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limits acceleration sensitive access times. The following prior art
documents are acknowl- The present application is related to the head
edged. design for an optical data storage system.            Japanese
Patent No. 58-118025 describes an The term "optical" as used herein is
intended   5   optical magnetic head having a light-transmitting "'Vto
apply to any directed energy beam system         slider with a coil
according to the prior art portion including, for example, visible light,
infrared radi-  of claim 1. ation or electron beam.
Japanese Patent No. 61-039251 describes a Realizing the full potential of
high density op-  slider comprising a flat convex lens mounted over tical
storage depends on optimal head design. Op-  io   a tapered transmission
hole. tical storage systems such as magneto-optical         Japanese Patent
No. 62-223841 describes an (MO), write once read many (WORM) and compact
optical system mounted on a floating slider where disk (CD ROM) all depend
on precisely positioning  the arrangement allows a specified space from a
an optical head to train a laser beam on a nomi-   disk surface to be
maintained. nally selected track. The optics, laser transmit-  i5  One
general aspect of the present invention is ter/detector, auto focusing and
fine tracking mecha-  automatically maintaining the focusing optics or
nisms are carried on a linear or rotary actuator. In  objective lens at a
prescribed height close to the MO data storage systems, the actuator,
typically an  surface of the optical data storage medium. To
electromagnetic mechanism, positions an optical    accomplish this, the
objective lens is preferably head over the storage track portion of an MO
disk.  20   mounted on an air bearing slider flexibly connected "!Ohi   The
head comprises the laser diode, optics, detec-  to the actuator arm. tors,
focus and fine tracking actuators and servo     For magneto-optical
applications, a miniature electronics, which collectively perform the
reading  electromagnetic coil joins the focusing optics on and writing
operations. Typically, writing onto an  the air bearing slider connected to
the actuator MO disk requires a two-pass operation in which the   25  arm.
The optical axis of the converging beam track or sector on which data is to
be written is first  passes nominally through the center of the coil on
erased. In the erase cycle, an externally applied  its way to the optical
storage medium. The coil is magnetic field is established in a direction
normal  preferably elongated in the cross track direction. to the disk. The
external field is typically provided  Locating the coil on the air bearing
slider brings it by energizing a fixed electromagnetic coil disposed   3o
close to the recording medium, thus lowering the on the opposite side of
the disk from the objective  power required to establish the desired
external lens. The coil Is usually elongated to cover the   magnetic bias
field and allows the coil to be small stroke of the head. Laser-heated
domains to be     and lightweight. overwritten are returned to a single
orientation un-  In a preferred embodiment, the coil is a printed der the
influence of the external field. After the   35   microcircuit carried on a
surface of the slider facing erase cycle, the external field is reversed
and the  the medium. The slider is preferably modified to laser beam is
pulsed to write data by selectively  carry a block of silicon or other
suitable crystalline reversing the polarity of domains where necessary.
material in which a tapered aperture accommodat- The erase cycle
significantly reduces disk drive  ing the converging beam, is formed by
means of performance by adding one full latency cycle to the   40
anisotropic preferential etching. The flat coil encir- writing process.
cles the smaller opening or exit pupil on the side of In present optical
storage devices, focusing   the block facing the storage medium. and fine
tracking operations are often accom-         The coil can be energized at
high frequencies plished by a 2-degree-of-freedom, miniature voice  to
produce a modulated bias field for writing data in coil actuator located in
the optical head. In this  45  one of two ways. First, a continuous wave
(CW) method, which requires a closed-loop servo sys-    laser can be
employed to produce a continuous tem, a portion of the light reflected off
of the disk is  beam of thermal energy such that the writing is directed
onto an astigmatic sensor. Focus and     initiated by modulating the field.
Alternatively, a track error signals generated by the sensor are fed
pulsed laser beam can be used alone or in com- back as control signals to
the voice coil actuator.  50  bination with the bias field. The focus and
fine-track actuator mechanisms en-      Placing a miniature lens on the air
bearing cumber the integrated head with compliant compo-   slider allows
the focus to be maintained without a nents which limit its tolerance for
high accelera-  focusing actuator and servo. In addition, this con- tions
accompanying fast seeks. A single actuator   figuration decouples the focus
and fine tracking performing both functions also instigates cross cou-  ss
functions, thus eliminating troublesome cross-cou- pling.
pling. Furthermore, miniaturizing the objective lens In addition, the mass
of present optical heads,  lowers its mass and the mass of the reflector
due largely to the weight of the objective lens,   thereby allowing the
seek time to be reduced while 2 



3                 EP 0 341 829 B1                    4 making the optical
package more compact and        may comprise a pair of spaced parallel
rails 46 reducing the profile of the head assembly thereby  forming a
movable slot in which the fixed opto- enabling multiple-platter optical
disk drives.     electronic module 34 can be suspended to inter- The
drawings are briefly described as follows.  cept the beam axis from
reflector 26. FIG. 1 is a schematic diagram of an optical   5    In the
embodiment of Figs. 4-6, a modified head system according to the invention.
slider body 50 has a rectangular aperture 50a in FIG. 2 is a schematic
sectional view of the    which a rectangular coil block 52 is cemented. The
optical head of Fig. 1.                            coil block 52 has a
tapered recess 52a intersecting FIG. 3 is a schematic perspective view of
an   the lower surface of the block to form an exit embodiment of the head
of Fig. 2 without the   io  aperture 52b. The underside of the coil block
52 actuator carriage.                                 carries a
substantially flat printed circuit coil 54 FIG. 4 is a sectional schematic
view of another  (Figs. 4 and 6) arranged coaxially with respect to
embodiment of the air bearing slider of Fig. 1     the nominal beam axis
and the center of the exit carrying the objective lens and coil.
aperture 52b. The coil block 52 is cemented in FIG. 5 is a top schematic
view of the coil body   is  place in the aperture 50a (Fig. 4) In the
slider body of Fig. 4 illustrating the tapered recess.         50 so that
the bottom surface of the coil block 52 is FIG. 6 is a bottom schematic
view of the coil  approximately flush with the outer rails 50b of the body
of Fig. 4 showing the coil.                   slider body. A glass molded
aspheric singlet micro- The specific embodiment of the invention de-
objective lens 60 is mounted in an annular setting scribed herein
illustrates an application of the in-  2o  62 coaxial with respect to the
coil block 52 such vention to magneto-optical disk technology. The    that
the nominal optical axis of the objective lens invention, however, has
aspects which are applica-  60 passes substantially through the center of
the ble to all optical data storage systems. The de-   exit aperture 52b.
scribed embodiment is designed for a linear ac-       As shown in Fig. 4,
the converging beam from tuator, but the invention is compatible with
rotary  2s  the micro-objective lens passes through the coil actuators,
which may be preferred in certain ap-   block 52. By changing the angle of
the reflector 28, plications.                                        as
indicated in Fig. 4, the beam axis and thus the As shown in Fig. 1, a
magneto-optical disk 10   position of the focal point with respect to the
exit is mounted on spindle 12 for continuous rotation at  aperture 52b can
be altered to select a particular a constant angular velocity. The optical
head sys-  s0  track. Fine tracking is thus accomplished by tilting tem 14
comprises an actuator carriage or arm 16    the reflector 26. Ideally, the
reflector 26 is rotated which translates on fixed rails 18 radially aligned
slightly about the center of the objective lens. In with the disk 10.
Carriage 16 is moved back and   this way, a number of adjacent tracks,
e.g., + /- 20 forth on bearings 20 by means of an electromag-    to 40, can
be accessed by fine tracking without netic linear actuator 22. The outer
end of the car-  35  changing the coarse position of the actuator 16. To
riage 16, thus cantilevered from the bearings 20,  accommodate the fine
tracking excursion of the carries a fine tracking mechanism 24 on which a
beam, the coil 54, recess 52a and exit aperture 52b 45  folding reflector
26 (prism or mirror) is moun-  should be slightly elongated in the
cross-track di- ted. In addition, the arm 16 carries, at its outer end,
rection. Elongating the RF coil in the cross-track an articulated air
bearing slider assembly 30, at-  40  direction accommodates a field of view
of several tached to the arm  16 by means of a resilient      tens of
tracks thereby allowing localized micro- flexure hinge 32. The air bearing
slider 30 and    tracking to be accomplished without changing the reflector
26 are optically aligned with a remotely  radial position of the head. Fine
tracking can also located stationary module 34 containing laser trans-  be
accomplished alternatively or additionally by mitter/detector, collimator
optics and electronics.  45   manipulating an optical element in the
stationary As shown in Figs. 2 and 3, the air bearing      unit 34. slider
assembly 30 includes a slider base 40 hav-     The RF coil mounted in the
air bearing slider ing an optical passage in the form of an aperture  can
be fabricated by printed microcircuit tech- 40a occupied by a miniature
coil assembly 42       niques and may comprise a coplanar spiral or beneath
a small diameter, short focal length, as-  so   multi-layer coil of
interconnected parallel, coplanar pheric singlet, micro-objective lens 44.
A printed  spiral windings. The coil preferably contains rela- circuit coil
54 is defined on the bottom face of the  tively few turns so that its
inductance and resis- assembly 42 around the beam exit aperture.
tance are low. The low inductance allows the coil to As shown in Fig. 3,
the flexure hinge 32 is     have the wide bandwidth needed to achieve fast-
attached approximately at the center of the upper  5s  switching time while
the low resistance makes the surface of the slider body with the aperture
40a for  device power-efficient. This configuration allows the 



the objective lens and coil positioned alongside the  polarity of the
magnetic field produced by the coil flexure hinge 32. As shown in Fig. 3,
the arm 16  to be modulated at the data transfer rate to elimi- 3    5
EP 0 341 629 B1                    6 nate the need for an erase cycle.
energized with current flowing in the proper direc- The presently preferred
material for the aper-  tion to produce a rapidly varying magnetic field of
tured coil block 52 (Figs. 4-6) is silicon subjected  sufficient strength.
The power-efficient, fast- switch- to anisotropic preferential etching. A
monocrystal-  Ing coil can be driven by a relatively modest power line
wafer of pure silicon 380-500 arm (15-20 mils)   s   supply. "''thick is
cut with a crystal orientation [100]. Next,   Thus, the invention provides
a means of elimi- the crystal is etched with a conventional etchant  nating
the erase cycle. Because the objective lens along the 1111] plane by
appropriate alignment of a  and the coil are on the same side of the disk,
the suitable rectangular mask. The desired result, as  system of the
present invention is compatible with illustrated in Fig. 5. is a
rectangular pyramidoidal  io  double-sided disks. recess having four sides
which each make an an-       This arrangement also eliminates the need for
gle of 35.268 [arctan (1/1/2)] with respect to the  a focus servo since the
air bearing slider can normal axis. Because the sides all make the same
position and maintain the distance between the angle, the only perfect
rectangular pyramid would  micro-objective lens and the MO disk to an accu-
be a square based one, with the result being a   i5  racy which is within
the depth of focus of the lens. square exit aperture. To elongate the exit
aperture  The compliant nature of the flexure in the focus for track
selection, imagine one side of the pyramid  direction allows the air
bearing slider to accom- being shifted laterally so that the imaginary
vertex  modate axial disk runout. Lens spacing accuracies becomes a line.
Even though the mask is only       of better than 0.1 micron are projected.
Since the slightly elongated (i.e., out-of-square), the intersec-  20
depth of focus of the micro-objective lens is ap- tion of the pyramidoid
and a horizontal slicing    proximately +1- 0.8 micron (32 micro inches),
the plane (i.e., the lower face of the block) grows more  air bearing
slider can adequately perform the nec- and more elongated toward the apex
line. Thus, the  essary auto focus function. exit aperture is a more
radically elongated rectan-   The focal length of the objective lens, the
nu- gle than the mask pattern, depending on the thick-  25   merical
aperture defining the entrance diameter of ness of the block.
the objective lens, and the collimated laser beam The overall size of the
rectangular exit aperture  diameter incident to the lens are related by the
52b in the bottom of the block 52 is also deter-   following equation:
mined by the thickness of the block 52. The thick- ness of the block and
aspect ratio of the rectangle  30   D = 2f x NA may be varied to
accommodate the dimensions of the coil 54 as well as to provide access to a
given  where number of tracks. The converging, conical beam       D      =
beam diameter itself as shown in Fig. 4 passes through the         f      =
lens local length pyramidoidal recess etched in the silicon block.  35  NA
= numerical aperture. The beam convergence angle (with respect to nor-
The focused spot size produced by the lens mal) is preferably anywhere from
about 30' up to   and the depth of focus are determined by the about 35  in
the presently preferred embodiment.   numerical aperture. A small NA yields
a large In operation, aerodynamic lift is generated from  depth of focus
and a large spot. Conversely, a the interaction between the air bearing
slider 30   40  larger NA produces a smaller spot but reduces the and the
spinning disk 10. This lift is counteracted  depth of focus. In the
preferred embodiment, the by an equal and opposite spring force from the
NA is approximately 0.55 which yields a small spot flexure hinge 32 thereby
allowing the air bearing  and an adequate depth of focus. Moreover, 0.55 is
slider to passively maintain both the micro-objec-  approximately the
largest NA currently practical in tive lens and the RF coil at a prescribed
flying   45  a single-element, molded, aspheric lens. Larger height from
the disk surface.                      NA's require steeper curvatures
which are difficult Data is written into the disk by illuminating the  to
fabricate. It is anticipated, however, that future recording medium with a
laser from the stationary  advances in fabrication technology may give rise
to optics package 34 (Fig. 1) while modulating the    aspheric singlets
with larger NA's. A somewhat current through the RF coil at high speed.
Data can   so  larger NA may be desirable to reduce the spot size be
written, erased or overwritten in several ways.  so long as the depth of
focus is not reduced to a First, a CW laser can be employed to produce a
level close to or beyond the auto focus capability continuous beam of
thermal energy such that writ-  of the slider. 



ing, erasing or overwriting is initiated by virtue of  Since the aperture
and thus the overall width of the magnetic bias field modulation itself.
Alter-  66  the objective lens need only be large enough to natively, a
pulsed laser beam can be used alone or  encompass the beam, the beam
diameter should in combination with the bias field. Because of the  be as
small as feasible to reduce the lens mass. coil's reduced size and
proximity, it can be rapidly  However, the lower limit on the beam diameter
is 4    7                 EP 0 341 829 B1                    8 determined
by the divergence of the collimated     dynamic not data density
considerations. Thus, in beam as it travels from the stationary module 34
to  the present invention, the air bearing system inher- the objective lens
(Fig. 2), and the requirement that  ently can operate at a more reliable,
stable flying the beam be centered on the objective lens. If the  height.
beam is too small, diffraction will cause its width to   5  As an
alternative to the slider assemblies illus- grow excessively as it travels
from the stationary  trated herein, the slider body can be integrated
module to the objective lens. Moreover, a small    with the coil or with
the objective lens or both. For misalignment between the laser beam and the
ob-    example, a slider can be made of optically trans- jective lens will
result in excessive light loss if the  parent material with the coil
photolithographically beam Is too small.                            io
defined on one side. In optical data storage sys- The focal length of the
objective lens deter-  tems which do not require external magnetic fields,
mines the distance between the medium and the      the air bearing slider
mounted objective lens can lens (the working distance). If the focal length
is too  be used without the RF coil. Thus, the invention is short, then the
working distance will be too small. If  applicable, for example, to CD ROM
technology. In the focal length is too long, then the lens will be   75
addition, while the invention is illustrated in a linear mounted too high
on the air bearing slider, a poten-  actuator, it is equally applicable to
rotary actuator tially unstable configuration. Moreover, a long focal
systems. length objective increases the profile of the optical head and
limits the minimum feasible disk separa-  Claims tion in multiple disk
configurations.         20 The foregoing considerations and the equation
1. An optical data storage system  of the type relating the three
parameters result in the following  comprising approximate desirable ranges
on the objective focal       an optical data storage medium (10), and
length, objective NA, and collimated laser beam           a movable optical
head for delivering a diameter in presently preferred embodiments:  25
directed energy beam to a spot on the storage Focal length = 1 - 3 mm,
preferably less than      medium, including 2 mm (preferred embodiment 1.45
mm)                       a slider (30) flexibly suspended above said
Numerical aperture = 0.50 - 0.65 (preferred        medium on an air
bearing, and embodiment 0.55)
micro-focusing optics (60) mounted on Beam diameter = 1 - 3 mm (preferred
em-   3o       said slider, said slider having an optical pas- bodiment
1.60 mm)                                      sage (52a) defined between
said optics and A glass aspheric singlet of the preferred specifica-   the
storage medium, said optics being oriented tions has a mass of less than 15
milligrams. It       to focus the energy beam through said optical appears
to be generally preferable for the focal       passage (52b) onto a spot on
the storage me- length of the lens to be about the same as the  3s    dium,
said slider maintaining the effective dis- beam diameter.
tance between said optics and said storage The invention is usable with a
removable or        medium to achieve auto focusing, character-
nonremovable MO disk. The preferred system,            ized in that
however, is designed for use with a nonremovable          said optical
passage being a tapered MO disk. In a dust-free housing, the MO disk can
40  pyramidoidal recess formed in said slider ac- be protected by a very
thin overcoat. Prior MO         commodating a converging beam from said
systems have used large objective lenses in corm-      optics, bination
with disks bearing relatively thick protec-      said tapered pyramidoidal
recess having five overcoats which require long working dis-        flat
sides. tances. The use of an air bearing slider to carry the   45 objective
lens allows the working distance between  2. The system of claim 1 wherein
said optics the objective lens and the magnetic layer to be        (60) has
an optical axis, each side of said reduced. Based on these considerations,
the focal     tapered pyramidoidal recess making an equal length of the
lens for the present Invention can be    angle with respect to said optical
axis. less than in prior systems. The short focal length  50 



objective used in this system permits miniaturiza-  3. The system of claim
2, wherein the larger end tion of the entire optical head resulting in a
more    of the tapered pyramidoidal recess has a rec- compact, lightweight
and reliable package.            tangular cross-section shaped like a
slightly The flying height stability requirement is much    elongated
square and the exit aperture (52b) at less severe in the present invention
than in a   55   the narrow end of the tapered pyramidoidal conventional
magnetic disk drive. In contrast to       recess is a more elongated
slot-shaped rectan- magnetic disk drives, the optimal height at which
gle. the air bearing slider flies is determined by aero- 5    7
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M determined by the divergence of the collimated    dynamic not data
density considerations. Thus, in beam as it travels from the stationary
module 34 to  the present invention, the air bearing system inher- the
objective lens (Fig. 2), and the requirement that  ently can operate at a
more reliable, stable flying the beam be centered on the objective lens. If
the  height. beam is too small, diffraction will cause Its width to   5  As
an alternative to the slider assemblies illus- grow excessively as it
travels from the stationary  trated herein, the slider body can be
integrated module to the objective lens. Moreover, a small   with the coil
or with the objective lens or both. For misalignment between the laser beam
and the ob-   example, a slider can be made of optically trans- jective
lens will result in excessive light loss if the  parent material with the
coil photolithographically beam is too small.                           i1
defined on one side. In optical data storage sys- The focal length of the
objective lens deter-  tems which do not require external magnetic fields,
mines the distance between the medium and the     the air bearing slider
mounted objective lens can lens (the working distance). If the focal length
is too  be used without the RF coil. Thus, the invention is short, then the
working distance will be too small. If  applicable, for example, to CD ROM
technology. In the focal length is too long, then the lens will be   is
addition, while the invention is illustrated in a linear mounted too high
on the air bearing slider, a poten-  actuator, it is equally applicable to
rotary actuator tially unstable configuration. Moreover, a long focal
systems. length objective increases the profile of the optical head and
limits the minimum feasible disk separa-  Claims tion in multiple disk
configurations.        20 The foregoing considerations and the equation  1.
An optical data storage system of the type relating the three parameters
result in the following  comprising approximate desirable ranges on the
objective focal      an optical data storage medium (10), and length,
objective NA, and collimated laser beam          a movable optical head for
delivering a diameter in presently preferred embodiments:  as      directed
energy beam to a spot on the storage Focal length = I - 3 mm, preferably
less than     medium, including 2 mm (preferred embodiment 1.45 mm)
a slider (30) flexibly suspended above said Numerical aperture = 0.50 -
0.55 (preferred       medium on an air bearing, and embodiment 0.55)
micro-focusing optics (60) mounted on Beam diameter = 1 - 3 mm (preferred
em-   30      said slider, said slider having an optical pas- bodiment 1.80
mm)                                     sage (52a) defined between said
optics and A glass aspheric singlet of the preferred specifics-  the
storage medium, said optics being oriented tions has a mass of less than 15
milligrams. It       to focus the energy beam through said optical appears
to be generally preferable for the focal      passage (52b) onto a spot on
the storage me- length of the lens to be about the same as the   35   dium,
said slider maintaining the effective dis- beam diameter.
tance between said optics and said storage The invention is usable with a
removable or        medium to achieve auto focusing, character-
nonremovable MO disk. The preferred system,           ized in that however,
is designed for use with a nonremovable         said optical passage being
a tapered MO disk. In a dust-free housing, the MO disk can   40
pyramidoidal recess formed in said slider ac- be protected by a very thin
overcoat. Prior MO        commodating a converging beam from said systems
have used large objective lenses in com-      optics, bination with disks
bearing relatively thick protec-     said tapered pyramidoidal recess
having tive overcoats which require long working dis-       flat sides.
tances. The use of an air bearing slider to carry the   45 objective lens
allows the working distance between  2. The system  of claim 1 wherein said
optics 



the objective lens and the magnetic layer to be       (60) has an optical
axis, each side of said reduced. Based on these considerations, the focal
tapered pyramidoidal recess making an equal length of the lens for the
present invention can be   angle with respect to said optical axis. less
than in prior systems. The short focal length  so objective used in this
system permits miniaturiza-  3  The system of claim 2, wherein the larger
end tion of the entire optical head resulting in a more   of the tapered
pyramidoidal recess has a rec- compact, lightweight and reliable package.
tangular cross-section shaped like a slightly The flying height stability
requirement is much   elongated square and the exit aperture (52b) at less
severe in the present invention than in a   55  the narrow end of the
tapered pyramidoidal conventional magnetic disk drive. In contrast to
recess is a more elongated slot-shaped rectan- magnetic disk drives, the
optimal height at which     gle. the air bearing slider flies is determined
by aero- 5    9                 EP0341 829B1                       10
111111111111111111  !  ! 4. The system of claim 1, wherein said tapered
1& The system of claim 13, wherein said lens has pyramidoidal recess is
formed by anisotropic       a focal length of about 1 1/2 mm. preferential
etching. 19. The system of claim 13, wherein said lens has 5. The system
of claim 1, wherein said slider        a numerical aperture of from about
0.50 to 9     (30) includes a separate block (52) in which        about
0.65. said tapered pyramidoidal recess is formed, said block comprises a
crystalline material and  20. The system of claim 13, further comprising
said tapered pyramidoidal recess is formed by      means (34, 26) for
generating a collimated anisotropic preferential etching.          10
laser beam and for directing said beam via said optical head to said
objective lens (60). 6. The system of claim 5, wherein said crystalline
said beam having a diameter of from about 1 material is silicon.
to about 3 mm. 7. The system of claim 1, wherein said storage   15  21. The
system of claim 20, wherein said beam medium (10) has plural tracks and
said tapered     diameter is approximately 1 1/2 mm. pyramidoidal recess
terminates, on the side of the slider facing the storage medium, in an exit
22. The system of claim 20, wherein said lens aperture elongated in the
cross-track direction.   (60) has a focal length of about 1.45 mm and a 20
numerical aperture of about 0.55, and said a  The system of claim 7,
further comprising a         beam diameter is approximately 1.6 mm.
substantially flat electrical coil (54) attached to the bottom of the
slider surrounding said elon-  2& The system of claim 20, wherein the focal
gated exit aperture (52b).                         length of said lens is
about the same as said 25      beam diameter. 9. The system of claim 8,
wherein said coil (54) is a printed microcircuit immediately adjacent  24.
The system of claim 13, wherein said objective to and surrounding said exit
aperture (52b).       lens has a mass of less than 15 milligrams. 10. The
system of claim 9, further comprising a   3o   Patentanspruche separate
fine tracking actuator (24) for shifting the beam axis along a scanning
direction par-  1. Optisches  Datenspeichersystem   derjenigen allel to the
long axis of said exit aperture (52b).  Art, die folgendes umfa~t: ein
optisches Datenspeichermedium (10), und 11. The system of claim 10, further
comprising a   35  einen beweglichen optischen Kopf, um einen reflector
(26) in said optical head, said fine     gerichteten Energiestrahl auf
einen Punkt auf tracking actuator (24) acting to tilt said reflec-  dem
Speichermedium zu liefern, mit tor.
einem Gleitst~ck (30), das auf einem Luftlager Ober dern Medium flexibel
aufgehlngt ist, und 12. The system of claim 7, further comprising a   40
einer Mikrofokussieroptik (60), die auf dern separate fine tracking
actuator (24) for shifting  Gleitstfck montiert ist, wobei das GleitstOck
the beam axis to select different tracks on the    einen optischen DurchlaB
(52a) besitzt, der storage medium.
zwischen der Optik und dem Speichermedium definiert ist, wobei die Optik so
ausgerichtet 13. The system of claim 7, wherein said focusing   45  ist,
daB sie den Energiestrahl durch den opti- 



optics (60) is a micro-objective lens.             schen DurchlaS (52b) auf
einen Punkt auf dem Speichermedium fokussiert und das Gleitsttck 14. The
system of claim 13, wherein said objective    den effektiven Abstand
zwischen der Optik und lens is an aspheric singlet.
dam Speichermedium einhAlt, um eine Autofo- 50      kussierung zu
erreichen, 15. The system of claim 13, wherein said objective    dadurch
gekennzeichnet, daB lens has a focal length of from 1 to 3 mm.         der
optische DurchlaB eine in dern Gleitst~ck ausgeformte, sich verjOngende
pyramidenfdr- 16. The system of claim 15, wherein said objective     mige
Aussparung ist, um elinen von der Optik lens has a focal length of less
than 2 mm.  55     kommenden konvergierenden Strahl unterzu- bringen, wobei
17. The system of claim 15, wherein said objective    die sich verjUngende
pyramidenformige Aus- lens has a focal length of about 2 mm.
sparung ebene Seitenfl~chen besitzt. 6    11                EP 0 341 829 B1
12   1 l!IIIIJ    II1 j M    ! 2. System nach Anspruch 1, be! dem die Optik
11. System nach Anspruch 10, das in dem opti- (80) eine optische Achse
besitzt, wobei jede      schen Kopf weiterhin einen Reflektor (26) um-
Seitenflache der sich verjUngenden pyrami-        fa~t, wobei das
Steliglied (24) zur genauen denffrmigen Aussparung einen gleichen Win-
SpumachfUhrung dazu dient, den Reflektor zu kel zur optischen Achse
einnimmt.         5       kippen. 3&  System nach Anspruch 2, be! dem das
breitere  12. System nach Anspruch 7, das weiterhin ein Ende der sich
verjUngenden pyramidenformi-        separates StelIglied (24) zur genauen
Spur- gen Aussparung einen rechteckigen Quer-           nachfthrung umfaSt,
um die Strahlachse zu schnitt besitzt, der wie ein leicht langgestreck-  10
verschieben, urn verschledene Spuren auf dem tes Quadrat geformt ist und
die Ausgangsdff-      Speichermedium auszuwahlen. nung (52b) an dem engen
Ende der sich ver- jOngenden pyramidenfdrmigen Aussparung ein     13.
System nach Anspruch 7, bei dem die Fokus- langergestrecktes
schlitzformiges Rechteck ist.   sieroptik (60) eine Mikroobjektiviinse ist.
15 4. System nach Anspruch 1, bei dem die sich       14. System nach
Anspruch 13, bei dem die Objek- verjfngende  pyramidenformige  Aussparung
tiviinse ein nichtsphirisches Einfinsenobjektiv durch anisotropes
Vorzugsatzen ausgebildet        ist. ist. 20  15. System nach Anspruch 13,
bei dem die Objek- 5. System nach Anspruch 1, be! dem das Gleit-
tiviinse eine Brennweite zwischen 1 und 3 mm st~ck (30) einen separaten
Block (52) umfalt,     besitzt. in dem die sich verjOngende pyramidenformi-
ge Aussparung ausgebildet ist, wobei der       16. System nach Anspruch 15,
be! dem die Objek- Block kristallines Material enthalt und die sich   25
tivIinse eine Brennweite von weniger als 2 mm verjUngende  pyramidenfdrmige
Aussparung         besitzt. durch anisotropes Vorzugsatzen ausgebildet ist.
17. System nach Anspruch 15, bei dem die Objek- tiviinse eine Brennweite
von ungefihr 2 mm 6. System nach Anspruch 5, bei dem das kristalli-  so
besitzt. ne Material Silizium ist. 1& System nach Anspruch 13, bei dem die
Linse 7. System nach Anspruch 1 , be! dem das Spei-         eine Brennweite
von ungef~hr 1* mm besitzt. chermedium (10) eine Vielzahl von Spuren be-
sitzt und die sich verjingende pyramidenformi-  35  19. System nach
Anspruch 13, bei dem die Unse ge Aussparung auf der dem Speichermedium
eine numerische Apertur zwischen ungefahr zugewandten Seite des GleitstUcks
in einer        0,50 und ungeffhr 0,85 aufweist. Ausgangsdffnung endet, die
in der Richtung quer zu den Spuren langgestreckt Wst.          20. System
nach Anspruch 13, das welterhin eine 40      Einrichtung (34, 26) umfaBt,
um einen kolli- a  System nach Anspruch 7, das welterhin eline
mierten Laserstrahl zu erzeugen und den im wesentlichen flache elektrische
Spule (54)     Strahl Uber den optischen Kopt auf die Objek- umfaBt, die an
dem Boden des Gleitstfcks, der     tivIinse (60) zu richten, wobei der
Strahl einen 



die langgestreckte Ausgangs6ffnung (52b) um-      Durchmesser zwischen
ungefahr 1 und unge- gibt, befestigt ist.                      45      fthr
3 mm besitzt. 9. System nach Anspruch 8, bei dem die Spule      21. System
nach Anspruch 20, bei dem der Strahl- (54) eine gedruckte Mikroschaltung
ist, die un-   durchmesser ungefghr 1j mm betragt. mittelbar an die
Ausgangs6ffnung (52b) an- grenzt und sie umgibt.                    50  22.
System nach Anspruch 20, bei dem die Linse (60) eine Brennweite von
ungeffhr 1,45 mm 10. System nach Anspruch 9, das weiterhin ein         und
eine numerische Apertur von ungefghr separates Stellglied (24) zur genauen
Spur-       0,55 besitzt und der Strahldurchmesser unge- nachfahrung
besitzt, um die Strahlachse ent-      fahr 1,6 mm betragt. lang einer
Abtastrichtung parallel zu der langen   55 Achse der Ausgangsoffnung (52b)
zu verschle-   23. System nach Anspruch 20, bei dem die Brenn- ben.
weite der Linse ungefihr gleich dem Strahl- durchmesser ist. 7    13
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System nach Anspruch 13, be! dem die Objek-        dans lequel est menage
ledit evidement dvasd tivlinse eine Masse von weniger als 15 mg          en
forme de pyramide, ledit bloc etant realise besitzt.
en une matibre cristalline et ledit 6videment 6vas6 en forme de pyramide
6tant r6alise par Revendicatlons                                5
attaque anisotrope preferentielle. 1. Systbme d'emmagasinage de donnees
optique       6. Systbme salon la revendication 5. dans lequel du type
comprenant:                                ladite matibre cristalline est
du silicium. un support d'emmagasinage de donnees optique (10), et
1o  7. Systeme salon la revendication 1, dans lequel un tete optique mobile
pour envoyer un         ledit support d'emmagasinage (10) comporte faisceau
d'energie dirig6 sur un point du sup-     une multiplicite de pistes et
ledit evidement port d'emmagasinage,                               evase en
forme de pyramide se termine, du comprenant:
c~t6 du patin situ6 en regard du support d'em- un patin (30) suspendu de
fagon flexible  is   magasinage, par une ouverture de sortie allon-
au-dessus dudit support sur un coussin d'air,      gde dans la direction
transversale des pistes. et un systeme optique de micro-focalisation    8.
Systeme selon la revendication 7, comprenant, (60) monte sur ledit patin,
ledit patin compor-    en outre, une bobine 6lectrique sensiblement tant un
passage optique (52a) d6flni entre ledit  20  plate (54) fixee au fond du
patin et entourant systeme optique et le support d'emmagasina-
ladite ouverture de sortie allong~e (52b). ge, ledit systbme optique etant
oriente pour focaliser le faisceau d'energie, par l'intermm-  9. Systeme
salon la revendication 8, dans lequel diaire dudit passage optique (52b),
sur un         ladite bobine (54) est un micro-circuit imprime point du
support d'emmagasinage, ledit patin  25   situe au voisinage imm6diat de
ladite ouverture maintenant la distance effective entre ledit sys-  de
sortie (52b) et entourant cette dernibre. teme optique et ledit support
d'emmagasinage pour obtenir une focalisation automatique, ca-  10. Systeme
selon la revendication 9, comprenant, racterise en ce que ledit passage
optique est      en outre, un actionneur s~parM d'alignement constitue par
un evidement evase en forme de   30  precis sur piste (24) pour faire
devier l'axe du pyramide menage dans ledit patin et recevant       faisceau
le long d'une direction de balayage un faisceau convergent en provenance
dudit         parallble au grand axe de ladite ouverture de systmae optique
et en ce qua ledit 6videment       sortie (52b). evas6 an forme de pyramide
comporte des faces planes.                              35  11. Systbme
salon la revendication 10, compre- nant en outre un reflecteur (26) situe
dans 2. Systeme salon la revendication 1, dans lequel      ladite tete
optique, ledit actionneur d'aligne- ledit systeme optique (60) comporte un
axe         ment precis sur piste (24) agissant pour incli- optique, chaque
face dudit 6videment evase         ner ledit reflecteur. en forme de
pyramide formant un angle egal  40 par rapport audit axe optique.
12. Systbme salon la revendication 7, comprenant, en outre, un actionneur
separe d'alignement 



3. Systbme salon la revendication 2, dans lequel       pr6cis sur piste
(24) pour faire d6vier l'axe du 1'extrdmit4 la plus grande de l'evidement
evase    faisceau de fagon a s9lectionner differentes en forme de pyramide
a une section transver-  45   pistes du support d'enregistrement. sale
rectangulaire presentant la forme d'un car- re legerement allong6 et
l'ouverture de sortie  13. Systbme salon la revendication 7, dans lequel
(52b) situ6 & l'extr6mit6 6troite de l'evidement  ledit systeme optique de
focalisation (60) est evas6 en forma de pyramide est un rectangle        un
micro-objectif. presentant la forma d'une fente plus allong~e.   50 14.
Systbme salon la revandlcation 13, dans lequel 4. Systeme salon la
revendication 1, dans lequel      ledit objectif est une lentille
aspherique a un ledit evidement evase en forme de pyramide         element.
est realise par attaque anisotrope pr6ferentiel- le.
55  15. Systeme salon la revendication 13, dans lequel ledit objectif a une
longueur focale allant de 1 5. Systbme salon la revendication 1, dans
lequel      & 3 mm. ledit patin (30) comporte un bloc s6pare (52) 8    15
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Systbme selon la revendication 15, dans loquel ledit objectif a une
longueur focale inffrieure a 2 mm. 17. Systbme selon la revendication 15,
dans lequel   5 ledit objectif a une longueur locale 6gale & environ 2 mm.
1. Systbme selon la revendication 13, dans lequel ladite lentille a une
longueur focale 6gale &   10 environ 1 1/2 mm. 19. Systeme selon la
revendication 13, dans lequel ladite lentille a une ouverture num6rique
allant d'environ 0,50 & environ 0,65.            15 20. Systeme selon la
revendication 13, compre- nant, en outre, des moyens (34, 26) pour g6-
ndrer un faisceau laser collimat6 et pour diriger ledit faisceau, via
ladite t6te optique, sur ledit  20 objectif (60), ledit faisceau ayant un
diambtre allant d'environ 1 a environ 3 mm. 21. Systbme selon la
revendication 20, dans lequel ledit diambtre du faisceau est 6gal & environ
1   25 1/2 mm. 22. Systbme solon la revendication 20, dans loquel ladite
lentille (60) a une longueur locale 6gale & environ 1,45 mm et une
ouverture numerique   30 egale a environ 0,55, ledit diambtre du fais- ceau
etant 6gal a environ 1,6 mm. 23. Systeme solon la revendication 20, dans
loquel la longueur focale de ladite lentille est approxi-  35 mativement
6gale audit diamhtre du faisceau. 24. Systbme solon la revendication 13,
dans lequel ledit objectif a une masse inf6rieure A 15 milli- grammes.
40 45 50 55 9    


