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Hence, the effective anisotropy field [ERR] can be In- creased by
controlled application of magnetostriction Background of the Invention
and anisotropic stress as a result of the deposition process and pole
geometry. The present Invention relates to read/write devic-   5  Nakamura
et al., "Analysis of Domain Structure es for high density magnetic
recording.            of Single Pole Perpendicular Head," IEEE Transac-
Conduction of flux, such as in a magnetic head,  tions on Magnetics, vol.
MAG-21, no. 5, September is achieved by two mechanisms: domain wall motion
1985, discloses the relationship between the perme- and domain rotation.
Domain wall motion results in  ance P of a pole film (normalized by the
film width) flux being transmitted through a head along the walls  10  and
the anisotropy field Hk of the pole film, forvarious of a domain, or
domains, the flux spreading out along  track widths. Morisako et al.,
"Effect of Third Element the domain walls as the flux seeks to return to
equl-  on Electrodeposited Permalloy Film for Thin-Film librium. However,
while domain wall motion facilitates  Magnetic Head," Electronics and
Communications in conduction of flux at low frequencies, it is a poor ve-
Japan, vol. [err], no. 2,1978, discloses the effects of hicle for
conduction of flux at high frequencies. Fur-  15  the addition of eight
different "third elements" (includ- thermore, defects In the material in a
head can be the  ing cobalt) to a permalloy film. One of the effects source
of Barkhausen noise as wall motion is pertur-  studied is the variation of
the anisotropy field [err] as a bed by these defects. Such noise can result
in erro-  function of the amount of each third element in the neous
readings of recorded data.                   bath used to plate the
permalloy film. Figure 1a schematically shows a pole tip region   20 10 of
a magnetic transducer, such as a prior art thin  Summary of the Invention
film head, configured to achieve conduction by do- main rotation when
reading flux from a magnetic me-    The present invention provides a
process for dium. Pole P1 is provided with central magnetic do-  forming
atleastone pole of a magnetic device accord- mains 12, having an axis of
anisotropy (easy axis) in-  25  ing to claims 1 and 20. dicated by the at
rest domain state arrows 14 trans-   One aspect of the present invention
relates to a verse to the longitudinal axis of the pole. Pole P1 has
processforforming at leastone pole of a magnetic de- a total width [err]
which includes the width [err] of the  vice, including the steps of:
determining a maximum centerregion and the combined width 2Wof the edge
permeance fora chosen pole width, relating that per- domains, such that
[err]. It is in the center  30   meance to expected anisotropyfield fora
pole having region where the desired conduction by domain rota-  the chosen
pole width, relating that anisotropy field to tion occurs. The probability
of Barkhausen noise is in-  a desired cobalt concentration in a deposition
stream, versely related to center region width [err].         and forming
the at least one pole from the stream, the Figure 1b shows a prior art pole
piece P1 having  pole having approximately the desired cobalt concen- a
narrow width with a criss-cross domain structure. In  35  tration.
Preferably the process includes forming the such arrangement, the edge
domains each still have  pole having near zero magnetostriction in the
range a width [err] but there is no appreciable width of a cen-  of about
-5.3 x [err] to zero and annealing the formed ter conduction section.
Hence, In this case, [err] = [err].  pole. Magnetic switching in the pole
tips by the rotation  The invention may include any of the following
mechanism is preferable to switching by domain wall  40  features: the
coercivity of the formed pole is at or be- motion. The advantages of
switching by rotation in-  low 1 Oersted ([err]); the formed pole, at the
pole clude higher frequency response, higher efficiency  tip, is 3 microns
wide, greater than one micron thick and low probability of Barkhausen
noise.           and has a permeability of less than 1500; the formed At
rest domain configuration, in part, is controlled  pole anisotropy field is
in the range of 3 to 14 Oer- by inducing unlaxial anisotropy during
deposition. In  45  steds (239 to 1114A/m); the formed pole anisotropy is
prior art thin film heads, both positive and negative  9 Oersteds (716A/m)
before annealing and 12 Oer- magnetostriction (in conjunction with
anisotropic  steds (965A/m) after annealing; the formed pole has stress)
have been used to reinforce favorable domain  a ratio of [err] in the range
of about 0.5 to 0.7, with configurations induced by a magnetic field during
coercivity at or below about 1 Oersted ([err]); the plating of the head
pole pieces.             50  formed pole has a saturation flux density of
about 1.3 The anisotropy field ([err]) of a typical thin film  Wb/[err];
the formed pole is about 61.5-66% nickel by head may be expressed in terms
of effective and in-  weight, 13-14.5% Iron by weight, and 21-24% cobalt
trinsic anisotropy, as follows:                    by weight, and
preferably is about 64.5% nickel, [err]
13.5% iron, and 22% cobalt byweightafterannealing; [err]  55  the formed
pole has a transverse easy axis and the where, d = anisotropic stress,
[err] = magnetostriction  annealing is performed by baking the pole in a
va- constant, where [err] = saturation magnetization.     cuum at about 240
degree centigrade for about 8 hours in an orienting magnetic field parallel
to the 2 
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pole, the orienting field preferably at  leastformaintaining domain
rotation in a narrow track about 1,100 Oersteds (-87.5kA/m) or more.
head about three microns wide. A preferred deposition stream includes a
nickel    We believe that approximately one Oersted iron plating bath with
cobalt content in the range of  (86A/m) Is near the high end of an
acceptable coer- about 20-25% byweight, and preferably having cobalt   5
civity level for a narrow track (e.g., three microns) chloride hexahydrate
at about 3.65 grams per liter.  read/write head, but the actual desirable
value will de- The bath preferably Is a modified Watt's bath includ-  pend
upon specific widths and applications. For pur- ing nickelous chloride,
sodium saccharin, ferrous  poses of the present invention, the acceptable
level chloride, and cobaltous chloride.                  of coercivity for
a given geometry may be defined as In another aspect of the invention, a
process for  10  that level which permits a transverse at rest domain
producing a thin film head includes the steps of de-  state orientation to
resume prior to reading when cy- fining a pole pattern on a metallized
surface of a wa-  cling between reading and writing. fer, mounting the
wafer on a cathode fixture and im-   We have found that increasing the
magnetic ani- mersing it in a plating bath, forming a cobalt alloy pole
sotropyfield relative to an acceptable level of coerciv- according to the
pole pattern while maintaining mag-  15  ity (i.e., Hk relative to [err])
In an alloy magnetic head netostriction near zero and controlling cobalt
content  Improves the [err]t ratio, thus to better assure ach- to achieve a
desired pole permeance, and annealing  ieving the domain configuration of
Fig. 1a. Hence, if the formed pole. Preferably at least one pole is an-
the ratio of [err] is kept relatively high (with Hk and nealed with the
ratio of [err] of the at least one pole  [err] at acceptable levels
discussed below) then the do- in the range of 0.5 to 0.7.
20   main structure of Fig. 1a can be obtained. Other advantages and
features will become ap-      We have recognized that the [err] ratio can
be parent from the following description of the preferred  favorably
controlled. More specifically, we have embodiment and from the claims.
found that as cobalt is added to a nickel-iron alloy, both the [err]
and[err] increase, although at different Preferred Embodiment of the
Invention         25  rates. This can be discerned from a comparison of
graphs 2a and 2b. In graph 2a, [err] in Oersteds (1 We first briefly
describe the drawings.         Oersted [err]), is plotted as a function of
weight Fig. 1a shows the domain configuration In the   percent of cobalt in
the deposited film. In Figure 2b, pole tip region of a magnetic pole
capable of conduc-  plated film Hk, In Oersteds, is plotted as a function
of tion of flux by rotation.                     30  weight percent cobalt
in the flim. It will thus be seen Fig. 1 b shows a criss-cross domain
structure of  that the rate of increase in [err] becomes more rapid a
magnetic pole.                                   where cobalt content Is
above approximately 25% by Fig. 2 is a plot of permeance as a function of
ani-  weight, while Hk increases rather monotonically as sotropy field in a
plated film.                    percent cobalt content increases. Hence, by
prudent Fig. 2a is a plotof plated film coercivity as a func-  35
selection of cobalt content, acceptable levels of Hk tion of weight percent
cobalt in a plated film.    and [err] will be obtained at around or below
25% cobalt Fig. 2b is a plot of plated film anisotropy field Hk  by weight,
in a nickel-iron alloy pole. Thus, by adjust- as a function of weight
percent cobalt in a plated film.  ing cobalt, the [err] ratio can be
optimized fora given Fig. 2c is a plot of the change in anisotropy field
pole. [err] due to anneal as a function of weight percent co-  40  In
addition, we have also discovered that anneal- balt in a plated film.
ing further improves the [err] ratio In plated films. In Figs. 3a, 3b show
a preferred deposition method  fact, while there is little or no change in
[err] upon an- and apparatus.                                     nealing,
there is significant increase in Hk. The High density recording requires a
head design   change in Hk due to the anneal appears to be a linear with
narrow track width, and preferably with the do-  45  function of the cobalt
content. Ourtestresults confirm main configuration shown in Fig. 1a. This
is achieved  such belief, at least within the range of zero to about by
reducing the width [err] of the pole(s). However, as  forty-three percent
cobalt by weight, as indicated in the head pole width [err] is narrowed
down to around  Fig. 2c. three microns, the central flux conduction region
Furthermore, we believe that too little cobalt can width [err] tends to
approach zero, with the domain  50  yield a pole with too low Hk, with low
permeance, with structure thus assuming the known configuration    high
Barkhausen noise and lackofconsistent process shown in Fig. 1b. At this
point, domain rotation fails as  results. Too much cobalt can raise
coercivity too high a functional mechanism of flux conduction and the  and
can substantially reduce permeability, thus yield- head becomes less
efficient. Therefore, the ratio of  ing a pole with low permeance. [err]
appears to have significance in narrow track  55  Permeance P is defined as
the product of perme- head design. Our preferred ratio of [err] is in the
ability [err] pole width Wt (affected by mask dimensions) 



range of 0.5 to 0.7, with an acceptable level of coer-  and pole thickness
T (affected by deposition parame- civity ([err]) at about one Oersted
(80A/m) or less, at  ters). Permeance Is functionally related to [err] for
a giv- 3    5               EP 0 396 227 B1                 6 en pole width
[err] asshown in Fig. 2.Amaximumvalue   electrodeposition. The field is
applied parallel to the of P for a given pole width can be obtained by
testing  easy axis (arrow EA) of the pole, and perpendicular samples having
various levels of permeability and  to pole length (arrow L). thickness
(having that pole width). Permeance can be   The present invention may be
practiced with a measured in a conventional manner.             5
modified Watt's bath. A preferred bath which yielded Thus we can now relate
domain configuration,    favorable results is shown below: cobalt content,
[err] their ratio, P, and the [err] ra-  [err] nickelous chloride
(hydrated), tio. In the example of a three micron nickel-iron alloy,  25g/1
boric acid, If cobalt content is low, Hk will be low (see Fig. 2b);  .8g/1
sodium saccharin, since Hk is low, P will be relatively low (see region A
10  [err]sodium lauryl sulphate, of Fig. 2, curve [err] = [err]) and the
[err], ratio will be rel-  1-2g/1 ferrous chloride (hydrated), atively low
(compare Figs. 2a,2b). If cobalt Is high, Hk  0-9.75g/1  cobaltous chloride
(hydrated and will be high (see Fig. 2b); since [err] is high, P will be
preferably 3.65g/1), relatively low (see region B of Fig. 2, curve [err] =
[err]);  pH-2.5, and since [err] also will be high (see Fig. 2a), the[err]
15  T-25C, and Current density in the range of 5- ratio again will be
relatively low.                10 milliamp/[err]. Permeance will be highest
in such pole (see re-    Alternative methods for producing desired films
gion C of Fig. 2, curve [err] = [err]) when an appropriate  might include,
but are not restricted to sputterdepos- value of Hk is selected for a given
pole permeability,  ition, vacuum evaporation, ion plating, splat cooling,
thickness and width. The [err] ratio can beoptimized  20  and electroless
deposition. Furthermore, other bath when an appropriate cobalt content is
selected ac-  compositions and other alloys than described above cording to
Figs. 2a, 2b. The highest [err] ratio will be  are contemplated within the
spirit and scope of the obtained after adjusting cobalt content by
annealing.  present invention. Thus, the [err] ratio, which reflects the
[err] ratio,  In the post-deposition stage, the wafer is an- also will be
favorably Improved resulting in a non-zero  25  nealed preferably in a
vacuum in a magnetic field [err] ratio (preferably in the range of .5 to
.7), with  greater than the calculated demagnetization field of [err] at an
acceptably low level, so as to avail the de-  the pole tip. The axis of the
applied field is parallel to sired domain configuration of Fig. 1a.
the easy axis of the plated film. This process results In practice of the
present invention, a preferred  in the change in Hk as shown in Fig. 2c.
method for forming at least one pole of a magnetic  30  In one embodiment,
we sought to produce a film transducer fora chosen pole width includes
determin-  with a final Hk of 12 Oersteds (955A/m). We plated ing maximum
desired [err] relating that P to a target Hk  films in a bath with a
concentration of cobalt chloride as in Fig. 2, relating that target [err]
(as an annealed val-  hexahydrate of 3.65 grams per liter, which resulted
in ue) to a known cobalt bath concentration which yields  films having an
[err] of 9 Oersteds (716A/m). Several test samples having the target [err]
(after anneal), and   35  samples had an Hk of 12 Oersteds (955A/m) after
an- then forming a pole in a bath having that concentra-  nealing at about
240 decrees centigrade for about tion, the pole then being annealed to
achieve the tar-  eight hours in a magnetic field of approximately 1100 get
Hk of Fig. 2.                                  Oersted (87.5kA/m) parallel
to the pole easy axis. The A preferred method and apparatus will now be
cobalt content in our samples ranged from 21 to 24 described in relation to
Figs. 3a, 3b, and includes  40  weight percent. One film composition which
yielded a electrodeposition of a cobalt-containing nickel-iron  post-anneal
[err]  of 12 Oersteds (955A/m) was about alloy 23 from bath 34 through the
openings of a mi-  64.5 percent nickel, 13.5 percent iron and 22 percent
crolithographically defined resist mask pole pattern  cobalt by weight. 24
onto a conductive metallized surface 26 on a wafer  In practice of the
present invention, the [err] ra- substrate 22. The wafer 22 is mounted on a
cathode   45  tio, at least for cobalt between about zero and 25 per-
fixture 28, and is immersed in plating bath 34 in plat-  cent weight, is
preferably in the range of 25 to 118. At ing cell 30. An anode 32 is
provided in the bath tocom-  22 percent cobalt by weight, we achieved a
[err] ratio plete the plating circuit                          of about
109. Current is supplied to the cell by means of an ex-  In practice of the
present invention, it is possible ternal power supply (I) to induce
deposition of the   50  to raise saturation flux density (B.) of the plated
pole metal film from the plating bath 34. The plating bath  to provide an
extra writing ability for high linear den- includes metal salts of nickel,
iron and cobalt, as well  sity applications. In particular, the [err] of a
plated nick- as buffering agent, stress controlling agent and sur-  el-iron
film increases as cobalt content of the film in- 



factant, and may be otherwise operated in a conven-  creases, since high
[err] cobalt is substituted for lower tional manner.
55   [err] nickel-iron. Hence, our higher cobalt films favor- Magnetic
source 36 is arranged about plating cell  ably exhibit a raised [err]
perhaps up to about 1.3 30 so that the surface of wafer 22 is within a
uniform  [err] (13,000 Gauss). uniaxial orienting magnetic field (arrow F)
during     In addition to the foregoing, a preferred embodi- 4    7
EP 0 396 227 B1                 8 ment of the present invention further
includes mini-   meance (P) is a maximum permeance for said mizing the
effect of the [err] factor in the effective [err],  chosen pole width
[err]. to ease process requirements, while we boost the in-  3. The process
of claim 1 where the coercivity ([err]) trinsic[err] of the formed device
for an acceptably low    5  of the formed pole is at or below 1 Oersted
level of [err] to achieve a desirable [err] ratio in a high  (80A/m).
permeance pole with lowered probability of Barkhau- sen noise. Preferably,
magnetostriction is maintained  4. The process of claim 1 wherein the
formed pole, on the negative side of, and near, zero, preferably in  at the
pole tip, is about 3 microns wide. the range of -5.3x[err] to zero, at
least for cobalt at or  10 below 25 percent by weight. We measure magnetos-
5. The process of claim 4 wherein the formed pole, lastic sensitivity of a
sample plated film and then ad-  at the pole tip, is greater than one
micron thick just nickelous chloride and ferrous chloride bath con-  and
has a permeability ([err]) of less than 1500. centrations accordingly and
in a conventional manner so that the next sample is at or closer to desired
mag-   15  6. The process of claim 1 wherein the anisotropy netostrictive
composition.                             field ([err])that is related to
the desired permeance While the above discussion has been addressed
(P) is in the range of 3 to 14 Oersteds (239 to to magnetic poles, a
distinction may be drawn be-      1114A/m) tween pole tip and pole yoke
regions. The values of [err] and [err] may differfrom pole tip to pole
yoke, and   20  7. The process of claim 1 wherein the pole anisotro-
optimization of these variables for a given, device     py is about 9
Oersteds (716A/m) before anneal- must be considered in the light of such
differences.   ing. Other embodiments are within the claims. 8. The process
of claim 1 wherein the pole anisotro- 25      py is about 12 Oersteds
(955A/m) after anneal- Claims
ing. 1. A process for forming and annealing at least one  9. The process of
claim 1 wherein the mixture of de- pole of a magnetic device, comprising
the steps     position material is a nickel-iron-cobalt plating of:
30       bath (34) that produces a deposit (23) having co- a) determining a
desired permeance (P) for a     bait content that is no greater than about
25 % by chosen pole width ([err]), and                       weight. b)
relating that permeance (P) to an anisotro- py field ([err]) for a pole
having the chosen pole  10. The process of claim 1 wherein the formed pole
width ([err]),                               35      has a cobalt that is
no greater than about 25 % by the process further being characterised by
weight. comprising the steps of: c) determining a concentration of cobalt
that  11. The process of claim 1 wherein step d) includes is needed in a
mixture of deposition material   forming the pole having magnetostriction
in the from which the pole is to be formed so thatthe   40  range of about
-5.3 x [err]to zero. pole, after being annealed, will have approxi- mately
said anisotropy field ([err]) that is related  12. The process of claim 1
wherein step d) includes to the desired permeance (P),
the substep of forming the pole in a bath concen- d) forming the at least
one pole from the mix-  tration having cobalt chloride hexahydrate at ture
of deposition material, the pole having   45  about 3.65 grams per litre.
approximately the desired cobalt concentra- tion and having an initial
anisotropy field of a  13. The process of claim 1 wherein the composition
strength less than that of said anisotropy field  of the annealed pole
product has a cobalt content ([err]) that is related to the desired
permeance    that is no greater than about 25% by weight. (P), and
50 e) annealing the pole in a manner selected to  14. The process of claim
1 wherein step d) includes cause the initial anisotropy field of the pole
to  obtaining a ratio of [err] in the range of about 



increase to approximately said anisotropy        0.5 to 0.7. field ([err])
that is related to the desired perme- ance (P).
55  15. The process of claim 1 wherein the mixture of de- position material
is a modified Watt's bath (34) in- 2. The process of claim 1 wherein said
desired per-    cluding nickelous chloride, 5    ment of the present
invention further includes mini-   meance (P) is a maximum permeance for
said mizing the effect of the [err] factor in the effective [err]  chosen
pole width ([err]). to ease process requirements, while we boost the in-
3. The process of claim 1 where the coercivity (err]) trinsic Hk of the
formed device for an acceptably low   5  of the formed pole is at or below
1 Oersted level of [err] to achieve a desirable [err] ratio In a high
(80A/m). permeance pole with lowered probability of Barkhau- son noise.
Preferably, magnetostriction is maintained  4. The process of claim 1
wherein the formed pole, on the negative side of, and near, zero,
preferably in  at the pole tip, is about 3 microns wide. the range of
-5.3x[err] to zero, at least for cobalt at or  10 below 25 percent by
weight. We measure magnetoe-   5. The process of claim 4 wherein the formed
pole, lastic sensitivity of a sample plated film and then ad-  at the pole
tip, is greater than one micron thick just nickelous chloride and ferrous
chloride bath con-  and has a permeability ([err] of less than 1500.
centrations accordingly and in a conventional manner so that the next
sample is at or closer to desired mag-  15  6. The process of claim 1
wherein the anisotropy netostrictive composition.
field ([err]) that is related to the desired permeance While the above
discussion has been addressed      (P) is in the range of 3 to 14 Oersteds
(239 to to magnetic poles, a distinction may be drawn be-      1114A/m)
tween pole tip and pole yoke regions. The values of P. [err] and [err] may
differfrom pole tip to pole yoke, and   20  7. The process of claim 1
wherein the pole anisotro- optimization of these variables for a given
device     py is about 9 Oersteds (716A/m) before anneal- must be
considered in the light of such differences.  ing. Other embodiments are
within the claims. 8. The process of claim 1 wherein the pole anisotro- 25
py is about 12 Oersteds (955A/m) after anneal- Claims
ing. 1. A process for forming and annealing at least one  9. The process of
claim 1 wherein the mixture of de- pole of a magnetic device, comprising
the steps    position material is a nickel-iron-cobalt plating of:
30      bath (34) that produces a deposit (23) having co- a) determining a
desired permeance (P) for a    bait content that is no greater than about
25 % by chosen pole width ([err]), and                     weight. b)
relating that permeance (P) to an anisotro- py field ([err]) fora pole
having the chosen pole  10. The process of claim 1 wherein the formed pole
width [err],                             35      has a cobalt that is no
greater than about 25 % by the process further being characterised by
weight. comprising the steps of. c) determining a concentration of cobalt
that  11. The process of claim 1 wherein step d) includes is needed in a
mixture of deposition material   forming the pole having magnetostriction
in the from which the pole Is to be formed so that the   40  range of about
-5.3 x [err] to zero. pole, after being annealed, will have approxi- mately
said anisotropy field ([err]) that is related  12. The process of claim 1
wherein step d) includes to the desired penneance (P),
the substep of forming the pole in a bath concen- d) forming the at least
one pole from the mix-  tration having cobalt chloride hexahydrate at ture
of deposition material, the pole having   45  about 3.65 grams per litre.
approximately the desired cobalt concentra- tion and having an initial
anisotropy field of a  13. The process of claim 1 wherein the composition
strength less than that of said anisotropy field  of the annealed pole
product has a cobalt content ([err]) that is related to the desired
permeance   that is no greater than about 25% by weight. (P), and
50 a) annealing the pole in a manner selected to  14. The process of claim
1 wherein step d) includes cause the initial anisotropy field of the pole
to  obtaining a ratio of [err] in the range of about 



increase to approximately said anisotropy       0.5 to 0.7. field ([err])
that is related to the desired perme- ance (P).
55   15. The process of claim 1 wherein the mixture of de- position
material is a modified Watts bath (34) in- 2. The process of claim 1
wherein said desired per-   cluding nickelous chloride, 5    9
EP 0 396 227 B1                  10    *    C   L   M   S   * sodium
saccharin,                         Patentanspruche ferrous chloride, and
cobaltous chloride.                       1. Verfahren zum Ausbilden und
Ausglrhen wenig- stens sines Pols einer magnetischen Vorrich- 16. The
process of claim 1 wherein the product of   5  tung, das folgende Schritte
aufweist: ,      step d) has a saturation flux density of about 1.3    a)
Bestimmen einer gewOnschten Permeanz Wb/[err] (13000 Gauss).
(P) fur sine gewahlte Polbreibt (W.), und b) BeziehenjenerPermeanz (P) auf
sin aniso- 17. The process of claim 1 wherein the pole has a        tropes
Feld (Hk) far einen Pol mit der gewahl- transverse easy axis and the
annealing is per-  10   ten Polbreite (Wj, wobel das Verfahren wei- formed
by baking the pole in a vacuum at about        terhin durch folgende
Schrittb gekennzelch- 240 degrees centigrade for about 8 hours in an
net Ist: orienting magnetic field parallel to the easy axis    c) Bestimmen
einer Kobaltkonzentration, die of the pole.
In einer Mischung eines Ablagerungsmateri- 15        als n8tig ist, aus dem
der Pol auszubilden ist, 18. The process of claim 17 wherein the orienting
so daB der Pol, nachdem er ausgoglht ist, in field is about 1,100 Oersteds
(87.5kA/m) or more.     etwa das anisotrope Feld (Hk) aufweisen wird, auf
das die gewfInschte Permeanz (P) 19. The process of claim 1 wherein the
pole is formed    bezogen ist, by sputter deposition onto a substrate,
vacuum   20   d) Ausbilden des wenigstens einen Pols aus evaporation, ion
plating, splat cooling, electro-     der Mischung des Ablagerungsmaterials,
wo- deposition onto a substrate, or electroless de-       bel der Pol in
etwa die gewunschte Kobalt- position onto a substrate.
konzentration aufweist und sin anfangliches anisotropes Feld einer Starke
aufweist, die 20. A process for forming a pole of a magnetic device,  25
geringeralsjene des anisotropen Feldes (HI) comprising the steps of:
ist, auf das die gewiinschtb Permeanz (P) be- a) determining a desired
permeance (P) for a       zogen ist, und chosen pole width [err], and
e) Ausglfihen des Pols auf sine Weise, die b) relating that permeance (P)
to an anisotro-     derart ausgewahit wird, daB das anfangliche py field
([err]) for a pole having the chosen pole  30  anisotrope Feld des Pols
veranlalt wird, sich width ([err])
in etwa auf das anisotrope Feld (Hl) zu erho- the process by which said
pole is produced         hen, auf das die gewainschte Permeanz (P) being
further characterised by comprising the      bezogen ist. steps of c)
determining a concentration of cobalt that  35  2. Verfahren nach Anspruch
1, wobei die ge- is needed in a mixture of deposition material   winschte
Permeanz (P) fir die gewahite Polbrel- from which the pole is to be formed
so that the  te (W,) eine maximale Permeanz ist. pole will have
approximately said anisotropy field [err] that is related to the desired
perme-  3. Verfahren nach Anspruch 1, wobei die Koerzitiv- ance (P), and
40      kraft (Hj des ausgebildeten Pols bei oder unter d) forming a cobalt
alloy pole from the mixture  I Oersted (80 A/m) ist. of deposition material
while maintaining mag- netostriction in the range of about -5.3 x [err]  4.
Verfahren nach Anspruch 1, wobel der ausgebil- to zero and controlling
cobalt content to select  dteb Pol an der Polspitze etwa 3 Mi kron brelt
ist. the strength of the anisotropy field ([err] of the   45 pole, the
anisotropy field ([err]) of the pole be-  5. Verfahren nach Anspruch 4,
wobei der ausgebil- ing such that the pole has approximately the    det Pol
an der Polspitze eine grolere Dicke als desired pole permeance (P).
sin Mikron und sine Permeabilitit (p) von weni- ger als 1500 hat 



21. The process of claim 20 further comprising the   50 steps of defining a
pole pattern (24) on a metal-  6. Verfahren nach Anspruch 1, wobei das
anisotro- lized surface (26) of a wafer (22), mounting the   pe Feld (HJj
auf des die gewunschte Permeanz wafer (22) on a cathode fixture (28),
immersing    (P) bezogen let, sine Feldstarke in dem Bereich it in a
plating bath (34), and forming the pole in ac-  von 3 bis 14 Oersted (239
bis 1114 ANm) hat. cordance with the pole pattern (24), and   55 the bath
(34) is a modified Watt's bath in-  7. Verfahren nach Anspruch 1, wobei die
Pol-Aniso- duding nickelous chloride, sodium saccharin, fer-  tropis vor
dem Ausgifihen etwa 9 Oersted (718 rous chloride, and cobaltous chloride.
Alm) ist 6    11                 EP 0 396 227 B1                 12 *   C
L   M   S    * 8. Verfahren nach Anspruch 1, wobei die Pol-Aniso-  19.
Verfahren nach Anspruch 1, wobel der Pol durch tropie nach dam Ausgihen
etwa 12 Oersted         esne Sputterablagerung auf ein Substrat, Bine (955
Am) lst.                                     Vakuumverdampfung, -en
lonenplattieren, ein SpritzKrlhlen, Bine Elektroablagerung auf Bin 9.
Verfahren nach Anspruch 1, wobei die Mlschung   5  Substrat odor sine
elektrolose Ablagerung auf des Ablagerungsmaterials sin Nickel-Elsen-
sin Substrat ausgebildet wird. Kobalt-Plattierungsbad (34) let, das esne
Ablage- rung (23) mit einem Kobaltinhalt erzeugt, der  20. Verfahren zum
Ausbilden sines Pols einer ma- nicht gr6iler als etwa 25 Gew.-% Ist.
gnetischen Vornichtung, das folgende Schritte 10      aufwiebt: 10.
Verfahren nach Anspruch 1, wobei der ausgebil-      a) Bestimmen elner
gewunschten Permeanz dote Pol Kobalt von nicht mehr als etwa 25 Gew.-
(P) far sine gewahite Polbreibt (Wt), und % aufwsist.
b) Bezishen jener Permeanz (P) auf sin aniso- tropes Feld (Hk) far eonen
Pol mit der gewahl- 11. Verfahren nach Anspruch 1, wobei der Schritt d)  15
ten Polbrelte (Wt), sin Ausbilden des Pols mit siner Magnetostrlktl-
wobei das Verfahren, durch das der Pol her- on in dem Berekch von etwa -5,3
x 10-7 bie Null      gestelit wird, welterhin dadurch gekennzeich- enthalt.
net Ist, daB es folgende Schrittb aufweist c) Bestimmen einer
Kobaltkonzentration, die 12. Verfahren nach Anspruch 1, wobei der Schritt
d)  20  in elner Mischung sines Ablagerungemateri- den Unterschritt des
Ausbildens des Pols in el-      als nOtig at, aus dem der Pol auszubllden
ist, nem Bad mit Kobalt-Chlorid-Hexahydrat mit einer      so daB der Pol in
etwa das anisotrope Feld Konzentration von etwa 3,65 Gramm pro Liter
(Ho) aufwelsen wird, auf das die gewuinschte enthfilt.
Permeanz (P) bezogen Ist, und 25        d) Ausbilden sines
Kobaltleglerungs-Pols aus 13. Verfahren nach Anspruch 1, wobel die Zusam-
der Mischung des Ablagerungsmaterials, mensetzung des ausgegGlhten
Pol-Produkts ei-         wahrend sine Magnetostriktion In dem Be- nen
Kobaltinhalt von nicht mehr als etwa 25          reich von etwa -5,3 x 10-7
bis Null beibehalten Gew.-% hat.
wird, und Stbuern des Kobaltinhalts, urn die 30        Feldstarke des
anisotropen Feldes (Hk) des 14. Verfahren nach Anspruch 1, wobei der
Schritt d)      Pole auszuwihlen, wobei des anisotropo Feld sin Erhalten
eines Verhiltnisees von WJWt In         (Hk) des Pols derart ist, dall
derPol In etwa die dem Bereich von etwa 0,5 bis 0,7 enthalt.
geswOnschte Pol-Permeanz (P) aufweist. 15. Verfahren nach Anspruch 1, wobel
die Mischung   35  21. Verfahren nach Anspruch 20, des weiterhin fol- des
Ablagerungsmatbrials sin modifizierts         gende Schrittb aufwelst:
Definieren sines Pol- Wattssches Bad (34) ist, das folgendes enthalt:
Musters (24) auf einer metallislerten Oberflache Nickel-(ll)-Chlorid,
(26) sInes Wafers (22), Anbringen des Wafers Natrium-Saccharin,
(22) an einer Kathoden-Befestigungseinrichtung Eisen-(ll)-Chlorid, und
40       (28), Elntauchen davon in sin Plattierungsbad Kobalt-(ll)-Chlorid.
(34), und Ausbilden des Pols in Obereinstimmung mit dsm Pol-Mustbr (24),
wobel das Bad (34) ein 16 Verfahren nach Anspruch 1, wobei das Produkt
modifiziertes Wattssches Bad ist, des Nickel-(ll)- des Schrittes d) sine
SattigungsfluBdichte von     Chlorid, Natrium-Saccharin, Eisen-(ll)-Chlorid
etwa 1,3 Wb/m2 (13000 GauIl) hat          45      und Kobalt-(ll)-Chlorid
enthilt. 17. Verfahren nach Anspruch 1, wobei der Pol sine 



transversale leicht zugingliche Achse hat, und  Revendications dasAusgluhen
durch Backen des Pols In Vakuum bei etwa 240 Grad Celsius far etwa 8
Stunden In  50  1. Proc6d6 pour former et recuire au moins un pole einem
ausrichtenden Magnetfeld parallel zu der    d'un dispositif magnetique,
comprenant lea eta- leicht zuganglichen Achse des Pols durchgefuhrt   pee
qul consistent a: wird.                                                a)
debtrminer une permeance (P) voulue pour une largeur de pole (Wt) choisie,
et 18. Verfahren nach Anspruch 17, wobei das ausrich-  55  b) 6tabllr une
relation entre cette perm6ance tend. Feld sine Feldstirke von etwa 1,100
(P) et un champ d'anisotrople (Hk) pour un Oersted (87,5 kA/m) oder mehr
hat.                   pole ayant la largeur de pdle (Wj choisie, le
procede etant, en outre, caracteris6 en ce 7    13                 EP 0 396
227 B1                 14   *   C   L   M   S   * qu'il comprend les etapes
qui consistent a:  11. Proced6 solon la revendlcation 1, dans lequel )
d6terminer une concentration de cobalt ne-   1'6tape d) comprend la
formation du pole qui a cessaire dans un melange do materiau do d6-    une
magn6tostriction dans la plage d'environ -5,3 pot a part-u duquel le pole
dolt etre form6 afin  x 1 -Y7 A zero. quo celul-cl alt, une fois recuit,
approximative-   5 mont ledit champ d'anisotropis (Hk) en rela-  12.
Proced6 solon la revondication 1, dans loquel tion avec la perm6ance (P)
voulue,             I'otape d) comprend la sous-6tape de formation d)
former ledit pole A partir du m6lange de ma-  du pblo dans un bain ayant
uno concentration t6riau do d6pot, l1 palo ayant approximative-
d'hexahydrate do chlorure de cobalt d'environ ment la concentration do
cobalt voulue et un   10  3,65 grammes par litre. champ d'anisotropio
initial dote d'uns force in- ferleure a cello dudit champ d'anisotropie
(Hp)  13. Procedo solon la revendication 1, dans lequsl la en relation avec
la perm6ancoe (P) voulue, ot  composition du pblo recult produit a une
toneur o) recuire 10 p810 d'une manire r6sectlonnee   en cobalt ne
depassant pas environ 25% en pour provoquer une augmentation du champ   15
poids. d'anisotropie initial du pble afin qu'il attbigne approximativement
ledit champ d'anisotropie  14. Proced6 solon la revendlcation 1, dans
loquol (Hk en relation avec la permiance (P) voulue.  I'etape d) comprend
l'obtntlon d'un rapport de WJWt qui se situe dans la plago d'snviron 0,5 a
2. Procede solon la revendication 1, dans lequel la-  20  0,7. dito
permeance (P) voulus est une perm6ance maximale pour ladito largourde p~le
(W/t cholsle.  15. Procede selon la revendication 1, dans lequel le melange
de mat6riau de depot eat un bain de 3. Procede solon la revendlcatlon 1,
dans loquel la  Watt modlf16 (34) contonant coercitite (H0) du p8ie form6
se situe au niveau   25  du chlorure do nickel ou au-dessous de I Oersbtd
(8OAln).                    de la saccharine de sodium du chlorure ferreux,
et 4. Proc6d6 solon la revendication 1, dans lequel le        du chlorure
de cobalt. pole forme a, au niveau de sa pointo polairo, une largeur
d'environ 3 microns.              30  16. Procede solon la revendication 1,
dans lequel le produit do l'etape d) a une densite de flux de sa- 5.
Procede solon la revendication 4, dans lequel le  turation d'environ 1,3
Wb/m2 (13000 Gauss). pole form6 a, au niveau de sa points polaire, une
epaisseur sup6rieure A un micron et une perm6a-  17. Procodo solon la
revendication 1, dans loquel le bilitN (p) Inf6rieure A 1500.
35      plo a un axe d'almantatlon facilo transversal, et le
recuitestex6cut6 par une cuisson du p~le sous 6. Proc1d6 solon la
revendication 1, dans loquel le  vide a environ 240 degr6s centigrade
pendant on- champ d'anisotropie (Hko en relation avec la per-  viron 8
heures dans un champ magn6tique meance (P) voulue se situe dans la plage de
3 A   dorientation parallele A l'axe d'aimantation facile K>     14
Oersteds (239 a 1114A/m).              40       du pole. 7. Proce6d solon
la revendication 1, dans loquel  18. Proc6d6 solon la revendication 17,
dans loquol Is l'anisotrople du p8lo eat d'environ 9 Oerstbds    champ
d'orlentation est d'environ 1100 Oersteds (716AIm) avant recuit.
(87,5kA/m) ou plus. 45 



S. Proc6de solon la revendication 1, dans loquel  19. Proc6d6 solon la
revendication 1, dans lequel le l'anisotrople du pole est d'environ 12
Oersteds   p8le eat form6 par pulv6risation cathodique d'un (955AIm) aprss
recuit.                            d6pbt surun substrat, 6vaporation sous
vide, m6- tallisation lonique, refroidissemont par asper- 9. Proced6 solon
la revendication 1, dans loquol 1s   50 sion, d6pot 6lectrolytiquo sur un
substrat, ou d6- m6lange de mat6riau de d6pbt est un bain de m6-   pbt sans
courant sur un substrat. tallisation de nickel-fer-cobalt (34) qui produit
un d6p8t (23) ayant une toneur en cobalt ne d6pas-  20. Proc6de pour former
un pole d'un dispositif ma- sant pas environ 25% en poids.
gn6tique, comprenant les 6tapes qui consistent 55      a: 10. Proc6d6 solon
la revendication 1, dans Isquel le    a) dhterminer uno perm6ance (P)
voulue pour pole form6 a une teneur en cobalt qui no dopasse     uno
largeur do pbie choisie (Wjt, et pas environ 25% on poids.
b) 6tablir une relation entre cetto permeance 8    15                 EP 0
396 227 B1                 16 (P) et un champ d'anisotropie (Hd pour un
*   C   L   M   S   * pole ayant la largeur de p~le (Wj cholsie, le proced6
A 'aide duquel ledit p~le est produit 6tant, en outre, caracterise en ce
qu'll comprend les 6tapes qui consistent a:  5 c) determiner une
concentration de cobalt ne- cessaire dans un m6lange de mat6riau de de- pot
A partir duquel le p81e dolt Wte formi afin quo celul-ci ait
approximativement ledit champ d'anisotropie (Hk) en relation avec la  10
perm6ance (P) voulue, et d) former un pole en alliage de cobalt A partir du
melange de mat6riau de depot tout en maintbnant une magnetostriction dans
la pla- ge d'environ -5,3 x 10-7 a zero eten controlant  15 la teneur en
cobalt pour selectionner la force du champ d'anisotropie (Hk) du ple, le
champ d'anisotropie (K3 du pole etant tel quo Is pole a approximativement
la perm6ance polaire (P) voulue.                            20 K    21.
Procede solon la revendication 20, comprenant, en outre, les etapes qul
consistent A definir un motif de pole (24) sur une surface metallisee (26)
d'une plaquette (22), A monter la plaquette (22)  25 sur un support de
cathode (28), a l'immerger dans un bain de metallisation (34), et a former
le pole conformement au motif de p1e (24), le bain (34) etant un bain de
Watt modifie contenant du chlorure de nickel, de la saccharine de sodium,
30 du chlorure ferreux, et du chlorure de cobalt. 35 40 45 50 55 9    


