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MANUFACTURING SUCH A HEAD [Pos coPy

The preseht invention relates to a thin film
magnetic head and to a method for manufacturing such a
head. . '
"Thin £ilm magnetic read/write heads are used for
magnetically reading and writing information on a
magnetic storage medium, such as a magnetic disk or a
magnetic tape. It is highly desirable to provide high
levels of information storage density on the magnetic
storage medium.

One design criteria in a recordlng system is to
provide an areal density as high as possible for a given
recording surface without compromising the performance/
cost ratio. In the case of rotary disk drives (both
floppy and hard disks), the areal density is found by
multiplying the number of flux reversals per unit length
along the track (linear density in units of flux
reversals per inch or centimetre) by the number of

tracks available per unit length along the radial

direction (track density'in units of tracks per inch or
centimetre). The areal density has shown a steady
increase, doubling about every other three years. A
state of the art density is about 100 million bits per
inch squared (15.5 million bits per centimetre squared),
and the commercial magneto-optic disk has an areal
density of 480 million bits per inch squared (74.4
million bits'per centimetre squared).

In the past, great efforts have been devoted to
maximising the linear density. A higher linear density
can be attained by reducing the gap length of the
recording head. Furthermore, much attention has been
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storage nedium One design criteria in a recording systemis to 15

provide an areal density as high as possible for a given recor ;
w t hout conpronising the perfornance/ cost ratio. In the case EB'
di sk drives (both floppy and hard disks), the areal density is
mul ti plyi ng the nunber of flux reversals ger unit |ength 20
track (linear density in units of flux reversals per.inch or
t he nunber of

al ong the
centinmetre) by
paid to improving the media's characterist},s to §nﬁbort
shorter magnetic domain transitions such that efﬁigher
bit density may be realised. This has been successfully
accompliéhed mainly through a better uﬁderséanding of
5 the recording physics and micro-magnetics. For
' instance, agnetic media made byfdéep ition processes
which lead fé\: morphology of isolﬁyéd particles will
have a better \resolution and higher signal-to-noise
ratios (T. Chen\, and T. Yamaihiga, IEEE Trans. Mag.
10  MAG-24 (1988) p.\2700). ff///
hv h_X7 The present inventioﬁcf at least in its preferred
'igg & form described belaw, %’egs to provide an improved
Jixﬁﬁ??;50¢¥>magnetic read/write \ead ghd an improved method for
AGJQ? manufacturing such a éq& to enable an increased track
ig} Nis (bdenSity, and theregynéé increased areal density, to be

égbwoéd&b obtained. i/ /
! k"k o % According to¢’ a‘firs ~aspect of the present
T t:y&c’\o\,x“inventi_c)n, there ;é'provided a method for manufacturing
) A a thin £ilm magneFic read/write hea%w,m; J%P%F%mﬁﬁghgﬁeiaaﬁﬁﬂﬁvﬁ
. ,k"zqqpq, resist layer is exposed to ra iationcﬁ a mask and :
> Q;b; is developed é;fbrovide a photo-resist pattern for
forming a pzi;ftip of the magnetic read/write head,

character17 quy baking the exposed photo-resist layer
: -resist layer to
and furte? ‘ex osingdfqﬁabakeg pb to-resis Yy
radiation/before the developing step.

25 Th__éreferred embodiment featukes a photo-
lithogr gﬁic process, in which a positive photo-resist
layer f%/deposited and the portion which is to form the
pole iﬁ is exposed to radiation while t portion where
30 the loie tip is to be deposited is masked Qff. The

photb7resist is then baked followed by a flaod exposure.
/ . ) _
Thej;ésist is then developed, removing that ‘portion

_wh{c was masked off during the first exposure\ The
»/;#&f; of the remaining photo-resist have "negative"
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tracks available per unit length along the radial direction (track density
|n units of tracks per inch or centinetre). The areal densit ;qn
rC’lS 5m

steady 25
of the art density is about 100 mllion

i ncrease, doubling about every other three yea
,ts per inch squared

t
bits per centinetre squared), and the cog%ercial magnet o-opti ¢ di sk has an
areal density of 480 mllion bits per inch squared (74.4 30 nilbyon

bits per centigibdpés SAUMi€Pole tip may then be deposited in the .~
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relief area and will have walls with a "positive",eiope.
A gap and upper pole tip may then be deposited;uéing

- standard lithographic techniques. The resultihg pole

structure provides pole tips having a trape201dal shape
with symmetry across the gap region. ,
According to a second aspect of the present

" invention, there is provided a method for manufacturing

thin £ilm magnetic read/write head characterised by J«”
steps of forming on a substrate a first photo resist 0$ *

pattexn defining a lower pole tip having opposed walls lkﬂo

which conyerge in a direction away from the substrate, Q/ AU5

depositing a\layer of permalloy magnetic film to provide €

the lower poletip, depositing gap material on the

lower pole tip,E\forming on the substrate a second

photo-resist pattefh\geflnlng over the gap material an

upper pole tip hav1ng opposed walls which converge in a

direction t ard/—the substrate, and depositing a layer

tx/perﬁgiioz?magnetlc film to- provide the upper -pole

According to a third aspect of the present
invention, there is provided a thin film magnetic read/
write head comprising a lower pole including a lower
pole tip, an upper pole including an upper pole tip,
and a gap between the lower pole tip and the upper pole
tip filled wigh gap material, characterised in that the
lower pole't;p has opposed walls which converge towards
the gap, ag& in that the upper pole tip has opposed
walls whicqjalso converge towards the gap.

Preférably, the pole tips have a trapezoidal
shape with the shorter of the two parallel sides for
each pole tip being closest the gap. In the preferred
embodimeht described below, the two pole tips further
have sybstantial mirror image symmetry across the gap.
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In the past, great efforts have been devoted to nmaxim sing the Iinear
density. A higher |inear density can be attained by reducing | ength
6f the recording head. Furthernore, nuch attention has been(j dext-
i mproving the media's characteristics to gupport shorter nmagne

The present invention thus permits improved track
density as a result of the lithographic process for the
thin f£ilm head fabrication, and a better pole tip
design may be obtained by contrqlling the resist

5 profile.

The invention is described further, by way of

example, with reference to the accompanying drawings,

in which:~
Figﬁre 1 is a top view of a thin film magnetic
10 - read/write head; _
Figure 2 is a side view of the thin film head of
Figure 1; '

Figure 3 shows three photo-resist profiles;

Figure 4 shows the resulting pole tip structure
15 when the photo-resist profiles of Figure 3 are used in
the fabrication of pole tips in a thin film head;

Figure S is a graph showing the relationship
between the slope of the pole tip and the difference in
pole tip width between the top and bottom edges of the
pole tip for three different pole tip heights;

Figures 6 and 7 show a prior art method of forming
pole tips (Figure 6) and a method according to the
present'invention'(Figure 7) side by side for
comparison; and

Figure 8 is a cross sectional view of the
completed pole tips according to the present invention
having mirror image symmetry across the gap region.

The quest for high density recording on magnétic'
storage media has essentially given rise to the
development of miniature integrated thin film heads.
Thin f£ilm heads, being substantially two dimensional,
permit the use of magnetic films with higher permea-
bility and higher saturation induction, resulting in
better performance in terms of high resolution and low
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transitions such that a higher bit density nmay be realised. This has been
successful |y acconplished mainly through a better understandj ff{

rrecor di.ng physics and micro- magnetics. For instance, nagnet(??aa ﬁé L_
by deposition processes which lead to a nBrphol ogy of isolated particles
will have a better resolution and hlgher S|gnal-to noi se ratios (T Chen,
and T. Yanashlg EE Tr ans. a Hg 1988) g 2700%. Cgher erences
di scl osing inp ngﬁ aBReH t yIPnadALiEifBnnet PnEP&& typta Igbpssats Frenec
and JP- A- 63064héddbyihuaht agraynipaahi aavantdfelrob26h4filZilims bleadss a

met hod of manuf act urjng hip fi.l moagneti oyner e having
a trapezoidal cross ggngB%c agﬁ ﬁﬁ eft ﬁﬁsﬁgglpB%éthaélﬁg anglinverse
trapezoi dal" bearing slider, which "flies" over the disk surface. The

5 slider is typically made of sintered ceramics such as a

composite of alumina oxide and titanium carbide. 1In _
some cases, a magnetic substrate such as Ni-Zn ferrite
is used as a shielding material. The batch fabrication
- of magnetic heads using thin film techniques thus
10 differs greatly from semi-conductor manufacturing.

The batch fab;ication of vertically configured
thin film magnetic recording heads was summarised by
Romankiw et al. (See L.T.'Romankiw, and P. Simon, IEEE
Trans. Mag. MAG-11 (1975) p. 50). This kind of head
design is more stable but requires additional machining
techniques, such as micro-scale lapping and grinding,
for fabrication. The vertically configured thin film
head has since evolved into a more sophisticated design
featu:ing unique paddle shaped poles and a multi-turn/
layer coil pattern. | .

The lithographic process used in fabricating thin
film heads first involves the definition of the device
pattern; i.e. a-latent image in the photo-resist layer,
which is then developed out as a relief three
dimensional profile. This relief may then be filled
with a portion of the thin f£ilm head using standard
deposition techniques, such as electro-plating.

A multi-turn inductive thin film head 10 is shown
schematically in Figures 1 and 2, in which Figure 1 is
a top viéw while Figure 2 is a side cross sectional
view. Lithography is used to define the geometry of
both top and bottom magnetic film cores 12 and 14 and
copper coils 16 and 18. An insuiating layer 20 is also
patterned using lithography. In fabricating the thin
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cross section. The present invention, at least inits preferred form .
descri bed bel ow, seeks to provide an inproved nagnetic read/mALteaheaﬁ|amﬂ[_
an inproved net hod for manufacturing such a head to enable an increased
track density, and thereby an increased ageal density, to be obtained.
According to a first aspect of the present invention, there is provided a
nmet hod of manufacturing a thin filmnmagnetic read/ wite head, in which a
phot o-resi st | gdm headxposeﬂeralradparaba pétubrohtxapsferopriosessesed by

a mask and is Q%eheeadtbodeggghéetﬁ Rekd [i8ehoh BAbkErArkoRal,0r M ng 2
pole tip of the netic_rea characterijse
1nc1ading 1ift off, wet chemlcal etching and plating/
sputtering. A typical head building process may account
5 for more than a dozen masking levels and more than
thirty processing steps including deposition, plating
and etching.
There are several key parameters in controlling
the performance of the deéice. Throat height and gap
10 length influence the fringing field distribution
affecting the linear density and writing efficiency of
the head. Optimum device dimensioning requires an in
depth understanding of the micro-magnetic phenomenon and
extensive device modelling. The line width variation of
is the top and bottom poles and their alignment accuracy
'~ are also crucial because the off track properties affect
the achievable track density.
There are two schemes that may be used in
fabricating the magnetic pole, either additive or sub-
'20 ' tractive. As an illustration, the additive approach
using the wet process for electro-plating is the
dominant scheme and the processing steps involved are
summarised below and shown in Figure 6.
The additive approach does add more processing
steps and may induce more process variations such as

2 undercut during chemical etching and ion milling. The
maturity of plating technology coupled with a better
control of composition and stress in the deposited
permalloy film, however, is an advantage of the additive

30 approach. Furthermoré, it is a low temperature process,

in contrast to a sputtering technigque.

The highest track density achievable is strongly
influenced by how well the pole tip elements can be
aligned, and how small the poles can be made with
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by baki ng the exposed photo-resist |ayer and further exposing the baked
photo-resist layer to radiation in the absence of the mask bef

devel opi ng step and by the renoval of the previously masked poij’ r !Pd%\[_
photo-resi st |ayer during the devel opi ng st ep. The preferred enbodi nen
features a photo-Ilithographic process, in which a positive photo-resist

| ayer is deposited and the portion which'is to formthe pole tip.is exposed

to radiation Eh&& - [ Len5id atbdd
masked of f. T‘A‘@éﬁ{éﬁe@?{a s?'\e{uﬁcreh% evel opecf'dsfems)rv#é) lt:;ha orti on é"’“' ch
Higher track deRsisaes bR JRITED Y e VR

was masked of f &RR
photo resist hmllmaihl\ne fidhopRynetie heads. This is ach:.eved

mainly through the reduction of pole tip width, whlch in

5  turn is reflected in a smaller plating dam width.
Magnetic poles'typically have a pole length in the range
of 2 to 4 pm, depending upon the optimisation criterion,
i.e. a thicker pole for better over-writing efficiency

_ and a thinner pole for better resolution capability.

10 This constraint calls for the use of thick resists with
thicknesses targeted in the range of 3 to 6 um. Details
of the thick resist requirements for thin film heads
have been discussed elsewhere. J.S. Gau, Optical/Laser
Micro-lithography II, Proc. SPIE 1088 (1989) pp. 1088 to

15 53. Basically, an ideal resist provides good edge
acuity under all processing conditions, yields a
consistent thickness, and maintains resist profile
during high temperature baking and curing, along with

. its resistance to chemical etching and milling.

20 Pole width reduction is limited by the resolution

of the resist, and the pole tip geometry is determined

by the resist profile. In the additive approach,
controlling the shape of a resist profile can be as
important as maintaining control of its critical
dimension. The side profile is of great significance

2 since off track recording properties are strongly
_influenéed by the side fringing reading and writing of
thin £ilm heads due to their finite dimensionf The
magnetic field emanating from the side surface during

30 writing will play a key role in the formation of the

side erasure band, depending upon this side fringing

field and corresponding field gradient distribution.
Figure 3 depicts several common resist profiles.

‘A normal profile, the resist profile 22 in Figure 3A, is
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pole tip may then be deposited in the relief area and wll have malls W th

a "positive" slope. A gap and upper pole tip may then be dep ng
st andard 3 lithographic techniques. The resulting pole st SEN
provi des pole tips having a trapezoidal slgape with synmetry across

region. According to a second aspect of the present invention, there is
provi ded

provided by a typical single layer positive resist and
has sloped side walls due to absorption and to the
nature of the resist development process. An hour glass
profile, the resist profile 24 in Figure 3B, is

5 obtained when the forces competing to make the proflle
positive and negatlve are balanced. A negative profile,
the resist profile 26 in Figure 3C, can be obtained
using a negative_resist.

The present invention teaches a new method of

10 forming the resist profile 26 of Figure 3C using a
positive resist.

Usually, vertical resist profiles are the most
desirable for pattern transfer and dimensional control.
However, negative profiles produced with negative

15 photo-resists are sometime purposely created for metal
1lift off. 1In a normal process, negative profiles
produced with negative photo-resists can cause problems
during etching and critical dimension measurement.
Also, high aspect ratio features tend to Fopple if the

20 profile is toc negative. Negative resists tend to

provide poor resolution and may have a particularly
harsh environmental impact.

Possible pole tip profiles are shown in Figures 4A
to 4C based upon the corresponding resist profiles of
plating dams 22 to 26 of Figures 3A to 3C. Pole tip
profiles 28 and 30 of Figure 4A are formed using the
resist profile 22 of Figure 3A. Pole tip profiles 32
and 34 of Figure 4B are formed using the resist profile
24 of Figure 3B. Pole tip profiles 36 and 38 of Figure
4AC are formed using the resist profile 26 of Figure 3C.

The positive resist profile (resist profile 22 in
Figure 3A) based upon novolac resins and diazonaphtho-
quinone'photo-sensitive additives remains the mainstay
of the thin film head industry. The sloped side walls

25
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a method for manufacturing a thin filmmagnetic read/ wite heaq}havin

an
upper pole tip and a lower pole tip, said nethod conprising: g,giréi??ﬁ/xi_

lFower pole tip by exposing a first photo-resist |ayer to radi
portion of which is masked by a mask, andgdevel oping the layer to provide a
first photo-resist pattern for formng the |ower pole tip; formng the
upper pole tip by depositing gap material on the |ower pole tip, formng a
further photo- besratnaetst,eraodeize&l ngcaneha&rbeagangmtfe@aalt ieffectpace

e AP UL OLAAEh kPR L1 IRE BARRLp (18 WRE (K (17
mat erial, and pépbsngldgmacbmpeismhgpghunbkaﬁsasgnmumh'H Ishope pﬁb@ﬁde t he
upper pol e ti PeafiPBLaaLEE' 3°H018 tER! «iRhMA! WiE£¥rehle btileen the top
5 and the bottom of 3 pym pole thickness and at the bottom
of only about 0.4 pm. As pole widths become smaller and
smaller in response to demands for higher track
densities, the sloped pole tip starts to have signifi-
cént impact on head performance. Both the side fringing
10 field and the effective pole width strongly depend upon
the angle of sloped walls.
The difference in the width, w, is related to the
desired pole thickness, h, and the angle of the sloped
profile, a, through the following simple equation:

15 .
w = h x tan a = h * a

A graph of the preceding equation is shown in
Figure 5 for h = 1 pm (line 40),' h =2 pm (line 42)
20 and h = 3 pm (line 44).

In principle, the most critical allgnment step in
manufacturing the thin film magnetic read/write head
lies in the registration between the top and bottom
poles. Experimentally, it has been found by a magneto-
optic technique that the distribution of the side

2 fringing field and its gradient are influenced by the
alignment of poles and control of their critical
dimension (See, M.E. Re, R.R. Katti, W. Rave, and M.
H. Kryder, IEEE Trans. Mag. MAG-23 (1987) p. 3161).

30 Furthermore, measurements reveal that an erasure band

exists when over-writing a side track which serves as a
guard band to avoid off track interferences. - Large step
heights and the use of thick resist in thin film heads
have constrained the alignment capability of a given
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tip further conprises: formng the first photo-resist pattern on a
substrate; baking the exposed first photo-resist layer; furth r&xqesan
the baked photo-resist layer to radiation in the absence of tﬁz

t he devel opi'ng step; renmoving the preV|ou§Py masked portion of the flrst
phot o-resi st |ayer during the devel opi ng ep; defining in a space where
the first photo-resist pattern is not present, the lower pole tip having

opposed wal |'s ﬁgﬁgggggx%g??bﬂ Eodga{igt bRRefday @My ggﬁgﬁuﬂéhﬁ:ab% and

depositing a | ayer mto provi | ower pol e
tinp. Preferabl9veFﬁéYp

the two paral | gitBiflessf 86 €08hoBOtRe! bEfbetieCkeaek! wilehgapanli n the
preferred enbOdIcuracy in the alignment between the poles of better
5 than 5% tolerance of the effective width may be
necessary. The alignment accuracy can be significantly
improved by the improved pole tip design of the present

invention.
Figures 6A to 6E and Figures 7A to 7G show a side
10 by side comparison between a standard lithographic

process used to create a pole tip (Figures 6A to 6E) and
one possible process used to create a pole tip according
to the present invention (Figures 7A to 7G). Other
processes, however, such as sputtering, d4ry etching,
15 etc. may also be used. Figures 6A and 7A show substrates
46 and 56 spin coated and soft baked (90°C for about 45
minutes) with a respective photo-resist layer 48 and 58.
In Figures 6B and 7B, the photo-resist layers 48 and 58
L are exposed to actinic radiation. In Figure 6B, a mask
‘50 covers the area where the pole tip is not to be
deposited. In Figure 7B, on the other hand, a mask 60
covers the area where the pole tip is to be deposited.
-Figures 7C and 7D depict two additional steps used with
the present invention. 1In Figure 7C, the exposed '
photo-resist 56 is post baked. A post bake of 110°C for
2 to 5 minutes may be sufficient. 1In Figure 7D,
following the post bake, the photo-re51st layer 58 is
subjected to flood actinic radiation exposure.

In Figures 6C and 7E, the photo-resist layers 48
and 58 are developed leaving a relief area for
deposition of thé pole tip. The resultant resist 58 in
Figure 7E may have a thickness of about 4.2 pm. Next,
in Figures SD and 7F, lower pole tip permalloy magnetic
films 52 and 62 are electro-plated onto the substrates
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descri bed below, the two pole tips further have substantial mrror inmage .
symmetry across the gap. 4 The present invention thus permts inproved

track density as a result of the l|ithographic process for t i I
head fabrication, and a better pole tip 11 @RWGINrAL

46 and 56 respectively. The photo-resist layers 48 and

58 are then stripped, 'leaving the pole tips 52 and 62

as shown in Figures 6E and 7G. |

Using the process shown in Figures 7A to 7G, the
5 resultant permalloy layer 62 has a'positive or inverted
slope as shown in Figure 7G. 1In Figure 8, the pole tip

62 formed as shown in Figures 7A to 7G is shown

including an upper pole tip 64 and a gap 66. The upper

pole tip 64 may be deposited using the normal process
10 depicted in Figures 6A to 6E such that the slope of the
edges of the upper pole tip 64 are the opposite of that
shown for the lower pole tip 62. Prior to depositing
the pole tip 64, the gap 66 may be filled with a non-
magnetic material such as alumina (Alzos). The
15 symmetric nature of the pole tips 62 and 64 leads to
improved operation of the thin film magnetic head 10
during read back and writing.

In the steps'shown in Figures 6A to 6E, upon
exposure to light, diazoquinone sensitiser (PAC) is
converted into substituted indenecarboxylic acid via the
sequence of elimination of nitrogen, Wolff rearrange-
ment to the ketene and reaction with trace amounts of
water in the resist. The final product is a carboxylic
acid which is very soluble in the basic developer
solution, and a positive image is yielded upon
"development. In order to change the latent positive
image of Figures 6A to 6E to the negative one of Figures
7A to 7G, the indenecarboxylic acid is converted to an
aqueous insoluble derivative, i.e. indene, Dby a
decarboxylating step. Indene is not only insoluble in
aqueous alkali solution, but it is also inert towards
any further photo-chemical or thermal processing. The
rate of this reaction is controlled by the temperature
during the post exposure bake step. The indene produced
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5

design may be obtained by controlling the resist 5 profile. The
invention is described further, by way of exanple, with reference to the
acconpanyi ng drawings, in which:- Figure 1 is a top viewof a_thin film

Egggeg}cﬁlgure 1read/wrlte-head Figure 2 j5 a side view of (@eRr@H\JA.L

is an aqueous-insoluble species, causing the initially
exposed areas to become pbtentially as insoluble as the
unexposed areas. If the decarboxylation step is
followed by a flood exposure and aqueous base develop-

5 ment using conventional positive resist developers, a
negative tone image results. This is because the doubly
exposed areas, where the indene product has been
{Eormed, are rendered insoluble. Development occurs in
Tthe initially unexposed areas because the flood exposure

10 --;converts the resist in those areas to the normal photo-
{chemical products which are base soluble.

The mechanism of the decarboxylation has been
studied and has been found that unlike image reversal
systems based upon acid-catalysed, heat induced cross

15 linking, which tend to favour negative slopes, side

wall profiles of image reversal resists composed of

diazonaphthoquinone and novolac resins with addition of
aliphatic and aromatic amines can be controlled from
negative to vertical to positive by changing the diazo
content of the resist and the post exposure bake

20
temperature.

The dimensions of the resultant trapezoxdal pole
tips have a wide possible range. The angle of the side
walls may have little effect on head performance for

25 pole tips having widths and heights of greater than 20
pm and less than 1 pum, respectively.

The present invention provides a thin film
magnetic head having improved reading and writing
characteristics. The mirror image symmetry of the pole

10 tips across the gap region yields a narrow fringe field

rwell suited for high density magnetic storage. The post
bake and flood exposure process shown in Figures 7A to
7G may easily be implemented with current methods used

{ in fabricating thin film heads.
-
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Figure 3 shows three photo-resist profiles; Figure 4 shows the resulting
when the photo-resist profiles of Figure 3 are

GRIGINAL

pole tip structure 15
sed in the fabrication of pole tips in a thin filmhead; Figu
graph showi ng the rel ationship between thd3sl ope of the pole t
difference in pole tip width between the top and bottom edges of the 20

pole tip for three different pole tip heights; Fi guresscq:i@e% Z,wftq-?w a prior

art met hod of form,u?he present invention has been de
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reference to preferred embodiments, and various changes
may be made in form and detail without departing from
the scope of the invention. For example, many possible

trapezoidal shapes may be employed having the face

closest the gap region narrower than the face distal to
the gap region. Additionally, the pole tip heights and
the angles between the sides of the trapezoid may also
be varied. The invention is applicable to thin film
heads having an upyer pole smaller than the lower pole.
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pole tips (Figure 6) and a nethod according to the present invention

(Figure 7) side by side for conpari son; and 25

Cross sect i ORFk sikkdWs Blen RBGaceP Pl et ed pol e tips according to present
i nvention havi RN e symmetry -acn@ss the gap regi orQ 4gédj§}At£
hi gh density rmnﬁﬂk gnetic storage nedi a has essenti '

I
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The

Figure 8 is a

mniature integrated thin film heads.
CLAIMS

1. A method for manufacturing a thin f£ilm magnetic
read/write head, in wh&f\y g chﬁaomfﬁﬁlayer (58) is
exposed to :adiationlﬁgseugh a mask (60) an@ is .
developed to provide a photo-resist pattern for forming
a pole tip of the magnetic read/write head, charac-
terised by baking the exposed photo-resist layer and
further %?Re%iggqufQE?%ﬁnghotO_reSiSt layer to
radiationt?efore.the developing step.

2. A method according to claim 1 characterised in
that the mask in the initial exposing step covers,a*kw
portion of the photofresist layer corresponding with the
pole tip.

3. A method according to claim 1 or 2 characterised
in that the photo-resist pattern defines a pole tip
having a generally trapezoidal section such that an
upper surface of the pole tip is narrower than a lower
surface of the pole tip.

4. A method for manufacturing a thin géig\magnetic
read/write head g forming on
a substrate (56) a first photo-resist pattern (58)

- defining[a lower pole tip (62) having opposed walls

/

/

;
/
:

o —

which converge in a direction away from the substrate,

ﬂég depositing a layer .f_pe al z.magnetic fiﬁ?\to provi@e

Ao %

sin ¥

1
the lower pole tip, [ depositing gap materiélen the
lower pole tip, forming on the substrate a second

} photo-resist patter% (48) defining over the gap materialzr\\

an upper pole tip (64) having opposed walls which \

converge in a direction towards the substrate, and
depositing a layer of permalloy magnetic f£ilm to provide
the upper pole tip.

5. A thin film magnetic read/write head cemprisimga
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Thin f|| Kgsdbstantially two dinensional, permt the use of
magneti c er permea- bility and higher saturation induction
g lEIlm \ ormance in terns of high resolution Ca)nd | ow

resul tin ]ES'PJ/X!_

i nduct anc
an

the ability to fq?ricate t he

pole (14) including a lower po
upper po ole tip (64), and a
gap (66) b ' tip and the upper pole
_ ' , characterised in that the
5 lower pole tip has opposed walls which cbnverge_towards '
the gap, and in that the upper pole tip has opposed
walls which also converge towards the gap.
6. A magnetic read/write head according to claim 5
characterised in that the upper and lower pole tips have
10 generally mirror image symmetry across the gap.
7. A magnetic read/write head according to claim 5
characterised in that the upper and lower pole tips have
similar vertical sections.
8. A magnetic read/write head according to claim 5 or
15 7 characterised in that a spacing between the opposed
walls of the lower pole tip adjacent the gap differs
from a spacing between the opposed walls of the upper
pole tip adjacent the gap.
9. A magnetic read/write'head according to any of
claims 5 to 8 characterised in that the opposed walls of
each of the lower and upper pole tips are inclined.
10. A magnetic read/write head according to any of
claims 5 to 9 characterised in that each of the lower
and upper pole tips is trapezoidal in section.
11. A magnetic read/write head according to any of
claims 5 to 10 characterised in that each of the lower
and upper pole tips has a dimension between 0.1 um and
10 pm in a direction perpendicularly of the gap.
12. A magnetic read/write head according to any of
claims 5 to 11 characterised in that each of the lower
and upper pole tips has a dimension less than 20 pm
between the opposed walls.

13. A method for zzzzggefﬁ;;ng a thin film magnetic
read/write head cha erised by the steps of forming a

20
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2
‘

heads in an array is an advantage of thin filmheads. Magnetic heads are an
i ntegral part ofhig$heeiiHas BremRépiageds| i der, which "flies" over the disk

i

surface. The 5 yplcally made of sintered ceragics such as a

conposite of alu titanium carb| de. In sone casﬁ LE?E@A?L
a

substrate such as Ni-Zn ferrite is used a%®a shielding materi
fabrication of magnetic heads using thin filmtechniques thus 10
differs great'Sh$£8”}§§9%tcfa93§t?%aPB””tact nongmagnetlc substrate -
(56), exposing the oto-resist layer to radiation
through a mask 0), baking the photo-resist layer,
exposing photo-resist layer to radiatiop, and
Ping the photo-resist layer. o
14. A thin film magnetic transducer of the typeé having
a lower pole (14) including a lower pole tip,(éZ), an
upper pole (12) including an upper pole tipf(64) and a
gap region (66) filled with gap material sandwiched
10 - between the upper pole tip and the lower pole tip,
characterised in that the upper poleftip has generally
mirror image symmetry with respecy/to the lower pole tip

7
!

across the gap region. /
15. A thin film magnetic trgﬁsducer_characterised by a
15 substrate (56); a lower pole tip (62) deposited upon

the substrate having a genefally trapezoidal shape with
a first face in surface adjoining contact with the
'substraté and having a first face length, distal to the
substrate and substéntially parallel with the first

20 face, and having a second face length, the first face
length being grea~ér than the second face length; a
gap layer deposifed upon the second face of the lower
pole tip; and/an upper pole tip (64) deposited upon the
gap layer haying a generally trapezoidal shape with a

25" first face /An surface adjoining contact with the gap

layer and’having a first face length, a second face
distal to the gap layer and substantially parallel with
the first face and having a second face length, the
firgt face length being less than the second face

30 |
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The batch fabrication of vertically configured thin filmmagnetic recording
heads was sunmari sed by Romankiw et al. (See L.T. Romankiw, and P Si non,
FPEEE Trans. Mag. MAG 11 (1975) p. 50). This kind of head 15 CJ ? Tdva,
more stable but requires additional machighng techniques, suck bSIUTINA L
m cro-scal e | apping and grinding, for fabrication. The vertically
configured thin filmhead has since evolved into a nore sophisticated
design featuring uni que paddl e shageg gorea ang & nmulti-turn/

THIN FILM MAGNETIC HEAD AND METHOD FOR
5 MANUFACTURING SUCH A HEAD

The invention provides a thin film magnetic
read/write head and a method for manufacturing such a
10 head. In the method, a photo-resist layer (58) is
exposed to radiation through a mask (60), and is then
baked and further exposed to radiation, following which
the photo-resist layer is developed to provide a photo-
resist pattern for forming a lower pole tip (62) of the
15 magnetic read/write head. Subsequently, an upper pole
tip (64) is formed, and the two pole tips are
configured such that a pair of opposed walls of each of
the pole tips converge towards a gap (66) between the

pole tips.
20
s [Figure 7]
30 —
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20 | | ayer coil pattern. The |ithographic process used in fabricating

thin filmheads first involves the definition of the device pattern; i.e. a -
IFat ent image in the photo-resist |ayer, which is then devel oped out as a
relief three 25: di mensi onal profile. This relief may then be filleg z)
with a portion of the thin filmhead using standard deposition techni queg,

such as electro-plating. A nmulti-turn inductive thin filmhead 10 is sho
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schematically in Figures 1 and 2, in which Figure 1 is a top view while
Figure 2 is a side cross sectlonal vi ew. Lithography is used t Aeth
geonetry of bowh™ top and bottom magnetic filmcores 12 and 14 %ﬁﬁcfo@pqr\ j\l_
‘coils 16 and 18- An insulating layer 20 is al so patterned using

l'i t hography. Infabrlcatlngthethln 5
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d, several separate pattern transfer processes are usEigét '
e hea on a substrate 21, including Iift off, wet c &5l\\
d pla

fo

/| sputtering. A typical head buil ding process nmay
steps including deposition, plating and etching. There are

nore than a dozen masking levels and nore than thirty

y paraneters in contsel eispg NI itk
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the performance of - the device Thr oat hm it

i.nfl uence the fring oS h§_lkgytion aff
Writing efficiency
in depth understandi nagne

devi ce nodel | i ng. Th riatio

and
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pol es and their alignnent accuracy are al @r&F beta: U@RégSra
properties affect the achievable track de S|ty .
DATE GF RECAIPL covnrnerrns

THIN FILM MAGNETIC
MANUFACTURING SUCH A HEAD

The present invention relates to a thin film
magnetic head and to a method for manufacturing such a
head. ' : |
Thin film magnetic read/write heads are used for
magnetically reading and writing information on a
magnetic storage medium, such as a magnetic disk or a
magnetic tape. It is highly desirable to provide high
levels of information storage density on the magnetic
storage medium.

One design criteria 1n a recordlng system is to
provide an areal density as h;gh as possible for a given
recording surface without compromising the performance/
cost ratio. In the case of rotary disk drives (both
floppy and hard disks), the areal density is found by
multiplying the number of flux reversals per unit length
along the track (linear density in units of flux
reversals per inch or centimetre) by the number of
tracks available per unit length along the radial
direction (track density in units of tracks per inch or
centimetre). The areal density has shown a steady
increase, doubling about every other three years. A
state of the art density is about 100 million bits per
inch squared (15.5 million bits per centimetre squared),
and the commercial magneto-optic disk has an areal
density of 480 million bits per inch squared (74.4
million bits per centlmetre squared) e 3

In the past, @Iéat efforts have been devoted to
max1m151ng the llnear dens;ty' A hlgher llnear density
can be attained by reducing the gap length of the

recording head. Furthermore, much attentio s been
REPLACED SHEETS SG
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There are two schenmes that may be used in fabricating the magnetic pole,
-either additive or sub- 20 tractive. As an illustration, the

addi tive approach using the wet process for electro-plating is the dom nant
schenme and the processing.steps involved are sunmari sed bel ow and shown in
Figure 6. The additive approach does add nore processing 25 steps and
may i nduce nore process variations such ag undercut during chem cal etching
and ion mlling. The

paid to improving the media's characteristics to support
shorter magnetic domain transitions such that a higher
bit density may be realised. This has been successfully
accomplished mainly through a better understanding of
the recording physics and micro-magnetics. For
instance, magnetic media made by deposition processes
which lead to a morphology of isolated particles will
have a better resolution and higher signal-to-noise
ratios (T. Chen, and T. Yamashita, IEEE Trans. Mag.
MAG-~24 (1988) p. 2700).

The present invention, at least in its preferred
form described below, seeks to provide an improved
magnetic read/write head and an improved method for
manufacturing such a head to enable an increased track
deﬁsity, and thereby an increased areal density, to be
obtained.

According to a first aspect of the present
invention, there is provided a method for manufacturing
a thin film magnetic read/write head, in which a photo-
resist layer is exposed to radiation through a mask and
is developed to provide a photo-resist pattern for
forming a pole tip of the magnetic read/write head,
characterised by baking the exposed photo-resist layer
and further exposing the baked photo-resist layer to
radiation before the developing step. '

The preferred embodiment features a photo-
lithographic process, in which a positive photo-resist
layer is deposited and the portion which is to form the
pole tip is exposed to radiation while the portion where
the pole tip is to be deposited is masked off The
photo-resist is then baked followed by a‘fldod exposure
The resist is then developed removing that portiocn
which was masked off during the first exposure. The
walls of the remaining photo-resist have "negative"
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maturity of plating technology coupled with a better control of conposition
and stress in the deposited permalloy film however, is an advantage of the
additive 30 approach. Furthernore, it is a |low tenperature process, in
contrast to a sputtering technique. The highest track density achievable is
strongly influenced by how well the pole gip el enents can be aligned, and
how snmal | the poles can be nmade with :

slopés. The pole tip may then be deposited in the
relief area and will have walls with a "positive" slope.
A gap and upper pole tip may then be deposited using
standard lithographic techniques. The resulting pole
structure provides pole tips having a trapezoidal shape
with symmetry across the gap region.

According to a second aspect of the present
invention, there is provided a method for manufacturing
a thin film magnetic read/write head characterised by
the steps of forming on a substrate a first photo-resist
pattern defining a lower pole tip having opposed walls
which converge in a direction away from the substrate,
depositing a layer of permalloy magnetic f£ilm to provide
the lower pole tip, depositing gap material on the
lower pole tip, forming on the substrate a second
photo-resist pattern defining over the gap material an
upper pole tip having opposed walls which converge in a
direction towards the substrate, and depositing a layer
of permalloy magnetic f£film to provide the upper pole
tip.

According to a third aspect of the present
invention, there is provided a thin film magnetic read/
write head comprising a lower pole including a lower
pocle tip, an upper pole including an upper pole tip,
and a gap between the lower pole tip and the upper pole
tip filled with gap material, characterised in that the
lower pole tip has opposed walls which converge towards
the gap, and in that the upper pole tip has opposed
walls which also converge towards the gap.

Preferably, the pole tips have a trapezoidal
shape with the shorter of the two parallel sides for
each pole tip being closest the gap. In the preferred
embodiment described below, the two pole tips further
have substantial mirror image symmetry across the gap.
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7 desirable magnetic characteristics. The insatiable need for higher track
densities has driven the devel opnent of smaller thin filmmagnetic heads.
This is achieved mainly through the reduction of pole tip width, which in 5
turn is reflected in a smaller plating damw dth. Magnetic poles typically
have a pole length in the range 4

The present invention thus permits improved track
density as a result of the lithographic process for the
thin film head fabrication, and a better pole tip
design may be obtained by controlling the resist
profile. '

The invention is described further, by way of
example, with reference to the accompanying drawings,
in which:-

Figure 1 is a top view of a thin film magnetic
read/write head;

Figure 2 is a side view of the thin film head of
Figure 1;

Figure 3 shows three photo-resist profiles;

Figure 4 shows the resulting pole tip structure
when the photo-resist profiles of Figure 3 are used in
the fabrication of pole tips in a thin f£ilm head;

Figure 5 is a graph showing the relationship
between the slope of the pole tip and the difference in
pole tip width between the top and bottom edges of the
pole tip for three different pole tip heights;

Figures 6 and 7 show a prior art method of forming
pole tips (Figure 6) and a method according to the
present invention (Figure 7) side by side for
comparison; and

Figure 8 is a cross sectional view of the
completed pole tips according to the present invention
having mirror image symmetry across the gap region.

The quest for high density recording on magnetic
storage media has essentially given rise to the
development of miniature integrated thin film heads.
Thin film heads, being substantially two dimensional,
permit the use of magnetic films with higher permea-
bility and higher saturation induction, resulting in
better performance in terms of high resolution and low
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of 2 to 4 pm depending upon the optim sation criterion, i.e. a thicker
pole for better over-witing efficiency and a thinner pole for better
resol ution capability. 10 This constraint calls for the use of thick
resists with thicknesses targeted in the range of 3 to 6 [err]. Details of
the thick resist requirenents for thin fil mheads have been di scussed

el sewhere. J.S. Gau, Optical/Laser Mcro=lithography Il, Proc. SPIE 1088
(1989) pp. 1088 to 15 53. Basically, an ideal resist provides good
edge inductance. In addition, the ability to fabricate the

heads in an array is an advantage of thin film heads.

Magnetic heads are an integral part of an air
bearing slider, which "flies" over the disk surface. The
slider is typically made of sintered ceramics such as a
composite of alumina oxide and titanium carbide. 1In
some caSes, a magnetic substrate such as Ni-Zn ferrite
is used as a shielding material. The batch fabrication
of magnetic heads using thin film techniques thus
differs greatly from semi-conductor manufacturing.

The batch fabrication of vertically configured
thin film magnetic recording heads was summarised by
Romankiw et al. (See L.T. Romankiw, and P. Simon, IEEE
Trans. Mag. MAG-11 (1975) p. 50). This kind of head
design is more stable but requires;additional machining
techniques, such as micro-scale lapping and grinding,
for fabrication. The vertically configured thin film
head has since evolved into a more sophisticated design
featuring unique paddle shaped poles and a multi-turn/
layer coil patternm.

The lithographic process used in fabricating thin
film heads first involves the definition of the device
pattern; 4i.e. a-latent image in the photo-resist layer,
which is then developed out-as a relief three
dimensional profile. This relief may then be filled
with a portion of the thin f£ilm head using standard
deposition techniques, such as electro-plating.

A multi-turn inductive thin film head 10 is shown
schematically in Figures 1 and 2, in which Figure 1 is
a top view while Figure 2 is a side cross sectional
view. Lithography is used to define the geometry of
both top and bottom magnetic film cores 12 and 14 and
copper coils 16 and 18. An insulating layer 20 is also
patterned using lithography. In fabricating the thin
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acuity under all processing conditions, yields a consistent thickness, and
mai ntains resist profile during high tenperature baking and curing, along
with its resistance to chemcal etching and mlling. 20 Pol e

wi dth reduction is limted by the resolution of the resist, and the pole
tip geonetry is determ ned by the resist grofile. In the additive approach,
controlling the shape of a resist profile can be as inportant as

mai ntai ning control of its critica

film head, several separate pattern transfer processes
are used to deposit the head upon a substrate 21,
including lift off, wet chemical etching and plating/
sputtering. A typical head building process may account
for more than a dozen masking levels and more than
thirty processing steps including deposition, plating _
and etching.

There are several key parameters in controlling
the performance of the device. Throat height and gap
length influence the fringing field distribution
affecting the linear density and writing efficiency of
the head. Optimum device dimensioning requires an in
depth understanding of the micro-magnetic phenomenon and
extensive device modelling. The line width variation of
the top and bottom poles and their alignment accuracy
are also crucial because the off track properties affect
the achievable track density.

There are two schemes that may be used in
fabricating the magnetic pole, either additive or sub-
tractive. As an illustration, the additive approach
using the wet process for electro-plating is the
dominant scheme and the processing steps involved are
summarised below and shown in Figure 6.

The additive approach does add more processing
steps and may induce more process variations such as
undercut during chemical etching and ion milling. The
maturity of plating technology coupled with a better
control of composition and stress in the deposited
permalloy film, however, is an advantage of the additive
approach. Furthermore, it is a low temperature process,
in contrast to a sputtering technique.

The highest track density achievable is strongly
influenced by how well the pole tip elements can be
aligned, and how small the poles can be made with
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25 di rension. The side profile is of great significance since off
track recording properties are strongly influenced by the side fringing
reading and witing of thin fil mheads due to their finite dinension. The
magnetic field emanating fromthe side surface during 30 witing will
play a key role in the formation of the sfde erasure band, dependi ng upon
this side fringing field and corresponding field gradient distribution.

Figure 3 depicts several comon resist profiles. . .
desirable magnetic characteristics. The insatiable need

for higher track densities has driven the development of
smaller thin film magnetic heads. This is achieved
mainly through the reduction of pole tip width, which in
turn is reflected in a smaller plating dam width.
Magnetic poles typically have a pole length in the range
of 2 to 4 ym, depending upon the optimisation criterionm,
i.e. a thicker pole for better over-writing efficiency
and a thinner pole for better resolution capability.
This constraint calls for the use of thick resists with
thicknesses targeted in the range of 3 to 6 um. Details
of the thick resist requirements for thin film heads
have been discussed elsewhere. J.S. Gau, Optical/Laser
Micro-lithography II, Proc. SPIE 1088 (1989) pp. 1088 to
53. Basically, an ideal resist provides good edge
acuity under all processing conditions, yields a
consistent thickness, and maintains resist profile
during high temperature baking and curing, along with
its resistance to chemical etching and milling.

Pole width reduction is limited by the resolution
of the resist, and the pole tip geometry is determined
by the resist profile. In the additive approach,
controlling the shape of a resist profile can be as
important as maintaining control of its critical
dimension. The side profile is of great significahce
since off track recording properties are strongly
influenced by the side fringing reading and writing of
thin film heads due to their finite dimension. The
magnetic field emanating from the side surface during
writing will play a key role in the formation of the
side erasure band, depending upon this side fringing
field and corresponding field gradient distribution.

Figure 3 depicts several common resist profiles.

A normal profile, the resist profile 22 in Figure 34, is
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A normal profile, the resist profile 22 in Figure 3A is 8 provided by a
t%pical single layer positive resist and has sloped side walls due to
absorption and to the nature of the resist devel opnent process. An hour
glass profile, the resist profile 24 in Rggure 3B, is

‘provided by a typical single layer positive resist and
has sloped side walls due to absorption and to the
nature of the resist development process. An hour glass
profile, the resist profile 24 in Figure 3B, is
obtained when the forces competing to make the profile
positive and negative are balanced. A negative profile,
the resist profile 26 in Figure 3C, can be obtained
using a negative resist.

The present invention teaches a new method of
forming the resist profile 26 of Figure 3C using a
positive resist.

Usually, vertical resist profiles are the most
desirable for pattern transfer and dimensional control.
However, negative profiles produced with negative
photo-resists are sometime purposely created for metal
lift off. In a normal process, negative profiles

- produced with negative photo-resists can cause problems
during etching and critical dimension measurement.
Also, high aspect ratio features tend to topple if the
profile is too negative. Negative resists tend to
provide poor resolution and may have a particularly
harsh environmental impact.

Possible pole tip profiles are shown in Figures 4A
to 4C based upon the corresponding resist profiles of
plating dams 22 to 26 of Figures 3A to 3C. Pole tip
profiles 28 and 30 of Figure 4A are formed using the
resist profile 22 of Figure 3A. Pole tip profiles 32
and 34 of Figure 4B are formed using the resist profile
24 of Figure 3B. Pole tip profiles 36 and 38 of Figure
4C are formed using the resist profile 26 of Figure 3C.

The positive resist profile (resist profile 22 in
Figure 3A) based upon novolac resins and diazonaphtho-
quinone photo-sensitive additives remains the mainstay
of the thin film head industry. The sloped side walls
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5

obt ai ned when the forces conpeting to nake the profile positive and

negative are bal anced. A negative profile, the resist profile 26 in Figure
3C, can be obtained using a negative resist. The present invention teaches
a new net hod of 10 formng the resist profile 26 of Figure 3C using a
positive resist. Usually, vertical resistgprofiles are the nost desirable

for

pattern transfer and di nensional control.

of resists, however, can have a significant effect
upon the width of the resultant pole tip. A 6 um thick
plating dam comprising photo-resist with a slope of 83°
can produce a pole tip with a difference between the top
and the bottom of 3 um pole thickness and at the bottom
of only about 0.4 pm. As pole widths become smaller and
smaller in responée to demands for higher track
densities, the sloped pole tip starts to have signifi-
cant impact on head performance. Both the side fringing
field and the effective pole width strongly depend upon
the angle of sloped walls.

The diffefence in the width, w, is related to the
desired pole thickness, h, and the angle of the sloped
profile, a, through the following simple equation:

w = h x tan a = h * a

A graph of the preceding equation is shown in
Figure 5 for h = 1 pm (line 40), h = 2 pm (line 42)
and h = 3 pm (line 44).

In principle, the most critical alignment step in
manufacturing the thin £ilm magnetic reéd/write head
lies in the registration between the top and bottom
poles. Experimentally, it has been found by a magneto-
optic technique that the distribution of the side
fringing field and its gradient are influenced by the
alignment of poles and control of their critical
dimension (See, M.E. Re, R.R. Katti, W. Rave, and M.
H. Kryder, IEEE Trans. Mag. MAG-23 (1987) p. 3161).
Furthermore, measurements reveal that an erasure band
exists when over-writing a side track which serves as a
guard band to avoid off track interferences. Large step
heights and the use of thick re515t in thin film heads
have constrained the alignment capability of a given

‘This is the repl -
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However, negative profiles produced with negative 15 photo-resists are
‘sonetinme purposely created for netal lift off. In a normal process,
negative profiles produced with negative photo-resists can cause probl ens
during etching and critical dinension neasurenent. Also, high aspect ratio
features tend to topple if the 20 pro%éle I's too negative. Negative
resists tend to provide poor resolution a may have a particularly harsh

envi ronment al i npact.
lithographic tool to some extent. The requirement of

overlay between the top and bottom is estimated to be
within 5% to 10% of the effective track width. An
accuracy in the alignment between the poles of better
than 5% tolerance of the effective width may be
necessary. The alignment accuracy can be significantly
improved by the improved pole tip design of the present
invention.

Figures 6A to 6E and Figures 7A to 7G show a side
by side comparison between a standard lithographic
process used to create a pole tip (Figures 6A to 6E) and
one possible process used to create a pole tip according
to the present invention (Figures 7A to 7G). Other
processes, however, such as sputtering, dry etchlng,
etc. may also be used. Figures 6A and 7A show substrates
46 and 56 spin coated and soft baked (90°C for about 45
minutes) with a respective photo-resist layer 48 and 58.
In Figures 6B and 7B, the photo-resist layers 48 and 58
are exposed to actinic radiation. 1In Figure 6B, a mask
50 covers the area where the pole tip is not to be
deposited. 1In Figure 7B, on the other hand, a mask 60
covers the area where the pole tip is to be deposited.
Figures 7C and 7D depict two additional steps used with
the present invention. In Figure 7C, the exposed
photo-resist 50 is post baked. A post bake of 110°C for
2 to 5 minutes may be sufficient. 1In Figure 7D,
following the post bake, the photo-resist layer 58 is
subjected to flood actinic radiation exposure.

In Figures 6C and 7E, the photo-resist layers 48
and 58 are developed leaving a relief area for -
deposition of the pole tip. The resultant resist 58 in
Figure 7E may have a thickness of about 4.2 pm. Next,
in Figures 6D and 7F, lower pole tip permalloy magnetic
films 52 and 62 are electro-plated onto the substrates
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Possible pole tip profiles are shown in Figures 4A to 4C based upon the
corresponding resist profiles of 25 pl ati ng dans 22 to 26 of Figures 3A
to 3C. ~ Pole tip profiles 28 and 30 of Figure 4A are formed using the
resist profile 22 of Figure 3A. Pole tip profiles 32 and 34 of Figure 4B
are formed using the resist profile 24 oflFigure 3B. Pole tip profiles 36
and 38 of Figure 30 4C are formed using the resist profile 26 of Figure

3C. The positive resist profile (resist profile 22 in
46 and 56 respectively. The photo-resist layers 48 and

58 are then stripped, leaving the pole tips 52 and 62
as shown in Figures 6E and 7G.

Using the process shown in Figures 7A to 7G, the
resultant permalloy layer 62 has a positive or inverted
slope as shown in Figure 7G. 1In Figure 8, the pole tip
62 formed as shown in Figures 7A to 7G is shown |
including an upper pole tip 64 and a gap 66. The upper
pole tip 64 may be deposited using the normal process
depicted in Figures 6A to 6E such that the slope of the
edges of the upper pole tip 64 are the opposite of that
shown for the lower pole tip 62. Prior to depositing
the pole tip 64, the gap 66 may be filled with a non-
magnetic material such as alumina (Alzos).; The .'
symmetric nature of the pole tips 62 and 64 leads to
improved operation of the thin film magnetic head 10
during read back and writing. |

In the steps shown in Figures 6A to 6E, upon
exposure to light, diazoquinone sensitiser (PAC) is
converted into substituted indenecarboxylic acid via the
sequence of elimination of nitrogen, Wolff rearrange-
ment to the ketene and reaction with trace amounts of
water in the resist. The final product is a carboxylic
acid which is very soluble in the basic developer
solution, and a positive image is yielded upon
development. In order to change the latent positive
image of Figures 6A to 6E to the negative one of Figures
7A to 7G, the indenecarboxylic acid is converted to an
aqueous insoluble derivétive, i.e. indene, by a
decarboxylating step. Indene is not only insoluble in
aqueous alkali solution, but it is also inert towards
any further photo-chemical or thermal processing. The
rate of this reaction is controlled by the temperature
during the post exposure bake step. The indene produced
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Figure 3A) based upon novol ac resins and di azonapht ho- qui none
phot o-sensitive additives remains the mainstay of the thin film head

i ndustry. The sl oped side walls 9 of resists, however, can have a
significant effect upon the width of the resultant pole tip. A6 [err]
thick 12

is an aqueous-insoluble species, causing the initially
exposed areas to become potentially as insoluble as the
unexposed areas. If the decarboxylation step is
followed by a flood exposure and aqueous base develop-
ment using conventional positive resist developers, a
negative tone image results. This is because the doubly
exposed areas, where the indene product has been '
formed, are rendered insoluble. Development occurs in
the initially unexposed areas because the flood exposure
converts the resist in those areas to the normal photo-
chemical products which are base soluble.

The mechanism of the decarboxylation has been
studied and has been found that unlike image reversal
systems based upon acid-catalysed, heat induced cross
linking, which tend to favour negative slopes, side
wall profiles of image reversal resists composed of
diazonaphthoquinone and novolac resins with addition of
aliphatic and aromatic amines can be controlled from
negative to vertical to positive by changing the diazo
content of the resist and the post exposure bake
temperature. _

The dimensions of the resultant trapezoidal pole
tips have a wide possible range. The angle of the side
walls may have little effect on head performance for
pole tips having widths and heights of greater than 20
mm and less than 1 pm, respectively.

The present invention provides a thin f£ilm
magnetic head having improved reading and writing
characteristics. The mirror image symmetry of the pole
tips across the gap region yields a narrow fringe field
well suited for high density magnetic storage. The post
bake and flood exposure process shown in Figures 7A to
7G may easily be implemented with current methods used
in fabricating thin film heads.

This is the replacement sheet
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pl ati ng dam conpri sing photo-resist wwth a slope of [err] can produce a
pole tip with a difference between the top 5 and the bottomof 3 pm
pol e thickness and at the bottomof only about 0.4 pm As pole widths
becone smaller and smaller in response to demands for higher track
densities, the sloped pole tip starts toifave signifi- cant inpact on head
perfornance Both the side fringing 10 field and the effective pole
wi dth strongly depend upon the angle of sloped walls.

The present invention has been described with

reference to preferred embodiments, and various changes
may be made in form and detail without departing from
the scope of the invention. For example, many possible
trapezoidal shapes may be employed having the face
closest the gap region narrower than the face distal to
the gap region. Additionally, the pole tip heights and
the angles between the sides of the trapezoid may also
be varied. The invention is applicable to thin film
heads having an upyer pole smaller than the lower pole.
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The difference in the width, w, is related to the desired pol e thickness,
h, and the angle of the sloped proflle a,. through the follow ng sinple

equation: 15w = h x tan h * a A graph of the precedlﬁg-— -
equation is shomn in Figure 5 for 1 [err] (line 40), This SkeePHARBe

42) 20 and = 3 pm(line 44). In priaciple, the nost

alignment step i n “mm”,m

CLAIMS

1. A method for manufacturing a thin film magnetic
read/write head, in which a photo-resist layer (58) is
exposed to radiation through a mask (60) and is
developed to provide a photo-resist pattern for forming
a pole tip of the magnetic read/write head, charac-
terised by baking the exposed photo-resist layer and
further exposing the baked photo-resist layer to
radiation before the developing step.

2. A method according to claim 1 characterised in
that the mask in the initial exposing step covers a
portion of the photo-res;st layer corresponding with the
pole tip.

3. A method according to claim 1 or 2 characterised
in that the photo-resist pattern defines a pole tip
having a generally trapezoidal section such that an
upper surface of the pole tip is narrower than a lower
surface of the pole tip.

4. A method for manufacturing a thin film magnetic
read/write head characterised by the steps of forming on
a substrate (56) a first photo-resist pattern (58)
defining a lower pole tip (62) having opposed walls
which converge in a direction away from the substrate,
depositing a layer of permalloy magnetic film to provide
the lower pole tip,' depositing gap material on the
lower pole tip, forming on the substrate a second
photo-resist pattern (48) defining over the gap material
an upper pole tip (64) having opposed walls which
convérge in a direction towards the substrate, and
depositing a layer of permalloy magnetic film to provide
the upper pole tip.

5. A thin film magnetic read/write head comprising a

Tiie ' the repiscement sheet
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manuf acturing the thin filmmagnetic read/wite head lies_in the
registration between the top and bottom pol es. Experlnentally it has been

found by a magneto- 25 optic technique that the distrh ﬁﬁmbﬁmmh
side fringing field and its gradient are influenced by th

pol es and control of their critical dinension (See, ME.

Rave, .and M H. Kryder, |EEE Trans. Mag. 18AG 23 (1987) p. 3161)

Furt her nore, measurements reveal that an erasure band

lower pole (14) including a lower pole tip (62), an
upper pole (12) including an upper pole tip (64), and a
gap (66) between the lower pole tip and the upper pole
tip filled with gap material, characterised in that the
lower pole tip has opposed walls which converge towards
the gap, and in that the upper pole tip has opposed
walls which also converge towards the gap.

6. A magnetic read/write head according to claim 5
characterised in that the upper and lower pole tips have
generally mirror image symmetry across the gap.

7. A magnetic read/write head according to claim 5
characterised in that the upper and lower pole tips have
similar vertical sections.

8. A magnetic read/write head according to claim 5 or
7 characterised in that a spacing between the oéposed
walls of the lower pole tip adjacent the gap differs
from a Spacing between the opposed walls of the upper
pole tip adjacent the gap.

S. A magnetic read/write head according to any of
claims 5 to 8 characterised in that the opposed walls of
each of the lower and upper pole tips are inclined.

10. A magnetic read/write head according to any of
claims 5 to 9 characterised in that each of the lower
and upper pole tips is trapezoidal in section.

11. A magnetic read/write head according to any of
claims 5 to 10 characterised in that each of the lower
and upper pole tips has a dimension between 0.1 pm and
10 pm in a direction perpendicularly of the gap.

12. A magnetic read/write head according to any of
claims 5 to 11 characterised in that each of the lower
and upper pole tips has a dimension less than 20 pm
between the opposed walls.

13. A method for manufacturing a thin film magnetic
read/write head characterised by the steps of forming a

e . " This is the replacement sheet
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exi sts when over-witing a side track which serves as a_guard—band to-aveot d

off track interferences. Large step heights and the use of t Eﬁéh&ldn

thin fjl mheads have constrained the alignment capabllltfhﬁi

lithographic tool to sonme extent. The requirenent of . |‘ H I mm‘
16

photo-resist layer (58) over a non-magnetic substrate
(56), exposing the photo-resist layer to radiation
through a mask (60), baking the photo-resist layer,
exposing the photo-resist layer to radiation, and
developing the photo-resist layer.

14. A thin film magnetic transducer of the type having
a lower pole (14) including a lower pole tip (62), an
upper pole (12) including an upper pole tip (64) and a
gap region (66) filled with gap material sandwiched
between the upper pole tip and the lower pole tip,
characterised in that the upper pole tip has generally
mirror image symmetry with respect to the lower pole tip
across the gap region.

15. A thin film magnetic transducer characterised by a
substraté'(SG); a lower pole tip (62) deposited upon
the substrate having a generally trapezoidal shape with
a first face in surface adjoining contact with the
substrate and having a first face length, distal to the
substrate and substantially parallel with the first
face, and having a second face length, the first face
length being greater than the second face length; a
gap layer deposited upon the second face of the lower
pole tip; and an upper pole tip (64) deposited upon the
gap layer having a generally trapezoidal shape with a
first face in surface adjoining contact with the gap
layer and having a first face length, a second face
distal to the gap layer and substantially parallel with
the first face and having a second face length, the
first face length being less than the second face
length.
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overlay between the top and bottomis estimated to be within 5%to 10% of
the effective track wdth. An accuracy in the alignnment between the poles
of better 5 than 5% tol erance of the effective width nay be necessary.
The al'i gnnment accuracy can be significantly inproved by the inproved pole
tip design of the present invention. Figqggs 6A to 6E and Figures 7Ato 7G
show a side 10 by side conparison betWeen a standard |ithographic

ABSTRACT

THIN FILM MAGNETIC HEAD AND METHOD FOR
MANUFACTURING SUCH A HEAD

The invention provides a thin film magnetic
read/write head and a method for manufacturing such a
head. In the method, a photo-resist layer (58) is
exposed to radiation through a mask (60), and is then
baked and further exposed to radiation, following which
the photo-resist layer is developed to provide a photo-
resist pattern for forming a ;dwer pole tip (62) of the
magnetic read/write head. Subsequently, an uppér pole
tip (64) is formed, and the two pole tips are
.configured such that a pair of opposed walls of each of
the pole tips converge towards a gap (66) between the
pole tips.

Figure 7
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process used to create a pole tip (Figures 6A to 6E) and one possible
process used to create a pole tip according to the present invention
(Figures 7Ato 7G. Oher processes, however, such as sputtering, dry-
etching, 15 . etc. may al so be used. Figures 6A and 7A show substrates 46
and 56 spin coated and soft baked [err] for about 45 mnutes) with a
respective photo-resist |ayer 48 and 58. In Figures 6B and 7B, the

phot o-resi st layers 48 and 58 are exposed to actinic radiation. In Figure

6B, a nmsk
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20 50 covers the area where the pole tip is not to be deposited. In
Figure 7B, on the other hand, a mask 60 covers the area where the pole tip
is to be deposited. Figures 7C and 7D depict two additional steps used with
the present invention. In Figure 7C, the exposed 25 photo-resist 50 is
post baked. A post bake of [err] for 2 0o 5 minutes may be sufficient. In
Figure 7D, followi ng the post bake, the photo-resist |ayer 58 is subjected
to flood actinic radiation exposure.
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In Figures 6C and 7E, the photo-resist |ayers 48 30 and 58 are

devel oped leaving a relief area for deposition of the pole tip. The

resul ttant resist 58 in Figure 7E nay have a thickness of about 4.2 [err].
Next, in Figures 6D and 7F, | ower pole tip pernmalloy magnetic filnms 52 and
62 are electro-plated onto the substrates

, ~48 58
04 ¢ . £-46 04 :i
56
i §§§ $ 0
507 <= 50 —re
Fe ] —< 48 58
B ¢ t B ¢ 2 56
48 48
= g 58

52 58 . 58
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46 and 56 respectively. The photo-resist |ayers 48 and 58 are then
stripped, leaving the pole tips 52 and 62 as shown in Figures 6E and 7G
Usi ng the process shown in Figures 7Ato 7G the 5 resul tant pernall oy
| ayer 62 has a positive or inverted slope as shown in Figure 7G In Figure
8, the pole tip 62 formed as shown in Figures 7A to 7Gis shown including
an upper pole tip 64 and a gap 66. The upper pole tip 64 may be deposited
usi ng the normal process
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Date: 1 9 NOV 1896



10 depicted in Figures 6A to 6E such that the slope of the edges of the
upper .pole tip 64 are the opposite of that shown for the |ower pole tip 62.
Prior to depositing the pole tip 64, the gap 66 nmay be filled with a non-
magnetic material such as alumna [err]. The 15 symmetric nature of the
pole tips 62 and 64 | eads to inproved operation of the thin film mgnetic
head 10 during read back and witing. In the steps shown in Figures 6A to

6E, upon THIN FILM MAGNETIC HEAD MANUFACTURING METHOD
5 The present invention relates to a thin £ilm
- magnetic head and to a method for manufacturing such a
head. '

Thin film magnetic read/write heads are used for
magnetically reading and writing information on a

10 magnetic storage medium, such as a magnetic disk or a

magnetic tape. It is highly desirable to provide high

levels of information storage density on the magnetic

storage medium. .

One design criteria in a recording system is to
provide an areal density as high as possible for a given
recording surface without compromising the performance/
cost ratio. 1In the case of rotary disk drives (both
floppy and hard disks), the areal density is found by
multiplying the number of flux reversals per unit length
along the track (linear density in units of flux
reversals per inch or centimetre) by the number of
tracks available per unit length along the radial
direction (track density in units of tracks per inch or
centimetre). The areal density has shown a steady
B 35 ‘increase, doubling about every other three years. A

' state of the art density is about 100 million bits per
inch squared (15.5 million bits per centimetre squared),
and the commercial magneto-optic disk has an areal
density of 480 million bits per inch squared (74.4
million bits per centimetre squared).

In the past, great efforts have been devoted to
maximising the linear density. A higher linear density
can be attained by reducing the gap length of the
recording he;d. Furthermore, much attention has been
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exposure to light, diazoquinone sensitiser (PAC) is 20  converted into
substituted indenecarboxylic acid via the sequence of elimnation of
nitrogen, Wl ff rearrange- ment to the ketene -and reaction with trace
anounts of water in‘the resist. The final product is a carboxylic acid
which is very soluble in the basic developer 25 solution, and a positive
i mage is yielded upon devel opment. In order to change the |atent positive
i mge of Figures 6A to 6E to the negative one of Figures

paid to improving the media’s characteristics to support shorter magnetic domain
transitions such that a higher bit density may be realised. This has been successfully
accomplished mainly through a better understanding of the recording physics and micro-
magnetics. For instance, magnetic media made by deposition processes which lead to a
morphology of isolated particles will have a better resolution and higher signal-to-noise
ratios (T. Chen, and T. Yamashita, IEEE Trans. Mag. Mag-24 (1988) p. 2700).

Other references disclosing improved density in this manner include JP-A-
62054812 by NEC and JP-A-63064613 by Fujitsu. In particular JP-A-62054812
discloses a method of manufacturing a thin film magnetic head with a lower pole having
a trapezoidal cross section and an upper magnetic pole having an “inverse trapezoidal”
cross section.

The present invention, at least in its preferred form described below, seeks to
provide an improved magnetic read/write head and an improved method for
manufacturing such a head to enable an increased track density, and thereby an increased
areal density, to be obtained.

According to a first aspect of the present invention, there is provided a method of
manufacturing a thin film magnetic read/write head, in which a photo-resist layer is
exposed to radiation of which a portion is masked by a mask and is developed to provide
a photo-resist pattern for forming a pole tip of the magnetic read/write head, characterised
by baking the exposed photo-resist layer and further exposing the baked photo-resist
layer to radiation in the absence of the mask before the developing ‘step and by the
removal of the previously masked portion of the photo-resist layer during the developing
step.

The preferred embodiment features a photo-lithographic process, in which a
positive photo-resist layer is deposited and the portion which is to form the pole tip is
exposed to radiation while the portion where the pole tip is to be deposited is masked off.
The photo-resist is then developed, removing that portion which was masked off during
the first exposure. The walls of the remaining photo-resist have “negative” slopes. The
pole tip may then be deposited in the relief area and will have walls with a “positive”

slope. A gap and upper pole tip may then be deposited using standard
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7A to 7G the indenecarboxylic acid is converted to an aqueous insol uble
derivative, i.e. indene, by a 30 decar boxyl ati ng step. Indene is not
only insoluble in aqueous al kali solution, but it is also inert towards any
further photo-chenical or thermal processing. The rate of this reaction is
controlled by the tenperature durlng t he post exposure bake step. The

| ndene produced 3

lithographic techniques. The resulting pole structure provides pole tips having a
trapezoidal shape with symmetry across the gap region.
According to a second aspect of the present invention, there is provided
a method for manufacturing a thin film magnetic read/write head having an upper pole
tip and a lower pole tip, said method comprising: forming the lower pole tip by exposing
a first photo-resist layer to radiation, a portion of which is masked by a mask, and
developing the layer to provide a first photo-resist pattern for forming the lower pole tip;
) forming the upper pole tip by depositing gap material on the lower pole tip, forming a
further photo-resist pattern defining over the gap material in a space where the further
photo-resist pattern is not present, the upper pole tip having opposed walls which
converge in a direction towards the gap material, and depositing a layer of permalloy
magnetic film to provide the upper pole tip; characterised in that formation of the lower
tip further comprises: forming the first photo-resist pattern on a substrate; baking the
exposed first photo-resist layer; further exposing the baked photo-resist layer to radiation
in the absence of the mask before the developing step; removing the previously masked
portion of the first photo-resist layer during the developing step; defining in a space
) where the first photo-resist pattern is not present, the lower pole tip having opposed
walls which converge in a direction away from the substrate; and depositing a layer of
permalloy magnetic film to provide the lower pole tip.
Preferably, the pole tips have a trapezoidal shape with the shorter of the two
parallel sides for each pole tip being closest the gap. Ih the preferred embodiment
described below, the two pole tips further have substantial mirror image symmetry across

the gap.
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12 is an aqueous-insol ubl e species, causing the initially exposed areas to
becone potentially as insoluble as the unexposed areas. |f the
decar boxyl ation step is followed by a fl ood exposure and aqueous base
devel op- 5 ment using conventional pagitive resist devel opers, a
negative tone image results. This is because the doubly exposed areas,
where the indene product has been

The present invention thus permits improved track

density as a result of the lithographic process for the
thin film head fabrication, and a better pole tip
design may be obtained by controlling the resist
profile.
The invention is described further, by way of )
example, with reference to the accompanying drawings, '

w

in which:-
Figure 1 is a top view of a thin film magnetic
10 read/write head; :
Figure 2 is a side view of the thin film head of
i} Figure 1;
) Figure 3 shows three photo-resist profiles;

Figure 4 shows the resulting pole tip structure
when the photo-resist profiles of Figure 3 are used in

 the fabrication of pole tips in a thin £ilm head;

Figure 5 is a graph showing the relationship
between the slope of the pole tip and the difference in
pole tip width between the top and bottom edges of the
pole tip for three different pole tip heights;

Figures 6 and 7 show a prior art method of forming
pole tips (Figure 6) and a method according to the
present invention (Figure 7) side by side for
comparison; and

| Figure 8 is a cross sectional view of the
completed pole tips according to the present invention
having mirror image symmetry across the gap region.

The quest for high density recording on magnetic
storage media has essentially given rise to the
development of miniature integrated thin film heads.
Thin film heads, being substantially two dimensional,
permit the use of magnetic films with higher permea-
bility and higher saturation induction, resulting in
better performance in terms of high resolution and low
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formed, are rendered insol uble. Devel opnent occurs in the initially
unexposed areas because the flood exposure 10 | converts the resist in

t hose areas to the nornal photo- chem cal products which are base sol uble.
The mechani sm of the decarboxyl ati on has been studi ed and has been found
that unlike imge reversal systens based upon acid-catal ysed, heat induced
cross 15 linking, which tend to favour negative sl opes, side wall
profiles of inmigductanreal rasaddditdomosathedfability to fabricate the

heads in an array is an advantage of thin film heads.
Magnetic heads are an integral part of an air

bearing slider, which "flies" over the disk surface. The
5 slider is typically made of sintered ceramics such as a
composite of alumina oxide and titanium carbide. 1In )
some cases, a magnetic substrate such as Ni-Zn ferrite
is used as a shielding material. The batch fabrication
of magnetic heads using thin f£ilm techniques thus
differs greatly from semi-conductor manufacturing.

The batch fabrication of vertically configured
thin film magnetic recording heads was summarised by
Romankiw et al. (See L.T. Romankiw, and P. Simon, IEEE
Trans. Mag. MAG-11 (1975) p. 50). This kind of head
design is more stable but requires additional machining
techniques, such as micro-scale lapping and grinding,
for fabrication. The vertically configured thin film
head has since evolved into a more sophisticated design
featuring unique paddle shaped poles and a multi-turn/
layer coil pattern.

The lithographic process used in fabricating thin
film heads first involves the definition of the device
pattern; i.e. a latent image in the photo-resist layer,
which is then developed out as a relief three
) 25 dimensional profile. Thismfeiiéfuhay then be filled

with a portion of the thin film head using standard
deposition techniques, such as electro-plating.

A multi-turn inductive thin film head 10 is shown
schematically in Figures 1 and 2, in which Figure 1 is
a top view while Figure 2 is a side cross sectional
view. Lithography is used to define the geometry of
both top and bottom magnetic film cores 12 and 14 and
copper coils 16 and 18. An insulating layer 20 is also
patterned using lithography. In fabricating the thin
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di azonapht hoqui none and navokac resins with addition of aliphatic and

aromati c am nes can be controlled fromnegative to vertical to positive by
changi ng the diazo 20 content of the rgsist and the post exposure bake
tenperature. The dinensions of the resultant trapezoidal pole tips have a
wi de possible range. The angle of the side walls may have little effect on

head perfornmangglhOhedd, seR@rdll 'sepiatd Pty SrghbebghpEotbsgeaal er
than 20 are used to deposit the head upon a substrate 21,
including 1lift off, wet chemical etching and plating/
sputtering. A typical head building process may account
for more than a dozen masking levels and more than
thirty processing steps including deposition, plating
" and etching.
There are several key parameters in controlling
the performance of the device. Throat height and gap
10 length influence the fringing field distribution
affecting the linear density and writing efficiency of
the head. Optimum device dimensioning requires an in
) depth understanding of the micro-magnetic phenomenon and
extensive device modelling. The line width variation of
15 the top and bottom poles and their alignment accuracy
are also crucial because the off track properties affect
the achievable track density.
There are two schemes that may be used in
fabricating the magnetic pole, either additive or sub-
20 tractive. As an illustration, the additive approach
using the wet process for electro-plating is the
dominant scheme and the processing steps involved are
summarised below and shown in Figure 6.
The additive approach does add more processing
steps. and may induce more process variations such as

(¥} ]

) 2 undercut during chemical etching and ion milling. The
maturity of plating technology coupled with a better
control of composition and stress in the deposited
permalloy f£ilm, however, is an advantage of the additive

30 approach. Furthermore, it is a low temperature process,

in contrast to a sputtering technique.

The highest track density achievable is strongly
influenced by how well the pole tip elements can be
aligned, and how small the poles can be made with
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[err] and less than 1 [err], respectively. The present invention provides a
thin fil mmagnetic head having i nproved reading and witing
characteristics. The mirror image symetryz of the pole 30 ti ps across
the gap region yields a narrow fringe field well suited for high density
magneti c storage. The post bake and fl ood exposure process shown in Figures
7A to 7G nay edesliyabdei mplgnedritectharactarisyicset Mus issatiabiebneedti ng

thin filmheadgor higher track densities has driven the development of
smaller thin film magnetic heads. This is achieved
mainly through the reduction of pole tip width, which in

5 turn is reflected in a smaller plating dam width.
Magnetic poles typically have a pole length in the range

~of 2 to 4 um, depending upon the optimisation criterion, -
i.e. a thicker pole for better over-writing efficiency
and a thinner pole for better resolution capability.

10 This constraint calls for the use of thick resists with
thicknesses targeted in the range of 3 to 6 um. Details
of the thick resist requirements for thin f£ilm heads

) have been discus;ed elsewhere. J.S. Gau, Optical/Laser
Micro-lithography II, Proc. SPIE 1088 (1989) pp. 1088 to

15 53. Basically, an ideal resist provides good edge
acuity under all processing conditions, yields a
consistent thickness, and maintains resist profile
during high temperature baking and curing, along with
its resistance to chemical etching and milling.

Pole width reduction is limited by the resolution
of the resist, and the pole tip geometry is determined
by the resist profile. In the additive approach,
controlling the shape of a resist profile can be as
important as maintaining control of its critical
. 25, dimension. The side profile is of great significance .
) since off track recording properties are strongly
influenced by the side fringing reading and writing of
thin film heads due to their finite dimension. The
magnetic field emanating from the side surface during
writing will play a key role in the formation of the
side erasure band, depending upon this side fringing
field and corresponding field gradient distribution.

Figure 3 depicts several common resist profiles.

A normal profile, the resist profile 22 in Figure 37, is

20
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13 The present invention has been described with reference to preferred
enbodi nents, and various changes may be nade in formand detail w thout
departing fromthe scope of the invention8wich is specified in the
appended claims. For exanple, many possible trapezoidal shapes may be
enpl oyed having the face closest the gap region narrower than the face
distal to the Bapvidgfoby Adtypicadl isingle layer positive resist and

has sloped side walls due to absorption and to the
nature of the resist development process. An hour glass
profile, the resist profile 24 in Figure 3B, is
obtained when the forces competing to make the profile
positive and negative are balanced. A negative profile,
" the resist profile 26 in Figure 3C, can be obtained -
using a negative resist. .
The present invention teaches a new method of
10 forming the resist pfofile 26 of Figure 3C using a
'~ positive resist.
Usually, vertical resist profiles are the most
) desirable for pattern transfer and dimensional control.
However, negative profiles produced with negative
15 photo-resists are sometime purposely created for metal
lift off. 1In a normal process, negative profiles
produced with negative photo-resists can cause problems
during etching and critical dimension measurement.
Also, high aspect ratio features tend to topple if the
profile is too negative. Negative resists tend to
provide poor-resolution and may have a particularly
harsh environmental impact.

Possible pole tip proflles are shown in Figures 4A
to 4C based upon the corresponding resist profiles of
plating dams 22 to 26 of Figures 3A to 3C. Pole tip
profiles 28 and 30 of Figure 4A are formed using the
resist profile 22 of Figure 3A. Pole tip profiles 32
and 34 of Figure 4B are formed using the resist profile
24 of Figure 3B. Pole tip profiles 36 and 38 of Figure
4C are formed using the resist profile 26 of Figure 3C.

The positive resist profile (resist profile 22 in
Figure 3A) based upon novolac resins and diazonaphtho-
guinone photo~-sensitive additives remains the mainstay
of the thin film head industry. The sloped side walls
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pole tip heights and the angles between the sides of the trapezoid may al so
be varied. The invention is applicable to thin filmheads having an upper
pol e smaller than the | ower pole. 14 CLAIMS 1. A et hod for
manufacturing a thin filmmagnetic read/wgte head, in which a

of resists, however, can have a significant effect
upon the width of the resultant pole tip. A 6 pm thick

' plating dam comprising photo-resist with a slope of 83°
can produce a pole tip with a difference between the top

5 and the bottom of 3 um pole thickness and at the bottom

- of only about 0.4 um. As pole widths become smaller and -
smaller in response to demands for higher track '
densities, the sloped pole tip starts to have signifi-
cant impact on head performance. Both the side fringing

10 field and the effective pole width strongly depend upon
the angle of sloped walls.
) The difference in the width, w, is related to the

desired pole thickness, h, and the angle of the sloped
profile, a, through the followihg simple equation:

15
w = h x tan a = h * a:

A graph of the preceding equation is shown in

Figure 5 for h = 1 pm (line 40), h = 2 pm (line 42)
20 and h = 3 pm (line 44).

In principle, the most critical alignment step in
manufacturing the thin film magnetic read/write head
lies in the registration between the top and bottom

_ ~ poles. Experimentally, it has been found by a magneto-
) 25 optic technique that the distribution of the side
fringing field and its gradient are influenced by the
alignment of poles and control of their critical
dimension (See, M.E. Re, R.R. Katti, W. Rave, and M.
H. Kry8er, IEEE Trans. Mag. MAG-23 (1987) p. 3161).
Furthermore, measurements reveal that an erasure band
exists when over-writing a side track which serves as a
guard band to avoid off track interferences. Large step
heights and the use of thick resist in thin £ilm heads
have constrained the alignment capability of a given
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photo-resist layer (58) is exposed to radiation of which a portionis
masked by a mask (60) and is devel oped to provide a photo-resist pattern
for formng a pole tip of the nagnetic ready wite head, characterised by
- baki ng the exposed photo-resist |ayer andfurther exposing the baked
phot o-resi st | ayer to radiation in the absence of the nmask before the

devel oping St epiARigPphY., £BETVED Sbrdhe ARt oUstite RRKEf-gReRL CBECT (e

phot o- r esi st Iayer evel oping s accordlng to
claim1 charac?ﬁ?F%éH bﬁtwnan the ﬁ&@kaﬂﬁthﬁ&ﬁQWt¥%ﬂe%§&E%¢ﬂ% &eeBecovers

the portion ofwibslﬁhsﬁo'cbeab%t ofaxfle eFFRINGYitihdk Widte. poAg tip. 3.
A net hod accordlng to cl ai & 2 charag}erlsed i.n th t he QQOEQ resi st
pattern racy in t e alignment between the poles of
5 than 5% tolerance of the effective width may be
necessary. The alignment accuracy can be significantly

" improved by the improved pole tip design of the present

invention. _
Figures 6A to 6E and Figures 7A to 7G show a side
10 by side comparison between a standard lithographic

process used to create a pole tip (Figures 6A to 6E) and

one possible process used to create a pole tip according

to the present invention (Figures 7A to 7G). Other

processes, however, such as sputtering, dry etching,
15 etc. may also be used. Figures 6A and 7A show substrates
46 and 56 spin coated and soft baked (90°C for about 45
minutes) with a respective photo-resist layer 48 and 58.
In Figures 6B and 7B, the photo-resist layers 48 and 58
are exposed to actinic radiation. 1In Figure 6B, a mask
50 covers the area where the pole tip is not to be
deposited. In Figure 7B, on the other hand, a mask 60
covers the area where the pole tip is to be deposited.
Figures 7C and 7D depict two additional steps used with
the present invention. In Figure 7C, the exposed
photo-resist 50 is post baked. A post bake of 110°C for
2 to 5 minutes may be sufficient. 1In Figure 7D,
following the post bake, the photo-resist layer 58 is
subjected to flood actinic radiation exposure.

In Figures 6C and 7E, the photo-resist layers 48
and 58 are developed leaving a relief area for
deposition of the pole tip. The resultant resist 58 in
Figure 7E may have a thickness of about 4.2 pm. Next,
in Figures 6D and 7F, lower pole tip permalloy magnetic
films 52 and 62 are electro-plated onto the substrates
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defines a pole tip having a generally trapezoidal section such that an
upper .surface of the pole tip is narrower than a | ower surface of the pole
ti-p. 4. A nmethod for manufacturing a thin filmnmagnetic read/ wite head
havi ng an upper pole tip (64) and a lower pale tip (62), said nethod
conprising: formng the lower pole tip (62) by exposing a first

phot o-resi st | ayer (58% to radiation, a portion of which is masked by a
mask (60), and 4evandphhgrespectyvelyss) The photicderes ifsitr Staysrs 048 candt

(64) by deposi (i no Gap narer FEPpEA) 1eRRing ShE RE"RURES IS 2T
further phot o- rd%iSRowat inr Figueesd6Ei andg76ver the gap naterial in a
| Using the process shown in Figures 7A to 7G, the
5 resultant permalloy layer 62 has a positive or inverted
. slope as shown in Figure 7G. In Figure 8, the pole tip
62 formed as shown in Figures 7A to 7G is shown
including an upper pole tip 64 and a gap 66. The upper
pole tip 64 may be deposited using the normal process
10 depicted in Figures 6A to 6E such that the slope of the
edges of the upper pole tip 64 are the opposite of that
shown for the lower pole tip 62. Prior to depositing

) the pole tip 64, the gap 66 may be filled with a non-
magnetic material such as alumina (Alzoa). The
15 symmetric nature of the pole tips 62 and 64 leads to

improved operation of the thin film magnetic head 10
during read back and writing.
In the steps shown in Figures 6A to 6E, upon

exposure to light, diazoquinone sensitiser (PAC) is
20 converted into substituted indenecarboxylic acid via the
sequence of elimination of nitrogen, Wolff rearrange-
ment to the ketene and reaction with trace amounts of
water in the resist. The final product is a carboxylic
acid which is very soluble in the basic developer
solution, and a positive image is yielded upon
development. 1In order to change the latent positive
image of Figures 6A to 6E to the negative one of Figures
7A to 7G, the indenecarboxylic acid is converted to an
aqueous insoluble derivative, i.e. indene, by a
decarboxylating step. Indene is not only insoluble in
aqueous alkali solution, but it is also inert towards
any further photo-chemical or thermal processing. The
rate of this reaction is controlled by the temperature
during the post exposure bake step. The indene produced
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space where the further photo-resist pattern (48) is not present, the upper
pole tip (64) having opposed walls which converge in a direction towards
the gap material (66), and depositing a |gyer of permalloy magnetic filmto
provi de the upper pole tip(64); characterised in that formation of the

| ower tip (64) further conprises: formng the first photo-resist pattern on

a substrate (563;anCagheolls-Phsoluble species, causing the initially
exposed areas to become potentially as insoluble as the
unexposed areas. If the decarboxylation step is
followed by a flood exposure and aqueous base develop-

5 ment using conventional positive resist developers, a
negative tone image results. This is because the doubly
- exposed areas, where the indene product has been -
formed, are rendered insoluble. Development occurs in
the initially unexposed areas because the flood exposure
10 converts the resist in those areas to the normal photo-
chemical products which are base soluble.
The mechanism of the decarboxylation has been
") studied and has been found that unlike image reversal
' systems based upon acid-catalysed, heat induced cross
15 linking, which tend to favour negative slopes, side
wall profiles of image reversal resists composed of
diazonaphthoquinone and novolac resins with addition of
aliphatic and aromatic amines can be controlled from
negative to vertical to positive by changing the diazo
content of the resist and the post exposure bake

20
temperature.

The dimensions of the resultant trapezoidal pole
tips have a wide possible range. The angle of the side
walls may have little effect on head performance for

3 25 pole tips having widths and heights of greater than 20
pm and less than 1 um, respectively.

The present invention provides a thin film
magnetic head having improved reading and writing
characteristics. The mirror image symmetry of the pole

30 tips across the gap region yields a narrow fringe field

well suited for high density magnetic storage. The post
bake and flood exposure process shown in Figures 7A to
7G may easily be implemented with current methods used
in fabricating thin film heads.
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15 baki ng the exposed first photo-resist |ayer (58); further exposing the
baked. photo-resist |layer to radiation in the absence of the mask (60)
before the devel opi ng step; renoving the previously masked portion of the
first photo-resist |ayer (58) during the devel oping step; defining in a
space where the first photo-resist pattern is not present, the | ower pole
tip (62) having opposed walls which converge in a direction away fromthe
substrate; and _

13

The present invention has been described with reference to preferred
embodiments, and various changes may be made in form and detail without

departing from the scope of the invention which is specified in the appended claims.

For example, many possible trapezoidal shapes may be employed having the face
closest the gap region narrower than the face distal to the gap region. Additionally, the
pole tip heights and the angles between the sides of the trapezoid may also be varied.
The invention is applicable to thin film heads having an upper pole smaller than the

lower pole.
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depositing a layer of permalloy magnetic filmto provide the | ower pole
tip. 5. A nethod as clainmed in claim4 characterised in that the upper
and lower pole tips are provided with generally mrror inage synmetry
across the gap. 6. A nmethod as claimed in claim4 characterised in that
t he upper and | ower pole tips are provided with simlar vertical sections.
7. A nmethod as clainmed in claim4 or 6 characterised in that a spacing
is provided between the opposed walls of the |lower pole tip adjacent the
gap which differs froma spacing provided“%etmeen t he opposed walls of the

upper pole fip adjacent the gap. 8. A nmethod as clainmed in any of clains
4 to 7 characterised in that the opposed
CLAIM
1. A method for manufacturing a thin film magnetic read/write head, in which a

photo-resist layer (58) is exposed to radiation of which a portion is masked by a mask
(60) and is developed to provide a photo-resist pattern for forming a pole tip of the
magnetic read/write head, characterised by baking the exposed photo-resist layer and
further exposing the baked photo-re§ist layer to radiation in the absence of the mask
before the developing step and by the removal of the previously masked portion of the
photo-resist layer during the developing step.
2. A method according to claim 1 characterised in that the mask in the initial
exposing step covers the portion of the photo-resist layer corresponding with the pole tip.
3. A method according to claim 1 or 2 characterised in that the photo-resist pattern
defines a pole tip having a generally trapezoidal section such that an upper surface of the
pole tip is narrower than a lower surface of the pole tip.
4, A method for manufacturing a thin film magnetic read/write head having an
upper pole tip (64) and a lower pole tip (62), said method comprising:
) forming the lower pole tip (62) by exposing a first photo-resist layer (58) to
radiation, a portion of which is masked by a mask (60), and developing the layer (58) to
provide a first photo-resist pattern for forming the lower pole tip (62);
forming the upper pole tip (64) by depositing gap material (66) on the lower pole
tip (62), forming a further photo-resist pattern (48) defining over the gap material in a
space where the further photo-resist pattern (48) is not present, the upper pole tip (64)
'having opposed walls which converge in a direction towards the gap material (66), and
depositing a layer of permalloy magnetic film to provide the upper pole tip(64);
characterised in that formation of the lower tip (64) further comprises:

forming the first photo-resist pattern on a substrate (56); L L
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wal | s of each of the | ower .and upper pole tips provided incline. 9. A
nmet hod as clainmed in any of clains 4 to 8 characterised in that each of the
| ower and upper pole tips is provided with a trapezoidal section. 10. A
nmet hod as clainmed in any of clains 4 to 9 characterised in that each of the
| ower and upper pole tips is provided with a dinmension between 0.1 [err]
and 10 [err] in a direction perpendicularl@'of t he gap. 11. A net hod as
claimed in any of clains 4 to 10 characterised in that each of the | ower
and upper pole tips is provided with a dinmension |ess than 20 [err] between

the opposed wal Ilisaking the exposed first photo-resist layer (58);

further exposing the baked photo-resist layer to radiation in the absence of the
mask (60) before the developing step; _
. removing the previously masked portion of the first photo-resist layer (58) during
the developing step;
defining in a space where the first photo-resist pattern is not present, the lower
pole tip (62) having opposed walls which converge in a direction away from the
substrate; and _ |
depositing a layer of permalloy magnetic film to provide the lower pole tip.
5. A method as claimed in claim 4 characterised in that the upper and lower pole
tips are provided with generally mirror image symmetry across the gap.
6. A method as claimed in claim 4 characterised in that the upper and lower pole
tips are provided with similar vertical sections.
7. A method as claimed in claim 4 or 6 characterised in that a spacing is provided
between the opposed walls of the lower pole tip adjacent the gap which differs from a
spacing provided between the opposed walls of the upper pole tip adjacent the gap.
8. A method as claimed in any of claims 4 to 7 characterised in that the opposed
) walls of each of the lower and upper pole tips provided incline.
9. A method as claimed in any of claims 4 to 8 characterised in that each of the
lower and upper pole tips is provided with a trapezoidal section.
10. A method as claimed in any of claims 4 to 9 characterised in that each of the
lower and upper pole tips is provided with a dimension _between 0.1 umand 10 yumina
direction perpendicularly of the gap.
11. A method as claimed in any of claims 4 to 10 characterised in that each of the
lower and upper pole tips is provided with a dimension less than 20 um between the

opposed walls.
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ABSTRACT

THIN FILM MAGNETIC HEAD AND METHOD FOR
- MANUFACTURING SUCHE A HEAD

The invention provides a thin film magnetic
read/write head and a method for manufacturing such a
head. 1In the method, a photo-resist layer (58) is
"exposed to radiation through a mask (60), and is then
baked and further exposed to radiation,'following which
the photo-resist layer is developed to provide a photo-
resist pattern for forming a ;dwer pole tip (62) of the
magnetic read/write head. Subsequently, an upper pole
tip (64) is formed, and the two pole tips are
configured such that a pair of opposed walls of each of
the pole tips converge towards a gap (66) between the
pole tips.
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