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terial, the magnetic field being operable to orient the layer of
magnetoresistive material in a preferred di- The present invention relates
to a process for  rection; (d) depositing a second layer of a suitable
making a shielded magnetoresistive sensor.        electrically insulating
material over the layer of mag- Known magnetoresistive (MR) sensors or
heads   5   netoresistive material; and (e) depositing a layer of a are
capable of reading data from a magnetic record  magnetic material over the
second layerof electrically surface at great linear densities. An MR sensor
de-  insulating material to form a second shield member; tects magnetic
field signals through the resistance  the method being characterised by the
combination changes of a read element made from a magnetore-  of: using a
magnetic alloy as the magnetic material sistive material asa function of
the amount and direc-  10  deposited in step (a), the magnetic alloy
comprising tion of magnetic flux being sensed by the MR ele-  3 to 8%
aluminium, 6 to 12% silicon, the balance be- ment.
ing iron; heat treating the layer of the magnetic alloy, The drive towards
increased recording density  prior to deposition step (b), at a temperature
greater has led to the requirement for narrower recording  than [err] for a
predetermined time to enhance the tracks and increased linear recording
density along   15  magnetic properties of the first shield member, and the
tracks. In orderforan MRread head to be capable  using a soft magnetic
material as the magnetic mate- of reading datafroma magnetic medium atthese
high  rial deposited In stp (e). recording densities, the MR element must
be Incorpo-  How the invention can be carried out will now be rated in the
gap between two magnetic shields. For  described by way of example, with
reference to the example, U. S. -A- 4,639,806, which is reflected in the
20  accompanying drawing which is a view of the air bear- preamble of claim
1, discloses a shielded MR ele-  ing surface of a magnetoresistive read
transducer ment, and discloses that the shields may be made of  suitable
for use with a rigid magnetic disk storage sys- high permeability magnetic
material such as NI-Zn  tem. ferrite, Mn-Zn ferrite, sendust and permalloy.
Referring to the accompanying drawing, an MR read When using an MR read
transducer with a rigid  25  head assembly 10 comprises a first shield
member 12 magnetic disk storage system, certain design condi-  which is
separated from a substrate 14 by a noncon- tions are imposed since
materials exposed at the air  ductive layer 18 of alumina, for example.
Afirst non- bearing surface (ABS) of the flying slider, which sup-
magnetic gap layer 18 serves as a base for an MR ports the transducer, are
susceptible to damage   sensor element 20. Although the MR sensor element
when the sliders are hit by the asperities or contami-  30  20 is shown as
having a single layer, it will be appa- nants which may exist on the
magnetic recording   rent to those skilled In the art that additional
layers for disks. Among the different conductive materials ex-  properly
biasing the sensor, for example, may also be posed at the MR head ABS, the
leading magnetic    included. The MR sensor element 20 is contacted by
shield presents the most serious problem since the  electrically conductive
leads 22 and 24, which are iso- shield provides a large volume of material
which can   35  lated from the second shield member 28 by a second be
easily scratched or smeared to form a short circuit  nonmagnetic gap layer
26. Aprotective layer 30 is de- conducting path between the leading shield
and the  posited to a desired thickness at the trailing end of the MR
sensor layers, thereby resulting in sensor short-  assembly. ing. This
represents an unacceptable MR sensor fail-  In operation, the flying
direction of the slider, ure, so the structure of the MR sensor must be de-
40  which supports the MR read transducer, is as shown signed to avoid such
sensor shorting.             by arrow 34, so, should any sensor shorting
occur, One wayto avoid sensorshorting would beto use  this would be
evidenced by a bridging of conductive a nonconducting material, such as a
ferrite material  material between the leading shield member 12 (i.e., for
the shields. However, this solution introduces  the first shield that would
be subjected to contact with other design problems which make this solution
less  45  any asperities on the disk) and the MR sensor ele- attractive.
ment 20 or between the first shield member 12 and This Invention seeks to
provide an improved    conductive lead structure 22 or 24. shielded
magnetoresistive (MR) read transducer suit-  From the standpoint of Its
magnetic characteris- able for use in a rigid magnetic disk storage system
tics and its compatibility with other materials and and in which the
shields are formed of conductive ma-  50  processes being used, the NiFe
alloy known as per- terials.
malloy is the preferred material to be used for both The Invention provides
a process for making a  first shield member 12 and second shield member28.
shielded magnetoresistive sensor comprising the   However, this cannot be
done due to the ductile na- steps of (a) depositing a layer of a magnetic
material  ture of permalloy, which may lead to sensor shorting. to forma
first shield member, (b) depositing afirst lay-  55  By application of the
present Invention, the first erof a suitable electrically insulating
material overthe  shield member 12 and the second shield member 28 first
shield member; (c) depositing, in the presence of  are formed from such
materials that MR sensor a magneticfield, a thin film of a magnetoresistive
ma-  shorts are eliminated while at the same time the 2    
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28 have magnetic character-  characteristics, its compatibility with other
materials istics equivalent to those of permalloy.          and processes
used in the MR read transducer, and Our preferred material for the first
shield member  the fact that no heat treatment is required to achieve 12 is
the FeSiAI alloy known as sendust and the ma-  the desired magnetic
characteristics. terial for the second shield member 28 is a soft mag-   5
netic material such as permalloy. It is not obvious that such a combination
of materials can be produced   Claims since sendust In its as-deposited
state has magnetic characteristics that are vastly inferior to the magnetic
1. A method for making a shielded magnetoresistive characteristics of
permalloy. However, the magnetic  io  sensor comprising the steps of:
characteristics of sendust can be enhanced by an-        (a) depositing a
layer (12) of a magnetic ma- nealing. To obtain magnetic characteristics
equiva-     terial to form a first shield member, lent to permalloy, the
annealing temperature must be    (b) depositing a first layer (18) of a
suitable at least 400C. This presents a problem since, at this
electrically insulating material over the first temperature, the MR sensor
element would be de-  15     shield member; stroyed. However, this problem
has been overcome         (c) depositing, in the presence of a magnetic by
means of the process to be described.                field, a thin film
(20) of a magnetoresistive The preferred process for making an MR read
material, the magnetic field being operable to transducer comprises the
steps of depositing a layer     orient the layerof magnetoresistive
material In of FeSIAI alloy near the composition known as Sen-  20   a
preferred direction; dust (5.4wt% Al, 9.6 wt% Si, 85 wt% Fe). Alloys hav-
(d) depositing a second layer (26) of a suitable Ing between 6 and 12% Si
and 3 to 6% Al and the bal-    electrically Insulating material over the
layer ance Fe are suitable. The alloy known as Super Sen-     of
magnetoresistive material; and dust is also suitable and this alloy
includes 3 wt % Ni,  (e) depositing a layer (28) of a magnetic ma- 4 wt %
Al, 8 wt % Si and 87wt % Fe. The sendust alloy   25  terial over the second
layer of electrically in- layer is preferably sputter deposited In a vacuum
to a  sulating material to form a second shield thickness of greater than 1
micron, preferably at least  member, 1.6 micron. Preferably the sendust
alloy layer should  the method being characterised by the combina- be
deposited in such a way as to produce magnetic    tion of: anistropy In the
as-deposited film. The deposited   30  using a magnetic alloy as the
magnetic material sendust film has a very low permeability which can
deposited in step (a), the magnetic alloy compris- be enhanced by
annealing.                             Ing 3 to 6% aluminium, 6 to 12%
silicon, the bal- The sendust shield layer is heat treated at a tem-  ance
being iron; perature greater than [err] for a suitable time pre-  heat
treating the layer of the magnetic alloy, prior ferably in an oriented
magnetic field. The preferred  35  to deposition step (b), at a temperature
greater treatment is at a temperature of [err] either in  than [err] for a
predetermined time to enhance a vacuum or a nitrogen atmosphere, for a time
of two  the magnetic properties of the first shield mem- hours, for
example. A higher temperature can be used  ber, and In which case the
treatment time can be reduced.      using another magnetic material as the
magnetic This heat treatment step must be done prior to depos-  40
material deposited in step (e). ition of the MR sensor element 20. The
first insulating gap layer 18 is then deposited  2. A method as claimed in
claim 1, wherein the mag- to serve as a base for the deposition, In the
presence  netic alloy is that known as sendust. of a magnetic field, of the
MR sensor element 20. MR sensor element 20 may be NiFe, forexample, and the
45  3. A method as claimed in Claim 1, wherein the magnetic field during
deposition causes the orients-  magnetic alloy also includes 3% nickel.
tion of the NiFe material of the MR sensor element 20 In a chosen
direction.                            4. A method as claimed in claim 3,
wherein the mag- The second nonmagnetic gap layer 26 is then de-   netic
alloy is that known as super sendust posited, followed by deposition of the
second shield  so member 28. Note that Sendust cannot be used for the  5. A
method as claimed In any preceding claim, second sh ild member since it
would be necessary to   wherein the heat treatment is carried out at a tem-
anneal the sendustfilm, afterdeposition, ata temper-  perature of [err] for
a time of about two ature of at least 4000C. This temperature would be
hours. above the curie temperature of the NIFe and therefore  55 would
destroy the orientation of the NiFe layer. For  6. A method as claimed In
any preceding claim, this reason permalloy is used for the second shield
wherein the soft magnetic material Is NiFe. member 28. This material is
used due to its magnetic 3    



3                  EP 0 361 657B1                  4 shield members 12 and
28 have magnetic character-  characteristics, its compatibility with other
materials istics equivalent to those of permalloy.           and processes
used in the MR read transducer, and Our preferred material for the first
shield member  the fact that no heat treatment is required to achieve 12 is
the FeSiAI alloy known as sendust and the ma-  the desired magnetic
characteristics. terial for the second shield member 28 is a soft mag-   5
netic material such as permalloy. It is not obvious that such a combination
of materials can be produced    Claims since sendust In Its as-deposited
state has magnetic characteristics that are vastly inferiorto the magnetic
1. Amethod for making a shielded magnetoresistive characteristics of
permalloy. However, the magnetic  10  sensor comprising the steps of:
characteristics of sendust can be enhanced by an-        (a) depositing a
layer (12) of a magnetic ma- nealing. To obtain magnetic characteristics
equiva-      terial to form a first shield member; lent to permalloy, the
annealing temperature must be    (b) depositing a first layer (18) of a
suitable at least [err] This presents a problem since, at this
electrically insulating material over the first temperature, the MR sensor
element would be de-  15      shield member; strayed. However, this problem
has been overcome         (c) depositing, in the presence of a magnetic by
means of the process to be described.                 field, a thin film
(20) of a magnetoresistive The preferred process for making an MR read
material, the magnetic field being operable to transducer comprises the
steps of depositing a layer     orient the layerof magnetoresistive
material In of FeSiAI alloy near the composition known as Sen-  20   a
preferred direction; dust (5A wt % Al, 9.6 wt % SI, 85 wt % Fe). Alloys
hav-  (d) depositing a second layer (26) of asuitable Ing between 8 and 12%
Si and 3 to 6% Al and the bal-     electrically insulating material over
the layer ance Fe are suitable. The alloy known as Super Sen-      of
magnetoresistive material; and dust is also suitable and this alloy
includes 3 wt % Ni,  (e) depositing a layer (28) of a magnetic ma- 4 wt%AI,
6wt % Si and 87 wt % Fe. Thesendustalloy   25  terial over the second layer
of electrically in- layer is preferably sputter deposited In a vacuum to a
sulating material to form a second shield thickness of greater than 1
micron, preferably at least  member; 1.6 micron. Preferably the sendust
alloy layer should  the method being characterised by the combina- be
deposited in such a way as to produce magnetic     tion of. anistropy in
the as-deposited film. The deposited   30  using a magnetic alloy as the
magnetic material sendust film has a very low permeability which can
deposited in step (a), the magnetic alloy compris- be enhanced by
annealing.                             ing 3 to 6% aluminium, 6 to 12%
silicon, the bal- The sendust shield layer Is heat treated at a tem-  ance
being iron; perature greater than 4000C for a suitable time pre-  heat
treating the layer of the magnetic alloy, prior ferably in an oriented
magnetic field. The preferred   35  to deposition step (b), at a
temperature greater treatment is at a temperature of 450-500C, either in
than 400C for a predetermined time to enhance a vacuum or a nitrogen
atmosphere, for a time of two  the magnetic properties of the first shield
mem- hours, for example. A higher temperature can be used  ber; and in
which case the treatment time can be reduced.      using another magnetic
material as the magnetic This heat treatment step must be done priorto
depos-  40  material deposited In step (e). ition of the MR sensor element
20. The first insulating gap layer 18 is then deposited  2. A method as
claimed in claim 1, wherein the mag- to serve as a base for the deposition,
in the presence  netic alloy is that known as sendust. of a magnetic field,
of the MR sensor element 20. MR sensor element 20 may be NiFe, for example,
and the   45  3. A method as claimed in Claim 1, wherein the magnetic field
during deposition causes the orienta-  magnetic alloy also includes 3%
nickel. tion of the NiFe material of the MR sensor element20 in a chosen
direction.                             4. Amethod as claimed in claim 3,
wherein the mag- The second nonmagnetic gap layer 26 is then de-    netic
alloy is that known as super sendust posited, followed by deposition of the
second shield  so member28. Note that Sendust cannot be used for the  5. A
method as claimed in any preceding claim, second shield member since
itwould be necessary to    wherein the heat treatment is carried out ata
tem- anneal the sendustfilm, after deposition, atatemper-  perature of
450-5000C for a time of about two ature of at least 4000C. This temperature
would be    hours. above the curie temperature of the NiFe and therefore
55 would destroy the orientation of the NiFe layer. For  6. A method as
claimed in any preceding claim, this reason permalloy is used for the
second shield   wherein the soft magnetic material is NiFe. member 28. This
material is used due to its magnetic 3    
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magnetoresistive sensor comprising:     bis 6 % Aluminium und 6 % bWs 12 %
Silizium be- (a) a first shield member formed by a layer    Inhaltet und
der Rest aus Elsen besteht; (12) of a magnetic material,
Wfirmebehandeln der Schicht aus der magneti- (b) a first layer (18) of a
suitable electrically in-  schen Leglerung vor dem Depositionsschritt (b)
sulating material deposited over the first   5  bel elner Temperatur hoher
als 400 'C fOr aine shield member (12)
vorgegebene Zeitdauer, um die magnetischen El- (c) a thin film (20) of a
magnetoresistive ma-  genschaften des ersten Abschirmelementes zu terial
deposited in the presence of a magnetic  verbessern; und field and thus
being oriented in a preferred di-  Verwenden eines weiteren
welchmagnetlschen rection,                                10      Materials
ala dem In Schritt (e) aufgebrachten (d) a second layer (26) of a suitable
electrical-  magnetiachen Material. ly Insulating material deposited over
the layer of magnetoresistive material, and           2. Verfahren nach
Anspruch 1, wobei die magneti- (e) a second shield member formed by a layer
ache Leglerung diejenige ist, die als Sendust be- (28) of magnetic material
deposited over the   15  kannt ist. second layer (26) of electrically
Insulting ma- terial,                                     3. Verfahren nach
Anspruch 1, wobel die magneti- characterized In that
sche Leglerung aulerdem 3 % Nickel beinhaltet. the material for the layer
(12) forming the first shield membercomprises 3 to8% aluminium, 6to  2o  4.
Verfahren nach Anspruch 3, wobei die magneti- 12% silicon, the balance
being iron, and has been  ache Leglerung diejenige ist, die ala Super-Sen-
heat treated prior to the deposition of the subse-  dust bekannt ist. quent
layers at a temperature greaterthan 400C for a predetermined time so that
the magnetic  5  Verfahren nach elnem der vorhergehenden An- properties of
it are enhanced, and in that the seo-  25  sprfiche, wobei die
Warmebehandlung bei einer ond shield member is formed of another material.
Ternperatur von 450 C bWs 500 C wflhrend elner Zeitdauer von etwa zwei
Stunden durchgefflhrt wird. PatentansprOche 90  6. Verfahren nach inenm der
vorhergehenden An- 1. Verfahren zur Herstellung eines abgeschirmten
sprflche, wobei das weichmagnetische Material magnetoresistiven Sensors
mitfolgenden Schrlt-     NIFe Ist. ten: (a) Aufbringen einer Schbcht (12)
aus einem  7. Abgeschirmter magnetoresstiver Sensor mit magnetischen
Material, ur ein erstes Ab-  35      (a) elnem ersten, durch elne Schicht
(12) aus schirmelement zu bilden;                          elnem
magnetischen Material gebildeten Ab- (b) Aufbringen elner ersten Schicht
(18) aus      schirmelement, einem geelgneten, slektrsch isolierenden
(b) einer ersten, fiber dem ersten Abschirm- Material Ober dem ersten
Abschirmelement          element (12) aufgebrachten Schicht (18) aus
(c)Aufbringen elnes dfinnen Films (20) aus ei-  40  elnem geeigneten,
elektrisch isolierenden nem magnetorealstiven Material In Anwesen-
Material, heit eines magnetischen Feldes, wobel das
(c)einemdOnnenFilm(20)auseinemmagne- magnetische FeldzumAusrldhten
derSchicht          toresistiven Material, der in Anwesenheit ei- aus
magnetoresistivem Material in elner Vor-      nes magnetiechen Feldes
aufgebracht und zugsrichtung einstellbar ist;          45         dadurch
In einer Vorzugsrichtung orientlert (d) Aufbringen eaner zweiten Schicht
(26) aus     let, elnem geelgneten, elektrisch Isolierenden         (d)
elner zweiten, Ober der Schicht aus ma- Material Ober der Schicht aus
magnetoresisti-     gnetoresistivem   Material  aufgebrachten van Material;
und                                 Schicht (26) aus einem geeigneten,
elektrisch (e) Aufbringen einer Schicht (28) aus magne-  5o  Isollerenden
Material und tischem Material Gberderzweiten Schichtaus        (e) einem
zweiten Abschirmelement, das elektrlsch Isolierendem Material, urn ein
zwei-   durch elne Schicht (28) aus magnetiachem tes Abschirmelement zu
bilden;                    Material gebildet ist, die Ober der zweitn wobei
das Verfahren gekennzeichnet lbt durch         Schicht (28) aus elektrisch
isolierendem Ma- die Kombinatlon von:                      u
terial aufgebracht let, Verwenden einer magnatischen Leglerung als
dadurch gekennzehohnet, daB dem In Schritt (a) aufgebrachten magnetischen
das Material ffirdie Schicht(12), dledas ersat Ab- Material, wobei die
magnetische Legierung 3 %     schirmelement bildet,3 % bis 6 % Aluminium
und 4    
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11111 III! * C   L  M   S 6 % bis 12 % Silizium enthalt, wobei der Rest Ei-
sendust. sen ist, und vor der Deposition der nachfolgenden Schichten be!
elner Temperatur h8her als 400 C  5. Prochdh selon l'une quelconque des
revendica- fOr sine vorgegebene Zeitdauerwarmebehandelt     tions
pr6chdentes, dans lequel le traltbmentther- wurde, so daft dessen
magnetische Eigenschaf-   5  mique eat effectue A une temperature situee
en- ten verbessert werden, und dadurch, daa des      tre 450 at 500C
pendant une duree d'envron zwelt Abschirmelement aus einem anderen Ma-
deux heures. terial gebildet lst. 6. Prochde selon i'une quelconque des
revendica- 10     tions precedentes, dans lequel Is matbrlau ma-
Rovendlcatlons                                       gnetique doux eat
NiFe. 1. Proc1 d pour fabriquer un capteur magneto-re-  7. Capteur
magnhto-rmsistif blinde comprenant: sistif blinde comprenant lea etapes
consistant A:    (a) un premier element de blindage forme par (a) deposer
une couche (12) d'un materiau   15    une couche (12) d'un materiau
magnetique, magnetique pour former un premier element         (b) une
premibre couche (18) d'un materiau de blindage,
electriquement isolant approprie deposee our (b) deposer une premiere
couche (18) d'un        le premier element de blindage (12), materiau
electriquement Isolant approprie sur     (c) un film mince (20) d'un
materiau magneto- Ie premier element de blindage,        20
resistif depose en la presence d'un champ (c) deposer, en la presence d'un
champ ma-        magnhtique qul est de ce falt orlent6 dans une gnetlque,
un film mince (20) d'un mathriau        direction preferde,
magneto-resistif, le champ magnetique etant       (d) une seconde couche
(26) d'un materiau mis en oeuvre pour orienter la couche de ma-
electriquement Isolant approprie diposae sur teriau magneto-resistif dans
une direction   25   la couche du mathriau magnhto-rasistif, et prhfhrhe,
(e) un second de blindage forme par une cou- (d) deposer une seconde couche
(26) d'un          che (28) du materiau magnetique deposhe sur mathriau
6iectriquement isolantappropri6 sur      la seconds couche (26) du materiau
eiectri- la couche de materiau magnhto-rdeistif, et        quement msolant,
(e) deposer une couche (28) d'un materiau  30  caracterise en ce que
magnetique sur la seconde couche du mate-      le materiau pour la couche
(12) formant le pre- riau electriquement isolant afin de former un  mier
element de blindage comprend 3 A 6 % en second element de blindage, le
procede etant   poids d'aluminium, 6 A 12 % en poids de silicium,
caracterise par la combinalson consistant A:   le rests etant du for et a
6te traith A chaud avant utilimer un alliage magnhtique en tant que mate-
35  le depot des couches sulvantes A une tempera- riau magnetique depose a
l'etape (a), I'alliage  ture superieure a 4000C pendant une duree pre-
magnetique comprenant 3 A 6 % en poids d'alu-     dtebrminee, de sorte quo
ses proprietes magne- minium, 6 A 12 % en poidas de sillcium, le reste
tiques solent augmentees et en ce quo le second etant du for,
element de bllndage eat forme d'un autre math- traiter A chaud la couche de
I'alliage magnetique  4o  riau. avant l'etape de depot (b), A une
temperature su- perieure A 400C pendant une duree predhterml- nee pour
augmenter lea proprietes magnetiques du premier element de blindage, et
utilber un autre materiau magnetique doux en  45 tant que materiau
magnetique depose A l'etape (e). 2. Procde saelon la revendication 1, dans
loquel iral- liage magnitique eat celui connu comma son-  50 dust. 3.
Procede selon Is revendicatlon 1, dans lequel l'al- lage magnetique
comporte egalement 3 % en polds de nickel.                         56 4.
Procede selon la revendication 3, dans lequel l'al- liage magnetique eat
celul connu comme super 5    


