10

15

20

25

WO 01/82299 PCT/EP01/03939

Magnetic head having a magnetic coil

The invention relates to magnetic head for use in 2 magneto-optical device,
which magnetic head includes an at least substantially flat magnetic coil having a central
opening, which coil has coil layers which extend at least substantially parallel to each other,
each of the coil layers having at least one electrically conductive turn which extends -around
the central opening. '

Such a magnetic head is known from WO-A 98/48418, The known magnetic
head includes a flat magnetic coil having two parallel substantially equiform coil sections,
each coil section comprising a plurality of turns formed by means of a thin-film technology.
The magnetic coil extendsina magnetic yoke which, with the coil, defines a central
passageway for an optical beam. The known magnetic head is intended for use in a magneto-
optical (MO) system for the storage of data in a magneto-optical medium. During the
recording or read-out of data the magnetic head is situated at a short distance from the
magneto-optical medium. The magneto-optical system comprises said magnetic head, a laser
source and optical elements, which include a focusing lens, enabling a laser beam to be
routed to a recording layer via the central passageway. During the storage of data a laser
beam is utilized for reducing the coercivity of the recording layer of the magneto-optical
medium in that selected spots are heated to approximately the Curie temperature of the
recording layer. Meanwhile, the magnetic coil is activated to generate a time-varying
magnetic field traversing the recording layer in order to define a pattern of magnetic
domains. During the read-out of stored information the MO medium is scanned with a laser
beam, use being made of the magneto-optical Kerr effect, which is known per se.

During the magneto-optical storage of information the minimum width of the
stored data bits is dictated by the diffraction limit, i.e. the numerical aperture (NA) of the
focusing lens used and the wavelength of the laser beam. A reduction of said width is
generally based on shorter-wavelength lasers and higher-NA optical focusing systems.
During magneto-optical recording the minimum bit length can be reduced to below the
optical diffraction limit by using Laser Pulsed Magnetic Field Modulation. In this process the
bit transitions are detenmined by the speed of reversal of the magnetic field and the
temperature gradient induced by switching of the laser source. In order to obtain small bit
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lengths and high data rates magnetic coils are required which meet specific requirements

such as a low self-inductance, a low capacitance and a low resistance. These requirements

cannot be met by means of conventionatly wound coils. Therefore, use is now made of coils

manufactured by means of a multi-layer technique, particularly a thinfiltn techirique,

A magnetic coil suitable for high data rate magneio-optical recording should
have a good high-frequency behavior. This means that such a coil should have 4 satisfactorily
low self-inductance, a low capacitance and a low resistance, while the power dissipation
should be of an acceptable level. Thus, it is true that an increase of the nitinber of turns of a
given coil configuration may lead to a reduction of the current required to generate a certain
magnetic field, since the power dissipation is proportional to thé squiire of the current and is
only proportional to the resistance, but an increase of the number of turns also leads to an
increase of the self-inductance and thereby limits the data rate.

The coil configuration used in the known magnétic head does not provide a
solution to the problem outlined above.

It is an object of the invention to provide a magnetic Higad which is suitable for
use in a magneto-optical device for information storage at a high spkéd, for exatiple 100
Mbit/s, and which for this reason includes a magnetic coil which cdi 'B& dséd st high
switching frequencies and which has an acceptably low power distipétioh foi-its envisaged
use. '

This object is achieved with the magnetic head accordiitiz'to'the invention,
which magnetic head includes an at least substantially flat magnetic coil' hidving a central
opening, which coil has coil layers which extend at least substantidlly’ paisfile] to each other,
each of the coil layers having at least one electrically conductiveé titt which extends around
the central opening, wherein at least one of the coil layers has tuins, of which the turns
situated nearer the central opening have smaller widths than the tutns situated farther away
from the central opening, at least one of the coil layers having an’oltermost turn situated
nearer the central opening than the outermost turn of one of th dthier ¢til layers.

The central opening of the magnetic coil can serve as a passagé o d Iasér beam. The central
opening, which is defined by inner tumns, thay actially bé s opening of it may be a
transparent central area formed by a material that differs from the coil material, particularly a
transparent material, such as AL,Os, SiO,, SisNy. The tittns Hidy be formed from metals such
as Cu, Au, Al. In the magnetic head in accordance with thé hivention the magnetic coil has a
turns density which decreases outwardly from the central openting, which has a favorable
effect on the power dissipation of the coil, while the coil layers have mutially different
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dimensions, which keeps the capacitance within bounds. For an adequate magneto-optical
recording it is important that the magnetic coil is_.capable of generating z-i magnetic field of
the order of 200 Oe (16 kA/m) in and near the central opening. Smce the turns which are
situated nearer the central opening are most effective in generating the magnetic field, they
proiride a significant contribution to the generation of the magneiic field in and in the vicinity
of the central opening. As a result of a low self-inductance and alow capacitance the
magnetic head in accordance with the invention exhibits a good _li;;'igh-ﬁ'equency behavior.
This is corroborated by experiments. The magnetic head is'suitaté]e for use in MO devices for
information storage with a very high density, for example 100 Gli)it/in2 . Another important
effect of the measures in accordance with the invention is that a épmpmaﬁvely large central
opening can be used. A comparatively large central opening may.:%:be desired if the magnetic
head is used in a slider of a magneto-optical device, in which an d:btical system has been
provided and in which a part of the optical system has a mecha_nic:_'glly non-rigid connection to
the slider. Furthermore, a large central opening may be desirable fpr the purpose of tracking,
for which the position of a laser beam relatiire to the central op,enii;g is varied. The magnetic
head in accordance with the invention can be used not only for inf}irmaltion recording but also
for information reading. ' S - .
In order to limit the thickness of the magnetic coil the number of coil layers in the magnetic

-head will be limited to 2 or 3.

Claim 2 defines a practical embodiment of the maggetic head in accordance
with the invention. _

An embodiment of the magnetic head in accordance with the invention is
characterized in that the decrease of the widths of the turns towardé;the central opening varies
uniformly. In the case of a circular magnetic coil the distance be_tw%e_n the turns of a coil
layer is preferably maintained constant for technological reasons and is preferably minimized
in order to guarantee a high efficiency of the coil. Here, efficiency xs to be understood to
mean the strength of the magnetic field generated at a given power. The width of a turn is -
preferably proportional to the n-th power of the distance to the centrél axis of the magnetic
coil, which axis extends through the central opening, where |
0.7<sn<2. _ _

An embodiment of the magnetic head in accordance with the invention is
characterized in that the one outermost turn is situated substantially nearer the central
opening than the other outermost turn. The number of turns of the one coil layer can be
substantially smaller than the number of turns in the other coil layer,:'" for example half this
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number. It has been foun& that this enables significant reductions in capacitance and power
dissipation to be achieved: ed R

An embodiment of the magnetic head in accordance with the invention is
characterized in that the coil layers are thin-film layers. The magnétic coil is consequently a
coil manufactured by means of a thin-film technique. The applied technique may be a
technique which is known per se. It has been found that the high-frequency behavior can be
further improved if at least two coil layers, preferably all the coil layers, are arranged on a
flat base because this yields a further reduction of the parasitic capacitance and conductance.
Claim 6 defines an embodiment of the magnetic head in accordance with the invention which
relates to this aspect. The invention also relates to a method of manufacturing the magnetic
head in accordance with the invention. The method in accordance with the invention is
defined in claim 7. The measure defined in claim 7 means that the production process
inctudes one or more planarizing operations. This means, for example, that after the
deposition of an insulating layer a mechano-chemical polishing step is carried out.
Alternatively, a spin-on-glass planarization may be used. The methods mentioned are both
known per se.

The invention further relates to a slider for use in a magneto-optical device and
provided with the magnetic head in accordance with the invention, notably as defined in any
one of the claims 1 through 6.

The slider in conjunction with a magneto-optical medium ensures that in
operation an air film is formed between the magnetic head and the medium, the magnetic
head floating at a substantially constant distance from the magneto@ptwal medium, which
can be achieved in a manner known per se.

An embodiment of the slider in accordance with the invention has a slider
body with which the magnetic coil is integrated.

The invention further relates to a magneto-optical device including the
magnetic head in accordance with the invention, particularly as defined in any one of the
claims 1 through 6, or including the slider in accordance with theinvention, particularly as
defined in claim 8 or 9. The magneto-optical device in accordance with the invention is
suitable for magneto-optically recording information in a magneto-optical medium in a
manner known per se. The device is also suitable for reading information.

With reference to the claims, it is to be noted that various combinations of
characteristic features and measures as defined in the claims are possible.
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The invention will now be described in more detail, by way of example, with
reference to the drawings, in which:

Fig. lisa dlagrammatnc plan view which shows an embodlment of the
magnetic head in accordance wﬁh the invention, '

Fig. 2 shows the embodiment of the magnetic head in a sectional view taken
on the line II-I in Fig. 2, '

Fig.3isa gmph which represents the 1mpedance as a function of the
frequency for the embodiment of the magnetic head,

Fig.4isa graph which represents the ﬁeld strength of the magnetic field as a

" function of the distance from the central axis of the embodlment of the magnetic head,

Fig.5isa daagrammatlc side view which shows an ‘embodiment of the slider

.in accordance with the mventlon,

Fig.6isa dlagrammatlc underneath view which- shows the embodiment of the
slider in accordance with the mventlon,

Fig. 7 dlagrammatlcally shows a first apphcatlon of the slider in accordance

" with the invention,

Fig. 8 dlagrammatlcally shows a second apphcauon of the slider in accordance

- with the mventlon

Fig. 9 diagrammatically shows an embodiment of the magneto-optxcal dev1ce

in accordance with the invention.

The embodiment of the magnetic head in accordanee with the invention shown

* in Figs. 1 and 2 is suitable for use in a magneto-optical device. The magnetic head includes a

flat round electromagnetic coil 1, briefly referred to as the magnetic coil 1 and having a
central opening 3 with a centrai coil axis 3a. The magnetic coil 1 'ih the present example has
two coil layers 5a and 5b, whlch extend parallel to one another and which are separated from
one another by an msulatmg layer Sc¢ of, for example, SiO>. The COll layer 5a in the present
example has seven turns SA made of Cu, including an outermost turn SA, and an innermost
turn 5A; situated near the central opening 3. The coil layer 5b in the present example has four
turns 5B, also made of Cu, including an outermost turn 5B, and an.innermost turn 5B;
situated near the central opehing 3. The central opening 3 is ﬁlleci with a transparent material
such as SiO,. Each set of turns 5A and 5B has a connecting surfaoe 7a and 7b, respectively,
the two sets being electrically interconnected by an interconnection 7C.
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In the present example the turns in each of the coil layers 32 and 5b have a
spiral shape. Of the set oftiins 5A and 5B the turns situated tidhrer the central opening 3
have a smaller width w than the turns situated farther away from the central opening 3.
Viewed from the turns 5A; and 5B; the width w gradually increases towaids the turns SA, and
5B,. In the present example the distance d between the turns in each of the coil layers Sa and
5b is constant. The outermost turn 5B, has a substantially smaller diameter than the
outermost turn 5A,. The present magnetic coil can be manufactured by means of a thin-film
technique which is known per se, in which case it is preferred to carry ot a planarizing
operation, for example a mechano-chemical polishing operation, before a coil layer is made,
in order to obtain a flat base for the relevant coil layer. The thin-film layérs may be deposited
on a substrate, for example formed by a slider body of a slider.

The graphical representation in Fig. 3 shows the measured inipedance Z of the
embodiment shown in Figs. 1 and 2 as a function of the frequency f. Therein, ReZ is the real
impedance, ImZ is the imaginary impedance and ® = 2af,

The graphical representation in Fig. 4 shows the calculated magnetic field
strength Hz of 2 modet which closely resembles the embodiment shown in Figs. 1and 2 asa
function of the radius r of the magnetic coil, determined at a height h of 13 yum; reckoned
from the side of the coil layer 5a which is remote from the coil layer 5b (see also Figs. 1 and
2). The diameter of the central opening is 90 pm, the diameter of the magnetic coil is 306
um, and the overall height of the magnetic coil is 9 pm.

The slider in accordance with the invention shown in Figs. 5 and 6 is suitable
for use in 2 magneto-optical device and has a transparent slider body 11, made of glass in the
present example, in which an embodiment of the magnetic head in accordance with the
invention is integrated. The magnetic coil provided therein is referenced 13. The slider has a
structured surface 11a intended for cooperation with an information medium, particularly an
MO medium. A focusing lens 15 is mounted on a side 11b which is remote from the surface
11a, in the present example on the slider body 11.

The application shown in Fig. 7 includes a slider of the type as shown in Figs.
5 and 6. The slider, referenced 21 here, cooperates with an optical system which, in addition
to the focusing lens 15, includes an objective lens 25, During scanning an MO medium 27
having a recording layer 27a is moved relative to the slider 21, the slider 21 floating at a
small distance from the MO medium. A laser beam 29 is thén focused to a spot 29a in the
recording layer 27a.
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Fig. 8 shows another application using a slider 31 of a type as shown in Figs. 5
and 6 but without a focusing lens. In this application the slider 31 also floats above an MO
medium 37 but the laser beam 39 required for scanning traverses a transparent substrate 37b
of the medium 37 before it reaches an MO layer 37a. For this purpose, the medium 37 is
interposed between the slider 31 and an objective lens 35 of an optical system.

The embodiment of the device in accordance with the invention shown in Fig.
9 has a frame 51 which rotatably supports a spindle 53 for an MO disc 55 and which has two
magnetic yokes of a slide drive secured to it. The slide drive further includes two drive coils
59a which cooperate with the yokeé 57. The drive coils 59a form parts of a slide 59 capable
of performing radial translational movements with respect to the spindle 53. The slide 59 has
a spring suspension 61, which carries an embodiment 63 of the slider in accordance with the
invention. In the present example the slider 63 is of a type as shown in Fig. 5.

It is to be noted that the invention is not limited to the examples shown herein.
Thus, the magnetic coil may have more than two coil layers. Moreover, one of the coil layers
'may include only one turn. Furthermore, it is possible to use a magnetic head in accordance
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CLAIMS:

1. A magnetic head for use in 2 magneto-optical device, which magnetié head
includes an at least substantially flat magnetic coil having a central opening, which coil has
coil layers which extend at least substantialiy parallel to each other, each of the coil layers
having at least one electrically conductive turn which extends around the central opening,
wherein at least one of the coil layers has turns, of which the turns situated nearer the central
opening have smaller widths than the turns situated farther away from the central opening, at
least one of the coil layers having an outermost turn situated nearer the central opening than
the outermost turn of one of the other coil layers.

2. A magnetic head as claimed in claim 1, wherein at least two coil layers have
turns, of which turns the turns situated nearer the central opening have smaller widths than
the turns situated farther away from the central opening.

3. A magnetic head as claimed in claim 1 or 2, wherein the decrease of the

widths of the turns towards the central opening varies uniformly.

4, A magnetic head as claimed in claim 1, wherein the one outermost turn is
situated substantially nearer the central opening than the other outertiost turn.

5. A magnetic head as claimed in claim 1, wherein the coil layers are thin-film
layers.

6. A magnetic head as claimed in claim 5, wherein at least two of the coil layers
are arranged on a flat base.

7. A method of manufacturing the magnetic head as claimed in any one of the

preceding Claims, wherein planarizing is effected after the provision of a first coil layer but

before the provision of a second collector layer.

Y

*
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8. A slider for use in a magneto-optical device and including the magnetic head
as claimed in any one of the preceding Claims.
9. A slider as claimed in claim 8, having a slider body with which the magnetic
head is integrated.
10. A magneto-optical device including the magnetic head as claimed in any one
of the claims 1 through 6. '
11. A magneto-optical device including the slider as claimed in claim 8 or 9.
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