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Field of the invention

I

The present invention relates generally to the
manufacture of thin film elements such as air bearing
sliders. The invention more specifically relates to a
method for partially processing a row of elements sliced
from a wafer to minimize handling of the individual

elements.

Background of the Invention
Thin-film elements are typically fabricated from a
wafer containing matrix arrays of electrical- or

electromagnetic devices applied to one of the wafer surfaces

- by known deposition methods. Such devices may, for example,

be magnetic transducers or "heads" such as those used in a
magnetic disk storage device. A wafer deposited with rows
of magnetic heads must be further processed to form sliders.
A slider is a structure for supporting one or more magnetic
heads in close proximity fo a rotating storage disk, and is
generally mounted to a suspension extending from an
actuator. A commonly used "air bearing" slider must have

certain aerodynamic features to "fly" the head over the disk

surface.
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storage device. A wafer deposited with rows of magnetic heads
must be furt QNYRCevRld goiddimgy shlatke s.and processing the resulting

rows to shape the individual slider elements and their air

5 bearing surfaceﬁ. Such processing may involve, e.g., known
etching, milling, grinding and lapping methods. The
individual sliders are then "diced" from the rows,
inspected, packaged and transported to the assembly site for
attachment to suspensions. -

10 : Considerable handling of the individual elements during
inspection, packing, and unpacking is a concern because of
the potential for damage to the delicate thin film devices.
Further handling during assembly compounds the risk of
damage and reduced yields. For example, thin film sliders

15 are often damaged as they are manually maneuvered iﬁto
position for suspension mounting. The concern becomes
greater with smaller, more fragile designs such as the
"pico-sliders®".

What is needed is a process for fabricating thin film

20 elements such as air bearing sliders that keeps a row intact
during inspection, packing and unpacking, yet allows easy
separation of individual elements at the assembly site. By
keeping rows of elements intact, damage to individual

elements is reduced and yield increases proportionally.

P
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to improve yield during the fabrication of thin-film
elements, but none address the issue of handling damage
after fabrication, nor suggest keeping a row intact until
5 assembly.  For example, U.S. Pat. No. 5,095,613 describes a
method for processing rows of sliders wherein single or
double rows are anchored to a rigid reinforcing structure
for lapping. The sliders are separated from the rows after
processing to form individual elements. U.S. Pat. No.
10 4,226,018 similarly discusses processing of rows of sliders
during fabrication and prior to row separation. U.S. Pat;
No. 4,624,048 describes a fabrication process wherein a row
of head elements is sliced from a wafer, and separating
grooves are formed between the elements. The row is then
15 fixed to a work surface having grooves corresponding to its
sepérating grooves to facilitate later slider separation.
The sliders are lapped and subsequently severed from one
another while still attached to the Qork piece.
None of the references described, however, addresses
20 the problem of handling damage incurred after fabrication is
completed and prior to assembly. What is needed is a method
for fabricating thin-film elements that facilitates eaéy
separation of individual elements, yet preserves the row
structure during inspection, packlng, and other post

25 fabrlcatlon handling to reduce handling damage.
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I nspection, packing, and unpacking is a concern because of

thin-film elements wherein completed elements form a row

5 structure. Such fabrication-avoids excessive handling of
individual elements prior to assembly. It is a further
object of the invention to facilitate easy separation of the
elements from the row at the assembly site.

A process is therefore provided for forming partial

10 cuts between the individual elements of a row sliced from a
preprocessed wafer. A wafer comprising a wafer substrate
such as Al,0,-TiC is deposited with a matrix'of devices,
such as magnetic heads. During wafer processing, partial
cuts are formed between the device elements (e.g. sliders).

15 In a preferred embodiment, the partial cuts are formed in
the wafer prior to row slicing, either by forming channels
on a single face of the wafer, or by forming dual channels
on opposite faces of the wafer.

Alternatively, the partial cuts may be férmed after a

20 ' row has been sliced from the wafer. According to a first
row proceésing method, channels are cut into the device
(front) surface of a row between device elements, leaving
the row intaét at the back surface. In a second method,
grooves are formed in an upper surface of the row adjacent

25 to the device surface. In a third method, pairs of grooves

SA9-94-042 | -4 -
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5 Each of the methods disclosed results in rows of
completed device elements separated by partial cuts. Thus
the structure of the row is preserved for post fabrication
handling, while facilitating easy element separation just
prior to assembly.

10 The foregoing and other features and advantages of the
present invention will be apparent from the preferred method

and embodiment illustrated in the accompanying drawing.

Brief Description of the Drawing

Fig. 1(a) is a perspective view of a typical
15 prepr&cessed wafer on which a matrix of magnetic -transducer
elements has been deposited;

Fig. 1(b) is an enlarged view of one of the slider
units of the wafer in Fig. 1(a), including a magnetic
transducer element;

20 Fig. 2 is a perspective view of a row of sliders sliced
from the wafer of Fig. 1(a);
Figs. 3(a)-(c), respectively, are perspective views of

a preprocessed wafer after element deposition; the same
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scribing;

Fig. 4(a) is a perspective view of the Qafer of Fig.
3(c) after channel cutting according to the wafer processing
method of the present invention;

Fig. 4(b) is an enlarged perspective end-view of the
wafer of Fig. 4(a);

Fig. 5(a) is a perspective view of a row of sliders
having partial cuts.according to the wafer processing method
of the present invention;

Fig. 5(b) is a perspective view of the row of sliders
of Fig. 5(a) after rail shaping.

Fig. 6 is a perspective view of a row of sliders having
partial cuts according to an alternative wafer processing
method of the present invention;

Fig. 7(a) is a perspective view of a row sliced from a
wafer prior to partial cutting according to the row
processing methods of the present invention;

Fig. 7(b) is a perspective view of a row of sliders
ha&ing partial cuts according to a preferred row processing
method of the present invention;

Figs. 8, 9 and 10 are perspective views of a row of
sliders having partial cuts according to additional row

processing methods according to the present invention.
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fabrication and prior to row separation. U S. Pat .
4,624,048 desEiFge§e§erab¢Eca@|@nppeﬁeesedmbmbedmmantow Specific of head

elenments is sliced froma_wafer, and separating grooves are
formed bet weeRfRECRF@NBALL. PaHBadeEP stheefiabrication of thin-film
5 sliders. However, it shall be understood by those of

ordinary skill in wafer fabrication that the present
invention may also be applied to the fabrication of other
small-scale devices. Moreover, the invention is not limited
to presently known wafer fabrication techniques.

10 : Fig. 1(a) shows a wafer 11 of predetermined thickness
10 typically comprising, e.g., a sqbstrate of about 75%
Al,0, and 25% TiC. A matri# 12 of magnetic transducers has
been formed on the wafer's surface by conventional methods
such as chemical vapor deposition or sputtering. .The wafer

15 - 11 is scribed by known grinding techniques to define
multiple rows 13 of slider units 14. Each of these slider
units 14 will become an independent thin-film slider at the
completion of slider fabrication.

Fig. 1(b) is an enlarged view éf one of the slider

20 units 14 formed on the wafer 11 of'Fig. 1(a). It includes a
single, centrally oriented transducer element 16 according
to a center-rail slider design. Single and double'
" transducer side;rail designs may also be accommodated

- according to the methods of the present invention. The air
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sfiders are | apped and subsequently seve _ anot her
while still attached to the work piece. None of the
references ddseariygl,simwimyver?3 adfirdssesl i@dr is exposbe puebhgmrow
handl i ng damage incurred after fabrication is conpl eted and
prior to assefblgingyend ks rbieteat I adjmtdmd to the transfiocetab6icating
thin-filmelenents that facilitates easy separation of '

i ndi vi dual el enentBi9 yet(Ppr W toev rdly of slider unitsusiieeddbirpmg

I nspection, packing, and other post 25 fabrication handling to

reduce handl i according to known methods. The air bearing
5 surface 23 of each slider unit is immediately adjacent to
the transducer element 27, and extends from the trailing
edge 18 to the leading edge 19 for a length 28. The length
28 of each slidér 22 is determined by the width 10 of the
wafer 11. According to conventional etching and milling

10 techniques, rows of sliders are processed to shape the rails
of the air beafing surfaces 23. For example, a tri-rail
configuration is shown in Fig. 2(b). It includes threé
rails 23,24,25 defined on the ABS 23. A number of methods
for shaping the ai; bearing surfaces 23 on a row 21 of

15 . sliders are presently known and are not relevant to the
present invention. As such, they will not be discussed in
further detail.

Ordinarily, a row of sliders is diced to form
individual sliders once row processing is completed.

20 According to the preéent iﬁvention, partial cuts are formed
between the slider units to define, but not separate, the
individual sliders. The row is therefore kept intact for
subsequent inspection, packaging and shipping. Partial cuts

may be formed before or after row slicing by the processes

25 described below.
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preprocessed wafer 31 for row slicing. After element
deposition, the wafer is mounted té some type of holding
device. It is trimmed to form a pair of vertical edges

5 32,34 and a horizontal edge 33 as shown in Fig. 3(b). The
wafer is then scribed, as shown in Fig. 3(c), to form a
plurality of horizontal lines 35 between iows of "transducer

elements (not shown).

I. Partial Cutting by Wafer Processing

10 A. Dual Channels
According to the preferred "dual channel" method of the
present invention, a plurality of vertical channels 41 are
now cut into the deposited surface of the prepared wafer, as
shown in Fig. 4(a). Preferably, the channels 41 have a
15 depth less than half that of the wafer thickness 36; e.qg.,

between 1/a and 1/b of thickness 36. Conventional grinding
may be used in the fabrication of '"nano-sliders" such as |
those used today in a typical 3 1/2" Winchester disk drive,
having dimensions on the order of e.g., 2.0 mm length X 1.6

20 mm width X 0.425 mm thickness. For sliders of smaller
dimensioﬁs such as "pico-sliders" (e.g., 1.25 mm length X _
1.0 mm width X 0.3 mm thickness), methods such as laser
ablation, ion milling and ultrasonic machining are more

suitable.

SA9-94-042 B -9 -
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provided for formng partial 10 cuts between the individual

el ements of a rowHuGEq He QN3 r£prece ef]cg fer ﬁ?/@jer
conprising a wafer substrate a. nels are fs?lfg%dgs tix Z}r:ar di er{]l; 1CTs
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During wafer processing, parti al cuts are forned between the
devi ce el enechannels. adlel d®ed) cutlinto the oppod iRkeeharfedd RIHIMUdEMga if1e
partial cuts are fornmed in the water prior to row slicing,

ei ther by fopmefgrabdmnélsa depth less than half that of the wafer
5 thickness 36. Each channel is aligned with a corresponding

channel on the deposited side of the wafer. The total depth
of each aligned channel pair is less than the total wafer
thickness, thus leaving cohnecting portions of substrate
between device columns.

10 The dual channels 41,42 resulting from the preceding
steps are shown in Fig. 4(b). Portions of two rows 44 of
slider units are shown, including the deposited surface 37
of the wafer, and the exposed air bearing surfaces 40 of the
first row. The rows 44 are defined by scribe lines 35.

15 - Each slider unit within é row is further defined by the dual
channels 41,42 formed according to the present invention.
The slider units remain integral to the wafer by uncut
connecting portions 45 of substrate remaining between the
channels 41,42. The thickness of the connecting portions is

20 carefully selected to provide sufficient resistance against
breakage during slicing, row processing ahd handling. Yet
it must also allow éasy detachment of sliders from the row
with the application of_a small breaking force without

subsequent damage to the sliders. For example, in the

SA9-94-042 -~ 10 -
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on a éingle face of the er, or by form ng dual chgfnels

Ite faces of the wafér. _ Al ternively,
ggﬁgshay be fornmed after a 20 row has been sliced fromthe wafer.
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el enents, | eaving the row i nfact at
second net hod,300 nm and .6Q0O8wess apLcfOFPBE,. i N an upper surface of the f
-row adj acent 25 to the device surface. In a third nethod, pairs o

gr ooves Pri3f0-8ae-0k? separation, an are# of each connecting
portion 45 indicated by dotted lines 49 is cut away to
) recess the connector 45 from adjacent air bearing surfaces
40. The recess has a depth carefully selected to assure no
change in air bearing characteristics of the completed
slider. For example, in 50% slider fabrication, the recess
exceeds approximately .020 nm. Removal is achieved by
10 grinding between each slider unit 46 in ;he direction of the
arrow 38A and 38B. Alternatively, the removal may be
performed on indi&idual rows after row slicing (refer to the
dotted lines in Fig. 5(a)).
Referring back to Fig. 4(a), the rows of sliders are
15 - next sliced from edge 33 of the wafer 31. A segment of a
row bar is shown in Fig. 5(a). Each slider unit 46 includes
a deposited surface 37 on which a data head 43 resides, an
air bearing surface 40, and cpnnectiné portions 45 recessed
from the ABS 40. Individual row bars may be mounted to a
20 work surface for subsequent row processing. For example,
Fig. 5(b) shows the row bar.of Fig. 5(a) after rail shaping.
A tri-rail configuration 51,52,53 is shown. Once row
processing is complete, the intact rows are ready for

inspection, packing, and shipment to the assembly site.
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device el enents. Finally, *channels which vary in depth from
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row according to a fourth row processi ng net hod. 5
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Each of

t he met hods di scl o¥esit resivt stonassemsbby, sliders arecdephehed devmceow
el ements separated by partial cuts. Thus the structure of the
row i s preserkaus foy applyin®ra cemabh breaking for@antipi hhe ehnhective

facilitating easy el enent separation just
portions 45 between the completed slider units,

either

manually, or with the aid of an appropriate dispenser.

5 B. Single Channel

In an alternative, "single-channel'" method,

a plurality

of vertical channels are cut into the deposited side 37 of

the prepared wafer 31 to a depth about 4/5 of the wafer

thickness 36. (Refer to Fig. 4(a)). Rows are then sliced

10 from the slider to form row bérs such as those shown in Fig.

6. Rows prepared by this method include portions 62 along

the base of the row bar connecting the slider units 46 as

shown. The connectors 62 are purposely located away from

the transducer elements 63 at the slider's "trailing edge™

" 15 to minimize changes in air bearing characteristics. This

method eliminates a number of steps of the dual channel

approach. On the other hand, overall yiéld may be lower

because row separation occurs at the thin connecting

poxrtions 62.

20 II. Partial Cuts by Row Processing

As an alternative to wafer processing, partial cuts can

be formed by row processing. For example, in Fig. 7(a), a

row is shown having a front surface 72 on which a plurality

SA9-94-042 . - 12 -
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dr awi ng. Brief Description of the Draw ng

Fig. 1(a) is afperspealLiwe Meewcak a1t }aab%abeeilﬁdeposnewe%r%ncisesd H‘QPJCEJ
on which a matrix of magnetic transducer ment's “has b

deposi t ed; 73, upper and 1bier &ﬁbfabésaﬁ4eﬁbarﬁﬁé heWel QRe faflcddhe

sl i der units of the wafer in Fig. | (a), incl Ugl ng a nmagnetic

76,77. The row to be processed is placed on a work surface
and held in place according to known methods such as vacuum
5 suction.
Fig. 7(b) illustrates a row having partiél cuts formed
accérding to a first method of the present invention. A
plurality of cﬁannels 78 are cut into the row, e.g., by
running an industry standard grinding blade into the device
10 side 72 of the row between slider units 83. The blade cuts
from the device side 72 toward the back surface 73, but is
halted before cutting completely through the substrate, thus
defining but not severing the slider units 83. Five units
83 are shown for illustration purposes only. A relatively
15 small portion of substrate 79 remains between the slider
units 83 to connect them along back surface 73. The channel
length 70 is carefully selected to provide sufficient
strength for preservation of the row structure during
subsequent handling, yet to provide éasy slider detachment
20 with a small amount of breaking force. The channels 78 may
be parallel, as shown in Fig. 7(b). Alternatively, wedge-
shaped or skewed cuts may be more appropriate for rows of
ﬁon—rectangular thin-film elements. Moreover, the cuts may

also be formed by methods such as laser ablation, ion

B 11 ]
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Ftgs. 3(a)-(c), respectively, are perspective views of
preprocessed wafer after el ement deposition; the sane
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Note that the re§%lting row of Fig. 7(b) is essentially
identical in structure to that of Fig. 6 obtained by wafer
processing according to the presen£ invention.

| Referring now to Fig. 8, a second row processing method
will be described. As in thé preceding method, a row of
slider units such as that of Fig. 7(a) is secured to a work
surface. Next, a plurality of V-shaped grooves Bl are
formed in the upper surface 74, e.g., using an industry
standard tapered grinding blade. The grooves Bl extend
horizontally from device surface 72 to back surface 73, and
have a predetermined depth so that a portion of substrate 82
remains to connect the slider units along the lower surface
75. As in préceding methods, the depth of the groove is
carefully selected to balancé strength and ease of slider
removal. The grooves 81 may be parallel, as shown, or
skewed to accommodate other thin film element shapes.

Fig. 9 shows a variation of the V-groove method.
V-shaped grooves are formed in the row's upper surface 74,
e.g., by tapered grinding blade, to define individual slider
units 83. The entire row is then removed from the work
surface, flipped, and remounted to expose the lower surface
75. A plurality of V-shaped grooves 92 are then formed in
that surface, each grodve 92 aligned with a corresponding

groove 81 formed in the upper surface 74, as shown.

T h‘\
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wafer after a 3-side tri and the sanme wafer after w REPLACED
scri bi ng; Fig. 4(a) is a perspecti¥e view oft=the

Frg. - 3(c) after channel cutting according to the wafer
processi ng 5 met hod of the present invention;

Fig. 4(b) is an emhatned petRpectbrefepdiMgepagtiblecuts is shownwaher of
Fig. 4(a); Fig. 5(a) is a perspective view of a row of
sliders Fig. 10.hakipbupaiitpl ofutsaanedsdiaog hevihg waletiptocepzihng
met hod 10 of the present invention;

are formed in the row. For example, an industry standard
grinding blade with adjustable cutting height begins cutting

5 into the front surface 72 of the row between slider units
83. As the bladé cuts from the device side 72 toward the
back surface 73, the cutting depth is gradually decreased,
then increased, to leave a connecting portion of substrate
102 between the units 83 aloﬁg the lower surface 75. The

10 ' connecting portion 102 is shown having a bell-curve shape,
although other shapes are possible. Primary considerations
affecting the shape will be manufacturability, the amount of
connecting strength required, ease of slider detachment, and
impact of the substrate portion 102 on air bearing

L5 characteristics after slider separation. The bell-curve
shape involves a relatively simple éutting process and is
intentionally recessed a sufficient distance from the ABS to
virtually eliminate air bearing interference. The channels
101 need not be.parallel as shown, but méy be skewed to

20 adapt to different element types. Alﬁernatives to grinding
such as the methods suggested previously may also be used to
form the channels 101.

While the invention has been particularly described

with reference to several methods in_the fabrication of thin

!5 film sliders, it will be understood that other
| laced
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Fi g. .5(b) is a perspectivgrview of the row of sliders ®EPEAGED
5(a) ‘after rail shaping. : Fig. 6 1s per spects =t f
row of sliders having partial cuts according to an alternative
waf er processing 15 met hod of the present invention;

Fig. 7(a) is anpRetdeedt Vonyi 8V Ohe agERULSY T E6AcEPOMEY be made wit WBLE"
prior to partial cutting according to the row processi ng

nmet hods of thiepaesond froRNth®Nspirit and scope of FtBe Eiglméé a
perspective view of a row of sliders 20 having partial cuts

according to inyErefiermed row processing —ret-hod—of—the-present
I nvention, This Sheet Has Beenllleﬁaced

L
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Figs. 8, 9 and 10 are pergpective views of a row of PLACED
havi ng partial cuts according to additional row . - pr 6}

nmet hods according to the present invention. ) SA9- 94- 042

- 6 - Det ai | ed Description of the Preferred

Enbodi nent The pre.sermgirﬁvsent i on wi |';| Hmmﬂlnn;ﬂmsimm .

in detail

We claim:

1 1. A method for forming partial cuts in a row of thin film

2 elements, comprising the steps of:

3 on a wafer of predetermined thickness having first and

4 second planar surfaces, said first planar surface including

5 ' a plurality of devices deposited thereon in a matrix of rows

6 : and columns,

7 forming a first plurality of channels of

8 predetermined depth on said first planar surface, each

9 : channel adjacent to one of said columns of devices; éﬁd

10 slicing said rows of Qevices from said wafer, each

11 row including a plurality 6f device elements separable

12 from said row by applying a small breaking force at an

13 adjacent channel.

1 2. The method of claim 1, wherein prior to row slicing, a

2 second plurality of channels of predetermined depth is

3 formed on said second planar surface, each channel

4 substantially aligned with a corresponding channel 6n said

5 first planar surface, and wherein the combined depths of

6 each substanéially aligned channel pair is less than the

7 thickness of said wafer. —
This Sheet Has Been Replaced
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it shall be understood by those of _ ordi nary skilf ih viaf &r
fabrication that the present i nvention may al so be applied to

thelfabricatidn of Thehsethod of claim Spakhezedhesdew e®sinnMLQURY rdiRd
I nvention is not limted to presently known wafer fabrication

t echni ques. 1BP grinding. Fig. 1(a) shows a wafer 11 of predeternined
t hi ckness 10 typically conprising, e.g., a substrate of about
5% Al[err]O[err] and 25% TiC. A matrix 12 of magnetic

een fornmed on the wafer's surface by

7

trapnsducers has b r ) s

Coﬁgentional %Ethoﬁge method of_clalm l, wherein said channels are formed
2

by ion milling.

1 5. The method of claim 1, wherein said channels are formed
2 by ultrasonic machining.
1 6. The method of claim 1, wherein said channels are formed
2 . by laser ablation.
1 7. The method of claim 1, wherein said channels are formed
2 by reactive ion etching.
1 _ 8. The method of claim 1, wherein said device elements
2 further comprise sliders.
1 g. The method of claim 8, wherein said each thin-film
2 slider includes at least one ﬁransducer element.
1 10. The method of claim 9, wherein said'transducer element
2 comprises a magnetic recording head.

. _-\
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P S el Rl aPor sl on ot sputtering. Thegeater lm\llll l\\lllﬂl\lillull\

13 of slider units 14. Each of these slider units* 14 wit I *
becone an independent thin-filmslider at the conpl etion of

sl tder fabridati oA method for formingFighrtlidl) dutsAnied ar@ed ¥iaw off oNne
of the slider 20 units 14 formed on the wafer 11 of Fig. |I(a). It
i nél udes a elements, compglisingenthealsitepsricent ed transducer el ement 16
accordi ng to a center-rail slider design. Single and doubl e
trdnsducer si de- réﬂucdéglgngowayfaﬂswlbesadCEmnmd&Bm&r of predetemcamdli ng

to,the methods of the present invention. The air

4 thickness, said wafer including first and second planar
5 surfaces and a plurality of devices deposited on said first
6 planar surface in a matrix of rows and columns; and
7 forming partial cuts in said row between said devices
8 to define a plurality of device elements, wherein each
9 devicg element is separable from said row by applying a
10 small breaking force to an adjacent partial cut.
1 12. The method of claim 11, wherein said row includes a
2 front surface having a plurality of devices deposited
3 thereon, a back surface, upper and lower surfaces extending
4 ' the length of said row, and first and second end surfaces,
5 and wherein said partial cuts are formed by forming a
6 plurality of gréoves of predetermined depth along.said upper
7 ~ surface extending from said front surface to said back
8 surface, said device elements remaihing connected along said
9 lower surface.
This Sheet Has Been Rep
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tsﬁz 2I4| ggrz I s exposed dur n;g7;ow sli C! ng hnlgssglr MHWIMI”"IJI”"I

adj acent to the transducer 16. Fig. shows” a ‘row 2
slider units sliced from t he waf er accord| ng to known mnet hods.
Thé air bearih@- The method of claim 12, wherein a plurality of grooves

2 is formed along said lower surface, each groove.

3 substantially aligned with a groove of said upper surface

4 and extending ffom said front to back surfaces, said device

5 elements remaining connected between pairs of said

6 substantially aligned grooves.

1 14. The method of claim 12, wherein said grooves are formed

2 using a tapered grinding blade.

1 15. The method of claim 11, wherein each row includes a

2 front surface having a plurality of devices deposited

3 thereon, a back surface, upper and lower surfaces extending

4 the length of said row, and first and second end surfaces,

5 and wherein said partial cuts are formed by cutting a

6 plurality qf notches between said device elements of said

7 row from said front surface toward said back surface for a

8 predetermined distance, said device elements remaining

9 connected along said back surface. ;__

This Sheet Has Been Rep
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t5he t ransdzgtra]; agfeﬁgn?f 2(73, anzl iag'?tranggi 1E ri)rsn ![ wslr Zit I ngadj acﬂnlllmlllll!liwlll " |!I|

18 to the | eading edge 19 for a length 28. The | ength * 8%
each slider 22 is determned by the width 10 of the ~wafer 11.
Accbrding to tonvehte onethed cof ngland pi) | wRgreifl each rowt @6BNLEYESa I OWS
of sliders are processed to shape the rails of the air bearing
surd aces 23. Fopnexswpface sghavingak|plurality of dewmitgardeposiktedshown in
Fig. 2(b). It includes three rails 23, 24,25 defined on the ABS
23.3 A nunbertifre@n hq@isback surface, feppehapntigleverasnrbeaesngxsentldogs
23 on a row 21 of 15 sliders are presently known and are not
rer%vant to t?ﬁ? length of said row, and first and second end surfaces,
.5 and wherein said partial cuts are formed by:
6 cutting a first plurality of notches through said row
7 extending from said front surface toward said back surface;
8 cutting a second plurality of notches through said rdw
9 extending from said back surface toward a corresponding one
10 of said notches extending from said front surface, said
11 device elements remaining connected between respective pairs
12 of said front and back notches.
1 17. The method of claim 11, wherein each row includes a
2 front surface having a plurality of devices deposited
3 thereon, a back surface, upper and lower surfaces extending
4 the length of said row, and first and second end surfaces,
5 and wherein said partial cuts are formed by forming a
6 plurality of cuts in éaid upper surface extending from said
7 front surface to said back surface varying in depth from
8 said froﬁt to back surfaces, said device elements remaining
9 connected along said lower surface. :
-This Sheet Has Been Replaced
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present nvention. As suclf they W1l not be di scuss: s|.dersIIIIIWIHIIJIIIHJIIIIIHIII

further detail. ,
form i ndi vi dual sliders once row processing is conpl eted*

According to the.present invention, partial cuts are forned
betMeen the sl$derTmm|m%tm@dd@f|mbaLMU17no&heeaaﬂatEe tiBpth of each cut
I ndi vidual sliders. The rowis therefore kept intact for

subsequent | BRI drekerser) tow shpppieyermPaedi distahse from said

nay be fornmed before or after row slicing by the processes 25
destri bed belfkpnt surface, t@gﬂ)gﬂp@pﬁﬂly increases towar@ said back

4 surface.

1 _ 19. A method for fabricating thin film magnetic heads,

2 comprising the steps of:

3 on a wafer of predetermined thickness having first and
4 second planar surfaces, depositing a plurality_of magnetic
5 . heads on said first planar surface in a matrix of rows and
6 . colﬁmns;

7 forming a first plurality of channels of predetermined
8 depth on said first planar surface, each channel adjacent to
9 one of said columns of magnetic heads; and
10 slicing said rows of magnetic heads from said wafer,
11 each row including a plurality of sliders separable from
12 . said row by applying a small breakiﬁg force at an adjacent
13 channel.

et Has Been Rej ﬁaced
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or opr ocecbed wafer 31 forGow slicing. After ol onent ¢ AN O O A
deposition, the wafer is nounted to sonme type of hol ding * c L M 5 ¥

device. It is trimred to forma pair of vertical edges 5 32,34
andi a horjzonzml eTiye MStied SHOVWLdimFi Y, WHbtein TPRior to row sl&@&ﬁg LS
then scribed, as shown in Fig. 3(c), to forma plurality of
hord zontal | ismsoBd hhimekbity o cHadnelS dfepredetermined depth is

3 formed on said second planar surface, each channel

4 substantially aligned with a corresponding channel on said

5 first planar surface, and wherein the combined depth of each

6 substantially aligned channel pair is less than the

7 _ thickness of said wafer.

1 21. A method for fabricating thin film magnetic heads,

2 comprising the steps of:

3 on a wafer of predetermined thickness having first and

4 second planar surfaces, depositing a plurality of magnetic

5 heads on said first planar surface in a matrix of rows and

6 columns; | |

7 slicing a row of magnetic heads from said wafer;

8 'forming partial cuts in said réw between said devices

9 to define a plurality of sliders, wherein each slider is

10 separable from said row by applying a small breaking force

11 to an adjacent partial cut. ThisSheetHasBeenReplaced
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plwality of

"dual channel” method of the present invention, a
vertical channels 41 are now cut into the deposited surface of
thel prepared paferrn@smethod of claSHOM, '@hé:i:sﬁn.“%é‘ld Pogf %E'&’L)ﬁe;t he
channel s 41 have a 15 depth Iess than half that of the warer
t hizkness 36, feoft, surface havin§ei WeBRrdl seangs 1hBgREL B ﬁléﬁ_@.%sdg?osited
Conventional grinding may be used in the fabrication o
"naho- sl i der stheuedn asa back surface, upper and lower surfaces extending
4 the length of said row, and first and second end surfaces,
5 and wherein said partial cuts are formed by forming a
6 ' plurality of grooves of predetermined depth along said upper
7 surface extending from said front surface to said back
B surface, said sliders remaining connected along said lower
9 surface.
1 + 23. The method of claim 22, wherein a plurality of grooves
2 is formed along said lower surface, each groove being
3 substantially aligned with.a groove of said upper surface
4 and extending from said front to back surfaces, said sliders
5 remaining connected between pairs of said substantially
6 aligned grooves.
1 24. The method of claim 22, wherein said grooves are formed
2 : using a tapered grinding blade.

This Sheet Has Been Rerlaced '
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havi ng_di mensi ons on the Gr der of . W,”‘é“?%ﬁ%é’hétkfx' el ||

width X 0.425 mm t hi ckness. For sliders of smal

such as "pico-sliders” (e.g., 1.25 mmlength X 1.0 mMwi dth X
0.3 nm t hi ckrEss) Tmtm&uﬁf\ @FaimSEl, wherein eacRbr&ki ORc1:88snkl I ing
and ul trasoni c machining are nore sui t abl e.
SA2-94-042 front surface ha¥ing a plurality of magnetic heads deposited
3 thereon, a back surface, upper and lower surfaces extending
4 the length of said row, and first and second end surfaces,
5 and wherein said partial cuts are formed by cutting a
6 plurality of notches between said device elements of said
7 row from said front surface toward said back surface for a
8 predetermined distance, said device elements remaining
9 connected along said back surface.
1 26. The method of claim 21, wherein each row includes a
2 front surface having é plurality of devices deposited
3 ' thereon, a back surface, upper and lower surfaces extending
4 the length of said row, and first and second end surfaces,
S énd wherein said partial cuts are formed by:
6 cutting a first plurality of notches through said row
7 extending from said front surface toward said back surface;
8 cutting a second plurality of notches through said row
9 extending from said back surface toward a corresponding one
10 of said notches extending from said front surface, said
11 sliders remaining connected between respective pairs of said
12 front and back notches. . ' o
This Sheet Has Been Repl
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r

ol di ng devi ce, 111 pped ofer amermatnﬂulﬁlmfmmuu||||||ChalLa.e LR

cut into the opposite wafer surf

depth less than half that of the mafer thlckness 36 Each
channel is alignedrié theth&@rd £SPON Ng | whereln eaEﬁafgﬁllﬁelﬁggs a
deposited side of the wafer. The total depth each aligned
channel pair frorntessutfede thevingad pRifility of magneﬁthKQ§§§ dbpySited
| eavi ng connecting portions of substrate bet ween devi ce
columms. thereon, a back surface, upper and lower surfaces extending

4 the length of said row, and first and second end surfaces,

5 and wherein said partial cuts are formed by forming a

6 plurality of cuts in said upper surface extending from said

7 front surface to said back surface varying in depth from

8 said front to back surfacés, said sliders remaining

9 connected along a portion of said lower surface.

1 28. The method of claim 27, wherein the depth of each cut

2 gradually decreases for a predetermined distance from said

3 front surface, then gradually increases toward said back

4 surface.

This Sheet Has Been Repl
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THI ﬁEET HAS BEEN

10 2 The dual annels 41,42 | i@ pJace [ :
steps are shown in Fig. 4{b). Portions oflmwﬂmwumlﬂr | - Pg"fﬁcﬁgr
cace s+

units are shown, including the deposited surf of the

waf er, and the exposed air bearing surfaces 40 of the first
row. The row%4 & egefahddhigy Kidm Rl anents 3prmed accordingatd al i der
unit within a rowis further defined by the dual channel s 41, 42
f omed accor diH'2% WP HrESshtthehafBO P : The slider units

remain integral to the er 02% uncut . . _.connecting portions 45 of
substrate remai ni A Bet {4fe Predetermined, iyicliness v inhef imsekards

of ]At he connect icn ortai ons i s fazcoes' de osi(i__airnef ual Ia/lusregleicé edo‘;_t od Jfé/égeon
sufficient ré&§ OFalsE FHF P g Y
5 said first planar surface in a matrix of rows and columns,
6 forming a first plurality of channels of predeterﬁined
i depth on said first planar surface, each channel disposed
B adjacent to one of said columns of devices; and
9 slicing said rows of devices from said wafer, each row
10 _ including a plurality of device elements sepaféble from said
11 . row by applying a small breaking force at an adjacent
12 channel.
1 _ 30. The row of claim 29, wherein prior to row slicing a
2 second plurality of channels of predetermined dépth is
3 fqrmed on said second planar surface, each channel being
4 substantially aligned with a corresponding channel on said
5 first planar surface, and wherein the combined depths of
6 each substantially aligned channel pair is less than the
7 " thickness of said wafer.
1 31. The row of claim 29, wherein said devices compfise
2 magnetic transducers and wherein said device elements
3 comprise sliders. )
o . This Sheet Has Been Re
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must al so al |l ow easy det ashnent of sllder

. _ o o THlé VSHEET HAS BEEN |
breakage during slicing, W processing a ‘ REPthED
ll Il e —

the application of a small breaking force MA subsequent
damage to the sliders. For exanple, in t he _ SA9- 94- 042
i)etl\a/e-en 32. A row of thidbFiqd eQRridntd FE¥mdd WoolidY Ghhess 48 of
2 method comprising the steps of:
3 - on a wafer of predetermined thickness having first and
4 second planar surfaces, depositing a plurality of devices on
5 said first planar surface in a matrix of rows and columns;
6 slicing a row of said devices from said wafer;
7 forming partial cuts in said row between said devices,
8 whereby a plurality of device elements is defined, and
9 wherein each device element is separable from said row by
10 applying a small breaking force to an adjacent partial cut.
1 33. The method of claim 32, wherein said row includes a
2 front surface having a plurality of devices deposited
3 thereon, a back surface, upper and lower surfaces extending
4 "~ the length of said row, and first and second end surfaces,
5 ~ and wherein said partial cuts are formed by forming a
6 - plurality of_grooves of predetermined depth along said upper
7 surface extending from said front surface to said back
8 surface, said device elements remaining connected along said
9 lower surface. J e —
.This Sheet Has Been

RULTTTD
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) : . HEET HAS bl’:l:N
.300 nmand .600 nmis prgrerred : Prior to ro&ﬁgz%@@@kggb

29 Ts7ou avay to s " recess thepﬂmnaumnlumlmt::df Soent ai

beari ng surfaces 40. The recess had adepth* carefully sel ected
to mssure no 34. The metRBANgE tDadh'3BpakhBgethanapl8khsti ¢S ol gikbdves
conpl et ed slider. For exanple, in 50%slider fabrication, the
rec®ss is forme«deallsnappsaddi hoketrysubPOcam eRenogaboirs aehnqved by
10 grindi ng between each slider unit 46 in the direction of the
arrbw 38A ands38Bantialbnat alegyedthitheapgaboveyobesaid upper supérter ned

on individual rows after rowslicing (refer to the
4 and extending from said front to back surfaces, said device

5 eléments remaining connected between pairs of said

6 substantially aligned grooves.

1 35. The method of claim 33, wherein said grooves are formed
2 using a tapered grinding blade.

1 36. The method of claim 32, wherein each row includes a

2 front surface having a plurality of devices deposited

3 thereon, a back surface, upper and lower surfaces extendiﬁg
4 the length of said row, and first and second end surfaces,
5 and wherein said partial cuts are formed by cutting a

6 plurality of notches betweeﬁ said device elementé of said

7 row from said front surféce toward said back surface for a
8 predetermined distance, said device elements remaining

9 _ connected along said back surface.

Sheet Has Been Re laced
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dotted lines in Fig. 5(a)r : ' back to“ Fi 9. RERLDACED '
the rows of sliders are 5 nex”w"im jMF‘!ﬂe 33 o FeF -
31. A segnment of a row bar 'k A st 5(a). Each slider

unit 46 includes a deposit'ed surface 37 on which a data head 43
regides, an 37. The meRhodd@a 19 itU3HACE HEhe idNE LANNERS 1N NAdd ans 45
recessed fromthe ABS 40. I'ndividual row bars may be nounted to
a 220 feonk surfface hawi&gbae@qa&talrﬂw RIOGRSSIdE: ddpfs el €,

Fig. 5(b) shows the row bar of Fig. 5(a) after rail shaping. A
trB-rail conthgweahni,oa bick2sh?fageshapperOatel Nower surfaces HAGEARSIAY | S
conplete, the intact rows are ready for

4 the length of said row, and first and second end surfaces,
5 and wherein said partial cuts are formed by:
6 cutting a first plurality of notches through said row
7 : extending from said front surface toward said back surface;
8 cutting a second plurality of notches through said row
9 extending from said back surface toward a corresponding one
10 of said notches extending from said front surface, said
11 device elements remaining connected between respective pairs
12 of said front and back notches.
1 38. The method of claim 32, wherein each row includes a
2 front surface having a plurality of devices deposited
3 thereon, a back surface, upper and lower surfaces extending
4 the length of said row, and first and second end surfaces,
5 and wherein said partial cuts are formed by forming a
6 plurality of cuts in said upper surface varying in depth
7 from said front to back surfaces, said device elements
8 remaining connected along said lower surface.

This Sheet Has Been Reﬂlaced
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P Y s
assenbly, sliders are detached fromrow * * “spars by applying a =
smal | breaking force to the connective , portions 45 between the

conpl eted slider uphbSme@hbRebf claim 38, wherein the depth of each cut

2

3

gradually decreases for a predetermined distance from said
front surface, then gradually increases toward said back

surface.

40. The row of claim 32, wherein said devices comprise

magnetic transducers and wherein said device elements
. . . ’ /—

comprise sliders. -

Has Been Replaced
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manual |y, or with the ai dgof an appropriate dlspensegr
ngl e- ch

Si ngl e Channel In an alternative

aplurality of vertical channels are cut into the dep05|ted
side 37 of the prepared wafer 31 to a depth about 4/5 of the
waf er t hi ckness 36. (Refer awydedbt 4(a)). Rows are then sliced
10 fromthe slider to formrow bars such as those shown in Fig.

6. Rows prepared by this nethod include portions 62 al ong t he
base of the row bar connecting the slider units 46 as shown.

The connectors 62Aametpodpdeel nindedizdthgawdne fdaorage caused by handling

individual thin film elements. The method disclosed teaches
fofmation of rows of completed sliders defined by one of two
5 methods: wafer processing or row processing to form partial
cuts between device elements. The resulting partial cuts
preserve the row structure after fabrication, e.g., for
inspection and packing, but allow easy separation of the

completed sliders just prior to assembly.

Sheet Has Been Reilaced
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the transducer elenments 63 at the slider's "trailing edge"

1& THIS SHEET HASWE..BEEN
mnimze changes in air bearing characteristics. This

RERCED

etimnates a nunber of steps of the dual channel approach. On

t he other hand, overall yield nay be | ower because row

separation occurs at the thin connecting porti onsihg hﬂﬂH% ﬂﬂklmwd
1. Partial Cuts by Row Processing As an alte l

waf er processing, partial cuts can be fornmed byiro

For exanple, in Fig. 7(a), a row i s shown having a front

surface 72 on which a plurality

g QQ :
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SA9- 94- - 042 - 12 - - of tr ajjsthle SHEEE\HASREEN

71 have been deposited, a back surface 73, uppefl_and RERIACED
surfaces 74,75, and two end surfaces 76,77. _The TOW t0 DE
processed is placed on a work surface and heI d in place -
according to known nethods such as vacuum 5 i(Pheet Has Been

"Fig. 7(b) illustrates a row having partial cuts for rred j I"’,’”"” ”mfm
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according to a first nethod of the present invention. A !'”“SSHEETHASBEEN

plurality of channels 78 are cut into the row, e.g., by ___ REPLAGEPNg
an industry standard grinding blade into the device 10 S| dé _7Z of
the row between slider units 83. The _blade cuts _fromthe
device side 72 toward the back surfacé’73, but is - This Shesf & ed
cutting conpletely through the substrate, thus ; c1 i Bﬁ ﬁ t
severing the slider units_82=—Fi dnits 83 are

:

et ween the slider
Ace 73. The channel
suffici ent

il lustration purposes
substrate 79 remains
t hem al ong back sur
sel ected to providg

15 smal | portion of
units 83 to connect
|l ength 70 is carefully
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strength for preservation of the row structure during THIS SHEET HAS BEEN
subsequent handling, yet to provide easy slider detachnent {20 REPLAQEDNO

a-smal |l amount of breaking force. The channels 78 may e
parallel, as shown in Fig. 7(b). Alternatively, wedge- straped

or skewed cuts may be nore appropriate for rows of . This Sheet Has Been Replaced
non-rectangul ar thin-filmelenments. Mreover, the cuts nay

be formed by methods such as | aser ablation, ion- Blllllumumum

ul trasoni ¢ machi ning, and reactive ion etching.
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THIS SHEET HAS BEEN

Note that the resulting row of Fig. 7(b) is essentially ”

identical in structure to that of Fig. 6 obtained by wafer REPLACED .
processi ng according to the present invention. ' ———4Q§4¥444H}——————
nowto Fig. 8, a second row processing method 5 wil | r be

As in the preceding nethod, a row of slider units" MY h“ﬂ
of Fig. 7(a) is secured to a work surface. Next, a |

of V-shaped grooves 81 are formed in the upper surf

e.g., using an industry

yZ
J8A

PG 45



standard tapered grinding blade. The grooves 81 extend 10
horizontally from device surface 72 to back surface 73, and

have a predeterm ned depth so that a portion of substrate 82
remai ns to connect the slider units along the | ower surface

THIS SHEET HAS BEEN
| “REPLACED

As in preceding nethods, the depth of the groove is Tmsmwaaﬁgﬁaﬁh_lmmd
sel ected to bal ance strength and ease of slider

grooves 81 may be parallel, as shown, or - skevvedeMH gl'lﬁuﬂﬁ
other thin filmelenment shapes. : Fig. 9 sho

of the V-groove nethod. V-shaped grooves are fornmed in the row s
upper surface 74, e.g., by tapered grinding blade, -to define

i ndi vi dual slider
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20 units 83. The entire rowis then renoved fron1th% TBISKSHEET HAS BEEN i

surface, flipped, and renounted to expose the | ower surface REPLACEE
A'plurality of V-shaped grooves 92 are then forned in ) !
surface, each groove 92 aligned with a correspondi ng _——_——-FGEVE“QI“‘—*
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Anot her nethod for formng partial cuts is shown in ﬂ'ﬂﬂﬁﬁﬁEHMHN§BEEN-
plurality of channels 101 having a varied depth ' re foREBUACED

the row. For exanple, an industry standard grlndlng—ﬁFﬁﬁe—mrFﬁ==-—
adj ust abl e cutting hei ght begins cutting 5 into thﬂ fron t DUIldbe
72 of the row between slider units 83. As the blade, cu hwd
the device side 72 toward the back surface 73, -t
depth is gradually decreased, t'hen increased,'to B
connecting portion of substrate 102 between the u
the | ower surface 75. The 10 connecting portion 102 is shomn haV|ng
a bell -curve shape, al t hough ot her shapes are possible. Primary
consi derations
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affecting the shape will be manufacturability, the anount ﬂf“ﬂSSHEETHASBEEN
connecting strength required, ease of slider detachnment, afd REPLACED

i mpact of the substrate portion 102 on air bearing 15
characteristics after slider separation. The bell-curve: stape—
involves a relatively sinple cutting process and is This Sheet Has Been Repl
intentionally recessed a sufficient distance fromthe ABS t

virtually elimnate air bearing interference. The channel S n"m”l!lluul lf
need not be parallel as shown, but may be skewed to

different elenent types. Alternatives to grinding such as the

nmet hods suggest ed preV|oust may al so be used to formthe
channel s 101.
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Wil e the invention has been particularly described THISUSHEET HAS BEEN |
reference to several nethods in the fabrication of thin 25 REPUACED
sliders, it will be understood that other i mpl erren

general concept nmay be nade without departing fromthe sp4—r—|—t—aﬁd—§cvp€“‘f"
the clainmed invention. asBeenRTlaced
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METHOD FOR FORMING ROWS OF PARTIALLY SEPARATED

THIN FILM ELEMENTS

Field of the invention
The present invention relates generally to the
manufacture of thin film elements such as air bearing
sliders. The invention more specifically'relates to a
method for partially processing a row of elements sliced
from a wafer to minimize handling of the individual

elements.

Background of the Invention
Thin-film elements are typically’fabricated from a

wafer containiné matrix arrays of electrical or
electromagnetic devices applied to one of the wafer surfaces
by known depoéition methods. Such devices may, for example,
be magnetic transducers orl"heads" such- as those used in a
magnetic disk étorage device. A wafer deposited with rows
of magnetic heads must be further processed to form sliders.
A slider is a'stfucture for suppor£ing one or more magnetic

;heads in close proximity to a rotating storage disk, and is

- generally mounted to a suspension extending from an

actuator. A commonly used "air bearing" slider must have
certain aerodynamic features to "fly" the head over the disk

surface.
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Ve claim 1 1. A method for | syt ThARNOY B0
ow of thin film 2 el ements, conpri si nglihe_—steps—at=
on a wafer of predetern1ned t hi ckness havi ng fIrSt and
- 2 —

Air bearing sliders are typically formed by slicing.one
or more rows from the deposited wafer, e.g., by using a
conventional grinding blade, and processing the resulting
rows to shape the individual slider elements and their air
bearing surfaces. Such processing may involve, e.g., known
etching, milling, grinding and lapping methods. The
individual sliders are then "diced" from the rows,
inspected, packaged and transported to the assembly site for
attachment to suspensions.

Considerable handling of the individual elements during
inspection, packing, and unpacking is a concern because of
the potential for damage to the delicate thin film devices.
Further handling during assembly compounds the risk of ‘
damage and reduced yields. For example, thin film sliders
are often damaged as they are manually maneuvered iﬁto
position for suspension mounting. The concern becomes
greater with smaller, more fragile designs such as the
"pico-sliders". |

What is needed is a process for fabricating thin film
elements such as air bearing sliders that keeps a row intact
during inspection, packing and unpacking, yet allows easy
separation of individual elements at the assembly site. By
keeping rows of elements intact, damage to individual

elements is reduced and yield increases proportionally.



4 second pl anar surfaces, said first planar surface ﬁﬁhﬁ?ﬁbﬂENT§HEH

~a plerality ‘of devi ces dep05|ted thereon in a matrix of ro ) NGV _
col umes, 7 formng a first plurality of Pgr?mjénfw

predeternined depth on said first planar surface, each 9

channel adjacent to one of said colums of devices; and 10

slicing said rows of devices fromsaigq wafer, each 11 row

including a plurality of device elem separable 12 from

said row by applﬁ|ngm9egnaﬁlrbwe@kpngsng@emgthgds:have been develbopedent

channel . 1 2. The nethod of claim1, wherein prior to row

slicing, a to improve yield during the fabrication of thln film
elements, but none address the issue of handling damage
after fabrication, nor suggést keeping a row intact until
assembly. = For example, U.S. Pat. No. 5,095,613 describes a
‘method for processing rows of sliders wherein single or
double rows are anchored to a rigid reinforcing structure
for lapping. The sliders are separated from the rows after
processing to form individual elements. U.S. Pat. No.
4,226,018 similarly discusses processing of rows of sliders
during fabrication and prior to row separation. U.S. Pat.
No. 4,624,048 describes a fabrication process wherein a row
of head elements is sliced from a wafer, and separating
grooves are formed between the elements. The row is then:
fixed to a work surface having grooves corresponding to its
separating grooves to facilitate later slider separation.
The sliders are lapped and subsequently severed from one
another while still attached to the work piece.

None of the references described, however, addresses
the proble; of handling damage incurred after fabrication is
completed and prior to assembly. What is needed 1is a method
for fabricating thin-film elements that facilitates easy
separation of individual elements, yet preserves the row

structure during inspection, packing, and other post

fabrication handling to reduce handling damage.
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surface, and wherein the conbined depths of 6 each substantrtarty
~aligned channel pair is less than the4 L t hi ckness of said wafer.
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Summary of the Invention

Accordingly, a principal object of the present
invention is to provide a convenient method for fabricating
thin-film elements wherein completed elements form a row
structure. Such fabrication avoids excessive handling of
individual elements prior to assembly. It is a further
object_of the invention to facilitate easy separation of the
elements from the row at the assembly site.

A process is therefore provided for forming partial
cuts between the individual elements of a row sliced from a
preprocessed wafer. A wafer comprising a wafer substrate
such as Al,0,-TiC is deposited with a matrix of devices,
such as magnetic heads. During wafer processing, partial
cuts are formed between the device elements (e.g. sliders).
In a preferred embodiment, the paftial cuts are formed in
the wafer prior to row slicing, either by forﬁing channels
on a single face of the Qafer, or by forming dual channels
on opposite faces of the wafer.

Alternatively, the partial cuts may be formed aftér a
row has béen sliced from the wafer. According to a-first
row processing method, channels are cut into the device
(front) surface of a row between device elements, leaving
the row intact at the back surface. In a second method,
grooves are formed in an upper shfface of the row adjacent

to the device surface. In a third method, pairs of grooves
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by grlndlng 1 4. The nmethod of claim1l, wher sai ﬁhNB

are formed 2 by ion mlling. 1 5. Th ﬁﬁ?hoﬂ "of- cra1n1
1, wherein said channels are fornmed 2 by ul trasoni ¢ machi ni ng.

1 6. The nethod of claim 1, Swhereln said channels are forned 2

by | aser abl ation.
are formed in the upper and lower surfaces of a row between

device elements. Finally, channels which vary in depth from
front to back surface are formed in the upper surface of the
row according to a fourth row processing method.

Each of the methods-disclesed results in rows of
completed device elements separated by partial cuts. Thus
the structure of the row is preserved for post fabrication
handling, while facilitating easy element separation just
prior to assembly.

The foregoing and other features and advantages of the
present invention will be appareht from the preferred method

and embodiment illustrated in the accompanying drawing.

- Brief Description of the Drawing

F1g l(a) is a perspective view of a typical
preprocessed wafer on which a matrlx of magnetlc transducer
elements has been deposited;

Fig. 1(b) is an enlarged view of one of the slider
units of the wafer in Fig. 1l(a), including a magnetic
transducer-element;

Fig. 2 is a perspective view of a row of sliders sliced
from the wafer of Fig. 1(a); |

Figs. B(e)-(c), respectively, are perspective views of

a preprocessed wafer after element deposition; the same
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1 *.7..  The nmethod of claim1, wherein said channels

by reactjive ion etching. 1. 8. The net hod of cl Riggid, nEB5
sai d device el ements 2 further conprise sliders. |b—— " g
The nethod of claim8, wherein said each thin-film 2 sl i der

I ncl udes at | east one transducer el enent. 1 10. .The nethod of

claim9, wherein said transducer el€ménr
wafer after a 3-side trim; and the same wafer after row

scribing;-

Fig. 4(a) is a perspective view of the wafer of Fig.
'3(c) after channel cufting according to the wafer processing
method of the present invention;

Fig. 4(b) is an enlarged perspective end-view of the
wafer of Fig. 4(a);

Fig. 5(a) is a perspective view of a row of sliders
having partial cuts according to the wafer processing methqd
of the present invention;

Fig. 5(b) is a perspective view of the row of sliders
of Fig. 5(a) after rail shaping.

fig. 6 is a perspective view of a row of sliders ha&ing
partial ciits according to an alternative wafer processing
method of the present invention;

Fig. 7(a) is é perspective view of a row sliced from a
wafer prior to partial cutting according-to the row
processing methods of the present invention;

Fig. 7(b) is a perspective view of a row of sliders
having partial cuts according to a preferred row processing
method of the present invention;

Figs. 8, 9 and 10 are perspective views of a row of
sliders having partial cuts according to additional row

processing methods according to the present invention.
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- 18t 1 11. A nethod for formng parti al §mts '
of thln film 2 el enents, conprising the steps of: [ 3T 7 e

slicing a row of devices-froma wafer of predeterm ned

-7 -

——

Detailed Description of the Preferred Embodiment

The -present invention will now be described in detail
with reference to a preferred embodiment. Specific
reference will be made to the fabrication of thin-film
sliders. However, it shall be understood by those of
ordinary skill in'wafer fabrication that the pfesent
invention may also be applied to the fabrication of other
small-scale devices. Moreover, the invention is not limited
to presently known wafer fabrication techniques.

Fig. l(a) shows a wafer 11 of predetermined thickness
10 typically comprisiﬁg, e.g., a substrate of about 75%

Al,0, and 25% TiC. A matrix 12 of magnetic transducers has

" been formed on the wafer's surface by conventional methods

such as chemical vapor deposition or sputtering. The wafer
11 is scribed by known grinding techniques to define
multiple rows 13 of slider units 14. Each of these slider
units 14 will become an independent'thin—film slider at the
completion of slider fabrication.

Fig. 1(b) is an enlarggd view of one of the slider
units 14 formed on the wafer 11 of Fig. 1(a). It includes a
single, centrally oriented transducer element 16 according
to a center-rail slider design. Single and double
transducer side-rail designs may also be accommodated

according to the methods of the present invention. The air
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surfeces and a plurality of devices deposited on said first| 6 14 NOV 1335

planar surface in a matrix of rows and colums; and 7 Date -........ o)t aTo NS
partial cuts in said row between said devices 8 . to define a '
plurality of device elenments, wherein .8ea_ch 9 device elenent is
separable fromsaid row by appl ying a=10 smal | breaking force to

an adj acent At Al dillirace 75 of the sPided Vs [BAHOULA! dGLanG) 2oy uherein
y

Zai drowin . front surtace having a plurali of devices
eposited  Jyjcing add'§LULri N3 SHHIANE talPPRE @Rdnsaueersuslaces

ext endi ng

Fig. 2(a) shows a row 21 of slider units sliced from
the wafer according to known methods. The air bearing
surface 23 of each slider unit is immediately adjacent to
the transducer element 27, and extends from the trailing
edge 18 to the leading edge 19 for a length 28. The length
28 of each slider 22 is determined by the width 10 of the
wafer 11. According to conventional etching and milling
techniques, rows of sliders are processed to shape the rails
of the air bearing surfaces 23. For example, a tri-rail
configuration is shown in Fig. 2(b)._ It includes three
rails 23,24,25 defined on the ABS 23; A number of methods
for shaping the air bearing surfaces 23 on a row 21 of
sliders are presently known and are not rélevant to the
present invention. As such, they will not be discussed in
further detail. |

Ordinarily, a row of sliders is diced to form
individﬁal sliders once row processing is completed.
Accordin§ to the present invention, partial cuts are formed
between the slider units to define, but not separatg, the
individual sliders. The row is therefore kept intact for
subsequent inspection, packaging and shipping. Partial cuts

may be formed before or after row slicing by the processes

described below.
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4 | +the length of said row, and first and second end syrfaces
and V\/nerel n said partial cuts are forned by formng a 6 Datep.ljJ. Wyl%

of grooves of predeterm ned depth al ong said upper -7

extending fromsaid front surface to said back 8 surface, said
devi ce el enents renmai ni ng connect ed_abou_g said 9 | ower surface.

Figs. 3(a)-(c) show a sequence of steps for preparing a
preprocessed wafer 31 for row slicing.. After element
deposition, the wafer is mounted to some type of holding
device. ‘It is trimmed to form a pair of vertical edges
32,34 and a horizontal edge 33 as shown in Fig. 3(b). The
wafer is then scribed, as shown in Fig. 3(c), to form a
plurality of horizontal lines 35 between rows of transducer

elements (not shown).

I. Partial Cutting by Wafer Processing

A. Dual Channels

According to the preferred "dual channel” method of the
present invention, a plurality of vert1ca1 channels 41 are
now cut into the deposited surface of the prepared wafer, as
shown in Fig. 4(a). Preferably, the channels 41 have a
depth less than half that of the wafer thickness 36; e.g.,
between 1/a and 1/b of thickness 36. Conventional grinding
may be used in the fabrication of "nano-sliders'" such as
those used today in a typical 3 122" Winchester disk drive,
having dinfensions on the order of e.g., 2.0 mm length X 1.6
mm width X 0.425 mm thickness. For sliders of smaller
dimensions such .as "pico-sliders" (e.qg., 1.25 mm lengfh X
1.0 mm width X 0.3 mm thickness), methods such as laser
ablation, ion milling and ultrasonic maéhining are more

suitable.
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claim12; wherein a pIurallty of grooves 2 Is for

| ower surface each groove 3 substantially aligned Goove
of said upper surface 4 and extending fromsaid front to back
zgrggfgs, said device 5 el enk@ts remai ni ng connect ed between pairs

After the channels are formed, the wafer is removed
from the -holding device, flipped over, and remounted.
Channels are then cut into the oppdsite wafer surface, again
preferably to a depth less than half that of'the'wafer
thickness 36. Each channel is aligned with a corresponding
channel on the deposited side of the wafer. The total depth
of each aligned channel-pair is less than the total wafer
thickness; thus leaving connecting portions of substrate
between device columns.

The dual channels 41,42 resulting from the preceding
steps are shown in Fig. 4(b). Portions of two rows 44 of
slider units are shown, including the deposited surface 37
of the wafer, and the exposed air bearing surfaces 40 of_the
first row. The rows 44 are defined by.scribe lines 35.

Each slider unit within a row is further defined by the dual
channels 41,42 formed according to the present invention.
The slider units remain integral to the wafer by uncut
connecting portions 45 of substrate remaining between the
channels 41,42. The thickness of the connecting portions is
carefully~selected to provide sufficient resistance against
breakage during slicing, row processing and handling. Ye; o
it must also allow easy detachment of sliders from the row
with the application of a small breaking force without

subsequent damage to the sliders. For example, in the
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6 . substantially aligned grooves. 1 ' 14. he netﬁyﬁqasﬂEET
clai 12, wherein said grooves are formed 2 usi ng

gri ndi ng bl ade. 1 15. The nethod of claim 11, ’
includes a 2 front surface having a plurality of devices deposited
3 thereon, a back surface, -ugpger- and | ower surfaces extending 4

the length of said row, and first and=second end surfaces, 5 and

wher ei n saighyiacdlord WS AR UITREDY £UHIOndss a8 of verdbyhal ity of

not ches between sai d device el enents of sal
' .300 nm and. .600 nm is preferred. .

Prior to row separation, an area of each connecting
‘portion 45 indicated by dotted lines 49 is cut away to
recess the connector 45 from adjacent air bearing surfaces
40. The recess has a depth carefully selected to assure no
change in air bearing characteristics of the completed
slider. For example, in 50% slider fabrication, the recess
exceeds approximately .020 nm. Removal is achieved by
grinding between each slider unit 46 in ;he direction of the
arrow 38A and 38B. Alternatively, the removal may be
performed on individual rows after row slicing (refer to_the
dotted lines in Fig. 5(a)).

Referring back to Fig. 4(a), the rows of sliders are

‘next sliced from edge 33 of the wafer 31. A segment of a
row bar is shqwn in Fig. 5(a). Each slider unit 46 includes
a deposited surface 37 on which a data head 43 resides, an
air bearing surface 40, and connecting portions 45 recessed
from the ABS 40. Individual row bars may be mounted to a
work surfale for subsequent row processing. For example,
.Fig. 5(b) shows the row bar of Fig. 5(a) after rail shaping.
A tri-rail configuration 51,52,53 is shown. Once row
processing is complete, the intact rows are ready for

inspection, packing, and shipment to the assembly site.
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Just prior to assembly, sliders are detached from row
bars by applying a small breaking force to the connective
portions 45 between the completed slider units, either

manually, or with the aid of an appropriate dispenser.

B. Single Channel
In an alternative, "single-channel" method, a plurality

of vertical channels are cut into the deposited side 37 of
the'prepared wafer 31 to a depth about 4/5 of the wafer
thickness 36. (Refer to Fig. 4(a)). Rows are then sliced
from the slider to form row bars such as those shown in Fig.
6. Rows prepared by this method include portions 62 along
the'base of the row bar connecting the slider units 46 as~
shown. The connectors 62 are purposely located away from
the transducer elements 63 at the slider's "trailing edge”
to minimize changes in air bearing characteristics. This
method eliminates a number of steps of the dual channel

- approach. On the other hand, overall yield may be lower
because row separation occurs at the thin connecting

portions 62.

IX. Partial Cuts by Row Processing

As an alternative to wafer processing, partial cuts can
be formed by row processing. For example, in Fig. 7(a), a

row is shown having a front surface 72 on which a plurality
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fromnt: surface having a plurality of devices deposited 3 t
back surface, upper and | ower surfaces extending 4 t%%erwnurh"ormfm-

said row, and first and second end surfaces, 5 and wherein sard
partial cuts are forned by: 6 - 13 - cutting a first plurality of
not ches through said row 7 extending fromsaid front surface

t oward sai dofadkransduges; deyices 71 have hagfn |dgpaeskiedndd pracil seyfare

not ches through said row
_ 3, upper and lower surfaces 74,75, and two end surfaces

76,77. The row to be processed is placed on a work surface
and held in place according to known methods such as vacuum
suction.

Fig. 7(b) illustrates a row having partial cuts formed
according to a first method of the present invention. A
plurality of channels 78 are cut into the row, e.g., by
running an industry standard grinding blade into the device
side 72 of the row between slider units 83. The blade cuts
from the device side 72 toward the back surface 73, but is
halted before cutting completely through the substrate, thus
defining but not severing the slider units 83. Five units
83 are shown for illustration purposes only. A relatively
small portion of substrate 79 remains between the slider
units B3 to connect them along back surface 73. The channel
length 70 is carefully selected to provide sufficient
strength for preservation of the row structure during
subsequent handling, yet to provide easy slider detachment
with a small amount of breaking force. The channels 78 may
be parallel, as shown in Fig. 7(b). Alternatively, wedge-
shaped or skewed cuts may be more appropriate for rows of
non-rectangular thin-film elements. Moreover, the cuts may
also be formed by methods. such as laser ablation, ion

milling, ultrasonic machining, and reactive ion etching.
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of said hotches extending fromsaid front surface, said 11| _ eNOV1995
el ement s’ renmai ni ng connected between respective pairs 12 Dam:"5¥msardm"m"

front and back notches. 1 lﬂﬁ The method of claimII, wherein
each row includes a 2 front~stitface having a plurality of devices
deposited 3 t hereon, a back surface, upper and | ower surfaces
extendi ng 4iote that tthe |mesytltiofg swwl aHVEignd’ (P ) sis aaeiSeBESA4L¥Nd
surfaces, 5 and wherein said partial cuts are formed by formng a

6 plidreaitiiioa lofirc struatugs dUpPEt SUf (k- ekt @B HBSRr Bih ¥af g™
.processing according to the present invention.

Referring now to Fig. 8, a second row processing method
will be described. As in the preceding method, a row of
slider units such as that of Fig. 7(a) is secured to a work
surface. Next, a plurality of V-shaped grooves Bl are
formed in the upper surface 74, e.g., using an industry
standafd tapered grinding blade. The grooves 81 extend
horizontally from device surface 72 to back surface 73, and
have a predetermined depth so that a portion of substrate 82
remains to connect the slider units along the lower surface
75. As in preceding methods, the depth of the groove is
carefully selected to balance strength and ease of slider
removal. The grooves 81 may be parallel, as shown, or
skewed to accommodate other thin film element shapes.

Fig. 9 shows a variation of the V-groove method.
V—shéped grooves are formed in the row's upper surface 74,
e.g., by tapered grinding blade, to define individual slider
units 83.~ The entire row is then removed from the work |
surface, flipped, and remounted to expose the léwer surface
75. A plurality of V-shaped grooves 92 are then formed in
that surface, each grodve 92 aligned with a correspondingi

groove 81 formed in the upper surface 74, as shown.
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Another method for forming partial cuts is shown in
-Fig. 10. -A plurality of channels 101 having a varied depth
are formed in the row. For example, an industry standard
grinding blade with adjustable cutting height begins cutting
into the front surface 72 of thé row between slider units
83. As the blade cuts from the device side 72 toward the
back surface 73, the cutting depth is gradually decreased,
"then increased, to leave a connecting portion of substrate
102 between the units 83 along the lower surface 75. The
connecting portion 102 is shown having a bell-curve shape,
althéugh other shapes are possible. Primary consideratidns.
affecting the shape will be manufacturabilitj, the amount of
connecting strength required, ease of slider detachment, and
impact qf the substrate portion 102 on air bearing
chara;teristics after slider separation. The bell-curve
shape involves a relatively simple cutting process and is
iﬁtentionally récessed a sufficient distance from the ABS to
virtually eliminate air bearing interference. The channels
101 need not be parallel as shown, but may be skewed to
adapt to different element types. Alternatives to grinding
such as the methods suggested previously may also be used to
form the channels 101.
While the invention has been particularly described
with reference to several methods in the fabrication of thin

film sliders, it will be understood that other
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1 *.18. The method of claim 17, wherein the depth of
gradual |y decreases for a predeternined distance from said
surface, then gradually increases toward said back 4

19. . A nethod for fabricating thin filmmgnetic heads, 2

Date :...j

conprising the steps of: 3 on a wafer of predeterm ned

t hi ckness having first and 4 second pl anar surfaces, depositing a
plurality of magnetic 5 heads1gn-sai d first planar surface in a
matrix of rows and 6 colums; —

implementations of the general concept may be made without
departing- from the spirit and scope of the claimed

invention.
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7 R formng a first plurality of channels of predgterm
deptt on said first planar surface, each channel adjacent tof £.. 1 4' NOVri835
of said columms of magnetic heads; and 10 sli =TI B 011,
of magnetic heads fromsaid wafer, _1 _ each row i ncluding a

plurality of sliders separable from . said rowb

smal | breaking force at an adj acent JC°1 . channel . leﬁiiinillﬁila
_ " Muins AN

We claim:

1. A method for forminglpartial cuts in a row of thin film
elements, comprising the steps of: |
on a wafer of predetermined thickness having first and
seéond planar surfaces, said first planar surface including
a plurality of devices deposited thereon in a matrix of rows
and columns,
forming a first plurality of channels of
predetermined depth on said first planar surface, each
channel adjacent té one of said columns of devices; and
slicing said rows of Qevices from said wafer, each
row including a plurality of device elements separable
from said row by applying a small bréaking force at an

adjacent channel.

2. The method of claim 1, wherein prior to row slicing, a
'second plurality of channels of predetermined depth is
formed on said second planar surface, each channel
substantially aligned with a corresponding channel on said
first planar surface, and wherein the combined depths of
each substantially aligned channel pair is less than the

thickness of said wafer.
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" channel s of predeternined depth is

..]'.-§_.
3. The method of claim 1, wherein said channels are formed
by gfinding.
4. The method of_claim 1, wherein said channels are formed
by ion milling.
5. The method of claim 1, wherein said channels are formed
by ultrasonic machining.
6. . The method of claim 1, wherein said channels are formed

by laser ablation.

7. The method of claim 1, wherein said channels are formed

by reactiwve ion etching.

8. The method of claim 1, wherein said device eléments

further comprise sliders.

9. The method of claim 8, wherein said each thin-film

slider includes at least one transducer element.

10. The method of claim 9, wherein said transducer element

comprises a magnetic recording head.
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substantially aligned with a correspondi xgi an“mnﬁlﬁ@ﬂgd b 14 NQ“’&SS
pl anar surface, and wherein the conbi ned Gepeh of eacn =t DALS ueterrrnerrannss eeeeenans
substantially aligned channel pair is less than the 7 t hi ckness of

sai d wafer. 1 21. A nethodigar fabricating thin filmmagnetic
heads, 2 conprising the steps of: 3 . on_a waf er , of

pr edet er ni ndd -t hAcRREFQEFTJ OTTHAT RAFLipl cuts l%e?:oﬁ‘&f"p‘?ﬁnﬁ?lguﬂg‘ﬁes,
depositing a_plurality of ma neti.% 5 heads on said first planar
surface in §1BBERLS oCORPRISING the steps of:

slicing a row of devices from a wafer of predetermined
thickness, said wafer including first and second planar
surfaces and a plurality of devices deposited on said first
‘planar surface in a matrix of rows and columns; and

forming partial cuts in said row between said devices
to define a plurality of device elements, wherein each
devicg element is separable from said row by applying a

small breaking force to an adjacent partial cut.

12. The method of claim 11, wherein said row includes a
front surface having a plurality of devices deposited
thereon, a back surface, upper and lower surfaces extending
the length of said row, and first and second end surfaces,
and wherein said partial cuts are formed by forming a
plurality of grooves of predetermined depth along said upper
surface extending from said front surface to said back
surface, said device elements remaining connected along said

lower surface.
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to define a pluralitly 5f §1'i'ter’s, “wher eillnP¥8chstider:

separable fromsaid rOM/Qyzapglylng a snall breaking force 11

to an adjacent partial cut.

13. The method of claim 12, wherein a plurality of grooves
is formed along said lower surface, each groove
substantially aligned with a groove of said upper surface
and extending from said ffont to back surfaces, said device
elements remaining connected between pairs of said

substantially aligned grooves.

14. The method of claim 12, wherein said grooves are formed

using a tapered grinding blade.

15. The method of claim 11, wherein each row includes a
front surface having a plurality of devices deposited
thereon, a back surface, upper and lower surfaces extending
the length of said row, and first and second end surfaces,
and wherein said partial cuts are formed by cutting a
plurality of notches between said device elements of said
row from said front surface toward said back surface for a
predetermined distance, said device elements'remaining

connected along said back surface.
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pl Ural [ ty of I’Tagnet i ¢ heads depOSI t ed Reraon.  allioe et o

upper and | ower surfaces extendin
first and second end surfaces, ng 4 the length of said row, and

16. The method of claim 11, wherein each row includes a
front suxrface having a plurality of devices deposited
thereon, a back surface, upper and lower surfaces extending
"the léngth of said row, and first and second end surfaces,
and wherein said partial cuts are formed by:

cutting a first pluraiity of notéhes through said row
extending from said front surface toward said back surface;

cutting a second plurality of notches through said row
extending from said back surface toward a corresponding one
of said notches extending from said front surface, said
device elements remaining connected between respective pairs
of said front and back notches.
17. The method of claim 11, wherein each row includes a
front surface having a plurality of devices deposited
thereon, é back surface, upper and lower surfaces extending
the length of said row, and first and second end surfaces,
and wherein said partial cuts are formed by forming a
plurality of cuts in said upper surface extending from said
front surface to said back surface varying in depth from
said froﬁt to back surfaces, said device elements remaining

connected along said lower surface.
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surface’ extending fromsaid front surface*td s&id"batk *8 - S Face,
sai d sliders remaining connected along said |ower 9 surface. 1
23. The nethod of claim 22, whereifA 22p+urality of grooves 2 S

formed al ong said | ower surface, each groove bein 3 su '

. ) J st ant
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said front to back surfaces, said sliders 5 remaini connect ed
bet ween paigradsfaldat denpsasas i 07 \2 predetermined distance ?%om said

front surface, then gradually increases toward said back

surface.

19. A method for fabricating thin film magnetic heads,
comprising the steps of:
| on a wafer of predetermined thickness having first and
seconq planar surfaces, depositing a plurality'of magnetic
heads on said first planar surface in a matrix of rows and
columns;

forming a first plurality of channels of predetermined'
depth on said first planar surface, each channel adjacenf to
one of said columns of magnetic heads; and

slicing said rows of magnetic heads from said wafer,
each row including a plurality of sliders separable from
said row by applying a small breakiné force at an adjacent

channel.



6

EPLAGEMENTSHEET

mhérel n )s'aﬁljl gpggvggog\r/gsformd 2 llllllﬁmlulummﬂmugrgg é}a?él‘m Z NﬂMdBSS

----------------------

...2-3-_
20. The method of claim 19, wherein prior to row slicing a
secohd plurality of channels of predetermined depth is
formed on said second planar surface; each channel
substantially aligned with a corresponding channel on said
first planar surface, and wherein the combined depth of each
substantially aligned channel pair is less than the

thickness of said wafer.

21. A method for fabricating thin film magnetic heads,
comprising the steps of:

on a wafer of predetermined thickness having first and
second planar surfaces, depositing a plurality of magnetic
heads on said first planar surface in a matrix of rows aﬁd
columns; ~

slicing a row of magnetic heads from said wafer;

forming partial cuts in said row between said devices
to define a plurality of sliders, whefein each slider is
separable'from said row by applying a small breaking force

to an adjacent partial cut.



e o AL e |

cl ai-‘m 21, wherein each row includes a ur flagg:d :
plurality of magnetic heads deposited 3 t her eon, VA TR S0y N——
upper and | ower surfaces extending 4 24 - the length of said row, and
first and second end surfaces, 5 — and wherein said partial cuts. are
formed by cutting a 6 plurality of notches between said device

el enments of 23ji-d The method of claim 21, wherein said row includes a
front surface having a plurality of magnetic heads deposited
thereon, a back surface, upper and lower surfaces extending
the léngth of said row, and first and second_end surfaces,
and wherein said partial cuts are formed by forming a
plurality of grooves of predetermined depth along said upper
surface extending from said front surface to said back

surface, said sliders remaining connected along said lower

surface.

23. The method of claim 22, wherein a plurality of grooves
is formed along said lower surface, each groove being
substantially aligned with a groove of said upper surfacé
and extending from said front to back surfaces, said sliders
remaining connected between pairs of said substantially

aligned grooves.

24. The method of claim 22, wherein said grooves are formed
using a tapered grinding blade.
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7 ! rowfromsaid front surface 1“‘“ |I I Ilsur
predet erm ned di stance, said device el 9
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anEg sai d back surface. 1 The net hod of cl

each row includes a 2 ‘front surface having a ' : '
row plurality of devices
deposited 3 t hereon, a back Zurface, upper and | ower )s(urfaces
extending 4 the | ength of said row and first and second end
surfaces, 25. The mewhoghe e¢h38@ialpaVFPﬁﬁlﬁuﬁécgr§°Vbﬁﬁ§§ubff %B

cutting a first plurality of notches through ' i
from said ffnmmts%¢r§%@etbﬂhiﬂgsaiHlﬁﬁéki§%rPigbggagWic7heads degdt i "9

thereon, a back surface, upper and lower surfaces extending
the length of said row, and first and second end surfaces,
and wherein said partial cuts are formed by cuttihg a
plurality of notches between said device elements of said
row from said front surface toward said back surface for a
predetefmined distance, said device elements remaining

connected along said back surface.

26. The method of claim 21, wherein each row includes a
front surface having a plurality of devices deposited
thereon, a back surface, upper and lower surfaces extending
the length of said row, and first and second end surfaces,
and wherein said partial cuts are formed by:
| cutting a first plurality of notches through said row
extending from said front surface toward said back surface;
cutting a second plurality of notches through said row
extending from said back surface toward a corresponding one
of said natches extending from said front surface, said
sliders remaining connected between respective pairs of said

front and back notches.
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ext endi ng from sai d back surface towar on D&t@ 4 NﬂV&895
sai d notches extending from said front surface, said 11 “Shidersis -

remai ni ng connected between respective pairs of said 12 front-and
back notches. SA97926072 - 25

27. The method of claim 21,-wherein each row includes a
front surface having a plurality of magnetic heads deposited
thereon, a back surface, upper and lower surfaces extending
" the lengfh of séid ro&, and first and second end surfaces,
and wherein said partial cuts are formed by forming a
plurality of cuts in said upper surface extending from said
front surface to said back surface varying in depth from
said front to back'surfaces,_said sliders remaining

connected along a portion of said lower surface.

28. The method of claim 27, wherein the depth of each cut
gradually decreases for a predetermined distance from said

front surface, then gradually increases toward said back

surface.
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t hereon,” a back surface, upper and | ower <urtacks ext'ending

| ength of said row, and first and second end surfaces, 5 and
wherein said partial cuts are forned Iy ~ormng a 6 plurality of
cuts in said upper surface extending fromsaid 7 front surface to
sai d back s29fack wewybfigthindbbin ekemenps formed agegrAing: Y, Hack

surfaces, said sliders remaining 9 connected along a portion of
sai d |.ower metliiodecomprising the steps of:

on a wafer of predetermined thickﬁess having first and
second planar surfaces, depositing a plurality of devices on
said first planar surface in a matrix of rows and columns,

forming a first plurality of channels of predetermined
depth on said first planar surface, each channel disposed
adjacent to one of said columns of devices; and

slicing said rows of devices from said wafer, each row
inclﬁding a plurality of device elements éeparable from said

row by applying a small breaking force at an adjacent

channel.

30. The row of claim 29, wherein prior to row slicing a
second plurality of channels of predetermined depth is
formed on said second planar surface, eaqh channel being
substantially aligned with a corresponding channel on said
first planar surface, and wherein the combined depths of
each substantially aligned channel pair is less than the

thickness-of said wafer.

31. The row of claim 29, wherein said devices comprise
magnetic transducers and wherein said device elements

comprise sliders.
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32. A row of thin film elements formed according to a
methéd comprising the steps of:

on a wafer of predetermined thickness having first and
second planar surfaces, depositing a plurality of devices on
said first planar surface in a matrix of rows and columns;

slicing-a row of said devices from said wafer;

forming partial cuts in said row between said devices,
whereby a plurality of device elements is defined, and
wherein each device element is separable from said row by

applying a small breaking force to an adjacent partial cut.

33. The method of claim 32, wherein said row includes a
front surface having a plurality of devices deposited
thereon, a back surface, upper and lo&er surfaces extending
the length of said row, and first and second end surfaces,
and wherein said partial cuts are formed by forming a
plurality of grooves of predetermined depth along said upper
surface extendiné from said front surface to said back
surface, said device elements remaining connected along said

lower surface.
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34. The method of claim 33, wherein a plurality of grooves
is formed along said lower surface, each groove being
substantially aligned with a groove of said upper surface
and extending from said front to back surfaces, said device
elements remaining connected between pairs of said

substantially aligned grooves.

35. The method of claim 33, wherein said grooves are formed

using a tapered grinding blade.

36. The method of claim 32, wherein each row includes a
front surface having a plurality of devices deposited
thereon, a back surface, upper and lower surfaces extending
the length of said row, and first and second end surfaces,
and wherein said éartial cuts are formed by cutting a
plurality of notches between said device elements of said
row from said front surface toward said back surface for a
predetermined distance, said device elements remaining

connected along said back surface.
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plurality of devices on 5 said first planar surface in a matrix of
rows and colums, . 6 g'¢ a first plurality of channels of
predeterm ned 7 depth on salgiflrst pl anar surface, each channel

di sposed 8
e 7,  The, ASkRBANGLE @180% G SaiHeinEscwirslevi d
slicing sai 4t owd "of ?}I ces ffrom sa?d waf er, each rrgvidiﬁo ebidesda 9
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thereon, a back surface, upper and lower surfaces extending
the length of said row, and first and second end surfaces,
and wherein said partial cuts are formed by:

_cutting a first plurality of notches through said row
extending'from said front surface toward said back surface;

cutting a second plurality of notches through said row

extending from said back surface toward a corresponding one
of said notches ektending frém said front surface, said

device elements remaining connected between respective pairs

of said front and back notches.

38. The method of claim 32, wherein each row includes a
front surface having a plurality of devices deposited
thereon, a back surface, upper and lower surfaces extending
the length of said row, and first and'second eﬁd surfaces,
and wherein said partial cuts are formed by forming a
plurality of cuts in said upper surface varyiﬂg in depth
from said “front to back surfaces, said device elements

remaining connected along said lower surface.
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being 4 substantially -aligned with a correspondlng channél on sard
5 first planar surface, and wherein the conbined depths of 6
each substantially aligned channel pa|31|s | ess than the 7

tsg: gkgg\s}.scgfs gzglmq)ll;l'\/@fn%thod df claim 3&1 whaPEihOVhE! debhMo29 eawheiceith
gradually decreases for a predetermined distance from said

front surface, then gradually increases toward said back

" surface.

40. The row of claim 32, wherein said devices comprise

magnetic transducers and wherein said device elements

comprise sliders.
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METHOD FOR FORMING ROWS OF PARTIALLY SEPARATED THIN
FIIM ELEMENTS

ABSTRACT
A method for minimizing the damage éaused by handling

individual thin film elements. The method disclosed teaches
formation of rows of completed sliders defined by one of two
methods: wafer processing or row processing to form partial
cuts between device elements. The resulting partial cuts
preserve the row structure after fabrication, e.g., for
inspection and packing, but allow easy separation of the

completed sliders just prior to assembly.



