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D E S C R I P T I 0 N 

Surface Modification of Magnetic Head/' 

Technology 

The invention at issue deals with general magnetic d_isk drives 

(hard disks} and particularly the arra~gement of magnetic disk 

and magnetic head. It deals particularly with surface modifica­

tion of the m.aqnetic head. 

Current technology 

Magnetic disks are data memories with a .very large capacity. 
Approximately 400 million characters (bytes) can be stored on a 

magnetic disk about 95 mm in size .. 

In addition to high st~rage density, the disks must also have 

exact mechanical and triboloqical characteristics. In later ap-
. . 

pl~cations, the disks move at a speed of approx. 5400 rotations 

per minute. This means that the outer edqe of the disk is sub­

jected to a speed of up to 100 km/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

c~ss 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 t.o prevent. friction, al:;>rasia·n and damage (tribological 
effects). The lubricant, generally a linear or branched perfluo­

rinated polyether, is first appl~ed to the dis.k, ,An :Pr~ ~to<- ·· 
-~"'h""' .: . .:~\ - .. . f' ··~ :: ¥ ? '.J l; {~'. 
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ensure even surface distribution. Such an arrangement is known 

through OE-AS-28 39 378 and EP-A-0 123 707, for example. 

Other systems are based on a selective vapour pressure reser­

voir, in which an additional vapourisa.ble lubricant is intro-. . 
duced into the drive in order to achieve condensation from the 

vapour phase onto the critical ar·eas. 

If a magnetic head is now applied to a disk lubricated in this 

way and the d.riye started, the head is ''contaminated" by the 

lubricants (lube) on the outer.layer of the ·disk throuqh molecu­

lar transfer from the disk to the head, which thus receives a 

layer of lubricant. 

. . 
Within such an arrangement of magnetic head and disk to the hard 

disk interface, the air streaming pa.st also comes aoross two 

fluorinated surfaces. -Due to the autophobic character of the 

lube layer, the energy transferr~d in a chance contact between 

the head and the disk ·is reduced to a minimum. 

The lubri·c:ation of the maqnetic head too has the additional ad­

vantage in that the lubricant works as a chemical surface pro­

tector, as th~ affinity of organic materials, potential deposits 

and condensed products are greatly reduced. 

US-A-s·, 409, 738 describes a recording medium consisting of a 

s~pstrate, 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 layer. 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 

water or organic bonds gettinq.,,between the dis:]<: and, t.he' ·'.-' 
·~. :., .... :~ - :: ;.· ~- t : 

lubricant can be avoided. This .... P.i:9.cess has J;:.he-'disadvantage that 
1 ......... 
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on the surface of the substrate an additional discrete layer is 

created, which represents an additional interface and which can 

very easily contaminate the maqnetic head. Wetting of the mag­

netic head with the lubricant does not take place. 

In newer hard disk driv.es, the distance between head and disk is 
even smaller, in order that a higher storage density can be 

achieved. Naturally, even qreater demands are made of the tribo­

logical characteristics of the interface between maqnetic disk 

and head .. To improve the ~urface hardness, a carbon layer ~hich 

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 riot 
previously necessary, as the lube was 1applied automatically 

through the operation of the hard disk drive. It has been found 

that deliberate pre-lubrication of the magnetic head increases a 

problem alr~ady known to exist, known as stiction. 

Whether the critical surface of the magnetic head is wetted 

· first by the lube or by contamination depends, amongst other 

things, on the adsorption ratios. Generally, in such competitive 

processes, one is dealing with egclusion processes, i.e. should. 

the ~ick up of contaminant droplets (e.g. 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 oil droplets be taken up, then they will accumulate of 

the back edge of the magnetic head through the !low of air. When 

the head has stopped moving on the disk, then this will be drawn 
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by capillary attraction along the undersi~e of the maqnetic head 

in the gap between the head and the disk, and will thus stick 

the magnetic head onto the disk (glas~ disk effect) . If the head 

does not move for a sufficiently long length of time and the 

sticking effect is correspondinqly stronq, this phenomenon can 

lead to· the magnetic head being torn from 1 ts holder and to ir­

reparable damaqe being caused to the magnetic disk. 

Due to the increasing optimization of the ·interface towards 
. . 

greater storaqe density··and smaller write/read distances, it now 

appears that a limit has been reached, in that the lube i_~ 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'distances, also under con­

ditions of several weeks of running, no traces of lube and 

almost no closea layers exist on the heads. On the other hand, 

in the first hours of running all types of cc:mtamj.nants such as 

plastici~ers, outgassing products of adhesives and elastomers 

etc. were measured, which could be damaging for the operation of 

the drive. and lead to failures due to stiction. 

As no lube layer can be intro~uced directly onto the read head 

due to stiction problems 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 exists of· developing 

a process which allo~s a layer of lubrication to be applied to 
. . 

the carbon overcoat of the magnetic head without simultaneously 

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 compa~ison to the hard car­

bon overcoat layer and thus could again occasion further 

contamination. 
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THIS 5i<EH HAS BEEN 
REPLACED 

It is therefore the task of the invention to put forward an 

available process which allows the outer 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 the other hand, low -affinity towards 

contaminants. 

A further task of the invention is making such a process avail­

able without an additional layer having to be applied. 

In addition, a task of the invention is to steer the autocataly­

tic process of material adsorption in ~he correct direction from 

the start. 

This and further tasks are solved by the invention process ac­

cording to claim l and the layer according to claim 7. 

Further advantageous forms of the invention are described in the 

sub-claims. 

rt 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 modification 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 expert can inform 

on the correct parameters after a simple experiment. 

The most important functional groups of perf luoropolyethers 

which have proven themselves as lubricants are the -CF~- and 

-CF.\-groups. These give the lubricant and the lubricated surface 

a "teflon-like" charact~r with regard to properties of slip and 

~ffinity. Using the invention, these groups are generated di­

rectly on the magnetic head through modification of the carbon 
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overcoat layer. 
THIS SHEET HAS BEEN 

REeLACED 

In this, fixed 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 lonq 

po°lymer chains on the modified surface, in which per carbon atom 

_ statistically tar fewer will be formed than bonds to the 

substrate. Using the invention process, the greatest number of 

fluorine atoms with a particularly hiqh n~mber of fixed bonds to 

the surface are captured without beinq transferred to a closed 
·1ayer . 

In: order to change the surface of the :magnetic head· as evenly as 

possible and to avoid the formation of an island effect such as 

wiith 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 processes are norm.ally 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 SFM 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 etchinq). 

If, on, the other hand, hyd.ro~arbons are used such as C~4 , 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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If the chamber is operated in such a way ~hat both these modes 

are in equilibrium, then a ·state can be reached where etching 

and deposition are in balance. 

This allows the working method of the chamber to be set up to 

fundamentally decisive parameters, these being pressure, gas 

compo~ition and RF generator·output, so that neither too much 

etching nor too large a deposition takes place, but rather that 
~ 

the surface of the substrate to be processed is simply ac­

tivated. 

If, for example, ar9on is used as a reaction gas at a pr~ssure 
of approx. 2x10-·1 mbar to approx. 8x10-' mbar, preferably 6x10-J 

mbar, and a RF qen~rator 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 groups 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 

reactivetiess. If the pr9cess is switched off, the upper. layer 

automatically stabilises itself e.g. through recombination pro­

cesses and reactions with environmental molecules. If one does 

not leave this process to chance, but "extingui~hes" the plastna 

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 invention, 

for example, CHFJ is used in the ranqe of 10% as an additional 

constituent of the gas mixture, although other fluoric.gases can 

be used. In this, according to the reaction equation Cal, the 

substrate is modified by the bonding separation so that the CF3 -

qroups of the additional gas are taken up by the substrate 

material. Through secondary reactions -CF,- and -CF- groups are 
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also taken up, but only to a small extent. In this way, the surface tension of the 

substrate material changes in such a way that increased affinity to lubricants and 

simultaneously low affinity to impurities occur. This phenomenon is clearly measurable 

and controllable using wetting angle measurements. Consequently, the lubricant can get 

onto the magnetic head on starting the disk drive, before the magnetic head is 

contaminated with impurities. 

H 

(a) 

: . 

Using analytical characterisation (ESCA, las~r-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 

contaminatio1L 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. 
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In this, a plasma is ignited in a gas mixture of· ·appr·o~. 20-40 

seem argon (preferably 20 seem) and .40-2000 seem (preferably 200 

seem) CHF3 at a generator output of 100-250 W (preferably 150 W), 

and the surf ace of the substrate is thus modified. 

The qpplication of a COC layer a~d 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 corresponding pres.sure and composition ratios. The 

latter working method creates repr.oducible results and makes the 

process independent of previous process conditions. 

The process described here has the advantage that owing to the 

modification of only the outer atom layer of the substrate, no 
' ' 

precipitation of an additional layer"is necessary, ~hich could 

also be a source of impurities. In a9dition, there is no addi-
' i 

tional magnetic spacing (effective distance between maqnetic . 

layer and write/read element at a constant height>. Further, in 

this way the surf ace parameters such a~ adsorption, desorption 

and slip can be specifically controlled without the positive 

characteristics of the carbon overcoat being lost. A change in 

its hardness 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 carryin~ out the pro~ess. 

The surface modification described here for condition.ing tribo­

loqical layers can be applied not only to the carbon overcoat of 

ma.qnetic heads, but also, for example; to the carbon layers of 

hard disks. 

Further application possibilities of.the modification process 

using CHF3 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 



- 10 -

between the substrate and coating. The bonding of the first atom 
layer is thus predefined. 

The use of further fluorinated qases is equally possible. There 
must however be at least one hydrogen atom in the reactant. 
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1. Process to modify the outer atom layer of· !·ayers on a 

substrate on a plas~a chamber 

characterised 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 phase deposition, and w~ere the q~s 

composition is such that it contains at least one gas che­

mically/physically activating the surface of the substrate 

and at least one qas 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 1 characterised in that the 

layer applied to the substrate is a diamond-type layer 

(carbon overcoat) . 

4. · ProGess according to one of the claims l-3, characterised 

in that the activating gas is an inert gas and the bonding 

gas is a fluorinated qas. 

· 5. Process according to one of the claims 1-4, characterised 

in that. th~ pressure is in the range 2x10- 3 mbar to 8xl 0·3 

mbar, preferably 6x10-~ mbar, and the RF generator output is 

100 W to 250 w, preferably 150 W. 
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6. Process according to claim 4, characterised in that the 

inert gas is argon and the fluorinated gas is CHF3 • 

7. Layer applied to a sub~trate, characterised. in that solely 

the outermost atom layer of this layer havinq fluorine-:con­

taininq partial functional qroups. 

8. Use of the layer according to claim 7 as a surface for maq­

netic heads in magnetic disk drives. 

THIS SHEET HAS BEEN 
REPLACED 


