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Multi channel magnetic head. The invention relates to a nmagnetic head
provided with a head face having a longitudinal direction in which a
magnetic recording nmediumis relatively novable with respect to the
nmagneti ¢ head, ﬂﬁ”é”ﬂ‘ansverse direction oriented transversel yPGIABYIG09S

| ongi tudi nal direction, and further provided with transduci ng gaps
termnating in e head face, gnetic head of this type is known from
NL- A 8902884 ( zﬁ@g%ﬂ ﬁ?ﬁgwn magneti ¢ head manufactured in _
thin-filmtechnology is provided with 10 coplanar, spatially separated
transduci ng gaps, particularly wite gaps. The wite gaps are bounded by a
substrate and flux guides, the substrate and the flux gui des extendi ng as
far as a head face. A face extending between the substrate and the fl ux
guides"is provided with electrically conducting wite wi ndings. Viewed in
the longitudinal direction of the head face, these w ndings have end
portions which are present between the flux guides and to which 15

el ectrically conducting supply tracks are connected. Al though narrow tracks
on a recordi ng nmedi um can beThy invensionwilates toha miagnatic head) peavided iwithch headcface
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having a hi gh ghennel density.

A magnetic head of this type is known from NL-A 8902884 (PHN
' 13.144). The known magnetic head manufactured in thin-film technology is provided with
10 coplanar, spatially separated transducing gaps, particularly write gaps. The write gaps are
‘bounded by a substrate and flux guides, the substrate and the flux guides extending as far as
a head face. A face extending between the substrate and the flux guides is provided with
electrically conducting write windings. Viewed in the longitudinal direction of the head face,
these windings have end portions which are present between the flux guides and to which
15 electrically conducting supply tracks are connected.

Although narrow tracks on a recording medium can be written with the
known magnetic head, the achievable track density during writing is limited due to the
configuration used for write gaps. Due to the write gaps which are spaced apart, the known
magnetic head has a limited channel density, which results in spaced recording tracks during

20 writing.

It is an object of the invention to provide a magnetic head of the type
described in the opening paragraph, having a high channel density. |
The magnetic head according to the invention is characterized by the
25 presence of a structure having integrated, juxtaposed head units extending substantially
transversely to the longitudinal direction and the transverse direction and each being provided
with at least a transducing element and a transducing gap, while at least a ransducing gap of
the one head unit and at least a tramsducing gap of the other head unit of two adjacent head
units - preferably every two adjacent head units - are present in mutually different planes



The magnetic head according to the invention is characterized by the 25
presence of a structure having integrated, juxtaposed head units extending
substantially transversely to the |ongitudinal direction and the transverse
direction and each being provided with at | east a transduci ng el enent and a
transduci ng gapWVeHPPE4at | east a transdu0|ngdﬁap of the one h@su/mmswesossnd
at | east a transduci ng gap of the ot her head it of two adjacent head
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units, directly adjoln ea other so that a channel density of 100%1s
achi evabl e. Srhanapnevieherdhas thecadyasiage that in the-geseyefan inguctive gransducing elemgmt,an
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At a given total head wi dth, .the m er qQf trans aps may be
present in {%eqﬁ@ﬂ’é the ayal 1%9%@%‘?&88 M%Qgﬂgent ly, a
maxi mal At a given total head width, thc maximal number of transducing gaps
may be present in the magnetic head according to the invention. Consequently, a maximal
data rate can be realized.
When a recording. medium thus written is being read, a magnetic head
15 position control can be used, in which the required servo information may be incorporated in
data tracks. Due to the fact that adjacent tracks extend exactly parallel, less stringent
requirements may be imposed on the accuracy of the mechanical control used. Instead of a

mechanical servo system, an electronic system may be used during reading, in which system
the magnetic head according to the invention is used with a read track width which is at least
20  half the used write track width.

An embodiment of the magnetic head according to the invention is
characterized in that at least a transducing gap of the one head unit and at least a transducing
gap of the other head unit of two adjacent head units adjoin the same plane oriented
substantially transversely to the transverse direction. With this embodiment, it is possible to

25 realize a minimal effective space between the tracks on a recording medium.

An embodiment of the magnetic head according to the invention is
characterized in that the transducing gaps, present in mutually different planes, of two
adjacent head units each extend between two magnetically conducting individual poles
terminating in the head face.

30 An embodiment of the magnetic head according to the invention is
| characterized in that the transducing gaps, present in mutually different planes, of two
adjacent head units each extend between a magnetically conducting common pole terminating
in the head face and an individual pole terminating in the head face. In this embodiment,
adjacent head units share a pole, also referred to as flux guide, while the individual poles of



data rate can be realized. Wen a recording nmediumthus witten is being
read, a magnetic head 15 position control can be used, in which the
required servo informati on may be incorporated in data tracks. Due to the
fact that adjac Q%gk# ks extend exactly parallel, |ess stringent

requi rements nai” g%bsed on the accuracy ofgthe mechanical CSHIPEIONSeq.
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known layer technology, particularly a thin-film technology.
An embodiment of the magnetic head according to the invention is

15 characterized by the presence of an electric conductor located in a plane oriented transversely
to the longitudinal direction of the head face and extending through at least a plurality of
head units, the conductor having branches proximate to at least a plurality of the relevant
head units for forming individual inductive elements. The electric conductor with branches
may be realized by means of known techniques.

20 An embodiment of the magnetic head according to the invention is
characterized in that 2 winding for forming individual inductive elements is provided around
at least a plurality of the individual poles.

Dependent on its use, the magnetic head according to the invention may
be implemented as a multichannel read head, write head or read/write head and is suitable

25 for video, data, audio or multimedia uses.

The invention also relates to a device for storing information in, and/or
- reading information from, a magnetic recording medium such as a magnetic tape or a
magnetic disk, using a magnetic head which is a read and/or write head.
The device according to the invention is provided with the magnetic head

30 according to the invention and is also provided with means for moving the magnetic head
relative to the recording medium. The magnetic head may be a magnetoresistive head for
reading information, or an inductive head for reading and/or writing information.

These and other aspects of the invention will be apparent from and
elucidated with reference to the embodiments described hereinafter.
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adjracent head units are alternately present on either the one or the other
side of the relevant pole. An enbodi nent of the magnetic head according to
the invention is characterized in that the individual poles of two adjacent
head units adj oM®¥A¥™ame plane 5 oriented transversely to th®Cramamesse
direction. Wth this enbodinent, it is possible to realize a m ni mal
effective space between the tracks on,the recording nediumso that a

maxi mal track density upon recording is possible. An enbodi nent of the
magneti c head according to tinahe deawihgson i s characterized in that the

structure is a nultilayer stgucture having | ayers extepding 10 . . .
substantially transversely t%‘gtﬁué{'ﬂ%ﬂdf’ %,ac%qgeto mysationfor wxiting signals in a

gap of the one ghpaflapedi recoiilig dediit@st @ transducing gap of the other head
unit of two adjacent head units_are present in nmutually different |ayers.
Said structde may be manuf &iBudAds BylisgEammatis frontielryasional yiew ofcacfirsh embgdiment

particularly aO?M%%W%ﬁ%tmmmmm of the magnetic head

according to the 1 nve ] ] racterized by the presence of an
el ectric conductor |ocated iFiga2Blisadiagrammaticccrossssectiontakenyon: the line IB-IIB of the
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I nducti ve eioen?nmttsém The e%It’ect ric conductor with branches |
Fig. 2D is a diagrammatic plan view of the first embodiment,
Fig. 3A is a diagrammatic front-elevational view of a second embodiment
of the magnetic head according to the invention,
Fig. 3B is a diagrammatic. cross-section taken on the line IIIB-IIIB of the
15 second embodiment of the magnetic head,
Fig. 3C is a diagrammatic cross-section taken on the line IIC-IIIC of the
second embodiment,
Fig. 3D is a diagrammatic plan view of the second embodiment,
Fig. 4A is a diagrammatic front-elevational view of a third embodiment
20 of the magnetic head according to the invention,
Fig. 4B is a diagrammatic cross-section taken on the line IVB-IVB of the
third embodiment,
Fig. 4C is a diagrammatic cross-section taken on the line IVC-IVC of the
third embodiment,
25 Fig. 5A is a diagrammatic front-elevational view of a fourth embodiment
of the magnetic head according to the invention,
Fig. 5B is a diagrammatic cross-section taken on the line VB-VB of the
fourth embodiment, |
Fig. 5C is a diagrammatic cross-section taken on the line VC-VC of the
30 fourth embodiment,
Fig. 6A is a diagrammatic front-elevational view of a fifth embodiment,
Fig. 6B is a diagrammatic cross-section taken on the line VIB-VIB of the
fifth embodiment,
Fig. 6C is a diagrammatic cross-section taken on the line VIC-VIC of the



may be realized by neans of known techni ques. 20 An

enbodi nent of the magnetic head according to the invention is characteri zed
in that a winding for form ng individual inductive elenents is provided
around at least _a plurality of the individual poles. Dependent on its use,
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mul ti channel read head, wite head or read/wite head and is suitable 25

for video, dat audj o..0r Itimedia uses. The invention also relates to a
devi ce for sto?ﬁ%‘ﬁnh? ion in, and/or reading information from a .
magneti c recordi ng nmedi um sufFig.ZA B adiggramneatic Spat-clevations owiaw iof adbak embedimgnt,

a magnetic head which is a read._and/or. wite_.head. The vi ce_accorgi
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readi ng and/ or #is{,&mgmb&i- ation. These and other aspects of the
invention will be apparent tromand elucidated with reference to the
enbodi nents descri bed hereinafter. WO 97/ 33274
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i nvention for witing signals I'n
' cooperation with a magnetic tape cassette 3. The cassette 3 is provided with a magnetic tape

10 which is suitable for storing information. The apparatus 1, which is provided with a holder 7
for accommodating the cassette 3, constitutes a magnetic tape system with the cassette 3. The
apparatus 1 has two reel spindles 9 and 10 for cooperation with reel hubs of the cassette 3.
During use, the magnetic tape is moved along a magnetic head 11 according to the invention,
‘used in the apparaﬁ:s 1. To this end, the apparatus 1 may be provided with two capstans. 13

15 and 14, and with two pressure rolls 15 and 16 cooperating with the capstans. The magnetic
head 11, in this embodiment a write head, is used for simultaneously writing a plurality of
parallel tracks on the magnetic tape. In addition to, or instead of the write head, the
apparatus may be provided with a read head.

The magnetic head, being a write head, according to the invention,

20 shown in Figs. 2A, 2B, 2C and 2D is a thin-film magnetic head. The magnetic head has a
head face 21 for cooperation with a magnetic recording medium 20 such as a magnetic tape
which is movable relative to the magnetic head in the direction denoted by the arrow L. The
direction L corresponds to the longitudinal direction of the head face 21 which has a
transverse direction W extending transversely to the longitudinal direction.

25 The magnetic head comprises 2 nop-magnetic substrate 23 of, for
example, a ceramic material such as Alzo,/TiC on which a multilayer structure is formed by
means of known techniques, particularly lithographic techniques. This structure has a
plurality of adjoining head units, being write units 25a and 25b, extending transversely to the
longitudinal direction L and the transverse direction W, the write units 25a and the write

30 units 25b alternating with each other. Each write unit 253 and 25b is provided with a
transducing gap, being a write gap 27a, 27b, respectively, with all write gaps 27a being
located in a first plane P1 extending transversely to the longitudinal direction L and all write
gaps 27b being located in a second plane P2 extending parallel to the first plane P1.

The multilayer structure comprises a first soft- magnetic layer 24 of, for



t ape-shaped recordi ng nedium 5 Fig. 2Ais a
diagrammatic front-el evational view of a first enbodi nent of the magnetic
head according to the invention, Fig. 2B is a diagrammatic cross-section
taken on the line IIB-11B of the first enbodi ment of the nmagnetic head,

Fig. 2Cis a di XPIMAW c cross-section taken on the line || C |»cI/ambrmcoss 10
first enbodinment, Fig. 2D is a diagrammatic plan view of the first
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cross-section taken on the | ﬁﬁéq‘f YHED haggotqﬁfni’g‘éesn%%ﬁgﬁw soft-

Fig. 5A is a dimggmeticidyec26,r 28)trespectirely enaiding pavallel toathé diust idyee 20O prixitiple, the
second layer 26 is uninterrupted, while the third layer 28 is structured and forms a
magnetically conducting individual pole 29a for each write unit 25a. The second layer 26

10 forms a common pole 29c for the write units 25a and 25b, while each write gap 27a is

present between an individual pole 29a and the common pole 29¢c, and each write gap 27b is
present between an individual pole 29b and the common pole 29¢c. The various soft-magnetic
layers are interconnected for forming appropriate magnetic circuits.
- The write gaps.27a and 27b located in the mutually different planes P1
15 and P2 and comprising a. non-magnetic material, for example an oxide such as ALO, or SiO,,
pairwise adjoin the same plane H transverse to the transverse direction W. The individual
poles 29a and 29b of every two adjacent write units 25a and 25b also adjoin the same plane
H.
The multilayer structure also comprises a first electric conductor 30 of,
20 for example, Cu extending between the first and the second soft-magnetic layer 24, 26 and a
second electric conductor 32 of, for example, Cu extending between the second and the third
soft-magnetic layer 26, 28, respectively. The electric conductors 30 and 32, which are each
formed by means of an electrically conducting layer, are each provided with branches in the
form of connection tracks 30a and 32a, respectively, for forming individual inductive
25 elements in the magnetic yokes formed by the poles. The connection tracks terminate in
connection faces 30b and 32b. Fig. 2D shows the individual inductive elements by means of
the reference numeral 31. As a protection of the multilayer structure, the magnetic head may
" be provided with a counterblock which- is arranged in such a way that the multilayer structure
is enclosed between the substrate and the counterblock. The counterblock may be formed '
30 from the same material as the material from which the substrate is formed.
The magnetic head according to the invention, shown in Figs. 3A, 3B,
3C and 3D is particularly suitable for generating a strong write field. The magnetic head has
a head face 121 for cooperation with a magnetic recording medium such as a magnetic tape
or disc which is movable relative to the magnetic head in the direction denoted by the arrow



of the magnetic head according to the invention. Fig. 5B is a diagramatic
cross-section taken on the line VB-VB of the fourth enbodinent, Fig. 5Cis
a diagrammatic cross-section taken on the line VCVC of the 30 fourth
enbodi ment. Fig. 6A.is a di agrammatic front-el evational view of a fifth
embodi ment, Fi g VEEPLH, i agrarrmatlc cross-segtion taken on t

VIB-VIB of the fifth enbodinent, Fig. 6Cis a diagramatic cross-section
taken on the Ii
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suitable for cooperatlon wth a magnetlc tape cassette he casse te 3. is
provided with awritegmsilgsa apbl2ob, extending transversely to the ongmxdmaldnrectxon and the

transverse direction W, the write units 125a and the write units 125b alternating with each

other. Each write unit 125a and 125b is provided with a transducing gap, being a write gap

127a, 127b, respectively, the write gaps 127a being located in a first plane P1 extending

transversely to the longitudinal direction L and the write gaps 127b being located in a second
10 plane P2 extending parallel to the first plane P1. '

The thin-film structure comprises a first soft- magnetic layer 124
deposited on the substrate 123 and being structured in such a way that it forms a
magnetically conducting individual pole 129b for each write unit 125b.

The thin-film structure also comprises a second and a third soft-magnetlc

15 Iayer 126, 128 respectively, extending parallel to the first layer 124. The second layer 126 is
-uninterrupted, while the third layer 128 is structured and forms a magnetically conducting
individual pole 129a for each write unit 125a. The second layer 126 forms a common pole
129¢ for the write units 1253 and 125b, while each write gap 127a is present between an
individual pole 129a and the common pole 129¢c, and each write gap 127b is present between
20 an individual pole 129b and the common pole 129¢.

The write gaps 127a and 127b located in the mutually different planes P1
and P2 and comprising a non-magnetic material pairwise adjoin the same plane H transverse
to the transverse direction W. The individual poles 129a and 129b of every two adjacent
write units 125a and 125b also adjoin the same plane H.

25 . The thin-film structure also comprises a first electric conductor 130
extending between the first and the second soft-magnetic layer 124, 126, and a second

- electric conductor 132 extending between the second and the third soft-magnetic layer 126,

128. Both conductors comprise two. or more superjacent electrically conducting layers, two
of which are shown in the embodiment, namely the electrically conducting layers 130a, 130b

30 and 132a, 132b, respectively. The layers 132a and 132b are interconnected via through-
connections 132ba. The layers 130a and 130b are interconnected in.a similar way. The
electric conductors 130 and 132 are provided with connections tracks 130ab and 132ab,
respectively, for forming individual inductive elements similarly as shown in Fig. 2D.

The magnetic head with inductive transducing elements shown in Figs.



10 which is suitable for storing information. The apparatus 1, which is
provided with a holder 7 for accommobdating the cassette 3, constitutes a
magnetic tape systemw th the cassette 3. The apparatus 1 has two reel
spindles 9 and 10 for cooperation with reel hubs of the cassette 3. During
use, the magnet MOYB¥4i s noved al ong a magnetj c head 11 accor diomgBemetdse
I nvention, used in the apparatus 1. To this er#j the apparatus 1 may be
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direction L and the transverse direction wite units 25a and the
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located in different planes oriented transversely to-the longitudinal direction L, while the

15 - relevant gaps adjoin the same plane oriented transversely to the transverse direction W. The
transducing gaps 227a and 227b located in different planes each extend between a
magnetically conducting common pole 229¢ terminating in the head face 221 and an
individual pole 229a, 229b terminating in the head face 221. The transducing elements 231a
and 231b are write windings provided around the individual poles 229a and 229b,

20 respectively, and formed from an electrically conducting material such as copper.

The magnetic head shown in Figs. 4A, 4B and 4C can be manufactured
in'a comparatively easy way by means of known techniques, particularly thin-film
techniques. The method to be performed for this purpose particuiarly comprises the following
steps: providing first portions 231b1 of the write windings 231b; providing the individual

25 poles 229b; providing second portions 231b2 of the write windings 231b and electrically
connecting them to the first portions 231b1; providing the common pole 229¢; providing first
portions 231al of the write windings 231a; providing the individual poles 229a, and
providing second portions 231a2 of the write winding 231a and .electrically connecting them
to the first portions 231al.

30 The operation referred to as "providing” is understood to mean the
deposition of a suitable material, followed by a possible structuring of the deposit. Dependent
on the properties of the material to be deposited, a suitable deposition method may be
sputtering, vapour deposition or another known applicable technique. When said connections
are realized, use may be made of, for example etching for forming through-connection



| ocated in a first plane Pl extending transversely to the |ongitudinal
direction L and all wite gaps 27b being located in a second plane P2
extending parallel to the first plane P1. The multilayer structure
conprises a first soft- magnetic |ayer 24 of, for WO 97/ 33274

6 WO 97332MCT/ | B97/ 00095 exanpl e Nigke, Al FeSi or CoREHB97/00095
deposited on the substrate 23. The first layer 24 is structured in such a
way that it forns magneti cal ly conducting individual pole 29b for each
wite unit 25b. a??‘%f'ﬁse substrate 23 is magnetically conducting, an .

i nsul ation |ayer shoul d be prEsemagietc bead shown in Rigst SAL SB2hdH(Histpreviged with a

29b. It is alternativel ossi bl.e to.structure.a 5 ghetically canductin
substrate in su@ﬁ“i\b&ﬁ#% ﬁ%‘f“@ ﬁé"%‘b‘é&“ﬁ@'@“f{%&ﬁ W n‘?’_sa Tpaghe @rgcﬂqtgmg n.zedmn9300
mul ti.l ayer struGd yioQalilé Selafivé'es thie Gfagheic REXA artl sl transVérsé diréctioh W 'orighiRd indnsversely
| ayer 26, 28, respectively extendi nmaral lel to the first |ayer 24.

n
principle, the $ethshengimdinal digection, Xhe,magnesisthesd is\giso proyided WHK tgnsdycing gaps 327a
is structured a RrAindBag e dlehd Ctiie' Ylagnafid 'ﬂ’&hp?ﬁésea i
each wite unit ra'g'gg‘.ﬁw"lr%ﬁsecongll;; nger E%Q?g}'f or s galllE'{‘ci‘(I:)}imé*mn pol e 29?1&5;}?%{ he
wite units 25a stmeurswith inkegratedivntappsed deasynits extending transvarsely do hecdirestions L and

present bet ween "nPaa Y el YEP 3256 S35 cal olEd with o gl e, being =
sof t - magnet i c. | ayaphetoresistiven¢lementrB3des 331b{ and 4 aansincing pap, deinigad readgam 827aC 327b,
e Ly A T
oxi de such as AlrbRY gdpF29brof i otherJedd Ghit 325b are located in mutually different planes P1 and P2
oriented transversely to the longitudinal direction L., while these read gaps adjoin the same
plane H oriented transversely to the transverse direction W. The read gaps 327a and 327b,
present in mutually different planes P1 and P2, of two adjacent read units extend between a
15 -magnetically conducting common pole 329¢ terminating in the head face 321 and an
individual pole 329a, 329b terminating in the head face 321. The individual poles 329a and
329b of two adjacent read units adjoin the same planc H oriented transversely to the
transverse direction W. Said structure is a multilayer structure having layers which extend

substantiaily transversely to the head face 321. Of two adjacent read units, a read gap of the

20 one read unit and a read gap of the other read unit are located in mutually different layers.
The magnetoresistive elements 331a and 331b may be formed from, for example an NiFe
alloy. In the embodiment shown, the individual poles 329a and 329b are interrupted poles,
the interruption being bridged by a magnetoresistive element. .

The magnetic head according to the invention, shown in Figs. 6A, 6B

25 and 6C is provided with a head face 421 baving a longitudinal direction L and a transverse
direction W. The magnetic head comprises a structure of integrated, juxtaposed head units
425a and 425b each extending transversely to said directions W and L. The head units 425a
and 425b are provided with transducing elements 431a and 431b and have transducing gaps
427a and 427b, respectively. The transducing gaps 427a and 427b of every two adjacent head

30 units are located in different planes oriented transversely to the longitudinal direction L,
while the relevant gaps adjoin the same plane oriented transversely to the transverse direction '
W. The transducing gaps 427a and 427b located in mutually different planes each extend
between a magnetically conducting common pole 429¢ terminating in the head face 421 and
an individuatl pole 429a, 429b terminating in the head face 421. The transducing elements



pairwi se adjoin the sanme plane Htransverse to the transverse direction W
The i ndi vidual poles 29a and 29b of every two adjacent wite units 25a and
25b al so adjoin the same plane H. The nultilayer structure also conprises a
first electric conductor 30 of, 20 for exanple, Cu extending between the
first and the s¥QMPBIWrt - nagnetic | ayer 24, ﬁaeand a second el BCI/AHIT0009S
conductor 32 of, for exanple, Cu extending be en the second and the third

3wy oh ar o Aot and futiats i Siedings ok vigrd Srohnd el ipdie Rl R A75n 2 4250, and
each provi ded %Mmmwyeom%mmmh ia® BoppeR i thi3 @hbdiftmeRe dhese

respectively, for formng individual, i ictive 25 elenments in the magnetic
yokes formed bywindigsaesouble yaite syindings, syith the prus logated at-different leyels being on
faces 30b and 3gprcofihddied2D shows the individual inductive elenents by neans
of the reference nuneral 31. As a protection of the nmultil-ayer structure,
t he magneti cd head may be proVheimagnetic head acsording to|the invemtion, shawmin BigscTA,i B

such a way that | kil (i‘r!ku | A str .
and the count er@?&@@@éﬁﬁ?m ocC .?rl‘;li? oér)ﬁrég %EW%E?%fg%ré’o%&mn
mat eri al as t heawithptfer example 2 maghetichtapenwhich listnoedbie refative torthe. magneticrhepdcinitise
head according Lo the.invention, .sh in Figs. 3A 3B 3C.and 3D js. .
particul arly s&“i"‘é‘b‘f"e“%ﬁ&mwéﬁ ihgﬂgdmg‘w 19 the ‘m%%&‘m of
head has a headhd Read ficklSF1owhicly BRESISS & diresticnl Waraibv@seitb thd Ragisting diveéstion™

such as a netic tape or disc whigh is novaple relative t he magnetic _
head in thel®irection denote gnetic ggmpnsesasu%strate 5(‘:93 o?. l;orexampeAlzonglc

on which a multilayer structure, particularly a thin-film structure is formed. This structure

has a plurality of adjoining head units 525a and 525b which extend transversely to the

longitudinal direction L and the transverse direction W, which head units 525a and 525b

alternate with-each other. The head units 5253 and 325b are provided with transducing gaps
15 527a and 5270, respectively, with all gaps 527a being located in a first plane P1 extending

transversely to the longitudinal direction L, and all gaps 527b being located in a second plane

P2 extending paraliel to the first plane PI.

The multilayer structure comprises a first soft- magnetic layer 526 of, for

example NiFe. The multilayer structure also comprises a second, a third and a fourth soft-
20 magnetic layer 527, 528 and 529, respectively, extending parallel to the first layer 526. The
layers 526 and 527 are structured in such a way that they constitute magnetically conducting
individual poles 529b for each head unit 525b, between which poles the gaps 527b extend.
The layers 528 and 529 are structured in such a way that they constitute magnetically
conducting individual poles 529¢ for each head unit 525a, between which poles the gaps 527a
25 extend. For forming efficient magnetic circuits, various soft-magnetic layers may be
interconnected.
The transducing gaps 527a and 527b of a non-magnetic material such as
'Si0,, present in the mutually different planes P1 and P2, pairwise adjoin the same plane H
transverse to the transverse direction W. The individual poles 5292 and 529b of every two
30 adjacent head units 5252 and 525b also adjoin the same plane H.
The multilayer structure also comprises a first electric conductor 530 of,
for example Cu extending between the first and the second sofi-magnetic layer 526, 527, and
a second electric conductor 532 of, for example, Cu extending between the third and the
fourth soft-magnetic layer 528, 529, respectively. The electric conductors 530 and 532 each
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7 L. The direction L corresponds to the |longitudinal direction of the head
face 121 which also has a transverse direction Wtransverse to the

| ongi tudi nal direction. The magnetic head conprises a substrate 123 on
which a thin-fi YA & ure is formed. This a}iucture i s provi BEHIHY70009
plurality of adjoining head units, being 5 te units 125a and 125b,

ext endi ng, transyvers to t I jo [ ' ' transye

i ect i on w o et Lt o ARGl chlucite 5% bk ha@radch W BETUER5F
each ot her. Eacinnsctibs trackst 5308 and 582k fbop Fdrming ndividudbihduitive elentensnincthie ngnetic
gap, being a wite gap 1273, 127b, r ectivel t.he write.gaps 127a,. bei
located in a fi‘i“é‘?“ﬁ)?‘g‘ﬁ‘é‘“p? t@'x‘?‘%ﬁﬂ'icfr &’W&?@EF%‘BU‘PH’& I“gﬁgiwm“?fﬁ?es 53
direction L andgpfilsg2uwite gaps 127b being | ocated in a second 10 pl ane P2

extendi'ng parallel to the first plane P1l. The thin-filmstruyctyre conprises
a first softd magnetic Iayerltl‘ig’%%ﬂﬂ’éﬂiﬁﬁn‘f‘ﬂﬁo%ﬁmll% o the

structured in a Wﬂh{%&t he mirAber® mgaﬁé I ' rétthi dhidal
eacR 'vvlr:l te unit t‘i"'t25b_. Thg thin-fi F&rr;]s’hh&&‘ﬁ@&ﬂﬂfe}bﬂihrg i

pole 129b for te | structure al so conprises
a second and a mibers given inthe embodimews. Mageover; agnagnetdc head seearding (tg the invention

extendi n ar al i : i .
uni nterr 8p!toed, !hﬁ ?@QR’F?E%PH {r“gﬁ‘fdg?/éﬁa @%%Jgﬁ%%% %%E?véf%%ézneans used in
malgneéI [ f:al ly calnj?nﬁie@cbrﬁhgnodhainvpnﬁm fof fmving rtheemagneticihead refative mnmdreh"drding
secon ayer,12 0 r i i [a]l 2 .
1250, w1 010 aReth ey e 3 KAGE ool cof ibotlg toF pioack pkfc . £ Breoion
and the common tapkverseABahe direttion off movement @f theliéddrding medham ahd bei phns ofidnted n
i ndi vi dual pole 1%9}3 and tpd?n colmmn ol e 9c. ..

parallel to a recording plane of the recording medium.




The wite gaps 127a and 127b located in the mutually different mﬂmmml"""”“"
and P2 and conprising a non-magnetic material pairw se adjoin t

pl ane H transverse to the transverse direction W The individual *pofest-129a% *
and 129b of every.two adjacent wite units 125a and 125b al so adjoin the

sane plane H 2 yhisszns The thin-fjJ mstructure al sBCTEBHIOMSES a
first electric conductor 130 extendi ng betwe the first and the second
soft-nagneticeégé§g§%24, 126, and a second el ectric conductor 132 extending
between the s d the third soft-magnetic |ayer 126, 128. Both

conductors conprise two or nore superjacent electrically conducting |ayers,

two of which are shown in the enbodinent, nanely the electrically

conducting layers 130a, 130b 30 and 132a, 132b, respectively. The |ayers
132a.and 132b are interconnected via through- connections 132ba. The | ayers
130a and 130b are interconnected in a simlar way. The electric conductors

130 and 132 are provided with connections tracks 130ab and 132ab

respectively, {or formng i pfinabhii hehd Biovided wifhl mt ﬁﬁl&ﬁ'
in Fig. 2D. The magnetic head wth mdugl;b?ve trlansdum nt sgs own in
Fi gs. WO 9digeetion;in which a magnetic recording medium is relauvely movable with respect to the

7 O 5, 6 A4 T B o,

particul arly caxddsitbersprovided mma!am@culgegaps tepminating ngﬂmfhea&facstchmgbntécbby the
layer 124, BrOope@hidof B Srledie Habind ihokgra8 tap O i lnits ExBeinding substantially

transversely to the longitudinal direction and the transverse direction and each being provided
with at least a transducing element and a transducing gap, while at least a transducing gap of
the one head unit and at least a transducing gap of the other head unit of two adjacent head
units are present in mutually different planes oriented substantially transversely to the

10 longitudinal direction, the transducing gaps extending at different sides of a plane oriented
substantially transversely to the transverse direction.
2. A magnetic head as claimed in Claim 1, characterized in that at Jeast a
transducing gap of the one head unit and at least a transducing gap of the other head unit of
two adjacent head units adjoin the same plane oriented substantially transversely to the

15 transverse direction.
3. A magnetic head as claimed in Claim 1 or 2, characterized in that the
transducing gaps, present in mutuaily different planes, of two adjacent head units each extend
between two magnetically conducting individual poles terminating in the head face.
4, A magnetic head as claimed in Claim 1 or 2, characterized in that the

20 transducing gaps, present in mumally different planes, of two adjacent head units each extend
between a magnetically conducting common pole terminating in the head face and an
individual pole terminating in the head face.
S. A magnetic head as claimed in Claim 3 or 4, characterized in that the
individual poles of two adjacent head units adjoin the same plane oriented transversely to the

25 transverse direction.
6. A magnetic head as claimed in Claim 1, 2, 3, 4 or 5, characterized in
that the structure is a multilayer structure having layers extending substantially transversely
to the head face, while at least a transducing gap of the one head unit and at least a
transducing gap of the other head unit of two adjacent head units are present in mutually



providing the electrically conducting |ayer 130b and eIectrlcaIJﬂ““"ﬂﬂ"ll"““"l“l
connecting it to layer 130a; 5 providing the second magnetic |l a

providing the electrically conducting | ayer 132a; providing the

electrically coagﬂﬁg‘ | ayer 132b and electrically connecting it to the

| ayer 132a, and VPH'ng the third magnetic hgyer 128. The madi@PY 0%
according to the invention, shown in Figs. 4A, 4B and 4Cis provided with a
head face 221 ?g* g¥ Qngltudlnal direction L and a transverse 10 '
direction W The ragneti c head has a structure of integrated, juxtaposed

head units 225&.and 225b eacA magneticihead as claimedinsGlaim 10253\ 41 -Flor 6cehacaceerized in

and L. The hea jts_225a Wi th transducing el enents
231a and 231b %%M&%@%@Fﬁg%m%‘% 227b, respectively. The
trags]g]tcjci ngt gags 227a andt22lhnaghctm/hda;llas\mnnt fﬂhm:mytonb;aﬁdd:laml tlgoé?r ehit meﬁted
in differen pa S orien nsve 0. the ngi t u al directi :
while the 19 r H’E‘%? {9F Egﬁr’é “oﬁ’f’grﬂ ‘°B g’ﬁ‘vg

the transver sel&hgﬁzﬁamméami beméwmlam %ngmdlea&wpmﬁgt @ldhdaﬂ

di fferent planes each extend between a nmagneti cal conductl n commn pol e
229c term nati Hgits.ihe Ms@amb@mlwmamm | Plyralitx
term nating i nyhhesds i@ GiRdividdal indiBtite SBmEMS] ng el ements 231la and 231Db

are wite w ndings provi deEd around the individual poles 229a and 229b, 20
respectively, &nd forned frofnmagueticead ag gl &ﬁﬁmﬁngoﬁﬁt wherel appenshantaio

copper. Thegma ﬁ?“ & dgatd vg% tyred

in a conpar at| vely €asy mé&a?%n%gn{hg@%ﬂtgﬁ&t&ﬁ%dﬁuﬁé‘éﬁﬁgg‘gh cu aﬂfs

t hi {1 fi : m 'ltechproxﬂndarm:lf at?c%bdphnlb}eof)&efmﬂlmalfnﬂest hi s {)ur pose .

particularly c rises e hr

of the wite Wl(i di ngs 231b; %R"&%ﬁ%‘i{’ﬁg%ﬁg{‘? 062#9} p%l“é?oértzérb&%m:% Eeldm

provi di ng secoatt g framdducindleniems atemagnetoresistivereliemgnts.?31b and el ectrically -
11. ‘A device for storing information in, and/or reading information from, a

15 magnetic recording medium, provided with a magnetic head as claimed in any one of the
preceding Claims and also provided with means for moving the magnetic head relative to the
recording medium.



connecting themto the first portions 231bl; providing the common pole
229c; providing first portions 231lal of the wite w ndings 231a; providing
‘the individual poles 229a, and providing second portions 231a2 of the wite
wi ndi ng 231a and el ectrically connecting themto the first portions 231al.
30 wo9733dme operation referred to as "providi ng" | 2CrTE%/0880d
to nmean the deposition of a suitable material, foll owed by a possible
structuring of the deposit. Dependent on thegpjgpperties of the material to
be deposited, a suitable deposition nethod n‘fﬁze sputtering, vapour
deposition or another known appllcable technlque When sai d connections are
realized, use may be nade of, forg - etefli ng for formng

t hr ough- connecti on VO 97/3327¢ -—3

PCT/ 1 B97/ 00095 9 apertures. The rmgnetic headfshown in Figs. SA, 5B and 5C
is provided with a head face 321 jhaving a I%a»itudinal direction L in which
a magnetic recording nedium 304 || frcaabi g~y elati ve to t he magn Lic head,
and a transverse direction oriented transversely 5 to the |lon \t udi nal
direction. The magnetic hegfl is also provided with transducin
and 327b terminating in the head face 321. The magnetic head conprl
mul tilayer structure with | ntdgr ; ch=ad .
transversely to the dirgct] ons ' Iatty
325b each provi ded mﬁthga r af j elqun , ‘

= "‘ﬂ[]
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magnet oresi stive el enent 331a, 331b, and a transduci ng gap, being a read
gap 327a, 327b, 10 respectively. O tw adjacent read units, a read gap
327a of the one read unit 325a and a read gap 327b of the other read unit .
325b are located in nmutually different planes Pl and P2 oriented
transversely towdendsgmoi tudinal direction L, while these read RCKEBIHMOS n
‘the sanme plane H oriented transversely to the transverse direction W The
read gaps 327a and 327b, present in nutuall Lf ferent planes P1 and P2, of
two adjacent read units extend between a 15 gnetically conducting common
pole 329c termnating in the head face 321 and an individual " pole 329a,
329b-termnating in the head face 321. The individual poles 329a and 329b
of two adjacent read units adjoin the sanme plane H oriented transversely to
the transverse direction W Said structure is a nultilayer structure having
| ayer s-whi ch extend substantially transversely to the head face 321. O two
adj acent read units, a read gap of the 20 one read unit and a read gap of
the other read unit are located in nmutually different |ayers. The

magnet oresi stive el enents 331la and 331b may be fornmed from for exanple an

Ni Fe alloy. In the enbddigent sho the in 'vidUﬂI | es 329a.gnd 329b are
interrupted poles, thel QHrupti ei ng b‘ﬂhged"by orragnetor-"' istive

el enent. The magnetic oF- e -+h Ak i-‘i". 6A,
6B 25 and 6C is provi rﬁ a ace alyi n ngit

direction L and a trang\ef dire w inet i d coifip s a
structure of integrated, apos ad u a 5b e t endi ng
transversely to said di jAbAS-. -] L a-agd A2bb are
provi ded with transduci ETE raANYUOTTIhg gaps

427a and 427b, respectively. {Thei transduciing gaph {42¥a and(427b (of Nevery
two adj acent head 30 units at%® Bdcat ed80n3hiffer 296 Hl alde 29031 29ca2t

transversely to the longitudinal direction L,

G.2D
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while the rel evant gaps adjoin the sane plane oriented transversely to the
‘transverse direction W The transduci ng gaps 427a and 427b located in

nmutual Iy different planes each extend between a magnetically conducting
common pole 429c termnating in the head face 421 and an individual pole
429a, 429b termgrpdiaaghsl N the head face 421. The transduci ng el RIRABYZH0009S \\O
97/ 33274 PCT/ 1 B97/ 00095 431a and 431b are wite
wi ndi ngs provi ded around the individual pol 29a and 429b and forned from
an electrically conducting material such asg;/ per. In this enbodi nent,

t hese wi ndings are double wite w ndings, the parts | ocated at
different |evels being interconnected. 5 The magnetic
head according to the invention, shown in Figs. 7A, 7B and 7Cis a

thin-filmmgnetic head. The nmagnetic Iym gs a head face 521 for
cooperation with, for exanpl _&Tﬁpm (\i wb@ns Ealﬂ_re ive to
1de te H

the magnetic head in the difectid edit i :
corresponds to the H) it u |n,al diye '; ¢fhe fjead ¥afe 521 phi h h S
al so a-direction Wlirgngverse ' 128 meliviglCt ) O

The magnetic head comp ses ; 3 ‘ l
AI[[err]CIerr]/ﬂCBZr ajmul th [ qyer | gtruct ur¢, particul gr j a \
thin-filmstructure is S r | T
head units 525a and 525 14 B r'adEC

direction L and the transverse di ti ORIN which head u S 52 5b
alternate with each other. The head units 525a and 525b are pro ('@
transduci ng gaps




15 527a and 527b, respectively, with all gaps 527a being located in a
first plane Pl extending transversely to the |longitudinal direction L, and
all gaps 527b being located in a second plane P2 extending parallel to the
first plane P1. The nultilayer structure conprises a first soft- nagnetic

| ayer 526 of, fayoowsssmde N Fe. The nultilayer structure al Sso CPOPIBIZNMIS
second, a third and a fourth soft- 20 magnetic |ayer 527, 528 and 529,
respectively, extending parallel to the firs yer 526. The layers 526 and
527 are structured in such a way that they titute magnetically
conducting individual poles 529b for each head unit 525b, between which
pol es the gaps 527b extend. The |layers 528 and 529 are structured in such a
way that they constitute magnetically congucting ing!vidual pol es 529c for
each head unit 525a, betwien whieé gaps 25 extend. For
fornming efficient magnetig ci225ai smtmn?néﬂ%: | ayers may be

i nterconnected. The tr dan b _and 5270l of A Ingn- magnetic

mat erial such as Si % err{,— I } bnti pl anes P1 and
P2, pafrwi se adjoin drelemzat H tlsanatder sl jixmmis 1nsQ3EEEBd|rect|on
525a and 525b al so

conprises a first electric

el ectric conductor 532 of, for exa andi been the third and
the fourth soft-magnetic Iayer 528, , respf ively. 9¢ electric

W The individual poles 549z .eaqggead units
i re al so
ext i ng
between the first and the 229227 227bt
conductors 530 and 532 each F'G 4A

2310

( |
231al / 23102 | [ 21
2290 231a 229q

FIG. 4B

I Wm W

( ] 1 3
231b1 {23162 221
220b 2% 231b 229

FIG. 4C
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formed by nmeans of an electrically conducting | ayer each have branches in
the form of connection tracks 530a and 532a for form ng individual

i nductive elenents in the nagnetic circuits constituted by the poles. The
connection trackgobpisgdate in connection faces 530b and 532b. BCT/IBI700095

It is to be noted that the invention is not limted to the enbodi nents
‘'shown. For exanple, the nunber of transduci aps may be snaller or |arger
t han the nunmbers given in the enbodi nents. Eblﬂover a nagnetic head
according to the invention may conprise bqoth'inductive magnet or esi sti ve
el ements. Moreover, the neans used in the ™ acc to the invention
for moving the magnetic 3l I e t re ipg 10 diu

conpri se a known constwbgjgezgﬁo@? % °‘?gta.p 5295'; a gslrectlon

transverse to the dir noye s =Y oro| e d|un1a d |n a
ee WO

pl ane oriented parall . oH-d S
97/ 33274 P W"ﬂ m Gy | BQ 00095
12 CLAtMB: 1. f--=-3==2Actmgneet ¢ _Tead | ded athead face
having a | ongi t udi nap,-gi-+&& +|cne(= ¢ _§ eqora g edi ym i s
relatively nnvable\Mz N

I’eSpeC I H 1t 1 1 i} IL 1
) : :

(3251:/ (33&/@ (!3£5bl (335b/
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magneti c head, and a transverse direction oriented transversely to the
longitudinal direction, and further provided with transducing gaps
‘termnating in the head face, characterized by the 5 presence of a
structure having integrated, juxtaposed head units extending substantially
transversely to go7ssngi tudi nal direction and the transverse dPCEARSTONMISNI
each being provided with at [ east a transducing el enent and a transduci ng
gap, while at |east a transducing gap of th e head unit and at |east a
transduci ng gap of the other head unit of t dj acent head units are
present in nmutually different planes oriented substantially transversely to
the 410 |l ongitudinal direction, the transduci hg gaps extending at different
sides of a plane oriented ewbstaﬁ?ﬁﬂal ly tr&28oversel #2886 the transverse
direction. 2. A 4D5ar ct420b 438d | 24290 qu 429bCI aim1,

characterized in that at |dast & transducindg odap of ne head unit and

at |l east a transducing b rof) t He : nt head
= bt ersd IbBthe 15

uni ts adjoin the sane¥pB Oli@nte

)j @ i

transverse direction. 3. 1 Wwwwww#«-v: ~~~~~~~~~~~~~~~~~~~~~~~~ imed in Caim
1 or 2, characterizedgkRlt haf t ‘mw [ mﬂg iin :&taglly
di fferent planes, of adyyeice grorg—

magnetical |y conduct i ng i nc“_z;p al4 R esﬂgs 170 tu h |4Q75 Qg‘pead face. 4.
c

A magnetic head as clainmed in GQaim alacterizedlin that the 20
transduci ng gaps, present in nutuall ﬂ'zﬁh fferenﬂf’pl anes, 40btwo adj acent
head units each extend between a nagnetic ductlng comon pol e
termnating in the head face and an indiv G CGAe termnating in the head
face. b. A magnetic head as clalrredln Claim3 or 4,
characterized in that the individual oI es adj acent head units

adj oin the sane plane oriented trans 1{0§el yﬁzﬁ \ﬁ

8]@@
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FIG. 6C




25 transverse direction. 6. A magnetic head as clained in
Caiml, 2, 3, 4 or 5 characterized in that the structure is a nultilayer
structure having | ayers extending substantially transversely to the head
face, while at |east a transducing gap of the one head unit and at |east a
transduci ng gap wpeuAs27#t her head unit of two adjacent head uni ESTAPY00095
present in nutually WO 97/ 33274

PCT/ 1 B97/ 00095 13 different Iayers : A magnetic head as
claimed in daim1, 2, 3, 4, 5 or 6, charact2/7zed in that the transducing
el enents are inductive el errents. 8. A magneti c head as
claifmed in any one of Clains 1 to 7, characterized 5 by the presence of an
el ectric conductor located in a plane oriented transversely to the

Iong| tudinal direction of the head face and extending through at |east a
pluriality of head units, the conductor having branches proxinmate to at

| east a plurality of the rel evant headd29ni for form ng individual

i nductive elements. 9. 52% YILBAISBRY %56 heg§7 95 hegmd 5asdC ai m 3,
4 or 5; where appendant to.3.0 S A M6 DArsET o 3 m-.'. g for
form ng individual inductie efagarent Er Ovi def round at east a
=pIurallty of the |nd|m~du gt -u-w S
claimed in aimil, 273, 4, w 6| clfemrseitsa7b Herrr b fece %
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that the transducing el enents are magnetoresistive el ements. 11.

FosIus-9q-

A device for storing information in, and/or reading informtion froiﬁosa(ffﬂ
magneti c recordi ng nmedi um provided with a magnetic head as clained in any

one of the preceding Cains and al so provided with nmeans for
‘magnetic head relative to the recordi ng nmedi um
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(57) Abstract

. Magnetic head provided with 2 head face (21) having a longitudinal direction (L) in which a magnetic recording medium is movable
mlauveloﬂ:emagmticl!end,mdamvmdimﬁmmmwdmvmelymﬂwlmgimdimldlmﬁm. ‘The magnetic heed also
comprises a structure having integrated, juxtaposed head units (25a; 25b) extending substantially transversely to the longitudinal direction
and the.umwem direction and each being provided with at least a transducing gap (27a; 27b). 'To achieve a high channel density, a
transducing gap of the onc head unit and a transducing gap of the other head unit of every two adjacent head units are present in mutually
different plancs (P1; P2) oriented substantially to the longitudinal direction.




