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B«E SCRI PT1tI ON Surface Modification of Magnetic Head
echnol oav The invention at issue deals with general magnetic disk drives
(hard disks) and particularlythe arrangenent of nagnetic. disk an@?npghbtﬁc
head. -It deals particularly with surface nodifica- tion of the nmagnetic

head. Current technol ogy Magneti c di sks are data ﬁEﬁDFIES\MﬂWUﬁsVQﬁ%
| arge capacity. -1-

DESCR‘IP.TI.ON
Surfac? Mﬁdificatiéh of Magneﬁic Headj/
Technoloay
The invention at issue deals with general magnetic disk drives
(hard disks) and particularly the arrangement of magnetic disk

and magnetic head. It deals particularly with surface modifica-
_ tion of the magnetic head.

Magnetic disks are data memories with aivery large capacity.
Approximately 400 million characters (bytes) can be stored on a
i magnetic disk about 95 mm in size..

In addition to high storage density, the disks must also have
exact mechanical and tribological characteristics. In later ap-
plicétions, the disks move at a speed of approx. 5400 rotations
per minute. This means that the outer edge of the disk is sub-
jected to a speed of up to 100 Xm/h, in which the write/read
head is only a few ten thousandths of a millimetre from the sur-
face of the disk.

Only the greatest precision in manufacture and statistical pro-
cess controls can achieve these quality requirements.

Since hard disk drives with low overhung magnetic heads have
been manufactured, these hard disks have been equipped with a
lubricant to prevent friction, abrasion and damage (tribological
effects). The lubricant, generally a linear or branched perfluo—
rinated polyether, is first applled to the dlsk,ran order,to '
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perfluo- rinated polyether, is first applied to the disk, in order to
Other systems are based on a selective vapour pressufe reser-
voir, in which an additional vapourisable lubricant is intro-
_duced into the driﬁe in order to achieve condensation from the
vapour phase onto the critical areés.

" If a magnetic head is now applied to a disk lubricated in this
way and the drive started, the head is "contaminated" by the
lubricants (lube) on the outer layer of the 'disk through molecu-
-lar traﬁsfer from the disk to the head, which thus receives a
layer of lubricant. '

Within such an arrangement of magnétic head and disk to the hard
disk interface, the air streaming past also comes across two
fluorinated surfaces. -Due to the autophobic character of the
lube layer, the energy transferred in a chance contact between
the head and the disk is reduced to a minimum.

The lubrication of the magnetic head too has the additional ad-
vantage in that the lubricant works as a chemical surface pro-
tector, as the affinity of organic materials, potential deposits
and condensed products are greatly reduced.

US-A-5, 409, 738 describes a recording medium éonsisting of a
substrate, a thin film for picking up corresponding data, a pro-
tective layer on ‘the magnetic layer as well as a layer-of
lubricant arranged on this protective lafer. Through oxidative
surface polymerisation in the plasma, this represents a manufac-
. tured product in which main molecule chains are chemically
linked to the protective layer. In this way, impurities such as
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water or organic bonds getting,between the disk and, the

lubricant can be avoided. This"fﬁ;g‘éess has _'t;he‘;--"’di"-s-aé‘:'}ar.irta&e. that
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12- ensure even surface distribution. Such an arrangenent is known
through DE- AS-28 39 378 and EP-A-O 123 707, for exanple. O her systens
are based on a selective vapour pressure reser- voir, in which an

addi tional vapourisable lubricant is intro- duced into the drive in order
to achi eve condensation fromthe vapour phase onto the critical areas. | f
a magnetic head is now applied to a disk lubricated in this way and the
drive started, the head is "contam nated” by the lubricants (lube) on the
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In newer hard disk drives, the distaﬁce between head and disk is
even smaller, in order that a higher storage density can be
achieved. Naturally, even greater demands are made of the tribo-
logical characteristics of the interface between magnetic disk
and head..To.improve the surface hardness, a carbon layer which
resembles diamond (carbon overcoat) is applied to the substrate
surface, to which the lubricant is applied as a final layer. In
this way, abrasion can be reduced and a smooth layer is achieved
on the magnetic disk. '

An additional "desired" lubrication of the magnetic head was not
previousiy necessary, as the lube was ‘applied automatically
 through the operation of the hard disk drive. It has been found
that deliberate pre~lubrication of the magnetic head increases a
problem already known to exist, known as stiction.

Whether fhe critical surface of the magnetic head is wetted
- first by the lube or by contamination depends, amongst other
things, on the adsorption ratios. Geherally, in such competitive
processes, one is dealing with exclusion processes, i.e. should.
the pick up of contaminant droplets (e.é. oils) predominate,
then the wetting with lube is all the more unlikely, because the
surface has then changed its affinity more strongly towards
picking up oils. The process tips in one direction or the other.
This is also called autocatalytic affinity.

Should o0il droplets be taken up, then they will accumulate of
the back edge of the magnetic head through the flow of air. When
the head has stopped moving on the disk, then this will be drawn
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does not move for a sufficiently long length of time and the
sticking effect is correspondingly strong, this phenomenon can
lead to the magnetic head being torn from its holder and to ir-
reparable damage being caused to the magnetic disk.

Due to the increasing optimization of the interface towards
greater storage density-and smaller write/read distances, it now
appears that a limit has been reached, in that the lube in the
course of the initial use of a disk drive is no longer being
transferred quickly enough from the disk to the head. Recent
analytical observations on.the part of the applicant have shown
that dependent on selected write/read'disténces,.also under con-
ditibhs of several weeks of running, no traces of lube and
almost no closed layers exist on the heads. On the other hand,
in the first hours of running all types of contaminants such as
plasticizers, outgassing products of adhesives and eiastomers
etc. were measured, which could be damaging for the operation of
the drive and lead to failures due to stiction.

As no iube layer can be introduced directly onto the read head
due to stiction probiems described above, and on the other hand
as a lack of protective layer leads to pick up of contaminants
and thus to renewed stiction, the necessity exisfs of developing
a procéss which allows a layer of lubrication to be applied to
the carbon overcoat of the magnetic head without sihultaneously
having to accept the disadvantages of stiction effects. In addi-
tion, no further layer should have to be brought onto the mag—'
netic head, as this would be soft in comparison to the hard car-
bon overcoat layer and thus could again occasion further

contamination.
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greated, which represents an additional interface and which can very easily
Contami nate the magnetic head. Wetting of the nmag- netic head with the
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i exclusion processes, i.e. should the pick up of contam nant droplets (e.g.
; oils) predom nate, then the wetting with lube is all the nore unlikely,
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In additipn, a task of the invention is to steer the autocataly-
tic process of material adsorption in the correct direction from
the start.

This and further tasks are solved by the invention process ac-
cording to claim 1 and the layer according to claim 7.

Further advantageous forms of the invention are described in the

sub~-claims.

It is to be noticed that the invention is not limited to magnet-
ic heads with diamond-type coatings, but can be used in general
for the modificatioh of the outer atomic layer of layers applied
to a substrate. It is explained using such a hard disk interface
solely for reasons of ease. The parameters can vary according to
the substrate and the layers applied to it. An expeft can inform
on the correct parametefs after a simple experiment.

The most important functional groups of perfluoropolyethers
which have proven themselves as lubricants are the -CF,- and
-CF,-groups. These give the lubricant and the lubricated surface
a "teflon-like" character with regard to properties of slip and
affinity. Using the invention,.these groups are generated di-

rectly on the magnetic head through modification of the carbon

This Sheet Has Been Reilaced




~picking up oils. The process tips in one direction or the other. This is
*also called autocatalytic affinity. Shoul d oil droplets be taken up, then
they will accunul ate of the back edge of the nmagnetic head through the flow
of air. Wien the head has stopped noving on the disk, then this will be

dr awn -4- by capillary attraction
al ong the underside of the magnetic head ign-the gap between the head and
the di sk, and wi‘ll thus stick the nagnetic head onto [t ass di sk
effect). If the head does not nove for a sufficientl BEt
and the sti okietgoatf €e{yeks correspondingly strong, tAhi H&ﬁmwgﬂpn can | ead
to the magnetic head being torn fromits holder and to ir- gdamage
bei ng caused to the nagnetic disk.- Due to the increasing optimzation of
the interfade tbward§ixed covalent bonds are created on the surface of the

substrate, which ensure the best chemical anchoring to the
substrate.

In addition, the invention process avoids the formation of long
polymer chains on the modified'surface, in which per carbon atom
statistically far fewer will be formed than bonds to the
substrate. Using the invention prbcess, the greatest number of
fluorine atoms with a particularly high number of fixed bonds to
the surface are captured without being transferred to a closed
‘layer . |

In order to change the surface of the:magﬁetic héad-as-eveniy as
possible and to avoid the formation of an island effect such as
with chemical dip or condensation methods (these would lead to
functionally untenable surface inhomogeneities and boundary lay-
er effects), radical and ionic plasma processes are particularly
suitable.

Such prétesses are norma;ly carried out in a plasma chamber or
reactor, where such a chamber can work in principle in two dif-
ferent modes. If, for example, gases are used such as SF,, etc,
at a certain pressure and a certain RF generator output, then
the chamber works in etch mode, i.e. under certain conditions
the surface of the substrate to be processed is worn away (RIE -
reactive ion etching). . .

If, on,the other hand, hydroqarbons are used such as CH¢, also at
a certain pressure and/or RF generator output, then additional
layers will be precipitated onto the substrate (CVD - chemical
vapour deposition), the chamber thus working in deposition mode.

[
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' the surface of the substrate to be processed is simply ac-

tivated.

If, for example, argon is used as a reaction gas at a pressure
of approx. 2x10™* mbar to approx. 8x10™' mbar, preferably 6x10™
mbar, and a R¥ generator output of approx. 100 W to approx. 250
W, preferably 150 W, then first the upper boundary layer of the
substrate will be activated by Ar' ions (pre-conditioning), so
that now certain functional grobps can bond easily to this acti-
vated surface. '

At the end of a plasma process, the surface of a substrate has
very many reactive places and thus a high degree of
reactiveriess. If the process is switched off, the upper layer
automatically stabi;ises itself e.g. through recombination pro-
~ cesses and reactions with environmental molecules. If one does
not leave this process to chance, but "extinguishes" the plasma
torch under defined conditions, i.e. by specific supply of an
additional fluorinated gas, the upper atom layers will be corre-
spondingly controllably modified by this gas. In the iﬁvention,
for example, CHF, is used in the range of 10% as an additional
constituent of the gas mixture, although other fluoric.gases can
be used. In this, according to the reaction equation (a), the
substrate is modified by the bonding separation so that the CF,-
groups of the additional gas are taken up by the substrate

material. Through secondary reactions -CF;- and -CF~ groups are
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5 It is therefore the task of the inventi
;avai | abl e process which allows the outernost
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di anond-type | ayer on the magnetic head to be [nodi fRERLIACBpsuch p way t hat
on the one hand great affinity is achieved towards Tne —tubt S used,
with, on the other hand, |ow affini ty towdrds contam nants. A

further tas,< of  the inve glon |s rocess avail.able w thout an
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but can beoti®etie nfaggetie hadd b ktatthy tediski didie] BEfofd theliRaghietie hampls at oni C
contaminated with impurities.

C!"a
(a)

Using analytical characterisation (ESCA, laser-ICR, wetting angle measurements) it can
be proven that the desired groups exclusively form on the surface of the carbon
substrate. This modification, simply of the outer atom layer, is sufficient to achieve the
required change in the surface tension. Even deliberately created layers of a defined
thickness do not show changes in the surface tension which are any more favourable.
Moreover, they are not wanted due to possible abrasion and the danger of possible
contamination: Magnetic heads modified in this way were built into a hard disk drive
and underwent a stiction test. _In this, these disk drives did not show high motor currents

after 30 days, which would have been an indication of stiction.

Example:

Firstly, decisive surface geometry using reactive ion etching processes and ion beam
etching was produced for the flying qualities of the magnetic head. To protect the
magnetic head from mechanical wear and chemical corrosion, a thin protective coat of
diamond-type carbon (carbon overcoat, COC) is applied. At the end of the process, to
improve the selective adhesion qualities of this layer and the associated better slip of the

magnetic head on the extremely thin film disk, the upper atom layer of this COC layer is

modified using the invention process.
_ This Sheet Has Been Replaced
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Iayér of layers applied to a substrate. It is explained using such a hard
disk interface solely for reasons of ease. The paraneters can vary
according to the substrate and the |ayers applied to it. An expert can

informon the correct parameters after a sinpl g——experinent.

According to a first enbodi nent of the inventi mHEShSHET ﬁAgrB:E\Ehged a
process for nodifying the outernost atomc Iﬂyer omgmy@mf provi ded on a
substrate in a plasma chanber charact eri%ed in

essentially determ nig a node of operatlon of the plasna chanber, i.e
pressure, &as conposition and RF are adj usig% I Qggth?

that the pREskRighambBL2FBRKES |+ Eﬁ A& 8f 93 M Wrﬁu% bgP en e chlng and

gas phase deaﬁsa&geﬂ, whefebybwm@asa:anonpum 4001000 mrpdpeéfsuelhly RO i t
contains at a one_ gas m.cal | S t v reh of
remiothel " oI ER LHERDY O£l 236 Y BhL D8 IR P WP GS,

the substr& constituénts o

reactive |anﬂhehplaunﬁaaeeogbtbetSﬂhﬁﬁﬂﬂﬁ%aﬂFythﬂﬁuﬂqq}ﬁﬁﬁdd actlvated
surf ace.

REPLACEMENT SHEET
The application of a COC layer and the modification of the sur-

face can either be carried out immediately after one another or
in a two-stage process, where the plasma chamber is re-condi-
tioned to the corrésponding pressure and composition ratios. The
latter working method creates reproducible results and makes the
process independent of previous process conditions.

The process described here has the advantage that owing to the
modlflcatlon of only the outer atom layer of the substrate, no
'prec1p1tatlon of an additional layer is necessary, which could
also be a source of impurities. In agdltlon, there }s no addi-
tional magnetic spacing (effective distance between magnetic .
layer and write/read element at a constant height). Further, in
this way the surface parameters such as adsorption, desorption
and slip can be specifically controlled without the positive
characteristics of the carbon overcoat being lost. A_change'in
its hardnéés cannot be measured. A further advantage of the in-
vention process can be seen in the fact that no additional -hard-
ware is required for carrying out the process.

The surface modification described here for conditioning tribo-

logical layers can be applied not only to the carbon overcoat of
magnetic heads, but also, for example, fo the carbon lgyers of
hard disks. '

Further application'possibilities of. the modification process
using CHF; can be found in glue and adhesive technologies as well
as in the conditioning of ensuing polymerisation. Here the pro-

cess can be used above all for the checking of interfaces
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6 According to a second enbodi ment of the invention there is provide
a layer applied to a substrate, characterised in that solely the outernost
atom c | ayer of said |ayer having fluorine-containing partial functional
groups. The nost inportant functional grups of perfl.uoropol yethers
whi ch have proven thenselves as lubricants are the [err] and -CF3- groups.
These give the lubriccant and the lubricated surface a "teflon-1ike"
character with regard to properties of sligp-and affinity. Using the

i nvention, these groups are generated directly on the magnetic head

through nodification of the carbon overcoat layer. In this, fixed
coval ent boRgsvwgre Eheaselisbrptheansd oagdng:s The kawsingaeé, thai Ersterdone ~
the best chariyegl 13NEhQS| d&r i substrate. In addition, the

i nvention process avoids the formati on of |ong pol yner chains on the
nodi fied surface, in which per carbon atomstatistically far fewer wl| be
formed thamheonds b0 fhetisebstinmird nalieidngasée isweuaildy posstistes . tThRre

greatest nuglef RAbwibdP bt least one hydrogen atom in the reactant.



atons with a particularly high nunber of fixed bonds to the surface are.

taptured without being transferred to a closed |ayer. In order to

change the surface of the magnetic head as evenly as possible and to avoid
t he for rratlonJmn“lI"'mmuﬁIIIEct such as with chemical dip or condensation
met hods (thes nctional Iy untenahbl: Lnhonogeneities

qggrﬁﬁﬂﬂo ¢1AS SBEE

and boundary Iayer et fects “radi cal arrdlitonic e
particul arly suitable. Such processes ar nordﬁ%iHCﬂﬁrrle out in a
pl asma chanber or reactor, where such a chanber can ciple in

two different nodes. If, for exanple, gases are used such as SF6, etc, at
a certain pressure and a certain RF powerA I MeS§ the chanber works in etch
node, i.e under certain conditions the surface of the substrate to be
processed is worn awdy (RIE - reactive ion etching). If, on the other
hand, hydr okar bdReEsSE FoefoddEN 5§3C9$%#?]at°ﬂlééyaf @f CéANeHiSn O @ssur e

and/or RF power st aaddiohi anplakayessantdd be precipitated onto the
substrate (CVD -. chem cal vapour deposition). the chanbér thus working in
deposi ti on node.

REPLACENMENT SHEEharacterlsed in that

the parameters which fundamentally determine the working
method of the'plasma chamber, i.e. pressure, gas composi-
tion and RF generator output are matched to one another, so
that the plasma chamber works in a state of equilibrium
between etching and gas phése deposition, and where the gas
composition is such that it contains at least one gas che-
mi;ally/physically activating the surface of the substrate
ané at least one gas with constituents which are reactive
in the plasma and are able to bond chemically with this
activated surface.

2. Process according to claim 1, characterised in that the
substrate is a magnetic head.

3. Process according to claim 2, characterised in that the
layer applied to the substrate is a diamond-type layer

{carbon overcoat).

4. - Process according to one of the claims 1-3, characterised
in that the activating gas is an inert gas and the bonding

gas 1is a fluofinated gas;

© 5. Process according to one of the claims 1-4, characterised
in that the pressure is in the range 2x10"* mbar to 8x10*
mbar, preferably 6x107' mbar, and the RF generator output is
100 w to 250 W, preferably 150 W.
-
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1 1 DEC 1998 7 I f the
‘chanber is opefareﬁ“rﬁ~gﬁgﬁﬂgﬂaéy that both these nodes are in equilibrium
then a state mﬂm re et ching and deposition are in bal ance.
This al |l ows tag“i“ﬂ““m of the chanber to be set up to funanentally
deci sive para s, & hdse®bel ng pressure, gas conposition and RF power, so
that neither too nuch etching nor too I%%ge a depositon takes place, but
rat her that the surface of the substrate to be processed is sinply
activated for £X r ig u cti,0 S a
pressure ofs app%?ce ilﬁfer??mﬁbt@ él[%rlm f r%}ggragitl%lgr?]tlh Enae t erably
6x10[ err] nbar, laauthapomramorap?m%&hel@ ‘-‘V\Flrﬁ)t%i’ppﬁaéxiszgﬁFW preferably
150 w, then first the upper boundary | ayer of the substrate wll be
activated by AR+ ions ( re-conditionin t hat _now c rtal nct al
groups cad -bon&3¥8%i BY %be?h‘i:% %&WR?&?L)QE‘IESU‘F’P%’&%C&”S - 1R QP ‘g Jdeoig‘f

pl asma process, thBeoatetmeet odtam Sidysxr afethés layer rlarwmgeﬂ:uoyme-pd:mes

3386: hus a hi ghtgggggs Bgr{:fgfth}(r?&ei%%all [grggﬁs'proc'ess is switched off, the

8. Use of the layer according to claim 7 as a surface for mag-
" netic heads in magnetic disk drives.
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I ayér automatically stabilises itself e. 'g. t hrough reconbi nati on processes

and reactions wth environental nolecules.. |f one does not |eave this
process to chance, but "extinguistkes" the plasma torch under defined
conditions, i.e. by specific supply of an additional fluorinated gas, the

upper atomlayers will be correspondingly controllably nodified by this
gas. In the invention, for exanple, CHF3.Ls used in the range of 10% as an
addi tional constituent of the gas m xture, although other fluoric gases can
be used. In this, acURFACE MOBFICATIONOF MASNETIC(HEADS e substrate is
nodi fied by the bonding separation so that the -CFerr]- groups of the
addi ti onal ABSTRAETt aken up by the substrate material. Through secondary
reactions -CF2- and -CF- groups are also taken up, but only to a small
extent. In this way, the surface teSJJdMA RN substrate material changes
in such a way that increased affinity to lubricants and sinultaneously |ow
affinity to i nyiiis isiaprooess fer ﬂwm@éﬁéﬁaméﬂmpu@mqswmylabf@a@ﬂame and
control |l able using wetting angle neasurenments._ Conse ue&teél!" t he | ubricant
can get ongpplisddofabsirate i plagmanin ‘é”i“ﬁhtcp%ﬂithgx‘iﬂ g Oict-F'y BYQPE 2fhe

magneti ¢ hg%jdulcgd 88 Iﬁtleagl}bgt%atltgfj 'f%lst <tfoe|srﬂ%%I Elcleatl 'withi the application of a layer with a
| defined thickness, rather the conditioning of the surface to predetermine desired -
properties of adsorption and slip. A maximum change in physical parameters takes place

at the same time as a minimum chemical change.

§
?:-b"-’_:‘ﬁ!,_
W T



‘ [err] Usi ng anal ytical characterisation (ESCA,. laser-1CR wetting
angl e neasurenents) it can be proven that the desired groups exclusively
formon the surface of the carbon substrate. This nodification, sinply of
the outrnost atomc layer, is sufficierst to achieve the required change in
the surface tension. Even deliberately created | ayers of defined thickness
do not show changes_in the surface tension which are any re favourabl e.

Mor eover, t hidys shicaefors tiraisk of dhe invention tn ptlopkATd sAoRVaAlable: BTRCcess YHsh of
-allows the outermost atomic layer of the diamond-type layer on the magnetic head to be

modified in such a way that on the one hand great affinity is achieved towards the
lubricants used, with, on_theotherhand, lowafﬁnitytbwardscon:aminants.
A further task of the invention is making such a process available without an
additional layer having to be applied. |
In addition, a task of the invention is to steer the autocatalytic process of material
adsorption in the correct direction from the start.

 This and further tasks are solved by the invention process according to claim 1 and

the layer according to claim 7. -
Further advantageous forms of the invention are described in the sub-clairns.

. Itismbcmﬁcedthatﬂminvenﬁoﬁisnotlhnkdtomagneﬁchudswithdiam0nd-
type coatings, butcanbeuscdmgeneral forthemodxﬁcauonofthcmnermost atomic
layer of layers applied to a substrate. Itxsexplamedusmgsuchaharddxskmtcrface
solely for reasons of ease. The paramcters can vary according to the substrate and the

layers applied to #t. An expert can inform on the correct parameters after a ‘simple
According to a first embodiment of the invention there is provided a process for
modifying the outérmost atomic - layer of hygm-pmvided on a substrate in a plasma
chamber characterised in that the parameters essentially determining a mode of operation
of the plasma chamber, i.e. pmspre, gas composition and RF power are adjusted 10 one
. another, so that the plasma chamber works in a state of equilibrium between etching and
gas phase dcpositibn whcmby tlic gas éom?osition is composed such that it contains at
least ope gas chenucallylphysically at:txvatmg the snrfaee of the substrate and at least onc' ,
gas the constituents of which being reactive in the plasma are able to chcmml!y bond to .
said activated sucface.

REPLACEMENT SHEET |-

1 1DEC 1998




possi bl e contam nati on. Magnetic heads nodified in this wa ) 0
a hard disk drive and underwent a stiction test. In this, t‘mﬂ'gc dE&f SHEET
drives did not show high notor <currents after 30 days, whjch woul d have
been an indication of stiction. Exanple: Firstly, dec}sfvéd tDECa1998
geonetry using reactive ion etchi ng procgsses and ion begmietching was
produced for the flying qualities of the magnetic head. Tq protect tfe

magneti ¢ head from nmechani cal wear and chem cal corrosion, Thl n

protective- Ccogécopding CloaBTseEond) RRILOAIRMD JfCERE DRRerioR! &P is PRWideD aaﬁngl:x‘ cd.
At the end of the process, to inprove the selective adhesion qualitie

this |ayerapplied tha ssisstateytchdraetirised ifiltht dlely the oMot Sofifd dayeP df Riid

extremely thin filmdisk, the upper atomlayer of this COC |ayer is

nodi fi ed unyag:aurh:gﬂmﬁmwﬂmmgwmncnonﬂw , a plasma is ignited in

a gas m xture of approx. 20-40 sccm argon (preferably 20 sccn) and 40-2000

sccm (pref er abTye #d8t smpogarttfiafictidnah gooups roft perfloeropolyethérs1 @hich IaveV proven

(preferably 150 W, and the surface of the substrate is thus nodified.
themsclves as lubricants are the -CF;- and -CF3- groups. These give the Jubricant and

the Ilubricated surface a “teflon-like” character with regard to properties of slip and

affinity. Using the invention, these groups are generated directly on the magnetic head
through modification of the carbon overcoat layer. ‘

In this, fixed covalent bonds are created on the suxface of the substrate, which
casure the best chemical anchoring to the substrate.

In addition, the invention process avoids the formation of long polymer chains on
the modified surface, in which per carbon atom statistically far fewer will be formed
than bonds to the substrate. Using the invention process, the greatest number of fluorine
atoms with 2 parti'culatly high number of fixed bonds to the surface are captured without
being transferred to a closed layer. o | | "

Inoxdcrtochangethzsurfaceoftbcmagncticﬁcadasevenlyaspossibleandto
avoid the formation of an island effect such as with chemical dip or condensation
methods (these would lead to ﬁmcﬁéﬁally untenable surfacc inhomogeneities and
boundary layer eﬂ’ectsﬁ. radical and ionic plasma processes are particularly smtablc o

- Such processes are normally carried ot in a plasma chamber or reactor, where
such a chamber can work in principle in two different modes. If, for example, gases arc
used such as SFg, etc, at a certain pressure and a cenain RF power, then the chamber
works. in -etch mode, i.e, undcr certain condmons the .surface of the substrate fo be |
processed is worn away (RIE - reacuve ion etching). o N

If on the other hand, hydrocarbonsamusedsuch asCI-L; alsoatacermn .
pressure and/or RF power, then additional layers will be precipitated onto the substrate
(CVD - chcmxcal vapour deposmon) .the chamber thus workmg in deposmon mode.



~ The application of a COC layer and the nodification of |t
either be carried out imediately after one another or] ijn
process, where the plasma chanber is re-conditioned td tjhel dREGPMdiing
pressure and conposition ratios. The |atter working ngthod creates
reproduci bl e results and makes the process independent lof procgss
conditions. The process described here has the vant.age that ow mg
to the nodificaion of only the outernost atom c |ayer of the substrate, no
preci pitati on Mithe Chagltr!is epeladcritcluch @ wilPREP bt thest incdis Wt ileqlifibritia, @
source of inpurities. In addition, there i's no additional rmagnetic spacing
(ef fectivenheh aistite arlbbé YRR Red WHBR dichihg ¥R dAitidhiak€ird Bashce! enent at a
constant height). Further, in this way the surface paraneters such as
adsor ption, . dEhiersliowsntienvofiting méthod of 1€ chimbér to/ be Gei bp! tbeRindarbmany t he
positive characteristics of the carbon overcoat being lost. A change in
i ts har dnedecisiven patanitersy ahesecbeing pressuke;r gasadomnpositjon abd tRE powes(tsoothat
process can be seen in the fact that no additional hardware is required
for carryingthenttoo hughr etching nor too idnge & depositiontaltes piaze) but dxther thaedhéer e
for conditioning tribological |ayers can be applied not only to the carbon
over coat osurfaeg of thecsubstrate, to hetpratessed & aimpiy activated.t 0 t he.

If, for example, argon is used as a reaction gas at a pressure of approx. 2x10-3
mbar, 10 approx. 8x10‘3 mbar, preferably 6x10-3 mbar, and RF power of approx. 100 w

a two-stage

10 appro:i. 250 w, preferably 150 w, then first the upper boundary layer of the substrate
will be activated by AR+ ions (pre-conditioning), so that aow certain functional groups
can bond easily to this activated surface. -

Atthccndofaplasmaptdcess. the surface of a substrate has very many reactive

places and thus a high degree of reactiveness. If the process is switched off, the upper
layer sutomatically siabilises itself ¢.g. through recombination processes and reactions
with environmental moleculcs If one does not l_eave tlus process to chance, but
“cxﬁngﬁﬂms"the;ﬂmunﬁtonﬂlummm'mﬁkmdcomdnkum,Le.byspaﬁﬁcsuppbrofan

| addiﬁonal fluorinated gas, the upper atom layers will be correspondingly con__trollably
modified by this gas. In the invention, for example, CHF; is used in the range of 10% '.
as an additional constituent of the gas mixture, although other fluoric gases can be used.
In this, according to the reaction equation (z), the substrate is modified by the bonding:

* separation so that the -CFy- groups of the additional gas are taken up by the substrate
material. Through secondary reactions -CF,- and -CF- .'g-rm'ps- are also taken up, but

' anWQasnmuexan.hmﬂﬁsvmy,ﬂmsﬁdmmtmukmwﬁﬁhémﬂwﬂﬂcﬁEMHkﬂdhmmps
in such a way that inéreased aff'mity'to lubricants and simnltancoqsly-l low affinity to

' impuritié_s occu_r.. This i:henémenon is clearly measurable and controllable using wetting |
angle measurements. Conﬁequemly. thc _lubr'ican-t .c'an' get §nto,the magnétic_hcad on |

' sta_rting the disk drive, before the magnetic head is cc’;x_xtaminéted with impurities. -

-



‘car‘bon | ayers of hard di sks. Further application .
the nodification process using CHF3 can be  found in glu %EP&AGWE%T \SHEEI

technol ogies as well as in the conditioning of ensuing p FynerrsatrTom:
t G@gg
r 11189[-:9 t ieq

Here the process can be used above all for the checking
REPLACEMENT SHEET

t he.substrate and coating. The bondi ng of the fi rst ato
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Using analytical characterisation (ESCA, laser-ICR, wetting angle measurements)
it can be proven that the desired groups exclusively form on the surface ofthecarbdn

substrate. This modification, simply of the outermost atomic layer, is sufficient to.
achieve the required change in the surface tension. Even deliberately created layers of
-deﬁnedthicknssdomtshowchangesinmcsui?facewnsionwhichmanymom
favourable. Moreover, they are not wanted due to possible abrasion and the danger of
possible_ contamination. Magnetic heads modified in thzs way were built inio a hard disk
drive and underwent a stiction test. In this, thesedzskdnvesdldnotshowhxghmotor
currents after 30 days, which would have been an mdxcauon of stiction.
Exampie: |
' Firstly, decisive surface geometry using reactive ion'etchipg processes and ion
beam etching was produced for the flying qualities of the magnetic head. To protect the
magnetic head from mechanical wear and chemicl corrosion, 3 thin protective-coat of
- diamond-type carbon (carbon overcoat, .COC).is apphed At thc end of the process, to

nnprove the selective adhesxon qualmcs of this layer and the associated better slip of thz
magncuc head on the extremely thin film disk, the upper atom layer of tlns coC layer is
modxﬁad using the mvenuon process. -

_ In this, aplasmaxsxgmtedmagasmxmreofappronMsccmargon

-(preferably 20 sccm) and 40-2000 scom (prefcrably 200 .sccm) CHF;:, at a generator

output of 100-250 W (prefcrably 150 W), and the sucface of the substmte is thus
: nnxhﬁed



" layer is thus predefined. The use of further fluorinated gases is equall'y
possi bl e. There nust however be at |east one hydrogen atomin the reactant.
1. A process for nodifying the outernost atomc |ayer of |ayers provided

on a substrate in a plasma chanber g Characterised in that t he
paranmeters essentially determ ning a node of operation of the plasnma
chanber, | .e. pressure, gas conposition and RE power are adjusted to one

another, so t{h¢a tiof! of AT O 3a¥er 'ani Ak follification of ehe Surfatsidah Ritherbe
bet ween et ching and gas phase deposition, whereby the gas conposition is

conposed scarhied foat itnmediiaéisi after aine! fbttier ORdn a WSstagee process| Whepdtins plakny

activating the surface of the substrate and at | east one gas the
chamber is re-conditioned to the corresponding pressure and composition ratios. The
hmwommmmmmkmmmm:mm@mmof
previous process conditions.

The process described here has the advantage that owing to the modification of
only the outermost atomic layer of the substrate, no precipitation of an additional layer is
necessary, which could also be a source of impurities. In addition, there is no additional
magnetic spacing (effective distance between magnetic layer and write/read clement at a
constamt height). Further, in this way the surface punumﬁum.smﬂias adsorption,
desorption and slip can be specifically controlied without the positive characteristics of
the carbon overcoat being lost. A change in its hardness cannot be measured. A further
advantage of the invention process can be seen in the fact that no additional bardware is
required for carrying out the process.

The surface modification described here for conditioning tribological layers can be
qmﬂkﬂxxnombru:ﬁmtmﬂxm«nmmunnofnmgxﬁchﬁub,butaho,ﬁmemmmpk.u)&w
carbonlayets of hard disks. ' ' ~

Further application possibilities of the modification process using CH:F3 can be _
found in ghmzand adhesive technologies asvmﬂ as in dn:condnnnnng ofcnmuum
polymerisation. Here the process can be used above all for the checking of interfaces
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constituents of which being reactive in the plasma are able to chemically
bond to said activated surface. 2. The process according to claiml1,

~ characterised in that the substrate is a magnetic head. 3. The process
according to sed in that the layer applied to the

substrate is a er (car bon overcoat). 4. The process
according to a ﬂmﬂ @I charpcterised in that the activating
gas is an iner d| ng gas is a fluorinated gas. 5. The

process accordi ng to any one of clainms 1-4, characterised in that the
pressure is in the range 2x10[err] m&l[.AMSBXlO[err] nbar, and the RF
power is 100 Wto 250 W 6. The process according to claimb5,

characteriked Arprobess fdremuoxdifyingr thei owésmiGit eatorhic idysr .of Idyers Tprovidedces <
according to claim5, characterised in that the RE power is 150 W
8. The prsubstzate im s plasmachambet ai m 4, characterised in that the inert gas
is argon and .
characterised in that
the parameters essentially determining a mode of operation of the plasma chamber,
i.e. pressure, gas composition and RF power are adjusted to one another, so that the

plasma chamber works in a state of equilibrium between etching and gas phase -

deposition, whueb}'ﬂngéspompositioniscomposedsuchthatithmainsatleastone
gaschcmimnyfphysicauyacﬁvaﬁngmeﬁurfaccofdnsubmandmlemomgasme
constituents of which being reactive in the plasma are able to chemically bond to said
activated surface. . | | |
2.  The process according to claim 1, characterised in that the substrate is a magnetic
3.  The process according to claim 2, characterised ip that the layer applied to the
substrate is a diamond-type layer (carbon overcoat).
4. The process according to any one of claims l-3,charactbrisedinﬂmfhcagtivating
-gasisaninertgasandmebondilnggasisaﬂuorinawdgzs. | |
5. Thcpmeessaeoordingzoanyomofcxaim 1-4, characterised in that the pressure
mmthennge2x10'3mbart08x10‘3mbar andtthFpower:leOWtoZSOW
6. The process ‘according to claim §, chanmensed mthat the pressure is 6x10'3.
7. The process according to claim 5, characterised in that the RF power is 150 W.
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t he fluorinated gas is CHF[err]. 9. A layer applied to a substrate,
characterise n that solely the outerm)st atomc |ayer of said |ayer

havi ng fl uori ne-cont ai ni | functional groups. 10. Use of the |ayer
accor di ng to'c face for magnetic heads in magnetic disk
e i

12

8.  The process according to claim 4, characterised in that the ivert gas is argon and
the fluorinated gas is CHFs_ |

9. A layer applied to a substrate, characterised in that solely the outermost atomic
layer of said lsyer having fluorine-containing partial functional groups.

10. Use of the layer according to claim 9 as a surface for magnetic heads in mapnetic
disk drives.
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