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THIN FILM HEAD SLIDER FABRICATION PROCESS

FIELD OF THE INVENTION
This invention relates generally to fabrication of thin
film electromagnetic read/write head assemblies, and
particularly to a method for fabricating fhin film head sliders
from a pre-processed wafer which contains on one face a
plurality of electromagnetic devices arranged in rows.

BACKGROUND OF THE INVENTION

Magnetic disk drive systems are used to read and write
information to and from magnetic disks. Typically, the disk is
nmounted on a spindle such that the disk can rotate to permit an
electromagnetic head mounted on a movable arm positioned near
the disk's surface to read or write information thereon.

During operation, the system moves the head to a desired
radial position on the surface of the rotating disk where the
head electromagnetically reads or writes data. Usually, the
head is integrally mounted in a carrier called a "slider." A
slider generally serves to mechanically support the head and

“any electrical connections betwegn the head and the rest of the
drive system.

Since the slider is aerodynamically shaped to glide over
moving air, it generally maintains a uniform distance from the
surface of the rotating disk, thereby preventing the head from
undesirably contacting the disk. :

Typically, a slider is férmed with two parallel rails with
a recessed area between the rails and with each rail having a
ramp at one end. The surface of each rail that glides over the

. disk surface durlng operation ‘is known as ‘the “alr—bearlng
surface “_“' _

A head is typlcally an electromagnetlc device contalnlng
magnetlc poles.  These poles terminate on the air bearing
surface and function to electromagnetically interact with the
data contained in the magnetic disk.

According to the prior methods, a group of thin film.
sliders are fabricated from a single wafer that contains on its
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mounted on a spindle such that the disk can rotate to permt_an :
el ectromagneti c head nounted on a nmovabl e arm positioned nedmisghest e“”“’]
surface to read or wite information thereon. During operatioH 1 l

noves the head to a desired radial position on the surface of -
di sk where the head el ectromagnetically reads or wites data. Usually, the

head is integrally nmounted in a carrier called a "slider." A slider

general |y serves to nechanically support_gbe head and .any el ectrical

connections between the head and the rest of the drive system Since the
slider is aerodynam cally shaped to glide over

top face electromagnetic devices, i.e., heads, arranged in
rows. Initially, single-row bars are sliced from a Qafer, each
bar comprising a row of units which can be processed into
sliders havihg heads on their end faces. Each bar is then
bonded to a fixture where the bar is then processed and
separated into individual sliders.

. During this process, it is critical to lap the bar to a
desired thickness in order to achieve a desired throat height,
i.e., the height of a pole above the pole widening point, for
all the poles on the bar. The single-row bars tend to bow or
bend, making it very difficult to attain this objective.

There is a need, therefore, to solve the bow problems
associated with single-row bars so that sliders with desirable
throat heights can be easily fabricated.

SUMMARY OF THE INVENTION

Accordingly, it is a general object of the present
invention to provide a head assembly fabrication method which
greatly improves the control of an important performance
parameter of magnetic recording heads, i.e., throat height.

Mechanical processing of thin bars, which incline to bow,
to fabricate sliders is the main cause of throat height control
problems. The present invention provides a solution to these
problems by thickening the workpieces. Since the bowing of an
object is inversely proportional to the cube of its thickness,
this redudés bowing of the workpieces to negligible
proportiohs.

More specifically; we increase the effective thickness of
a bar to be fabricated into sliders by anchorihg it to a
relatiVely-rigid and thick object before it is severed to a
single~bar status. As a result, the resistance of the bar to
bowing is materially enhanced, and an identical and desired
throat height for the poles on such a bar can be easily
attained by lapping.

Four embodiments are disclosed herein. Two of them use
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nmoving air, it generally maintains a uniformdistance fromt e surface of =
t he rotatlng di sk, thereby preventing the head from undesira lmmd=
t he di sk. Typlcally, a slider is formed with two parallel rai

recessed area between the rails and with each rail having a r

end. The surface of each rail that glides over the disk surface durlng
operation is known as the "air-bearing surface.”" A head is typically an

el ectromagneti ¢ devi ce containi ng nagnet+®-pol es. These poles term nate on

the air bearing surface and function to el ectromagnetically interact with
t he

the wafer from which the bars are formed to add effective
thickness to the bar and thereby resist bending or bowing of
the.bars. The other two operate on integral pairs of bars, the
bars in each pair being severed from each other only after they
have been bonded to a fixture or have been mechanically
processed. Even the latter embodiments of the invention
effectively solve the bow problems by doubling the thickness of
a bar, since they provide an increase of an order of magnitude
in the stiffness of the workpieces. Thus, the foregoing
embodiments represent the maximal and minimal applications of
the concept, namely, effectively thickening the workpieces.

A wafer used for fabrication of sliders typically
comprises rows of bars; each row can be processed to form a
plurality of sliders. 1In the first embodiment of this
invention, a single-row bar is lapped to the desired throat
height while remaining integral with the remainder of the
wafer. The bar is later sliced from the wafer only after it
has been fabricated into sliders.

" The second embodiment differs from the first one in that a
single-row bar is sliced from the wafer after it has been
bonded to a lapping fixture. Bonding of a single-row bar to a
fixture in this manner induces no or little bow on the bar, as
compared with bonding of a free standing single-row bar. Nor
does lapping of such a single-row bar cause the bar to bow,
since the fixture increases effective thickness, or resistance
to bowing, of the bar.

According to the third and fourth embodiments, a double-
row bar sliced from a wafer is first bonded to a lapping
fixture before it is lapped or sliced into two single-row bars.

In rnione of the embodiments is it necessary to bond a free
standing, single-row bar to a lapping fixture. In other words,
a single-row bar is lapped only when it is anchored to a
relative rigid and thick object under conditions which induce
no bow on it. '

There are several advantages to this invention. First of
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data contained in the magnetic di sk. According to the pr| kg thods
group of thin filmsliders are fabricated froma single T
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-2 top face el ectronmagnetic devices, i.e., heads IW
Initially, single-row bars are sliced froma waf er,

conprising a row of units which can be processed into sllders haV|ng
on their end faces. Each bar is then

-

all, it solves all the bow problems associated with the use of
a free-standing single-row bar. In addition, it improves pole
tip recession, another important performance parameter, of
sliders. Pole tip recession occurs during the lapping process
because the poles, which areltypically made of NiFe, are less
resistant to abrasion than the alumina surrounding them. This
problem is lessened by the present invention, since it is now
possible to use high pressure for lapping a bar which has been
anchored to a rigid and thigk object without inducing bow of
the bar. High pressure lapping is known to alleviate pole tip
recession. '

Also, the cycle time for slider fabricat;on is materially
reduced, as many intermediate processing steps may be
eliminated, including wvisual inspection of throat heights using
lapping quides as the indicator. Thus, it is no longer
necessary to fabricate one lapping guide for each head on the
wafer. All these lead to decrease in production costs.

The above and further edvantages of the invention may be
better understood by referrlng to the following. descrlptlon in
conjunctlon with the accompanylng drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a perspective view of a typical 2-rail design
thin film head slider;

Fig. 2 is a perspective view of a pre-processed wafer, as
well as detailed structure thereof, from which the Figs. 1 and
6 sliders are fabricated according to the processes depicted in
Figs. 3 and 7;

Fig. 3 is a schematic representation of one embodiment in

accordance with the present 1nvent10n,

Fig. 4 illustrates one approach for mechanlcally
Processing a bar containing electromagnetic devices into Fig. 1
sliders, the bar being shown in side elevation;

Fig. 5 illustrates another approach for mechanically

Processing a bar containing electromagnetic devices into Fig. 6

eads



bonded to a fixture where the bar is then processed and sggarated into
I ndi vi dual sliders. During this process, it is critical ‘Q et
desired thickness in order to achieve a desired throat "7 the |

hei ght of a pol e above the pole w dening point, for all ecd Replived
bar. The single-row bars tend to bow or bend, making it T iﬁ\ \‘m’ toh.

attain this objective. JP-58194164 di scl oses a process |n
single-row bar is bonded to a jig 3 p&ior to mechani cal

back surface of the row bar to form grooves 2A which partially separate
adj acent devices on the sane bar. The bar is renoved fromthe jig 3",
flipped over and bonded once

gliders, the bar being shown in side elevation;

Fig. 6 is a perspective view of a modified 2-~rail design
thin f£ilm head slider;

Fig. 7 is a schematic representation of a second
embodiment in accordance with the present invention;

Fig. 8 is a perspective view of a pre-processed wafer, as
well as detailed structure thereof, from which the Figs. 1 and
6 sliders are fabricated according to the process depicted in
Fig. 9; _ . _

Fig. 9 is a schematic representation of a third embodiment
in accordance with the present invention; :

Fig. 10 is a perspective view of a pre-processed wafer, as
well as detailed structure thereof, from which the Figs. 1 and
6 sliders are fabricated according to the process depicted in
Fig. 11; and,

Fig. 11 is a schematic representation of a fourth
embodiment in accordance with the present invention.

In all the drawings, identical numbers represent identical

‘or similar elements. Various elements shown in the drawing are
not necessarily in proportion to their actual sizes. Further,
as used herein the terms such as "top", "bottom"™ and the like
are intended only to denote relative direction solely with
reference to the illustrations in the accompanying drawings.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
In Fig. 1 we have illustrated a typical 2-rail, thin film

head slider. This slider, designated by the numeral 1.0, is
generally rectanqular in shape. It consists of two portions,
i.e., a slider portion 20 and a head portion 40 on an end face
of the slider portion 20.

The slider portion 20, which constltutes the bulk of the
thin £ilm head slider 10, is made of Al,0;-TiC ‘or other
suitable material. This portion 20 comprises, in general, two
parallel rails 12 on both sides of a recessed face 16 of the
slider 10. The top surface 18 of each rail 12 constitutes an
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again to the jig before further mechanical processing of the rom1bar
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a process in which devi ces are prepared froma wafer surfac
the wafer up into pairs of devices rather than full rows. T
therefore, to solve the bow problens associated with single-row

| east two occasions; the row bar is unsupported. DE-

that sliders with desirable throat heights can be easily fabricated.

air bearing surface of the slider 10. At the end of the air
pearing surface 18 opposite the head portion 40 is a slope or a
ramp 23. The rails 12, the recessed face 16, and the air
pearing surfaces 18 are all important structural features that
enable the head portion 40 to "fly" at a short dlstance from '
the surface of a magnetic disk.

The head portion 40 is a thin layer of Al,0; containing an
electromagnetic device 22 which is constructed by a
conventional photolithography process. The electromagnetic
device 22 includes poles 22a that terminate at their upper ends
on the surface 18 of the rails 12. The device 22 also includes
other components which are unrelated to the present invention.
The poles 22a are made of a suitable ferromagnetic material
such as NiFe. As mentioned above, for a thin film head slider:
10 to function properly, it is important that the throat
height, i.e., the height of pole 22a above a so-called "pole
widening point" (not shown), be near "zero throat" or about 40
microinches. ;
| The above-described 2-rail, thin film head slider 10 has

“Thus,

i

been fabricated from a pre-processed wafer.- Fig. 2 depicts the.

structure of such a wafer 26. The wafer 26 comprises a wafer
substrate 20 that is made of Al,0;-TiC, and is covered by a
thin layer 40 of Al,0,. The electromagnetic devices 22 are
formed in the layer 40. The devices 22 are arranged in rows
and are identically oriehted.

Specifically, the wafer 26 comprises a matrix of slider
units 30 which when fully processed will become sliders 10.
The view at the top of Fig. 2 is an end view of the individual
units 30, the devices 22 having been formed on the ends of the
uhits 30 exposed in this viéw. As shown in Fig. 2, a plurality
of identical bars 28 each of which comprises a row of identical
slider units 30, together with superfluous sections, such as a
top section 34 and a bottom section 35, constitute the wafer
26.

A wafer may be fabricated to contain any desirable number
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magneti c recording heads, i.e., throat height. N@chanlcal

thin bars, which incline to ‘bow, to fabricate sliders |s

throat height control problens. The present invention prOV|des

to these problens by thickening the wiofkpi eces. Since the bomnng of an
object is inversely proportional to the cube of its thickness,

of rows of slider units 30 and any desirable number of slider
units 30 in each row. The pre-processed wafer 26 shown in Fig.
2 contains thirty two rows of slider units 30, and fourteen
slider units 30 in each row.

The slider unit 30 shown at the bottom of Fig. 2 is
identical with the finished slider 10 shown in Fig. 1, except
that the rails 12 and recessed face 16 are not yet formed and
the throat height for the poles 22a is greater in the unit 30.
Since the throat height for poles 22a in each unit 30 is
greater than that in a finished slider 10, lapping of the face
14 of each unit 30 in a controlled manner is accomplisﬁéd to
obtain a slider 10 with the desired throat height. This is
achieved by the provision of a lapping guide 32 in each unit 30
when the wafer is fabricated (see Fig. 2). Under the prior
methods of fabrication, the lapping guide 32 can be used as an
indicator of the throat height during microscopic inspection of
the processed unit 30, as will be discussed below.

One embodiment of the inventive process for fabricating
the sllders is depicted in Flg. 3. A single slice cut 38_1s
first made on the wafer 26 to remove the top superfluous, non-
functional section 34 (steps 100 and 102), thus exposing the
face 14 of an outermost bar 28. It should be noted that the
face 14 is the face on which the poles 22a terminate (see the
lowermost view of Fig. 2).

Once the slice cut 38 is made, the sliced wafer 26' is
affixed to a fixture 50 in such manner so that the exposed face
14 of the outermost bar 28' is susceptible to mechanical
processing, while the bulk of the sliced wafer 26' is secured
to the fixture 50 (step 104). The fixture 50 is referred to as
the lapping fixture'he:einafter, since throat lapping (i.e.,
lapping the throat height to a desired height), as well as
other mechanical processing operations, 1s performed on the
outermost bar 28' while the wafer is affixed to this fixture
50.

' In the next step 106, the exposed face 14 is subjected to
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specifically, we increase the effective thickness of a bar to bé fabricated

into sliders by anchoring it to a relatively rigid and thhglsh@hhfGiee RrS
it is severed to a single-bar status. As a result, the res o
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invention in its broad formresides in asa process for the fabrication of
el ectromagneti ¢ head

a series of grinding and lapping processes to define the air
pearing surface rails 12, to form ramps 23 on the rails 12, to

create a recessed face 16 between the air bearing surface rails
12; and to obtain a proper throat height for the poles 22a on
the :r 28 (see Fig. 1). The bar 28' thus processed is then
subjected to the part-off process, i.e., vertical cuts are made
to separate the slider units 30 therein. These rail
definition, ramp formétion, part-off, throat lapping, and rail
relief processes may be performed ih two different ways, which
are shown in Figs. 4 and 5, respectively, and will be discussed
in more detail below. .

" The processed bar 28' is then sliced into individual thin
film head sliders 10 by making a single cut 42 extending
through the sliced wafer 26' (step 108). The remainder of the
wafer, together with the sliders 10 thus formed, is then
removed from the lapping fixture 50 (step 110). The reduced
sliced wafer 26" can now be realigned and fastened onto the
same fixture 50 so that the newly exposed face from the cut 42
is susceptible to mechanical processing, and the entire
séquence is repeated until all bars on the wafer have been
processed into individual sliders.

Since the sliced wafer has to be fastened to and detached
from the lapping fixture 50 repeatedly, it will be more
effective to affix the wafer to the fixture 50 by means of
readily releasable mechanical clamp, instead of using a bonding
agent.

Also, since the wafers are relatively fragile and may
crack when subjected to excessive external forces, it is
desirable to bond each wafer to a lava substrate (not shown) so
that the wafer can be indirectly secured to the fixture via the
substrate during the entire fabrication process. The substrate
portions attached to the individual sliders 10 are removed at
the end of the fabrication process by debonding.

According to the prior method of fabricating sliders from
A wafer, the wafer is first sliced into free-standing single-



assenblies froma bar of a wafer substrate conpri sing’ a*p%ufality-otmbats
each bar including, on a first surface thereof, a pIur

el ectromagneti c devices provided as a single rom/and
the wafer substrate including an upper and a | ower kfa H
surface corresponding to the first surface; the proc Ss t eps

of : a) while the bar is still integral wth an adj acent portlon of the.
waf er substrate, anchoring the wafer sub¥trate to a fixture; whil e the
waf er substrate is anchored to the fixture,

row bars. The single-row bars are then each fastened to a
fixture via the slice surface distal from the poles, using an
adhesive for grinding and lapping. As mentioned above, in
order for a thin film head slider, such as that shown in Fig.
1, to function properly, the throat height has to be within a
precise range. This is achieved by lapping the exposed slice
surface of the single-row bar until all the poles on the bar
attain near "zero throat" with the aid of lapping guides.
However, all poles on a single-row bar can be lapped
simultanecusly to the desired and identical throat height only
if all the electromagnetic devices on the single-row bar are
colinear during the throat lapping process.

The task of maintaining colinearity of the electro-
magnetic devices on a free-standing single-row bar is very
difficult for several reasons. First of all, since a single-~
row bar is very thin (about 0.025 inches), it tends to bow.
Furthermore, each single-row bar has two slice surfaces. These
slice surfaces tend to have non-homogeneous stresses because of
the slice cuts. Such stresses also cause the bar to bow. To
minimize this effect, both slice surfaces are usually lapped to
remove the stressed material before fastening to a lapping
fixture. Also, the bonding process for fastening a free-
standing single-row bar to a lapping fixture may induce bow on
the bar.

The bow problems associated with a free-standing single-
row bar result in different throat heights of the sliders
fabricated by the prior methods. Such variance in throat
heights, in turn, affects the read/write performance of the
sliders. Processing a free-standing single-row bar also
results in another drawback, i.e., unevenness of the air
beafing'éurfacés. Although the flatness requirement for the
air bearing surfaces is easier to attain than the throat height
requirement for the poles; it nonetheless is somewhat difficult
to meet when processing a free-standing single-row bar.

Both of these problems, which result from the bow of a



form ng head assenbl es along the side of the bar; and c) separatlng the
i ndi vi dual head assenbli es. -3- Four enbodiments are mfﬁggﬁaﬁhﬂnu
Two of themuse the wafer fromwhich the bars are forned to m

t hi ckness to the bar and thereby resist bending or bowi ng o
other two operate on integral pairs of bars, the bars in ea
severed fromeach other only after they;q-

free-standing single-row bar, are essentially eliminated in the
fabrication process embodiment of the present invention
described above, since a stiff, solid wafer, rather than a bar,
' is lapped according to this new method and a solid wafer doés
not bow. The poles of all electromagnetic devices on orie bar
can therefore be lapped to an identical, specific throat
height. In addition, according to the present invention, it is
no longer necessary to lap the exposed slice surface to release
stresses on it before bonding the sliced wafer to a lapping
fixture. Neither is it necessary to perform the difficulﬁ task
of bonding a very thin bar to a lapping fixture. Instéad, a
sliced wafer, which is relatively solid and large, can be
easily fastened to such a fixture before it is further
procéssed into sliders.

Refer now to Fig. 4, which schematically illustrates one
approach that may be taken to perform step 106 in Fig. 3,
namely, to contour the exposed surface 14 of a wafer 26!
fastened to a lapping fixture 50 to form sliders 10. For each

~unit 30, two parallel rails 12 on both sides and a third rail
44 between them are first formed on the surface 14, where the
poles 22a terminate, by a grinding operation (step 200). A
second grinding operation further defines the parallel rails 12
(step 202). One can also cut and divide all the units 30 in
the bar from each other at this step.

Since throat lapping must be stringently controlled, it is
the most time-consuming operation in the prior slider
fabrication process, and is thus preferred to be performed only
after the grinding operations are completed so that only
minimum surfaces have to be lapped. Also the lapping guide 32
is kept intact throughout both grinding operations (steps 200
and 202) so that it can be subsequently used to control the
lapping of poles 22a to a specific throat height. Once the
poles 22a are lapped to near "zero throat" (step 204), a ramp
(not shown in Fig. 4) is then lapped on each of the air bearing

surfaces 18.which are formed by the just-mentioned throat
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have been bonded to a fixture or have been nmechanically processed. Even the
| atter enbodi nents of the invention effectively solve the bow probl-ens by~

doubling the thickness of a bar, since they provide an'ifg ' rder
of magnitude in the stiffness of the workpieces. Thus, tﬂmgg@é@h§$“§ﬂ ﬂmQF
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nanely, effectively thickening the workpieces. A wafer us I on
of sliders typically conprises rows of bars; each row can be processed to

forma plurality of sliders. In the first enbodi nent of this invention, a
single-row bar is lapped to the desired throat

japping operation. Finally, a third grinding operation (step
206) is performed to relieve the area beéetween the parallel
rails 12 to form the recessed face 16, and a slider 10 is thus
fabricated. 'As mentioned above, the recessed area 16 thus
formed, together with the air bearing surfaces 18 and ramps,
are important structural features of a slider 10.

The grinding and lapping steps depicted in Fig. 4 are
similar to those used in the prior single-~row bar fabrication
process. In particular, a lapping guide 32 is included in the
central region of the head portion 40 in each unit 30 and.is
not removed by grinding until the throat lapping step is
completed, as shown in Fig. 4. This is because it is necessary
to inspect each unit for throat height by viewing the lapping
guide in that unit to ensure that a desired throat height has
been attained. However, since the bar being lapped does not
bow according to the Fig. 3 embodiment, it is no longer
necessary to inspect all the throat heights during and after
the throat lapping process. It follows that inclusion of a
lapping guide in the central region of the head portion in
every unit and its removal only subsequent to the throat
lapping step are not necessary either.

Fig. 5 depicts an alternative grinding and lapping
approach that may be incorporated into step 106 of Fig. 3 for
fabricating sliders 10. This process is made possible by
elimination of the need to visually inspect each unit during
and after the throat lapping process as discussed above.

The bar shown in Fig. 5 contains only one lapping guide at
each end thereof (not shown). Two parallel rails 12 are
readily formed in one single grinding operation (step 300), as
compared to the Fig. 4 approach which uses three separate
grinding operations (steps 200, 202, and 206). The bar can
also be cut to divide all the units 30 therein from each other
at this step. Lapping, step 302, is then performed to attain
the desired throat heights by making use of the two lapping
guides. After all poles 22a on the bar have been lapped to the
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The second enbodi nent differs from the first one in that a r
is sliced fromthe wafer after it has been bonded to a I-app“Mﬁm m,m 'i
Bondi ng of a single-row bar to a fixture in this manner ind

little bow on the bar, as conpared with bonding of a free standing
single-row bar. Nor does |apping of sugh_a single-row bar cause the bar to

bow, since the fixture increases effective thickness, or resistance to
bow ng, of the bar.

desired throat height, a ramp is lapped on each of the air
pearing surfaces 18 (the step not shown). As shown in Fig. S5,
the part-off step, i.e., separation of sliders 10, is
implemented before the throat lapping process although it can
also be performed thereafter if desired.

A slider 10 fabricated following the procedure depicted in
Fig. 5 is shown in Fig. 6. Although there are minor structural
differences between the sliders 10 shown in Figs. 1 and 6, both
are functionally identical in their read/write performance.

. Another embodiment of the present invention is |
schematically represented in Fig. 7 and will be described below
with reference to Figs. 1 to 6.

In this embodiment, a superfluous section 35 of the wafer
26 is first sliced from the wafer 26 by a single cut 39 to
expose one surface 15a of the outermost bar 29 (steps 400 and
402). Note that removal of superfluous section 35, unlike
removal of section 34 (Fig. 3), results in a slice surface 15a
which is distal from the ﬁoles 22a. As a result, the sliced
wafer 26' is not ready to be processed. In order to expose a
surface on which the poles 22a terminate so that throat lapping
and other processing steps can be performed, the sliced wafer
26' is first bonded to a iapping fixture 50 via the slice
surface 15a (step 404). Before the bonding, the slice surface
15a may be lapped to remove any stressed material, if
necessary. .

The outermost bar 29' is then separated from the remainder
of the sliced wafer 26' by another slice cut 43 (steps 406 and
408). The single-row bar 29, while fastened to the fixture 50,
now has a slice surface 15b on which the poles 22a terminate
and which can be contoured following the approach of Fig. 4 or
Fig. 5 to produce the sliders 10 as shown in Figs. 1 and Fig.
6, respectively (step 410). Finally, the sliders 10 thus
fabricated are debonded from the lapping fixture 50 (step 412).
The same process can be repeated until all bars in the wafer
26' are fabricated into sliders 10.
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According to the third and fourth enbodi nents, a double- row bar -sticed
froma wafer is first bonded to a | apping flxture before it is Iap edBaﬁg hmﬂ
sliced into two single-row bars. In none of the enbodi nents KEB$

to bond a free standing, single-row bar to a | appi ng flxture

words, a single-row bar is |lapped only when it is anchored

rigid and thick object under conditions which induce no bom/on |t There ~
are several advantages to this inventi-ea8- First of
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In the Figs. 3 and 7 embodiments of the invention, the
single-row bars are never bonded or clamped to a lapping
fixturelso when they are free~standing. That is, each bar
iemains an integral part of the wafer ﬁhen it is fastened to
the lapping fixture 50 on which it is processed into sliders.
This prevents the bow that occurs when a free standing single-
row bar is mounted on a fixture. As a result, the colinearity
of the electromagnetic devices on the bar is maintained during
the fastening process. .

The wafer 26 used in the Figs. 3 and 7 embodiments of this
invention contains on its top face electromagnetic devices 22
of identical orientation (see Fig. 2 and description thereof).
By contrast, the two further embodiments as illustrated in
Figs. 9 and 11 are implemented with wafers 52 and 62 (Figs. 8
and 10), respectively, where the electromagnetic devices 22 on
each row are oriented in a direction which is opposite to that
of the adjacent row(s).

More specifically, as shown in Fig. 8, the top two rows
S4a and 54b of electromagnetic devices 22 of a wafer 52 have
devices 22 arranged with the poles 22a on row S4a face those on
row 54b, with a ¥Ystreet" 56 disposed between the two rows S4a
and S4b. The "street" 56, unlike rows S4a and 54b which
contain electromagnetic devices 22, is void of any functional
elements. As will be explained below, it serves to provide
tolerance in slicing the double~-row bar 54 into two single-row
bars 54a and 54b, and also serves to provide some thickness
which greatly contributes to the solution of the bow problems
associated with processing of single-row bars. A "street" with
a thickness 61% that of a single-row bar has been found to be
satisfactory.for both purposes.

For the wafer 52 shown in Fig. 8, the same row-street-row
pattern is repeated 16 times. As a result, 16 identical
double-row bars 54 can be obtained by properly slicing the
wafer 52. For each double-row bar 52 sliced from the wafer 52,
the poles 22a on both rows S2a and 52b remain embedded and are



all, it solves all the bow problens associated with the use of a
free-standing single-row bar. In addition, it inproves pole tip recession; —,
anot her inportant performance paraneter, of sliders. Pole i i :
occurs during the | appi ng process because the poles, mhic#%h@m&ﬁﬁ&i? lm”dj
made of N Fe, are less resistant to abrasion than the alum Hﬂﬂlﬂu)m

them This problemis | essened by the present invention, si i

possible to use high pressure for |appisig a bar which has been anchored to

a rigid and thick object wthout inducing bow of the bar. H gh pressure
| apping is known to alleviate pole tip

thus not ready to be lapped.

Fig. 9 shows how the wafer 52 in Fig. 8 is processed. 1In
the first step (step 500), a double-row bar 54 is bonded
simultaneously, via the slice surfaces 14, to two lapping
fixtures 50a and 50b. The double-row bar 54 is then sliced,
along the "“street" 54, into two single-row bars 52a and 52b
(step 502). The two single-row bars 52a and 52b remain
fastened to the fixtures 50a and 50b, respectively, after the
slice cut. Provision of the street 56 minimizes the likelihood
that the poles are inadvertently damaged during this slice cut.
With the poles exposed by the slice cut, the grinding and
lapping processes of Fig. 4 or Fig. 5 are then followed to
contour each single~row bar 52a or 52b to form sliders 10 of
Fig. 1 or Fig. 6 (step 504). Finally, the individual sliders
10 are debonded from the fixtures 50a and 50b (step 506).

The structure of a wafer 62, which can be used in the Fig.
11 embodiment, is shown in Fig. 10. The electromagnetic
devices 22 on the top two rows of the wafer 62 are arranged so
that the poles 22a on the top row 64a are distal from those on
the second row 64b, and vice versa. A "street" 66 similar to
that provided in wafer 52 in Fig. 9 spaces the two rows 64a and
64b apart for the purposes stated above. Repetitions of the
same row-street-row pattern on the wafer 62 enable one to
produce a plurality of identical double-row bars 64 by repeated
slice cuts. Each double-row bar 64 thus produced has poles 22a
that terminate on both slice surfaces 14a and 14b.

As shown in Fig. 11, a double-row bar 64 is bonded to a
lapping fixture 50a via one of its slice surfaces 14a (step
600). The slice surface 14a may first be lapped to remove
stressed material prior to the bonding, if necessary.. The
exposed slice surface 14b of the double-row bar 64 is then
mechanically processed following the steps of Fig. 4 or Fig. 5,
except that the part-off operation is not performed (step 602).
In the next two steps 604 and 606, the processed slice surface
14b is bonded to a second lapping fixture 50b, and the



recession. Also, the cycle tinme for slider fabrication iS“ﬂHTETFaFTy;"“'“”“
reduced, as many internedi ate processi ng steps may be eli L R] eegﬂaslfg&lﬂé ]

visual inspection of throat heights using |apping guides as :
Thus, it is no |onger necessary to fabricate one |apping gu m w‘g}r Il
head on the wafer. Al these |ead to decrease in production

above and further advantages of the invention may be better understood by
referring to the follow ng descriptiand.n conjunction with the acconpanying
drawi ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS

unprocessed surface l4a is debonded from the first fixture S0a.
The unprocessed slice surface l4a is now exposed and is
subjected to the grinding and lapping processes (step 608).

The part-off cuts are then made in such a way as to extend both
rows 64a and 64b, so that the sliders on both rows 64a and 64b
are divided (also, step 606). Finally, a slice cut along the
“"street" 66, followed by debonding from the second lapping
fixture S50b, releases the individual sliders 10 (step 610).

Note that in contrast with the prior fabrication methods
in which a single~row bar is bonded to a lapping fixture, both
the Fig. 9 and Fig. 11 embodiments bond a double-row bar to one
or two lapping fixtures, followed by a slice cut of the double-
row bar into two single-row bars. This approach essentially
eliminates the bow problems associated with. the mechanical
processing of a free-standing single-row bar.

Specifically, the degree that an object bows in the
presence of an external deflection force is determined by both
the thickness of the object and the magnitude of the force.
That is, the degree of bow is proportional to the magnitude of
the deflection force and inversely proportional to the cube of
the object's thickness. Therefore, the resistance of an object
to bowing rises very rapidly with the increase in thickness.
For example, a double-row bar, which contains a “street" with a
thickness 61% of a single-row bar, is 2.61 times as thick as a
free-standing single-row bar, and the bow of this double-row
bar will only be 2.6173, or 5.6%, that of a single-row bar for
the same deflection force. '

Similarly, in both Figs. 3 and 7 embodiments, a sliced
wafer, which is very much “thicker" than a single-row bar, is
always fastened to a lapping fixture as the initial step in
processing the wafer into sliders. As a result, any bow is
essentially negligible. Even when only one last single-row bar
remains on the sliced wafer for mechanical processing, the
"thickness" of this reduced sliced wafer, which consists of the

superfluous section 34 or 35 and the last single-row bar, is
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Fié. 1 is a perspective view of a typical 2-rail design thin filmhead.
slider; Fig. 2 is a perspective view of a pre-processed wafer and flgs 2A ‘]
and 2B depict detailed structure thereof, fromwhich the ﬁhgsmwmhaﬁdmﬁmﬁmwdih

sliders are fabricated according to the processes depicted
7, Fig. 3 is a schematic representation of one enbodi nent
with the present invention; Fig. 4 illustrates one approach

mechani cal |y processing a bar contalgi Qg el ectromagnetic deV|ces into Fig.
1 sliders, the bar being shown in side el evation;

still much greater than that of a free-standing single-row bar.

Despite their operational differences, there is one single
conéépt which underlies all the four embodiments as illustrated
in Figs. 3, 7, 9, and 11. That is, it is critical not to
process a free-standing single-row bars at all times. In other
words, one should always have a single-row bar anchored to a
relatively rigid and thick object so that the single-row bar
becomes highly unlikely to bow, both before and after it is
fastened to a lapping fixture for mechanical processing.

The present invention is to embrace all head assembly
fabrication processes which are covered by the concept
discussed above, namely, a single-row bar does not bow, or only
bows very slightly, if a relatively rigid and thick object is
anchored thereto. Thus, although the foregoing description has
been limited to specific embodiments of this invention, it will
be apparent, however, that variations and modifications may be
made, with the attainment of some or all of the advantages of
the  invention.

For example, the relatively rigid and thick object to
which a single~row bar is anchored, as taught in this
invention, can be any suitable material, including an
unprocessed wafer. As another example, while fabrication of
thin film head sliders for a magnetic disk drive system is
disclosed herein, the similar process can also be used to
manufacture head assemblies to be used in a magnetic tape drive
system. Therefore, it is the object of the appended claims to
cover all such variations and modifications as come within the
true spirit and of the invention.
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Fig. 5 illustrates another approach for nechanically processing a bar
cont ai ni ng electL“nagnetlc devices into Fig. 6 sliders, the bar_being. —
shown in S|de el evati on; F]g-—@ |s a perspect|ve view of a nDdlfled 2-rai

design thin: fmnm("ﬁ’ IS a schemati c represertisshe Re; lacedl
second enbodi te mnth t he present invention;
perspective vi ew‘of ta brespr essed wafer,

-y7-

CLAIMS
1. A process for the fabrication of electromagnetic head
assemblies from a bar on a first surface of which a plurality
of electromagnetic devices are provided as a single row and
with like orientation, the bar being integral along a second
surface with an adjacent substrate portion, which fabrication
process comprises the steps of:
~ anchoring the bar to a fixture,
while the bar is anchored along the first surface,
forming head assemblies along the bar; and,
separating the individual head assemblies.

2. The process defined in claim 1 wherein the adjaceﬁf
substrate portion is anchored to a fixture with a side surface
of the bar, which is opposed to the second surface, exposed for
said mechanical operations.

3. The process defined in claim 2 wherein the adjacent
substrate is a wafer.

4. The process defined in claim 2 wherein the adjacent
substrate is a second bar identical to the first bar.

5. The process defined in claim 1 further comprising the
step of severing the bar from the adjacent substrate portion to
expose the second surface of the bar for the mechanical

operations.

6. The process defined in claim 5 wherein the adjacent
substrate is a wafer.

7. The process defined in claim 5 wherein the adjacent
substrate is a second bar identical to the first bar.

8. A process for the fabrication of electromagnetic head
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and figs 8A and_8B‘dep|ct detail ed structure thereof, from which the Figs.
1 and 6 sliders are fabricated according to the process deplcteﬁ‘+ﬁ Fogs

Fi 9 is a sch tion of a third enbodi nent ccordance ~
% e VB i

w th the presen eenRe laced

10 is a perspective view o
pre- processed waf er® and "f1gs 40A and 10B depict detailed sm
thereof, fromwhich the figs. 1 and 6 sliders are fabricate

the process depicted in Fig. 11; and~1BFg. 11 is a schematic represenﬂ’/
of a fourth enbodi nent in accordance with the present invention.

assemblies from a wafer comprising rows of electromagnetic
devices formed thereon, each row and the underlying portion of
the wafer being a bar of head assembly units, which fabrication
process comprises the éteps of: |
anchoring the bar to a fixture with a side surface
exposed,
while the bar is anchored, forming head assemblies
along the side surface of the bar; and,
severing the individual head assemblies from the

wafer.
9. The process defined in claim 8 further comprising the
steps of:

removing the wafer from the fixture after the
severing step,

anchoring the wafer to the fixture with a side
surface of another bar exposed,

while the bar is anchored, forming head assemblies
along the side surface 6f the bar,

severing the individual head assemblies from the
wafer, and,

repeating the foregoing steps until all bars in the
wafer have been processed.

10. The process defined in claim 8 wherein the wafer is
anchored to a fixture followed by its severance from the
fixture to expose a side surface of the bar for mechanical

operations.

11. The process defined_in claim 10 further coﬁprising the
steps of:
anchoring the wafer to the fixture with a side
surface of another bar exposed,
repeating all the steps of claim 10 until all bars

in the wafer have been processed.
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In all-the draw ngs, identical nunbers represent identical or simlar
el enents. Various elenents shown in the drawing are not necessariTy in ——

proportlon 1o their actual sizes. Further, as used herelmlstgﬂ@emgﬁ’ ﬁ{ld

"top", "bottonf and-the |ike are intended only to denote
solely mnth e to the--llustrations in the acconpa

DETAI LED DE TRATI VE EMBODI MENTS In Fig

illustrated 4 typ Eﬂgﬁ thi n fid-m head slider. This slider,

desi gnated by the nunerél ,.is generally rectangul ar in shape. It
consists of two portions, i. e., a slider portion 20 and a head portion 40
on an end face '

12. A process for manufacturing electromagnetic head
assemblies from a fabricated wafer which contains on one
surface electromagnetic devices arranged in rows in identical
orientation, said process comprising the steps of:
removing a part of the wafer to expose the surface
on which the poles of the electromagnetic devices in a
first row terminate,
fastening the wafer to a fixture in such a manner
so that the exposed surface is susceptible to mechanical
processing, '
lapping and grinding the exposed surface so that a
desired throat height of the poles and a desired contour
of the row are attained,
parting the processed row into individual head
assemblies, and, '
removing the head assemblies from the remainder of
the wafer by a slice cut,
thereby generating a smaller wafer with an exposed surface on
which the poles of the electromagnétic'devices on a row |
adjacent to the first row terminate.

13. The process defined in claim 12 wherein the last three

steps are repeated.

14. The process defined in claim 12 wherein the partial
wafer is fastened to the fixture by bonding.:

15. The process defined in claim 12 wherein the partial
wafer is fastened to the fixture by clamping.

16. The process defined in claim 12 wherein the wafer is
bonded to a lava substrate before it is fastened to the fixture
via the lava substrate, and the lava substrate is debonded from

the head assemblies formed as the last step of the process.
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of . t he sllder portlon 20. The sllder portion 20, which constitutes the bulk
of the thin f|In1head slider is made of [err] or other” SU|tabIe
mat eri al . Th| on:..20 COﬁpplses in general, two paTﬁgggg %J1

bot h si des of ‘ﬂ# 16 of the slider 10. The t
each rail 12. con ’ Wﬂi :-6- air bearing surface o
the end of the air .

~20-~ !

17. A process for manufacturing electromagnétic head
assemblies from a fabricated wafer which contains on one .
surface electromagnetic devices arranged in rows in identical
orientation, said process comprising the steps of: '
removing a part of the wafer to expose the surface
of one row, which surface being distal from the poles of
the electromagnetic devices on the row;
fastening the wafer to a fixture via the exposed
surface of the row,
separating the remainder of the wafer from the row,
thereby leaving exposed the surface of the row on which
_.the poles terminate and generating a smaller wafer;
lapping and grinding the newly exposed surface of
the row so that a desired throat height of the poles and
a desired contour of the row are attained,
parting the processed row into head assemblies,
and,
‘ remoﬁing the head assembiies.from the fixture.

i8. The process defined in claim 17 wherein the fastening
step and all steps subsequent thereto are repeated.

19. A process for manufacturing electromagnetic head
assemblies from a fabricated wafer which contains on one
surface electromagnetic devices arranged in rows, the
electromagnetic devices on a given row being in one orientation
while those on the adjacent row being in an opposite
orientation, said process comprising the steps of:
slicinq the wafer in such a manner to produce a
plurality of identical double-row bars each having the
poles of the electromagnetic devices on one row face
those on the other row and further having two slice
surfaces created by the slice,

fastening one double-row bar onto a first fixture
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bearing surface 18 opposite the head portion 40 is a slope of a ranmp—23.——

The rails 12, “the-recessed face 16, and the air bearing spmjgmgﬁ e al |

| mport ant stru ral features that enable the head portlon

short dlstance ‘f ace of a magnetic disk. The he Eﬁ
athin layer o g%!ﬁl g an el ectronagnetic device

constructed by a conVenml hotol ihography process. The electronagnetlc

device 22 includes poles 22a t hat tern1nate at their upper ends on the
surface 18 of the rails 12. The device 22 al so includes other conponents
which are unrelated to the present invention.

via a first slice surface and onto a second fixture via a
second slice surface, '

separating the fastened double-row bar into two
identical fasténed single-row bars by a slice.cut to
expose the surfaces of the two single-row bars on which
the poles exterminate,

lapping and grinding the exposed surface of the two
single-row bar so that a desired throat height of the
‘poles and a desired contour of the two single-row bars
are attained, o _

parting the two processed single-row bars into head
assemblies, and,

removing the head assemblies thus formed from the
first and the second fixtures.

20. The process defined in claim 19 wherein there is a
street between any two glven adjacent rows of electromagnetic

devices.

21. A process for manufacturing electroﬁagnetic head
assemblies from a fabricated wafer which contains on one
surface electromagnetic devices arranged in rows, the
electromagnetic devices on a given row being in one orientation
while those on the adjacent row being -in an opposite
orientation, said process comprising the steps of:
slicing the wafer in such a manner to produce a
blurality of identical double-row bars each comprising a
first and a second single-row bars, the first single-row
bar having the poles of the electromagnetic devices
thereon distal from those on the second single-row bar
and each single-row bar having a élice surface created by
the slice;
_féstening one double-row bar onto a first fixture
via the slice surface of the first single-row bar with
the slice surface of the second single-row bar remaining
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The poles 22a are nmade of a suitable ferromagnetic nat er+al—sueh—as—N-Fe.

As nmentioned above, for a thin filmhead slider 10 to functlon roper
is inportant that the throat height, i.e., the height
so-cal’l ed "pole wi.deni ng point" (not shown), be near " er

head sl ider

40 n1cr0|nc im approx. -1 [err]). The above-describe

i

abrlcated froma pre-process mafer Flgs 2, 2A

and 2B depi ct* f such,g_wafer 26. The wafer 26 conprises a
waf er substrate 20" t de of ferr] and is covered by a thin |ayer
40 of [err]. The

exposed,

lapping and grinding the exposed slice surface of
the second single-row bar so that a desired throat height
of the poles and a desired contour of the second single-
row bar are attained,

fastening the double-row bar onto a second fixture
via the processed slice surface of the second single-row
bar, '

removing the first fixture from the processed
second single-row bar, thereby exposing the slice surface
of the first single-row bar; '

lapping and grinding the newly exposed slice
surface of the first single-row bar so that a desired
throat height of the poles and a desired contour of the
first single-~row bar are attained,

transversely parting and longitudinally slicing the
processed double-row bar into head assemblies, and,
removing the head assemblies from the second

. fixture.

22.

The process defined in claim 21 wherein there is a

street between any two given adjacent rows of electromagnetic

devices.



electronagnetlc devices 22 are forned in the |ayer 40. The devices
arranged in rows and are identically oriented. SpeC|f|caII &Q&

conprises a matrix of slider units 30 which when fully pro ﬁ
becone sliders 10. The view as shown in Fig. 2 is an end am Iﬂ) ll

I ndi vidual units 30, the devices 22 having been forned on t
units 30 exposed in this view As shown in Fig. 2, a plurality of

i dentical bars 28 each of which conpriases a row of identical slider units
together with sggﬁrfluous sections, such as a top section 34 and a
bottom secti on 35,

30,

N L¥; BEAD, SLUTDERFABRECATION PROCESS

ABSTRACT
In an improved process for fabricating thin film head

‘sliders from a wafer on one face of which a plurality of
"electromagnetic devices are arranged in rows, a single-row bar

is mechanically processed to form sliders while it remains an
integral part of the wafer, or after it is bonded to a fixture
under a condition which induces no bow on the bar.
Alternatively, a double-row bar sliced from the wafer is used
for fabrication of sliders,; wherein each single-row bar is
mechanically processed while it remains an integral part of the
double~-row bar, or after it is bonded to a fixture as an
integral part.of a double-row bar followed by severance of the
bonded double-row bar into two single-row bars. The process
eliminates or materially reduces any inducement of bow of the
bar, which is a serious cause of throat height control problem
associated with the prior fabrication methods.

R

aced
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A wafer may be fabricated to contain any desirable nunber -7- of rows of
slider units 30 and any desirabl e nunber of sI [ der unlts 30. I'mlﬂedﬁﬂﬁmenkeplaced

slider unlts 30, and fourteen slider units 30 in each row. mﬂ‘ J “LI
30 shown in -Fig. 2Bis |dentical with the fi |she er
shown in Fig. 1, except

FIG.6



that the rails 12 and recessed face 16 are not yet formed and th led

hei ght for the poles 22a is greater in the unit 30. Since the “

for poles 22a in each unit 30 is greater than that in a finishe

| appi ng of the face 14 of each unit 30 inf€ controlled nmanner i

acconplished to obtain a slider 10 with the desired throat helght ThIS IS

achi eved by the provision of a | 32 in each unit 30 when the

wafer is fabricated (see Fig—72). i'Ung_r t he lpr met hods of fabrication,
|nd|$Etor o)

the | apping guide 32 can used t he tghoat hei ght
during m croscopic insp ctldK)of he procesged unit wi || be
di scussed bel ow.

~ - 1 - ; ;

FIG. 2



One enbodi ment of the inventive process for fabricating the sliders is

depicted in Fig. 3. Asingle slice cut 38 is first nmade on the mafef-ZG to—-
renove the top superfluous, non- functional section 34 (st 102

thus exposing the face 14 of an outernmost bar 28. It shou

the face 14 is the face on which the poles322a term nate ( l"
view of Fig. 2). Once the slice cut 38 is made, the sliced

affixed to a fixture 50 in such manner so that the exposed face 14 of t he

out er nost bar 28 eptilge to nechanical processing, while the bulk
of the sliced y

@ /lo 106




to the fixture 50 (step 104). The fixture 50 is referred to as the Iappfng o
fixture hereinafter, since throat lapping (i.e., |apping tEe’I‘hlhﬁlvettHahEmllTlaced

to a desired height), as well as other nechanical processi
perfornmed on the outernost bar 28 while the wafer is affi ed
fixture 50. In the next step 106, the exp#sed face 14 is subjecte

- 8- 30, 14 32 12 229
)] /
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=

niyhig

Ny
FIG. 4
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a series of grinding and | appi ng processes to define the air JmeamwmhmB

surface rails 12, to formranps 23 on the rails 12, to create h“ﬂ
face 16 between the air bearing surface rails 12, and to obtal
throat height for the poles 22a on the [err] 28 (see Fig. 1).
t hus processed i-s then subjected to the pdﬁt-off process, i.e =F=¥§£££%%L:::=::?
cuts are nmade to separate the slider units 30 therein. These rail =
definition, ranp fornatlgg, part-off, throat lapping, and rail relief
processes may be perfornedw n two d|ffﬁ4ent ways, mhlc are shown in Figs.
4 and 5, respectlvely, and Il be disrussed in nore d bel ow.
300
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The pr6Cessed bar 28' is then sliced into individual thin filmhead sliders
10 by making a single cut 42 extending through the sliced wahieBhediiias B&h RBplac
108). The remai nder of the wafer, together with the sliders

is then renoved fromthe lapping fixture 50 (step 110). The r

waf er 26" can now be realigned and fastendg onto the same fi

that the newly exposed face fromthe cut 42 is susceptible to nechani cal

processing, and the entire sequence is repeated until all bars on the wafer
have been processed, | nt'g~N.ndi vi dual sliders. Since the sliced wafer has to

]vfu det 4

ed}

be fastened to

406




fromthe |lapping fixture 50 repeatedly, it will be nore effective to affix_
the wafer to the fixture 50 by neans of readily rel easabl e rrechani Tar

cl anp, instead of using a bonding agent. Al so, since the vvaf ﬁ;s%emge 1aced
relatively fragile and may crack when subj ect ed to exceSS|
forces, it is desirable to bond each wafer7to a | ava subst
o) that the wafer can be indirectly secured to the fixture
substrate during the entire fabricatli p+e6eSS. The substrate portlons
attached to the individual slide 10 _re renoveg~at the end of the
fabrication process by debongi rﬂb ll lhllt
l 52
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Acéordi ng to the prior nethod of fabricating sliders froma wafer, the
wafer -is first sliced into free-standi ng single- -9 - I’O\I\/I‘liiaSlﬁeetHEhBeen
single-row bars are then each fastened to a fixture via the slfi
di stal fromthe poles, using an adhesive for grinding and | apdi

S
in Fig. 1, to function properly, the throaf§ height has to be within a

eilaced

_rrentioned above, in order for a thin filmhead slider, such as ﬂg
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preci se range. This is achieved by | apping the exposed slice surface of the
single-row bar until all the poles on the bar attain near ThiShet lda BeatReplaced
with the aid of |apping guides. However, all polés on a sin I n
be | apped sinmultaneously to the desired and jdentical throa i f
all the el ectromagnetic devices on the singfk-rOM/bar are coll near during
the throat | apping process. The task of maintaining colinearity of the

el ectro- magnetic devices on a £e- st andi ng~si_ngl e-row bar is very
difficult for several reasgmrs. ﬁ F of all, 3 9ge a single- row bar is
very thin (about 0.64nm g 0.0ZT i ﬁhes)it teml

/D
22 %1’9 (22

32

FIG. 10



Furthernore, each single-row bar has two slice surfaces. These slice
_surf.aces tend to have non- honogeneous stresses because of t slice cuts.
Such stresses al so cause the bar to bow. Tv.ﬁdn nimze this ef [7e

slice surfaces are usually | apped to renove“ he stressed nateri
fastening to a lapping fixture_Alsg _the bondi oces g e
free- standi ng singlfe- a . ' ' ngw 0
bar. The bow proble

’§I’3"tf@mﬂ&g B
ERLACED: EEN

S8 - SEandit g'le-ﬁ Fow bar
result in different]throat heights of theFJé@I@rs fabricat %‘9 the prior
met hods. Such vari ache in throat
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hei ghts, in,turn, affects the read/wite peffofriance of tpe_sliders
Processing a free- st andi ng si ngirhis SiRY HagBeeR R§MackLSUI t'S 1N RE@A@EWNSMT
i .e., unevenness of the air bear ﬂﬂmuﬁﬂﬁ Al t hough t he rftatmess .
requi renent for the air bearing l |e to attainp t

t hroat hei ght requirenent for them eI ess | rrg%baqﬁ@%
difficult to nmeet when processjng a free- standlng si ngl e- jow

these probl ens, which result fron1the_ggw o

X

THIN FILM HEAD SUIDER FABRICATION PROCESS

_ ABSTRACT
In an improved process for fabricating-thin £ilm head
‘sliders from a wafer on one face of which a plurality of
'?electromagnetic devices are arranged in rows, a single-row bar
is mechanically processed to form sliders while it remains an
integral part of the wafer, or after it is bonded to a fixture
under a condition which induces no bow on the bar.
Alternatively, a double-row bar sliced from the wafer is used
for fabrication of sliders; wherein each single-row bar is
mechanically processed while it remains an integral part of the
double-row bar, or after it is bonded to a fixture as an
integral part of a double-row bar followed by severance of the
bonded double-row bar into two single-row bars. The process
eliminates or maferially reduces any inducement of bow of the
bar, which is a serious cause of throat height control problem
assoéiated with the prior fabrication methods.

Figure 3
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FIELD OF THE INVENTION
This invention relates generally to fabrication of thin
film electromagnetic read/write head assemblies, and
particularly to a method for fabricating thin £film head sliders
from a pre-processed wafer which contains on one face a

, plurality of electromagnetic devices arranged in rows.

BACKGROUND OF THE INVENTION

Magnetic disk drive systems are used to read and write
information to and from magnetic disks. Typically, the disk is
mounted on a spindle such that the disk can rotate to permit an
electromagnetic head mounted on a movable arm positioned near
the disk's surface to read or write information thereon.

During opération, the system moves the head to a desired
radial position on the surface of the rotating disk where the
head electromagnetically reads or writes data. Usually, the
head is integrally mounted in a carrier called a "slider." A
slider generally serves to mechanically support the head and
any electrical connections between the head and the rest of the
drive system.

Since the slider is aerodynamically shaped to glide over
moving air, it generally maintains a uniform distance from the
surface of the rotating disk, thereby preventing the head from
undesirably contacting the disk. -

Typically, a slider is formed with two parallel rails with
a recessed area between the rails and with each rail having a
ramp at one end. The surface of each rail that glides over the
disk surface during operation is known as the "air-bearing
surface."

A head is typically an electromagnetic device containing
magnetic poles. These poies terminate on the air bearing
surface and function to electromagnetically interact with the
data contained in the magnetié disk.

According to the prior methods, a group of thin film
sliders are fabricated from a single wafer that contains on its

»



of bondiny a very thin bar to a |lapping fixture. |nstead, a sliced wafer,
which is relatively solid and large, can be easily fast et _

fixture before it is further processed into sliders. Ref JIVAK;*L l@H_,ET
whi ch scherratlcally il lustrates one approach that may be tjaken to perforfm
step 106 in Fig. 3, namely, to contour the exposed surfacd 14 ®OOCT 997 er
26' fastened to a lapping fixture 50 to formsliders 10.] Hor each unit 30,
two parallel rails 12 on both sides and a third rail 44 jpetween them are
first formed on the surface 14, where th&2poles 22a terninate, by a
grinding operation (step 200). A
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top face electromagnetic dévices, i.e., heads, arranged in
rows. Initially, single-row bars are sliced from a wafer, each
bar comprising a row of units which can be processed into
sliders having heads on their end faces. Each bar is. then
bon&ed to a fixture where the bar is then processed and
separated into individual sliders.

During this process, it is critical to lap the bar to a
desired thickness in order to achieve a desired throat height,
i.e., the height of a pole above the pole widening point, for
all the poles on_ the bar. The single~row bars tend to bow or
bend, making it very diffitult to attain this objective.

JP-58194164 discloses a process in which a single-row bar is bonded
to a jig 3’ prior to mechanically processing a back surface of the row bar
to form grooves 2A which partially separate adjacent devices on the same
bar. The bar is removed from the jig 3’, flipped over and bonded once
again to the jig before further mechanical processing of the row bar. Thus,

on at least two occasions, the row bar is unsupported.

DE-3727054 discloses a process in which devices are prepared from
a wafer surface by dividing the wafer up into pairs of devices rather than
full rows.

Theré is a need, therefore, to solve the bow problems
associated with single-row bars so that sliders w1th desirable
throat heights can be easily fabricated.
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invention to provide a head assembly fabrication method which
greatly improves the control of an important performance
parameter of magnetic recording heads, i.e., throat height.

Mechanical processing of thin bars, which incline to bow,
to fabricate sliders is the main cause of throat height control
problems. The present invention provides a solution to these
problems by thickening the workpieces. Since the bowing of an
object is inversely proportional to the cube of its thickness,.
this reduces bowing of the workpieces to negligible
proportions.

More specifically; we increase the effective thickness of
a bar to be fabricated into sliders by anchoring it to a
relatively rigid and thick object before it is severed to a
single~bar status. As a result, the resistance of the bar to
bowing is materially enhanced, and an identical and desired
throat height for the poles on such a bar can be easily
attained by lapping. '

The invention in its broad form resides in a
a process for the fabrication of electromagnetic head

assemblies from a bar of a wafer substrate comprising a
plurality of bars, each bar including, on a first surface
thereof, a plurality of electromagnetic devices provided as
a single row and with like orientation, the wafer substrate
including an upper and a lower surface, the upper surface
corresponding to the first surface;

the process including the steps of:
a) while the bar is still integral with an adjacent
portion of the wafer substrate, anchoring the wafer

substrate to a fixture;

b) while the wafer substrate is anchored to the fixture,
forming head assembles along the side of the bar; and

c) separating the individual head assemblies.
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pol es 22& are | apped to near "zero throat" (step 204), h
Fig. 4) is then | apped on each of the air bearing surfafep
formed by the just-nentioned throat | appi ng operati of.
grinding operation (step 206) is perfornegzto relieve the
parallel rails 12 to formthe recessed face 16, and a s|lider 10 is thus

fabricated. As nentioned above, the recessed area 16 thus torned, together
with the air bearduy envddicemts ans dbsglosed herein. Two of them use

the wafer from which the bars are formed to add effective
thickness to the bar and thereby resist bending or bowing of
the bars. The other two operate on integral pairs of bars, the
bars in each pair being severed from each other only after they
have been bonded to a fixture or have been mechanically
processed. Even the latter embodiments of the invention
effectively solve the bow problems by doubling the thickness of
, a bar, since they provide an increase of an order of magnitude
) in the stiffness of the workpieces. Thus, the foregoing

embodiments represent the maximal and -minimal applications of
the concept, namely, effectively thickening the workpieces.

A vafer used for fabrication of sliders typically
comprises rows of bars; each row can be processed to form 2
plurality of sliders. In the first embodiment of this
invention, a single~row bar is lapped to the desired throat
height while remaining integral with the remainder of the
wafer. The bar is later sliced from the wafer only after it
has been fabricated into sliders. 1

The second embodiment differs from.the first one in that a
sing}e-row bar is sliced from the wafer after it has been
bonded to a lapping fixture. Bonding of a single-row bar to a
fixture in this manner induces no or iiitle bow on the bar, as
compared with bonding of a free standing single-row bar. Nor
does lapping of such a single-row bar cause the bar to bow,
since the fixture increases effective thickness, or resistance
to bowing, of the bar. o _ 3

According to the third and fourth embodi ments, a double-
row bar sliced from a wafer is first bonded to a lapping
fixture before it is lapped or sliced into two single-row bars.

In none of the embodiments is it necessary to bond a free
standing, single-row bar to a lapping fixture. In other words,
a single-row bar is lapped only when it is anchored to a
relative rigid and thick object under conditions which induce

no bow on it.

There are several advantages to this invention. First of
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Fig. 4. This is because it is necessary to inspect each

unit for throat

hei ght by view ng the |apping guide in that unit to en
t hroat hei ght has been attai ned. However, since the bar

ure tThat a deslred
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a free-standing single-row bar. In addition

tip recession, another important performance

, it improves pole
parameter, of

sliders. Pole tip recession occurs during the lapping process
because the poles, which are typically made of NiFe, are less
resistant to abrasion than the alumina surrounding them. This

problem is lessened by the present invention, since it is now

anchored to a rigid and thick object without

possible to use high pressure for lapping a bar which has been

inducing bow of

the bar. High pressure lapping is known to alleviate pole tip

recession.
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Also, the cycle time for slider fabrication is materially

reduced, as many intermediate processing steps may be
eliminated, including visual inspection of throat heights using
. lapping guides as'the indicator. Thus, it is no longer
necessary to fabricate one lapping guide for each head on the
wafer. All these lead to decrease in production costs.

The above and further advantagés of the invention may be
better understood by referring to the gollowing description in
conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view of a typical 2-rail design
thin film head slider;

Fig. 2 is a perspective view of a pre-processed wafer, and
figs 2A and 2B depict detailed structure thereof, from which
the figs. 1 and 6 sliders are fabricated according to the
processes. depicted in Figs. 3 and 7;

Fig. 3 is a schematic representation of one embodiment in
accordance with the present invention; _

Fig. 4 illustrates one approach for mechanically
Processing a bar containing electromagnetic devices into Fig. 1
sliders, the bar being shown in side elevation;

Fig. 5 illustrates another approach for mechanically

processing a bar containing electromagnetic devices into Fig. 6



necessary to inspect all the throat heights during anjdﬁﬁﬂéﬂﬂﬂf&ﬂkSH é&
| appi ng process. It follows that inclusion of a | appi pgfguide in the
central region of the head portion in every unit and |t 'fﬁfbﬁ*?%ﬂ'y
subsequent to the throat |apping step are not necessatyleither. Fig.
depicts an alternative grinding and Iappin&gapproach { hat—rey—e
I ncorporated into step 106 of Fig. 3 for fabricating ¢liders 10. This
process is nmade possible by elimnation of the need t tsually inspect
each unit during and after the throat |apping, process as di scussed above.
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Fig. 6 is a_ perspective view of a modified 2-rail design
thin film head slider;

Fig. 7 is a schematic representation of a second
embodiment in accordance with the present invention;
_ Fig. 8 is a perspective view of a pre-processed wafer,
and figs 8A and 8B depict detailed structure thereof, from
which the Figs. 1 and 6 sliders are fabricated according to

the process depicted in Fig. 9;

Fig. 9 is a schematic representation of a third embodiment
in accordance with the present invention;

Fig. 10 is a perspective view of a pre-processed wafer,
and figs 10A and 10B depict detailed structure thereof, from

which the figs. 1 and 6 sliders are fabricated according to
the process dgpicted in Fig. 11; and,

Fig. 11 is a schematic representation of a fourth
embodiment in accordance with the present invention.

In all the drawings, identical numbers represent identical
or similar elements. Various elements shown in the drawing are
not necessarily in proportion to their actual sizes. Further,
as used herein the terms such as “fop", "hottom"™ and the like
are intended only to denote relative direction solely with
reference to the illustrations in the accompanying drawings.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

In Fig. 1 we have illustrated a typical 2-rail, thin film
head slider. This slider, designated by the numeral 10, is '
generally rectangqular in shape. It consists of two portions,
i.e., a slider portion 20 and a head portion 40 on an end face
of the slider portion 20.

The slider portion 20, which constitutes the bulk of the
thin film head slider 10, is made.of A1203—Tic-6r other
suitable material. This portion 20 comprises, in general, two
parallel rails 12 on both sides of a recessed face 16 of the

slider 10. The top surface 18 of each rail 12 constitutes an
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one single grinding operation (step 300), as conpared t tre—Frg—=4

approach which uses three separate grinding operations siepf %%#,%ﬁ?,
206). The bar can also be cut, to divide aI% the units 3¢ t{he gi P e
other at this step. Lapping, step 302, is then perforne |

desired throat heights by making use of the two | apping QUIdeS After al
pol es 22a on the bar have been | apped to the
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air bearing surface of the slider 10. At the end of the air
bearing surface 18 opposite the head portion 40 is a slope or a
ramp 23., The rails 12, the recessed face 16, and the air
bearing surfaces 18 are all important structural features that

- enable the head portion 40 to "fly" at a short distance from
the surface of a magnetic disk.

" The head portion 40 is a thin layer of Al,0, containing an
electromagnetic device 22 which is constructed by a
conventional photolithography process. The electromagnetic

- device 22 includes poles 22a that terminate at their upper ends
on the surface 18 of the rails 12. The device 22 also includes
other components which are unrelated to the present invention.
The poles 22a are made of a suitable ferromagnetic material
such as NiFe. As mentioned above, for a thin film head slider
10 to function properly, it is important that thle throat
height, i.e., the height of pole 22a above a so-called “pole
widening point" (not shown), be near "zero throat" or about 40
microinches ( approx. lum ).

The above-described 2-rail, thin film head slider 10 has

been fabricated from a pre-processed wafer. Figs 2, 2A and 2B
depict the structure of such a wafer 26. The wafer'26

comprises a wafer substrate 20 that is made of A1,0;-TiC,
-and is covered by a thin layer 40 of A1,05. The
electromagnetic devices 22 are formed in the layer 40. The
devices 22 are arranged in rows and are identically oriented.

Specifically, the wafer 26 comprises a matrix of slider
units 30 which when fully processed will become sliders 10.
The view as shown in, Fig. 2 is an end view of the individual
units 30, the devices 22 having been formed on the ends of the
* units 30 exposed in this view. As shown in Fig. 2, a plurality
of identical bars 28 each of which comprises a row of identical
slider units 30, together with superfluous sections, such as a
top section 34 and a bottom section 35, constitute the wafer
26.

A wafer may be fabricated to contain any desirable number
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i.e., separation of sliders 10, is inplemented before tHh
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10 fabricated followi ng the procedure depidted in Fig. §
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per f or mance. Anot her enbodi nent of the present invention is

of rows of slider units 30 and any desirable number of slider
units 30 in each row. The pre-processed wafer 26 shown in Fig.
2A contains thirty two rows of slider units 30, and fourteen
slider units 30 in each row.

The slider unit 30 shown . in Fig. 2Bis
identical with the finished slider 10 shown in Fig. 1, except
that the rails 12 and recessed face 16 are not yet formed and
the throat height for the poles 22a is greater in the unit 30.
Since the throat height for poles 22a in each unit 30 is
- greater than that in a finished slider 10, lapping of the face
14 of each unit 30 in a ceontrolled manner is accomplished to
obtain a slider 10 with the desired throat height. This is
achieved by the provision of a lapping guide 32 in each unit 30
when the wafer is fabricated (see Fig. 2). Under the prior
- methods of fabrication, the lapping guide 32 can be used as an
indicator of the throat height during microscopic inspection of
the processed unit 30, as will be discussed below.

One embodiment of the inventive process for fabricating
the sliders is depicted in Fig. 3. A single slice cut 38 is
* first made on the wafer 26 to remove the top superfluous, non-

functional section 34 (steps 100 and 102), thus exposing the
face 14 of an outermost bar 28. It'sﬁbuld be noted that the
face 14 is the face on which the poles 22a terminate (see the
" lowermost view of Fig. 2).
Once the slice cut 38 is made, the sliced wafer 26' is
affixed to a fixture 50 in such manner so that the exposed face
14 of the outermost bar 28' is susceptible to mechanical

Processing, while the bulk of the sliced wafer 26 is secured

to the fixture S0 (step 104). The fixture 50. is referred to as

‘the lapping fixture hereinafter, since throat lapping (i.e.,
lapping the throat height to a desired height), as well as
other mechanical processing operations, is performed on the

outermost bar 28' while the wafer is affixed to this fixture
So0.

In the next step 106, the exposed face 14 is subjected to



schenatlcally represented in Fig. 7 and will be descrlbe@@&ﬁﬁﬁ%ﬁENTWSHEFT
reference to Figs. 1 to 6. In this ermbodinent, a superfl|upus

the wafer 26 is first sliced fromthe wafer 26 by a S|ngl e po
one surface 15a of the outernost bar 29 (steps 400 and OZ)Q%kgﬁghbﬁg

renoval of superfluous section 35, unlike renoval of septLl
results i'n a slice surface 15a which is distal fromthe poles 22a. As a

result, the sliced wafer 26' is not ready to be processetg—tn—order—to
expose a surface on which the poles 22a termnate so that throat |apping
and ot her processing steps can be performed, the sliced wafer

a series of grinding and lapping processes to define the air

- pearing surface rails 12, to form ramps 23 on the rails 12, to
create a recessed face 16 between the air bearing surface rails
12, and to obtain a proper throat height for the poles 22a on
the :r 28 (see Fig. 1). The bar 28' thus processed is then
subjected to the part-off process, i.e., vertical cuts are made
to separate the slider units 30 therein. These rail
definition, ramp formation, part-off, throat lapping, and rail
relief processes may be performed in two different ways, which
are shown in Figs. 4 and 5, respectively, and will be discussed
in more detail below. .

The processed bar 28' is then sliced into individual thin
film head sliders 10 by making a single cut 42 extending
through the sliced wafer 26' (step 108). The remainder of the
wafer, together with the sliders 10 thus formed, is then
removed from the lapping fixture S50 (step 110). The reduced
sliced wafer 26" can now be realigned and fastened onto the
same fixture 50 so that the newly exposed face from the cut 42
is susceptible to mechanical processing, and the entire
sequence is repeated until all bars on the wafer have been
processed into individual sliders.

Since the sliced wafer has to be fastened to and detached
from the lapping fixture 50 repeatedly, it will be more
effective to affix the wafer to the fixture 50 by means of
readily releasable mechanical clamp, instead of using a bonding
agent. _

Also,'since the wafers are relatively fragile and may
crack when subjected to excessive external forces, it is
desirable to bond each wafer to a lava substrate (not shown) so
that the wafer can be indirectly secured to the fixture via the
Substrate during the entire fabrication process. The substrate
portions attached to the individual sliders 10 are removed at
the end of the fabrication process by debonding.

According to the prior method of fabricating sliders from

a wafer, the wafer is first sliced into free-standing single~

))



26' is first bonded to a lapping fixture 50 via the slice s
404). Before the bonding, the slice surface 15a may be | app
stressed material, if necessary. The outernost bar 29' is

fromthe remainder of the sliced wafer 266-by another slic
406 and 408). The single-row bar 29, while fastened to the
has a slice surface 15b on which the poles 22a termnate a
contoured followi ng the approach of Fig. 4 or Fig. 5 to pr
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fixture via the slice surface distal from the poles, using an
adhesive for grinding and lapping. As mentioned above, in
order for a thin film head slider, such as that shown in Fig.
1, to function properly, the throat height has to be within a
precise range. This is achieved by lapping the exposed slice
surface of the single-row bar until all the poles oh the bar.
attain near "“zero throat" with the aid of lapping guides.
However, all poles on a single-row bar can be lapped
simultaneously to the desired and identical throat height only
if all the elecéromagnetig devices on the single-row bar are
colinear during the throat lapping process.' '

The task of maintaining colinearity of the electro-
magnetic devices on a ffeeéstanding single-row bar is very
difficult for several reasons. First of all, since a single-

row bar is very thin (about 0.64mm or 0.025 incheslit tends to bow.

Furthermore, each single~row bar has two slice surfaces. These
slice surfaces tend to have non-homogeneous stresses because of
the slice cuts. Such stresses also cause the bar to bow. To
minimize this effect, both slice surfaces are usually lapped to
remove the stressed material before.fastening to a lapping
fixture. Also, the bonding process fgf fastening a free-
standing single-row bar to a lapping fixture may induce bow on
the bar.

The bow problems associated with a free-standing single-
row bar result in different throat heights of the sliders
fabricated by the prior methods. Such variance in throat
heights, in turn, affects the read/write performance of the
sliders. Processing a free-standing single-row bar also
results in another drawback, i.e., unevenness of the air
bearing surfaces. Although the flatness requirement for the
air bearing surfaces is easier to attain than the throat height
requirement for the poles, it nonetheless is somewhat difficult
to meet when processing a free-standing single-row bar.

Both of these problems, which result from the bow of a



fabricated are debonded fromthe | apping fixture 50 (st
process can be repeated until all bars in the wafer 26
sliders 10. -13- In the Figs. 3 and 7 enbodi nents of jt
singl e-row bars are never bonded or clanped to a | appin
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free~standing single-row bar, are essentially eliminated in the
fabrication process embodiment of the present invention
described above, since a stiff, solid wafer, rather than a bar,
is lapped according to this new method and a solid wafer does
not bow. The poles of all electromagnetic devices on one bar
can therefore be lapped to an identical, specific throat
height. In addition, according to the present invention, it is
no longer necessary to lap the exposed slice surface to release
stresses on it before bonding the sliced wafer to a lapping
fixture. Neither is it necessary to perform the difficult task
of bonding a Vvery thin bar to a lapping fixture. Instéad, a
sliced wafer, which is relatively solid and large, can be
easily fastened to such a fixture before it is further
procéssed into sliders.

_ Refer now to Fig. 4, which schematically illustrates one
approach that may be taken to perform step 106 in Fig. 3,
namely, to contour the expésed surface 14 of a wafer 26!
fastened to a lapping fixture 50 to form sliders 10. For each
unit 30, two parallel rails 12 on both sides and a third rail
44 between them are first formed on the surface 14, where the
poles 22a terminate, by a grinding operation (step 200). A
second grinding operation further defines the parallel rails 12
(step 202). One can also cut and divide all the units 30 in
the bar from each other at this step.

Since throat lapping must be stringently controlled, it is
the most time-consuming operation in the prior slider
fabrication process, and is thus preferred to be performed only
after the grinding operations are completed so that only
minimum surfaces have to be lapped. Also the lapping guide 32
is kept intact throughout both grinding operations (steps 200
and 202) so that it can be subsequently used to control the
lapping of poles 22a to a specific throat height. Once the
poles 22a are lapped to near "zero throat" (step 204), a ramp
(not shown in Fig. 4) is then lapped on each of the air bearing
surfaces 18 .which are formed by the just-mentioned throat

b i



the lapping fixture 50 on which it is processed into slide T \v

the bow that occurs when a free standi Ircl)g singl e- row bar i,;mé ﬁ%ﬁr
fixture. As aresult, the colinearity of the electronagnetjcjdevices on th
bar is maintained during the fastening process. The wafer 26} used agr 1999
Figs. 3 and 7 enbodinents of this invention contains on i{sjtop face

el ectromagneti c devices 22 of identical ,orientation (see Ffg.—2and
description thereof). By contrast, thetwo further enbodi mgnts as

illustrated in Figs. 9 and 11 are inplenented with wafers 52 and 62 (Fi gs.
8 and 10), respectively, where the el ectromagnetic devices 22 on

lapping operation. Finally, a third grinding operation (step
206) is performed to relieve the area between the parallel
rails 12 to form the recessed face 16, and a slider 10 is thus
fabricated. As mentioned above, the recessed area 16 thus
formed, together with the air bearing surfaces 18 and ramps,
are important structural features of a slider 10.

The grinding and lapping steps depicted in Fig. 4 are
similar to those used in the prior single-row bar fabrication
process. in particular, a lapping guide 32 is included in the
central region of the head portion 40 in each unit 30 and is
not removed by grinding until the throat lapping step is
completed, as shown in Fig. 4. This is because it is necessary
to inspect each unit for throat height by viewing the lapping
guide in that unit to ensure that a desired throat height has
been attained. However, since the bar being lapped does not
bow according to the Fig. 3 embodiment, it is no longer
necessary to inspect all the throat heights during and after
the throat lapping process. It follows that inclusion of a
lapping guide in the central region of the head portion in
every unit and its removal only subsequent to the throat
lapping step are not necessary either.

Fig. 5 depicts an alternative grinding and lapping
approach that may be incorporated into step 106 of Fig. 3 for
fabricating sliders 10. This process is made possible by
elimination of the need to visualiy inspect each unit during
and after the throat lapping process as discussed above.

The bar shown in Fig. 5 contains only one lapping guide at
each end thereof (not shown). Two parallel rails 12 are
readily formed in one single grinding operation (step 300), as
compared to the Fig. 4 approach which uses three separate
grinding operations (steps 200, 202, and 206). The bar can
also be cut to divide all the units 30 therein from each other
at this step. Lapping, step 302, is then performed to attain
the desired throat heights by making use of the two lapping
guides. After all poles 22a on the bar have been lapped to the

’ }
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22 arranged with the poles 22a on row 54a facef{those.on 54p,
street” 56 disposed between the two rows 54a ahd SABo(ﬁﬁéﬁﬁgtr

any functional elenments. As will be explained below, it serves t
tol erance in slicing the doubr&2#row bar 54 int ' =
54b, and al so serves to provide sone thickness

desired throat height, a ramp is lapped on each of the air
pearing surfaces 18 (the step not shown). As shown in Fig. 5,
the part-off step, i.e., separation of sliders 10, is
implemented before the throat lapping process although it can
also be performed thereafter if desired.

A slider 10 fabricated following the procedure depicted in
Fig. 5 is shown in Fig. 6. Although there are minor structural
differences between the sliders 10 shown in Figs. 1 and 6, both
are functionally identical in their read/write performance.

Ancther embodiment of the present invention is
schematically represented in Fig. 7 and will be described below
with reference to Figs. 1 to 6.

In this embodiment, a superfluous section 35 of the wafer
26 is first sliced from the wafer 26 by a single cut 39 to
expose one surface 15a of the outermost bar 29 (steps 400 and
402). Note that removal of superfluous section 35, unlike
removal of section 34 (Fig. 3), results in a slice surface 15a
which is distal from the poles 22a. As a result, the sliced
wafer 26' is not ready to be processedﬂ In order to expose a
surface on which the poles 22a terminate so that throat lapping
and other pfocessing steps can be performed, the sliced wafer
26' is first bonded to a iapping fixture S50 via the slice
surface 15a (step 404). Before the bonding, the slice surface
15a may be lapped to remove any stressed material, if
necessary.

The outermost bar 29' is then separated from the remainder
of the sliced wafer 26' by another slice cut 43 (steps 406 and
408). The single-row bar 29, while fastened to the fixture S0,
now has a slice surface 15b on which the poles 22a terminate
and which can be contoured following the approach of Fig. 4 or
Fig. 5 to produce the sliders 10 as shown in Figs. 1 and Fig.
6, respectively (step 410). Finally, the sliders 10 thus
fabricated are debonded from the lapping fixture 50 (step 412).
The same process can be repeated until all bars in_the wafer

26' are fabricated into sliders 10

» ?
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ke rows 54a and 54b which contain el ectromagneti ¢ _devices 22 1S
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whi ch greatly contributes to the solution of the bow

RLobl-ers—a :
Wi th processing of single-row bars. A "street” with a REPBKGEEE%@EQH@TE of

a single-row bar has been found to be satisfactory fonl hott purposes; F

r
the wafer 52 shown in Fig. 8, the sane rom#street-rOMIpettquobgﬂquﬁn d
16 tinmes. As a result, 16 identical doublFé&3row bars 54 dan'bDe tal nedq Qyy
properly slicing the wafer 52. For each doubl e-row bar| 52-sl+eee—fTOM t He
waf er 52, the poles 22a on both rows 52a and 52b remaiph enbedded and_a

In the Figs. 3 and 7 embodiments of the invention, the
single-row bars are never bonded or clamped to a lapping
fixture 50 when they are free-standing. That is, each bar
remains an integral part of the wafer when it is fastened to

. the lapping fixture S0 on which it is processed into sliders.
This prevents the bow that occurs when a free standing single-
row bar is mounted on a fixture. As a result, the colinearity
of the electromagnetic devices on the bar is maintained during
the fastening process.

The wafer 26 used in the Figs..3 and 7 embodiments of this
invention contains on its top face electromagnetic devices 22
of identical orientation (see Fig. 2 and description thereof).
By contrast, the two further embodiments as illustrated in
Figs. 9 and 11 are implemented with wafers 52 and 62 (Figs. 8

. aﬁd 10), respectively, where the electfomagnetic devices 22 on
each row are oriented in a direction which is opposite to that
of the adjacent row(s).

More specifically, as shown in Figs 8,8A and 8B the top TLWo XoOws
54a and 54b of electromagnetic devices 22 of a wafer 52 have

- devices 22 arranged with the poles 22a on row S54a face those on

- row 54b, with a "street" 56 disposed between the two rows 54a
and 54b. The "street" 56, unlike rows 54a and S54b which
contain electromagnetic devices 22, is void of any functional
elements. As will be explained below, it serves to provide
tolerance in slicing the double-row bar 54 into two single-row
bars 54a and 54b, and also servés-to provide some thickness -
which greatly contributes to the solution of the bow problems
associated with processing of single-row bars. A "street" with
a2 thickness 61% that of a single-row bar has been found to be
satisfactory for both purposes.

For the wafer 52 shown in Fig. 8, the same row-street-row
pattern is repeated 16 times. As a result, 16 identical
double-row bars 54 can be obtained by properly slicing the
wafer 52. For each double-row bar $S2 sliced from the wafer 52,
the poles 22a on both rows 52a and S52b remain embedded and are



14 thus not ready to be lapped. Fig. 9 shows how the wafer-—5 S
processed. In the first step (step 500), a double- rom/t&LASAu E n 55
simul taneously, via the slice surfaces 14, to two | appijng T1 xtures 50alahd
50b. The double-row bar 54 is then sliged, along the stiregy' bt gt
singl e-row bars 52a and 52b (step 502). The two single-rOM/bars g% and
52b remain fastened to the fixtures 50a and 50b, respedtitvery—after—the
slice cut. Provision of the street 56 mnimzes the |iKelihood

thus not ready to be lapped.

%

Fig. 9 shows how the wafer 52 in Fig. 8 is processed. 1In
the first step (step 500), a double~row bar S4 is bonded
simultaneously, via the slice surfaces 14, to two lapping

- fixtures 50a and 50b. The double-row bar S4 is then sliced,

along the "street" 54, into two single-row bars S52a and S2b
(step 502). The two single~-row bars 52a and 52b remain
fastened to the fixtures 50a and SO0b, respectively, after the
slice cut. Provision of the street 56 minimizes the likelihood

. that the poles are inadvertently damaged during this slice cut.
With the poles exposed by- the slice cut, the grinding and
lapping processes of Fig. 4 or Fig. 5 are then followed to
contour each éingle-row bar 52a or 52b to form sliders 10 of
Fig. 1 or Fig. 6 (step 504). Finally, the individual sliders
10 are debonded from the fixtures 50a and 50b (step 506).

. The structure of a wafer 62, which can be used in the Fig.
11 embodiment, is shown in Figs.io,;OA and 10B. The electromagnetic
devices 22 on the top two rows of thé wafer 62 are arranged so
that the poles 22a on the top row 64a are distal from those on

- the second row 64b, and vice versa. A "street" 66 similar to
that provided in wafer 52 in Fig. 9 spaces the two rows 64a and
64b apart for the purposes stated above. Repetitions of the
same row-street-row pattern on the wafer 62 enable one to

' produce a plurality of identical double-row bars 64 by repeated
slice cuts. Each double-row bar 64 thus produced has poles 22a
that terminate on both slice surfaces 14a and 14b. -

As shown in Fig. 11, a double-row bar 64 is bonded to a
lapping fixture S50a via one of its slice surfaces 1l4a (step
600). The.slice surface l4a may first be lapped to remove
stressed material prior to the bonding, if necessary. The
exposed slice surface 14b of the double-row bar 64 is then
mechanically processed following the steps of Fig. 4 or Fig. 5,
except that the part~off operation is not performed (step 602).
In the next two steps 604 and 606, the processed slice surface
14b is bonded to a second lapping fixture 50b, and the



that the poles are inadvertently damaged during this slice cut. Wth t he

pol es .exposed by-the slice cut, the grinding and | apping

4 or Fig. 5 are then followed to contour each single-row iﬂﬁqﬁﬂgﬂﬂﬁ
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formsliders 10 of Fig. 1 or Fig. 6 (step 504). Finally, {hg 1ndividual

sliders 10 are debonded fromthe fixtures 50a and 50b (st
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structure of a wafer 62, which can be used in the Fig. 1llje gg?égﬁ?,

shown in Figs.10 ,10 A and 10B. The el ectronmagnetic devicgs
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two rows of the wafer 62 are arranged?Sd that the poles 2%a on the top row

64a are distal fromthose on the second row 64b, and vi ce Veéersa.
"street" 66 simlar to

A

unprocessed surface l1l4a is debonded from the first fixture 50a.
The unprocessed slice surface 14a is now exposed and is
subjected to the grinding and lapping processes (step 608).

The part-off cuts are then made in such a way as to extend both
rows 64a and 64b, so that the sliders on both rows 64a and 64b
are divided (also, step 606). Finally, a slice cut along the
“street" 66, followed by debonding from the second lapping
fixture S0b, releases the individual sliders 10 (step 610).

Note that in contrast with the prior fabrication methods
in which a single-row bar is bonded to a lapping fixture, both
the Fig. 9 and Fig. 11 embodiments bond a double-row bar to one
or two lapping fixtures, followed by a slice cut of the double-
row bar into two single-row bars. This approach essentially
eliminates the bow problems associated with.the mechanical
processing of a free-standing single-row bar.

Specifically, the degree that an object bows in the
presence of an external deflection force is determined by both
the thickness of the object and the magnitude of the force.
That is, the degree of bow is proportional to the magnitude of
the deflection force and inversely proportional to the cube of
the object's thickness. Therefore, the resistance of an object
to bowing rises very rapidly with the increase in thickness.
For example, a double-row bar, which contains a "street" with a
thickness 61% of a single-row bar,:is 2.61 times as thick as a
free-standing single-row bar, and the bow of this double-row
bar will only be 2.6173, or 5.6%, that of a single-row bar for
the same deflection force.

Similarly, in both Figs. 3 and 7 embodiments, a sliced
wafer, which is very much "thicker" than a single-row bar, is
always fastened to a lapping fixture as the initial step in
_ processing the wafer into sliders. As a result, any bow is
essentially negligible. Even when only one last single~row bar
remains on the sliced wafer for mechanical processing, the
“"thickness" of this reduced sliced wafer, which consists of the

superfluous section 34 or 35 and the last single-row bar, is
» f
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that' provided in wafer 52 in Fig. 9 spaces the two rowg : Eﬁﬁr
for the purposes stated above. Repetitions of the sa rjﬁé&é%?ﬂ%ﬁ??ﬁ

pattern on the wafer 62 enable one to p[gﬂgge a pluraljty of .ide H' al
doubl e-row bars 64 by repeated slice cuts:® Each doubl e}r pw'bgro%ﬂ 49ﬁus
produced has poles 22a that termnate on both slice sutfaces l4a.and-3b
As shown in Fig. 11, a double-row bar 64 is bonded to | appi ng fixture pOa
via one of its slice surfaces 14a (step 600). The sl|icé—sufaee—tda gy,
first be | appdd mychegieaterr £538d Ffaf Fres SE8NERe%D ~hqw bar.
necessary. The pxpgsed thide opekatdchth dfififeretivell ethewebdrs he siryie
concept which underlies all the four embodiments as illustrated
in Figs. 3, 7, 9, and 11. That is, it is critical not to
process a free-standing single-row bars at all times. 1In other
words, one should always have a single-row bar anchored to a
relatively rigid and thick object so that the single-row bar
becomes highly unlikely to bow, both before and after it is
fastened to a lapping fixture for mechanical processing.

The present invention is to embrace all head assembly

fabrication processes which are covered by the concept
discussed above, namely, a single-row bar does not bow, or only
bows very slightly, if a relatively rigid and thick object is
anchored thereto. Thus, although the foregoing description has
been limited to specific embodiments of this invention, it will
be apparent, however, that variations and modifications may be
made, with the attainment of some or all of the advantages of
the invention.

For example, the relatively rigid and thick object to
which a single-row bar is anchored, as taught in this
invention, can be any suitable material, including an
.unprocessed wafer. As another example, while fabrication of
thin film head sliders for a magnetic disk drive system is
disclosed herein, the similar process can also be used to

manufacture head assemblies to be used in a magnetic tape drive
systen.



mechani cal |y processed followi ng the steps of Fig. 4 or Eig—5—excen—
the part-~off operat‘l on-is-not perforned (step 602). | KERMMNM E'it‘dps

604 and 606,
fi xture 50b,

t sl ice surfacayldb i s bonded t- adpilng
[ a ml processed surface l1l4a i OQSgggigg?mthe
first fixture 50a.¢ sed_s:IiJce surface 14a i S

subjected to the grinding and |§.pp|
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1. - A process for the fabrication of electromagnetic head assemblies

(10) from a bar (28) of a wafer (26) substrate comprising a plurality of

.. bars, each bar including, on a first surface (40) thereof, a plurality of

electromagnetic devices (22) provided as a single row and with like
orientation, the wafer substrate including an upper and a lower surface
the upper surface corresponding to the first surface (40)

the process including the steps of:
a) while the bar (28) is still integral with an adjacent portion of the
wafer substrate, anchoring the wafer substrate _tb a fixture (50);
b) while the wafer substrate is anchored to the fixture,

formiqg .head assemblies (10) along the side of the bar; and

c) separating the individual head assemblies.

2 The process of claim 1 wherein the adjacent portion of the substrate

includes at least one adjacent bar identical to the bar.

3. The process defined in claim 2 wherein step (a) comprises
anchoring the lower surface of the wafer substrate of the adjacent bar to
the fixture (50)..

4. The process defined in claim 3 wherein the adjacent bar is still

integral with a further plurality of bars on the substrate.

5. The process defined in claim 1 or claim 2 wherein step (b)
comprises the steps of exposing a surface (14) of the bar, the exposed
surface extending between the upper and lower surfaces of the substrate,

and lapping and grinding the exposed surface to form the head assemblies.

hat
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The part+of f cuts-are then-fade rn such a way as to extefdjboth rows 64a

and 64b, so th | both rows 64a and 64b arg di vi @eﬁC'@'é‘?@o,
step 606). Fi n%l B@jl ﬁﬂ@ﬁg‘lﬂal ongrLghe "street" 66, fdlljowed by
debondi ng fromtiec ¢ g fixture 50b, rel eases tihe 1 ndi vidual

sliﬂe(rjs 10 (step 610). Note that .in contrast with the prifor
nmet hods in i ch i A S 0 ~f: haBpl indot h t he
Fig. 9 and Fr'g. i@‘éer}%géi&r?pn%ng%nfé‘ g%%%ﬁje&-ﬁ ngax afB tf?)ﬂgélﬂe)ﬁo\gu?\t\%é)l appi ng
fixtures, fagkp fhe stepd feesiiiessile baps Bauhe avafepw bar into two

singl e-row bars. I s approach essentially elimnates the bow probl ens
associated wth the mechani cal

7. The process defined in claim 1 wherein step (a) comprises
anchoring to the fixture (50) a second surface (15a) of the bar (29), which
second surface extends between the upper and lower surfaces of the
substrate; and severing the bar from said adjacent substrate portion to

form a third surface opposite to the second surface.

8. The process defined in claim 7 wherein step (b) comprises the steps

of lapping and grinding the third surface to form the head assemblies.

9. The process defined in claim 7 or claim 8 wherein the adjacent

substrate portion includes an adjacent bar.

10. The process defined in claim 1 wherein the adjacent substrate
portion includes an adjacent bar (64b) whose plurality of electromagnetic
| devices (10) provided as a single row each have an orientation opposite to
those of the first bar, and wherein step (a) cbmprises anchoring to the
fixture (50a) a second surface (14) of the bar (64a) which second surface
extends between the upper and lower surfaces of the substrate; forming
head assemblies along an exposed surface of the adjacent bar (64b), which
exposed surface extends between the upper and lower surfaces of the
substrate; anchoring to a further fixture (50b) the exposed surface of the
adjacent bar (64b); and severing the bar and the adjacent bar from one

another.

11. The process defined in claim 1 wherein the adjacent substrate
portion includes an adjacent bar (54b) whose plurality of electromagnetic

devices (10) provided as a single row each have an orientation opposite to

3



processing of a free-standing single-row b I,ﬁ t he degree that
an object bows in the presence of an @xter EMMrce S
determ ned by both the thickness of P'he obj &ct¢ a i tude of the
force. That is, the degree of bowis proportlonal to the magnitude of the

def! ect | on e 6! Ard BA° hod IR LARRYa) oldiiect UlScaibide o O ot S

t hi ckness r’esi st anc OWM NgSriI'ses very

rapi dly w ifixtare(S0a} aeeend @uﬁ’ab@ KISsf thEQfar%fléTP'\ﬂucB sée&hd Surfawe bar,

which contains a "street” with a thickness 61% of a single-row bar, is 2.61
ti mes as t kektandadbetweer thesuppeti amgl kiweyl surfaces bfithe substriatey Bocharing hi s
doubl e-r ow

to a further fixture (50b) a second surface of the adjacent bar (54b) which

second surface extends between the upper and lower surfaces of the

substrate; and severing the bar and the adjacent bar from one another.

"~ 12. The process defined in claim 4 wherein the wafer substrate of the

adjacent bars is fastened to the fixture by bonding.

13.  The process defined in claim 4 wherein the wafer substrate of the

adjacent bars-is fastened to the fixture by clamping.

14. The process defined in claim 4 further comprising the step of
bonding the wafer substrate to a lava substrate before it is fastened to the
fixture via the lava substrate and the lava substrate is debonded from the

head assemblies as the last step of the process.

15. The process defined in claim 10 or claim 11 wherein there is a

street between adjacent rows of electromagnetic devices.
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bar will only be 2.61-3, or 5.6% that of a single-row
defl-ection force. Simlarly, in both Figs. 3 and 7 enb -
waf er, which is very much "thicker"” than a single-row bar{, is alwa 3

fastened to a lapping fixture as the initial step in pric séﬂh@cﬂﬁé daflen
into sliders. As a result, any bowis essentially negljdjble. Even n
only one last single-row bar remains on theé sliced wafef for nechani cal

processing, the "thickness" of this #@duced sliced waf ebl—whi-ch—cenststs

t he superfluous section 34 or 35 and the last single-row bar, is
THIN FILM HEAD SLIDER FABRICATION PROCESS

ABSTRACT
In an improved process for fabricating thin f£ilm head

sliders from a wafer on one face of which a plurality of
:electromagnetic devices are arranged in rows, a single-row bar
is mechanically processed to form sliders while it remains an

* integral part of the wafer, or after it is bonded to a fixture
under a condition which induces no bow on the bar.
Alternatively, a double-row bar sliced from the wafer is used
for fabrication of sliders, wherein each single-row bar is
mechanically processed while it remains an integral part of the
double-row bar, or after it is bonded to a fixture as an
integral part of a double-row bar followed by severance of the
bonded double-row bar into two single-row bars. The process
eliminates or materially reduces any inducement of bow of the
bar, which is a serious cause of throat height control problem
associated with' the prior fabrication methods.

Figure 3

of
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?\&i{zed /o a lapping fixture for mechanical processing. The present
inveptiond is to enbrace all head assenbly fabrication prog B0
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Which a $ingle-row bar is anchored, as taught in trﬁéﬂgmwéﬁﬁﬁghw:ta be any

suftable material, including an unprocessed waf er . anot her exa f}/

while fabrication of thin filmhead sliders for a nagneﬁKrg@ﬂSﬂ?ﬁrlve (o
system/i s disclosed herein, the simlar process can gl so be used t
manuf gcture head assenblies to be used in a magnetiic pe drive systém




CLAI M5 1. A process for the fabrication of electro
assenblies (10) froma bar (28) of a wafer (26) subs
plurality of bars, each bar including, on a first su
plurality of electronmagnetic devices (22) Eg9vided a hdl wi th
| i ke orientation, the wafer 'substrate incﬂ I ng an uppér ‘
surface, the upper surface corresponding to the first :
process including the steps of: a) while the bar ({28) is still integral
wi th an adjacent portion of the wafer substrate, anchesreg—the—wafer
substrate to a fixture (50); b) while the wafer substrate-is anchored to"
the fixture, - 23

FI1G.6



form ng’ head assenblies (10) along the side of the bar; a

REPLACENRMT 31y

the individual head assenblies. 2 The process of clal =2 ¥R N

adj acent portion of the substrate includes at |east one a JJcent bar
identical to the bar. 3. The process daftoned in claim vmeﬁéﬁBCiﬁE&i(%
conpri ses anchoring the |l ower surface of the wafer substrdqtg¢ of the

adj acent bar to the fixture (50). 4. The process defined in claim3
wherein the adjacent bar is still integraé—w a further R RVANaY WM PY X3

on the substrate. 5. The proces dqﬂlned in q 1 or claim 2 wherein
step (b) conprises the steps of expo lng3ﬂ-surﬁ$pe ( 4). of the bar, the
exposed I1 , 28

I ] g

o i g 26
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surface extendi ng between the upper and | ower surfaces of the substrate,
and |l apping and grinding the exposed surface to formthe E et

18 6. The process defined in claim4 or claim5 furthe REBMGBLM SHEET

repeating the steps for successive bars on the wafer. 7. e proTesSS
defined in claim 1 wherein‘'step (a) co es anchoringltp

(50) a second surface (15a) of the bar n‘pzxy 1 whi ch secon sur]tlzéjéﬁ(i?pz gs
bet ween the upper and | ower surfaces of the .




subétrat'e and severing the bar fromsaid adjacent substrate
forma third surface opposite to the second surface. 8. Thd

RS PhACRBIENT aFEET |

defined in claim7 wherein step (b) c rﬁ?rlses the steps of |gpdrng and
grinding the third surface to formthe head assenblies. 9. The RrPeRIT997
defined in claim7 or clai 'm'8 wherei n the adj acent subst rate part ion

i ncl udes an adj acent baso (Bhe procesgaefined ingacl g 1 efermtte
adj acent substrate | des an adjacent bar )(6@) e plurality
of el ectromagnet ifc ldev' Tave an
orientation ¢ppo i n{step (a)

conpri ses .an¢hor kn g ) ¢ ii' iy 4) of the bar

(64a) which gecoyd ,

y
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ext ends between the upper and | ower surfaces of the substrate, forping.-head

assenbl i es al ong an exposed surface of the adjacent bar (@HﬁﬂjﬂﬂﬂﬂENT‘SHEET
exposed surface extends between the upper and | ower surfafef

substrate; anchoring to a further fixtur 50b) the exposgd| sur t e
adj acent bar (64b); and severing the bar%éﬂﬂ t he adj acent| bpr égﬂfgﬁ%7
another. 11. The process defined in claim1l wherein the pd
portion includes an adjaceBO bar (54b) whose plurality of electronagnetic
devices (10) provided as a shygle rom1eadﬁ have an orlentggg&u oppoSTtetO
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19 those' of the first. bar, and wherein step (a) conprises anchoring to the
fixture (50a) a second surface (14) of the bar (54a), which second.
ext ends between the upper and | ower surfaces of the su S |
a further fixture (50b) a second surface of the adjace -
second surface extends betwéen the upper 64H | ower surfiates of tg%
substrate; and severing the bar and the adjacent bar frfo oh® 8k t?l%’l’
The process defined_li ai m4 wherein the wafer substrlatie of the_ adi-a
bars is fastened t\ge filx re by bonding. 13. The prjocess defined in
claim4 wherein f@lr| sulbtease of the
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adj acent® bars-is fastened to the fixture by clanping.

defined in claim4 further conprising the step of bondin
substrate to a |l ava substrate before it is fastened to t

14.

| ava substrate and the lava substrate is dghgnded fromthe
as the last step of the process. 15. The process defined iln
claim 1l wherein there is a street bet ween adj acent rows pf

devi ces.

The process———
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