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Thin film magnetic heads have been in use for
many yesrs, and these heads are conventionally
formed on 3 substrate in a series of rows each
having a plurality of heads. Once the heads ere
fabricated, the substrate is cut to form a row of
heads in a side-by-side orientation. While still in a

" .. -fow format, the thin film magnetic heads are lapped

to a predetermined throat height dimensgion which
is very critical to head performance. Once the
desired lapped throat height dimension is achieved,
this should not be affected by subsequent process-
ing of the head.

One of the subsequent steps in the processing
of the .heads is the production of a pattem of rails
on the lapped surface to form an gir bearing sur-
face (ABS). The desired pattern of rails on the ABS
has gotten progressively more complex in shape
so that 2 dry processing technique such as an
etching progress is generally used. Protection of
the thin film magnetic head during the etching
process requires a protective coating which is gen-
erally thick and which is removed giter complstion
of the etching process.

The row of magnetic heads is then separated
into individual magnetic head sliders. and, in opera-
tion, the slider “fiies™ with the ABS and the at-

_ tached thin film magnetic head a small uniform
spacing, usually less than 250 nm (ten microin-
ches), from the magnetic- recording medium. In the
normal operation of 8 magnetic disk recording sys-
tem, the head somefimes comes into inadvertent
contact with the magneti¢ recording medium.

in the prior art various protective layers were
deposited on the magnetic head slider to protect
the ABS from mechanical wear caused by contact
bstween the head and magnetic recording medium
during flying.

For example, U.S. pawni Re 32,464 discloses
a magnetic recording system in which a rigid mag-
netic recording disk has a protective layer of car-
bon to protect it from wear. The magnetic trans-
ducer is coated with carbon, preferably in the form
of graphite, to provide a low friction wear resistant
contacting surface with the recording medium. The
thickness of the caating is belween 50 and 250 nm
{2 and 10 microinches).

IBM TD8, December, 1982, p. 3173 describes
a magnetic head slider having a protective layer of
silicon carbide or diamond-itke carbon. The thick-
ness of the protective layer is within the range of
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" having 2 lubricating effort on the su_rface of the
head which faces the magnetic recording medium.
A fist of suitable materials is given which includes
carbon, and the thickness of the film is within the
range of 20 fo 80 nm (200 to 800 angstroms).

US. patent 4,130,847 describes a magnetic
head slider having & protective coating over at least
the magnetic head. The coating is produced in a
recess within the slider body to a thickness as
emall as 250 nm {10 microinches).

German patent application DE 3,714,787, pub-
lished Novomber 24, 1988, describes a storage
system in which the magnetic disk surfacs is coat-
ad with friction raducing carbon and the rails of the
magnetic head slider are coated with & friction
reducing lubricant comprising carbon. The thick-
ness of the carban i 1 to 100 nm (10 to 1000
angstroms).

Patent application serlal number
PCTAIS88/00438, published August 25, 1986, dis-
closes a magnetic head siider in which a magnstic
head s built within one of the side rails. A wear
layer is provided over the slider which comprisss a
§ nm (S0 angstroms) thick chromium layer and 2
20 nm {200 angstroms) thick carbon layer. Either of
the two componerts of the wear layer can be
ornitled.

None of the references disclose a protective
layer for a magnefic head slider which is effective
to protect a thin film magnetic head not only during
the fabrication process but also in the normal op-
eration of the magnetic head slider in a magneti¢
disk storage system but 2iso during the fabrlcauon
process.

Disclosure of the invention

Accordingly, the invelion provides a magnestic
head slider having an air bearing surface with &
patterned ares thereon, said patterned area having
a protective coating, said glider being characterised
in that said coating comprises an adhesion layer
less than 50 nm in thickness and a layer of amor-
phous hydrogenated carbon,

The thin protective cosling on a magnetic head
slider protects the magnetic hsad not only in the
normal operation of the magnstic head slider in a
magnetic recording system hut also during the
tabrication process. Typically, the magnetic head
slider is provided with at lesst two rails on its air
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---ing system, said slider having an air bearing sur- ~

The invention also pmwdas & methad for mak-
ing a magnetic head slider for a magnetic record-

face, said method comprising the steps of: deposit-
ing a protactive coating on said air bearing surface
of said slider, said protective coating comprising an
adhesion layer less than 50 nm in thickness and 2

head slider with a two-layer protective coating;
Fig. § 1s a plan view of the trailing end of one
embodiment of 2 magnetic head slider having a
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. mately 5 nm thick.

process for making a magnetic head slider with
a three-layer protective coating;
. Fig..8 is a plan view analogous to Fig 5 of the
trailing end of one embodiment of a magnetic
" 'head slider having a three-laysr protective coat-
ing.
Fig. 10 is a plan view analogous to Fig 6 of the
trailing end of another embodiment of a mag-
netic head slider having a three-layer protective

layer of amorphous hydrogenated carbon; forming 20 coating.
a pattern of &t least one rail on said air bearing
surtace by removing material from said air bearing Detailed Description
surfaco t0 2 chosen depth in areas of said air
bearing surtace other than said rail(s); and retaining . The present invention rolates to a magnetic
said protective coating on said rafl(s). 25 recording system which includes a magnetic head
The air bearing surface is formed to provide a slider. The slider supports a thin film magnetic
chosen magnetic head dimension. The protective teadMwrits head. and the head is formed by depos-
coaling is retained on the rails so that during nor- iting layers of magnefic material, electrically ¢con-
. mal operation of the magnetic head slider in a ductive material, and electrically insulating material
magnetic recording system, the magneftic head 320 fo form the well known pole pieces and magnetic
slider is protected from wear and comrosion dam- gap necessary for the transducing function with a
age. A preferred method of forming the pattem of magnetic costing on a magnetic recording medium.
rails comprises an etching process, such as reacs During fabrication, & plurality of thin film magnetic
tive ion etching. heads are deposited onto a wafer which Is then cut
In cne preferred approach the depositing step a5 1o form rows of transducers with the transducers
includes depositing a masking layer. The deposit- sot in a side-by-side relationship. The thin film
ing step can also include depositing a second magnetic heads are lapped t¢ a predetermined
thicker layer of amorphous hydrogenated carbon, throat height dimension which is very critical to
whereby the method further comprises the step of head performance. A pattern of rails is produced .
subjecting the patterned siider to an oxygen etch- 4  on the lapped surace to form an air besring sur-
ing process to remove said thicker layer of amor- face (ABS), and the row is separated into individual
phous hydrogenated carbon, and to change the magnetic head sliders.
surface characteristics of the masking layer. Each slider is mounted onto a suspension sys-
: tem which in turn is mounted onto an accessing
Brief Description of the Drawings a5 system for locating the magnetic heads onto tracks
. formed by the magnetic heads when writing onto a
Fig. 1 is a plan view of a pariial row of thin film rotating magnetic disk. for example, During normal
magnetic heads. operation the siider flles at a small spacing, in the
Fig. 2 is a bottom plan view of one embodiment range of 50 to 250 nm (a fow m:cromches) over
of a magneatic head slider. s0 the magnetic recording medium.
Fig. 3 is a bottam plan view of another embodi- it has been discovered that the prior art pro-
ment of a magnefic head slider. cess of forming the ABS can produce & significant
Figs. 4A-D comprise views of a partial row of loss in yield in the manufacturing process dus to
thin film magnefic heads showing successive corrosion damage to the sensitive head compo-
steps in the process for making a magnetic s5 nents. This has been found to be due in some

cases to insufficient coverage of critical compo-
nents during the etching operation and in other
cases 1o damage to some head .components during
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r on has baen discovered lapped pole pieces of the thm ﬁlm maganetic heads
to be due. in part. to mechanical wear caused by 20, and the remainder is a recessed area 18 which
the inadvertent contact between the head and mag- is recessed from the ABS 19 by a distance chosen
netic recording medium during flying. In additionto 70  to produce a combined pressuro profile with a
the mechanical wear, the thin film magnetic heads moving magnetic recording medium so that the
confain a variety of materfals that are attacked by slider 10 fliss at the chosen flying height or spac-
the normal constituents of the atmosphere. Pro- ing over the magnetic recording medium.
longed exposure of the head to the atmospherse After the heads aro lapped to the selected
. can resuit in degradation of the head performance -5 - -throat height and before the rail pattern is produced ™ ™~ -
due fo oxidation and resulling in corrosion of the on the ABS, & protective coaling is produced over
head materials. _ the ABS. This protective coating protects the thin
1t was unexpectedly observed, according to the film magnstic heads in three ways. The protoctive
present invention, that a protective costing com- coating Is effective to protect the thin film magnetic
prising at least a thin adhesion fayer and g thin 20 bead during the processing of the head/slider 1o
layer of amorphous hydrogenated carbon is effec- form the pattern of reils on the ABS. The proteclive
tive to protect the thin film magnetic head from coating is also effective, during normal operation of
damage not only in the processing to form the the head in a8 magnetic disk file, for example to
pattem of rafis on the ABS, but aiso during normal protect the head and the ABS from mechanical
operation of the head in a magnetic disk file. This 25 wear caused by inadvertent conlact betwesn the
was unéxpecied since in prior art processes, the head/slider and the magnetic recording medium
protecfive coating used during gprocessing was during flying. In addition to mechanical wear, the
made very thick since it was progressively eroded protective coating also is effective to protect the
during the etching process for forming the ABS. On variety of materials in the magnetic hoad that are
the other hand, the total thickness of the protective 20  attacked by the normsl constituents of the atmo-
layer on the slider during operation is ¢constrained sphare from oxidation and corrosion in normal op-
to 2 very thin dimension since its thickness adds eration of the system.
directly to the spacing between the thin film mag- In 8 first embodiment the protective costing 22
netic head and the magnetic recording medium. In (Figs. 5 and 6) comprises two layers, the first layer
a specific embodiment a thickness of amorphous 35  being a suitable adhesion layer 24 and the second
hydregenated carbon ag little as 5 nm (50 ang- layer being & thin layer of amorphous hydroge-
stroms) thick was shown to produce significant nated carbon 28. In one specific embodiment the
improvement to both manufacturing yield and lije- adhesion laysr 24 I8 silicon about § nm (S0 ang-
fime of the head in operation. stroms) thick, and the total thickness of the protsc-
Referring to Fig. 1, there is shown a viewofa 4  tive coating is ebout 25 nm {250 angstroms). in
partiad row 11 having a pluralily of thin film mag- another specific embodiment the adhesion layer 24
netic heads 20. The row 11 is lapped on surface 19 ie silicon about 3 nm (30 angstroms) thick and the
so that each of the thin film magnetic heads 20 has total thickness of the profective coating is about
a chosen throat height. A pattern of rails is pro- 12.5 nm (125 angstroms).
duced on surface 19 to form on air bearing surface 45 The process for making such a magnetic head
(ABS), and the row ig then separated into individual slider will be described by referencs to Fig. 4. The
magnetic head sliders 10. proceas starts with either a single slider 10 or
The pattern of rails may be 2s shown in Fig. 2 preferably a substrate 13 comprising a row 11
in which a pair of outside rails 12, 14 is preduced having a plurality of sliders in a side-by-side rela-
along with a center rait 16. The side rails extend so tionship. The thin film magnetic heads 20 are fab-
from the leading end 15 of the slider 10 part way to ricated on a first surface 21 of the row 11, and first
the trailing end 17, while the center rail extends surface 21 is at substantially ninety degrees 1o the
from the leading end 15 to the trailing end 17. The ABS 19. ABS 19 is fapped until the thin film mag-
thin film magnetic head 20 is located at the tranmg netic heads reach a predetermined throat height.
end of the ¢csnter rail 18. 55 The lapping can be by any suitable technique such
The pattern of rails may aiso be as shown in as that described in commonly assigned U.S. pat-
Fig. 3, and this embodiment corresponds to the ent 4,912,883, for example. Alternatively, should

arrangement shown in row 11 of Fig. 1. In this case the thin film magnetic heads 20 include a mag-
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is built p.ﬁ!bitehl izler DN @m&phots licshl RiBically, the breakdown voltage and the best corrosion protec-
silicon is deposited to a thickness of about 1-5 nm tion of any of the other deposition techniques that
(10-50 angstroms), although a possible range is wereé tried.
f“’"_‘ a monolayer to about 50 nm (500 angstroms). ~'1s° " "Once the "protective” Coating 22 s déposited T
However, from the standpoint of limiting the in- over the row. 11, a thick layer of a pattornable
crease in spacing between the magnstic head and material 30 is deposited over the row 11. The
magnetic recording medium, the thinner layer (less preferred material is a photoresist material, and this
than 5 nm (60 angstroms)) of silicon is preferred. material is exposed through an appropriate mask
The layer of hydrogenated amorphous carbon 20 (ot shown) to produce a negative image of the
26 is deposited fo a thickness of about 5-160 nm desired rail pattern in the pattemable material layer
(50-1000 angstroms). A layer of hydrogenated 30. The patternzble material is developed to pro-
smorphous carbon 26 as litle as 5 nm (50 ang- duce & mask in the image of the desired rail
stroms) thick has been shown to provide 2 signifi- pattern.
cant improvement in both wear and corrosion rates. 25 The masked row 11 is then subjected to a
However, a thicker layer is preferable since it pro- suitable etching process {Fig. 4C) such as reactive
vides increased protection, so the thickness is cho- ion etching, sputter etching, ion milling, or laser
sen based on the permissible increase in spacing etching, for example, as depicted by the arrows in
between the magnetic head and the magnetic re- Fig. 4C. The exposed part of protective coating 22
cording medium. 30 is elched away and the ABS 18 of row 11 is then
The two layers of the protective coating 22 can etched to a depth chosen to provide the desired
be deposited by any suitable technique such as flying characteristics for the slider 10 in normal
plasma assisted chemicel vapor deposition, ion operation with a magnetic recording medium.
bean or laser techniques. The preferred tachnique The remainder of the patternable material 30 is
is by the use of 2 DC biased substrate in an RF 35  then removed (Fig. 4D) by the use of a suitsble
plasma deposition apparatus. The film properties of solvent, for example, to produce a row 11 of slid-
the carbon layer 26 can be controlled by the ap- ers. The remalining part of the protective coaling 22
propriate choice of deposition parameters. These covers the rails of the sliders 10 and has protected
include controlling temperature and bias of the the slider during the slider rail fabrication process.
parts during deposition, RF power, hydrogen con- 40  The sliders 10 in the row 11 are then parted to
tent in the argon spuliering gas, sputtering gas form individual sliders as shown in Figs. 5 end 6.
pressure, and target 1 substrate spacing. The de- The protective coating also protects the thin film
position parameters of the amorphous hydroge- - magnelic head 20 and the ABS from wear and
nated carbon layer 26 determine the characteristics corrosion damage during normal operation of the
of the layer since hydrogen content, density, hard- 5  slider 10in a magnetic recording system.
ness, and optical density are a function of the In 2 sacond embodiment of the present inven-
sputtering power, the per cant hydrogen in the tion, the protective coating further comprises a thin
argan carrier gas and the pressure. masking layer, as shown in Figures 8 to 10 {thess
Fig. 7 shows the hydrogen ¢oncentration in the correspand to Figures 4 to € for the two-fayer
amorphous hydrogenated carbon layer 26 as a so  embodiment). This masking layer can be deposited
function of sputtering power, percent hydrogen, in the same. way as the other layers of the protec-
and pressure. Note that, by the use of DC mag-~ tive coating (in fact, the dats for Figure 7 was
netron sputtering, a hydrogen c¢oncentration within obtained from a 3-layer coating). The method for
the range of 15 fo 19 per ¢ent can be achieved for making this second embodiment is analogous to
that specific embodiment. Note that the three ex- §5  that for the first embodiment (the masking layer is
amples given for RF magnetron sputtering produce deposited last), and so will not be repeated. Again,
" a hydrogen concentration within the range of about it is preferred that the total thickness of the protec-

28-40 percont. Note that in a specific embodiment tive layer is no more than gbout 230 nm. The
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recordi ng syswkiegisieuas reacts with the oxygen duringthe 70 said patterned area includes at least one raif (12),
oxygen plasma etching so that a silicon compound 3. The magnstic head slider of claim 1 or 2
Si0y is formed. The egmpound is referred to as wherein said adhesion layer comprises sificon.
8iOx since analysis has shown that it Is not strictly 4. The magnetic head sfider of any preceding claim

. 810z, s0 some other oxides are formed with silicon _ whersin the thickness of said achesion leyer is
and the resulting SiOy layer provides an excellont 15 betwsen 1-5 nm (10 - 50 angstroms).
protactive layer since it is tough and is not reactiva 8. The magnetic head slider of any preceding cleim
with any of the normal components of the at wharein the thickness of said layer of amorphous
mosphere. The $i0, layer also serves gs an eich hydrogenated carbon is between 5 and 100 nm.
stop sc that none of the undedying layers of pro- 8. The magnetic head slider of any preceding claim
tective coating 22 are affectod during the oxygen 20 whersin the thickness of said protective coating is
plasma etching operation. less than 25 nm (250 angstroms).

In a thid embodiment, the protective coating 7. The magnetic head slider of any preceding ¢laim
22 comprises four layars. The four layers compriss _wherein said prolective coating further comprises a
a thin adhesion layer, a thin amerphous hydroge- masking layer (28). '
nated carbon layer, a thin masking layer, and a 25 8, The magnetic head siider of ¢laim 7 wherein the
thick amorphous hydrogenated carbon overlayer. masking layer is a compound of sllicon.

The process for this embodiment hag the same 9, The magnetic head siider of claim 8, whersin
stéps as before, and the thick carbon overlayer said compound of silicon is SiOy.

provides extra protection against damage fo the 10. The magnetic head slider of any of claims 7 to
thin film magnetic head during the etching opera- 30 9, wherein the masking layer is spproximately $
fion. However, during the oxygen plasma etching am thick.

operation, the thick carbon everiayer reacts with 11. A data storage device including a magnstic
the oxygen to form CO and CO2 and therefore this head slider according to any preceding claim.
overlayer i removed. The resulting structure on 12. A method for meking a2 magnetic head sfider
the slider 10 is substantially the same as that 35 (10) for 2 magnetic recording system, said sfider
described above sin¢s the reaction between the having an air bearing surfacs (19),

silicon etch stop layer 28 and the oxygen Is sub- said methcd compriging the staps of:

stantially the same.

A magnetic head siider has bsen disc!osed depositing a protective coating (22) on said afr
having a thin protective coating thereon which pro- 4  bearing surtace of gaid sfider, said protective coat-
tects the magnetic head from damage not only ing comprising an adhesion layer (24) loss than 50
during fabrication but also in normal operation in a nm in thickness and a layer of amorphous hy-
magnefic disk filg, for example, and the protective drogenated carbon (26);
coating comgprises a thin adhesion layer, a thin
layer of amorphous hydrogenated carbon, and op- 45 forming a pattern of at least one rail {12, 14) on
tionally a further masking layer. This structure is in ¢sid air bearing surfacs by removing material from
contrast to prior art techaiques in which & thick szid air bearing surface 10 a chosen depth in argas
protective coating was used during fabrication and {1€) of said air bearing surfacs other than said rail-
then removed, and a thin protective coating was (s); and
deposited after fabrication of the slider o serve as &

a protective coating during_usage. The present
invention produces greater manufacturing yislds
and a longer lifetime in operaion in 2 magnetic
recording systam. ’

85

retaining said protective coating on said rail(s).

12. The method for making a magnetic head slider
aceording to claim 11 wherein the thickness cf said
adhesiort layer is between 1-§ nm (10 - 50 ang-
stroms). )

13, The method for making a magnetic head sfider
according fo claim 11 or 12 wherein the thickness
of said fayer of amorphous hydregenated carbon is
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coating comprises an adhesion layer (24) less than
S0 nm in thickness and a layer of amorphous
hydrogenated carbon (26).
2. The magnetic head slider of claim 1 wherein
said patterned area includes at least one rail {12),
3. The magnetic head sfider of clsim 1 or 2
wherein said adhesion layer comprises silicon.
_ 4. The magnetic head sfider of any preceding clsim
“whergin the thickness ‘of ‘said “adhesion layer is
between 1-5 nm (10 - 50 angstroms).
8. The magnetic head slider of any precading ¢laim
" wharsin the thickness of said layer of amorphous
hydrogenated carbon is between § and 100 nm.
£. The magnetic head slider of any proceding claim
wherein the thickness of said protective coating is
{ess than 25 nm {250 angstroms).
7. The magnetic head slider of any preceding ¢laim
Wwherein said prolective coating further comprises a
masking layer (28).
8, The magnetic head slider of claim 7 whersin the
masking layer is a compound of sificon.
8. The magnetic head slider of claim 8, wherein
said compound of silicon is SiOy,
10. The magnetic head slider of any of claims 7 to
¢, wherein the masking layer is approximately S5
nm thick.
11. A data storage device including a inagnetic
head slider according to any preceding claim.
12. A method for making a magnetic head slider
(10} for a magnstic recording system, said slider
having an air beering surface (19),
said method comprising the steps of:

depositing a protective coating (22) on said alr
bearing surface of said siider, said protective coat-
ing comprising an adhesion layer (24) less than 50
nm in thickness and a layer of amorphous hy-
drogenated carbon (26); ’

forming a pattern of at least one rait {12, 14) on
gaid air bearing surface by removing material from
seid air bearing surface to a ¢hosen depth in aress
(18) of said air bearing surface other than said rail-
{s); and

retaining said protective coating on sald rail(s).

12. The method for mzking a magneti¢c head slider
aceording to claim 11 wherein the thickness of said
adhesion layer is between 1-5 nm (10 - §0 ang-
stroms).

13, The msthod for making a magnetic head slider
according to claim 11 or 12 wherein the thickness
of said layer of amorphous hydrogenated carbon is
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thickness of said protective coating is less than 25
nm (250 angstroms).

16. The method for making a magnetic head slider
according 10 any of claims 11 to 15 wherein said
step of forming a pattern of rails comprises an
etching process.

17. The method for making a magnstic head slider

. according 10 clgim 16 whergin $aid etching process

comprises reactive ion etching.
18. The method for making a magnstic head slider
according 0 any of claims 11 to 17, wherein said

" dépositing’ step Includes further depasifing a mask-~

ing layer (28),

18. The method for making a magnetic head slider
according to claim 18, further comprising the step
of subjecting the pattemed slider o 2n oxygen
etching process to change the surface characteris-
tics of the masking layer.

20. The method for making a magnetxc head slider
sccording to claim 19, wherein said depositing step
Includes further depositing a second layer of amor-
phous hydrogenated carbon which is thicker than
the first layer of amorphous hydrogenated carbon
(26). said thicker layer of amorphous hydrogenated
carbon being removed by the oxygen efching pro-
cass,
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conptrising the steps of: depositing a protective coating on said air
bearing surface of said slider, said protective cgat S
adhesion layer less than 50 nmin thickness and a
hydr ogenat ed carbon; forming a pattern of at |easti one REPHAGEPsai d
bearing surface by removing material fromsaid ai T1g surtace to a
chosen depth in areas of said air bearing surface other than said rail(s);
and retaining said protective coating on said rail(s). The air bearing
surface is forned to provide a chosen nagnetic head di nension. The
protective coating | MAGHENIC EEADISLIDER AND METHODIAOR MAKINGSAMBr mal oper ati on
of the magnetic head slider in a magnetic recording system the nmagnetic
head slider ts protected fromwear and corrosi on damage. A preferred nethod
of formng the pattern of rails conprises an etching process, such as
reacti veABSTRAChi ng. In one preferred approach the depositing step

i ncl udes depositing a_ masking |ayer. The deposjting step can_ al so include

deposi ting a Acwagneticihead shider S PIRIASHY ERALIDE e s gai 1 Dal b taereofih chhspy
the met hg%techtji% hgggaﬁ%gng{)llnf)ﬁgintghg %ﬁilelpa&];esﬁ)%bjla%%}' I &9, tah?hin layer of amdrphous

hydrogenated carbon 24, and optionally a further masking layer 28. The protective coating is

| BB ISHEET AT BH

deposited on the air bearing surface of the slider after the thin film magpetic heads 20 are
lapped to a chosen dimension, but before the pattern of rails is produced on the air bearing
surface. The protective coating protects the magnetic head during the rail fabrication i)rocess
and in usage in a magnetic recording system.

Figure 4D
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pattérned slider to an oxygen etching process to renove said thicker |ayer
of anorphous hydrogenated carbon, and to change the surface characteristics
of the nmasking layer. Brief Description of the Drawings Fig. ‘1 is a plan
view of a partial row of thin filmnagnetic heads. Fig. 2 is a bottom plan
vi ew of one enbodi nent of ‘a magneti ¢ head-stider.Fig. 37i"s a bottom plan- -
vi ew of another enbodi ment of a magnetic head slider. Figs 4A-D cenprise
views of a partial row of thin filmymgnetic heads show ng successive steps
in the process for nmaking a magnetic head slider with a two-1|ayer
protective coatdg-Fig 5 is a plan viewof the trailing énd of one

enbodi nent of a Wagnepd
Fig. 6 is a plag,vig
magneti ¢ hegd :
- graph show e Ry




carbon l'ayer as a function of sputtering power. Figs. 8A-D are anal ogous to
Figs 4A-D and conprise views of a partial row of thin filmmagnetic heads
--ShoW g successive steps in the process for. making a magnetic head sl i der
~with a three-layer protective coating; Fig. 9 is a plan view anal ogous to
Fig 5 of the trailing end of one enbo |rrent of a magnetic head slider

- havi ng--a. t.hr.ee-.| ayer .pr.ot.ect.i ve. coatl REPLACEMENT . SHEET 4 Fig..10 is

{ a plan view anal ogous to Fi.g 6 of the tral ling .end of another embodi nent of

a magnetic head sl'Nder having hree-| ayer protective coating\ Détailed
Descri ption Cﬁ 13 gﬁ %)

Q20 1-) 20-j LZO
’9 FIC. 4A

0 FIG. 4B

18 /Y

m”) MmO
P FIG. 4C

FIG. D



The present invention relates to a nmagnetic recording system whi ch includes
a nagnetic head slider. The slider supports a thin filmnagnetic read/wite
head, and the head is forned by depositing layers of magnetic material,
electrlcally conductive material, andyglectrically insulating material to
formthe well knoWwn pol e pieces and magneti c gap nhecessary for the
transduci ng function with a magnetic coating on a nagnetic recordi.ng
medium During fabrication, a plurality of thlﬂ%flln1nagnetic heads are
deposited onto a wafer which is then cut rows of transducers wth

t he transducers set in a side-by- side Bg?gzr;nshlp The thin filmmgnetic
heads are | apped to_a predeterm ned throat height dinension which is very
critical to head performance. A patfern of rarts 5 produc on the | apped
surface to forman air bearing and the row i g separated into
i ndi vi dual magnetijc head 5/// T 0 a suspension
systemwhich in tyrn is p# 3 | ocating the .
magneti ¢ heads ont{o trag . Wi witing onto a
rotating magnetic |di i i t he

12— 28 : | 14




slider flies at a small spacing, in the range of 50 to 250 nm (a few

m croi nches), over the magnetic recording nmedium It has been discovered
that t'he prior art process of form ng the ABS can produce a significant

. loss inyield in the manufacturing process due to corrosion damage to the
sensitive head conponents. This has been found to be due in sone cases to
insufficient coverage of critical conmponents during the etching operation
and in other cases to damage to sone -head conponents during the renmoval of
t he masking | ayer used to protect4féhe head during the etching process. It
has al so been discovered that prior art protective |ayers deposited after
ABS formati on have not net the lifetinme requirenents of current thin film
magneti c heads in operation. This degradation of head/slider life in
operation has been discovered to-be due, 1n part, to nmechani cal wear caused
by the inadvertent contact between the head and magnetic recordi ng nedi um
during flying. Ingaggdition to the mechanical wear, the thin filmnmagnetic

heads contain a variefy of nmaterials that are attacked by the nornal
constituents of
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t he at nosphere. Prol onged exposure of the head to the atnosphere can result
i n degradation of the head performance due to oxidation and resulting in
corrosion of the head materials. It was unexpectedly observed, according to
the present invention, that a protective coating conprising at least a thin
adhesion layer and a thin layer of anorphous hydrogenated carbon is
~effective to protect the thin filmnma e:§J1et|c head from danage not .
REPLACEMENT SHEET 5- onty- |n the pr-oc §|ng to formthe pattern of. rai+s on

the ABS, but al gnhetic disk
x in pr| r art
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progre55|vely eroded durlng the etching process for formng the ABS. On the
ot.her hand, the total thickness of the protective |ayer on the slider
durlng operation is constrained to a very thin dinmension since its
t hi ckness adds directly to the spacing between the thin fil mnmagnetic head
and the magnetic recording medium In a specific enbodi nent a thickness of
anmor phous hydrogenated carbon as lggtle as 5 nm (50 angstrons) thick was
shown to produce significant inprovenent to both nmanufacturing yield and
life-tinme of the head in operation. Referri go Fig. 1, there is showmn a
view of a partial row 11 having a plural jfy o} thin filmmgnetic heads 20.
The row 11 is | apped on surface 19 so tlat each of the thin filmmagnetic
heads 20 had a chosen throat height. Afattern of rails is produced on
surface 19 to fofman alr bearing surtace (ABS), and the rToy is then
separated into ipdividual nmagnetic head sliders 10. The pattern of rails
may be as shown |n fig. Fn Ahi ch aalr of oytsSikge rails 12, 14 is
~ produced along With a cgfiter Xxail 16. e side/rai I\ extend{fromthe
| eadi ng end 15 o
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1’the slider 10 part way to the trailing end 17, while the_center_rail
extends fromthe leading end 15 to the trailing end 17. (i ThestadHc s -
* megneti-¢. head 20 is |ocated at the trailing end of the e‘fl?bei?dqéglil i\hllg?l'lElﬁ
pattern of rails may also be as shown in Fig. 3, and th sDéggpﬂ_qz_ 1997
corresponds to the arrangenent shown in row 11 of Fig. kE=ka-this_case ¥ ]
outside rails 12, 14 extend fromthe | eali ng end 15 of the slider 10 to the
trailing end 17. The thin filmmagnetic heads 20 are | ocated at the
trailing end 17 MAGNETIG HEARSIIDER AND MEIHOR, FOR MAKINGHAME:ed i n
i ndividual sliders 10 is at the sane level on the ABS 19 as the | apped pol e
pi eces Ofﬁtgle &Bli fil.m magnetic heads 20, and the remainder is a recessed
area 18 ' Uy fromthe ABS 19 by a di stance chosen to produce a
conbi ned pr esEhis ényentibn relates tohmagmaticihead stidgrsefor datastarage deyicosdandtosthet hat
the slid | . : hei ght or spacing over the
rragneticeél%t(}:lgcrlE%’fn‘gilﬁeagisgénlfm%?ﬁ{rmfe&%%%g%s are | apped to the sel ected
throat height and before the rail pattern is produced on the ABS, a
protectivg ind Bfithe Bivetisied over the ABS. This protective

conventionally formed on a substrate in a series of rows each having a plurality of heads.
Once the heads are fabricated, the substrate is cut to form a row of heads in a side-by-side
orientation. While still in a row format, the thin film magnetic heads are lapped to a
predetermined throat height dimension which is very critical to head performance. Once
the desired lapped throat height dimension is achieved, this should not be affected by
subsequent procession of the head.

One of the subsequent steps in the processing of the heads is the production of a
pattern of rails on the lapped surface to form an air bearing surface (ABS). The desired
pattern of rails on'the ABS has gotten progressively more complex in shape so that a dry
processing technique such as an €tching progress is generally used. Protection of the thin
film magnetic head during the etching process requires a protective coating which is
generally thick and which is removed after completion of the etching process.

The row of magnetic heads is then separated into individual magnetic head sliders,
and, in operation, the slider "flies" with the ABS and the attached thin film magnetic head a
small uniform spacing, usually less than 250 nm (ten microinches), from the magnetic
recording medium. In the normal operation of a magnetic disk recording system, the head
sometimes comes into inadvertent contact with the magnetic recording medium.

In the prior art various protective layers were deposited on the magnetic head slider to
protect the ABS from mechanical wear caused by contact between the head and magnetic
recording medium during flying.

.. For example, US patent Re 32,464 discloses a magnetic recording system in which a
rigid magnetic recording disk has a protective layer of carbon to protect it from wear. The
magnetic transducer is coated with carbon, preferably in the form of graphite, to provide a
low friction wear resistant contacting surface with the recording medium. The thickness of
the coating is between 50 and 250 nm (2 and 10 microinches).

IBM TDB, December, 1982, p. 3173 describes a magnetic head slider having a
protective layer of silicon carbide or diamond-like carbon. The thickness of the protective
layer is within the range os 50 to 100 nm (500 to 1000 angstroms).

IBM TDB, June, 1976, p. 351 describes a magnetic head having a protective layer of
silicon nitride in layers of about 20 to 500 nm (200 to 5000 angstroms).

gy
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nm (200 to 800 angstroms).

-- US patent 4,130,847 describes a magnetic head slider having a protective coating
over at least the magnetic head. The coating is produced in a recess within the slider body
to a thickness as small as 250 nm (10 microinches). -

German patent application DE 3,714,787, published November 24, 1988, describes a
storage system in which the magnetic disk surface is coated with friction reducing carbon
and the rails of the magnetic head slider are coated with a friction reducing lubricant
comprising carbon. The thickness of the carbon is 1 to 100 nm (10 to 1000 angstroms).

Patent application serial number PCT/US88/00438, published August 25, 1988,
discloses a magnetic head slider in which a magnetic head is built within one of the side
rails. A wear layer is provided over the slider which comprises a 5 nm (50 angstroms)
thick chromium layer and a 20 nm (200 angstroms) thick carbon layer. Either of the two
components of the wear layer can be omitted.

None of the references disclose a protective layer for a magnetic head slider which is
effective to protect a thin film magnetic head not only during the fabrication process but
also in the normal operation of the magnetic head slider in a magnetic disk storage system
but also during the fabrication process.

Discl f the I .

Accordingly, the invention provides a magnetic head slider having an air bearing
surface with a patterned area thereon, said patterned area having a protective coating, said
slider being characterised in that said coating comprises an adhesion layer less than 50 nm
in thickness and a layer of amorphous hydrogenated carbon.

The thin protective coating on a magnetic head slider protects the magnetic head not
only. in the normal operation of the magnetic head slider in a magnetic recording system but
also during the fabrication process. Typically, the magnetic head slider is provided with at
least two rails on its air bearing surface, the rails having the protectlve coating on their
surface. _

Preferably the adhesion layer comprises silicon between 1-5 nm (10 to 50 angstroms)
thick, and the layer of amorphous hydrogenated carbon is between 5 and 100 nm thick. In
a preferred embodiment the thickness of the protective coating is 25 nm (250 angstroms) or
less. The protective coating can with advantage further comprise a masking layer. Ina
preferred embodiment this masking layer is formed from SiO, and is approximately 5 nm
thick.
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The air bearing surface is formed to provide a chosen magnetic head dimension. The
protective coating is retained on the rails so that during normal operation of the magnetic
head slider in a magnetic recording system, the magnetic head slider is protected from wear
and corrosion damage. A preferred method of forming the pattern of rails comprises an
etching process, such as reactive ion etching.

In one preferred approach the depositing step includes depositing a masking layer.
The depositing step can also include depositing a second thicker layer of amorphous
hydrogenated carbon, whereby the method further comprises the step of subjecting the
patterned slider to an oxygen etching process to remove said thicker layer of amorphous
hydrogenated parbon, and to change the surface characteristics of the masking layer.

Brief Description of the Drawings

Fig. 1 is a plan view of a partial row of thin film magnetic heads.

Fig. 2 is a bottom plan view of one embodiment of a magnetic head slider.

Fig. 3 is a bottom plan view of another embodiment of a magnetic head slider.

Figs 4A-D comprise views of a partial row of thin film magnetic heads showing
successive steps in the process' for making a magnetic head slider with a two-layer
protective coating;

Fig. 5 is a plan view of the trailing end of one embodiment of a magnetic head slider
having a two-layer protective coating.

.. Fig. 6 is a plan view of the trailing end of another embodiment of a magnetic head
slider having a two-layer protective coating.

Fig. 7 is a graph showing the hydrogen concentration in the amorphous hydrogenated
carbon layer as a function of sputtering power.

Figs. 8A-D are analogous to Figs 4A-D and comprise views of a partial row of thin
film magnpetic heads showing successive steps in the process for making a magnetic head
slider with a three-layer protective coating;

Fig. 9 is a plan view analogous to Fig 5 of the trailing end of one embodiment of a
magnetic head slider having a three-layer protective coating.
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19 in two layers (Fiig. 4B) conprising an adhesion |ay
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bot h head is formed by depositing layers of magnetic material, electrically conductive material,
and electrically insulating material to form the well known pole pieces and magnetic gap
necessary for the transducing function with a magnetic coating on a magnetic recording
medium. During fabrication, a plurality of thin film magnetic heads are deposited onto a
wafer which is then cut to form rows of transducers with the transducers set in a side-by-
side 'i'elationship. The thin film magnetic heads are lapped to a predetermined throat height
dimension which is very critical to head performance. A pattern of rails is produced on the
lapped surface to form an air bearing surface (ABS), and the row is separated into
individual magnetic head sliders.

Each slider is mounted onto a suspension system which in turn is mounted onto a
accessing system for locating the magnetic heads onto tracks formed by the magnetic heads
when writing onto a rotating magnetic disk, for example. During normal operation the
slider flies at a small spacing, in the range of 50 to 250 nm (a few microinches), over the
magnetic recording medium.

It has been discovered that the prior art process of forming the ABS can produce a
significant loss in yield in the manufacturing process due to corrosion damage to the
sensitive head"COmponents. This has been found to be due in some cases to insufficient
coverage of critical components during the etching operation and in other cases to damage
to some head components during the removal of the masking layer used to protect the head
during the etching process.

It has also been discovered that prior art protective layers deposited after ABS
formation have not met the lifetime requirements of current thin film magnetic heads in
operation. This degradation of head/slider life in operation has been discovered to be due,
in part, to mechanical wear caused by the inadvertent contact between the head and
magnetic recording medium during flying. In addition to the mechanical wear, the thin film
magnetic heads contain a variety of materials that are attacked by the normal constituents of
the atmosphere. Prolonged exposure of the head to the atmosphere can result in
degradation of the head performance due to oxidation and resulting in corrosion of the head
materials.

It was unexpectedly observed, according to the present invention, that a protective
coating comprising at least a thin adhesion layer and a thin'layer of amorphous
hydrogenated carbon is effective to protect the thin film magnetic head from damage not
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spaci ng. piogressivelyi droded qhmngmhe etchingf proéass ﬁrmﬁophmgsthe ABS. On the other hand,
the total thickness of the protective layer on the slider during operation is constrained to a
very. thin dimension since its thickness adds directly to the spacing between the thin film .
magnetic head and the magnetic recording medium. In a specific embodiment a thickness
of amorphous hydrogenated carbon as little as 5 nm (50 angstroms) thick was shown to
produce significant improvement to both manufacturing yield and life-time of the head in
operation. |

Referrmg to Fig. 1, there is shown a view of a partial row 11 having a plurality of

thin film magnetic heads 20. The row 11 is lapped on surface 19 so that each of the thin
film magnetic heads 20 had a chosen throat height. A pattern of rails is produced on
surface 19 to form an air bearing surface (ABS), and the row is then separated into
individual magnetic head sliders 10.

The pattern of rails may be as shown in fig. 2 in which a pair of outside rails 12, 14
is produced along with a center rail 16. The side rails extend from the leading end 15 of
the slider 10 part way to the trailing end 17, while the center rail extends from the leading
end 15 to the trailing end 17. The thin film magnetic head 20 is located at the trailing end
of the center rail 16.

| The pattern of rails may also be as shown in Fig. 3, and this embodiment corresponds
to the arrangement shown in row 11 of Fig. 1. In this case the outside rails 12, 14 extend
from the leadiilg end 15 of the slider 10 to the trailing end 17. The thin film magnetic
heads 20 are located at the trailing end 17 of the side rails 12, 14.

The rail pattern produced in individual sliders 10 is at the same level on the ABS 19
as the lapped pole pieces of the thin film magnetic heads 20, and the remainder is a
recessed area 18 which is recessed from the ABS 19 by a distance chosen to produce a
combined pressure profile with a moving magnetic recording medium so that the slider 10
flies.at the chosen flying height or spacing over the magnetic recording medium.

After the heads are lapped to the selected throat height and before the rail pattern is
produced on the ABS, a protective coating is produced over the ABS. This protective
coating protects the thin film magnetic heads in three ways. The protective coating is
effective to protect the thin film magnetic bead during the processing of the head/slider to
form the pattern of rails on the ABS. The protective coating is also effective, during
normal operation of the head in a magnetic disk file, for example to protect the head and
the ABS from mechanical wear caused by inadvertent contact between the head/slider and
the magnetic recording medium during flying. In addition to mechanical wear, the
protective coating also is effective to protect the variety of materials in the magnetic head
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silicon about 3 nm (30 angstroms) thick and the total thickness of the protective coating is

about 12.5 nm (125 angstroms).

The process for making such a magnetic head slider will be described by reference to _
Fig. 4. The process starts with either a single slider 10 or preferably a substrate 13
comprising a row 11 having a plurality of sliders in a side-by-side relationship. The thin
film magnetic heads 20 are fabricated on a first surface 21 of the row 11 , and first surface
21 is at substantially-ninety degrees to the ABS 19. ABS 19 is lapped until the thin film
magnetic heads reach a predetermined throat height. The lapping can be by any suitable
technique such as that described in commonly assigned US patent 4,912,883, for example.
Alternatively, should the thin film magnetic heads 20 include a magnetoresistive (MR) read
transducer, the lapping can be as described in corﬁmonly assigned US patent 4,914,868 in
which the ABS is lapped until the MR read transducer reaches a chosen MR element height.

The lapped row of thin film magnetic heads 20 is shown in Fig. 4A. The protective
coating 22 is then deposited over the ABS 19 in two layers (Fig. 4B) comprising an
adhesion layer 24 and a layer of amorphous hydrogenated carbon 26. In a specific
embodiment, adhesion layer 24 comprises a deposited layer of amorphous silicon.
Typically, the silicon is deposited to a thickness of about 1-5 nm (10-50 angstroms),
although a possible range is from a monolayer to about 50 nm (500 angstroms). However,
from the standpoint of limiting the increase in spacing between the magnetic head and
magnetic recording medium, the thinner layer (less than 5 nm (50 angstroms)) of silicon is
preferred. _ |

. The layer of hydrogenated amorphous carbon 26 is deposited to a thickness of about
5-100 nm (50 -1000 angstroms). A layer of hydrogenated amorphous carbon 26 as little as
5 nm (50 angstroms) thick has been shown to provide a significant improvement in both
wear and corrosion rates. However, a thicker layer is preferable since it provides increased
protection, so the thickness is chosen based on the permissible increase in spacing between
the magnetic head and the magnetic recording medium.

- The two layers of the protective coating 22 can be deposited by any suitable technique
such as plasma assisted chemical vapor deposition, ion beam or lase techniques. The
preferred technique is by the use of a DC biased substrate in an RF plasma deposition
apparatus. The film properties of the carbon layer 26 can be controlled by the appropriate
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use of Fig. 7 shows the hydrogen concentration in the amorphous hydrogenated carbon layer

26 as a function of sputtering power, percent hydrogen, and pressure. Note that, by the use
of DC magnetron sputtering, a hydrogen concentration within the range of 15 to 19 per cent
can be achieved for that specific embodiment. Note that the three examples given for RF
magnetron sputtering produce a hydrogen concentration within the range of about 28-40
percent. Note that in a specific embodiment of chemical vapor deposition (CVD), the
hydrogen concentration was about 43 per cent, and for a further specific embodiment of a
sputtering system S the hydrogen concentration was about 38 per cent.

For a specific embodiment, RF magnetron sputtering was chosen for deposition of the
amorphous hydrogenated carbon layer since a hydrogen concentration within the range of
28 to 40 per cent produced the best combination of characteristics for density, hardness,
optical density, resistivity, breakdown voltage and the best corrosion protection of any of
the other deposition techniques that were tried.

Once the protective coating 22 is deposited over the row 11, a thick layer of a
patternable material 30 is deposited over the row 11. The preferred material is a
photoresist material, and this material is exposed through an appropriate mask (not shown)
to produce a negative image of the desired rail pattern in the patternable material layer 30.
The patternable material is developed to produce a mask in the image of the desired rail
pattern.

The masked row 11 is then subjected to a suitable etching process (Fig. 4C) such as
reactive ion etching, sputter etching, ion milling, or laser etching, for example, as depicted
by the arrows in Fig. 4C. The exposed part of protective coating 22 is etched away and the
ABS 19 of row 11 is then etched to a depth chosen to provide the desired flying
characteristics for the slider 10 in normal operation with a magnetic recording medium.

The remainder of the patternable material 30 is then removed (Fig. 4D) by the use of
a suitable solvent, for example, to produce a row 11 of sliders. The remaining part of the
protective coating 22 covers the rails of the sliders 10 and has protected the slider during
the slider rail fabrication process. The sliders 10 in the row 11 are then parted to form
individual sliders as shown in Figs. 5 and 6. The protective coating also protects the thin
film magnetic head 20 and the ABS from wear and corrosion damage during normal
operation of the slider 10 in a magnetic recording system.
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as the other layers of the protective coating (in fact, the data for Figure 7 was obtained
from a 3-layer coating). The method for making this second embodiment is analogous to
that-for the first embodiment (the masking layer is deposited last), and so will not be
repeated. Again, it is preferred that the total thickness of the protective layer is no more
than about 250 nm. The material forming masking layer 28 is chosen so that it does not
react with the material chosen for removing the layer of patternable material 30. Ina

specific embodiment, masking layer 28 is formed of silicon. The silicon does not react
with the solvent chosen to remove the remainder of photoresist layer 30. The protective
coating 22 is then subjected to an oxygen plasma etching treatment and at least the exposed
surface of the silicon masking layer 28 reacts with the oXygen during oxygen plasma
etching so that a silicon compound SiOy, if formed. The compound is referred to as SiOyx
since analysis has shown that it is not strictly SiO,, so some other oxides are formed with
silicon and the resulting SiO, layer provides an excellent protective layer since it is tough
and is not reactive with any of the normal components of the atmosphere. The SiOy layer
also serves as an etch stop so that none of the underlying layers of protective coating 22 are
affected during the oxygen plasma etching operation.

In a third embodiment, the protective coating 22 comprises four layers. The four
layers comprise a thin adhesion layer, a thin amorphous hydrogenated carbon layer, a thin
masking layer, and a thick amorphous hydrogenated carbon overlayer. The process for this
embodiment has the same steps as before, and the thick carbon overlayer provides extra
protection against damage to the thin film magnetic head during the etching operation.
However, during the oxygen plasma etching operation, the thick carbon overlayer reacts
with the oxygen to form CO and Co, and therefore this overlayer is removed. The
resulting structure on the slider 10 is substantially the same as that described above since
the reaction between the silicon etch stop layer 28 and the oxygen is substantially the same.

.- A magnetic head slider has been disclosed having a thin protective coating thereon
which protects the magnetic head from damage not only during fabrication but also in
normal operation in a magnetic disk file, for example, and the protective coating comprises
a thin adhesion layer, a thin layer of amorphous hydrogenated carbon, and optionally a
further masking layer. This structure is in contrast to prior art techniques in which a thick
protective coating was used during fabrication and then removed, and a thin protective
coating was deposited after fabrication of the slider to serve as a protective coating during
usage. The present invention produces greater manufacturing yields and a longer lifetime
in operation in a magnetic recording system.
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3. - The magnetic head slider of claim 1 or 2, wherein said adhesion layer comprises

silicon. .

4. The magnetic head slider of any preceding claim, wherein the thickness of said

adhesion layer is between 1-5 nm (10-50 angstroms).

5. The magnetic head slider of any preceding claim, wherein the thickness of said layer .

of amorphous hydrogenated carbon is between 5 and 100 nm.

6. The magnetic head slider of any preceding claim, wherein the thickness of said

protective coating is less than 25 nm (250 angstroms). | :

7. The magnetic head slider of any preceding claim, wherein said protective coating ‘

further comprises a masking layer (28).

8.  The magnetic head slider of claim 7, wherein the masking layer is a compound of

silicon.

9.  The magnetic head slider of claim 8, wherein said compound of silicon is SiOj.

10. The magnetic head slider of any of claims 7 to 9, wherein the masking layer is

approximately 5 nm thick.

11. A data storage device including a magnetic head slider according to any preceding

claim. ' _

12. A method for making a magnetic head slider (10) for a magnetic recording system,

said slider having an air bearing surface (19),

..said method comprising the steps of:
depositing a protective coating (22) on said air bearing surface of said slider, said
protective coating comprising an adhesion layer (24) less than 50 nm in thickness and a
layer of amorphous hydrogenated carbon (26):
forming a pattern of at least one rail (12, 14) on said air bearing surface by removing

material from said air bearing surface to a chosen depth in areas (18) of said air bearing
surface other than said rail(s); and

retaining said protective coating on said rail(s).
12. The method for making a magnetic head slider according to claim 11, wherein the
thickness of said adhesion layer is between 1-5 nm (10-50 angstroms).

* c L M S *
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The method for making a magnetic head sllder according to any of claims 11 to 15,

wherein said step of forming a pattern of rails comprises an etching process.

17. The method for making a magnetic head slider according to claim 16, wherein said
etching process comprises reactive ion etching.

18. The method for making a magnetic head slider according to any of claims 11 to 17,
wherein said depositing step includes further depositing a masking layer (28).

19. The method for making a magnetic head slider according to claim 18, further
comprising the step of subjecting the patterned slider to an oxygen etching process to
change the surface characteristics of the masking layer.

20. The method for making a magnetic head slider according to claim 19, wherein said
deposition step includes further depositing a second layer of amorphous hydrogenated
carbon which is thicker than the first layer of amorphous hydrogenated carbon (26), said
thicker layer of amorphous hydrogenated carbon being removed by the oxygen etching
process.
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A magnetic head slider for supporting a magnetic head conprising: a slider
structure having leading and trailing ends and an air bearing surface; a
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ABSTRACT

A magnetic bead slider (10) has a protecﬁve coating (22) on the rails (12, 14) thereof.
The protective coating comprising a thin adhesion layer (24), a thin layer of amorphous
hydrogenated carbon (24), and optionally a further masking layer (28). The protective
coating is deposited on the air bearing surface of the slider after the thin film magnetic
heads (20) are lapped to a chosen dimension, but before the pattern of rails is produced on
the air bearing surface. The protective coating protects the magnetic head during the rail
fabrication process and in usage in a magnetic recording system. |

Fig. 4D
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the range of 20 to 80 nm (200 to 800 angstroms).

U.S. patent 4,130,847 describes a magnetic head slider having a protective coating
over at least the magnetic head. The coating is produced in a recess within the slider
body to a thickness as small as 250 nm (10 microinches).

German patent application DE 3,714,787, published November 24, 1988, describes
a storage system in which the magnetic' disk surface is coated with friction reducing

of

ng

carbon and the rails of the magnetic head slider are coated with a friction reducing

lubricant comprising carbon. The thickness of the carbon is 1 to 100 nm (10 to 1000
angstroms). ' . l' ‘_

Patent applicz;ti.on serial nﬁmber PCT/US88/00438, published August 25, 1988,
discloses a magnetic head slider in which a magnetic head is built within one of 'the side
raﬁs. A wear layer is provided over the slider which comprises a 5 nm (50 angstroms)
thick chromium layer and a 20 nm (200 angstroms) thick carbon layer. Either of the two

components of the wear layer can be omitted.

None of the references disclose a protective layef for a magnetic head slider whicl_{

is effective to protect a thin film magnetic head not only during the fabrication process
but also in the normal operation of the magnetic head slider in a magnetic disk storage
system but also during the fabrication process. |
' SUMMARY OF THE INVENTION
It is an object of the present invention to ameliorate one or more disadvantages of
the prior art.
. According to one aspect of the present invention there is provided a magnetic head
slider for supporting a magnetic head comprising: a slider structure having leading and

trailing ends and an air bearing surface; a patterned area on said air bearing surface, said
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According to another aspéct of the present invention there is provided a method for
making a magnetic head slider for supporting a magnetic head, said slider having an air
bearing surface formed to provide a chosen magnetic head dimension, said method
comprising the steps of: depositing a protective coating on said air bearing surface of
said slider, said protective coaiing comprising a thin adhesion layer, a thin layer of
amorphous, hydrogenated carbon, and a thin masking layer; Iforming a pattern of at least
one rail on said air bearing surface by removing material from said air bear_ing surface to
a chosen depth in areas of said air bearing surface other than said at least one rail;
changing the characteristics of at least the surface of said masking layer; and retaining
said protective coating on said at least one rail so that, duﬁng normal operation of said
slider in a magnetic recording system, the protective coating serves to protect the
magnetic head and the air bearing surface from wear and corrosion damage.

Acc_ording to still another aspect of the present invention there is provided a
method for making a magnetic head slider for supporting a magneﬁc head, said slider
having an air bearing surface formed to provide a chosen magnetic head dimension, said

_ method comprising the steps of: depositing a protective coating on said air bealhlg_s_ )
surface of said slider, said protective coating comprising a thin adhesion layer, a thin
laYer of amorphous hydrogenated carbon, a thin masking layer, and a thick layer of
amorphous hydrogenated carbon; forming a pattern of at least one rail on said air
bearing surface by rembv_ing material from said air bearing surface to a chosen depth in
areas of said air bearing surface other than said at least one rail; subjecting the patterned
slider to an oxygen etching process to remove said thick layer of amorphous
hydrogenated carbon and change the characteristics of at least the surface of said
masking layer; and retaining said protective coaﬁng on said at least one rail so that,

during normal operation of said slider in a magnetic recording system, the protective
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Fig. 2 is a bottom plan view of one embodlment of a magnetic head slider.

Fig. 3 is a bottom plan view of another embodiment ofa magnetic head slider.
Figs. 4A-D comprise views of a partial row of thin film magnetic heads showing
. successive steps in the process for making a magnetic head slider with a two-layer
protective coating; _ '
Fig. 5 is a plan view of the trailing end of one embodiment of a magnetic head
slider having a two-layer protective coating.
Fig. 6 is a plan view of the trailing end of another embodiment of a magnetlc head
sllder having a two-layer protective coatmg
" Fig. 7 is a graph showing the hydrogen concentration in the amorphous
hydrogenated carbon layer as a function of sputtering power.
Figs. 8A-D are analogous to Figs 4A-D and comprise views of a partial row of
~ thin film magnetic heads showing successive steps in thé process for making a magnetic
head slider with a three-layer protective coating;
Fig. 9 is a plan view analogous to Fig 5 of the trailing end of one embodiment of a

magnetic head slider having a three-layer protective coating.
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a patterned area on said air bearing surface, said patterned area ha\(ing a protective
coating thereon, said coating having at least three layers comprising a thin adhesion
layer, a thin layer of amorphous hydrogenated carbon, and a masking layer.

2.  The magnetic head slider of claim 1 wherein said patterned area includes at least

one rail. |

3.  The magnetic head slider of claim 2 whereiﬁ said adhesion layer comprises silicon.

1*4. The magnetic head slider of claim 3 wherein the thickness of said adhesion layer is

about 10-50 angstroms. | |

5.  The magnetic head slider of claim 1 wherein said masking layer is a cdmpoundz of

silicon. “

6.  The magnetic head slider of claim 5 wherein said compound of silicon is SiO,. |

7. The magnetic head slider of claim 1 wherein the thickness of said protective

coating is about 250 angstroms or less. _

8. A method for making a magnetic head slider for supporting a magnetic head, said

slider having an air bearing surface formed to provide a chosen magnetic head

dimension, said method comprising the steps of: o
depositing a protective coating on said air bearing surface of said slider, said

protective coatiﬁg comprising a thin adhesion layer, a thin layer of amorphous,

hydrogenated carbon, an& a thin masking layer;

forming a patteni of at least one rail on said air bearing surface by removing -
material from said air bearing surfabe to a chosen depth in areas of said air Bearing

surface other than said at least one rail;

changing the characteristics of at least the surface of said masking layer; and
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9.  The method for making a magnetic head slider according to claim 8 wherein said.

step of forming a pattern of at least one rail is produced by an etching process.
10. The method for making a magnetic head slider according to claim 9 wherein saiq _
etching process comprises reactive ion etching. | |
11. The method for making a magneﬁc head slider according to claim 8 wherein said
adhesion layer comprises silicon.
12. The method for making a magnetic head slider according to claim 11 wherein the
thickness of said adhesion layer is about 10-50 angstroms.
13. The method for making a magnetic head slider according to claim 12 wherein the
thickness of said protective coating is about 250 angstromé or less.
14. A method for making a magnetic head slider for supporting a magnetic head, said
slider having an air bearing sﬁrface formed to provide a chosen magnetic head
dimension, said method comprising the steps of:

depositing a protective coating on said air bearings surface of said slider, said
protective coating comprising a thin adhesion layer, a thin layer of amorphous
hydrogenated carbon, a thin masking layer, and a thick layer of amorphous hydrogenated
carbon; |

forming a pattern of at least one rail on said air bearing surface by removing
material from said air bearing surface to a chosen depth in areas of said air bearing
surface other than said at least one rail; |

subjecting the patterned slider to an oxygen etching process to remove said tlﬁck
layer of amorphous hydrogenated carbon and change the characteristics of at least the

surface of said masking layer;-and
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11.

retaining said protective coating on said at least one rail so that, during normal
operation of said slider in a magnetic recording system, the protective coating serves to
protect the magnetic head and tﬁe aii' bearing surface from wear and corrosion damage.
15. The method for making a magnetic head slider according to claim 14 wherein said
step of forming a pattern of at least one rail is produced by an etching process:
16. The method for making a magnetic head slider according.to claim 15 wherein said
etching process comprises reactive ion etching.
17. The method for making a magnetic head slider according to claim 14 wherein said
adhesion layer comprises silicon.
18. The method for making a magnetic head slider according to claim 17 wherein the
thickness of said adhesion layér is about 10-50 angstroms.
19. The method for making a magnetic head slider according to claim 14 wherein the'
thickness of said protective coating after said oxygen etching step is about 250 angstroms

or less.
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MAGNETIC HEAD SLIDER AND METHOD FOR MAKING SAME

ABSTRACT

A magnetic bead slider (10) has a protective coating (22) on the rails (12, 14) thereof.
The protective coating comprising a thin adhesion layer (24), a thin layer of amorphous
hydrogenated carbon (24), and optionally a further masking layer (28). The protective
coaﬁng is deposited on the air bearing surface of the slider-after the thin film magnetic
heads (20) are lapped to a chosen dimension, but before the pattern of rails is produced on
the air bearing surface. The protective coating protects the magnetic head during the rail
fabrication process and in usage in a magnetic recording system.

" Fig. 4D



