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OPTICAL HEAD WITH DYNAMIC MIRROR Cross Reference to Related Applications
This application claims benefit of: Provisional Application Serial No
60/022,775, entitled "A Data Storage And Retrieval System Based 5 on Flying
Magneto-Optical Head," filed on July 30, 1996; Provisional Application
Serial No 60/023,476, entitled "A Data Storage And Retrieval System Based
on A Flying Magneto-Optical Head," filed on August 6, 1996; and Provisional
Application Serial No. 60/025,801, entitled "A Data Storage And Retrieval
System Based on A Flying I0  Magneto-Optical Head," filed on August 27,
1996. The subject matter of each of these related applications is
incorporated herein by reference. Aii related applications are commonly
assigned. Background Of The Invention 15  1. Field of the Invention The
present invention relates generally to optical data storage systems and
more particularly to flying optical heads for use in optical data storage
systems. 20  2. Background Art In a magneto-optical storage system, using a
Magneto-Optical (MO) recording material deposited on a rotating disk,
information may be recorded on the disk as spatial variations of magnetic
domains. During readout, the magnetic domain pattern modulates an optical
25  polarization, and a detection system converts a resulting signal from
optical to electronic format. In one type of magneto-optical storage
system, a magneto-optical head assembly is located on a linear actuator
that moves the head along a radial direction of the disk to position the
optical head 30  assembly over data tracks during recording and readout. A
magnetic   
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placed on a separate assembly on the head assembly to create a magnetic
field that has a magnetic component in a direction perpendicular to the
disk surface. A vertical magnetization of polarity, opposite to the
surrounding material of the medium, is recorded as a 5  mark indicating
zero or a one by first focusing a beam of laser light to form an optical
spot on the disk. The optical spot functions to heat the magneto-optical
material to a temperature near or above a Curie point (i.e., a temperature
at which the magnetization may be readily altered with an applied magnetic
field). A current passed through the magnetic 10  coil orients the
spontaneous magnetization either up or down. This orientation process
occurs only in the region of the optical spot where the temperature is
suitably high. The orientation of the magnetization mark is preserved after
the laser beam is removed. The mark is erased or overwritten if it is
locally reheated to the Curie point by the laser 15  beam while the
magnetic coil creates a magnetic field in the opposite direction.
Information is read back from a particular mark on the disk by taking
advantage of the magnetic Kerr effect to detect a Kerr rotation of the
optical polarization that is imposed on a reflected beam by the 20
magnetization at the mark of interest, the magnitude of the Kerr rotation
being determined by the material's properties (embodied in the Kerr
coefficient). The sense of the rotation is measured by established
differential detection schemes as being clockwise or counter-clockwise
depending on the direction of the spontaneous magnetization at the 25  mark
of interest. Conventional magneto-optical heads, while presently providing
access to magneto-optical disks with areal densities on the order of 1
Gigabit/in2, tend to be based on relatively large optical assemblies which
make the physical size of the head rather bulky (3 - 15 mm in a 



30  linear dimension). Consequently the speed at which conventional 2    WO
98/09284                                         PCT/US97/15094
magneto-optical heads are mechanically moved to access new data tracks on a
magneto-optical storage disk is slow. In addition, due to the large size of
these optical assemblies, most commercially available magneto-optical disk
drives use only one magneto-optical head to 5 enable reads and writes to
one side of a magneto-optical disk at a time. For example, a commercial
magneto-optical storage device presently available provides access to one
side of a 130 mm double sided 2.6 ISO gigabyte magneto-optical disk, a 40
ms disk access time, and a data transfer rate of 4.6 MB/Sec. 10       N.
Yamada (US Patent No. 5,255,260) discloses a low-profile flying optical
head for accessing an upper and lower surface of a plurality of optical
disks. The lying optical head disclosed by Yamada uses a static mirror or
prism for delivering light to and receiving light from a phase-change
optical disk. While the static optics described by 15  Yamada provides
access to both surfaces of a plurality of phase-change optical disks
contained within a fixed volume, use of the optics disclosed by Yamada is
inherently limited by how small the optics can be made. Consequently, the
number of optical disks that can be manufactured to function within a given
volume is also limited. 20  Another shortcoming relates to the use of
static folding mirrors. This approach imposes a limit on track servo
bandwidth by requiring the entire optical head assembly to move in order to
change the location of a focused optical spot. This same limitation applies
to the flying magneto-optical head disclosed by Murakami et al. in US
Patent No. 25  5,197,050. In general, the larger the mass of the element
used to 



perform fine track servoing, the lower the servo bandwidth becomes and the
lower the track density that can be read or written. A method for moving a
folding prism or mirror with a miniature galvanometer actuator for fine
tracking has been disclosed by C. Wang 30 in US Patent 5,243,241. The
galvanometer consists of bulky wire coils 3    WO 98/09284
PCT/US97/15094 and a rotatable magnet mounted on a linear actuator arm
attached to a flying magneto-optical head, but not mounted on the slider
body itself. This design limits the tracking servo bandwidth and achievable
track density due to its size and weight. Its complexity also increases the
5  cost and difficulty of manufacture. What is needed is an improved
magneto-optical flying head that is compact, thus allowing an increase in
the number of magneto-optical disks that can be placed within a given
volume as compared to the prior art. The improved flying optical head
should preferably provide a 10  high numerical aperture, a reduced head
mass, a very high resonance frequency fine track servoing device thus
producing a very fine track servo bandwidth, and be relatively easy to
manufacture. Additionally, the flying magneto-optical head should improve
upon magneto-optical disk drive access times, data transfer rates, and
usable magneto-optical 15  disk track densities. 4    WO 98/09284
PCT/US97/15094 Summary of the Invention 



The present invention functions to improve data storage and retrieval in a
system based on a Flying Magneto-Optical (FMO) head that preferably
provides a high numerical aperture, reduced head 5  mass, high fine track
servo bandwidth, increased magneto-optical disk track density, reduced data
access time, increased data transfer rates, an increase in the number of
magneto-optical disks accessible in a given volume, and the ability to read
and write to both sides of each disk to be used. 10       In the preferred
embodiment, the mechanical architecture of a magneto-optical storage device
incorporates a low profile head into a magneto-optical data system which
uses a Winchester type rotary actuator arm, suspension, and air bearing
technology. In the preferred embodiment the laser optics assembly couples
an optical light source to 15  one or more head arms which each support an
optical head for writing and reading data for disk storage media. In the
preferred embodiment during writing, lighting is delivered through an
individual Single Mode Polarization Maintaining (SMPM) optical fiber to a
respective magneto- optical head for the purpose of locally heating the
surface of a rotating 20  magneto-optical (MO) storage media, thereby
producing a "hot spot." A magnetic coil embedded in the optical head is
used to produce a magnetic field that in turn spontaneously magnetizes the
region within the hot spot with a vertical orientation either up or down.
Thus, as the MO storage medium rotates, the applied magnetic field is
modulated so 25  as to encode digital data as a pattern of "up or down"
magnetic domain orientations. During read out, light at a lower intensity
is delivered from the individual SMPM optical fibers to an FMO head for the
purpose of probing the rotating storage media with a focused optical spot.
The readout is programmed in such a way that the magnetization 30
direction of the medium at the location of the focused optical spot alters
5  
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optical polarization of the light via the magneto-optic KERR effect. In
this way, the pattern of up or down magnetization orientations
representative of the stored digital data modulates the polarization of the
light reflected from the MO storage media. The reflected light signal 5
from the storage media then couples back through the FMO head to a
differential amplifier for decoding. The beam of laser light transmitted
from the optical fiber to the optical head is reflected onto a steerable
micro-machined folding mirror. The reflected light from the folding mirror
is directed through 10  an embedded micro-objective lens such as a GRIN
lens. In the preferred embodiment, fine tracking and short seeks to
adjacent tracks are performed by rotating the micro-machined mirror about
an axis of rotation. In this way a focused optical spot is scanned back and
forth in a direction which is approximately parallel to the radial
direction of a 15  storage disk. Use of a micro-machined steerable mirror
makes possible a light weight, cost-efficient, FMO head with MO storage
media having extremely high data densities. 6    WO 98/09284
PCT/US97/15094 Brief Description of the Drawings FIG. 1 is a pictorial view
of a preferred magneto-optical storage device; FIG. 2 is a schematic view
showing the laser/optics assembly of 5  the magneto-optical storage device
of FIG. 1; FIG. 3 shows a top view of the flying magneto-optical head of
FIG. 



1; FIG. 4 is a side view of the flying magneto-optical head of FIG. 3; FIG.
5 is a front view of the flying magneto-optical head of FIG. 3; 10
FIG. 6 is side view showing the light path through the magneto- optical
head of FIG. 4; FIG. 7 is a side view schematic diagram showing details of
the magneto-optical head of FIG. 4; FIG. 8 is a perspective view showing a
preferred micro-machined 15 mirror of the assembly of FIG. 1; FIG. 9 is a
perspective view showing the magneto-optical head of the preferred
embodiment; and FIG. 10 is a perspective view showing the magneto-optical
head of the preferred embodiment. 7    WO 98/09284
PCT/US97/15094 Detailed Description Of the Preferred Embodiments Referring
now to FIG. 1, an embodiment of a magneto-optical storage device is shown.
In the present invention, the mechanical architecture of magneto-optical
storage device 100 incorporates Flying 5  Magneto-Optical (FMO) head
technology with Winchester-type rotary actuator arm, suspension, and air
bearing technology in a Magneto- Optical (MO) data storage system. In the
preferred embodiment, magneto-optical storage device 100 includes
laser-optics assembly 110, a Single-Mode Polarization Maintaining (SMPM)
optical fiber 130, a 10  phase compensator 120, a fiber optic switch 150,
an actuator magnet and coil 145, a plurality of SMPM optical fibers 140, a
plurality of head arms 160, a plurality of suspensions 165, a plurality of
MO storage media 180, and a plurality of FMO heads 170. Each of the
plurality of 



MO storage media 180 are preferably mounted on a spindle 185 for 15
continuous rotation at a constant angular velocity and each of the
plurality of FMO heads 170 are preferably attached via a respective
flexible suspension 165 and head arms 160 to the electromagnetic actuator
magnet and coil 145 Those skilled in the art will recognize that MO storage
device 100 may comprise as few as one FMO head 170 20  and one MO storage
medium 180 or an upper and lower FMO head 180 per a plurality of MO storage
media 180. Referring now also to FIG. 2, laser/optics assembly 110 includes
a laser optical source, a differential photodiode detector system and 25
associated optical components, preferably as a separate subassembly 110 or
alternatively as a hybrid integrated circuit component. In the preferred
embodiment, laser-optics assembly 110 further includes a laser diode 255
polarized optical light source that is a 30-40 mw laser diode or
diode-pumped micro-chip laser operating in the visible or near 30
ultraviolet region (preferably in the vicinity of 635 nm), a leaky beam 8
WO 98/09284                                         PCT/US97/15094 splitter
245, collimating optics 250 that are used before passing the laser light
from the laser diode 255 to a leaky beam splitter 245, and a coupling lens
240 that is preferably a Gradient Refractive Index (GRIN) lens that focuses
outgoing light from leaky beam splitter 245 into a 5  Single-Mode
Polarization-Maintaining (SMPM) optical fiber 130 feed. In the preferred
embodiment, phase compensator 120 is used to compensate for relative phase
fluctuations that occur between inherent dual polarization modes of each of
polarization-maintaining optical fibers 130 and 140. Each of the
polarization modes of optical fibers 10  130 and 140 experience different
refractive indices because of an 



inherent birefringence of the fibers. For example, relative phase
fluctuations may arise because of a slight variation in a difference
between the two refractive indices caused by changes in temperature,
pressure, and mechanical motion of each of optical fibers 130 and 140. 15
These fluctuations may be sensed by laser-optics assembly 110, and before
significant changes occur, a feedback servo (not shown) adjusts the phase
compensator to cancel the fluctuation. In this way, an optical path formed
by optical fibers 130 and 140, to and from the flying magneto-optical head
155, may be treated similar to a free-space 20  optical path in terms of
its polarization properties. In the preferred embodiment, phase compensator
120 includes a piezoelectric cylindrical shell, preferably made of a
piezoelectric material such as lead zirconate titanate, to form a phase
modulator and that has a height preferably less than its diameter to
provide a low- 25  profile shape suitable for use in a compact
magneto-optical storage system with reduced electrical capacitance for
faster operation. Optical fiber 130 may be attached to the circumference of
phase compensator 203 with an ultraviolet-curing epoxy or similar adhesive.
In the preferred embodiment, metal electrodes are deposited on flat ends of
30  the cylinder to reduce capacitance so that a voltage applied across the
9    WO 98/09284                                         PCT/US97/15094
electrodes acts to induce an expansion of the shell in a radial direction,
thereby stretching optical fiber 130. The stretching action serves to
provide phase modulation. To minimize mechanical stress on the optical
fiber 130, the diameter of the phase compensator 120 is 5  preferably
greater than a few hundred times the fiber cladding diameter of the optical
fiber 130. For example, a fiber cladding diameter of 



approximately 80 [err]m corresponds to a phase compensator 120 diameter in
the vicinity of 10 to 40 mm. In the preferred embodiment, fiber optic
switch 150 accepts 10  single-mode PM optical fiber 130 at an input port
and routes the light emanating from this fiber to one of the single-mode PM
optical fibers 140 at an output port. The switching properties of fiber
optic switch 150 are bi-directional so that light propagating back to the
switch 150 along any one of the SMPM optical fibers 140 at the output port
may 15  also be routed to the optical fiber 130 at the input port. The SMPM
optical fibers 140 from the fiber optic switch 150 are preferably routed
along respective head arms 160 and suspensions 165 to respective flying
magneto-optical heads 170. In the preferred embodiment, there is one SMPM
optical fiber 140 per FMO head 170, and the fiber optic 20  switch 150 is
used to select which magneto-optical head 170 is active for reading or
writing a respective surface of MO storage media 180. In the preferred
embodiment, during writing, light is delivered through an individual
optical fiber 140 to a respective FMO head 170 for the purpose of locally
heating a respective surface of a rotating 25  magneto-optical storage
media 180, thereby producing a "hot spot." A magnetic coil embedded on FMO
head 170 (subsequently discussed in more detail) is used to produce a
magnetic field that in turn spontaneously magnetizes the region within the
hot spot with a vertical orientation either up or down. Thus, as the MO
storage medium 180 30 rotates, the applied magnetic field is modulated so
as to encode digital 10    WO 98/09284
PCT/US97/15094 data as a pattern of "up or down" magnetic domain
orientations. During readout, polarized light at a lower intensity is
delivered through 



an SMPM optical fiber 140 to a respective FMO head 170 for the purpose of
probing rotating storage medium 180 with a focused optical 5 spot. The
readout is performed in such a way that the magnetization direction of MO
storage medium 180 at the location of the focused spot alters an optical
polarization of the light via the magneto-optic Kerr effect. In this way,
the pattern of up or down magnetization orientations representative of the
stored digital data modulates the 10  polarization of the light reflected
from the MO storage medium 180. The reflected light signal from the MO
storage medium 180 then couples back through the FMO head 170, one of the
plurality of SMPM optical fibers 140, and the fiber optic switch 150,
finally reaching two photodiode detectors 215 for conversion into
electronic format by 15  differential amplifier 2 10. Referring now to FIG.
3 a diagram is shown illustrating top view details of a flying
magneto-optical head 170. In the preferred embodiment, each flying
magneto-optical head 170 includes a small 20  slider body 330. The FMO head
170 further includes a v-groove 360 for holding a SMPM fiber 350, a
steerable micro-machined folding mirror 340, and a magnetic coil 310.
Referring also now to FIG. 4, a side view of the flying magneto 25  optical
head 170 of FIG. 3 is shown. FIG. 5 shows a front view of the same FMO head
170. In the preferred embodiment, head 170 utilizes an air bearing surface
510 flying above or below a coated upper surface of an MO storage medium
180. A polarized beam of laser light is transmitted through the SMPM
optical fiber 350 to the steerable micro- 30  machined folding mirror 340.
The axis of the v-groove, and hence the    WO 98/09284
PCT/US97/15094 axis of the fiber 350 lying in the v-groove, is
approximately parallel to 



the medium 180 surface. Light exiting the fiber 350 is reflected by the
micro-machined folding mirror 340 at an average angle of approximately
ninety degrees to the axis of optical fiber 350. The 5 reflected light is
directed through an embedded micro-objective lens such as a GRIN lens 420.
In the preferred embodiment, fine tracking and short seeks to adjacent
tracks are performed by rotating the mirror 340 about a rotation axis 410
(shown in Fig. 4). In this way a focused optical spot 440 is scanned back
and forth in a direction 520 which is 10  approximately parallel to the
radial direction of the medium 180. As the actuator arm 160 moves the
slider body 330 back and forth across the surface of the medium 180, the
position of the slider body may become skewed slightly such that the
direction 520 is not precisely parallel to the radial direction of the MO
storage medium 180. 15  Although not precisely parallel, the skew angle is
sufficiently small that a substantial component of scanning direction 520
lies along the radial direction of the storage medium 180. Referring now
also to FIG. 6, a side view is shown of the preferred 20  lens 420 of the
present invention. The light reflected from folding mirror 340 is collected
by a focusing optic comprising an objective GRIN lens 420 that functions to
focus the reflected light onto a surface of the MO storage medium 180. The
position of optical fiber 350 within v-groove 360 may be adjusted, thereby
changing the distance from the 25  end of the SMPM optical fiber 350 to
mirror 340. Relocating the position of the SMPM optical fiber 350 within
v-groove 360 effectively adjusts the location of the focal point of light
630 exiting lens 420. Once fiber 350 is positioned for proper focus on the
surface of medium 180, the fiber may be secured in place by means of
ultraviolet (UV) 30  curing epoxy or similar adhesive. 12   
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GRIN lens 420 provides a simple compact cylindrical shape, allowing the
lens to be inserted into a hole in the slider body 330 easily. To minimize
spherical aberration and achieve diffraction- limited focusing, the lens
420 is polished to assume a plano-convex 5 shape with the convex surface
650 being a simple spherical shape. The thickness 640 and radius of
curvature of the lens 420 depends on a number of factors including the
magnitude of the refractive index gradient, the wavelength of light, the
numerical aperture of the SMPM fiber 350, and the desired focused optical
spot 440 size as determined 10  by the effective numerical aperture of the
lens 420. In the preferred embodiment, the lens 420 thickness 640 is
approximately 170 - 500 [err]m, the radius of curvature is approximately
150 - 400 [err]m, and the lens diameter 620 is approximately 200 - 500 pm.
While the preferred embodiment illustrated in Figs. 3-6 discloses 15  a
single element objective lens comprising a GRIN lens, it will be
appreciated by those skilled in the art that additional objective optics
may also be used to enhance the properties of the lens 420. For example,
the focusing objective optics may include either an aplanatic lens or a
solid immersion lens in conjunction with the GRIN lens 420. 20  Use of such
an additional lens element achieves a larger numerical aperture and hence a
smaller focused optical spot 440 size. A smaller spot 440 size permits
higher areal data densities to be written to and read from the MO storage
medium 180. Micro-optic lenses made by molding glass or plastic may also be
25  used in place of the GRIN lens 420. For example, two molded plano-
convex aspherical lens may be combined by placing the two convex surfaces
toward one another to provide a miniature lens system with high numerical
aperture and good off-axis performance as the mirror 340 is rotated. In a
dual aspherical optical design, light would be 



30  approximately collimated between the two optical elements thus, a 13
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wave plate could be placed between the two elements without requiring
additional lenses. In another embodiment, a single molded spherical lens
with low numerical aperture (0.2 - 0.4) may be used in conjunction with an
aplanatic or solid immersion lens to yield an 5  optical focusing system
with relatively high numerical aperture (greater than 0.6). From a
manufacturing perspective, molded lenses are attractive because they can be
produced in high volume at low cost. One method disclosed here for mass
production involves molding a lens array and subsequently sectioning of the
array by diamond saw cutting 10  or laser cutting to obtain individual
lenses. Regarding the aforementioned two-lens design, two molded
plano-convex lens arrays may be mated by means of tapered fittings before
sectioning to ensure accurate lens alignment. 15       Referring now also
to FIG. 7, a side view schematic diagram is shown of the head 170 details
of FIG. 4. In the preferred embodiment, magnetic coil 310 is embedded below
the GRIN lens 420 as part of FMO head 170. Magnetic coil 310 creates a
magnetic field with a large component in a direction normal (i.e.,
perpendicular) to the MO storage 20  medium 180. An etch hole 740 or
groove, into which the lens 420 is be inserted, is etched from the top and
stopped at a predetermined depth. Before etch hole 740 is fabricated, a
small diameter light passage 720 opening is formed on the bottom of the
slider body 330. During fabrication, the depth and diameter of light
passage 720 is made to 25  provide a clear optical path for a focused light
beam. Light passage 720 is preferably conical in shape with a cone angle
approximately equal to 



that of the focused cone of polarized light (approximately 37 degrees in
half-angle for a numerical aperture of 0.6). In this way, a shelf 730
region is formed for supporting the lens 420 while also allowing a 30
planar magnetic coil 310 to be deposited within a recessed area which 14
WO 98/09284                                          PCT/US97/15094 is
etched on the bottom side of the shelf. In the preferred embodiment, the
diameter of light passage 720 is sufficiently large to accommodate off-axis
steering of the polarized light. In the preferred embodiment, the planar
coil 310 delivers a 5 magnetic field perpendicular to a MO storage medium
180 with a magnitude of approximately 170 Oe of either polarity at the
magnetic storage layer of the MO storage medium 180, and comprises 2-3
layers with 5-10 plated conductor turns per layer. The number of layers and
turns per layer is a function of the spacing between the coil 310 and 10
the magnetic recording layer (typically in the range from 5 - 20 [err]m).
In the preferred embodiment, the layer separation is approximately 6
[err]m, the plated conductor coil 310 loops have a radial pitch of about 5
[err]m, and the coil current required to generate a magnetic field of
approximately 170 Oe is approximately 50-70 mA (zero-to-peak). The 15  coil
switching time is on the order of 10 nsec or less as dictated by the coil
inductance (approximately 200 nH or less) and the driving electronics, and
the coil 310 diameter ranges from about 10 [err]m in the innermost region
to about 80 [err]m at the periphery, depending on the aforementioned gap
between the coil and magnetic recording layer. 20  Electrical coil leads
710 are preferably routed along the wall of hole 740 or through a separate
hole in the slider body (not shown). Referring now to FIG. 8, a perspective
view of a preferred 



embodiment of the micro-machined mirror 340 is shown. In a 25  preferred
embodiment, mirror 340 is a torsional mirror comprising a silicon substrate
810, drive electrodes 825 and 830, bonding pads 815 and 820, a bonded
silicon plate 850, and a thin film flexure layer 845 made from a material
such as silicon dioxide, silicon nitride, or silicon. The mirror 340 may be
fabricated using micromachining techniques to 30  yield a reflective inner
torsional reflective area 835, comprising flexure 15    WO 98/09284
PCT/US97/15094 layer 845 on top and silicon plate layer 855 on bottom for
mechanical rigidity, and supported by flexure layer hinges 840. Reflective
area 835 may be metalized with gold or a similar substance to increase the
optical reflectivity and to improve the electrostatic actuation of the 5
mirror. In the preferred embodiment, mirror 340 has a resonant frequency
approximately in the range from 50 to 200 kHz, as determined by the
particular geometry and material properties of the mirror. In the preferred
embodiment, mirror 340 is approximately square with an approximate outer
linear dimension in the range from 10  100 - 170 [err]m and a thickness of
approximately 2 - 50 [err]m. In the preferred embodiment, inner reflective
area 835 has an approximate outer linear dimension in the range from 25 -
200 [err]m and a thickness of approximately 1 - 20 [err]m. Preferably,
mirror 340 may be driven torsionally without any excessive transverse
motion. 15       In an exemplary embodiment, the reflective area 835 is
preferably on the order of 100 [err]m on a side, the resonant frequency is
preferably greater than 100 kHz, and the maximum physical angular
deflection is preferably 2 degrees. In addition, the mirror 340 should
preferably not warp either statistically or dynamically upon actuation and
the 



20  maximum stress upon electrostatic deflection should preferably be well
below the expected yield stress of the material used to construct the
mirror (for example: silicon, silicon dioxide, silicon nitride, and
aluminum). The mirror 340 is operated by applying a differential voltage to
25  the drive electrodes 825 and 830. The differential voltage on
electrodes 825 and 830 results in an electrostatic force on reflective area
835. The reflective area 835 rotates about the hinges 840 enabling
reflected light to be directed and scanned back and forth about the surface
of medium 180. Operation of the mirror 340 is discussed further with 30
reference to FIG. 10 below. 16    WO 98/09284
PCT/US97/15094 Referring now to FIG. 9, a perspective view is shown of the
flying magneto-optical head 170 comprising a slider body 330 and mirror
support 910. In the preferred embodiment, a mirror support 910 5  includes
electrode pads 915 and 920 that provide an electrical contact point for
application of a differential voltage to the corresponding bonding pads 815
and 820 located on mirror 340. Mirror support 910 additionally includes
access holes 925 and 930 that function to provide a clear optical path from
SMPM optical fiber 350, to mirror reflective 10  area 835, and subsequently
to lens 420, as previously discussed above. In the preferred embodiment,
mirror support 910 provides mirror 340 a 45 degree support surface. Those
skilled in the art will understand that mirror support 910 may be attached
to slider body 330 and manufactured using any number of techniques such as
15  micromachining the slider body 330 and mirror support 910 separately,
then adhesively bonding the two pieces together. In another 



embodiment, a 45 degree angle may be created using other techniques such as
leaning the mirror assembly against a suitably dimensioned slider having
suitably dimensioned steps 940 and 945. 20 Referring now to FIG. 10 a
steerable mirror 340 is shown mounted to a mirror support 910. An
application of a differential voltage to electrode pads 915 and 920
functions to steer a beam of laser light supplied by SMPM optical fiber
350. The steerable micro- 25  machined mirror 400 is used to change the
propagation angle of the beam of polarized laser light before transmission
to an objective lens 420. Movement of a resultant focal point of light 630
along a radial direction 520 of the storage medium 180 is used for track
following and as well as for short seeks from one data track to another. In
the 30  preferred embodiment, track following may be accomplished by using
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combined coarse and fine tracking servo techniques. A sampled sector servo
format may be used to define tracks. These servo marks may include either
embossed pits stamped into the medium or magnetic marks read similar to
data marks. In the case of embossed pits, those 5  skilled in the art will
recognize that the differential amplifier 210 output of the laser optics
assembly 110 should be supplemented with an adder circuit. Coarse tracking
may be maintained by continuously adjusting a current to an actuator coil
(part of actuator magnet and coil 145 shown in Figure 1) for controlling
the position of a head arm 10  suspension 165 while fine tracking may be
accomplished by continuously adjusting an angular deflection of the
steerable mirror 340. 



The use of a steerable micro-machined mirror is advantageous because it
offers a method for very fast manipulation of an optical 15  beam. This
approach facilitates high-speed track following and short seeks for much
improved data access times. Such improvements over conventional head
technology make possible high areal densities by enabling the use of very
narrow track pitches. The FMO head 170 design is intrinsically confocal in
nature. During readout, the reflected 20  light from the MO storage medium
180 is coupled back into the SMPM optical fiber 140 which acts as the
aperture in a confocal system. One of the benefits arising from the use of
confocal optics include very high depth resolution along the optical axis
as well as improved transverse resolution. Another advantage of the
confocal system is that light 25  reflected from objective optics surfaces
is not collected so that anti- reflection coating may not be necessary.
This is particularly advantageous in a design that uses an aplanatic lens
and some non- zero working distance. The high depth resolution allows for
very close spacing of the layers in a multi-layer media (not shown) with
low 30  crosstalk between layers, while the improved transverse resolution
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functions to provide detection of smaller storage media marks and sharper
storage medium mark edges than would otherwise be the case in a
non-confocal system. The storage device 100 architecture and FMO head
design 5  illustrated in Figures 1-10 are representative of one approach to
storing information on high-density MO storage media. It will be
appreciated by those skilled in the art that various permutations of the
present invention may also be implemented to achieve substantially the same



goals. For example, various types of fiber optic switches (e.g., micro- 10
mechanical, electro-optical, thermo-optical) may be utilized. In addition,
the flying magneto-optical head design may be modified for use with a free
space optical input beam, thereby eliminating optical fibers 140. Also, the
focusing objective lens need not be limited to a GRIN lens because other
micro-objective lenses (such as molded 15  aspheres, holographic lenses,
binary or other diffractive optical lenses) can also be utilized. The
present invention may also be used as a read only or a write once flying
optical head, or alternatively a flying optical head. Aspects of the
present invention will be recognized by those skilled in the art as
applicable to compact disk (CD) and digital video 20  disks (DVD). Thus,
those skilled in the art will also recognize that the present invention has
aspects which are applicable to all optical storage systems. Whereas many
other alterations and modifications of the present invention will no doubt
become apparent to a person of ordinary skill in 25  the art after reading
the foregoing description, it is understood that the particular embodiment
shown and described by way of illustration is in no way to be considered
limiting. 19    What is claimed is: 1.    Apparatus for storing and
retrieving data, comprising: an energy source for generating a beam of
radiation; and at least one       flying head in operative association with
the energy source for writing and reading information to and from a
rotating storage medium, the at least one flying head including: a
micro-machined reflector for deflecting the beam onto the storage medium;
and 



means for rotating the micro-machined reflector about a rotation axis to
adjust a deflected path of the beam. 2.    The apparatus of claim 1,
wherein the energy source is a laser diode. 3.    The apparatus of claim 1,
wherein the energy source is a diode- pumped micro-chip laser. 4.    The
apparatus of claim 1, wherein the micro-machined reflector comprises a
micro-machined mirror. 5.    The apparatus of claim 1, wherein the
at least one flying head comprises a plurality of flying heads
for use with the rotating storage      medium. 20    6.   The apparatus of
claim 1, wherein the energy source is coupled to the micro-machined
reflector by an optical coupler. 7.   The apparatus of claim 1, wherein the
medium comprises a magneto-optical         medium. 8.   The apparatus of
claim 1,               wherein the energy source comprises a single-mode
polarization-maintaining fiber optic cable for directing the beam to the
micro-machined reflector. 9.   The apparatus of claim 1, wherein a coupling
distance between the energy source and the storage media can be adjusted.
10.  The apparatus of claim 1, wherein the           flying head is adapted
with a longitudinal groove for receiving and retaining a fiber optic cable.
11.  The apparatus of claim 1, further comprising a support arm wherein the
support arm further comprises a slider rail mechanism configured to enable
movement of the flying head about the support 



arm. 21    12.   The apparatus of claim 1, wherein the flying head further
comprises a lens for focusing the beam onto a surface of the storage medium
wherein the lens is interposed between the reflector and the storage
medium. 13. The apparatus of claim 12, wherein the lens is interposed
between the reflector and the storage medium. 14. The apparatus of claim
12, wherein the lens is a GRIN lens. 15. The apparatus of claim 12, wherein
the lens is used in a confocal optical system. 16. The apparatus of claim
12, wherein the lens is a plano-convex 17. The apparatus of claim 1,
wherein the flying head is disposed parallel to an adjacent surface of the
storage media. 18. The apparatus of claim 1, wherein the rotational axis is
oriented diagonally with respect to an adjacent surface of the storage
media. 19. The apparatus of claim 1, further comprising a magnetic coil
element which cooperates with the energy source to enable the storage- of
data in the storage medium. 20. The apparatus of claim 19, wherein the coil
is contained within the flying head. 22    21.  A compact flying head for
use in a data storage system, comprising: a micro-machined reflector for
deflecting a beam of radiation onto a storage medium; and 



means for rotating the micro-machined reflector about a rotation axis to
adjust a deflected path of the beam. 22. The flying head of claim 21,
wherein the micro-machined reflector comprises a micro-machined mirror. 23.
The flying head of claim 21, wherein the beam is generated by a laser
diode. 24. The flying head of claim 21, wherein the beam is directed to the
micro-machined reflector by a fiber optic cable. 25.  A method for storing
and retrieving information to and from a storage medium comprising the
steps of: generating a beam of radiation; conveying the beam to a
micro-machined reflector disposed on a flying head; and directing the beam
to a specific location on the storage medium by rotating the micro-machined
reflector about a rotational axis to thereby adjust a deflected path of the
beam. 26. The method according to claim 25, further comprising the step of
directing the beam through a GRIN lens. 2 3    27. The method of claim 26
wherein the lens is disposed along an optical axis extending between the
micro-machined     reflector and the storage media. 28. The method of claim
27, wherein the lens is used in a confocal optical system. 29. The method
of claim 25, wherein the flying head is disposed parallel to a surface of
the storage medium. 30. The method of claim 25, wherein the storage medium
is a magneto-optical disk medium. 



31. The method of claim 30, wherein the disk medium is double- sided. 32.
A system for transferring data to and from a storage medium comprising:
means for generating a beam of radiation; means for conveying the beam to a
micro-machined reflector; and means for directing the beam to a specific
location on the storage medium by rotating the micro-machined reflector
about a rotational axis to thereby adjust a deflected path of the beam. 33.
The system according to claim 32, wherein the means for directing the beam
comprises a micro-machined mirror. 24    34. The system according to claim
32, wherein in the system comprises a confocal optical system. 35.  The
system according to claim 32, wherein the rotational axis is substantially
parallel to a radial axis of the storage medium. 36.  An apparatus
comprising: a light source for generating light; a flying head including a
steerable micro-machined mirror; a rotating magneto-optical medium; a
polarization-maintaining optical fiber coupled to the flying head for
directing the light from the light source to the rotating magneto-optical
storage medium. 25    


