmerged MR

or GVR Wbt hiepbothavistapgipkF lcadtihyneandgrisbsigiely syhaucepeiedit vhie §ah wadVer
conbined with P1 notching for the purpose

It is now readily apparent that the aforementioned discoveries allow a merged MR or GMR head to
have vertically aligned pole tips adjacent the gap layer combived with P1 notching for the purpose
of fringe field reduction while also having precision-milled P2B for a very narrow track width.
The merged MR or GMR head manufactured according to various embodiments of the present
invention will have a track width that is substantially sub-micrometer and much narrower than

any previously achieved in high throughput manufacturing systems.

The foregoing description of the preferred embodiments of the invention has been presented for the
pusposes of illustration and description. It is not intended to be exhaustive or 1o limit the invention
to the precise form disclosed. Many modifications and variations are possible m light of the above
teaching. For example, the preliminary step of the present invention may be utilized before or afler
additional P] notching steps. The ion beam of the preliminary step may be directed at various
angles and milling cycle times to produce various track widths. More than one angled ion beam

may be implemented to mill a narow track width and clean up any redeposited matenal
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of fringe field reduction while also having precision-mlled P2B for a very
narrow crack width. The nerged MR or GWR head manufactured according to
vari ous enbodi nents of the present invention will have a track wi dit/rDECH2883
is-substantially sub-mcronmeter and nuch narrower than any previously

achi eved in high throughput manufacturing systens. The foregoing
description of the preferred enbodi nents of the invention has been
presented for the purposes of illustration and description. It is not

i nt endegytieBsusEX NAUS ItahBe®ihd Ghd bdtipt of e imvestivni b Jitited trioe bprigisi degailedr m
di scl osed. Many "'nodi fications and variations are possible in light of the

above teaching. K Fgor exanple LM nary step of the present invention
may bedﬁFFWP?égmb@ﬁgfgyﬂVCkwpa%ﬁ%g%%?##%%al Pl notching steps. The ion
beans of the prelimnary step may be directed at various angles and
mlling cycle tinmes to produce various track widths. Mre than one angl ed
ion beam nmay be inplenented to mall a narrow track width and cl ean up any
redeposited material -12 1 7 DEC 1003 sinultaneously. It is intended that
the scope of the invention be |imted not by this detail ed description, but
rat her by the clains appended hereto. 17 DEC 2003 WHAT IS CLAIMED: 1 A

net hod for manufacturing a nagnetic wite head, said nethod conprising: +
provi ding a wafer having a surface and wafer normal perpendicul ar thereto;
forming a first magnetic | ayer over said wafer; form ng a second nagnetic

| ayer over said first nmagnetic |ayer, said second magnetic
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| ayer configured with first and second side walls defining a first width

t her ebetween; perforning a first ion mlling operation to remove rig? 8EC 2003
fromsaid side walls of said second magnetic |ayer to reduce said first

wi dt h defined therebetween to a second width, said first ion mlling being
perfornmed at an angle of between 45 and 85 degrees relative to said wafer
normal ; and after said first ion mlling operation, performng a second
ion mlling operation at angle substantially closer to said wafer normnal

to renPIPATHSCEAIMEIM said first nagnetic |ayer using said second

magnetic |layer with said second wdth as a nmask to generate first and
second side wall portions on said first magnetic layer, said first and
second side walls formed on said first magnetic |ayer defining a width

t her ebet ween ﬁ%ga %%%dfxﬂ% nfggnet&%%fe%gg ek b eém@%ge .second

magnetic | ayer. met alm 1l further conprisin formng a

third ion mlljing operatiaon to _renove terial fromsaid first and second
i de vl bs BPVEHEA Prfes pa gy Sudestd Hagherioana) %@ﬁr@}c iBETERE r d i on

mlling step being perforned so as to renove material at a slower rate
than sai d stecong 4 Grst maphdtiedaysr eper saildwdfer;DEC 2003 3. A nethod as recited
in claim2 wherein said third ion mlling step is perforned after said

first and sRean} 4 @omd anigﬁk_@icaay%@%vex_ﬂsaidﬁﬁﬂaﬁsabg}fétia$a)ree,@arde§éc&ﬂu Fh@idiic2
wherein said third ion mTlling step is directed at ‘an angl e of between 45

degrees andla?é c%ﬁﬂé&%ﬁ v&iﬂ! f?xrsf A gerxﬁiagi& w@ﬁsecfeﬂﬁﬂ{g'?ﬁrst width therebetween;

+ performing a first ion milling operation to remove material from said side walls of said
second magnetic layer to reduce said first width defined therebetween to a second width,
said first ion milling being performed at an angle of between 45 and 85 degrees relative
to said wafer normal; and

e after said first 1on milling operation, performing a second 1on milling operation at angle
substantially closer to said wafer normal to remove material from said first magnetic
layer using said second magnetic layer with said second width as a mask to generate first
and second side wall portions on said first magnetic layer, said first and second side walls
formed on said first magnetic layer defining a width therebetween substantially equal to

said second width of said second magnetic layer.

2. The method of claim 1 further comprising performing a third ion milling operation to
remove material from said first and second side walls of said first and second magnetic
layers, said third ion milling step being performed so as to remove material at a slower

rate than said second ion milling step.
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5. A net hod
directed at
A nmet hod as
‘directed at
A net hod as
m 8. A nethod as recited in claim1l wherein said second width is | ess
t han 03.4 m

as recited in claiml wherein said first ion mlling step is

an angle of- about 70 degrees relative to said wafer norn7ab. 6.
recited in claim2 wherein said third ion nilling step ils/ DEC 2003
an angle of about 70 degrees relative to said wafer normal . 7.
recited in claim1l wherein said second wdth is less than 0.8

A method as recited in claim 2 wherein said third ion milling step is performed after said

first and second ion milling steps.

4. A method as recited in claim 2 wherein said third ion milling step is directed at an angle
of between 45 degrees and 85 degrees relative to said wafer normal.

5. A method as recited in claim 1 wherein said first ion milling step is directed at an angle
of about
70 degrees relative to said wafer normal.

6. A method as recited in claim 2 wherein said third ion milling step is directed at an angle
of about 70 degrees relative to said wafer normal.

7. A method as recited in claim 1 wherein said second width is less than 0.8 pm.

8. A method as recited in claim 1 wherein said second width is less than 0.4 pm.
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