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LOW PROFILE THIN FILM WRITE HEAD

BACKGROUND OF-THE INVENTION

1. Field of the Invention .
The present invention relates to a thin film write head and more particularly to a thin
film write head in which a second pole tip with narrow track width can be patterned and

plated simultaneously with-a second pole piece.

2. Descnptxon of the Related Arxt : :
. A thin film write head mcludes first and second pole pieces wlnch are magnetlcally
connected in a pole tip region and at a back gap. In the pole tip region the first and second
: pble pieces provide first and second pole tips which are separatz;d by a thin insulative gap
layer. The pole tip region is defined by 2 head surface and a zero throat height between the
head surface and the back gap. A body portion of the head lies between the zero throat
height and the back gap. In the body portion of the heed there are located one or more layers
of pancake coils and a plurality of insulation layers. The paneake coils couple flux into the
pole pieces and/or receive flux therefrom.
Each of the insulation layers has an apex near the pole tip region where the insulation
layer commences. Each apex is located at or between the zero throat height and the back .
i gap. In the prior art the apex of a first insulation layer above the first pole piece is typically
v lqéate;l et and defines the 2610 throat height. Each insulation iayer has a steep sloping surface
frbm its apex to its highest level above the first pole piece. This slope is caused by a process
step in wh1ch the insulation layer is heated. The heatmg process drives out solvents causmg
the msulauon layer to shnnk and slope from the apex to the highest level.
The second pole piece has a flare point at which it widens beyond the width of the

-

second pole tip to form a large main-body portion. This f_lare point is located between the
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zero throat height and the back gap. If the flare point is set too far back tq;;vards the back
gap flux may leak from the pole piece due to the extra length of narrow material through
which the flux must be transmitted. However, setting the flare point too close to the ze%o
throat height may prevent simultaneous fabrication of the second pole piece and a high
resolution narrow track width second pole tip as will be explained in more detail imreinafter.

The length of the gap layer between the second pole tip and the first pole tip, and the
configuration of the second pole tip are the most crucial elex;lents in a thin film write head.

The length of the gap layer at the head surface determines the linear density of the head,

namely how many bits per linear inch of a magnetic medium the head can write. The width

of the second pole tip determines head track width, which establishes how many tracks per
width of a magnetic medium in inches can be written by the head. The product of these two
factors is areal density. With present day demands for storing and processing large amounts
of data, such as in high definition television (HDTV), there is a strong felt need for a thin
film write head which provides high areal density by way of a high resolution, narrow track
width second pole tip. .

A high resolution second pole tip can be made by an image transfer proceés followed
by reactive ion etching. The image transfer process typically masks the top surface of a resist
layer with a metal pattern which is unaffected by reactive ion etching. The area n.ot covered
by the mask is where the pole tip is to be plated, and this -area is shaped by reactive ion
etching. The steps of depositing the metal pattern and etching are very costly. The second
pole tip can also be made by ion-beam etching in which the second pole piece is bombarded
with ions to form a second pole tip with a desired track width. This process is also very
costl};. In both of these methods the second pole. tip is constructed individually and then the
| remainder of .the second pole piece is stitched to the second pole by ordinary
photolithography. ' '
| 'fhe least costly process for makiﬁg the second pole tip is to construct it with the same
process steps which construct the second pole piece. These process steps employ a single
photoresist layer which can be patterned for platir_xg the entire second pole piece along with
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the second pole tip in a single operation. Hou)ever, prior art methods of 'conqﬁ'uéting the
second pole piece and the second pole tip with the same process steps have not provided a
- high resolution second pole tip. When the second pole piece and the second 'pole tip “are
constructed simultaneously by ordinary photolithography a photoresist layer is si:in coéted
onto the body portion and pole tip region of the head. The photoresist layer is located above
a gap layer in the pole tip region and above a stack of insulation layers in the body region.
The insulation stack is typically 7 to 8 microns (xm) above 1.:he gap layer and has a marked
slope as the first insulation layer transitions to its apex at the zero throat height. When the
resist is spin coated onto a wafer it planarizes across the body portion and the pole tip region,
causing the resist in the pole tip region to be considerably thicker than the resist in the body
portion of the head. The thickness of the resist in the body portion of the head is dictated
by the desired thickness of the second pole piece. For example, if the second pole piece'in
the body portidn is to be 4 pm thick the photoresist layer would have to be approximately
4.5 pm thick. With a typical insulation stack of about 8 pm this results in ti1e resist layer
being about 11 pm thick in the pole t1p region. This thickness in the pole tip region plus t_h;:
steep slope of the first insulation layer near the pole tip region makes it very difficult to
construct a narrow track width second pole tiﬁ with subsequent photolithography steps. In
a viable manufacturing process for making high resolution thin film write heads the aspect
ratio of the thickness of the photoresist layer with respect to the track width of the pole tip
should be in the order of 4 to 1. A'ccordixigly, the thickness of the photoresist should be no
more than four times the desired track width of the second pole tip. - After the photoresist

layer is deposited it is patterned by the exposure of light in one or more areas which are to

' be removed by a subsequent step of dissolving the exposed photoresist. Because of the.

thickness of the photoresist in t_hé pole tip region the intensity of the tht for patterning has
to be high-in_order to penetrate the full depth of the photoresist. When the intensity of the
'light is-high T'the narrow slits employed for patterning miniature features introduce deflective

components in the light at the edges of the slits, which causes the light to fringe as it strikes

the photoresist. This results in poor resolution. . A more serious problem however is the
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reflection of light into the pole tip region from sloping insulation layers behind the zero
throat level. In an aggravated situatic;n assume that the flare point of the second pole
tip is to be in the same plane with the zero throat height. The patterned photoresist
layer commences its flare at the zero throat height and widens quickly toward the back -
gap to the ﬂﬂl'@idth of the second pole piece. This exposes a large expanse of the
sloping portions of thé insulation layers immediately behind the pole tip region. When
light is exposed in these areas it is hea;vily reflected at an angle of incidence from the
sloping portions of the insulation layers into the pole tip region where it is not wanted.
The result is that the reflected light notches the photoresist layer in the pole tip region,
substantially reducing the resolution of the second pole tip. Plating after this type of
patterning results in a second pole tip which has irregularly Shaped side walls and a
poor line width. '

A solution to the reflection problem is to move the flare point further away
from the zero throat height towards the backgap. If the flare point is pushed far enough
back the reflected light will not reach the pole tip region.. The light will simply be
reflected into a narrow portion of the pole piece are a behind the zero throat height
where notching occurs without any substantial harm to the second pole tip. However,
moving the flare point rearwardly extends the Iength of this narrow portion through
which flux must be transferred from the large part of the second pole piece to the
second pole tip, resulting in flux leakage from the narrow portion, which degrades the
performance of the head.

An object of the present invention is to make a second pole piece and a high
density second pole tip in a simultaneous photolithography patterning process.

 Another object is to make a high density thin film write head without image
transfer, reactive ion etching or ion beam processes.

A further object is to provide a compact, high density thin flim write head.

Yet another object is to overcome the problem of notching in a pole tip region
when a photolithography process is employed to simultaneously construct the second

pole piece and the second pole tip.
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Still another object is to provide a more efficient high density thin film write
head which can be constructed with less cost.

Still a furthgr object is to provide a thin film write head which has a high
resolution second polé tip, a flare point close to the zero throat height, and a head
height which is less than the prior art.

Other objects, advahtages and features of this invention will be more clearly
understood from the following detailed description, when read in conjuhction with the
accompanying drawing.

SUMMARY OF THE INVENTION

The present inventidn employs a typical photoresist patterning process to
simultaneously construct a second pole piece and a high resolution second pole tip with
a narrow track width. This is accomplished primarily by utilising one of the insulation
layers other than the first insulation layer for defining the zero throat height. In a
preferred embodiment of my invention the apex of the second insulation layer is located
at and defines the zero throat height. With this arrangement I have discovered that
proper positioning of the first insulation layer will contribute 1signiﬁcantly to the quality
of the head. The first insulation layer can now be moved back towards the back gap so
that its sloping portion will not reflect light. into the pole tip region during the
photolithography process. By distancing the apex of the first insulation layer about
5 um from the zero throat height this goal is achieved. Secondly, the first insulation
layer can be made much thinner than the prior art first insulation layers. With the'
present invention the first insulation layer is reduced from the prior art thickness of
about 1.8 pym to about .5 pm. This reduction significantly contributes to a lower
topography of the body portion of the head. The third insulation layer can be still
further back on the head so that it will not affect the patterning for the second pole tip.

During photolithography the illumination intensity is reduced because the depth
of the photoresist in the pole tip region is about one-half of what it was in the prior art.
Since the slope of the second insulation layer is the only slope close to the pole tip

region very little light will be reflected from the slope into the pole tip region during
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illumination of the photoresist. Further, all 6ther insulation layers other than the
second insulation layer have located rearwardly, towards the back gap, so that buildup
of a thick photoresist layer in the pole tip region does not occur. This allows the flare
point to be much closer to the zero throat height than for prior art heads. With the
present invention the flare point can be on the order of 3 um from the zero throat
height. This decreases the amount of flux leakage by shortening the length of narrow
second pole piece material between the zero throat height and the flare point. I have
also discovered that I can make the layers on top of the first insulation layer
significantly thinner. I have found that the coil layer can be reduced about 20 percent,
that the second insulation layer can be reduced about one-third, that the third insulation
layer can be reduced about 25 percent and that the second pole tip can be reduced about
25 percent. With the present invention the height of the photoresist in the pole tip
region can be approximately 6.5 um which makes the aspect ratio for the 2 Gb second
pole tip now possible. With the present invention I have also been able to maintain the
height of the insulation stack to approximately 5 pm as compared to 8 um in the prior
art. '
DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic block diagram of the present thin film low profile write
head being employed in a magnetic medium drive, such as a magnetic disk drive.

Fig. 2 is a cross sectional side view of the low profile write head being used in
combination with a MR read head to form a merged MR head.

Fig. 3 is a cross sectional side view of a front portion of a prior art write head.

Fig. 4 is similar to Fig. 3 except a photoresist layer is shown for patterning
second pole piece and the second pole tip.

~ Fig. 5 is a schematic isometric illustration of the sloping portions of insulation

layers reflecting light into a pole tip region during fabrication of a prior art head.

Fig. 6 is another prior art head where the third insulation layer defines the zero
throat height.



Fig. 7 is similar to Fig. 6 except a photoresist laye; is shown for pattéming the second

'pole piece and second pole tip. ‘
. Fig. 8 is a cross sectional side view of one embodiment of the present invention where

the apex of the second insulation layer defines the zero throat height.

Fig. 9 is a cross-sectional side view of another embodiment of the present invention
where the third insulation layer defines the zero throat height.

Figs. 10-14 are schematic illustrations of various steps involved in making the present
16w profile write head shown in Fig. 8.

Fig. 15 is similar to I;‘ig. 9 except a photoresist layer is"shown for patterning the
second pole piece and the second pole tip. '

Fig. 16 is a schematic illustration of the difference in proﬁle between a prior art write
head and the present low profile write head. |

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to the drawings wherein like reference numerals designate like or
similar parts throughout the several views there is illustrated in Fig. 1 a magnetic disk
. drive 20. The drive 20 includes a spindle 22 which supports and rotates a magnetic disk 24.
The spindle 22 is rotated by a motor 26. which is controlled by motor conu'ols 28. A
magnetic head 30, which may be a merged MR head for recordmg and read.mg, is mounted
on a slider .32 which in tum is supported by a suspension and actuator arm 34. The
suspension and actuator arm 34 positions the slider 32 so that the magnetic head 30 is ina
transducing relationship with a surface of the magnetic disk 24. When the disk 24 is rotated
by the motor-26 the slider rides on a thin cushion of air (air bearing) slightly 6&' the surface
of the disk, i in the order of .075 pm The magnenc head 30 is then employed for wntmg
mformatxon tp ‘multiple circular tracks on the surface of the disk 24 as well as for reading
information therefrom These information signals as well as . control 51gnals for moving the
slider to various tracks are processed by drive electronics 36.
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Fig. 2 is a side cross sectional elevation view of a front portion of a merged MR

head 30 which employs the present invention. The merged MR head includes a write head

portion which is stacked on top of an MR read head portion. The MR read. head po(‘rtion -

includes an MR stripe 40 which is sandwiched between first and second gap layers 42 and
44 which are in turn sandwiched between first and second shield layers 46 and 48. In a
merged MR head the second shield layer 48 is employed as the first pole piece for the write
head. In a piggyback MR head (not shown) the first pole pi;:ce of the write head portion is
a separate layer on top of the second shield layer of the MR read head. A gap layer 50 is
sandwiched between the first pole piece 48 and a second pole piece 52 which are
magnetically connected at a back gap 53. The forward ends of these pole pieces 48 and 52
form first and second pole tips 54 and 56 respectively which are magnetically separated in
a transducing relationship by the- gap .layer 50. The second pole tip is the most critical
element of the write head since it is the last pole tip to induce magnetic flux signals into the
moving magnetic medium adjacent the head surface. Accordingly its width is very important
in establishing the densny capability of .the head. A coil layer 58 and a second insulation
layer 60 lare sandwiched between first and third insulation layers 62 and 64 which in turn are
sandwiched between the. first and secon& pole pieces 48 and 52. A forward end or apex 65
of the second insulation layer 60 is located at and establishes a zero throat height (ZTH). The
~ forward ends of all of the layers forward of the zero throat height form a head surface 66
which is referred to as an air beanng surface (ABS) in a disk drive. This air bearing surface
is constructed by lapping the front of the head. '

A pole tip region is located between the head surface 66 and the zero throat _height and’

the head has a body region which is located between the zero throat height and the back gap.
The first, second and tlnrd insulation layers 62, 60 and 64 are located above the first pole
piece in thé;'.l:':gdy- region and are commonly referred to as an insulation stack. Each insulation
layer has an apex Where the insulation layer commences and each _insulaEion layer extends

from the a—pex toward the backgap.



. Fig: 3 is a front portion of a prior art thin film magnetic write head 70. This write
head can be an inductive head only or the write head portibn of a merged MR head or a write
head portion of a piggyback MR head. In the prior art head an apéx 72 of the ﬁrst insulati%n
layer 62 typically defines the zero throat height. The first insulation layer 62 slopes upwm"dly
from its apex to a flat portion where the coil 58 and the second insulation layer 60 are

formed. The second insulation layer 60 slopes upwardly from its apex 65 to a generaily flat -

portion where the third insulation layer 64 is formed. The third insulation layer 64 slopes
upwardly from an apex 74 to a generally flat portion. The third insulation layer 64 planarizes
the ripples in the second insulation layer caused by the coil layer 58. When the secbnd'pole
piece 52 is formed it has a high profile with consecutive sloping portions which replicate the
sloping portions of the first, second and third insulation layers. The second pole piece has
a flare point 76 which is located about 10 um behind the zero throat height. The flat point
is the location where the second pole piece 52 commences flaring from a narrow width,
which is equal to the width of the second pole tq,), to the large expanse of the second pole
piece.. ' ' '
The high apex angles @ and high sloping portions of the first, second and third
insulation lays pose a problem in the construction of a narrow width second pole tip 56. The
problem commences when photoresist is spin coated on top of the partially completed head
causing the photoresist to planarize across the insulation stack and the pole tip region, as
shown in Fig. 4. Photoresist planarized in the pole ﬁf) region can be typically 12 pm thick
while tkie photoresist above the insulation stack can be typically 4.5 pm thick. Resolution is
 lost when light is exposed into a thick layer of resist for photopatterning purposes. The light
bas to be intense to expose the full depth of the photoresist layer. When intense light is
directed through narrow slits for patterning the light deflects at the edges of the slits causing
| poor magmg - .
' A m'g're serious problem causing poor resolution in forming the second pole tip is due
to the reflection of Iight‘ﬁom the top sloping portions of the first, second and third insulation

layers during the light exposure step.- Fig. 5 is an exaggerated example where a flare point -
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82 is located directly above the zero throat height (apex 72 of the first insulation layer 62)
to illustrate the magnitude of the problem. When ligﬁt penetrates through‘ the photoresist in
the area behind the flare point 82 it strikes sloping surfaces 84, 86 and 88 of the msuk;tlon
layers at an angle of incidence. This causes light to be reflected directly into the pole tip
region. 'This reflected light penetrates the photoresist in the pole tip 'region beyond the
intended side walls of the second pole tip. This is called notching and results in poorly
formed photoresist walls for patterning the pole tip. The re@t is that when the pole tip is
plated it has a poorly defined line width and poor resolution. In order to overcome this
problem the prior art moves the flare point a significant distance back from the zero throat
height, such as 10 um, as illustrated in Fig. 3. With this arrangement only 2 very namrow
region (same width as second pole tip) of the sloping portions:of the insulation layers is
exposed to light immediately behind the pole tip region. chbrdingiy, when the light
exposure step is implemented virtuaﬁy no light is reflected from the sloping portions of the

insulation layers to notch the pole tip region. The problem with this app{oach is that

magnetic flux has to transition this very narrow portion of the second pole piece from the
yoke point to the zero throat height which causes significant ﬂﬁx leakage. It would be
desirable if the flare point could be positioned approximately 3 pm from the zero throat
height so that this flux leakage could be minimized, ' |

Another prior art magnetic head 90 is illustrated in Fig. 6. In this head the apex 74
of the third insulation layer 64 is located at the zero throat height for forming the zero throat
height. In this embodiment, the third insulation layer 64 is formed after the formation of the
first insulation layer, the coil layer and the second insulation layer. With this arrangement
the third insulation layer covers the ripples of the second insulation layer 60 so that the
ripples will not be replicated into the second pole piece when it is plated. This construction,

however, has a high profile similar to the prior art head shown in Fig. 3. When the -

- e -~ - - -
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photoresist layer is spin coated, as shown in Fig. 7, the photoresist planariz.es across the pole
tip region making the photoresist very thick in this region. This causes the same deflection
and reflection problems discussed hereinabove in regard to the prior art head shown in‘“‘Fig.
N | . _

- Typical thicknesses of the various layers of the prior art head shown in Fig. 3 are as
follows: The write gap 50 is .4 pm, the first insulation layer 62 is 1.8 um, the second
insulation layer 60 is 4.3 pm, the coil layer 58 is 3.5 pm, -the third insulation layer 64 is
-8 pm and the second pole piece 52 is 5 pm. '

Fig. 8 is an illustration of a low profile write head 100" according to the present
invention. The first insulation layer 62 is not used for defining the zero throat height. The
+ apex 72 of the first insulation layer is set back from the zero throat height towards the back
_ gap approximately 5 pm. The pancake type coil layer 58 is then formed on top of tl\le' first
| insulation layer 62 with the first coil commencing from the zero throat height at a distance

of about 15 pm. The second insulation layer 60 is then formed on top of the coil layer 58

with its apex 65 being located at and defining the zero throat height. An advantage of this
arrangement is that the first insulation 62 layer can be kept comparatively thin, in the order
of .5 um as compared to 1.8 um for the prior art first insulation layer. This significantly
decreases the thickness of the insulation stack. The third insulation layer 64 is formed on top
of the second insulation layer 60 to planarize the construction for the formation of the second
pole piece 52. The.apex 74 of the third insulation layer can be on the order of 10 um back
from the zero throat height. - Since a high profile insulation stack has been minimized behind
the pole tip region the flare point 75 can be moved forward to about 3 um behind the zex;o
throat height. Because the flare point is moved forward in the present invention the thickness
of the coil layer 58 can be in the order of 2.8 um as compared t03.5 pm for the prior art coil
layer since, fluk Jeakage is less. Consequently the second insulation layer 60 can be on the
order of 2:'5- pm as compared to 4.3 pm for the prior art second.'i_nsulat.i_on layer. The apex
angle « is also considerably less. Since the magnetic flux does not have to transition a ldng
distance between the flare point to the-zero-throat l}eightthe second pole piece can be thinner.
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The second pdle piece 52 can be on the order of 3 um as compared to 4 to 5’ ym forthe prior
art pole piece. With the present invention the height of .the insulation stai:k can be képt to
about 5 - y.m The followmg charts entitled "Layer Positions Chart" and entitled "Lé.yer
Positions from Zero Throat Helght (ZTH)" and "Layer Thicknesses" show preferred and most

preferred positions and thicknesses of the various layers of the present invention.

Layer Positions from Zero Throat Hex:ght (ZTH)

HLayer Preferred - Most Preferred u
I, 3.0 ym up to 2 SOp.m
) “ pm from coil
" Coil 10-up 150 ym. "
|| I, (8-13) - 0 o _
" I 0 - (8-13) 10.0 pm
" Flare Point 3 pm - up 3 pm - up
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Layer Thicknessés
[ Layer Preferred Most Preferred |
Write Gap (G3) | 0.3 pm + 50% 0.3 pym % 10% - .
I, 0.7 um £ 50% 0.5 pm * 20%
Seed 0.1 pm£20% | 0.1 pm +20% :
Coil 2.5 pm = 20% 2.5 pm % 10% -
I, 2.5 pm+20% | 2.5 pm + 10%
‘ front of coil
0.5 pm * 20%
{topofcoil
L 1.0 pm + 20% 0.5 pm * 20%
. | top of coil
L
L+1, 1.0 pm + 20% 1.0 ym + 10%
- | top of coil ‘top of coil :
Total Insulation |5.0 pum+20% | 5.0 pm = 10%
Stack :
Second Pole 3 p.m 3 pm
Piece (P2) y

Because of the layer ihickness'es and especially the positioning of the insulation layers in the
present invention the second pole tip can be constmcted with a very narrow track Wldth as
will be explained hereinafter.” '

Alternatively, the apex 74 of the third" insulation layer 64 can be employed in
~ accordance with the present invention to define the zero throat height as shown in the
.magnetié heaci 110 of Fig. 9. The first insulation layer 62 can be positioned about 5 pm from
the zero throat height and the second insulation layer 60 can be positioned about 12 pm from
the z'e_r_o throat height. The thicknesses of the layers in the coil area can be substantially the
same as deseribed for the head 100 shown in Fig. 8 and as set forth in the charts. The héad
110 has a low profile similar to the low profile head 100. '
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Tﬁ_e method of the invention is illustrated in Figs. 10-14. ‘In Fig. 10a first ixisﬁlziﬁoﬁ
layer 62 of approximately .5 pm thick is formed on top of the gap layer 50 ap;rox'imately
5 pm behind the zero throat hefght. In Fig. 11 the coil layer 58 approximately 2.6 to 3 um
thick is formed on top of the first insulation layer 62 approximately 15 pm back from the
zero throat height. In Fig. 12 the second insulation layer 60 approximately 2.5 pm thick is
formed on top of the coil layer 58, the first insulation layer 62 and the gap layer 50 with its
apex 65 being located at and forming the zero throat height. "It can be seen from this figure
that the sloping region 86 of the second insulation layer 60 extends from its apex 65 a short
distance as compared to the .cofqbined sloping regions 84, 86 and 88 of the insulation layers
of the prior art write head shown in Figs. 3 and 5. A third insulation layer 64 on the order
of 1 um thick is formed on top of the second insulation layer with its apex 74 approximately
10 uym behind the zero throat level. These three insulation layers form a low profile
insulation stack height which is approximately 5 um. In Fig. 14 the photoresist is spin coated
on top of all of the layers which causes a thickness of the photoresist layer in the body of the
. head to be approximately 3.5 pm and the thjclméss of the photoresist layer in the pole tip
region to be approximately 6.5 pm thick. This thickness of 6.5 um of the photoresist in the

pole tip region of the present invention is considerably less than the thickness of 11 pym of _

| the photoresist in the pole tip region of the prior art. The flare point 76 can now be located
approximately 3 pm behind the zero throat height so that the head has mmunal flux leakage
and is more efficient. Accordingly, when the photoresist layer is exposed to light for
pafterning very little light wxll be reflected from the sloping portion 86 of the second
insulation layer into the pole tip region since the width of the exposed sloping portion 80 is
| Ehe.samé as the width of the exposed pole tip region. After photo patterning in Fig. 14 the

second pble piece and the second pole tip are simultaneously plated. After removal of the

photoresist pattemmg layer the pole piece and pole tip-are configured as shown in Fig. 8.
The pole tlp has well formed sidewalls and excellent line width. Since the thickness of the
| photoresist layer in the pole tip region is only about 6.5 pm a 2 Gb write head can ‘be

constructed using the desirable aspect ratio of 4 mentigned hereinabove.
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Fig. 15 illustrates the configuration of a photoresist layer to construct the,_l_o'w.' ﬁroﬁle
head shown in fig. 9. In this head the apex 74 of the third insulation layer 64 defines the
zero throat height. The thickness of the photoresist layer in the pole tip region is about &:5
pm which is the same as shown in fig. 14. Because of the low profile the second pole' tip

can be well formed for this head. _ '
- As shown in Fig. 16 the insulation stack 120 of the present thin film write head has
been significantly decreased from the insulation stack 130 of the prior art thin film write
head. Accordingly, the present low profile write head is lighter in wéight and more compact

than the prior art write head. With the present invention a very high resolution high density

second pole tip is constructed simultaneously with the second’ pole piece by ordinary
photolithography processing. The present invention allows the flare point to be optimized
close .to the zero throat height so that there is minimal flux leakage and improved

performance of the head
l . .
Clearly, other embodiments and modifications of this invention will occur readily to

those of ordinary skill in the art in view of these teachings. For instance, in a broad conce;it :

of the present invention, the insulation stack could consist of only two insulation layers with
one insulation layer defining the zero throat height and the other insulation layér having is
é.pex at least 3 pm from the zero throat height toward the back gap. Therefore, this invention
is to be limited only by the following claims, which include all such embodiments and
niodiﬁcations when viewed in conjunction with the above .speciﬁcaﬁon and accompanying

drawings.
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CLAIMS
L A thin film low profile write head cbmprising: £,
" - a head surface, a back gap and a zero throat height located between the head surface

and the back gap;
a pole tip region located between the head surface and the zero throat height and a

body region located between the zero throat height and the back gap;
first and second pole pieces located in the pole tip region and the body region;

a plurality of insulation layers overlying the first pole piece in the body region, each -

of the insulation layers having an apex where the insulation layef' commences, each layer
extending from the apex toward the back gap; , |

. a first one of the insulation layers being a closest layer to the first pole piece and
having an apex which is Iocate(li at least 3uym from tl?e zero throat height toward the back gap;

and
the apex of another one of the insulation layers being located at and defining the zero

throat height.

2. A magnetic media drive including the write head as claimed in claim 1, the
drive comprising:

a housing; . _

a support mounted in the. housing for supporting the head;

medium moving means moﬁﬁted in the housing for moving a magpetic medium past
the head in a transducing relationship therewith;

positioning means connected to the support for moving the head to multiple positions
with respect _tg: a moving magnetic medium so as to process signals with respect to multiple

tracks on the Thagnetic medium; and



I

Ll

17

control means connected to the head, the magnetic medium 'moving.mea,ns and the
positioning means for controlling and procéssipg signals with respect to the head, controlling

movement of the magnetic medium and controlling the position of the head. "

3. A write head as claimed in claim 1 including:
said plurality of insulation layers including second and third insulation layers;
the apex of said another one of the insulation layel:s being the apex of the second

insulation layer.

4. A write head as claimed in claim 3 wherein the first insulation layer has a
thickness of 0.5 + 20% pm.
1
5. A write head as claimed in claim 3 including:

the first, second anc_l third insulation layers forming an insulation stack;
a total thickness of the insulation stack being 5 + 10% p.m

6. A write head as claimed in claim 3 wherein the apex of the first insulation

layer is substantially 5 um from the zero throat height.

7. A write head as claimed in claim 6 wherein the second pole has a flare point

which is 3 um or greater from the zero throat height.

, ' 8. A write head as claimed in claim 7 wherein the commencement of the coil

layer is 10 pm or greater from the zero throat height.
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9. . A write head as claimed in claim 8 including: )
the flare point being substantially 3 um from thé zero throat height; ‘and
. the commencement of the coil layer being substantially 15 pym from the zero thrdat

height.

10. A write head as claimed in claim 9 wherein the first insulation layer has a

thickness of 0.5 £ 20% pum.

11. A write head as claimed in claim 10 including:
the first, second and third insulation layers forming an insulation stack;
" a total thickness of the insulation stack being 5 + 10% pm. |

12 A magnetic media drive including the write head as claimed in claim 11, the
! : i
drive comprising:

a housing; _
a support mounted in the housing for supporting the head;
" medium moving means mounted in the housing for moving a magnetic medium past

the head in a transducing relationship therewith;

‘positioning means connected to the support for moving the head to multiple positions
with respect to a moving magnetic medium so as to process signals with respect to multiple

tracks on the maénetic medium; and

| control means connected to the head, the magnetic medium moving means and the
positidéning means for controlling and processing signals with respect to the head, controlling
movement of the magnetic medium and controlling the pc_)sition-of_the head.

13. ™ A write head as claimed in claim 3 including:

the first insulation layer lying substantially in a common plane with a portion of the

second insulation layer.
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14. . A write head as claimed in claim 13 including; )
the flare point being located in a region between the zero throat heigﬁt and the apex

L

of the first insulation layer.

15. A write head as claimed in claim 13 including:
the apex of the third insulation layer being located in a region between the apex of the

first insulation layer and the back gap.

16. A write head as claimed in claim 15 including:
a coil layer located above the first insulation layer in the body of the head; and

the coil layer commencing in a region between the apex of the third insulation layer

and -the back gap. - )

17. . A magnetic media drive including the write head as claimed in claim 16, the
drive comprising: | '

a housing;

a support mounted in the housing for supporting the head;

medium moving means mounted in the housing for moving a magnetic medium past
the head in a transducing relationship therewith; |

positioniﬁg means connected to the support for moving the head to muitiple positions
with respect to a moving mé;neﬁc medium so as to process signals with respect to multiple
'.trac:ks on the magnetic medium; and | : '
R " control means connected to the head, the magnetic medium moving means and the
positioning means for controlling and pi'ocessing signals with respect to the head, controlling
movement o_t_:; ihe magnetic medium and controlling the position of the head. |

18. A write head as claimed in claim 16 wherein the apex of the first insulation
layer is substantially 5 pm from the zero throat height,
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19. . A write head as claimed in claim 18 wherein the second pole has a flare point

which is 3 pm or greater from the zero throat height. ‘
{‘.\
20. A write head as claimed in claim 19 wherein the commencement of the coil

layer is 10 pm or greater from the zero throat height.

21. A write head as claimed in claim 20 including:
the flare point being substantially 3 pm. from the zero throat height; and
the commencement of the coil layer being substanﬁally 15 pum from the zero throat

height.

.22. A write head as claimed in claim 21 wherein the first insulation layer has a
thickness of 0.5 + 20% pm. | , '
23." A writé head as claimed in claim 22 iricluding;-
the first, second and third insulation layers forming an insulation stack;
a total thickness of the insulation stack being 5 & 10% pm.

24. A magnetic media drive including the write head as claimed in claim 23, the
drive cqmﬁrising:
a housing; _
. a support mounted in the housing for supporting the head; -
, . medium moving meaﬂs mounted in the h.ousing for moving a magnetic medium past
the head in a transducmg relationship therewith; _
positiq_ﬁing means connected to the sui:port for moving the head to multiple positions
with respect tc; a moving magnetic medium so as to process ;ignals with respect to multiple

tracks on the magnetic medium; and
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control means connected to the head, the magnetic medium moving mgéné and the
positioning means for controlling and processing signals with respect to the head, controlling

movement of the magnetic medium and controlling the position of the head. o

25. A method of making a low profile write head comprising the steps of:

forming a first pole piece which has a pole tip region between a head surface -and a -
zero throat height and a body region between the zero throat height and a back gap;

forming a first insulation layer in the body region above the first pole piece with the
apex of the first insulation layer being located at least 3um from the zero throat height
toward the back gap; and ' o

forming another insulation layer above the first insulation layer in the body poi‘_tion
with the apex of said another insulation layer being located at and defining the zero throat

height.

26. A method as claimed in claim 25 wherein said another insulation layér isa

second insulation layer which is formed on top of the first insulation layer.

27. . A method as claimed in claim 26 including the steps of;
forming the first insulation layer with a thickness of substantially 0.5 +/-20% pm.

28. A method as claimed in claim 26 including the steps pf;__
fomﬁng the apex of the first insulation fayer substantially 5 um from the zero throat
height.

29. A method as claimed in claim 28 including the steps of;
fom‘;ing the flare point of the second pole piece 3 um or greater from the zero throat

height.
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30.. A method as clauned in claim 29 including the steps of;
forming the commencement of the coil 10 um or greater from the zero throat height.
. 5
31. A method as claimed in claim 30 including the steps of;
' forming the flare point of the second pole piece substantially.3 pm from the zero
throat height; and |
 forming the commencement of the coil layer substantlally 15 pm from the zero throat

height.

32. A method as claimed in claim 31 including the steps of;
‘forming the first insulation layer with a thickness of substantially 0.5 + 20% pm.

33. A method as claimed in claim 26 including the steps of;
forming a portion of said second insulation layer in a common plane with the first

insulation layer.

34. A method as claimed in claim 33 including the steps of;
forming a second pole piece with a flare point in a region which is located between
the zero throat height and.the apex of the first insulation layer.

35. A method as elaimed in claim 34 including the steps of;
_ forming a third insulation layer on top -of the second insulation layer, the third
ipsulation layer haﬁng an apex which is located in a region between the apex of the first
- insulation layer and- the back gap. - '
36. A method as claimed in claim 35 including the steps of;
forrmng a coil layer between an apex of the third msulatton layer and the back gap.
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37. A method as claimed in claim 36 iricluding the steps of;
forming the apex of the first insulation layer substantially 5 um from the zero

throat height.

38. A method as claimed in claim 37 including the steps of;
forming the flare point of the second pole piece 3 pm or greater from the zero

throat height.

39, A method as claimed in claim 38 including the steps of;
forming the commencement of the coil 10 pm or greater from the zero throat

height.

40, A method as claimed in claim 39 including the steps of;

forming the flare point of the second pole piece substantially 3 pm from the
zero throat height; and |

forming the commencement of the coil layer substantially 15 pm from the zero

throat height.

41. A method as claimed in claim 40 including the steps of;

forming the first insulation layer with a thickness of substantially 0.5 + 20% pm.

42. A thin film low profile write head substantially as hereinbefore
described with reference to any of the accompanying drawings except Figures 3 to 7

and Figures 10 to 14.

43. A magnetic media drive including a write head as claimed in claimed

42.
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43. A magnetic media drive including a write head as claimed in claimed
4. . A

44, A method of making a loW profile write head, the method being t

5  substantially as hereinbefore described with reference to Figures 10 to 14 of the

accompanying drawings.



