SA9 91-073 : 1 THI N
E/LM MAGNETI C HEAD ' This invention relates in generém”ojt hi n

"/fl | m magneti c heads for - magneti ¢ di sk storage systens and,

© particularl ySAg Qidpfzhin film magnet i c; head having an i rrproved pole tip
structure. The prior art discloses a magnetic transducer
referred to as a thin fil mmagnetic head, and this transducer has net
the requirenents for magneti ¢ re ' ogy for many years. In
magneti c recording t echnol og ™ SW%%%Wy desired to i nprove the
areal density at whi ch information can be recorded and reliably read.

For  this reason, dist hvefieingrelated hhrgeherad tghit iftlheagiethaheednfged to
meet the Chaﬂgér{lgic dislggeérlabx dystdhls’ %Ha,-nﬁ\ocre partiéularly, to a thin film
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magnetic head having an improved pole tip structure.

The prior art discloses a magnetic transducer referred to as a thin
£ilm magnetic head, and this transducer has met the requirements for
magnetic recording technology for many years. In magnetic recording
technology it is continually desired to improve the areal density at
which information can be recorded and reliably read. For this reason,
the design of thin film magnetlc heads has changed to meet the changing
density requirements. v

For éxample, a prior art.deéign is shown in Fig. 2 in which the
width of the first pole piece P1 deposited on the substrate was greater
than that of the second pole piece P2 to prevent a problem associated
with misregistration between the pole pieceé. Tighter side reading and
side writing specifications lead to the trimmed pole tips shown in Fig.
3. In this case, the width of the pole tips was not limited to the
precision with which the pole tips could be deposited, since the pole
tips were trimmed by ion milling, for example, to a specified width with
both pole tips Pl and P2 suhstantialiy the same width. However, since
conventional ion milling processes generally require a thick photoresist
process,. the method is limited for narrow track width applications where
a very high aspect ratio of resist height to width is required.

There has been some attempt to improve the performance of thin film
magnetic heads by the use of a composite magnetic structure. For
example, the publication IBM Technical Disclosure Bulletin, Vol. 15, No.
7, December, 1972, p. 2182, describes a magnetic head in which the
magnetic circuit is formed of upper and lower ferrite blocks 2 and 8, a
permalloy back gap closure 5, and permalloy pole pieces 4 and 10 which
contact the ferrite blocks and extend to the air bearing surface.

u. s. patent 4,589,042 discloses a thin film inductive head in
which both the upper and lower pole pieces are deposited in two steps.
In one step the yoke is produced, and in the subsequent step the pole tip
is produced so that the yokes and pole tips can be produced of different
magnetic materials. =«
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128901042 alissndingesige, lahdm Eédohd imMadhetic VgpkeeRFet Which contacts
the first magnetic yoke layer at the back gap region and extends to the
sensing edge in a position-aligned with, but spaced from, the first
magnetic yoke layer. A pole tip structure comprising a first pole tip
layer, a gap forming layer, and a second pole tip layer is positioned
between-the first and second magnetic yoke layers at the sensing edge
with the first pole tip layer in contact with the first magnetic yoke
layer and the second pole,;ipilayer in contact with the second magnetic
yoke layer at the sensing edge;'
i i

There is thus provided a thin film magnetic head in which the pole
tips are formed in a separate step from the remainder of the magnetic
circuit so that the pole tips are precisely aligned and the pole tip
width and thickness are closely controlled.

None of the prior art references discloses a thin film magnetic
head in which thé'pole tips and gap layer are produced separately and are
in contact with the magnetic yoke layers at the air bearing surface so
that precisely formed thick pole tips can be produced.

This structure has the advantage of greater precision in both the
pole tip dimensions and the tolerances to which the pole tip dimensions
can be held. 1In addition, other important dimensions can be more
precisely defined. As a result, the thin film magnetic head has greatly
improved side reading and side writing characteristics in narrow track
applications.

For a fuller understanding of the present invention, reference
should be made to the following detailed description of an embodiment

thereof taken in conjunction with the accompanying drawings, wherein:
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US patent- 4, 8sd-3P-07di scl oses a thin filmanductive head in which the | ower
magneti c pole I s produced in whole and the upper magnetic pole is produced
in parts. The first part is the pole tip region after which the coil is
produced, and the renainder of the upper nmagnetic pole is then produced in
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Fig. 2 is an air bearing surface view of the pole tips of a first
embodiment of a prior art thin film magnetic head:

5 ' Fig. 3 is an air bearing surface view of the pole tips of a second
embodiment of a prior art thin £ilm magnetic head;

Fig. 4 is an air bearing surface view of the pole tips of a thin
£ilm magnetic head according to the present invention;

Fig. 5 is a perspective view of the pole tips of a thin film
10 magnetic head according to the present invention;

Fig. 6 is is a plan view of a thin film magnetic head according to
the present invention;

Fig. 7 is a section view taken along the lines 6-6 in Fig. 6;

Fig. 8 is an air bearing surface view of the pole tips of an
15 alternate embodiment of a thin f£film magnetic head according to the
present invention; :

Fig. 9 is a series of perspective views A-F showing the process
sequence for making the pole tips for the thin film magnetic head

according to the present invention;

20 Fig. 10 is a series of perspective views A-D showing an alternate
embodiment of the process sequence for making the pole tips for the thin
film magnetic head according to the present invention.

With reference to Fig. 1, a magnetic disk storage system comprises
a magnetic head arm 17, and at least one magnetic head suspension
25 assembly 13 is attached to the head arm 17. In the embodiment shown, one
magnetic head suspension assembly 13 is attached to the top of the head
arm and another magnetic head suspension assembly 13 is attached to the
bottom of the head arm assembly 17. Each suspension assembly supports at
its end a magnetic head slider 11, and each magnetic head slider 11 has



the prior art. According to one aspect of the present invention there ..

I's provided a magnetic disk recording systemconprising: a nagnetic
srecordi ng nmedi um having a recording surface; a thin film magnetic head and
an air bearing slider supporting said head; head arm nmeans for supporting

said air bearip gl iodlgr with said magnetic head cl osely adjacent to the
recordi ng surfdte’ot” 'Sai d magnetic recordi ng nmedi um accessing neans for
supporting said head arm nmeans and for noving said head arm neans rel ative
to the recording surface of said nmagnetic recording nmedium said thin film
nmagneti c head eRSnPFinorHJragnetis typnpdicae means, ofgneralidr cabled MaepRfir Rasda- back
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conprising & system for use in the host system. Head arm 17 is attached to a
conventional actuator 23, such as a voice coil motor, for example, for

accessing the magnetic heads to various tracks on the magnetic disk 21.

According to the present invention, a thin film magnetic head is
provided in which the pole tips are formed in a separate step from the
10 remainder of the magnetic circuit so that the pole tips are precisely
. aligned and the pole tip width and thickness are closely controlled. As
a result, the thin film magnetic head has greatly improved side reading
and side writing characteristics in harrow track applications.

Figs. 4 and 5 show a preferred embodiment of the pole tips

15 according to the presént invention. Fig. 4 shows a sensing edge view of
the pole tips, and Fig. 5 shows a perspective view of the pole tips prior
to lapping the héad tb the desired throat height. In the sﬁecific
embodiment, the sensing edge is an air bearing surface (ABS), however, it
will be apparent that the present invention is also applicable to a head

20 for a contact recording system. The thin £ilm magnetic head 10 comprises
a first magnetic yoke layer 12 that is deposited on a nonmagnetic
substrate 14 (see Fig. 7). A pole tip assembly 15, which includes a
first pole tip layer 16, a gap fbrming layer 18, and a second pole tip
layer 20, is formed in contact with the first magnetic yoke layer 12.

25 Gap forming layer 18 is formed of a suitable metal such as NiP, Au, or
Cu, for erxample. First pole tip layer 16, gap forming layer 18 and
second pole tip layer 20 are formed in the same series of steps while
using the same mask as will be described in greater detail later. The
magnetic éircuit for the thin film magnetic head 10 is then completed by

30 a second magnetic yoke layer 22 in contact with the pole tip assembly 15.

Theoretical calculations have shown that the majority of the side
reading and side writing is produced at the pole tip regions within a few
gap lengths G away from the transducing gap 19. The effective track
width W is defined by the area of overlap of the pole tip layers 16, 20

35 at the transducing gab. To limit the amount of side reading and side
writing to an acceptable level, the distance S1 from the top surface of
the first magnetic yoke layer 12 to the gap forming layer 18 should be



first pole tip layer, a gap formng | ayer and a second pole tip |layer each
having a substantially equal width, said pole tip structure disposed
tbetween said first and said second magnetic yoke |ayers at said sensing
edge and extendln fromsaid sensing edge _to a zero throat position, said
zero throat pBere gR3 spaced from said senéﬁng edge towards said backgap
region, said first pole tip layer being in contact with said first magnetic
yoke | ayer fromsaid sensing edge to said zero throat position and said
second pol e tgnsateraghan Be; ggdithe (Hstance §¢ €roms Shed beioBnsnrfegmef itheyoke -
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structure.5 region. According to anot her aspect of the present
i nvention there is prOV|ded a thin filmmgnetic head having a magnetic

circuit conprisi NGnmed ombi& drﬁqgeﬁlﬁ r}é%hgtlca}}le%d 10 is shown in Figs. 6 and 7.

The gap forming layer 18 (Fig. 7) defines a transducing gap 19 which
interacts in transducing relation with a magnetic medium, preferably in
an air bearing relation, as is well known in the art. For this purpose,

10 the nonmagnetic substrate 14 is formed as a slider with a sensing edge
sucﬁ as ABS 24 that flies closely adjacent to the recording medium, which
may be a rotating magnetic disk, during operation of a disk file.

Both the first magnetic yoke layer 12 and the second magnetic yoke
Iayer 22 extend from ABS 24 to a back gap closure 26. The two magnetic
15 yoke layers 12 and 22 are separated at the ABS 24 by the pole tip
assembly 15, and contact each other at the back gap region 26. In the
space beﬁween the ABS 24 and the back gap closure 26, the two magnetic
yoke layers 12, 22 are spaced apart to provide space for a coil structure
28. The coil structure 28 and the two magnetic yoke layers 12, 22 are
20 separated by layers 30, 32, and 34 of nonmagnetic electrically insulating
material. Coil structure 28 comprises a plurality of turns 29 in a
spiral fashion which has a first electrical contact 36 in the central
~ area and an outer electrical contact 38. The contacts 36, 38 are
connected to external wiring and head circuitry (not shown) for
25 processing-WRITE and READ data signals.

An alternate embodiment of the thin film magnetic head 10!
according to the present invention is shown in Fig. 8. In this
embodiment, the first magnetic yoke layer 12 is wider than the first pole
tip layer 16, and the second magnetic yoke layer 22' also is wider than

30 the second pole tip layer 20. This embodiment can be used when an
insulator material such as Al1203 or Si02 is used to form the masking
layer by which the pole tip assembly is defined. This embodiment
produces a better WRITE head and is easier to make since the second yoke
layer 22 does not have to be narrower then the associated second pole tip'
35 layer 20 in the pole tip region and therefore layer 22 can be made with
less critical dimensions in the pole tip area.-



extending froma back gap region to a sensing edge of said nmagnetic head; a
second nmagnetic yoke |ayer contacting said first magnetic yoke | ayer at
<sai d back gap region and extending to said sensing edge in a position
aligned with but sgaﬁ:ﬂ fromsaid first nagnetic yoke |layer; and a pole
tip structure c%’r?f)]i" g afirst pole tip layer, a gap formng |ayer and a
second pole tip layer each having a substantially equal width, said pole
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thin film magnetic head, and throat height is measured from the ABS 24 to

the so-called zero throat position. The zero throat position is the

10 point at which the two magnetic yoke layers 12, 22 begin to diverge in
order to enclose the coil structure 28. In prior art thin film magnetic
heads, the zero throat position is defined by an insulation layer which .
is formed at an angle generally within the range of 20 to 60 degrees. In
direct contraét, in the present invention, the zero throat position 40 is

15 defined by a 90 degree surface since the insulation layer 30 defines the
edge of the pole tip assembly 15. Therefore, the throat height can be
determined with much greater precision siqce it is measured in relation

to a well defined edge compared to a sloped edge in the prior art design.

The method fog making the thin filmimagnetic head, according to the

20 present invention will now be described. The conformable thin film
magnetic head structure comprises a first magnetic yoke layer 12, a pole
tip assembly 15, and a second magnetic yoke layer 22 as shown in Figs. 4
and 5. The first magnetic yoke layer 12 is patterned into the desired
yoke shape in a conventional plating process, The pole tip assembly 15

25 is then formed by electroplating using the same resist frame thereby
genefating a self-aligned structure for the pole tip layers 16, 20, each
of which has a thickness of a few gap lengths. The pole tip assembly is
"stitched" to the first magnetic yoke layer 12, followed by the formation
of the coil structure 28 and the layers of insulation. A "stiched"

30 junction is one made by depositing a layer in intimate contact with an
existing layer so that magnétic continuity is established between the two
layers. The second magnetic yoke layer 22 is finally stitched to the
second pole tip layer 20 to finish the thin film magnetic head structure.

A specific embodiment of the process sequence, according to the
35 present invention, will be described in conjunction with Fig. 9A-F, and
. this process sequence is suitable for producing the thin film magnetic
shown in Fig. 3. The first magnetic yoke layef 12 is deposited as a full
film by plating and then patterned to the desired shape by a chemical



pole tip structure and said second nmagnetic yoke | ayer having a wi dth at

sai d sensing

edge less than the width of said pole tip structure.

*‘Accordi ng to another aspect of the present invention there is provided a
method as recited in claim?7. DESCRI PTI ON OF THE PREFERRED

EMBODI VENT( S)
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etching pBA®s9,] £01 xample. A NiFe plating base is d&posited, and a
layer of patternable material such as photoresist, for example, is
depositéd and patterned to produce a rectangular opening 44 as shown in
Fig. 9A. The pole tip assembly 15 is then formed in opening 44, as shown
in Fig. 9B, by electroplating the first pole tip layer 16 with a suitable

" magnetic material such as NiFe, electroplating a metal nonmmagnetic gap

layer 18 with a suitable material such as NiP, Au, or Cu, and
electroplating the second pole tip layer 20 with a suitable magnetic
material such as NiFe. The front part of patternable layer is then
removed by being exposed and developed away to produce the layer 42 as
shown in Fig 9C. At the back edge 46 of the pole tip assembly 15, the
layer 42 is self-aligned'to the pole tips 16, 20. The layer 42 is then
hard baked (Fig. 9D) to form the first layer of insulation 30, and in
this case the insulation layer 30 is self-aligned to the back edge 46 of
the pole tip assembly 15 which established the zero throat position. The
coil structure 28 is then formed in conventional fashion, (see Fig. 7)
and insulation layers 32 and 34 are formed. The second magnetic yoke
layer 22 is then formed by plating, and this layer 22 is stiched to
second pole tip layer 20 as shown in Fig. 9E. The thin film magnetic
head structure is then lapped to form the ABS 24, and the resulting
structure is shown in Fig. 9F.

An alternate embodiment of the process sequence, according to the
present invention, will be described in conjunction with Fig. 10A-F, and
this process sequence is suitable for producing the thin f£ilm magnetic
shown in Fig. 8. The first magnetic yoke layer 12 is deposited as a full
film by plating and then patterned to the desired shape by a chemical
etching process, for example. A NiFe plating base is deposited, and a
layer of patternable insulator material 42' such as Al1203 or $i02, for
example, is deposited and patterned to produce a rectangular opening 44
as shown in Fig. 10A. The pole tip assembly 15 is then formed in opening
44, as shown in Fig. 10B, by electroplating the first pole tip layer 16
with a suitable magnetic material such as NiFe, electroplating a metal
nonmagnetic gap layer 18 with a suitable material such as NiP, Au, or Cu,
and electroplating the second pole tip layer 20 with a suitable magnetic
material such as NiFe. At the back edge 46 of the pole tip assembly 15,
the layer 42 is self-aligned to the pole tips 16, 20. The layer 42 is
retained in the head to form the first layer of insulation 30', and in
this case the insulation layer 30' is self-aliéned to the back edge 46 of
the pole tip assembly 15 which established the zero throat position. The



-Ffg. 1 is a schematic perspective view of a magnetic di sk storage _
system Fig. 2 is an air bearing surface view of the pole tips
‘of a first enbodinment of a prior art thin fil mmgnetic head; 5

Fig. 3 is an gg_ beg/s ng surface view of the pole tips of a second

enbodi nent of Brior art thin filmmagnetic head; Fig. 4 is an
air bearing surface view of the pole tips of a thin filmnmagnetic head
according to the present inventio ect_}' ve

Ui ew of The pSPE FPBETate 28 I8 Hhe Formed ionsauentientie Saeidno G 58, Phe
present invenendrinsulation layers 32 gnd @4jarej Sormedl aFhey segondfmagneticnyehd m
magnet i ¢ head1agxOpshi A dhen formdédBy [P1EEMA, dndvEiiki Diyer 22' is stiched to
second pole tip layer 20 as shown in Fig. 10C. The thin film magnetic
5 head structure is then lapped to form the ABS 24, and the resulting
structure is shown in Fig. 10D.

While the invention has been particularly shown and described witt
reference to a preferred embodiment thereof, it will be understood by
10 those skilled in the art that various other changes in the form and
details may be made therein without departing from the scope of the
invention. '



Fig. 7 is a section viewt | e.Iines 6-6 in Fig. 6; .
Fig. 8 is an air bearl I% f the pole tips of an 15 alternate
*enmbodi nent of a thin f accor di ng p-e—t-he present

“invention; Fl g. 9is a series of pers SHiS SHEET BAS BEEN howi ng
t he process sagegprete for making the pol @ tips|for tREPLABED fil :
magneti ¢ head according to the present inventiom, 20 g. 10
is a series of perspective views A-D showing an alternate - enbodi nent of
t he process sequence for neking the pole ftoLpmusfor the thin film
magneti c head according to the present invention. Wth

reference to Fig. 1, a magnetic di sk storage system conprises
magnetic head drm 13 thifgfiln regmeticheadriihefor ah'éaéﬂe"s‘&sﬁ’e'ﬁ'fs’r’?ﬁ?rﬂy‘g system
assenbly 13 is mavi@arhathgheticheirvedd aompriging:In the enbodi mrent shown, one
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arm and anoté‘uer na réggm% mgzad suspension assenbly 13 is attached to the
a second magnetic yoke layer (22, 22') contacting said first
magnetic yoke layer at said back gap region and extending to said sensing
edge in a position aligned with but spaced from said first magnetic yoke
layer; characterised by :
10 a pole tip structure (15) comprising a first pole tip layer (16), a
gap forming layer (18) and a second pole tip layer (20) each having a
substantially equal width, said pole tip structure (15) positioned
between said first and said second magnetic yoke layers and extending
from said sensing edge to a zero throat position, with said first pole
15 tip in contact with said first magnetic yoke layer from said sensing edge
to .said zero throat position and said second pole tip in contact with
said second magnetic yoke layer from said sensing edge to said zero
thyoat position.

2. A thin £ilm magnetic head as claimed in claim 1 wherein said first

20 magnetic yoke layer (12) is wider at said sensing edge than said pole tip
structure (15) and said second magnetic yoke layer (22) is narrower at
said sensing edge than said pole tip structure (15).

3. . A thin film magnetic head as claimed in claim 1 wherein said first
and said second magnetic yoke layers (12, 22') are wider at said sensing
25 edge than said pole tip structure.

4. A thin film magnetic head as claimed in any preceding claim wherein
said gap forming layer (18) defines a transducing gap having a gap length
G, and vwherein the thickness of said first and said second pole tip
layers (16, 20) is greater than 2G.

30 s, A thin film magnetic head as claimed in any preceding claim wherein
said zero throat position is defined by. the edge of said pole tip
structure (15) which extends away from said sensing edge.

6. A magnetic disk recording system comprising:

a magnetic recording medium having a recording surface;

This Sheet Has Been Rei
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magnetic head closely adjacent to the recording surface of said magnetic
recording medium;

accessing means for supporting said head arm means and for moving
said head arm means relative to the recording surface of said magnetic
recording medium;

a thin f£ilm magnetic head as claimed in any preceding claim.

7. A method for making a thin film magnetic head compfising the steps
of:

depositing on a substrate a first magnetic yoke layer (12)
extending from a back gap region to a sensing edge;

depositing a pole tip structure (15) comprising a first pole tip
layer (16), a gap forming layer (18), and a second pole tip layer KZO)
each having a substantially equal width, said pole tip structure (15)
being deposited in a position so that said first pole tip layer contacts
said first magnetic yoke layer at said sensing edge; and

depositing a second magnetic yoke layer (22, 22') which is in
contact with said first magnetic yoke layer at a back gap region and in
contact with said second pole tip layer at said sensing edge.

8. A method for making a thin film magnetic head as claimed in claim 7
comprising the step of:

' depositing a patternable layer upon said first magnetic yoke layer,
and patterning said patternable layer t6 form an opening (44) aligned
with a part of said first magnetic yoke layer near said sensing edge, the
pole tip structure being deposited within said opening so that the
opening defines the edges of the pole tip structure (15).

9. A method for making a thin film magnetic head as claimed in claim 7
or claim 8 wherein the step of depositing said pole tip structure is
carried out by electroplating.

10. A method for making a thin film magnetic head as claimed in claim 9
wherein said first and said second magnetic yoke layers are spaced apart
in a region extending from said zero throat position toward said back gap

region, and forming a coil structure within said spaced apart region,
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enbodi nent , sttrstyensi ng edge is an air beari ng surface (ABS), however, it
will be apparent that the present invention is also applicable to a head 20

for a contagj r‘iﬁ?ét%b&"%éym%k%g a hﬁ{lﬁ th ynét{l‘ gﬁ&'&eéé %é%ﬁr‘ggnl"? G i ses

a first magnetl ﬁenﬂ
substrate 1513@se7 fpglo yherein said pathernsbls fpyer| s am%ﬂrﬁsﬁﬁ lﬂ'ﬁé%”él
first pole tip layer 16, a gap formng |ayer 18, and a second pole tip

IGgye][ 20,5 i 32§ or ﬁﬁéjénthogofUraﬁJklﬁitJ1 thf fiinf asgrﬁegmaaa: ayc&ieuke@/% c:!lgim 25
p formng,layer S

Cu, for exarlnknl Qeren gpiq B‘f“’mﬁs é?r’f% = Eﬁrr?%%‘rﬁdna“{]ée ni%)i cf‘ id”

~ second pol eheddp aFaPy@FrQGfeﬁaédf%Fﬁﬁi‘-‘Ph Jflh'elaé;mferersﬁ% ce%l §tw§um | e
using the same nmask as will be described in greater detail later. The

_agnetic cingui tTlfxeP'ﬁteI'.m va .nakflhbra @ﬁﬂn%&inpmst?@%é%esé ab AR ik Bh &ngd by 30

a second magnet.i oke in contact ti assenb 15.
%2 S Q/7 to 12 %ere:.n said patternable layer 1s an gnsulgt y

v

claim

10 material.
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Theoretical cal culations have shown that the majority of the si de
reading and side witing is produced at the pole

‘gap lengths G away fromthe transducing gap 19. H@‘%ﬁ‘ﬁgﬁ)@ rac :
width Wis de#9-8&d®7By t he area of overl ap2of the |pole REP-ACEYer , 20 35
at the transducing gap. To limt the amount of sTde reading and side -

witing to an acceptable level, the distance SI fromthe top surface of
the first nmagnetic yoke layer 12 to the gap formng | ayer 18 should be

a few

A =

SA9-91- 073 5 M%Mlgreat er than 2G and the
di stance S2 fromthe bottom surface of the _second magnetic yoke | ayer
22 to the gap formng | ayer 18 should also be greater than 2G This

met hod of forming the pole tips FTHYUFILY HAGNEBICGRHEAD tips havi ng precise
alignment and precisely the same wdth Wat the gap 5 region.

A thin film magnetic head comprises a first magnetic yoke layer

{(12) extending from a back gap region to a sensing edge such as an air

5 Dbearing surface (ABS), and a second magnetic yoke layer (22) contacting
the first magnetic yoke layer at the back gap region and extending to the
ABS in a position aligned with, but spaced from, the first magnetic yoke
layer (12). A pole tip structure (15), with geometry formed by a single
photolithographic process, comprising a first pole tip layer (16), a gap

10 forming layer (18), and a second pole tip layer (20) is positioned

between the first and second magnetic yoke layers at the ABS with the
first pole tip layer in contact with the first magnetic yoke layer and
the second pole tip layer in contact witﬁ the second magnetic yoke layer
at the ABS. |

Sheet Has Been Re; laced

G



.
The conpleted thin fil mmgnetic head 10 is shown in Figs. 6 and 7. . The
T».ggp-forrring | ayer 18 (Fig. 7) defines a transducing gap 19 which :
interacts in transducing relation with a magnetic nmedium preferably in

an air bearing relation, as is well known in the art. For this purpose, 10
t he nonmagnetic substrate 14 is forned as exi?i der with a sensing edge
such as ABS 24 that flies closely adjacent t {he recordi ng nmedi um which
may be a rotating magnetic disk, during operation of a disk file.

Both the first magnetic yoke layer 12 and the second nagnetic yoke

| ayer 22 extend from ABS 24 to a back gap closure 26. The two nmagnetic_15
yoke layers 12 and 22 are separated at the ABS 24 by the pole tip

assenbly 15, and contact each other at the back gap region 26. In the
space between the ABS 24 and the back gap closure 26, the two magnetic
yoke layers 12, 22 are spaced apart to_provide space for a coil structure
28. The coil structure 28 and the twos magnet| oke.l ayers 12, 22 are 20
separated by layers 30, 32, and 34 of nonmagnetic el ®efyically insulating
material. Coil structure 28 conprises a plurality of tiﬁns 29 in a

spiral fashion which has a first elegtrical contact 36} iin the centra

area and an outer electrical contact]{38. The contacts{d6, 38 are
connected to external wiring and head circuitry (not s ) for 25
processi ng WRI TE and READ data signals.

7

PG



Aﬁ al ternate enbodi nent of the thin filmmagnetic head 10 according to

. the present invention is shown in Fig. 8 In this enbodi nent, the first
*magnetic yoke layer 12 is wider than the first pole tip layer 16, and
t he second magnetic yoke layer 22' also is wider than 30 the second pole
tip layer 20. This enbodi ment can be used when an i nsul ator materi al
-such as A1203 or Si2 is used to formthe i ng | ayer by which the
pole tip assenbly is defined. This enbodi ment produces a better WRI TE
head and is easier to nmake since the second yoke: | ayer 22 does not have
to be narrower then the associated second pole tip 35 layer 20 in the pole
tip region and therefore | ayer 22 can be nade with | ess critical .
di mrensions in the pole tip area. SA9- 91- 073 .
6 I n accordance with the present invention, the pole tip
assenbly 15 is produced so that conformable pole tips result. This
desi gn has the advant age of greater precision in both the pole tip

di nensi ons and t he

P2
P1 | [ P1

PRIOR ART PRIOR ART
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tol erances to which the pole tip dinmensions can be held. Anot her 5
sadvantage is in the greater precision wth which other inportant

di mensi ons can be defined. Throat height is one inportant dinmension

whi ch nust be closely controlled to achieve opti num performance in the
thin filmmgnetic head, and throat height is nmeasured fromthe ABS 24 to
the so-called zero throat position. The zer®/fhroat position is the 10
poi nt at which the two magnetic yoke layers 12, 22 begin to diverge in
order to enclose the coil structure 28. In prior art thin filmmagnetic
heads, the zero throat position is defined by an insulation |ayer which

is formed at an angle generally within the range of 20 to 60 degrees. In
direct contrast, in the present invention, the zero throat position 40 is
15 defined by a 90 degree surface since the insulation |layer 30 defines

t he edge of the pole tip assenbly 15. Therefore, the throat height can
be determ ned with nmuch greate precision since it is neasured in

rel ation to a well defined edge™gnpared to a sl oped edge in the prior
art design. The net hod forN\mking the thin filmnmagnetic head,
according to the 20 present invention Will now be described. The
conformable thin film ructure conprises a first
magneti c yoke |ayer 12, tip.gssexply 15, and a second nagnetic
yoke layer 22 as shown i g%. e~Ti44t magnetic yoke |ayer
12 is patterned into th Q_a conventional plating
process. The pole tip assesply [ by el ectroplating
usi ng the sanme resist frame \hefeb | f-aligned structure




of“hhich has a thickness of a few gap |l engths. The pole tip assenbly S

sstitched" to the first magnetic yoke |ayer 1 —py—tte fornmation
of the coil structure 28 and the | ayers of insﬂ-lugt : é’éﬁ?'&red" 30
junction is one made by depositing a layer ininti A tact [with an

exi sting layer so that magnetic continuity is.established between the two

| ayers. The second magnetic yoke layer 22 is finally stitched to.the
second pole tip layer 20 to finish the thin filwhhagnetic head structure.

A speci fic enbodi nent of the process sequence, according to the 35 present

invention, will be described in_conjunction with Fig. 9A-F, and this
process sequence is suitable for pr@fucing the thin fil m magnetic shown
in Fig. 3. The first nmagnetic yoke Layer 12 is depositTed as a full film
by plating and then patterned to t si red shape bfi@_chenical
SA9-91- 073 7
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etching process, for exanple. A N Fe plating base is deposited, and a
.layer of patternable material such as photoresist, for exanple, is
“deposited and patterned to produce a rectangul ar -opening 44 as shown in
'Fig. 9A. The pole tip assenbly 15 is then fornmed in opening 44, as showmn 5
in Fig. 9B, by electroplating the first pole tip layer 16 with a suitable
magnetic material such as N Fe, electroplating a netal nonmagnetic gap

| ayer 18 with a suitable material such as gli/\lz, Au, or Cu, and

el ectroplating the second pole tip layer 2 ith a suitable magnetic
material such as NiFe. The front part of patternable |ayer is then 10
renmoved by being exposed and devel oped away to produce the |ayer 42 as
shown in Fig 9C. At the back edge 46 of the pole tip assenbly 15, the

| ayer 42 is self-aligned to the pole tips 16, 20. The layer 42 is then
hard baked (Fig. 9D) to formthe first |ayer ¥ insulation 30, and in

this case.the insulation layer 30 is | f-dQi gnedwst 0 t he back edge 46 of 15
the pole tip assenbly 15 which establ mShgd-AHs zef throat position. The
coil structure 28 is then fornmed i n GORWERELL hiQn, (see Fig. 7)

and insulation layers 32 and 34 are f?‘ﬁ’e‘ ;‘ﬁk agneti ¢ yoke

| ayer 22 is then formed by platiqg, F08 RNE R sostiched to
second pole tip layer 20 as showsNin Eh$§§ N m magnetic 20
head structure is then |lapped to fo Aﬁ~ﬂ A -3¥fesulting
structure is shown in Fig. QF. q‘b- enbodi nent of the-

process sequence, according to ,‘&1\‘\\
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a,

10A-F, and
and a
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Eﬁtal
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Si 2,

12 is deposited as a ful

filmby plating and then patterned to the desired shape by a chem cal
el ectroplating a

h as A1203 or
a rectangul ar opening 44 30

6ed”
The pole tip assenbly 15 is then formed i n opening

producing the thin filmmagnetic 25
42'

roplating the first pole tip |ayer

such as Ni Fe,

mat eri al

A N Fe pl-ating base is deposited,
e
#

be described in conjunction with Fig.

The first nagnetic yoke | ayer
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bearing slider wth sai

and .

Ve

1d
said thin:filmmgnetic head conprising a first nagnetic

yoke | ayer extending from-a back gap region to a sensing edge of said thin

fil mpmagnetic head;

A magnetic di sk recording system conpri sing:
first magnetic yoke layer at said back gap region and extending to said’

adj acent to the recording surface of said nmagnetic recordi ng nmedi um
sensing edge in a position aligned with but spaced from said first

head and an air bearing slider supporting s
accessi ng neans for supporting said head
arm neans relative to the recording surf

Fecordi ng nedi um havi ng a recordi ng surface
for supporting said air,

magneti c yoke | ayer;

medi um

i



a. pole tip structure conprising a first'pole tip layer; a gap formng | ayer
and a second pole tip |ayer each having a substantial | y._equal mﬁdth sai d
pole tip structure disposed between said first and sai TH HUL =3
yoke layers at said sensing edge and extending from sa Jﬁgg%§A%f cﬁﬁﬁﬁ% a
zero throat position, said zero throat position spaced Qfgp12d?¢uﬁe
edge towards sai d backgap region, said first pole tip | being:

contact with said first magnetic yoke |layerifrom said sensing edge to sar d
zero throat position and said second pole tip layer being in contact with
said second magnetic yoke |ayer from said sensing edge to said zero throat
position, said first magnetic yoke layer having a width at said sensing

edge greater than the width of sBHIN kﬁhﬁﬁ&ﬂgﬂaﬂﬁﬁﬂﬁéDand sai d second

magneti ¢ yoke layer having a width at said sensing edge |less than the width
of said pole tip structure. 2. The thin filmnmagnetic head of claim

1 wherein said ga;)sfﬂgirng | ayer

A thin film magnetic head comprises a first magnetic yoke layer
(12) "extending from a back gap region to a sensing edge such as an air
bearing surface (ABS), and a second magnetic yoke ‘layer (22) contacting

- thg first magnetic yoke layer at the back gap region and extending to the

ABS in a position aligned with, but spaced from, the first magnetic yoke
layer (12). A pole tip structure (15), with geometry formed by a single
photolithographic process, comprising a first pole tip layer (16), a gap
forming layer (18), and a second pole tip layer (20) is positioned
between the first and second magnetic yoke layers at the ABS with the
first pole tip layer in contact with the first magnetic yoke layer and

the second pole tip layer in contact with the second magnetic yoke layer
at the ABS. '

Fig. 4 !



defines a transducing gap having a gap length G and wherein the thickness
- of said first and said second pole tip layers is greater than 2G 3.
The thin filmmagnetic head of claim1l wherein said zero thr e ' —
defined by an edge of said pole tip structure. REPLACEMERT SHEET
“filmmagnetic head having a nagnetic circuit conpri sing: a 2i &t
magneti c yoke | ayer extending froma back gap re@'i/op to a sefsPatg: fi} AMT.ISSS ..... _
sai d magneti c head; a second magnetic yoke 'layer cont '
first magnetic yoke |layer at said back gap region and extending to said
sensing edge in a position aligned wi.ct\lh but spaced from(\l
N ~——
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a pole tip structure conprising
second pole tip | '

In contact with said second nmagnetic
sai d second nagnetic yoke | ayer
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rragnetlé yoke |ayer is narrower at sai d sensi ng edge thg

structure. 6. The thin fllmmagr?etlc head of cl i
first and said second nagnetic yoke | ayers are wi der at [lsard_Sg lale 0
than said pole tip structure. A nethod for making a th|n f|Im

magneti ¢ head &8 (ﬂat?nhﬂdS?r%l%yilSGfOSQﬂ ai thin £ilm; indgciivenpeads iim gvititte the dowerof :
depositing on a substrate a first magnetic yoke |ayer extending froma back.
gap regi oAPAEReHC peleis rﬂjo‘@!?@‘é in whole aggh geswaReR gnqgnpm pole; i preduced (in @arts.

ip 1 ayer - ddeifisCRart the polfpdheiot st WBiridhe el prodiet wf@%té%%%ﬁé’mé’é’ ure
ts) 2: gg f ?reg,?%ﬁet l?ﬁ)er Qna%ngt?cs f)él% Wnas p}or}filxcedS ian' cdon c{ th%)e gole Igti)p & oenr:«J.n((:iomtf;j1
back gap region. _
SUMMARY OF THE INVENTION

It is an object of the present invention to ameliorate one or more disadvantages of
the prior art. | _

According to one aspect of the present invention there is provided a magnetic disk
recording system comprising: a magnetic recording medium having a recording surface;
a thin film magnetic head and an air bearing slider supporting said head;_l-l-eacli arm means
for supporting said air bearing slider with said magnetic head closely adjacent to the
recording surface of said magnetic recording medium; accessing means for- supporting
said head arm means and for moving said head arm means relative to the recording
surface of said magnetic recording medium; said thin film magnetic head comprising a
first magnetic ybke layer extending from a -back gap region to a sensing edge of said thin
film magnetic head; é second magnetic yoke layer contacting said first magnetic. yoke
layer at said baék gap region and extending to said sensing edge in a position éligned
with but spaced from said firsi magnetic yoke layer; and é.pole tip structure comprising a
first pole tip layer, a gap forming layer and a second pole .tip'. layer each having a .
substantially equal width, said pole tip structure disposed.betwe.en said first and said
second magnetic yoke layers at said sensing edge and extending from said sensing edge
to a zero throat position, said zero throat position spaced from said sensing edge towards
said backgap regidn, said first pole tip layer being in contact with said first magnetic
yoke layer from said sensing edge to said zero throat position and s_z_lid second pole tip
layer being in contact with said second magnetic yoke layer from sﬁid sensing edge to
said zero {hroat position, said first n;agnetic yoké layer having a width at said senéing
edge greater than the width of said pole tip structure and said second magnetlc yoke layer

havmg a width at said sensing edge less than the width of sa1d pole. t1p structure.’



magnetic yoke layer at said sensing edge; and deposi tff = Ee“e#gr:!mgﬁ“ I C
yoke layer which is in contact with saigfl rst magn .PygﬁéManérHEazltrj
back gap region and in contact with sai4h second pol gf tip t [
sensi ng edge. 8. A nethod for making a thin fi Pﬁﬁ?ag%‘f‘%fﬁ d..af
claimed in claim7 conprising the step of: depOSTTTNg a pattcermadl e

| ayer upon saidcdording tomgother aspeokef theymresentinveption there isgprosiled apthiid €ilmabl e
layer to forman opening aligned with a part of said first magnetic yoke
| ayer near™3gAeHCshend; haying) g maghetip sireuit | gomprising: ura fisss magueso yokedaysrt hin
221 0P B A 12 S Mool 4 RSBt S Wil ol i e
claimed i ny,gl ol Bxe layer contacting said first magnetic yoke layer at said back gap region and
extending to said sensing edge in a position aligned with but spaced from said first
magnetic yoke layer; and a pole tip structure comprising a first pole tip layer, a gap
forming layer and a second pole tip layer each having a substantially equal width, said
pole tip structure disposed between said first and said second magnetic yoke layers at
said sensing edge and extending from said sensing edge to a zero throat position, said
zero throat position spaced from said sensing edge towards said backgap region, said first
pole tip layer being in contact with said first magnetic yoke layer from said sensing edge
to. said zero throat position and said second pble tij) layer being in contact with said
second magnetic yoke layer from said sensing edge to said zero throat posi_tion, said first
magnetic yoke layer having a width at said sensing edge greater than the width of said
pole tip structure and said second magnetic yoke'i layer having a width at said sensing
edge less than the width of said pole tip structure.
According to another aspect of the present invention there is provided a method as
recited in claim 7.
DESCRIPTION OF THE PREFERRED EMBODIMENT(S)
For a fuller understanding of the present invention, reference should be made to

the following detailed description of an embodiment thereof taken in conjunction with

the accompanying drawings, wherein:



wherein said nabl e | ayer is a photoresist material 10
méthod for making a thin fil mmagnetic head as cl ai Eg,&@émemﬁqﬁ%@ ein
sai d phot oresi Mﬂw"m]muwﬂm“rd baked a®d retained in sa2 @? @q a\ part
of said elect for said coil structiirgae.. =% L. he
met hod for making a th fllm*rragnetlc head as cl ai =£6- 10
wherein said patternabl e layer is an i CQUAMS®r materi al . 12. A nethod
for making a thin filmmagnetic head as clainmed in clains 7 to 11 wherein
t he step ofl.dephghagnetic diskdeqooding tsysterstcomprising: i s carri ed out by
el ectropl ating. 13. A nmethod for making a thin filmmagnetic head as
clained in cl ai hindgnetigyeeardingsaedium; hayingawgcerding susfaceid magneti ¢ yoke
layers are spacegwg‘? in a re ion extendjing fromsaid zero throat

posi tion towar i 13 Jpagngtic,he A 24krFaEing SHdlesi supportiBg said dead; o |

structure withiin gaid spaced apart regio i d. coil. str ctyre being
electrically i rpseﬁaaﬁIB’d WS UPPOTIS 581 i Eqaémg slider Wl said magnetic head

closely adjacent to the recording surface of said magnetic recording medium;

accessing means for supporting said head arm means and for moving said head arm
means relative to the recording surface of said magnetic recording medium;

said thin film magnpetic head comprising a first magnetic yoke layer extendingl from
a back gap region to a sensing edge of said thin film magnetic head; |

a second magnetic yoke layer contacting said first magnetic yoke l;yer at said.back
gap region and extending to said sensing edge in a position aligned with but spaced froin
said first magnetic yoke layer; and | -

a pole tip structure comprising a first pole tip layer, a gap 'forming layer and a
second pole tip layer eﬁch having a substantially equal width, said pole tip structure
disposed between said first and said secoﬁd magnetic yoke layers at said sensing edge
and extending from said sensing edge to a zero throat position, said zero throat position
spaced from said sensing edge towards said backgap region, said first ﬁole tip layer being
in contact with said first magnetic yoke layer from said sensing edge to said zero throat
position and said second pole tip layér being in contabt with said second mégnetic yoke .
layer from éaid sensing edge to said zero throat position, said first magnetic yoke layer
‘having a width at said sensing edge greater than the width of said. pole tip structure and
said second magnetic yoke layer__having a width at said sensing edge less than the width
of said pole tip strﬁcture.

2. The thin film magnetic head of claim 1 wherein said gap forming la&er
defines a transducmg gap having a gap length G, and wherein the thickness of said first -
?and said second pole tip layers is greater than 2G.

3. The thin film magnetlc head of claim 1 wherein said zero throat pos1t10n 1s

' defmed by an edge of said pole tip structure.
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sai,d ¢oil structu Lcally insulated from(s
structure. Hmﬂﬁ"ﬂﬁlmﬂmﬂ making a thin film @ﬁBLACEMea(#
clained in any of * Lal ING 10 whef@in said pat ernagﬁéﬁﬁl
phot oresi st material . 5 12. The method for naki ng_Bate

head as clainmed in claim 11 wherein said photoresis
baked and ret aidned A this fil magnetiehehddmvingnambgietic etelt edmpisihgal | nsul at I on

for said coil structure. _ _
a first magnetic yoke layer extending from a back gap region to a sensing edge of

YT TS P T — %

said magnetic head;

a second magnetic yoke l#yer contacting said first magneticlyoke layér at said back -
gap region and extending to said sensing edge in a position aligned with but spaced from
said first magnetic yoke layer; and

a pole tip structure comprising a first pole tip layer, a gap forming layer and a
sécond pole tip layer each having a substantially equal width, said pole tip structure
disposed beiween said first and said second magnetic yoke layers at said sensing edge
and extending from said sensing edge to a zero throat position, said zero throat position
spaced from said sensing edge towards said backgap region, said first p(;i-(;- tip layer being
in contact with said first magnetic yoke layer from said sensing edge to said zero throat
position and said second pole tip lgyer being in contact with said second magnetic yoke
layer from said sensing edge to said zero throat pos'ition, said first magnetic yoke layer
having a width at said.sensing edge gfeéter than the width of said pole tip structure and
said second magnetic yoke layer having a \-;vidth at said sensing edge less than the width
of said pole tip structtire.

5.  The thin film magnetic head of claim 4 wherein said first niagnetic yoke layer
is wider at said sensing edge than said pole tip structure and said second magnetic~ yoke
layer is narrower at said sensing edge than said pole tip structure. |

6. The thin film magnpetic head of claifn 4 wherein said firs;t and said second
magnetic yoke layers é.re wider at said sensing edge than said pole tip structure.

7. A method for making a thin ﬁlm magnetic head as claimed .in any of claims 4

| to 6 comprising the steps of: |

depositing on a substrate a first magnetic yoke layer extendin__g from a back gap
reg'mn toa sensmg edge; | .

depos1t1ng a pole tip structure comprising a flrst pole tip layer a gap forming
layer, and a second pole tip layer each having a substantlally. equal width, _sald pole t;p

structure being deposited in a position so that said first pole tip layer contacts said first
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magnetic yoke layer at said sensing edge; and depositing a second magnetic yoke layer
which is in contact with said first magnetic yoke layer at a back gap region and in
contact with said second pole tip layer at said sensing edge. '

8. A method for making a thin film magnetic head as claimed in claim 7 -
comprising the step of: |
| depositing a pétternable layer upon said first magnetic yoke layer, and patterning
said patternable layer to form an opening aligned with a part of said first magnetic yoke
layer near said sensing edge, the pole tip structure being deposited within said opening so
that the opening defines the edges of the pole tip structure.

9. A method for making a thin film magnetic head as clagr_l_ed in claim 8
wherein said patternable layer is a photoresist material.

iO. The method for making a thin film magnetic head as claimed in claim 9
wherein. said photoresist material is hard baked and retained in said head as a part of said
electrical insulation for said. coil structure.

li. The method for making a thin film magnetic head as claimed in claims 8
to 10 wherein said patternable layer is an insulator material.

12. A method for making a thin film magnetic head as claimed in claims 7 to 11
wherein the step of depositing said pole tip structure is carried out by électroplating.

13. A method for making a thin film magnetic head as claimed in claim 12
wherein said -first and said second magnetic yoke layers are spaced apart in a region .
extending from said zefo throat position toward said back gap region, and comprising
forming a coil structure within said spaced apart region, said coil structure being

electrically insulated from said yoke structure.



