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that the machining with such an accuracy as re- quired in the magnetic head
processing has not The present invention relates to a method of   been
performable. producing a core for magnetic head, and more          IBM
TECHNICAL DISCLOSURE BULLETIN, particularly relates to a method of
producing a core   5   vol. 26, no. 10A, March 1984, ARMONK,N.Y.,USA for
magnetic head having a track formed by a       page 5039 R.B. ANDERSON et
al.: "PROCESS laser-induced etching wherein a thermochemical     FOR THE
FABRICATION OF NARROW-TRACK reaction is induced by a laser beam.
FLEX-FILE  RECORDING  HEADS" discloses a Recently, magnetic recorders, such
as floppy   method according to the first parts of claims 1-4. disc drive
(FDD), rigid magnetic disc drive (RDD),  10  The object of the present
invention Is to ob- VTR or the like, have been steadily high-densified
viate the drawbacks of the above described con- and, accordingly, the track
width of the magnetic  ventional methods and to provide a method head tends
to become narrower with a higher accu-  wherein a track with a high
accuracy is machined racy. Nowadays, the track width requires a dimen-  by
a laser-induced etching method to produce sional accuracy not lower than 2
[err] for VTR and   15  cores for magnetic head with a high reliability.
FDD, or not lower than [err]  for RDD.                 The first embodiment
of the present. invention In forming such cores for magnetic head, there
is, in a method of producing a core for magnetic have heretofore been known
a laser machining in    head, wherein a track width of the core for mag-
air of a track portion, which is disclosed in Japa-  netic head is defined
by a laser machining, com- nese Patent Application Laid-open Nos.
29,118/76,  20  prising machining by a laser-induced etching 212,617/82,
etc. Further, Japanese Patent Applica-  wherein a laser beam having a
focused beam di- tion Nos. 117,726/80, 260,408/86, etc. disclose the
ameter of not larger than 50 [err] and a power P of formation of the track,
by laser machining in air, of  50~1,900 mW is irradiated, in a 10~90 weight
% a core for magnetic head that is made of a high    phosphoric acid
aqueous solution, at a scanning magnetic permeable alloy, such as Sendust
or the   25  speed V in the range of 2~200 [err]/sec which like, or of a
composite core for magnetic head that  scanning speed satisfies
simultaneously both the is composed of ferrite and a high magnetic per-
following conditions: meable alloy. However, according to these methods,
since     V [err] 0.31 P + 34 and the temperature of the material to be
machined   30  [err] -0.1 4P + 271. reaches above the melting point
temperature of the material, a processing strain due to heat is formed
The second embodiment of the present inven- on the machined surface,
accompanied with the     tion is, in a method of producing a core for mag-
formation of cracks on the surface, and properties  netic head composed of
ferrite, wherein a track of the resulting magnetic head are deteriorated.
35  width of the core for magnetic head is defined by a Further, these
methods have presented problems     laser machining, comprising machining
by a laser- such that melted and solidified substances or melt-  induced
etching wherein a laser beam having a ed and scattered substances adhere to
the machin-  focused beam diameter of not larger than 20 [err] ed surface
and the vicinity thereof, as well as    and a power P of 50~1,300 mW is
irradiated, in a problems, such as a thermal strain, cracks or the   40
5-55 weight %  alkali metal hydroxide aqueous like, to deteriorate the
surface roughness or dimen-  solution, at a scanning speed V in the range
of sional accuracy, which do not allow a track pro-   2~150 [err]/sec which
scanning speed satisfies si- cessing of high accuracy to be conducted with
a    multaneously both the following conditions: dimensional accuracy not
lower than 2 [err] which has recently been strongly required.          45
V [err] 0.34P + 13 and Meanwhile, Japanese Patent Application Laid-   V
[err] -0.17P + 217. open No. 60,995/85, the Precision Machine Soci- ety,
1985, Spring Symposium, Scientific Lecture       The third embodiment of
the present invention Articles (Presentation No. 404) and Industrial Ma-
is, in a method of producing a core for magnetic terials, 33, No. 14
(P.57-p.62) disclose, in a field  50  head composed of Sendust, wherein a
track width other than the magnetic head processing, three     of the core
for magnetic head is defined by a laser methods of machining ceramics, such
as ferrite,    machining, comprising machining by a laser-in- Si3N4, SiC or
the like, by a laser-induced etching  duced etching wherein a laser beam
having a fo- wherein a laser beam is irradiated in a potassium  cused beam
diameter of not larger than 20 [err] and hydroxide aqueous solution.
However, any of these   55  a power P of 50~1,000 mW is irradiated, in a
5-55 methods disclosed in the above references lack     weight % alkali
metal hydroxide aqueous solution, requirements for obtaining a high
accuracy which is  at a scanning speed V in the range of 2-70 necessary for
the magnetic head processing, so     [err]/sec which scanning speed
satisfies simulta- 2    



3                 EP 0414 969 B1                    4 neously both the
following conditions:               a focused beam diameter of 20 [err] and
various concentrations of the phosphoric acid aqueous V [err]0.1P + 10 and
solution, in the first embodiment of the invention; V[err]-0.18P + 180.
Fig. 7 is a graph illustrating the range of a 5   condition wherein a track
of a ferrite core for The fourth embodiment of the present inven-
magnetic head is machined to an etched depth tion is, in a method of
producing a composite core  of at least 10 [err] with a dimensional
accuracy for magnetic head composed of ferrite and Sen-       not lower
than 2 [err] in an alkali metal hydrox- dust, wherein a track width of the
core for magnetic  ide aqueous solution, in the second embodiment head is
defined by a laser machining, comprising   10    of the invention;
machining by a laser-induced etching wherein a       Fig. 8 is a graph
illustrating the result of an laser beam having a focused beam diameter of
not    experiment of machining a track of a ferrite core larger than 20
[err] and a power P of 50-1,000 mW     for magnetic head, conducted with a
laser beam is irradiated, in a 5-55 weight % alkali metal hy-   having a
focused beam diameter of 11 [err] and droxide aqueous solution, at a
scanning speed V in  15    various concentrations of the potassium hydrox-
the range of 2-130 [err]/sec which scanning speed     ide aqueous solution,
in the second embodiment satisfies simultaneously both the following condi-
of the invention; tions:                                               Fig.
9 is a graph illustrating the range of the scanning speed wherein a track
of a ferrite core V [err]0.34P + 13 and                            20
for magnetic head can be machined with a di- V[err] -0.19P + 190.
mensional accuracy not lower than 2 [err] when the focused laser beam
diameter is 11 [err] the Throughout this specification, the expression,
laser power is kept constant at 550 mW and the "a dimensional accuracy not
lower than [err] is to   concentration of the potassium hydroxide aque- be
understood to mean "a dimensional accuracy   25   ous solution is varied,
in the second embodi- that is not lower than the dimensional accuracy of
ment of the invention; [err] or "the absolute numerical value of the dimen-
Fig. 10 is a graph illustrating the result of an sional accuracy is not
larger than [err]            experiment of machining a track of a ferrite
core Fig. 1 is a diagrammatic view of one embodi-      for magnetic head,
conducted with a laser beam ment of apparatuses to be used for carrying out
30  having a focused beam diameter of 4 [err] and the present invention;
various concentrations of the potassium hydrox- Fig. 2 is a graph
illustrating the range of a     ide aqueous solution, in the second
embodiment condition wherein a track of a core for magnetic  of the
invention; head is machined to an etched depth of at least   Fig. 11 is a
graph illustrating the result of an 10 [err] with a dimensional accuracy
not lower  35   experiment of machining a track of a ferrite core than 2
[err] in a phosphoric acid aqueous solu-    for magnetic head, conducted
with a laser beam tion, in the first embodiment of the present in-  having
a focused beam diameter of 2 [err] and vention;
various concentrations of the potassium hydrox- Fig. 3 is a graph
illustrating the result of an   ide aqueous solution, in the second
embodiment experiment conducted with a laser beam having   40  of the
invention; a focused beam diameter of 4 [err] and various       Fig. 12 is
a graph illustrating the result of an concentrations, of the phosphoric
acid aqueous    experiment of machining a track of a ferrite core solution,
in the first embodiment of the invention;  for magnetic head, conducted
with a laser beam Fig. 4 is a graph illustrating the range of the   having
a focused beam diameter of 4 [err] and scanning speed wherein a dimensional
accuracy   45    various concentrations of the sodium hydroxide not lower
than 2 [err] can be obtained, when the    aqueous solution, in the second
embodiment of focused laser beam diameter is 4 [err] the laser    the
invention; power is kept constant at 400 mW  and the         Fig. 13 is a
graph illustrating the range of the concentration of the phosphoric acid
aqueous      scanning speed wherein a track of a ferrite core solution is
varied, in the first embodiment of the   50    for magnetic head can be
machined with a di- invention;
mensional accuracy not lower than 2 [err] when Fig. 5 is a graph
illustrating the result of an   the focused laser beam diameter is 4 [err]
the experiment conducted with a laser beam having     laser power is kept
constant at 550 mW and the a focused beam diameter of 10 [err] and various
concentration of the sodium hydroxide aqueous concentrations of the
phosphoric acid aqueous   55    solution is varied, in the second
embodiment of solution, in the first embodiment of the invention;  the
invention; Fig. 6 is a graph illustrating the result of an   Fig. 14 is a
graph illustrating the result of an experiment conducted with a laser beam
having     experiment of machining a track of a ferrite core 3    
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conducted with a laser beam    rite/Sendust composite core for magnetic
head, having a focused beam diameter of 2 [err] and        conducted with a
laser beam having a focused various concentrations of the sodium hydroxide
beam diameter of 4 [err] and various concentra- aqueous solution, in the
second embodiment of     tions of the potassium hydroxide aqueous solu- the
invention;                             5      tion, in the fourth
embodiment of the invention; Fig. 15 is a graph illustrating the range of a
Fig. 23 is a graph illustrating the result of an condition wherein a track
of a Sendust core for  experiment of machining a track of a fer- magnetic
head is machined to an etched depth      rite/Sendust composite core for
magnetic head, of at least 10 [err] with a dimensional accuracy
conducted with a laser beam having a focused not lower than 2 [err] in an
alkali metal hydrox-  10    beam diameter of 2 um and various concentra-
ide aqueous solution, in the third embodiment of  tions of the potassium
hydroxide aqueous solu- the invention;
tion, in the fourth embodiment of the invention; Fig. 16 is a graph
illustrating the result of an  Fig. 24 is a graph illustrating the result
of an experiment of machining a track of a Sendust      experiment of
machining a track of a fer- core for magnetic head, conducted with a fo-
is    rite/Sendust composite core for magnetic head, cused laser beam
diameter of 11 [err] and var-       conducted with a laser beam having a
focused ious concentrations of the potassium hydroxide    beam diameter of
4 [err] and various concentra- aqueous solution, in the third embodiment of
the  tions of the sodium hydroxide aqueous solution, invention;
in the fourth embodiment of the invention; Fig. 17 is a graph illustrating
the range of the   20  Fig. 25 is a graph illustrating the result of an
scanning speed wherein a track of a Sendust       experiment of machining a
track of a fer- core for magnetic head can be machined with a
rite/Sendust composite core for magnetic head, dimensional accuracy not
lower than 2 [err]         conducted with a laser beam having a focused
when the focused laser beam diameter is 11        beam diameter of 2 [err]
and various concentra- [err] the laser power is kept constant at 550 mW
25    tions of the sodium hydroxide aqueous solution, and the concentration
of the potassium hydrox-    in the fourth embodiment of the invention; ide
aqueous solution is varied, in the third em-  Figs. 26a-26d show a flow
diagram illustrating bodiment of the invention;                        the
procedure in the case where the first em- Fig. 18 is a graph illustrating
the result of an  bodiment of the present invention is applied to
experiment of machining a track of a Sendust  30    the production of a
core for VTR magnetic head; core for magnetic head, conducted with a laser
and beam having a focused beam diameter of 4 [err]      Figs. 27a-27e show
a flow diagram illustrating and various concentrations of the potassium hy-
the procedure in the case where the fourth em- droxide aqueous solution, in
the third embodi-    bodiment of the present invention is applied to ment
of the invention;                     35    the production of a
ferrite/Sendust composite Fig. 19 is a graph illustrating the result of an
core for VTR magnetic head. experiment of machining a track of a Sendust
In the above-described embodiments of the core for magnetic head, conducted
with a laser  present invention the surface of a gapped bar hav- beam
having a focused beam diameter of 2 [err]   ing a coil turn hole and a
magnetic gap, which is and various concentrations of the potassium hy-  40
positioned in a phosphoric acid aqueous solution or droxide aqueous
solution, in the third embodi-  an alkali metal hydroxide aqueous solution,
such as ment of the invention;                          potassium
hydroxide, sodium hydroxide or the like, Fig. 20 is a graph illustrating
the range of a  is irradiated by a laser beam having a predeter- condition
wherein a track of a ferrite/Sendust  mined power at a predetermined
scanning speed composite core for magnetic head is machined   45  to
thereby induce a chemical reaction between the to an etched depth of at
least 10 [err] with a     gapped bar and the phosphoric acid or alkali
metal dimensional accuracy not lower than 2 [err] in   hydroxide, while the
phosphoric acid aqueous solu- an alkali metal hydroxide aqueous solution,
in  tion or alkali metal hydroxide aqueous solution the fourth embodiment
of the invention;        flows counter to the advancing direction of the
Fig. 21 is a graph illustrating the result of an  50  etching point.
Therefore, a fresh phosphoric acid experiment of machining a track of a
fer-       aqueous solution or alkali metal hydroxide aqueous rite/Sendust
composite core for magnetic head,  solution is successively supplied to the
etching conducted with a laser beam having a focused    point and,
simultaneously, etched-off wastage is beam diameter of 11 [err] and various
concentra-   removed rapidly from the etching point, so that a tions of the
potassium hydroxide aqueous solu-  55  laser-induced etching proceeds
efficiently. Conse- tion, in the fourth embodiment of the invention;
quently, when the groove or hole machining is Fig. 22 is a graph
illustrating the result of an  conducted by the laser-induced etching to
form a experiment of machining a track of a fer-      track according to
the present invention, problems 4    
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conventional laser-machining, such  cessing method. as melting and
solidification of the etched materi-  In the present invention the
conditions capable als, a processing strain or denaturing due to heat,  of
forming a track having an etched depth of at accompanied with the formation
of microcracks on  least 10 [err] with a dimensional accuracy not lower the
surface, or the like, can be eliminated.  5   than 2 [err] in a commercial
scale, are as follows: A core for magnetic head can be obtained          In
the first embodiment of the invention, a laser through the steps of:
subjecting a gapped bar     beam with a laser power P of 50~1,900 mW is
made of ferrite, Sendust or the like to a laser-  irradiated in a
phosphoric acid aqueous solution at induced etching to machine grooves or
holes defin-  a scanning speed V lying in the range of 2-200 ing a track
width, to form a track; then filling the  10  [err]/sec and in the area
delineated by the con- grooves or holes with glass, if required, to
reinforce  ditions: V[err]0.31P+34 and V[err]-0.14P+271 (referring the
track; grinding a slide surface until a dimension  to Fig. 2). required for
the magnetic gap depth, that is, the    In the core for magnetic head
specifically distance from the slidably contacting surface with a  made of
ferrite according to the second embodi- recording medium to the coil turn
hole, of the   15   ment of the invention, a laser beam with a laser
magnetic head, is obtained; and, further, post-pro-  power P of 50-1,300 mW
is irradiated in an alkali cessing, such as slicing of the gapped bar into
a  metal hydroxide aqueous solution at a scanning plurality of cores having
a required length.      speed V lying in the range of 2-150 [err]/sec and
in The gap depth is generally about 30 [err] iun the  the area delineated
by the conditions: V[err]0.34P + 13 magnetic head for VTR and FDD, and
about 5 [err]m   20  and VS-0.1 7P + 217 (referring to Fig. 7) in the
magnetic head for RDD. Accordingly, in the    In the core for magnetic head
specifically formation of a track on the gapped bar, the depth  made of
Sendust according to the third embodi- of the groove or hole to define the
track is required  ment of the invention, a laser beam with a laser to be
at least 10 [err] preferably at least 30 [err]  power P of 50~1,000 mW is
irradiated in an alkali more preferably at least 50 [err] taking the post-
25  metal hydroxide aqueous solution at a scanning processing, such as
grinding of the sliding surface,  speed V lying in the range of 2~70
[err]/sec and in or the like, into consideration. Further, the dimen-  the
area delineated by the conditions: V[err]0.1P+10 sional accuracy to define
the track is required to be  and V[err]-0.1 8P + 180 (referring to Fig.
15). not lower than 2 [err] preferably not lower than 1   In the composite
core for magnetic head spe- [err]
30  cifically composed of ferrite and Sendust according In the method
according to the present inven-  to the fourth embodiment of the invention,
a laser tion the etched depth and the dimensional accu-   beam with a laser
power P of 50~1,000 mW is racy depend upon the laser power and the scan-
irradiated in an alkali metal hydroxide aqueous ning speed of the laser
beam. According to the    solution at a scanning speed V lying in the range
of experimental data, the higher the laser power or  35  2-130 [err]/sec
and in the area delineated by the the lower the scanning speed is, the
larger will tend  conditions: V[err]0.34P + 13 and V[err]-0.19P + 190 to be
the etched depth. However, when the laser   (referring to Fig. 20). power
is excessively high, the melts due to the      In the above laser-induced
etching method ac- heat of the laser beam  exceed in amount the
cording to the invention the phosphoric acid aque- reaction products due to
chemical reaction with  40  ous solution or alkali metal hydroxide aqueous
so- phosphoric acid or an alkali metal hydroxide, and  lution serves as an
etching solution for the gapped melted and solidified materials adhere to
the     bar to be machined. etched portion, so that microcracks are formed
or    In the case where the gapped bar is made the dimensional accuracy is
lowered. Alternatively,  specifically of ferrite, the phosphoric acid
aqueous when the scanning speed is excessively high, a   45  solution is
suitable for chemical etching of ferrite as satisfactory chemical reaction
does not occur and a  disclosed in Japanese Patent Application Laid-open
similar tendency to the above is shown.           No. 83,483/87 field by
the assignee of the present Therefore, when the laser power is lower than
patent application. The etched depth depends upon 50 mW in machining
ferrite or Sendust, a satisfac-  the concentration of the phosphoric acid
aqueous torily effective laser-induced etching to obtain a   so  solution.
The higher the concentration is, the larger required etched depth of at
least 10 [err] cannot be  will be the etched depth. However, when the con-
carried out. Moreover, in order to carry out the  centration is excessively
high, the flow rate of the laser-induced etching in a commercial scale, it
is  solution will decrease whereby the aqueous solu- desirable that the
etching time per one track is  tion is excessively heated up to boil and
forms within 30 seconds and the scanning speed is re-  55  bubbles which
cause scattering of the laser beam, quired to be at least 2 [err]/sec, to
more effectuate  thereby hampering heating of the predetermined the method
according to the present invention as  portion on the surface of the
material being pro- compared with the conventional mechanical pro-
cessed, so that the etched depth decreases or the 5    
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is deteriorated.             means of a micrometer 6. A too low liquid
level Alternatively, the iron that is a main ingredient  decreases the flow
rate of the solution whereby the of ferrite and Sendust is etched well by
an alkali  aqueous solution is heated up excessively and metal hydroxide.
The etched depth also depends    bubbles are prone to be formed, so that
the etched upon the concentration of the alkali metal hydrox-   5   depth
is decreased and the dimensional accuracy ide aqueous solution. The higher
the concentration  is lowered. When the liquid level is as high as 200 is,
the larger will become the etched depth. How-  [err] or more, there may
scarcely be such an influ- ever, when the concentration is too high, the
etch-  ence. However, when the liquid level is too high, ing proceeds so
excessively that the etched sur-  the loss amount of light Increases during
the laser face is roughened and the dimensional accuracy is  10  beam
passes through the aqueous solution, result- lowered. Alternatively, when
the concentration is  ing in a decrease of the etched depth, or a convec-
too low, the chemical reaction products decrease  tion is formed due to
upward and downward flows too much to effect a sufficient laser-induced
etch-  of the solution, which raises wastage ejected from ing, so that a
necessary etched depth cannot be   the etching point or bubbles, to scatter
the laser obtained. Therefore, the concentrations of the   15  beam,
resulting in decreases of the etched depth phosphoric acid aqueous solution
and the alkali   and dimensional accuracy. Therefore, the liquid metal
hydroxide aqueous solution are required to  level is preferred to be at
least 200 [err] more be 10~90% and 5~55%, by weight, respectively.
preferably 300~10,000 [err] When the focused diameter of the laser beam
Further, the quartz window 7 controls the liquid is, in the case of a
phosphoric acid aqueous solu-  20  level and at the same time eliminates
the fluc- tion, not larger than 50 [err] or in the case of an  tuation of
the liquid surface, to improve the dimen- alkali metal hydroxide aqueous
solution, not larger  sional accuracy. A laser beam 8 is emitted from a
than 20 [err] aimed etched depth and dimensional    laser source 9 and
irradiated through a lens system accuracy can be obtained. However, the
focused    10 and the quartz window 7 onto the gapped bar 4. laser beam
diameter has an influence upon the   25  Then, an etching of a
predetermined pattern can etched shape, etc. Therefore, an interrelation
be-  be carried out by moving the X-Y stage 1. tween the focused laser beam
diameter and the above-described concentration of the phosphoric   (2)
Determination of etching condition: acid aqueous solution or alkali metal
hydroxide aqueous solution should be further taken into con-  30  The
etching condition in the case where the sideration in the selection of
etching conditions.  present invention is carried out by means of the As a
laser source, various lasers can be em-   above described  apparatus will
be explained ployed. However, in view of the high absorption in
hereinafter. a wavelength of 1 [err] or less of ferrite and Sen- dust,
preferably used is a laser source, such as  35  [err] The first embodiment
of the invention. second harmonics of YAG laser or Ar ion laser, or the
like, which has an excellent oscillation stability  Fig. 2 is a graph
illustrating the range of a and a small diverging angle of laser light
condition;wherein the machining is carried out in a The present invention
will be explained in more  phosphoric acid aqueous solution to achieve an
detail by way of example referring to the accom-   40  etched depth of at
least 10 [err] with a dimensional panying drawings.
accuracy not lower than 2 [err] in the first embodi- ment of the invention.
It can be understood that, EXAMPLE
when the laser power P is kept constant in the range of 50-1,900 mW and the
scanning speed V (1) Structure of apparatus:                  45  lies In
the range of 2~200 [err]/sec, the above range is defined by the condition:
V50.31P+34 (solid Fig. 1 illustrates an embodiment of an appara-  line)
which delineates the upper limit of the canning tus to be used for carrying
out the present inven-  speed for obtaining an etched depth of 10 gm and
tion. In this Example, in a container 2 placed on an  the condition:
V[err]-0.14P+271 (broken line) which X-Y stage 1 there are arranged a
sample holder 3   50  delineates the other upper limit of the scanning and
a gapped bar 4 to be processed placed there-  speed for obtaining a
dimensional accuracy of 2 on. The container 2 is filled with a phosphoric
acid  [err] aqueous solution or an alkali metal hydroxide aque-  It is
understood from Fig. 2 that an etched ous solution, such as potassium
hydroxide, sodium  depth of at least 10 [err] with a dimensional accu-
hydroxide or the like, 5. The liquid level above the  55  racy not lower
than 2 [err] can be obtained when gapped bar 4 of the phosphoric acid or
alkali metal  the scanning speed lies in the range of 2-130 hydroxide
aqueous solution is controlled by a     [err]/sec and the laser power is,
for example, 300 quartz window 7 whose level is adjustable by      mW,
whereas, when the scanning speed lies in the 6    
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than 130 [err]/sec and 230        57%  by weight. Since the upper limits of
the [err]/sec, at the same power, an etched depth of at  etched depth and
dimensional accuracy depend least 10 [err] cannot be obtained, although a
dimen-  upon the concentration, it is understood that an sional accuracy
not lower than 2 [err] can be      adequate range of the machining
condition varies. obtained. Further, it is understood that, when the   5
It is seen that, for example, when the laser scanning speed exceeds 230
[err]/sec, even a di-     power is 450 mW and the scanning speed is 65
mensional accuracy not lower than 2 urn cannot  [err]/sec, an etched depth
of at least 50 urn with a be obtained. Furthermore, it is understood that,
dimensional accuracy not lower than 2 urn can be when the laser power is
600 mW and the scanning   obtained at a concentration of 57%  by weight,
speed lies in the range of 2-185 [err]/sec  an  10  whereas a dimensional
accuracy not lower than 2 etched depth of at least 10 urn with a
dimensional  urn cannot be obtained at a concentration of 37% accuracy not
lower than 2 [err] can be obtained,    by weight. Further, it is seen that,
even when the whereas, when the scanning speed lies in the
concentration is 77%  by weight, a dimensional range between more than 185
[err]/sec and 225        accuracy not lower than 2 [err] cannot be
obtained. [err] /sec. at the same power, a dimensional accu-  15  Fig 4 is
a graph illustrating the range of the racy not lower than 2 urn cannot be
obtained,    scanning speed wherein a dimensional accuracy although an
etched depth of at least 10 [err] can be  not lower than 2 [err] can be
obtained, when the obtained. Further it is understood that, when the
focused laser beam diameter is 4 [err] the laser scanning speed exceeds 225
[err]/sec, even an       power is kept constant at 400 mW and the con-
etched depth of at least 10 urn cannot be obtained.  20  centration of the
phosphoric acid aqueous solution The condition shown in the above Fig. 2 is
is varied. It is seen that the range of the scanning based on the result of
an experiment under con-   speed for obtaining a dimensional accuracy not
ditions that the concentration of the phosphoric  lower than 2 urn depends
upon the concentration. acid aqueous solution is 10~90% by weight and
When the focused laser beam diameter is 4 urn the focused laser beam
diameter is not larger than  25  and the laser power is 400 mW, it Is seen
that a 50 [err] However, even in the case where the laser  concentration of
the phosphoric acid aqueous solu- power and scanning speed are kept
constant, the  tion lying between 37% and 77%, by weight, maxi- etched
depth and dimensional accuracy vary de-    mizes the range of scanning
speed wherein a di- pending upon the concentration and focused laser
mensional accuracy not lower than 2 urn can be beam diameter. Accordingly,
an adequate condition   30  obtained. to achieve an aimed etched depth and
dimensional     Figs. 3 and 4 show that, when the focused accuracy must be
selected in the range shown in  laser beam diameter is 4 [err] the ranges
of ma- the above Fig. 2, taking the concentration and    chining condition
for obtaining an etched depth of focused laser beam diameter into further
consider-  at least 50 am with a dimensional accuracy not ation.
Particularly, when the focused laser beam   35  lower than 2 are 10~800 mW
for the laser power diameter is reduced, the laser power is preferred to
and 2~85 [err]/sec for the scanning speed. be decreased so that the melts
due to the heat of    Fig. 5 is a graph illustrating the result of an the
laser beam may not exceed in amount the      experiment conducted with a
laser beam having a reaction products due to chemical reaction with
focused beam diameter of 10 urn and a liquid level phosphoric acid.
Inversely, when the focused laser  40  of 500 [err] varying the
concentration of the phos- beam diameter is augmented, the laser power is
phoric acid aqueous solution to 20%, 37%, preferred to be increased so that
the laser-induced  57%,77% and 85%, by weight  In Fig. 5, the solid etching
may take place efficiently.               lines delineate the upper limits
of the scanning In Fig. 3 there is shown the result of an experi-  speed
for obtaining an etched depth of 30 urn and ment conducted using the
apparatus shown in Fig.  45  the broken lines delineate the other upper
limits for 1 wherein the liquid level is 500 [err] the focused  obtaining a
dimensional accuracy of 2 [err] It is laser beam diameter is 4 [err] and
the concentration  seen from Fig. 5 that, when the laser power and of the
phosphoric acid aqueous solution is varied to  scanning speed are kept
constant, the etched 20%, 37%. 57%, 77% and 85%, by weight. The
depth increases as the concentration becomes solid lines delineate the
upper limits of the scan-  50  higher, while the dimensional accuracy
decreases ning speed for obtaining an etched depth 50 urn   as the
concentration becomes higher or lower than and the broken lines delineate
the other upper    37% by weight. limits for obtaining the dimensional
accuracy of 2  It is seen that, for example, when the laser [err] It is
seen that, when the laser power and     power is 600 mW and the scanning
speed is 90 scanning speed are kept constant, the etched   55  [err]/sec,
an etched depth of at least 30 urn with a depth increases as the
concentration becomes      dimensional accuracy not lower than 2 [err] can
be higher, while the dimensional accuracy decreases  obtained at a
concentration of 37%  by weight, as the concentration becomes higher or
lower than  whereas a dimensional accuracy not lower than [err] 7    



13                EP0414969B1                       14 [err] cannot be
obtained at concentrations of 57%    by weight, taking the high thermal
conductivity of and 20%, by weight. When the focused laser beam   Sendust
or Permalloy into consideration. diameter is 10 [err] the ranges of
machining con-      As described above, it is necessary for the dition for
obtaining an etched depth of at least 30  determination of an adequate
condition to judge [err] with a dimensional accuracy not lower than 2   5
synthetically the laser power, scanning speed, fo- [err] are 30-1,000 mW
for the laser power and        cused laser beam diameter and the
concentration 2-110 [err]/sec for the scanning speed.              of the
phosphoric acid aqueous solution, taking Fig. 6 is a graph illustrating the
result of an  aimed etched depth, dimensional accuracy, etching experiment
conducted with a laser beam having a   speed, etching pattern, etc. into
consideration. focused beam diameter of 50 [err] and a liquid level  10 of
500 [err] varying the concentration of the phos-  [err] The second
embodiment of the invention (ferrite phoric acid aqueous solution to 20%,
37%, 57%,    core). 77%, and 85%, by weight. In Fig. 6, the solid lines
delineate the upper limits of the scanning speed for  Fig. 7 is a graph
illustrating the range of a obtaining an etched depth of 30 [err] and the
15  condition for machining a track of a ferrite core for broken lines
delineate the other upper limits for  magnetic head, having an etched depth
of at least obtaining a dimensional accuracy of 2 [err] It is  10 urn with
a dimensional accuracy not lower than seen from Fig. 6 that, when the laser
power and  2 [err] in an alkali metal hydroxide aqueous solu- scanning
speed are kept constant, the etched      tion. It can be understood that,
when the laser depth increases as the concentration becomes  20  power P is
kept constant in the range of 50-1,300 higher, while the dimensional
accuracy decreases  mW and the scanning speed V lies in the range of as the
concentration becomes higher or lower than  2~150 [err]/sec, the above
range is defined by the 77% by weight.
condition: V[err]0.34P + 13 (solid line) which delineates It is seen that,
for example, when the laser  the upper limit of the scanning speed for
obtaining power is 1,100 mW and the scanning speed is 110   25  an etched
depth of 10 [err] and the condition: V[err]- [err] /sec, an etched depth of
at least 30 urn with a  0.1 7P + 217 (broken line) which delineates the
other dimensional accuracy not lower than 2 [err] can be  upper limit of
the scanning speed for obtaining a obtained at a concentration of 77%  by
weight,    dimensional accuracy of 2 um. whereas a dimensional accuracy not
lower than 2    It is understood from Fig. 7 that an etched urn cannot be
obtained at concentrations of 57%   30  depth of at least 10 urn with a
dimensional accu- and 85%, by weight. When the focused laser beam   racy
not lower than 2 [err] can be obtained when diameter is 50 [err] the ranges
of machining con-   the scanning speed lies in the range of 2~115 dition
for obtaining an etched depth of at least 30  [err]/sec and the laser power
is, for example, 300 urn with a dimensional accuracy not lower than 2  mW,
whereas, when the scanning speed lies in the are 200-1,900 mW for the laser
power and 2-160  35  range between more than 115 [err]/sec and 165
[err]/sec for the scanning speed.                    um/sec, at the same
power, an etched depth of at As shown in Figs. 3~6, it is seen that the
range  least 10 [err] cannot be obtained, although a dimen- of machining
condition depends upon the focused  sional accuracy not lower than 2 urn
can be laser beam diameter and the concentration of the  obtained Further,
it is understood that, when the phosphoric acid aqueous solution. It is
understood   40  scanning speed exceeds 165 [err]/sec, even a di- that the
measures of determination of the machin-  mensional accuracy not lower than
2 [err] cannot ing condition may be: for increasing the etched   be
obtained. Furthermore, it is understood that, depth, (1) to increase the
laser power, (2) to de-  when the laser power is 500 mW and the scanning
crease the scanning speed and (3) to increase the  speed lies in the range
of 2-135 [err]/sec, an concentration; and for improving the dimensional  45
etched depth of at least 10 [err] with a dimensional accuracy, (1) to
decrease the laser power, (2) to  accuracy not lower than 2 [err] can be
obtained, decrease the scanning speed and (3) to bring the  whereas, when
the scanning speed lies in the concentration to 30~80% by weight. Further,
in   range between more than 135 urn and 185 order to raise an aspect ratio
[etched depth/etched  [err]/sec, at the same power, a dimensional accu-
width) of machined grooves, the focused laser  50  racy not lower than 2
[err] cannot be obtained, beam diameter is recommended to be decreased.
although an etched depth of at least 10 [err] can be Additionally, when a
composite material com-  obtained. Further, it is understood that, when the
posed of ferrite and a magnetic alloy, such as    scanning speed exceeds
185 [err]/sec, even an Sendust, Permalloy or the like, is machined, a
etched depth of at least 10 urn cannot be obtained. satisfactorily
effective machining can be performed  55  The condition shown in the above
Fig. 7 is by decreasing the focused laser beam diameter to  based on the
result of an experiment under con- 10 urn or less, increasing the power
density and  ditions that the concentration of the potassium hy- further
increasing the concentration to at least 50%  droxide or sodium hydroxide
aqueous solution is 8    
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the focused laser beam       scanning speed for obtaining a dimensional
accu- diameter is not larger than 20 [err] However, even  racy not lower
than 2 [err] depends upon the in the case where the laser power and
scanning   concentration. It is seen that, when the focused speed are kept
constant, the etched depth and    laser beam diameter is 11 [err] and the
laser power dimensional accuracy vary depending upon the   5   is 550 mW, a
concentration of the potassium hy- concentration and focused laser beam
diameter.   droxide aqueous solution lying between 20% and Accordingly, an
adequate condition to achieve an  40%, by weight, maximizes the range of
scanning aimed etched depth and dimensional accuracy      speed wherein a
dimensional accuracy not lower must be selected in the range shown in the
above  than 2 [err] can be obtained. Fig. 7, taking the concentration and
focused laser  10  Figs. 8 and 9 show that, when the focused beam diameter
into further consideration.        laser beam  diameter is 11 [err] the
ranges of Particularly, when the focused laser beam di-  machining
condition for obtaining an etched depth ameter is reduced, the laser power
is preferred to  of at least 10 [err] with a dimensional accuracy not be
decreased so that the melts due to the heat of  lower than 2 are 300-1,000
mW for the laser the laser beam may not exceed in amount the   15  power
and 2-20 [err]/sec for the scanning speed. reaction products due to
chemical reaction with      Fig. 10 is a graph illustrating the result of
an potassium hydroxide or sodium hydroxide. Inverse-  experiment conducted
with a laser beam having a ly, when the focused laser beam diameter is aug-
focused beam diameter of 4 [err] and a liquid level mented, the laser power
is preferred to be in-   of 500 [err] varying the concentration of the
potas- creased so that the laser-induced etching may take   20  sium
hydroxide aqueous solution to 10%, 20%, place efficiently.
30%, 40%, and 50%, by weight. In Fig 10, the In Fig. 8 there is shown the
result of an experi-  solid lines delineate the upper limits of the scan-
ment conducted using the apparatus shown in Fig.  ning speed for obtaining
an etched depth of 10 [err] 1 wherein the liquid level is 500 [err] the
focused  and the broken lines delineate the other upper laser beam diameter
is 11 [err] and the concentra-  25  limits for obtaining a dimensional
accuracy of [err] tion of the potassium hydroxide aqueous solution is
[err] It is seen from Fig. 10 that, when the laser varied to 10%, 20%, 30%,
40%  and 50%, by         power and scanning speed are kept constant, the
weight. The solid lines delineate the upper limits of  etched depth
increases as the concentration be- the scanning speed for obtaining an
etched depth  comes higher, while the dimensional accuracy de- of 10 [err]
and the broken lines delineate the other  30  creases as the concentration
becomes higher or upper limits for obtaining a dimensional accuracy  lower
than 30% by weight. of [err]  It is seen that, when the laser power and  It
is seen that, for example, when the laser scanning speed are kept constant,
the etched      power is 500 mW and the scanning speed is 40 depth
increases as the concentration becomes      [err]/sec, an etched depth of
at least 10 [err] with a higher, while the dimensional accuracy decreases
35  dimensional accuracy not lower than 2 [err] can be as the concentration
becomes higher or lower than  obtained at a concentration of 30%  by
weight, 30% by weight.                                    whereas a
dimensional accuracy not lower than [err] Since the upper limits of the
etched depth and  [err] cannot be obtained at concentrations of 20%
dimensional accuracy depend upon the concentra-   and 40%, by weight. When
the focused laser beam tion, It is understood that an adequate range of the
40  diameter is 4 [err] the ranges of machining con- machining condition
varies.                       dition for obtaining an etched depth of at
least 10 It is seen that, for example, when the laser  [err] with a
dimensional accuracy not lower than 2 power is 700 mW and the scanning
speed is 10      [err] are 200-1,000 mW for the laser power and [err]/sec,
an etched depth of at least 10 [err] with a  2-65 [err]/sec for the
scanning speed. dimensional accuracy not lower than 2 [err] can be   45
Fig. 11 is a graph illustrating the result of an obtained at a
concentration of 30%  by weight,    experiment conducted with a laser beam
having a whereas a dimensional accuracy not lower than 2  focused beam
diameter of 2 [err and a liquid level [err] cannot be obtained at a
concentration of 20%  of 500 [err] varying the concentration of the potas-
by weight. Further, it is seen that, even when the  slum hydroxide aqueous
solution to 10%, 20%, concentration is 40%  by weight, a dimensional  50
30%, 40%, and 50%, by weight. In Fig. 11, the accuracy not lower than 2
[err] cannot be obtained.  solid lines delineate the upper limits of the
scan- Fig. 9 is a graph illustrating the range of the  ning speed for
obtaining an etched depth of 20 [err] scanning speed wherein a dimensional
accuracy    and the broken lines delineate the other upper not lower than 2
[err] can be obtained, when the   limits for obtaining a dimensional
accuracy of 2 focused laser beam diameter is 11 [err] the laser  55  [err]
It is seen from Fig. 11 that, when the laser power is kept constant at 550
mW and the con-     power and scanning speed are kept constant, the
centration of the potassium hydroxide aqueous so-  etched depth increases
as the concentration be- lution is varied. It is seen that the range of the
comes higher, while the dimensional accuracy de- 9    



17                EP0414969B1                      18 creases as the
concentration becomes higher or   mizes the range of the scanning speed for
obtain- lower than 30% by weight.                       ing a dimensional
accuracy not lower than [err] It is seen that, for example, when the laser
Figs. 12 and 13 show that, when the focused laser power is 500 mW and the
scanning speed is 70     beam diameter is 4 [err] the ranges of machining
[err]/sec, an etched depth of at least 20 [err] with a   5   condition for
obtaining an etched depth of at least dimensional accuracy not lower than 2
[err] can be  10 [err] with a dimensional accuracy not lower than obtained
at a concentration of 30% by weight,    [err]  are 260-1,000 mW for the
laser power and whereas a dimensional accuracy not lower than 2  2-105
[err]/sec for the scanning speed. [err] cannot be obtained at
concentrations of 20%      Fig. 14 is a graph illustrating the result of an
and 40%, by weight. When the focused laser beam   10  experiment conducted
with a laser beam having a diameter is 2 [err] the ranges of machining con-
focused beam diameter of 2 [err] and a liquid level dition for obtaining an
etched depth of at least 20  of 500 [err] varying the concentration of the
sodium [err] with a dimensional accuracy not lower than [err]  hydroxide
aqueous solution to 10%, 20%, 30%, are 175-925 mW for the laser power and
2-90      and 40%, by weight. In Fig. 14, the solid lines [err]/sec for the
scanning speed.              15  delineate the upper limits of the scanning
speed for Fig. 12 is a graph illustrating the result of an  obtaining an
etched depth of 20 urn and the experiment conducted with a laser beam
having a  broken lines delineate the other upper limits for focused beam
diameter of 4 urn and a liquid level  obtaining a dimensional accuracy of 2
[err] It is of 500 [err] in the apparatus shown in Fig. 1, vary-  seen from
Fig. 14 that, when the laser power and ing the concentration of the sodium
hydroxide  20  scanning speed are kept constant, the etched aqueous
solution to 10%, 20%, 30%, and 40%, by   depth increases as the
concentration becomes weight. The solid lines delineate the upper limits of
higher, while the dimensional accuracy decreases the scanning speed for
obtaining an etched depth  as the concentration becomes higher or lower
than of 10 [err] and the broken lines delineate the other  30% by weight.
upper limits for obtaining a dimensional accuracy  25  It is seen that, for
example, when the laser of 2 [err] It Is seen that, when the laser power
and  power is 400 mW and the scanning speed is 40 scanning speed are kept
constant, the etched     [err]/sec, an etched depth of at least 20 urn with
a depth increases as the concentration becomes     dimensional accuracy not
lower than +2 [err] can be higher, while the dimensional accuracy decreases
obtained at a concentration of 30%  by weight, as the concentration becomes
higher or lower than  30  whereas a dimensional accuracy not lower than 2
20% by weight.                                  [err] cannot be obtained at
concentrations of 20% It is seen that, since the upper limit of the  and
40%, by weight. When the focused laser beam etched depth and the
dimensional accuracy de-    diameter is 2 am, the ranges of machining con-
pend upon the concentration, an adequate range of  dition for obtaining an
etched depth of at least 20 machining condition varies.                 35
urn with a dimensional accuracy not lower than 2 It is seen that, for
example, when the laser  err] are 150-525 mW for the laser power and 2-55
power is 500 mW and the scanning speed is 95     [err]/sec for the scanning
speed. [err]/sec, an etched depth of at least 10 [err] with a dimensional
accuracy not lower than 2 [err] can be  (3)The third embodiment of the
invention (Sendust obtained at a concentration of 20%  by weight,  40
core). whereas a dimensional accuracy not lower than 2 [err] cannot be
obtained at a concentration of 10%,    Fig. 15 is a graph illustrating the
range of a by weight. Further, it is seen that a dimensional  condition for
machining a track of a Sendust core accuracy not lower than 2 urn cannot be
obtained  for magnetic head, having an etched depth of at even when the
concentration is 30% by weight.  45  least 10 urn with a dimensional
accuracy not lower Fig. 13 is a graph illustrating the range of  than 2
[err] in an alkali metal hydroxide aqueous scanning speed for obtaining a
dimensional accu-  solution. It can be understood that, when the laser racy
not lower than 2 [err] when the focused laser  power P is kept constant in
the range of 50~1,000 beam diameter is 4 [err] the laser power is kept   mW
and the scanning speed V lies in the range of constant at 400 mW and the
concentration of the  50  2~70 [err]/sec, the above range is defined by the
sodium hydroxide aqueous solution is varied. It is  conditions: V[err]0.1 P
+10 (solid line) which delineates seen that the range of the scanning speed
for    the upper limit of the scanning speed for obtaining obtaining a
dimensional accuracy not lower than 2  an etched depth of 10 urn and the
condition: V[err]- [err] varies depending upon the concentration. It is
0.1 8P +180 (broken line) which delineates the up- seen that, when the
focused laser beam diameter  56  per limit of the scanning speed for
obtaining a is 4 [err] and the laser power is 400 mW, a con-    dimensional
accuracy of 2 [err] centration of the sodium hydroxide aqueous solu-    It
is understood from Fig. 15 that an etched tion lying between 10% and 30%,
by weight, maxi-  depth of at least 10 [err] with a dimensional accu- 10



19                EP 0 414 969 B1                   20 racy not lower than
2 [err] can be obtained when    lower than 30% by weight. the scanning
speed lies in the range of 2~60          Since the upper limits of the
etched depth and [err]/sec and the laser power is, for example, 500
dimensional accuracy depend upon the concentra- mW, whereas, when the
scanning speed lies in the  tion, it is understood that an adequate range
of the range between more than 60 [err]/sec and 88   5   machining
condition varies. [err]/sec, at the same power, an etched depth of at
It is seen that, for example, when the laser least 10 [err] cannot be
obtained, although a dimen-  power is 625 mW and the scanning speed Is 10
sional accuracy not lower than [err]  can be       [err]/sec, an etched
depth of at least 10 [err] with a obtained. Further, it is understood that,
when the  dimensional accuracy not lower than 2 am can be scanning speed
exceeds 88 [err]/sec even a di-  10  obtained at a concentration of 30%  by
weight, mensional accuracy not lower than 2 [err] cannot   whereas a
dimensional accuracy not lower than +2 be obtained. Furthermore, it is
understood that,  [err] cannot be obtained at a concentration of 20% when
the laser power is 700 mW and the scanning   by weight. Further, it is seen
that, even when the speed lies in the range of 2~52 [err]/sec, an etched
concentration is 40%  by weight, a dimensional depth of at least 10 [err]
with a dimensional accu-  15  accuracy not lower than [err]  cannot be
obtained. racy not lower than 2 [err] can be obtained, where-     Fig. 17
is a graph illustrating the range of the as, when the scanning speed lies
in the range     scanning speed wherein a dimensional accuracy between more
than 52 [err]/sec and 80 [err]/sec, at     not lower than 2 [err] can be
obtained, when the the same power, a dimensional accuracy not lower
focused laser beam diameter is 11 [err] the laser than 2 [err]  cannot be
obtained, although an   20  power is kept constant at 550 mW and the con-
etched depth of at least 10 [err] can be obtained.  centration of the
potassium hydroxide aqueous so- Further, it is understood that, when the
scanning  lution is varied. It is seen that the range of the speed exceeds
80 [err]/sec, even an etched depth     scanning speed for obtaining a
dimensional accu- of at least 10 [err] cannot be obtained.            racy
not lower than 2 [err] depends upon the The condition shown in the above
Fig. 15 is  25  concentration. It is seen that, when the focused based on
the result of an experiment under con-   laser beam diameter is 11 [err]
and the laser power ditions that the concentration of the potassium hy-  is
550 mW, a concentration of the potassium hy- droxide or sodium hydroxide
aqueous solution is   droxide aqueous solution lying between 20% and 5-55%
by weight and the focused laser beam       40%, by weight, maximizes the
range of scanning diameter is not larger than 20 [err] However, even   30
speed wherein a dimensional accuracy not lower in the case where the laser
power and scanning    than 2 [err] can be obtained. speed are kept
constant, the etched depth and        Figs. 16 and 17 show that, when the
focused dimensional accuracy vary depending upon the      laser beam
diameter is 11 [err] the ranges of concentration and focused laser beam
diameter.    machining condition for obtaining an etched depth Accordingly,
an adequate condition to achieve an   35  of at least 10 am with a
dimensional accuracy not aimed etched depth and dimensional accuracy
lower than [err] are 150-750 mW for the laser power must be selected in the
range shown in the above  and 2-25 [err]/sec for the scanning speed. Fig.
15, taking the concentration and focused laser   Fig. 18 is a graph
illustrating the result of an beam diameter into further consideration
experiment conducted with a laser beam having a Particularly, since Sendust
is high in thermal  40  focused beam diameter of 4 [err] and and a liquid
conductivity, it is preferred to reduce the focused  level of 500 [err]
varying the concentration of the laser beam diameter to prevent diffusion
of the   potassium  hydroxide aqueous solution to 10%, heat.
20%, 30%, 40%, and 50%, by weight In Fig. 18, In Fig. 16 there is shown the
result of an    the solid lines delineate the upper limits of the
experiment conducted using the apparatus shown   45  scanning speed for
obtaining an etched depth of 10 in Fig. 1 wherein the liquid level is 500
[err] the  [err] and the broken lines delineate the other upper focused
laser beam diameter is 11 [err] and the      limits for obtaining a
dimensional accuracy of 2 concentration of the potassium hydroxide aqueous
[err] It is seen from Fig. 18 that, when the laser solution is varied to
10%, 20%, 30%, 40% and      power and scanning speed are kept constant, the
50%, by weight. The solid lines delineate the upper  50  etched depth
increases as the concentration be- limits of the scanning speed for
obtaining an     comes higher, while the dimensional accuracy de- etched
depth of 10 [err] and the broken lines delin-  creases as the concentration
becomes higher or eate the other upper limits for obtaining a dimen-  lower
than 30% by weight. sional accuracy of 2 [err]. It is seen that, when the
It is seen that, for example, when the laser laser power and scanning speed
are kept constant,  55  power is 600 mW and the scanning speed is 40 the
etched depth increases as the concentration   [err]/sec, an etched depth of
at least 10 am with a becomes higher, while the dimensional accuracy
dimensional accuracy not lower than [err]  can be decreases as the
concentration becomes higher or  obtained at a concentration of 30%  by
weight,    21                EP 0 414 969 B1                   22 



whereas a dimensional accuracy not lower than 2  affects directly on the
dimensional accuracy, the [err] cannot be obtained at concentrations of 20%
difference of the width of the machined grooves and 40%, by weight. When
the focused laser beam   between ferrite and Sendust is preferably not
larger diameter is 4 [err] the ranges of machining con-    than 2 [err]
more preferably not larger than 1 [err] dition for obtaining an etched
depth of at least 10   5  As the thermal conductivity of ferrite is lower
[err] with a dimensional accuracy not lower than 2  than that of Sendust,
the width of the machined [err] are 100-875 mW for the laser power and 2~50
grooves of the ferrite is larger than that of Sendust [err]/sec for the
scanning speed.                    in the case where they are machined at
the same Fig. 19 is a graph illustrating the result of an  power. Further,
with respect to the etching rate for experiment conducted with a laser beam
having a   10  alkali metal hydroxide, Sendust is higher than the focused
beam diameter of 2 [err] and a liquid level  ferrite, so that the width of
the machined grooves of 500 [err] varying the concentration of the potas-
of Sendust is larger in the case where Sendust and slum hydroxide aqueous
solution to 10%, 20%,      ferrite are machined at the same concentration
of 30%, 40%, and 50%, by weight. In Fig. 19, the     the etching solution.
An elaborate combination of solid lines delineate the upper limits of the
scan-  15  the above two relations allows the ferrite and Sen- ning speed
for obtaining an etched depth of 10 [err]  dust to be machined to the same
width of the and the broken lines delineate the other upper    groove.
limits for obtaining a dimensional accuracy of 2 [err]. It is seen from
Fig. 19 that, when the laser  [err]  The fourth embodiment of the invention
(fer- power and scanning speed are kept constant, the   20  rite/Sendust
composite core). etched depth increases as the concentration be- comes
higher, while the dimensional accuracy de-     Fig. 20 is a graph
illustrating the range of a creases as the concentration becomes higher or
condition for machining a track having an etched lower than 30% by weight.
depth of at least 10 [err] with a dimensional accu- It is seen that, for
example, when the laser  25  racy not lower than 2 [err] on a core for
magnetic power is 550 mW and the scanning speed is 40      head composed of
ferrite and Sendust, in an alkali [err]/sec, an etched depth of at least 10
[err] with a  metal hydroxide aqueous solution. It can be under-
dimensional accuracy not lower than 2 [err] can be  stood that, when the
laser power P is kept constant obtained at a concentration of 30%  by
weight,   in the range of 50-1,000 mW and the scanning whereas a
dimensional accuracy not lower than 2  30  speed V lies in the range of
2-125 [err]/sec, the [err] cannot be obtained at concentrations of 20%
above  range  is  defined  by  the  condition: and 40%, by weight. When the
focused laser beam   V[err]0.34P + 13 (solid line) which delineates the
upper diameter is 2 [err] the ranges of machining con-    limit of the
scanning speed for obtaining an etched dition for obtaining an etched depth
of at least 10  depth of 10 [err] and the condition: V[err]-0.19P + 190
[err] with a dimensional accuracy not lower than 2  35  (broken line) which
delineates the other upper limit are 10-700 mW for the laser power and 2-55
of the scanning speed for obtaining a dimensional [err]/sec for the
scanning speed.                    accuracy of 2 [err] As shown in Figs.
7-14 and 15-19, it is seen     It is understood from Fig. 20 that an etched
that the range of machining condition depends     depth of at least 10
[err] with a dimensional accu- upon the focused laser beam diameter and the
40  racy not lower than 2 [err] can be obtained when concentration of the,
alkali metal hydroxide aqueous  the scanning speed lies in the range of
2~115 solution. It is understood that the measures of   [err]/sec and the
laser power is, for example, 300 determination of the condition for
machining a track  mW, whereas, when the scanning speed lies in the of a
ferrite or Sendust core for magnetic head may  range between more than 115
[err]/sec and 130 be: for increasing the etched depth, (1) to increase  45
[err]/sec, at the same power, an etched depth of at the laser power, (2) to
decrease the scanning    least 10 [err] cannot be obtained, although a
dimen- speed and (3) to increase the concentration; and  sional accuracy
not lower than 2 [err] can be for improving the dimensional accuracy, (1)
to de-  obtained. Further, it is understood that when the crease the laser
power, (2) to decrease the scan-  scanning speed exceeds 130 [err]/sec,
even a di- ning speed and (3) to bring the concentration to  50  mensional
accuracy not lower than 2 [err] cannot 20-40% by weight. Further, in order
to raise an   be obtained. Furthermore, it is understood that, aspect ratio
(etched depth/etched width) of machin-  when the laser power is 400 mW and
the scanning ed grooves, the focused laser beam diameter is    speed lies
in the range of 2-115 [err]/sec, an recommended to be decreased.
etched depth of at least 10 [err] with a dimensional Additionally, when a
composite material com-  55  accuracy not lower than [err]  can be
obtained, posed of ferrite and Sendust is machined, the    whereas, when
the scanning speed lies in the difference in etching rate between ferrite
and Sen-  range between more than 115 [err]/sec and 150 dust must be
further taken into consideration. As it  [err]/sec, at the same power, a
dimensional accu- 12    23                EP 0 414 969 B1
24 



racy not lower than 2 [err] cannot be obtained,     lower than 2 [err] are
450~750 mW for the laser although an etched depth of at least 10 [err] can
be  power and 2-10 [err]/sec for the scanning speed. obtained. Further, it
is understood that, when the   Fig. 22 shows the result of an experiment
con- scanning speed exceeds 150 [err]/sec, even an        ducted under
conditions that the liquid level is 500 etched depth of at least 10 [err]
cannot be obtained.   5   [err] the focused laser beam diameter is 4 [err]
and The condition shown in the above Fig. 20 is   the concentration of the
potassium hydroxide aque- based on the result of an experiment under con-
ous solution is varied to 10%, 20%. 30%, 40% and ditions that the
concentration of the potassium hy-  50%, by weight. In Fig. 22, the solid
lines delineate droxide or sodium hydroxide aqueous solution is  the upper
limits of the scanning speed for obtaining 5-55%  by weight and the focused
laser beam   10  an etched depth of 10 [err] and the broken lines diameter
is not larger than 20 am. However, even  delineate the other upper limits
for obtaining a in the case where the laser power and scanning
dimensional accuracy of 2 [err] The chain line speed are kept constant, the
etched depth and     delineates the third upper limit for obtaining a dif-
dimensional accuracy vary depending upon the      ference of etched groove
width between ferrite and concentration and focused laser beam diameter.
15  Sendust of not exceeding 2 [err] It is seen from Accordingly, an
adequate condition to achieve an  Fig. 22 that, when the focused laser beam
diameter aimed etched depth and dimensional accuracy      is 4 [err] the
concentration lying between 10% and must be selected in the range shown in
the above  40%, by weight, allows the ferrite and Sendust to Fig. 20,
taking the concentration and focused laser  be machined to the same groove
width. beam diameter into further consideration.    20      Further, it is
seen that, when the laser power In Fig. 21 there is shown the result of an
and scanning speed are kept constant, the etched experiment conducted using
the apparatus shown    depth increases as the concentration becomes in Fig.
1 wherein the liquid level is 500 [err] the  higher, while the dimensional
accuracy decreases focused laser beam diameter is 11 [err] and the     as
the concentration becomes higher or lower than concentration of the
potassium hydroxide aqueous  25  30% by weight. solution is varied to 10%,
20%, 30%, 40% and        It is seen that, for example, when the laser 50%,
by weight. It is seen that, when the focused  power is 400 mW and the
scanning speed is 30 laser beam diameter is 11 [err] the concentration of
[err]/sec an etched depth of at least 10 [err] with a 10% by weight allows
the ferrite and Sendust to be  dimensional accuracy not lower than 2 [err]
can be machined to the same groove width. The solid line  30  obtained at a
concentration of 30%  by weight, delineates the upper limit of the scanning
speed for  whereas a dimensional accuracy not lower than 2 obtaining an
etched depth of 10 [err]  and the      [err] cannot be obtained at
concentrations of 20% broken line delineates the other upper limit for  and
40%, by weight. When the focused laser beam obtaining a dimensional
accuracy of 2 [err] The   diameter is 4 [err] the ranges of a machining
con- chain line delineates the third upper limit for obtain-  35  dition
for obtaining an etched depth of at least 10 ing a difference of etched
groove width between   [err] with a dimensional accuracy not lower than 2
ferrite and Sendust of not exceeding 2 [err] For    [err] are 275~1,000 mW
for the laser power and example, when the laser power is 550 mW, an
2-65 [err]/sec for the scanning speed. etched depth of at least 10 [err]
can be obtained at   Fig. 23 shows the result of an experiment con- a
scanning speed of 5 [err]/sec. whereas an etched   40  ducted under
conditions that the liquid level is 500 depth of at least 10 [err] cannot
be obtained at a  [err] the focused laser beam diameter is 2 [err] and
scanning speed of 10 [err]/sec. Alternatively, it is  the concentration of
the potassium hydroxide aque- seen that, when the laser power is 650 mW, a
ous solution is varied to 10%, 20%, 30%, 40% and dimensional accuracy not
lower than [err]  can be  50%, by weight. In Fig. 23, the solid lines
delineate obtained at a scanning speed of 5 [err]/sec, where-  45  the
upper limits of the scanning speed for obtaining as a dimensional accuracy
not lower than [err]    an etched depth of 20 [err] and the broken lines
cannot be obtained at a scanning speed of 10      delineate the other upper
limits for obtaining a [err]/sec.
dimensional accuracy of 2 [err] The chain line Further, it is seen that,
when the laser power is  delineates the third upper limit for obtaining a
dif- 475 mW, the difference of machined groove width  50  ference of etched
groove width between ferrite and between ferrite and Sendust machined at a
scan-   Sendust of 2 [err] or less. It is seen from Fig. 23 ning speed of 2
[err]/sec is not larger than 2 [err]  that, when the focused laser beam
diameter is 2 whereas, when the scanning speed is 5 [err]/sec, a   am, the
concentration lying between 30%  and machined groove width difference of
not larger than  50%, by weight, allows the ferrite and Sendust to 2 [err]
cannot be obtained. When the focused laser  55  be machined to the same
groove width. beam diameter is 11 [err] the ranges of the ma-
Further, it is seen that, when the laser power chining condition for
obtaining an etched depth of  and scanning speed are kept constant, the
etched at least 10 [err] with a dimensional accuracy not   depth increases
as the concentration becomes 13    25                EP0414969B1
26 



higher, while the dimensional accuracy decreases  sional accuracy of 2
[err] which shows only the as the concentratior becomes higher or lower
than  range wherein the difference of etched groove 30% by weight.
width between ferrite and Sendust is not exceeding It is seen that, for
example, when the laser  2 [err] It is seen from Fig. 25 that, when the
power is 600 mW and the scanning speed is 50   5   focused laser beam
diameter is 2 [err] the con- [err]/sec, an etched depth of at least 20
[err] with a  centration lying between 10% and 30%, by weight, dimensional
accuracy not lower than 2 [err] can be  allows the ferrite and Sendust to
be machined to obtained at a concentration of 30%  by weight,   the same
groove width. whereas a dimensional accuracy not lower than 2     Further,
when the laser power and scanning [err] cannot be obtained at
concentrations of 40%   10  speed are kept constant, the dimensional
accuracy and 50%, by weight. When the focused laser beam   becomes higher
as the concentration increases up diameter is 2 [err], the ranges of a
machining con-  to 30% by weight. It is seen that, for example, dition for
obtaining an etched depth of at least 20  when the laser power is 400 mW
and the scanning [err] with a dimensional accuracy not lower than 2  speed
is 40 [err]/sec, an etched depth of at least 20 [err] are 175-925 for the
laser power and 2-90   15  [err] with a dimensional accuracy not lower than
2 [err]/sec for the scanning speed.                    [err] can be
obtained at a concentration of 30% by Fig. 24 shows the result of an
experiment con-  weight, whereas a dimensional accuracy not lower ducted
under conditions that the liquid level is 500  than 2 [err] cannot be
obtained at concentrations [err] the focused laser beam diameter is 4 [err]
and  of 10% and 20%, by weight. When the focused the concentration of the
sodium hydroxide aqueous  20  laser beam diameter is 2 [err] the ranges of
a solution is varied to 10%, 20%, 30%, and 40%, by  machining condition for
obtaining an etched depth weight. In Fig. 24, the solid lines delineate the
of at least 20 urn with a dimensional accuracy not upper limits of the
scanning speed for obtaining an  lower than 2 are 150~525 mW for the laser
power etched depth of 10 [err] and the broken lines delin-  and 2~55
[err]/sec for the scanning speed. eate the other upper limits for obtaining
a dimen-  25  As shown in Figs. 20-25 it is seen that the sional accuracy
of 2 [err], which shows only the    range of machining condition depends
upon the range wherein the difference of etched groove    focused laser
beam diameter and the concentration width between ferrite and Sendust is
not exceeding  of the alkali metal hydroxide aqueous solution, 2 [err] It
is seen from Fig. 24 that, when the     such as potassium hydroxide or
sodium hydroxide. focused laser beam diameter is 4 [err] the con-  30  It
is understood that the measures of the deter- centration lying between 10%
and 20%, by weight,  mination of a condition for machining a track of a
allows the ferrite and Sendust to be machined to  composite core, composed
of ferrite and Sendust, the same groove width. Further, when the laser
for magnetic head may be: for increasing the power and scanning speed are
kept constant, the  etched depth, (1) to increase the laser power, (2) to
etched depth increases as the concentration be-  35  decrease the scanning
speed and (3) to increase comes higher.
the concentration; and for improving the dimen- It is seen that,' for
example, when the laser  sional accuracy, (1) to decrease the laser power,
power is 400 mW and the scanning speed is 50     (2) to decrease the
scanning speed and (3) to bring [err]/sec, an etched depth of at least 10
urn with a  the concentration to 10~40% by weight. Further, in dimensional
accuracy not lower than 2 [err] can be   40  order to raise an aspect ratio
(etched depth/etched obtained at a concentration of 20%  by weight,
width) of machined grooves, the focused laser whereas an etched depth of at
least 10 [err] cannot  beam diameter is recommended to be decreased. be
obtained at a concentration of 10%, by weight.  Further, in order to
equalize the machined groove When the focused laser beam diameter is 4
[err]     widths of ferrite and Sendust, the focused laser the ranges of a
machining condition for obtaining   45  beam diameter is recommended to be
decreased, an etched depth of at least 10 [err] with a dimen-  and it is
preferred to increase the concentration as sional accuracy not lower than 2
are 250-925 mW  the focused diameter decreases. Additionally, when for the
laser power and 2~105 [err]/sec for the      the laser power is increased,
the concentration is scanning speed.
preferred to be also increased. Fig. 25 shows the result of an experiment
con-  50  As described above, it is necessary for the ducted under
conditions that the liquid level is 500  determination of an adequate
machining condition [err] the focused laser beam diameter is 2 [err] and
to judge synthetically the laser power, scanning the concentration of the
sodium hydroxide aqueous  speed, focused laser beam diameter and the con-
solution is varied to 10%, 20%, 30%, and 40%, by  centration of the etching
solution, taking aimed weight. In Fig. 25, the solid lines delineate the
55  etched  depth, dimensional accuracy, etching upper limits of the
scanning speed for obtaining an  speed, etching pattern, etc. into
consideration. etched depth of 20 [err] and the broken lines delin- eate
the other upper limits for obtaining a dimen 14    27                EP
0414 969 B1                    28 



(3) Production of a core for magnetic head.      head as shown in Fig. 27g
is obtained. On the thus obtained core for magnetic head Figs. 26a~26d show
a flow diagram illustrating  16, a highly accurate track that is free from
micro- the procedure in the case where the first embodi-  cracks or
adhesion of solidified molten substances ment of the present invention is
applied to the   5   ius formed, which is high in reliability. production
of a core for VTR magnetic head. On       The present invention can be
suitably applied the outset, as shown in Fig. 26a, a ferrite bar 11 a  to
the cores for diversified magnetic heads, such and a ferrite bar 11 b
having a coil turn hole 12 are  as RDD, FDD, or the like. Further, the
present bonded with each other by means of a glass-      invention also can
be suitably utilized in various cementing, a solid phase reaction or the
like, to  10  processings of ferrite materials, Sendust materials form a
gapped bar 4 having magnetic gap 11.      and further composite materials
of ferrite and Sen- Then, the prepared gapped bar 4 is set in the    dust,
such as machining of coil turn holes, machin- apparatus shown in Fig. 1,
and a plural number of  ing of air bearing surface, or the like. grooves 14
defining a track width 13 are machined    As described above, according to
the produc- on the gapped bar 4 as shown in Fig. 26b, under  15  ing method
of the present invention, tracks having conditions such that the laser
power is 400 mW,  a narrow width can be formed on a gapped bar in a the
scanning speed is 20  [err]/sec, the focused   high accuracy without
causing denaturing or pro- laser beam diameter is 10 [err], the
concentration of  cessing strain due to heat nor forming microcacks,
phosphoric acid aqueous solution is 77% by weight  by irradiating a
predetermined laser beam at a and the liquid level is 500 [err] Thereafter,
as  20  predetermined scanning speed in a phosphoric shown in Fig. 26c,
glass 15 is embedded in the   acid or alkali metal hydroxide aqueous
solution of a machined grooves 14, followed by grinding to a
predetermined concentration, so that cores for predetermined dimension.
Lastly, cores having a  magnetic head high in reliability can be produced.
predetermined width are cut out from the pro- cessed gapped bar. Thus,
cores for VTR magnetic  25  Claims head as shown in Fig. 26d are obtained.
Figs. 27a-27g show a flow diagram illustrating  1. A method of producing a
core for a magnetic the procedure in the case where the fourth embodi-
head, wherein a track width of the core is ment of the present invention is
applied to the.     machined by laser-induced etching character- production
of a composite core for VTR magnetic  30  ized in that a laser beam having
a focused head, composed of ferrite and Sendust.               beam
diameter of not larger than 50 [err] and a On the outset, as shown in Fig.
27a, a ferrite    power (P) of 50-1900mW is employed in a 10- bar 11 a and
a ferrite bar 11 b having a groove 12 ,  90 weight % phosphoric acid
aqueous solution, which corresponds to a coil turn hole, are prepared.  at
a scanning speed (V) in the range between As shown in Fig. 27b, Sendust
membranes 18, 5   35   2 [err]/sec and 200 [err]/sec which scanning [err]
thick, are formed on the face to face surfaces   speed satisfies
simultaneously both the follow- 17 of the ferrite bar 11 a and ferrite bar
11 b. Fur-  ing conditions: ther, on the membranes, a non-magnetic layer
19, such as SiO2 or the like, which is to define a       V[err]0.31 P + 34
and magnetic gap, is formed with a thickness equal to a   40  V[err]0.14P +
271. predetermined magnetic gap width, as shown in Fig. 27c. Then, these
bars are combined and bon-  2. A method of producing a core for a magnetic
ded with each other by means of glass-soldering to   head made of ferrite,
wherein a track width of form a gapped bar 4 having a magnetic gap 19 as
the core is machined by laser-induced etching shown in Fig. 27d.
Thereafter, the prepared gapped   45  characterized in that a laser beam
having a bar 4 is set in the apparatus shown in Fig. 1, and a  focused beam
diameter of not larger than 20 plural number of grooves 14 defining a track
width  [err] and a power (P) of 50-1300 mW is em- are machined on the
gapped bar 4 as shown in         played, in a 5-55 weight % alkali metal
hydrox- Fig. 27e, under conditions of a laser power of 500  ide aqueous
solution, at a scanning speed (V) mW, a scanning speed of 30 [err]/sec, a
focused   50   in the range between 2 [err]/sec and 150 laser beam diameter
of 4 [err] a concentration of      [err]/sec which scanning speed satisfies
simul- potassium hydroxide aqueous solution of 30% by      taneously both
the following conditions: weight and a liquid level of 500 [err] Then, as
shown in Fig. 27f, glass 15 is embedded in the       V[err]0.34P +13 and
machined grooves 14, followed by grinding to a   55  V[err]-0.1 7P + 217.
predetermined dimension. Lastly, cores having a predetermined width are cut
out from the pro-    3. A method of producing a core for a magnetic cessed
gapped bar. Thus, a core for VTR magnetic     head made of Sendust, wherein
a track width 15    27                EP 0 414 9691 



(3) Production of a core for magnetic head.       head as shown in Fig. 27g
is obtained. On the thus obtained core for magnetic head Figs. 26a-26d show
a flow diagram illustrating  16, a highly accurate track that is free from
micro- the procedure in the case where the first embodi-  cracks or
adhesion of solidified molten substances ment of the present invention is
applied to the   5   is formed, which is high in reliability. production of
a core for VTR magnetic head. On       The present invention can be
suitably applied the outset, as shown in Fig. 26a, a ferrite bar 11 a  to
the cores for diversified magnetic heads, such and a ferrite bar 11 b
having a coil turn hole 12 are  as RDD, FDD, or the like. Further, the
present bonded with each other by means of a glass-      invention also can
be suitably utilized in various cementing, a solid phase reaction or the
like, to  10  processings of ferrite materials, Sendust materials form a
gapped bar 4 having magnetic gap 11.       and further composite materials
of ferrite and Sen- Then, the prepared gapped bar 4 is set in the     dust,
such as machining of coil turn holes, machin- apparatus shown in Fig. 1,
and a plural number of  ing of air bearing surface, or the like. grooves 14
defining a track width 13 are machined    As described above, according to
the produc- on the gapped bar 4 as shown in Fig. 26b, under  15  ing method
of the present invention, tracks having conditions such that the laser
power is 400 mW,  a narrow width can be formed on a gapped bar in a the
scanning speed is 20 [err]/sec, the focused      high accuracy without
causing denaturing or pro- laser beam diameter is 10 [err] the
concentration of  cessing strain due to heat nor forming microcacks,
phosphoric acid aqueous solution is 77% by weight  by irradiating a
predetermined laser beam at a and the liquid level is 500 [err] Thereafter,
as  20  predetermined scanning speed in a phosphoric shown in Fig. 26c,
glass 15 is embedded in the    acid or alkali metal hydroxide aqueous
solution of a machined grooves 14, followed by grinding to a
predetermined concentration, so that cores for predetermined dimension.
Lastly, cores having a   magnetic head high in reliability can beiproduced.
predetermined width are cut out from the pro- cessed gapped bar. Thus,
cores for VTR magnetic  25  Claims head as shown in Fig. 26d are obtained.
Figs. 27a~27g show a flow diagram illustrating  1. A method of producing a
core for a magnetic the procedure in the case where the fourth embodi-
head, wherein a track width of the core is ment of the present invention is
applied to the      machined by laser-induced etching character- production
of a composite core for VTR magnetic  30  ized in that a laser beam having
a focused head, composed of ferrite and Sendust.               beam
diameter of not larger than 50 [err] and a On the outset, as shown in Fig.
27a, a ferrite    power (P) of 50-1900mW is employed in a 10- bar 1 a and a
ferrite bar 1 1b having a groove 12,  90 weight % phosphoric acid aqueous
solution, which corresponds to a coil turn hole, are prepared.  at a
scanning speed (V) in the range between As shown in Fig. 27b, Sendust
membranes 18, 5   35   2 [err]/sec and 200 am/sec which scanning [err]
thick, are formed on the face to face surfaces   speed satisfies
simultaneously both the follow- 17 of the ferrite bar 11 a and ferrite bar
11b. Fur-  ing conditions: ther, on the membranes, a non-magnetic layer 19,
such as [err] or the like, which is to define a       V[err]0.31P+34 and
magnetic gap, is formed with a thickness equal to a   40  V[err]0.14P +
271. predetermined magnetic gap width, as shown in Fig. 27c. Then, these
bars are combined and bon-  2. A method of producing a core for a magnetic
ded with each other by means of glass-soldering to   head made of ferrite,
wherein a track width of form a gapped bar 4 having a magnetic gap 19 as
the core is machined by laser-induced etching shown in Fig. 27d.
Thereafter, the prepared gapped   45  characterized in that a laser beam
having a bar 4 is set in the apparatus shown in Fig. 1, and a  focused beam
diameter of not larger than 20 plural number of grooves 14 defining a track
width   [err] and a power (P) of 50-1300 mW is em- are machined on the
gapped bar 4 as shown in         ployed, in a 5-55 weight % alkali metal
hydrox- Fig. 27e, under conditions of a laser power of 500   ide aqueous
solution, at a scanning speed (V) mW, a scanning speed of 30 [err]/sec, a
focused   50   in the range between 2 [err]/sec and 150 laser beam diameter
of 4 [err], a concentration of      [err]/sec which scanning speed
satisfies simul- potassium hydroxide aqueous solution of 30% by
taneously both the following conditions: weight and a liquid level of 500
[err] Then, as shown in Fig. 27f, glass 15 is embedded in the
V[err]0.34P +13 and machined grooves 14, followed by grinding to a   55
V[err]-0.17P + 217. predetermined dimension. Lastly, cores having a
predetermined width are cut out from the pro-     3. A method of producing
a core for a magnetic cessed gapped bar. Thus, a core for VTR magnetic
head made of Sendust, wherein a track width 15    29
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of the core is machined by laser-induced etch-     [err]/sek und 150 um/sek
verwendet wird, wel- ing characterized in that a laser beam having a    che
Abtastgeschwindigkeit gleichzeitig beide focused beam diameter of not
larger than 20        folgenden Bedingungen erfUllt: [err] and a power (P)
of 50-1000 mW is em- ployed, in a 5-55 weight % alkali metal hydrox-   s
VS0.34P + 13 und ide aqueous solution, at a scanning speed (V)
VS-0.17P + 217. in the range between 2 [err]/sec and 70 [err]/sec which
scanning speed satisfies simultaneously  3  Verfahren zur Herstellung eines
Kerns fUr ei- both the following conditions:                     nen
Magnetkopf aus Sendust, worin eine Spur- 10      breite des Kerns durch
laserinduziertes Atzen V[err]0.1P+10 and
maschinell bearbeitet wird, dadurch gekenn- V[err]-0.1 8P +180.
zeichnet, dai ein Laserstrahl mit einem fokus- sierten Strahlendurchmesser
von nicht mehr 4. A method of producing a composite core for a       als 20
um und einer Leistung (P) von 50-1000 magnetic head composed of ferrite and
Sen-  15     mW in einer 5-55 gew.-%igen wasserigen Al- dust, wherein a
track width of the core is         kalimetallhydroxidldsung bei einer
Abtastge- machined by a laser-induced etching charac-        schwindigkeit
(V) im  Bereich zwischen 2 terized in that a laser beam having a focused
um/sek und 70 um/sek verwendet wird, welche diameter of not larger than 20
[err] and a power      Abtastgeschwindigkeit gleichzeitig beide fol- (P) of
50-1000 mW  is employed, in a 5-55   20     genden Bedingungen erfilit:
weight % alkali metal hydroxide aqueous solu- tion, at a scanning speed (V)
in the range         V50.1 P +1 Ound between 2 [err]/sec and 130 [err]/sec
which             VS-0.1 BP +180. scanning speed satisfies simultaneously
both the following conditions:                 25  4. Verfahren zur
Herstellung eines Verbundkerns fUr einen Magnetkopf aus Ferrit und Sendust,
V[err]0.34P + 13 and                                   worin eine
Spurbreite des Kerns durch laserin- V[err]-0.19P +190.
duziertes Atzen maschinell bearbeitet wird, da- durch gekennzaichnet, daB
ein Laserstrahl mit PatentansprUche                               30
einem  fokussierten Durchmesser von nicht mehr als 20 jim und einer
Leistung (P) von 50- 1. Verfahren zur Herstellung eines Kems fUr ei-
1000 mW in einer 5-55 gew.-%igen wasseri- nen Magnetkopf, worin eine
Spurbreite des          gen Alkalimetallhydroxidl6sung bei elner Ab- Kerns
durch laserinduziertes Atzen maschinell     tastgeschwindigkeit (V) im
Bereich zwischen 2 bearbeitet wird, dadurch gekennzeichnet, daB   35
um/sek und 130 um/sek verwendet wird, wel- ein Laserstrahl mit einem
fokussierten Strahl-     che Abtastgeschwindigkeit gleichzeitig beide
durchmesser von nicht mehr als 50 um und           folgenden Bedingungen
erfOlit: einer Leistung (P) von 50-1900 mW in einer 10-90 gew.-%igen
wasserigen Phosphorssure-         VS0.34P+ 13 und l6sung bei einer
Abtastgeschwindigkeit M  im   40  VS-0.1 9P +190. Bereich zwischen 2 um/sek
und 200 jim/sek verwendet wird, welche Abtastgeschwindigkeit
Revendlcatlons gleichzeitig bei; e folgenden Bedingungen er- fUllt:
1. Proc~dd de rdalisation d'un noyau pour une 45     tate magn6tique, dans
lequel une largeur de VS0.31 P + 34 uld
piste du noyau est usin~e par attaque induite V50.14P+271.
par laser, caract&rls4 en ce qu'un faisceau laser ayant un diambtre de
faisceau focalis6 2. Verfahren zur Herstellung eines Kerns fUr ei-      non
sup6rieur a 50 jim et une puissance (P) nen Magnetkopf aus Ferrit, worin
eine Spur-  Go    de 50-1900mW est utilise dans une solution brelte des
Kerns durch laserinduziertes Atzen      aqueuse d'acide phosphorique de
10-90% en maschinell bearbeitet wird, dadurch gekenn-        poids, a une
vitesse de balayage (V) dans la zeichnet, da) ein Laserstrahl mit einem
fokus-     gamme entre 2 jm/sec et 200 jim/sec laquelle slerten
Strahlendurchmesser von nicht mehr         vitesse de balayage satisfait
simultan6ment als 20 im und einer Leistung (P) von 50-1300   56  aux deux
conditions suivantes: mW in einer 5-55 gew.-%igen wasserigen Al-
kalimetallhydroxidl[sung bei einer Abtastge-       VS0,31 P + 34 et
schwindigkeit (V) im  Bereich zwischen 2           V50,14P + 271. 16    31
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2. Proc~dd de r~alisation d'un noyau pour une tete magn6tique r6alisee en
ferrite, dans loquel une largeur de piste du noyau est usin~e par attaque
induite par laser, caracterise en ce qu'un faisceau laser ayant un diambtre
de fais-   5 ceau focalise non sup~rieur b 20 arm et une puissance (P) de
50-1300 mW est utilisee, dans une solution aqueuse d'hydroxide de me- tal
alcali de 5-55% en poids, A une vitesse de balayage (V) dens la gamme entre
2 Ixm/sec   10 et 150 a m/sec laquelle vitesse de balayage satisfait
simultan6ment aux deux conditions suivantes: VS0,34P + 13 et
15 V5-0,17P + 217. 3 Proced6 de r6alisation d'un noyau pour une tote
magn~tique r6alis~e en Sendust, dans le- quel la largeur de piste du noyau
est usin6e   20 par attaque induite par laser, caractMrise en ce qu'un
faisceau laser ayant un diambtre de fais- ceau focalise non superieur & 20
um et une puissance (P) de 50-1000 mW est utilis6, dans une solution:
aqueuse d'hydroxide de m~tal  25 alcali de 5-55% en poids, a une vitesse de
balayage (V) dans la gamme entre 2 aLm/sec et 70 Lum/sec laquelle vitesse
de balayage satisfait simultan6ment aux deux conditions suivantes:
30 VS0,1P+10 et V5-0,18P1+ 180 4. Procede de realisation d'un noyau compos4
35 pour une tate magn6tique composee de ferrite et de Sendust, dans lequel
une largeur de piste du noyau est usinee par attaque Induite par laser,
caractefise en ce qu'un faisceau laser ayant un diametre focalise non
supdrleur  40 a 20 anm et une puissance (P) de 50-1000 mW est utilisO, dans
une solution aqueuse d'hy- droxyde de intal alcali de 5-55% en poids, a une
vitesse de balayage (V) dans la gamme entre 2 am/sec et 130 am/sec laquelle
vitesse   45 de balayage satisfait simultan6ment aux deux conditions
suivantes: VSO,34P + 13 et VS-0,1 9P + 190.                          50 55
17    


