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The invention felatés tod magneuc head having a head face and
comprising a head structure composed of thin layers and provided with a transducing
element, in which different materials in different areas are present in the head face.

A magnetic head of this type is known from JP-A 63-37811 (herewith
incorporated by reference). The known magnetic head has a thin-film structure provided
on a substrate and comprises a magnetic yoke with a magnetoresistive element and a
transducing gap. The magnetic head also has a head face in which the transducing gap
10 -and magnetic flux guides for guiding magnetic information towards the magnetoresistive
element terminate. The head face of the known magnetic head is used for guiding a
magnetic record carrier, particutarly a magnetic tape.

LY

In magnetic heads which have a layer structure, soft materials, notably
soft-magnetic materials of flux guides, for example permalloy, occur in addition to

15 relatively hard materials, notably substrate materials, for example AL,O,/TiC. Due to

the abrasive effect of the record carrier moving along the head face during operation,
the relatively soft materials may wear on the head face, which results in a hollowing of
;"’ the layer structure of the head face. Such a hollowing leads to a larger distance between
the record carrier and the layer structure and hence to a reduced transfer of information

from the record carrier to the magnetic head. Consequently, a long lifetime cannot be

Buaranteed for the known magnetic head whose head face also serves as a tape contact
face,

20

It is known per se to provide wear-resistant layers on the head faces of
Magnetic heads in order to inhibit wear. EP-A 0 123 826 (herewith incorporated by
refe.rence) Proposes. to provide the head face of a magnetic head with a sputtered layer

of titan; . o o Ca i e
) tanium carbide, chromium carbide or titanium nitride which is thinner than 0.2 xm.
Owever

25

orch » Magnetic heads whose head faces have a wear-resistant layer have the
lem that the transfer of information from the record carrier to the magnetic head is

-
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element, in which different materials in different area are present in the
Head face. A magnetic head of this type is known from JP-A
63- 37811 (herewith incorporated by reference). The known magnetic head has
a thin-film spaNti438provi ded on a substrate and conprises a nagneli-83.48%%
wi th a magnetoresistive el enment and a_transduci ng gap. The nagnetic head

al so has a hegersé tham in eorvgspending, magnetisshrags mithguin wear-resigtaat layer patheyigades

for guiding net i c, | i Qr esi st i . S
tor mmate. - riaohdhafteh Bae BiER CAULRIELGD! SpralP A £Richld Yinfi SSANon, it
magneti ¢ recgigqlmﬁéd that thep@edriresidtant! Iyer shogiidaiot Ge tnfrie. thicker than is strictly | n
magneti ¢ heads i ch have a layer structure, soft materials, notably

sof t - magnet i cnepessasy idue & He weaninhjbiting Jungtion. Thinmwear-Tesistany Jayers, aelably in

addition to rel ati d | '

exanpl e Al [%r‘ﬁ']"%redr{ﬁ )’Oﬁ]@h, ﬁ%&@k?o&%&ﬁ:ﬂéoﬁ#& g%({f%%ﬁ h{fﬁég‘ﬁﬁogi?g&dr eéégn | er
nmovi ng al ong %bmﬁbagd?hbgeﬂdmzrmﬁgmraﬁep,nmtﬂgﬁw mbatehd@#op ‘ﬁ@b?rwﬁh ¢hd al s
my wear on the ea ce, 1 C rsuts,lna ow ng_.90 t he ayer
Structure of wectessiat layeh Notably saftrgagnetic n&twiﬁ%uch@éhfsragevs areseadibe

bet ween affected by corrosively reacting substances, resulting in a decrease of the transfer of
information from the magnetic tape to the transducing element. It has been found that
10 many magnetic tapes contain, inter alia chlorine and that during scanning of these
magnetic tapes Cl ions diffuse from the magnetic tapes into the head faces of the
magnetic heads where they cause local corrosion.

15 It is an object of the invention to improve the magnetic head described in
the opening paragraph in such a way that it has a wear-resistant and corrosion-resistant
head face. | '

The magnetic head according to the invention is characterized in that the
. head face is provided with a first layer of a material which is more sensitive to

20 corrosion than said materials in the head face, and the first layer is provided with a

second layer of a wear-resistant material which is more insensitive to corrosion than the

material of the first layer. _

The second layer, which constitutes a contact face for cooperation with a
tecord carrier, protects the magnetic head according to the invention from abrasive and
Corrosive wear, while the first layer present between the head face and the second layer
Protects the magnetic head from corrosively reacting substances such as chlorine

A

°figinating from the record carrier. It has also been found that the adhesion of wear-
resistant materials to materials occurring in the head face can be improved by suitable

choice of the material of the first layer; in other words, the first layer may also serve as

3
" a adhesive layer,

To ensure a favourable signal transmission from the record carrier to the
:tanSd“ci“E element and/or from the transducing element to the record carrier, said
a
Yers shoulg have a minimal thickness, Favourable results were achieved with magnetic
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the record carier and the layer structure and hence to a reduced transfer
of information fromthe record carrier to the magnetic head. Consequently,
a long lifetinme cannot be guaranteed for the known magnetic head whose head
face al so servesyasdsotape contact face. 3 It is kid
se to provide ar-resistant |layers on the head faces of magnetlc beads

in order to i ngugl deconging to the-inventiva 3whae fitstlayer had a thickness of betweon 1 nm and
Cputtored | Sﬁézo?nféaw R JAeE 2 IR SneeBrER 0 P 20l i i de
R ey ot e s oo
i nformation frgsuidwhosesemond dayer has a thickness ofi sathac 602m, because only very

5 limited output losses occur in this case.

An embodiment of the magnetic head according to the invention is
characterized in that the material of the first layer mainly comprises a metal from the
group of - Ti, Zr, Hf, V, Nb, Ta, Cr, Al, Zn -. All these non-magnetic metals have
Jower standard reduction potential values, - E° values in accordance with the US

10 definition - than Fe; thus, they are less noble than Fe so that soft-magnetic flux guides
of, for example an NiFe alloy - permalloy - terminating in the head face are protected
from corrosion by the material of the first layer. The metals may be provided on the
head face by means of known deposition methods, particularly physical or chemical
vapour deposition such as sputtering or CVD.

15 An embodiment of the magnetic head according to the invention is
characterized in that the material of the second layer is one of the materials from the
group of - chromium oxide, chromium nitride, hafnium nitride, titanium nitride,
chromium carbide, titanium carbide, tungsten carbide, diamond -. All these materials
have good wear-resistant properties and adhere satisfactorily to the metals of the first

20 layer. The materials may be provided on the first layer by means of known techniques

such as sputtering deposition, vapour deposition or CVD. For process-technical reasons
the following combinations of materials are preferred: titanium and titanium nitride or
titanium carbide; hafnjum and hafnium nitride; chromium and chromium oxide or
chromium nitride or chromium carbide.

An embodiment of the magnetic head according to the invention is

characterized in that the chromium oxide is mainly Cr,0s, the material of the first layer
being Cr, '

A

This magnetic head according to the invention has a wear-resistant contact
face formeg by the layer mainly comprising Cr;O, for cooperation with a record carrier,
Perticularly 5 magnetic tape. At a layer thickness of 10 nm to 100 nm a favourable
Seral 'ransmission between the record carrier and the transducing element is ensured. It

A% been foung that the contact face has a good wear resistance, not only in the
M“" Tange between 5°C and 85°C, but also at temperatures in the range

: Rﬁced
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rse than in correspondi ng nmagneti c heads w thout a

wgar-resi ggant layer on the head face. In order that nore favourabl e output
signals arfe still ieved during operation,,it is required that th ,
wear - r esi gt ant Plgf/g‘ﬁgﬁa‘foul d not be made thicker than is strictly neiéé’éaﬁgs’
due to thg wear-inhi fif| L On. | - ' nat.abl

Chi nner tFan Lowow > 5 882055 s SRR GhIat PR h Mg BE e ik e
corrosivelly r eagfsw i poRaths bppatftases AAH R Inyaghersdahning evices inérided for Sifodrane
t he head fjace via pores jn the wear-resistant |ayer. Notably soft-nmagnetic

material s jsuch meh aSiCREragiq eassettg Tecardersi |y affected by corrosively reacting

subst ances], resulting i r J: I ' fromthe
magneti c tjape to the tr%@é%?@@&%ﬁ@ﬁﬁhﬂg@ gggﬁgt?%%g eﬁﬁaép?%ﬁ?mmntly

magneti c tiapeg eRprsiigCr,Onbethehdad fabe cdn beobtaited byiprovidingghisdayeri byomedns of

t hese magnietic tapes Clgggns I ffyse fromthe magnetic tgﬁes i ntqQ the head

faces of the mesguients: Mgy Ph thiglopsses, ot tess ghan) 60bamy Bighokear resistances are

! found to be achievable by' means of sputtering. A further advantage of the sputtered

wear-resistant layer mainly comprising Cr,0, is that it can be formed at temperatures of
less than 300°C. The magnetic properties of magnetic materials present in the layered
10 head structure will then remain unaffected during formation of this layer. A wear-
resistant layer mainly comprising Cr,0, and provided on the head face by means of
sputtering yields a magnetic head according to the invention which supplies favourable
output signals during operation and is suitable for use at relatively low temperatures
and, moreover, has a long lifetime.
15 It has been found by experiment that a layer having a thickness of
approximately 5 nm mainly comprising Cr and preferably provided by means of
sputtering is sufficient to inhibit corrosion of the head face and to ensure a satisfactory
‘adhesion of the layer mainly comprising Cr,0, to the head face.
The invention also relates to a method of manufacturing a magnetic head
20 according to the invention, whose first layer mainly comprises Cr and whose second
layer mainly comprises Cr,0;. In this connection the invention has for its object to
provide a method which is as simple as possible for manufacturing such a wear-resistant
magnetic head.
The method according to the invention is characterized in that a first layer
Mainly comprising Cr is formed on the head face, at least on the head structure by
T€ans of sputtering deposition, and a second layer mainly comprising Cr,0 is formed
’ on the firgt layer by means of sputtering deposition.
i ] An embodiment of the method according to the invention is characterized
¥ ' that Sputtering is performed with a chromium target without oxygen addition until the

irst .
layer i formed, whereafter oxygen is supplied for forming the second layer. It has
n .

com f?“nd that the oxygen can already be supplied after the formed layer mainly
?"3"‘8 Cr has a thickness of several nanometres. It has also been found that,

Poviday . .
thd ®is not extremely low, the oxygen pressure has no substantial influence on the
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It is an (!j ect of the invention to inprove the nmagneti-:c head described in
the openirig paragraph in such a way that it has a wear-resistant and

corrosi on-fresi stant head face. The magnetic head accordi
t he i nventii on igﬂﬁﬂﬁﬁggteri zed in that the hdad face is provi ded w tlﬂ-d;qlggg

first laydr of a materi gl ich is nore sensitive to corypsiQn_th aid
nat er i alg in thwﬂMﬁ%&B&WtWﬁ?%ﬁml AYRLMALLY OTPrg RO gﬂ’é’ TERAgEs.

| ayer of & wear-r esist t\@éarabsi | énf BE SSalt i 1
it he. iat or | BF PPt R o BesticlycrSndEpient OF Sall e yOLIORS. Dl |
constitutes a cgntieaeliabilify of the methodesputtering s only 4o takeplareciarpracsice yatibthect

t he magneti c head cording. to the i tion frQm abrasive.and, cokrosive
wear | uhi 1 et ndomeRdos Tty sPubBRpb Ry b s N8 hpio AN 80 8 onc
llayer protects the magngf isqolRarbtdd Mal S kA Sorh IBVMCTécRAicAMDRCRIGRBAIER,
as chlorine iginating fromthe record carrier. It has al so been found

that the adhesivwoh l1df noneldk Marekil@62rnp. ntd 08 (herbwith dnaosparated by refarence) pyyprovide
the head face C&{b, ?1 r}:%g of ?I%m%yplfuunigt é"‘nbi\eeat-resiswnt magnetic heads for forming wear-
resistant layers. JP-A 66-73917 (herewith incorporated by reference) proposes to
provide core limbs of permalloy comprising Cr with a layer of Cr oxide having a
10 thickness of more than 0.5 um and to form a layer of Cr oxide by means of sputtering

on core limbs of permalloy not comprising Cr.

These and other aspects of the invention will be apparent from and
15 elucidated with reference to the embodiments described hereinafter.
In the drawings
Fig. 1 is a layout of a first embodiment of the magnetic head according to
the invention,
Fig. 2 is a diagrammatic cross-section taken on the line II-II through a
20 transducing gap of the magnetic head of Fig. 1,
Fig. 3 is a perspective elevational view of the magnetic head of Fig. 1,
and
Fig. 4 is a perspective elevational view of the magnetic head of Fig. 1 in

a production stage in which the magnetic head still has an uncoated head face.
25

The thin-film magnetic head according to the invention shown in Figs. 1,

2 ‘and 3 comprises a support or substrate 1, in this example of a magnetic material, viz.
::'::’lme on which a head structure 2 composed of magnetic layers, electric layers

Whniqt::l.ng layers is provided. The head structure 2 composed by means of thin-film
A iC 1S protected by a counterblock 3 of a non-magnetic material, for example

. + The magnetic head has a head face 5 with eleven transducing gaps in this

ple. .
A group of nine gaps S1 to S9 of the eleven transducing gaps is intended for
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choice offthe material of the first layer; in other words, the first |ayer
mgy al sofserve a an adhesive |ayer. To ensure a favourable
signal tansm ssigmshromthe record carrieg to the transducing efjegxneos
and/ or figomt ransduci ng elenment to the record carrier, said | ayers
shoul d hive a mi.ni Hedrmalio '8 Fgital PorAHARPOR pAS b apsV8I0PnACSY 15X Ghtendd for
magnet rea - 3- heads

to thgng infasmatiomn amaraiog Farst on ayrecord sarrier{hwbichanevesfalangttheen 1
m and 40935 3%6RRoR 2 The B85k &1 1966 TR usR e RESlly B 2N
smaller gap length than the gaps S10 and S1I for analog use. Moreover, the gap length

accordin
nm and
100 nm

s may be chosen to be such that both analog and digital information can be read by one
and the same gap.

The magnetic head according to the invention comprises an insulation
layer 9 provided on the substrate 1, which insulation layer is provided with three
electric conductors C1, C2 and C3 in this example, which conductors may extend into

10 the transducing gaps. The magnetic head also comprises eleven magnetoresistive

elements El to El1, further referred to as MR elements which comprise, for example a
layer of NiFe on which one or more equipotential strips, for example of Au may be
provided. The MR elements El to Ell are each provided with a pair of first connection
tracks 11a and 11b which terminate in first connection faces 13a and 13b, respectively.
15 Both the first connection tracks and the first connection faces are preferably made of
Au. It is to be noted that an MR element provided with equipotential strips is known
per se and is described inter alia in US-A 4,052,748 (herewith incorporated by
reference).
Said electric conductors Cl, C2 and C3 are used for biasing the MR
20 elements El to E9, E10 and El1 and are each provided with a pair of second
Connection tracks 15a and 15b which terminate in second connection faces 17a and 17b,
respectively,
The magnetic head also comprises eleven pairs of flux guides of a soft-
Magnetic material, for example permalloy, each pair comprising a first or front flux
Buide 19a and, spaced apart therefrom, a second or rear flux guide 19b. The front flux
Buide 193 extends as far as the head face S for cooperation with the magnetic record
Garrier 7. The MR elements El to E11 are present between the substrate 1 and the flux
Ruides, each MR element constituting a bridge between a first and a second flux guide
1% anq 19b. In certain constructions and for certain uses it is possible to omit the rear

ux oy . . . .
UX guides, It is also possible to start from a non-magnetic substrate and to provide an
Sitrg flux guide,

e The electric conductors, the MR elements and the flux guides are
‘ncany insulated from each other by a plurality of insulation layers of an electrically
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However, magneti c head-is preferred whose first layer has a thickness of
lsess t han nm and whose second | ayer has a thickness of |ess than 60 nm
because of y l4sgi t ed out put | osses oceur in this case. . n
enbodi mnengg of i‘ﬁﬂyel"":’rrggnet i ¢ head accordi ng ?{J) the invention is 11'03’19%\
character §zed | i | : i iise

netal frogt h@d'?%a?gﬁt%cagp‘?qﬁﬁtﬁﬁéﬁ% teﬁél,, tf%ee’{ﬁg{ﬁér%d 3%}9& og? ﬁH%m&D I;%Ellﬁ'l LRt
non- magnef§i ¢ praire deaoted biydhe refetencel aumeraisi2ic and 23 jroFignt. A furetiendnsulation
E[err] vaues In gccordg}gce#/\/ith t he US &?finition - than Fe; thus, they
are | ess §obl lyerdann goe form of, forsexample, am adhesive) 1ayer 45 prrsent bspweancthe s l e
an N Fe afl oyg: 38k QYd -19b aRA | plock e head face are protected
fromcorrgsi ofrillubé/2 t he mter?aﬁhg}tﬁﬁ%ﬁﬁrrst layer. The netals may be

provi ded Ppnsthe head Adirst layem2bhmaindy cemprising djras iprovidedren thedead face 5 of
particul afly physical .or, chem.cal .vapour.de I tion such as,sputtering or
ovo. ] e il e BekaRRE o e e a8l A tord [aYel 39 RS e

I nventiongis ﬁ?iﬁ%@%@,zﬁcbrbﬂdwaﬁ the irstBlyRF foﬂhiﬁg@w&ﬁ%&ﬁtahﬁb’&{taddt YadeN€
of the eria romthe “group of - chrom um oxide, chromumnitride,

t r i 3fefor cooperdtiom with thedepe-shaped nécord carriet de Ont the ane hand,ahdifutst,
ki AR s e B e e A5 o3R8 B

{0 the other hand protects the materials of the head structure, particularly the soft-magnetic

haf ni um
t ungst en
properti g

materials from attack by exterior aggressive substances.
The method of providing the layers 31 and 33 on the head face will now
be described with reference to Fig. 4. After the assembly of substrate 1, head structure
2 and counterblock 3 has been provided with the contact face 5, for example by means
15 of grinding and/or polishing, the assembly is placed in a known sputtering device
| comprising a chromium target. By means of reactive RF sputtering, for example RF
diode sputtering at 10 mTorr Ar, mainly Cr is deposited on the head face 5 at the
transducing gaps S1-S11 and at both sides thereof.

After a given layer thickness, for example S nm has been formed by

20 deposition of Cr, oxygen is supplied to the sputtering device, while the layer mainly
comprising Cr,0, is formed at, for example | mTorr. An advantage of this method is
that the two layers can be provided right after each other, using the same sputtering
device,

It is to be noted that the invention is not limited to the embodiment
shown, For example, the magnetic head according to the invention may comprise one or
more inductive transducing elements instead of or in addition to magnetoresistive

ransducing elements for recording information on a record carrier. Moreover, instead
of 2 wear-resistant layer of Cr,0,, a layer of a different material from the group of
*hromium oxide, chromium nitride, hafnium nitride, titanium nitride, chromium

Grbide, titanium carbide, tungsten carbide and diamond may be used as a wear-resistant
layer, Instead of Cr, a metal from the group of Ti, Zr, Hf, V, Nb, Ta, Al and Zn may
% useq for forming an intermediate layer extending between the head face and the

_ _vf”f‘msistant layer.
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| ayer. Thi
{ echni que
process-t
preferred:
haf ni um n
chrom um

material s ma n the first layer by neans of known
such as spu [, ﬂ)mm n, vapour deposition or CVD. For
hni caI reasons corrbi nations of materials are
t ipEh 4 R_nd titaniumnitride o titanium carbide; hafHi.08nl99%
ride; chrom um and chrom um oxide or chromumnitride or
ar tﬂ_uﬁM.S An enbodi nent of the magnetic head
to the invention is characterized in that the chrom umoxide is
err]err], the material of the first |ayer bei ng Cr.
tic head according to the invention has a wear-resistant contact
d by the layer mainly conprising Cr[err]Jerr] for cooperation
ord carrier, particularly a magnetic tape. At a |layer thickness
o 100 nm a favourabl e signal transm ssion between the record
carrier d the transducing elenent is ensured. It has al so been found
that the fcontjact face Aamagnegoheadiesving hemd faoe and bomprsihy aihead kBucture
t enper at gre range betvveeq 5C and 85[err]C, but also at tenperatures in the
range composed of thin layers and provided with a transducing element, in which different
materials in different areas are present in the head face, characterized in that the head
face is provided with a first layer of a material which is more sensitive to corrosion
5 than said materials in the head face, and the first layer is provided with a second layer
of a wear-resistant material which is more insensitive to corrosion than the material of

the first layer.

2. A magnetic head as claimed in Claim 1, characterized in that the first

layer has a thickness of between 1 nm and 20 nm and the second layer has a thickness
10 of between 10 nm and 100 nm. |

3. ~ A magnetic head as claimed in Claim ! or 2, characterized in that the

material of the first layer mainly comprises a metal from the group of - Ti, Zr, Hf, V,

Nb, Ta, Cr, Al, Zn -.

4, A magnetic head as claimed in Claim 1, 2 or 3, characterized in that the
; I5 material of the second layer is one of the materials from the group of - chromium
oxide, chromium nitride, hafnium nitride, titanium nitride, chromium carbide, titanium

carbide, tungsten carbide, diamond -,

5. A magnetic head as claimed in Claim 3, characterized in that the
chromium oxide is mainly Cr,0;, the material of the first layer being Cr.
0 6. A method of manufacturing a magnetic head as claimed in Claim §,

characterized in that a first layer mainly comprising Cr is formed on the head face, at
least on the head structure by means of sputtering deposition, and a second layer mainly )
comprising Cr,0; is formed on the first Jayer by means of sputtering deposition.

7. A method as claimed in Claim 6, characterized in that sputtering is
performed with a chromium target without oxygen addition until the first layer is

formed, whereafter oxygen is supplied for forming the second layer.

“‘ﬁfiiimi’iiiﬁifi‘li‘ﬁin
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bet ween S[err]C and -20[err]C. This is particularly inportant for magnetic ‘ )
heads which are used in portabl e apparatuses and in magnetic scanni ng

devi ces inten or_out door use, such as c radi o cassette recordgrs,

It has been f%ﬂ 4oéxsgexperl ment that a qual ?t atively em nent Iayerqﬁhq% 9)?3
conprising Cr[er %r] on the head face can be obtained by providing this
| ayer by nea 3 ttering. Already at |ayer thicknesses of |ess than 60

nm hi gh V\Barm?gﬁét%er agﬁvﬁg% whilredstat 1fer2ahd %éﬂiﬂdeofommwn@ such a

sputtering vanTage of the sputtere

magnetic head.

Magnetic head having a head face (5) and comprising a head structure
composed of thin layers and provided with a transducing element (E11), in which
different materials occurring in different areas are present in the head face. The head
face is provided with a first layer (31) of a material which is more sensitive to corrosion

5 than said materials in the head face, and the first layer is provided with a second layer
(33) of a wear-resistant material which is more insensitive to corrosion than the material
of the first layer. The second layer constitutes a contact face (35) for cooperation with a

magnetic tape (7).
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wear-resistant layer mainly conprising Cr[err](Jerr] is that it can be
fornmed at tenperatures of |less than 300[err]C The nagnetic properties of
nagnetlc materials present in the |layered head structure will then remain
unaffected during formation of this layer. A wear- resistant |layer mainly
conprising Cr{err]Jerr] and prOV|dedJﬂgzthe head face by neans of
sputtering yields a magnetic head acc ng to the invention which suppli-es
favourable output signals during operation and is suitable fef use at
relatively | | $hperat ures and rggregcgvec 1%as %0 |00 LRI @' §B-EN 5

It has beep!Rauslil &Y experinent __,n__________l_________.iu__
appr oxi nat =P fame 1 T-ﬁf‘w" e ¢ o B mEans of
sputteringti rﬂ‘ ‘741; ) vE {n ! £

ensure a s
Cr[err]de
to a met hod
whose firsf
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object to
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The met hod according to the invention is characterized in that a first
lrayer mai nly conprising Cr is forned on the head face, at |east on the
head structure by means of sputtering deposition, and a second | ayer
mainly conprising Crferr](err] is forned on the first layer by neans of
sputtering deposition. ;IZAn enbodi nrent of the nethod
according to the invention is charact in that sputtering is
performed with a chromumtarget w thout oxygen addition until the

first layer is formed, whereafter oxygen is supplied for formng the second
| ayer. It has been found that the oxygen can already be supplied after
the fornmed | ayer mainly conprising C has a thickness of several
nanonetres. It has n found that, provided it is not extrenely

| ow, the oxygen ressure has substantj'sall i nfluence on the
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" conposition
Crlerr]derr]
: i,ndependent
met hod, sputt
mai nly conpri
It is to be nqted that it
vol . 11, no.

to provide ygagnetic hﬁddm/ingtnywwmstu& laYQnmqommndngmanh&atumgsuét e
magneti c heads for f,orm ng wear- resistant |layers. JP-A 66-73917 (herevmth
i ncor por at efﬁaﬂﬁ'ﬁu 8r ence) proposes to provide core |linbs of pernmall oy

conprising & with a |ayer of O oxide having a thickness of nore than 0.5

[errfmand to forma |layer of Cr oxide by neans of sputtering on core |inbs
of permall oy not conprising Cr.

.--——-'/—d e S '_- R .
‘fLEAPEMEN‘eci Wé@r-rem stant | ayer rral &l’ corrprl 5| ng S
ers the properties of thlSﬂ\B r-reslstant aye et
f smal,{ BSJOP g§s ivari ations. Duetoth rellabllrty af .t her
J y ta tiake place in practlge unt i1t h&" +r freid Iayférzf‘-
i rr]{ has "a"t hi ckness of Yapproxi mat &y deb.
wn from | BM Techni cal Disclosure Bull eti n,

-
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The invention relates to a magnetic head having a head face and
comprising a head structure composed of thin layers and provided with a transducing

element, in which different materials in different areas are present in the head face.

A magnetic head of this type is known from JP-A 63-37811 (herewith
incorporated by reference). The known magnetic head has a thin-film structurs provided
on a substrate and comprises a magnetic yoke with 2 magnetoresistive element and a
transducing gap. The magnetic head also has a head face in which the transducing gap

'and magnetic flux guides for guiding magnetic information towards the magnetoresistive
element terminate. The head face of the known magnetic head is used for guiding a
magnetic record carrier, particularly a magneti'c tape.

In magnetic heads which have a layer structure, Spft materials, notably
soft-magnetic materials of flux guides, for example permalloy, occur in addition to
relatively hard materials, notably substrate materials, for example Al,O,/TiC. Due to
the abrasive effect of the record carrier moving along the head face during operation,
the relatively soft materials may wear on the head face, which results in a hollowing of
the layer structure of the head face. Such a hollowing leads to a larger distance between
the record carrier and the layer structure and hence to a reduced 'transfer of information
from the record carrier to the magnetic head. Consequently, a long lifetime cannot be
guaranteed for the known magnetic head whose head face also serves as a tape contact
face,

It is known per se to provide wear-resistant layers on the head faces of
magnetic heads in order to inhibit wear, EP-A 0 123 826 (herewith incorporated by
reference) purposes to provide the head face of a magnetic head with a sputtered layer
of titanium carbide, chromium carbide or titanium nitride which is thinner than 0.2 pm.

However, magnetic heads whose head faces have a wear-resistant layer have the

problem that the transfer of information from the record cartier to the magnetic head is
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thinner than 100 nm, are generally not gas and maist-proof so that corrosively reacting
substances, notably from the record carrier, can reach the head face vig pores in the
wear-resistant layer. Notably soft-magnetic materials such as NiFe alloys are readily
affected by corrosively reacting substances, resulting in a decrease of the transfer of
information from the magnetic tape to the transducing element. It has been found that
many magnetic tapes contain, inrer alig chlorine and that during scanning of these
magnetic tapes Cl ions diffuse from the magnetic tapes into the head faces of the
magnetic heads where they cause local corrosion.

It is an object of the invention to improve the magnetic head described in
the opening paragraph in such a way that it has a wear-resistant and corrosion-resistant
head face.

The magnetic head according to the invention is characterized in that the
head face is provided with a first layer of a material which is more sensitive to
corrosion than said materials in the head face, and the first layer is provided with a

. Second layer of a wear-resistant material which is more insensitive to corrosion than the
material of the first layer.

The second layer, which constitutes a contact face for cooperation with a
record carrier, protects the magnetic head according to the invention from abrasive and
corrosive wear, while the first layer present between the head face and the second layes
protects the magnetic head from corrosively reacting substances such as chlorine
originating from the record carrier. It has also been found that the adhesion of wear-
resistant materials to materials occurring in the head face can be improved by suitable
choice of the material of the first layer; in other words, the first layer may also serve ¢
an adhesive }ayer . '

To ensure a favourable signal transmission from the record carrier to the

transducing element and/or from the transducing element to the record carrier, said

layers should have a minimaj thickness. Favourable results were achieved with magnet



and insulating |ayers is provided. The head structurlep? gmmmﬁdsw;ﬂnéans
of thin-filmtechniques is protected by a counterbl oc gnetic
material, for exanple Al[err](err]/Tic. The magneti ead has ”d face
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to S9 for d2| gi L3k Witk SEOR Qg'ery haﬁ%\/ﬁ dkness of between 10 nm and 100 nm.

However, a magnetic head is preferred whose first layer has a thickness of less than §

am and whose second layer has a thickness of less than 60 nm, because only very
limited output losses occur in this case.

An embodiment of the magnetic head according to the invention is
characterized in that the material of the first layer mainly comprises a metal from the
group of - Ti, Zr, Hf, V, Nb, Ta, Cr, Al, Zn -. All these non-magnetic metals have
lower standard reduction potential values, - E® values in accordance with the US
definition - than Fe; thus, they are less noble than Fe so that soft-magnetic flux guides
of, for example an NiFe alloy - permalloy - terminating in the head face are protected
from corrosion by the material of the first layer. The metals may be provided on the
head face by means of known deposition methods, particularly physical or chemical
vapour deposition such as sputtering or CVD.

An embodiment of the magnetic head according to the invention is
characterized in that the material of the second layer is one of the materials from the
group of - chromium oxide, chromium nitride, hafnium nitride, titanium nitride,
chromium carbide, titanjum carbide, tungsten carbide, diamond -. All these materials
have good wear-resistant properties and adhere satisfactorily to the metals of the first
layer. The materials may be provxded on the first layer by means of known techniques
such as sputtering deposition. vapour deposition or CVD. For process-technical reasons
the following combinations of materials are preferred: titanium and titanium nitride or
titanium carbide; hafnium and hafnium nitride; chromium and chromium oxide or
chromium nitride or chromium carbide.

An embodiment of the magnetic head according to the invention is
characterized in that the chromium oxide is mainly Cr,0,, the material of the first layer
being Cr,

This magnetic head according to the invention has a wear-resistant contact
face formed by the layer mainly comprising Cr,0, for cooperation with a record carrier,
particularly a magnetic tape. At a layer thickness of 10 am to 100 nm a favourable
signal transmission between the record carrier and the transducing element is ensured. It
has also been found that the contact face has a good wear resistance, not only in the
temperature range between $°C and 85°C, but also at temperatures in the range
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wear-resistant layer mainly comprising Cr,0, is that it can be formed at temperatures of
less than 300°C. The magnetic properties of magnetic materials present in the layered
head structure will then remain unaffected during formation of this layer. A wear-
resistant layer mainly comprising Cr,O, and provided on the head face by means of

sputtering yields a magnetic head according to the invention which supplies favourable

-

, th.e

output signals during operation and is suitable for use at relatively low temperatures
and, moreover, has a long lifetime.

It has been found by experiment that a layer having a thickness of
approximately S am mainly comprising Cr and preferably provided by means of
sputtering is sufficient to inhibit corrosion of the head face and to ensure a satisfactory
adhesion of the layer mainly comprising Cr;O, to the head face.

The invention also relates to a method of manufacturing a magnetic head
according to the invention, whose first layer mainly comprises Cr and whose second
layer mainly comprises Cr,0,. In this connection the invention has for its object to
Provide 2 method which is as simple as possible for manufacturing such a wear-resistant
Magnetic head,

The method according to the invention is characterized in that a first layer
mainly comprising Cr is formed on the head face, at least on the head structure by
means of sputtering deposition, and a second layer mainly comprising Cr,0; is formed
on the first layer by means of sputtering deposition.

An embodiment of the method according to the invention is characterized
in that sputtering is performed with a chromium target without oxygen addition until the
first layer is formed, Whereafier oxygen is supplied for forming the second layer. It has
been found that the oxygen can already be supplied after the formed layer mainly
comprising Cr has a thickness of several nanometres. It has also been found that,
provided it is not extremely low, the oxygen pressure has no substantial influence on the
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vol. 11, no. 10, March 1969, pp. 1199 (herewith incorporated by reference) to provide

Cr,O, by means of flame plating on heat-resistant magnetic heads for forming wear-
resistant layers. JP-A 66-73917 (herewith incorporated by reference) proposes to
pravide core limbs of permalloy comprising Cr with a layer of Cr oxide having a
thickness of more than 0.5 um and to form a layer of Cr oxide by means of sputtering
on core limbs of permalloy not comprising Cr.

These and other aspects of the invention will be apparent from and
elucidated with reference to the embodiments described hereinafter.

In the drawings

Fig. 1 is a layout of a first embodiment of the magnetic head according to
the invention,

Fig. 2 is a diagrammatic cross-section taken on the line II-II through a
transducing gﬁp of the magnetic head of Fig. I,

Fig. 3 is a perspective elevational view of the magnetic head of Fig. 1,
and

Fig. 4 is a perspective elevational view of the magnetic head of Fig. 1 in
3 production stage in which the magnetic head still has an uncoated head face.

The thin-film magnetic head according to the invention shown in Figs. 1,
2 and 3 comprises a support Or substrate 1, in this example of a magnetic material, viz.
NiZn ferrite on which a head Sstructure 2 composed of magnetic layers, electric layers
and insulating layers is provided. The head structure 2 composed by means of thin-film
techniques is protected by a counterblock 3 of a non-magnetic material, for example
ALQ, /Tic. The magnetic head has a head face 5 with eleven transducing gaps in this
example. A group of nine gaps S| to $9 of the eleven transducing gaps is intended for
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first |ayer

magneti ¢ hegdgrefid heat in a direction x. The gaps S1 to S9 for digital use generally have a

smaller gap length than the gaps S10 and S11 for analog use. Moreover, the gap length

may be chosen to be such that both analog and digital information can be read by one

and the same gap.

The magnetic head according to the invention comprises an insulation
layer 9 provided on the substrate 1, which insulation layer is provided with three
electric conductors C1, C2 and C3 in this example, which conductors may extend into
the transducing gaps. The magnetic head also comprises eleven magnetoresistive
elements El to El1, further referred 1o as MR elements which comprise, for exampie a
layer of NiFe on which one or more equipotential strips, for example of Au may be
provided. The MR elements El to E1l are each provided with a pair of first connection
tracks 112 and 11b which terminate in first connection faces 13a and 13b, respectively.
Both the first connection tracks and the first connection faces are preferably made of
Au. Itis to be noted that an MR element provided with equipoténtial strips is known
per se and is described inter alia in US-A 4,052,748 (herewith incorporated by
reference), o

Said electric conductors C1, C2 and C3 are used for biasing the MR
elements E1 to E9, E10 and E11 and are each provided with a pair of second

cannection tracks 15a and 15b which terminate in second connection faces 17a and 17b,

Tespectively,

The magnetic head also comprises eleven pairs of flux guides of a soft-
magnetic material, for example permalloy, each pair comprising a first or front flux
guide 19a and, spaced apart therefrom, a second or rear flux guide 19b. The front flux
guide 193 extends as far as the head face S for cooperation with the magnetic record

carrier 7. The MR elements E] to E11 are present between the substrate 1 and the flux

guides, each MR element constituting a bridge between a first and a second flux guide

19a and 19b. In certain constructions and for certain uses it is possible to omit the rear

flux guides. Itis also possible to start from a non-magnetic substrate and to provide an
extra flux guide.

The electric conductors, the MR elements and the flux guides are

electrically insulated from each other by a plurality of insulation layers of an electrically

t he

a satisftactory adhesi on of the second | ayer to the
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i nventi on RByoRsHEPCHOS iOPRviRkd on the first layer for forming a wear-resistant contact face
35 for cooperation with the tape-shaped record carrier 7. On the one hand, the first

layer 31 ensures a satisfactory adhesion of the second layer to the magnetic head and on

the other hand protects the materials of the head structure, particularly the soft-magnetic
materials from attack by exterior aggressive substances.

The method of providing the layers 31 and 33 on the head face will now
be described with reference to Fig. 4. After the assembly of substrate 1, head structure
2 and counterblock 3 has been provided with the contact face 5, for example by means
of grinding and/or polishing, the assembly is placed in a known sputtering device
comprising a chromium target. By means of reactive RF sputtering, for example RF
diode sputtering at 10 mTorr Ar, mainly Cr is deposited on the head face § at the
transducing gaps S1-S1! and at both sides thereof.

Aftera g;ven layer thickness, for example 5 nm has been formed by-
deposition of Cr, oxygen is supplied to the sputtering device, while the layer mamly
comprising Cr,0, is formed at, for example 1 mTorr. An advantage of this method is
that the two layers can be provided right after each other, using the same sputtering
device,

It is to be noted that the invention is not limited to the embodiment

shown. For example, the magnetic head according to the invention may comprise one or
more inductive transducing elements instead of or in addition to magnetoresistive
transducing elements for recording information on a record carner Moreover, instead
of a wear-resistant layer of Cr,0,, a layer of a different material from the group of

chromium oxide, chromium nitride, hafnium nitride, titanium nitride, chromium
carbide, titanium carbide, tungsten carbide and diamond may be used as a wear-resistant
layer. Instead of Cr, a metal from the group of Ti, Zr, Hf, V, Nb, Ta, Al and Zn may
be used for forming an intermediate layer extending between the head face and the

wear-resistant layer.



more inductive transducing elenments instead of or in 1R SerT
gnetore5|st|ve transduglng el ements for recording i ecord

carrier. d of a wear-resistant |ayer Cr[err]qerr] a
| ayer of rial fromthe group of chromfuim &i ditil. 89%8onj um
nitride, hafnlumnltrlde titaniumnitrede, chrom um ¢afbide, titaniu
car bi de, tungsten carbide and di anond may be used as wear - resi st ant
| ayer. Instead of Cr, a netal fromthe group of Ti, zZd,  Hf., V.. No Ta A

and Zn may dig\iMSed for formng an internediate Iayer ext endi ng bet ween t he
head face and the ‘wear-resistant |ayer. - 8-

L. A magnetic head having a head face and comprising a head structure

composed of thin layers and provided with a transducing element, in which different

materials in different areas are present in the head face, characterized in that the head

face is provided with a first layer of a material which is more sensitive to corrosion

than said materials in the head face, and the first layer is provided with a second layer

of a wear-resistant material which is more insensitive to corrosion than the material of

the first layer.

2. A magnetic head as claimed in Claim |, characterized in that the first

layer has a thickness of between | nm and 20 nm and the second layer has a thickness

of between 10 nm and 100 nm.

3. A magnetic head as claimed in Claxm 1 or 2, characterized in that the

material of the first layer mainly comprises a metal from the group of - Ti, Zr, Hf, V,

Nb, Ta, Cr, Al, Zn -.

4. A magnetic head as claimed in Claim 1, 2 or 3, characterized in that the

material of the second layer is one of the materials from the group of - chromium

oxide, chromium nitride, hafnium nitride, titanium nitride, chromium carbide, titanium

carbide, tungsten carbide, diamond .

5. A magnetic head as claimed in Claim 3, characterized in that the

chromium oxide is mainly Cr,0,, the material of the first layer being Cr.

6. A method of manufacturing a magnetic head as claimed in Claim §,

characterized in that a first layer mainly comprising Cr is formed on the head face, at

least on the head structure by means of sputtering deposition, and a second layer mainly

comprising Cr,0, is formed on the first layer by means of sputtering deposition.

7. A method as claimed in Claim 6, characterized in that sputtering is

- Performed with a chromium target without oxygen addition until the first layer is
formed, whereafter oxygen is supplied for forming the second layer.
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of thin |ayers and provided with a transducing el enment, i '
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layer. 2. ABSTRACT: A nmagnetic head as claimed in Caim1l, characterized in
that the firs

Magnetic head having a wear-resistant layer, and method of manufacturing such a
magnetic head.

U

Magnetic head having a head face (5) and comprising a head structure
composed of thin layers and provided with a transducing element (E11), in which
different materials occurring in different areas are present in the head face, The head
face is provided with a first layer (31) of a material which is more sensitive to corrosion
than said materials in the head face, and the first layer is provided with a second layer
(33) of a wear-resistant material which is more insensitive to corrosion than the material

of the first layer. The second layer constitutes a contact face (35) for cooperation with a
magnetic tape (7).

(Fig. 2)
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