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BACKGROUND OF THE INVENTION
1. Field of the Invention

Th2 invention relates to optical disc recordmg systems and, in particular, to. an
electromagnetic carriage and actuator assembly for focusing, tracking, and random
access in optical disc players and recorders.

2. Description of the Related Art

Optical data storage systems that utilize a focused laser beam to record and
instantaneously playback information are very attractive in the computer mass storage
industry. Such optical data storage systems offer very high data rates with very high

_storage density and rapid random access to the data stored on the information medium,

most commionly an optical disc. In these types of optical disc memory systems, reading

- and writing data is often accomplished by using a single laser source functioning at two

‘respective intensities. During either operation, light from the laser source passes

through an objective lens which converges the light beamto a speciﬁc focal point on the
optjcal disc. During data retrieval, the laser light is focused on the recording medium
and is altered by the information of the data storage medium. This lightis then reflected
off the disc, back through the objective lens, to a photo-detector. It is this reflected
signal that fransmits the recorded information. It is thus especially important that, when
ipformatibn is being written to or read from the memory, the objective lens and the
exiting focused beam be-precisely focused at the center of the correct track so that the
information may be accurately written and retrieved.
" Toaftaina precise reading of the information stored on the disc, it is necessary to
be able to move the objective lens in both a focusing or Z direction (i.e., perpendicular
to the plane of the disc) in order to focus the laser beam to a small point of lighton a
precise location of the disc to write or retrieve information, and in a trackiﬁg orY

- direction (i.e., radial direction) to position the beam over the exact center of the desired
information track on the disc. Focus and trackmg correctlons may be effected by |
moving the objective lens in either the direction of the optlcal axis of the lens for
focusing, or in a direction perpendicular to the optical axis for tracking.
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the Y axis to effect tracking, there are at least four additional motion modes for the
" actuator, each of which reduces the accuracy of the reading and writing operations and
is thus undesirable during normal operation of the system. These undesirable modes
of motion are rotation about the X axis (an axis orthogonal to both the Y direction and
the Z directicn). or pitch; rotation about the Z axis, referred to as yaw; rotation about the
Y axis, called rolf; and linear n‘;otion along the X axis, or tangential translation. Motion
in these directions is often caused by motor and reaction forces acting on the carriage
and/or actuator. These modes typically produce undesired movement during fracking

or focusing' operations which subsequently affects the alignment of the objective lens
relative to the optical disc. :

'SUMMARY OF THE INVENTION

The present invention overcomes the drawbacks of the prior art devices by
providing an apparatus for optical reading or recording information on an optical
information medium, wherein as a result of the relative position of the components of the
apparatus and the magnitude and applicafion points of the forces exerted to track and -

* focus, the objective lens through which information is read from the information medium
prevents the objective lens from being affected by most resonances, motor forces and
‘reaction forces. This is critical because in optical recording, displacements of 0.02
micrometers can easily be picked up. ' : ,

Specifically, one aspect of the invention is an apparatus for: optically reading or
recording information on an optical disk which is rotatable about an axis of rotation,
wherein the apparatus includes a frame, a carriage, a-carriage drive, an objective lens, -
an objective lens holder and a focus drive. The carriage drive (i.e., those portions of the
carriage motor which move relative to the frame) drives the carriage along a path radial
to the axis of the rotation. The objective lens is mounted on the objective fens holder

_ o that the optical axis of the objective lens is within 0.5 millimeters of intersecting the



2 In these systens, the position of the objective lens in the focus -and
tracking directions is commonly adjusted by .control systems. Actuators
support the objective |ens and convert position correction signals fromthe

f eedback -control systems into movenent of the objective lens. As will be
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and any incidental connecting wiring not wholly supported by the carriage.

Another aspect of the invention is an apparatus for optically reading or recording
information on an optical disk which is rotatable about an axis of rotation, wherein the
apparatus includes a fine tracking drive (i.e., those portions of the fine tracking motor
which move relative to the carriage) for driving the objective lens holder so as to make
fine adjustments in the relative position-of the objective lens along a path radial to the
axis of rotation of the optical disk. The fine motor mass has a center of mass within 0.5
millimeters of a line parallel to the optical axis containing the center of mass of the
carriage mass.

Another aspect of the invention is an apparatus for optically reading or recording
information on an optical disk which is rotatable about an axis of rotation, wherein the
apparatus includes a frame, a carriage, a carriage drive, an objective lens, an objective
lens holder, a focus drive, and a fine tracking drive, wherein the carriage mass and the
fine mofor mass each have a center of mass within 0.5 millimeters of the optical axis.
Preferably, the carriage mass and the fine motor mass have respectlve centers of
gravity within 0.5 mm of one another.

. Another aspect of the present invention is an apparatus for optically reading or '
recording information on an optical disk which is rotatable about an axis of rotation.

. having a frame, a carriage, a carriage drive, an objective lens, an objective lens holder,

. afocus drive and a fine tracking drive, wherein the net center of force exerted by the
fine tracking drive is less than 0.2 mm from the optical axis. Another aspect of the
invention is an apparatus for optically reading or recording information on an optical disk
having a frame, a carriage, a carriage drive, an objective lens, an objective lens holder,

~ a focus drive, and a fine tracking drive, wherein the center of force exerted by the
coarse tracking drive is less than 0.2 mm from said optical axis.

' Yet another aspect of the invention is an apparatus for optlcally readlng or

* recording information on an optical disk having a frame, a carriage, a carriage drive, an

' objective lens, an objec’ave lens holder, a focus drive, and a fine tracking drive, wherein



in these directions is often caused by notor and reaction forces acting on
the carriage and/or actuator. These nodes typically produce undesired
novenent during tracking or focusing .operations which subsequently affects
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r adi al also coincides with the center of mass of the lens. The lens holder is capable of relative
motion with respect to the carriage with at least one degree of freedom. The center of
mass of the carriage lies within 0.1 mm of the optical axis, proximate the center of mass
of the lens holder. Suspensory forces acting on the lens holder are symmetric about the
optical axis. A coarse magnetic drive moves the carriagé in a tracking direction, and
exerts forces on the carriage hat are balanced and symmetric about the optical axis,
so that moments about the center of mass of the carriage are effectively absent. Inertial
forces acting on the carriage, and forces reactive to the magnetic drive forces are also
balanced and symmetric with respect to the dptical axis, and produce insubstantial

" moments about the center of mass of the carriage. There are fine tracking and focusing
~ drives for the lens holder. Both of these drives produce balanced and symmetric forces
about the optical axis, such that moments about the optical axis are absent. Inertial
forces and reactive forces acting on the suspended lens holder are also symmetric
about the opfical axis. As a result the objective lens moves alon its optical axis, and
in its tracking direction without change in attitude, and its focal point can be precisely
controlled with respect to the surface of a storage medium being read or written.
More specifically and particularly, the present invention.includes an apparatus for
optically reading or recording information on an optical disc which is rotatable about an
axis of rotation having a frame;-a carriage, the carriage being movable relative to the
frame along a path orthogonal to the axis of rotation; a carriage drive for driving the
. carriage along the orthogonal path, portions of the carriage drive being mounted on the
carriage, the carriage and the mounted portions of the carriage drive defining a center
of carriage mass; an objective lens having an optical axis and a center of fens mass; an
objective lens holder fo which the objective lens is mounted, the holder being movable
relative to the carriage; and a focus drive for driving the holder to move the objective
- lens along its optical axis, the focus drive and the objective lens holder defining a center
of fine motor mass; wherein the center of fine motor mass, the center of carriage mass,
and the center-of lens mass are substantially coincident on the optical axis.



to the axis of the rotation. The objective lens is nmounted on the objective
| ens holder so that the optical axis of the objective lens is wthin 0.5
mllineters of intersecting the center of nmass of the carriage mass. The
hol der i:s novable relative to the carriage so as to nove the objective |ens
al ong i't$ optical axis. This novenent ig controlled by a focus drive (i.e.,
those portions of the focus notor which“nove relative to the carriage)
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frame along a path orthogonal to the axis of rotation; a carriage drive for driving the '
carriage along the orthogonal path, portions of the carriage drive being mounted on the
carriage, the carriage and the mounted portions of the carriage drive defining a center
of carriage mass; an objéCtive lens having an optical axis and a center of lens mass; an
objective lens holder to which the objective lens is mounted, the holder being movable
relative to the carriage so as to move the objective lens along the optical axis; a plurality
of ﬂexures for suspending the objective lens holder from the carriage, the flexures being
symmetrically attached to the objective lens holder about the optical axis at attachment

* points that are disposed in a plane defined by the optical axis and an axis exteﬁding in
a tracking direction; a focus drive for driving the holder so as to move the objective lens
along its optical axis, the focus drive and the objective lens holder defining a center of
fine motor mass; and a fine tracking drive for driving the holder so as to make fine
adjustments in the relative position of the objective lens along the orthogonal path
wherein the center of fine motor mass, the center of carriage mass, and the center of
lens mass are substantially coincident on the optical axis.
‘According to one particular aspect of the present invention there is provided an
apparatus .for controlling the position of a lens having a suspended body; a lens
disposed in the suspended b_od)" defining an optical axis, a center of mass of the
~suspended body being disposed substantially on the optical axis, and a center of mass
of the lens being coincident with the center of mass of the suspended body; a carriage
suspending the suspended body for relative motion therewith with at least one degree
of freedom, wherein a center of mass of the éarriage lies within 0.1 mm of the optical
axis proximate the center of mass of the suspended body, and the carriage has an initial
attitude with respect to three mutually orthogonal planes of reference defined by an X
" axis, a Y axis, and a Z axis, and suspensory forces of the carriage acting on the

suspended body are symmetric about the optical axis; a first drive means acting on the
carriage for producing a first plurality of forces that are balanced and symmetric about
the optical axis to accelerate the carriage and the suspended body therewith at different .
frequencies along the Y axis; wherein moments produced by the first plurality of forces




whi ch nove relative to the carriage) for driving the objective | ens hol der

so as to make fine adjustnents in the relative position of the objective

| ens along a path radial to the axis of rotation of the optical disk. The

fine ndtor mass has a center of nmass within 0.5 mllineters of a line

_ pa&aIIéT to the optical axis contalnlng the center of mass of the carriage
mass. Anot her aspect of the invention I's an apparatus for optically reading-
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- frequencies along the Z axis so that moments produced by the second plurality of forces
about the center of mass of the suspended body are effectively absent and forces
 reactive to the second plurality of forces are balanced and symmetric with respect to the
optical axis and produce insubstantial moments about the center of mass of the
suspended body while inertial forces developed by the second drive means on the
" suspended body are balanced and symmetric about the optical axis. In this particular
implementation of the present invention, the apparatus may be further provided with a
third drive means for producing a third plurality of forces that are balanced and
Symmetric about the optical axis to accelerate the suspended body relative to the
cafriage at different frequencies along the Y axis wherein moments produced by the
third plurality of forces about the center of mass of the suspended body are effectively
- absent and forces reactive to the third plurality of forces are effectively balanced and
symmetric with respect to the optical axis so that inertial forces developed by the third
drive means on the suspended body are balanced and symmetnc about the optical axis.

The above apparatus may altematlvely be provided with a third drive means for
producing a third plurality of forces that are balanced and symmetric about the optical
axis to accelerate the suspended body relative to the carriage at different frequencies
along the Y axis wherein moments produced by the third plurality of forces about the
center of mass of the suspended body are effectively absent and forces reactive to the
third plurality of forces are effectively balanced and symmetric with respect to the optical
axis so that inertial forces developed by the third drive means on the suspended body
are balanced and symmetric about the optical axis.

In another implementation of the present invention, the carriage of the above
apparatus may further include a plurality of flexures that attach to the suspended body
for suspension therefrom, each of the flexures opposing a corresponding flexure
disposed on an opposite side of the Z axis and equidistant therefrom wherein the
flexures pivotally flex about intersections thereof with a plane defined by the Z axis and



having a frane, a carriage, a carriage drive, an objective lens, an

obj ective lens holder, a focus drive, and a fine tracking drive, wherein
the center of force exerted by the coarse tracking drive is less than 0.2
nm from’sai d optical axis. Yet another aspect of the invention is an
appé?atu% for optically readi ng or recor ing infornmation on an optlcal di sk
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t he | ens limg description of tertain preferred embodiments of the lnventlon which are shown in the
accompanying drawing, wherein:
Fig. 1 schematica“y illustrates an exemplary optical readfwrite system in which the
carriage and actuator assembly of the present invention may be used;
Fig.2is a perspective view of the éarriage and actuator assembly;
Fig. 3 is an exploded view of the carriage and actuator assembly;
Fig. 4 is an exploded view of the actuator;

Fig. 5 is a'schematic top view illustrating the coarse tracking forces acting on the
assembly; | '

«

Fig. 6 is a side schematic view further illustrating the coarse tracking forces; ‘

Fig. 7 is an exploded view which illustrates the focus forces acting.on the actuator;

Fig. 8 is an exploded view which illustrates the fine tracking forces acting on the
actuator;

Fig. 9A is a schematic top view ii(ﬁstrating the symmetry of coarse tracking forces
in the horizontal plane; .

Fig. 9B is a schematic side view lllustratmg the symmetry of coarse tracklng forces
in the vertical plane;

Fig. 10A is a schematic top view lllustratlng the symmetry of fine trackmg forces in
- the horizontal plane; i
Fig. 10B is a schematic end view 1|Iustratmg the alignment of the net fine tracking
force with the center of mass of the fine tracking motor;
Fig. 11Ais a schematic topview illustrating the symmetry of ﬁne tracking reaction
forces in the horizontal plane; -
Fig. 11B is a schematic end view illustrating the alignment of the net fine tracklng
- reaction force with the center of mass of the fine tracking motor; - :
" Fig. 12A is a schematic side view lllustratmg the symmetry of focus forces in the
horizontal plane; -
Fig. 12B is a schematic end view ||lustratmg the alignment of the net focus force
~ with the optical axis of the objective lens;

Fig. 13A is a schematic side view whlch illustrates the symmetry of focus reactlon
forces in the horizontal plane -



the center of mass of the suspended | éns holder lies on the optical axis of
the lens, ahd also coincides with the center of nass of the lens. The |ens
hol der is capable of relative notion with respect to the carriage with at
| east one degree of freedom The center of mass of the carriage lies within
. 0.1"pmof the optical axis, proximate th® center of nmass of the |ens
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resent invention includ an apparatus for
_ P rlhe center of mass gfsthe carrPa%e;

Fig. 17 is a schematic end view which illustrates the net inertial forces acting at the

center of mass of the fine motor and center of mass of the carriage in response to a
. vertical acceleration; '

Fig. 18A is a-schematic side view illustrating the alignment of the net inertial force
of the fine motor with the optical axis of the objective lens; .
Fig. 18B is a schematic side view illustrating the alignment of the net inertial force
of the carriage with the optical axis of the objective lens; '
Fig. 19A is a schematic top view which illustrates the inertial forces acting on
components of the carriage and actuator assembly for horizontal accelerations;
Fig. 19B is a schematic top view illustrating the net inertial forces for horizontal
accelerations; ’ :
Fig. 20A is a schematic end view which illustrates the fine motor and carriage
" inertial forces for accelerations above the flexure arm resonance frequ_ency;
Fig. 20B is a schematic end view which illustrates the ﬂtje motor and carriage
" inertial forces for accelerations below the flexure arm resonance frequency; . -
Figs. 21A-21D a diagram illustrating the relationship between the fine tracking
~ position versus fine motor current; | )
Figs. 22A-22C illustrate the effects of asymmetrical focus forces acting on the
_assembly; ' T
Fig. 23 illustrates an alternative embodiment of a carriage and actuator assembly;
_ Fig. 24 illustrates the operation of the actuator as employed to move the lens holder
in a focusing direction; -
Fig. 25 illustrates the operation of the actuator to move the lens holder in a tracking
direction; ' '



optically reading or recording information on an optical disc which is
rot at abl e about an axis of rotation having a frane; -a carriage, the
-carriage_being novabl e relative to the frame along a path orthogonal to the
axis of rotation; a carriage drive for. driving the carriage along the
orthﬁgonél path, portions of the carriage drive being mounted.on the
carriage, the carriage and the nmounted portions of the carriage drive
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be' ng att afsrt]gr% Ehose skilled in the art will recognize that the carriage and actuator assembly
of the present invention could also be used in magneto-optical erasable -systems.
Information is transmitted to and read from the disc 54 utilizing a light beam 56
produced by a light source 58 which passes through a plurality of components including
“a cube-shaped beamsplitter 60 which separates the light beam 56 according to its
polarization, a quarter wave plate 62 which éhanges the polarization of the light beam
56, a collimator lens 64, and ag objective lens 66, which, in combination, direct the light
.béam 56 toward the desired location 52 on the disc 54.

In operation, the light source element 58, typically a laser diode, emits the light
beam 56 toward the convex collimator lens 64. The collimator lens 64 converts this
source beam 56 into a pafallel linearly S polarized light beam 70 and conducts the
beam 70 toward the beamsplitter 60. This cube-shaped beamsplitter 60 is formed by
attaching two right angle prisms 72 and 74 along their respective hypotenuses and
includes a polarlzatlon sensitive coating forming a beamsplitting interface 76 between
the two hypotenuses. The beamsplitter 60 separates and/or combines light beams of
-differing polarization states, namely linear S. polarization and linear P polarization.
Separation is accomplished in conjunction with the polarization sensitive coating which
transmits linearly P polarized light beams and reflects linearly pol_ariz_éd. S light beams.
Light exiting the beamsplitter 60 passes through the quarter wave plate 62 which’
converts the linearly polaﬁzed light beam 70 fo a circularly polarized fight beam 78.
Upon exltlng the quarter wave plate 62, the clrcularly polanzed beam 78 enters an
actuator 80.

The actuator 80 includes a mirror 82 which orthogonally reflects the ||ght beam 78
upward toward the objective lens 66. The objective lens 66 converges the circularly
polarized beam 78 fo the precis_e focal point 52 on surface of the optical disc 54. Upon
striking the disc 54, the circularly polarized light beam 78 is altered by the information
stored on the disc 54 and is reflected as a divergent circularly polarized light beam 84
carrying information identical to that encoded on the disc 54. This reflected circularly’
polarized Iiéht beam 84 re-enters the objective lens 66 where it is collimated. The light



the objective | ens hol der about the optical axis at attachment points that
are disposed in a.plane defined by the optical axis. An alternate

i npl enentation of the present invention includes an apparatus for optically
reading or recording information on an optical disc which is rotatable
‘abdut an axis of rotation having.a framg a carriage,” the carriage bei ng
nmovabl e relative to the franme along a path orthogonal to the axis of
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~ with an optics module 102 to read and write data onto the surface of an optical disc as

described above in connection with Fig. 1, wherein the light source 58, detector 88,
collimating lens 64, quarter wave plate 62, and beamsplitter 60 are all incorporated
within the module 102. A spingdle motor 104 is located adjacent the assembly 100 and
rotates an optical disc (not shown) about an axis of rotation A above the assembly 100.
The assembly 100 includes a carriage 106 having first and second bearing surfaces 108
and 110, respectively, slidably mounted on first and second guide rails 112 and 114,
respectively, and an actuator 116 which is mounted on the carriage 106. As will be
appreciated, the rails 112 and 114 provide a frame along which the carriage 106 moves.
A beam of light 120 emitted from the light source 58 in the optics module 102 enters the
actuator 116 through a circular aperture 118 and is reflected by a mirror contained
inside the actuator through an objective lens 122 defining an optical axis O to the '
surface of the disc. As will be appreciated, the axis of rotation A of the disc is parallel
to the optical axis O of the objective lens 122.

The carriage 106 and actuator 116 carried thereon are moved honzontally along
the ralls 112 and 114 ina tracking direction by a coarse tracking motor to access various
information tracks on the surface of the disc. The tracking motor includes two
permanent magnets 130 and 132 wherein each magnet is attached to a corresponding
C-shaped outer pole pieoe 134, 136, respectively. Two inner pole pieces 138 and140
-are respectively positioned across the ends of the outer pole pieces 134 and 136 so as
to form a rectangular box around the permanent magnets 130, 132. Two coarse coils
142 and 144 of equal length are respectively affixed fo the bearing surfaces 108, 110
and surround the inner pole pieces 138, 140 with sufficient clearance fo move over the
pole pieces 138, 140 when the carriage 106 is moved in the tracking direction. In this
embodiment, the coarse coils 142 and 144 are the only portion of the course tracking
motor that are movable. As will be descnbed in more detaxl below, the actuator 116 can



wherein the center of fine notor mass, the center of carriage mass, and the
center of lens mass are substantially coincident on the optical .axis.
According to one particul ar aspect of .the present invention there is

provi ded_an apparatus for controlling the position of a |ens having a

suspendéﬁ body, a lens disposed in the SE§pended body defining an optical
axis, a center of mass of the suspended body being d|Sposed substantially -
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- that each bearing surface 108 and 110 is subjected to the same amount of preload. The
bearing surfaces 108 -and 110 are further designed such that both surfaces have
substantially the same amount of surface area contacting the rails 112 and 114. The
length of the bearing sections comprising the second bearing surface is approximately
equal to the length of the first bearing surface, although minor variations in length may
be necessary to account forwear. " Two vertical walls 156 and 158 extend upwardly
from the top surface 152 of the base 150 adjacent the ends of the chamber 154. The
~ base 150 further includes two platform regions 164 and 166 formed at the ends of the
base 150 above the bearing surfaces 108 and 110. - A step 168 joins the top surface
162 of the base 150 with the second platform region 166. A first U-shaped notch 170
' is formed i in the first platform region 164, and a second U-shaped notch 172 is formed
in the second platform region 166 and step 168.
The coarse coils 142 and 144 are respectively attached to two vertical plates 174
" and 176. The plates 174 and 176 are respéctively positioned in-notches 180 and 182
formed in the ends of the base 150. The base 150 further includes a mass balancing
plate 184 which is attached fo a bottom surface 186 of the base 150 via a screw 188,
and a mass balancing projection 190 which extends outwardly from the base 150
adjacent the first coarse coil 142. A circular aperture 192 is formed in a front side 194
of the base 150 and receives the light beam 120 emitted from the optics module 102
shown in Fig. 2. A bracket 196 having a circular aperture 198 therein is positioned
between the second vertical wall 158 and the first plétform region 164 along the front
. side. 194 of the base 150. The bracket 196 addttlonally includés a notch 200 which
receives a phofo detector 202 such that the photodetector 202 is positioned between
the bracket 196 and the first platform region 164.

The actuator 116, ofter] referred to as a "2-D" actuator for 2 degrees of motion, i.e.
focusing and tracking, is mounted on the base 150 between the vertical walis 156, 158
and the platform regions 164, 166. A prism (not shown) is positioned within the
chamber 154 in the base 150 to deflect the light beam 120 emitted from the optics



.6 about the center of mass of the carriage are effectively absent and _
forces reactive to the first plurality of forces are bal anced and symetric
with respect to the optical axis and produce insubstantial nonments about
the center of mass of the carriage and further inertial forces devel oped by
theafirst drive means on the carriage af & bal anced and symmetric about the
optical axis so that the carriage maintarns its the attitude w-th respect
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this par t{cl)gupg?hergthrough. top surface 211 of the lens holder 210 includes a cwgular collar
216 positioned between two shoulders 218, 220. A circular aperture 222 having a
diameter substantially equal to that of the collar 216 is formed in a bottom surface 224 _
of the lens holder. A rectangular focus coil 230 is positioned within the rectangular
opening 212 in the lens holder 210. Two oval-shaped, fine tracking coils 232,' 234, are
positioned at the comers of a first end 240 of the focus coil 230, and two more identical
tracking coils 236, 238 are pesitioned at the corners of a second end 242 of the focus
coil 230. A first pair of U-shaped pole pieces 244 is positionied to surround the first end
240 of the focus coil 230 and tracking coils 232, 234 attached thereto, while a second
pair of U-shaped pole pieces 246 surrounds the second end 242 of the focus coil 230
and tracking coils 236, 238 attached thereto. In addition, two permanent magnets 250,
252 are positioned between the pole piece pairs 244, 246, adjacent the tracking coils
232, 234 and 236, 238 respectively. ‘

Two top flexure arms 260, 262 are attached to.the top surface 214 of the lens
holder 210 while two additional bottom flexure arms 264, 266 are aftached to a bottom
surface of the lens holder 210. Each flexure arm preferably consists of a thin sheet of
etched or stamped metal (typically steel or beryllium copper) with a thickness on the

- order of 25 micrometers to 75 micrometers. For simplicity, only the flexure arm 260 will

be described. It should be noted, however, that the remaining flexure arms 262, 264,

~ and 266 are of identical structure. The flexure arm 260 includes a first vertical section

270 attached to first, second, and third horizontal sections 272, 274, and 276. The third

horizontal section 276 is further attached to a perpendicular crossbar 280. The first

horizontal section includes a shoulder 278 which attaches to the corresponding shoulder

' 218 on the lens holder 210. Further, the shoulder of the second top flexure arm 262

attaches to the corresponding shoulder 220, while the shoulders of the bottom flexure

arms 264 and 266 attach to similar structures on the bottom surface of the lens holder

210. : : _ _ '

The flexures 260, 262, 264, and 266 are further attached to a support member 290.
The support member 290 includes a central notch 292 which receives the second pair



i npl ementation of the present invention, the ‘apparatus may be further
provided with a third drive means for producing a third plurality of forces
that are balanced and symretric about the optical axis to accelerate the
suspended body relative to the carriage at different fregquencies along the
Y axis wher ei n monments produced by the third plurality of forces about the
center of mass of the suspended body are¢3effectively absent and forces
reactive to the third plurality of forces are.effectively bal anced and
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on the position of the lens holder 210 with respect to the support member 290, light
emitted by the diode 300 will fall onto various-portions of the detector 202. By analyzing
the amount of light incident upon the detector 202, a position correction signal can be
gen_eratéd to determine the amount of displacement required for precise focusing and
tracking at the desired location on the surface of the disc.
In the illustrated embodiment, the fine motor mass consists of the lens holder 210,
the objective lens 122, the focus coil 230, and the fine tracking coils 232, 234, 236 and
238. The carriage mass consists of the base 150, course tracking coils 142 and 144,
the bracket 196, and photodetector 202, the support member 290, the vertical plates
174 and 176, the mass balancing plate 184 and screw 188, the permanent magnets 250
and 252, the po|e pieces 244 and 246, and the bearing surfaces 108 and 110.
With reference to the above description in connection with Figs. 3 and 4, the coarse
tracking coils 142, 144 have equal dimensions and are symmetnc about optical axis O
of the objective lens. Further, the tracking coil pairs 232, 234 and 236, 238 have equal
dimensions and are symr_netnc about optical axis O of the lens 122. The dimensions of
the mass balance plate 184 and mass balance projection 184 are advantageously
- selected to compensate for the mass of the support member 280, flexures 260, 262,
264, 266, bearing surfaces 108, 110, bracket 196 and photodetector 202, such that the
center of mass of the carriage and the center of mass of the fine and focus drives
(con'sisting of the pole pieces 244, 246, the permanent magnets 250, 252, the focus coil
. 230, and tracking coils 232, 234, 236, 238) are generally intersected by the optical axis
. O ofthe lens 122. As will be described in more detail below, alignment of these centers
. of gravity with the optical axis O of the lens 122, and the symmetry of the motor forces
and reaction forces acting on the carriage 106 and actuator 116 ensure that undesuable
modes of motion which adversely affect position of the objective lens 122 are minimized.
Referring to Fig. 5, the permanent magnets 130, 132 adjacent the coarse tracking
coils 142, 144 generate a magnetic field B whose lines of flux extend inwardly toward



for suspen5|on therefrom each of the flexures opposing a correspondlng
fl.exure di sposed on -an opposite side of the Z axis and equi di st ant
therefromwherein the flexures pivotally flex about intersections thereof
with a plane defined by the Z axis and 7 the Y axis. These flexures may
.be prefe?ably attach to the suspended bogy in the plane defined by the Z
and Y axes. BRI EF DESCRI PTI ON OF THE DRAW NG Further objects of the present
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' the two permanent magnets, | represents the current through the focus coil, and 1
represents the length of the coil. For example, when'the current | appiied to the first
coarse tracking coil 142 travels through the portion of the coil positioned within the
magnetic field B in the direction into the plane of the drawing sheet, a force Fg,, in the
~ direction of the arrow 320 is prbduced. Similarly, when current | travels through the
- portions of the second tracking coil 144 positioned within the magnetic field B in the
direction out of the plane of Fig.. 5, a force Fease iN the direction of the arrow 322 is
produced. The forces Fooases AN Feqarer act to move the carriage 106 horizontally to the
left. : - | | |
Conversely, Fig. 6 shows that if the direction of the current | within the portions of
the tracking coils 142, 144 within the magnetic field B is reversed, forces Féoarser, @and
Feoareez, @re produced which act to move the carriage into the plane of Fig. 6 (to the-right
in Fig. 5). The amount of movement in the tracking direction depends on the amount
of current applied to the coarse coils 142, 144. In this manner, the carriage 106 is
moved to position the objective lens 122 such that the laser beam 120 exiting the lens
122 is focused within a desired information track on the surface of the optical disc.
When a control signal is generated by the optics module 102, a given current is
applied to either the fine tracking coils 232, 234, 236, and 238, or the focus coil 230
depending on the direction in which the displacement of the lens holder 210 and
objective lens-122 attached thereto is required. Such servo system and feedback
circuits which control the amount of current are well known in the art. This current
interacts with the electromagnetic field produced by the permanent magnets 250, 252
to create a force which displaces the lens _holder 210 and the objective lens 122
attached thereto in the appropriate tracking or focusing direction. For example, if
' re-positioning is desired in the focus direction, according to a focus efror signal, this
signal is transmitted to a servo amplifier (not shown), which generates a current through
the focus coil 230. As described above, a force is generated according to the Lorentz
law F=BXI1. : '
' Referring to Fig. 7, the permanent magnets 250 252 of the 2-D actuator 116 are
‘oriented such that the south poles of each magnet 250, 252 face the lens holder 210.
In this configuration, a magnetic field B is formed whose fines of flux originate at the
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Fig. 4 is an exploded view of the actuator; Fig. 5is a schematic top view
Illustrating the coarse tracking forces acting on the assenbly; Fig. 6 is a

side schematic view further illustrating the coarse tracking forces; Fig. 7
i s, an expl oded view which illustrates the focus forces acting on the
actuator; Fig. 8 is an exploded view whigh illustrates the fine tracking
forces acting on the actuator; Fig. 9A is a schematic top vi ew illustrating
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downward force is generated which acts on the flexures to move the lens holder 210
and objective lens 122 further away from the surface of the optical disc. The magnitude
of the displacement is dependent upon the amount of current applied to the focus coil
230. By moving the objective lens 122 closer to or further away from the surface of the
optical disc, the focus coil 230 acts to precisely focus the laser beam 120 ekiting the
. objective lens 122 within the desired information track on the disc. :

As shown in Fig. 8, movement of the actuator 116 to effect fine tracking is produced
when current is generated in the four fine tracking coils 232, 234, 236, and 238 affixed
to the focus coil 230. When current is applied to the tracking coils in the directions
shown through the portions of the fracking coils positioned within the magnetic field B,
forces Fq are produced which move the Jens holder 210 to the right. When the forces
Frac @ct on the tracking coils 232, 234, 236, 238, they are translated through the focus
coil 230 and lens holder 210 to the flexures 260, 262, 264, 268 which bend in the
corresponding direction and the objective lens 122 is moved in the direction of the
forces, to the right in Fig. 8. When current travels through the tracking coils 232, 234,
236, 238 in the opposite direction, a force is geherated which acts to move the lens
holder 210 to the left. The amount of current applied to the fine tracking coils 232, 234,
236, 238 is relatively small in comparison with the amount applied to the coarse tracking
coils 242, 244, and the ditnensidns of the fine tracking coils are much smaller than the

" coarse coils to increase resonance frequencies and thus . enable hlgher servo
 bandwidths which can then control to tighter track errors.

Figs. 9A-16B are schematic diagrams of the actuator and carriage assembly 100
which illustrate the symmetry and balancmg of foroes ach|eved W|th the deSIgn of the
present invention.

Fig. 9A is a schematic diagram illustrating the symmetry of coarse or carriage motor
forces acting on the actuator 116 in the horizonal plane. When current is applied to the

| coarse tracking coils 142, 144 as described above, forces Feoarses @NA Feoasez are
produced which are centered within the portion of the coarse coils 142, 144 located
adjacent the permanent magnets 130, 132, respectively. The dimensions of the first
coarse coil 142 are selected to equal the dimensions of the second coarse coil 144, and



reaction force with the center of nmass of the fine tracking nmotor; Fig. 12A
is a schematic side viewillustrating the symmetry of focus forces in the
“horizontal plane; Fig. 12B is a schematic end view illustrating the
alignnment of the net focus force with the optical ‘axis of the objective
lehg; F’g. 13A is a schematic side view which illustrates the symetry of
focus reaction forces in the horlzontal1§Iane 8 Fig. 13Bis a schematic

end view which illustrates the ali qnmant of the ne f ocus reaction force
wi th the HgtsuEgntapplieditogachamilds the same, suchitat the forces kromendRd £ cisp

vi ew Iltlgéétrr@tdrnmtdaﬂsbk@wu@ Farthes titndodrsa eol® 142, 14ieareipositibned @$ equal
genera e

e o e Breas Loasl iR e RS RIS sl oale eFuld SRBRN fosu®

hori zont athempiloat a)ﬁé 0. oflﬁsBob]eCWeslehsam are equalyvandtheldagiageatavnig noihimized.

al ,' gnment Inoff-'igF §‘§. tﬂgtceﬁf’ér_é b coarse motor forces Feoarset aNG Feoarse are illustrated in the
vertical plane. Because the forces Feyase: @Nd Feoasez are vertically aligned with the
center of mass of the carriage CM; (i.e., are generally intersected by a line orthogonal
to the radial direction and the optical axis O containing the center of gravity of the
carriage CR, the moments about the horizontal axis are equal, and carriage pitch which
can cause the prism to deflect the beam angle, thereby introducing track offset,. is
reduced.

The fine tracking motor forces in the horizontal and vertical planes are illustrated
in Figs. 10A and. 10B. The forces Frrec @nd Fraae produced by the energization of the
fine tracking coils 232, 234, 236, 238 within the magnetic field induced by the permanent
magnets 250, 252 are centered between the pairs of fine tracking coils 232, 234 and
236, 238, and extend horizontally in the tracking direction. The_dimensiohs of the coils
are equal and the amount of current applied to the coils is equal as well, such that the
magnitude of the resulting forces Frpe and Fr.qe is equal. Additionally, the fine
tracking coils 232, 234, 2'36., 238 are positioned at equal distances L; from the optical
axis O of the focus lens 122, and thus, the moments produced about the optical axis O
are equal, such that yaw of the lens holder 210 and lens 122 carried thereon about the
vertical axis is decreased. As illustrated in Fig. 10B, the resultant fine tracking force
Frex acts on the center of mass of the fine motor mass CMg, such that lens holder pitch
is minimized. | '

Fig. 11A illustrates the .reaction forces Freaqs and Fw resulting from the fine
tracking motor which act upon the carriage 106 in opposition to the fine tracking motor
forces Frracit @Nd Freqe illustrated in Fig. 10A. These reaction forces Freay and Freacee |
act on the pole pieces 244, 246 positioned over the tracking coils 232, 234, 236, 238 on
each side of the lens holder 210. As described above, the magnitude of the tracking
forces Fropue and Freae I8 €qual. Further, the dimensions of the pole pleoes 244, 246
are equal, such that the reaction forces Fgeay; and Freser produced are equal. Because
the pole pieces 244, 246 are positioned at equal distances L, from the optical axis O of
the lens 122, the moments about the optical axis O are equal in magnitude, reducing
rotation about the vertical axis, or yaw. Fig. 11B illustrates the resultant reaction force
Freaet in the vertical plane. As shown, the reaction force Fresct acts at the center of mass
of the fine motor mass CM;. at a distance L, above the center of mass of the carriage
mass CMc, and thus a moment will act on the carriage 106 However because the



suspension force with the optical axis of the objective lens; Fig. 16Ais a
schematic top view which illustrates the symetry of friction forces in the
hori zontal plane; Fig. 16B is a schematic side viewillustrating the
allgnrrent of the friction forces with the center of mass of the carriage;
Fig: 177is a schematic end view which |iJ,ustrat es the net inertial forces
acting at the center of mass of the fine motor and center of mass of the
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equal forces Fr,s; and ey at the sides of the lens holder 210 which act to move the
lens holder and objectlve lens 122 carried thereon in a vertical direction. The coil is
positioned symmetrlcally within the opening 212 in the lens holder 210 such that the
centers of the forces Feoys and Froes, produced are positioned equndlstantly at
distances L; from the optical axis O of the objective lens 122. In this configuration, the
moments produced about the optical axis O of the lens 122 are equal, reducing roll of
the lens holder 210. Addltlonally, as illustrated in Fig. 12B, when viewed from the end
of the carriage, the focus forces FR,(,LI$1 and Fe .2 (Frocus iN the drawing) are aligned with
the center of mass CM_ of the carriage mass, thereby reducing pitch of the carriage 106.
The reaction forces Frs and Froqs, produced in response to the focus forces
Frocust aNd Feoouer Shown in Fig. 12A are illustrated in the horizontal plane in Fig. 13A.
The reaction forces Fere and Fpg, are equal in magnitude and opposite in direction to the
focus forces Fres; and Froue-and are centered adjacent the fine motor permanent
magnets 250, 252 intermediate the pole pieces 244, 246. As described above, the
focus forces Froye aNd Froqse are equal, and thus, the reaction forces Feg, and Feg, are
equal as well. Further, the reactions forces Fegy and F ¢, act at equal distances Lgg
from the optical axis O of the objective lens 122 to further reduce pitch. Additionally, as
illustrated in Fig. 13B, when viewed from the end of the carriage 106, the focus forces
Fers @and Feg, (Feg in the drawing) are aligned with the center of mass CM_ of the
 carriage mass, thereby reducing pitch of the carriage.

' The forces Fgeq and Fre,e generated by the flexure arms 260, 262, 264, 266 on the
lens holder 210 are illustrated in Fig. 14. The forces Fg,,; and F g, illustrated are those
acting on the upper flexure arms 260, 262. Those skilled in the art, however, will

.recoghize' that identical forces act on the lower flexure arms 264, 268, as well. The
forces Fpe,q and Fp,,, acting on the upper flexure arms 260, 262, respectively, are

" centered at the crossbar sections 280 of the flexure arms 260, 262 where the flexure

" arms are attached to the support member 290. As previously described, when these
forces Freq and Fgee act on the flexure arms 260, 262, the flexure arms bend in the
appropriate direction to achieve fine tracking. To maintain the flexure arms 260, 262 in



Fig. 20B is a schematic end view which illustrates the fine notor and

carriage inertial
frequency; Figs.

t he flne

“illustrate the effects of asymmetri cal

tracking position versus fine notor current; Figs. 22A-22C

forces for accel erations bel ow the fl exure arm resonance
21A-21D a diagramillustrating the relationship between .

focus forces actlng on the assenbly;

Fig. 23 illustrates an alternative enbodBrment of a carriage and ac]t uatgr
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Fig. 26 wens 122ewhlleath@a‘eaetm&drces Fra and Fpg act dlstances Lra and Lgg from the optical

axis O, respectively. It will be apparent to those skilled in the art that the moments
produced about the optical axis O of the lens 122 by the pairs of forces are not equal,
sinCe (Fre, +Fpen) does not equal (Fp, L +Fgg Lrs).  However, since these forces are

effectively decoupled from the carriage except at very low frequencies (typically below

around 40 Hz), these forces do not affect actuator performance at most normal
operating conditions. |

As described above, the carriage 106 includes two bearing sqrfaces 108, 110
which are slidably mounted on the guide rails 112, 114 in order to position the carriage
106 beneath various data tracks on the optical disc. In essence, the bearings 108, 110
act as "springs" which hold the carriage 106 above the rails 112, 114. The bearing
"spring" stiffness forces Faodgq and Faeyng, are illustrated in Figs. 15A-B. The forces
Faearingt @Nd Fpgarngr are centered at the point of contact between the bearing surfaces
108, 110 and the rails 112, 114 and extend downward through the center of the rails.
As described above, the surface contact area between the bearing surface 108 and rail
12is approxumately equal to the surface contact area between the bearing surface 110
and rail 114, and thus these stiffness forces Feearingt @Nd Fgeaing2 @re substantially equal.
Further, the bearing surfaces 108, 110 are positioned at equal distances Lgearing from the
optical axis O of the lens 122 so that the moments about the optical axis O produced by
these forces Fieaings aNd Faeaing2 are equal, minimizing carriage pitch. Referring to Fig.
15B, in the vertical plane, the net carriage suspension force Faeaing @Cts at a point
directly between the two bearings and aligned with the optical axis O.

The friction forces Fﬁ:,,c.,‘,,,,,.~ Fracionte, @8N Frieionz acting on the bearing surfaces 108,

110 and rails 112, 114 are illustrated in Fig. 16A. As the first bearing surface 108

comprises two sections 160 162, two friction forces Fercionia aNd Fricionis are present
one associated with each bearing section 160, 162, respectively, which are centered at
the middle of the bearings along the area of contact with the rails 112. A second friction
force Fon acts on the second bearing surface 110 and is centered in the middle of the
bearing along its contact with the rail 114 as shown. Because the area of contact of the
beanng sections 160, 162 forming the first bearlng surface 108 substantlally equals the
area of contact of the second bearing surface 110, and the amount of pre-loading and

coefficient of friction is the same for both beanng surfaces, the sum of the friction forces

Fesctionta AN Freqoms €Quals the friction force Friionz- The bearing surfaces 112, 114 are
located at equal distances L, from the optical axis O of the focus lens 122, and the

I n



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Fig. 1 schematically

illustrates the operation of an exenplary optical read/wite system50 in
reading data froma precise location 52 on an information storage nmedi um
such as, an optical disc 54. Wiile the system50 illustrated is a wite-once
or {\\WORM system those skilled in the art will recognize that the carriage
-and actuator assenbly of the present it%ention could also be used in
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' by the acceleration acts at the center of mass of the fine motor mass CM; A second

downward inettial force F acts at the center of mass of the carriage mass CM, and is

equal to the mass of the carriage multiplied by the acceleration. Fig. 18A and 18B

further illustrate that the inertial forces F,: and F; are horizontally aligned with the optical

axis O of the objective lens 122. ' ' ‘

Fig. 19A illustrates the inertial forces acting on the coarse coils 142, 144 and fine

~ motor pole pieces 244, 246 for horizontal accelerations of the carriage and fine motor,

respectively. An inertial force F¢, acts at the center of upper portion of the first coarse

coil 142 and an inertial force F\c, acts at the center of the upper portion of the second

coarse coil 144. As described above, the coils 142, 144 are of identical dimensions,

such that the mass of the first coil 142 equals the mass of the second coil 144. The

' magnitude of each force F¢;, Fic, is equal to mass of the respective coil multiplied by the

acceleration, and thus, the inertial forces acting on the coils 142, 144 are equal.

Because the coils 142, 144 are positioned at equal distances L from the optical axis O

of the objective lens 122, the 'rest.ilting moments .about the optical axis of the lens

produced by the inertial forces F¢; and Fc, are equal. Similarly, because the fine motor

pole pieces 244, 246 are of equal dimensions and are located at equal distances Lo

from the optical axis O, the inettial forces Fp, and Fp, écting on the pole pieces are

equivalent, and the resulting moments about the optical axis O of the objective lens 122
are equal. Applying this same analysis to all other components or "subparts” of the -

carriage and actuator assembly, and as will be explained in more detail below, the

inertial forces produced by horizontal and vertical accelerations above the resonance

~ frequency of the flexure arms are balanced and symmetric with respect to the optical

axis O. The net inertial forces of the fine motor and carriage F,- and Fy; for acting on the

assembly for horizontal accelerations thus act along a line through the center of the

carriage which intersects the optical axis O as shown in Fig. 19B. The net inertial forcé_

due to the coarse motor F; is equal to the mass of the coarse motor multiplied by the



the two hypotenuses. The beansplitter 60 separates and/or conbines |ight
beans of differing polarization states, nanely linear S. polarization and

| i near P polarization. Separation is acconplished.in conjunction with the
pol ari zatl on sensitive coating which transmts tinearly P polarized |ight
beaps and reflects linearly polarized S (il ght beanms. Light exiting the
beansplitter 60 passes through the quar% r wave plate 62 which converts the
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decoupled from the carriage 106, such that a first inertial force F,, equal to the mass of
the fine motor multiplied by the acceleration acts at the center of mass of the fine motor
mass CMF.' and a second inertial force F,, equal to the mass of the coarse motor
multiplied by the acceleration is centered at the center of mass of the carriage mass
CM; : §

Fig. 20B |l|ustrates the inertial forces at horizontal accelerations below the ﬂexure
arm resonance frequency. Atthese lower frequencies, the fine motor mass and carriage
mass move as a unit which has a net center of mass at CM,'. ‘As lllustrated, this net
center'of mass CM' is located at a distance x vertically above the center of mass of the
carriage mass CM, and thus the coarse motor forces Fe,, ¢ and Feoarsez, @nd the friction
forces Frigont @nd Frie0n2, @re no longer aligned with the carriage mass center of mass,
now shifted to CM_.’. Although this vertical shift in the carriage center of mass occurs,
the symmetrlcal design of the assembly 100 ensures that the center of mass of the
carriage mass CM does not shift in the horizontal plane, and the forces acting on the
carriage remain symmetrical about the center of mass and optical axis O in splte of the
vertical shift in the center of mass from CM, to CMc'.

Further, the symmetry of the design ensures that horizontal shifting of the center
of mass: CM, does not occur when subparts or components of the cariage deqouple at
high frequencies. For example, at frequencies in the KHz range, the fine motor poles
pieces 244, 246 and magnets-250, 252 will deco_uble. Due to the symmetry of the
design, however, the center of mass will not shift in the horizontal plane. Because there
is no shift of the center of mass CM in the horizontal plane, reaction forces of the focus
motor will not pitch or roll the carriage at frequencies above those where subparts have
come "loose”. Thus, by horizontally aligning the center of mass with the optical axis O
of the objective lens 122, the lens sits “in the eye of the storm", where its position is

~ minimally affected by resonance, motor, and reaction forces acting on the assembly

100. . '
'Figs. 21A-B illustrate the Bode transfer diagram of fine tracking position versus fine
motor current of the actuator 116 of the present invention for an objective lens of 0.24



10 beam 84 is again reflected fromthe mrror 82 and re-enters the quarter
wave plate 62. Upon exiting the quarter wave plate 62, the circularly
pol ari zed beam 84 is converted to a linearly P polarized |ight beam 86. As
Ilnearly P pol arized |light beans are transmitted through the beansplitter:
60wthout reflection at the spllttlngc?nterface this |ight beam 86
continues to a photodetector 88 which detects the data stored on the disc
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on the lens and results in a moment about the optical axis of the lens, resulting in yaw.
~ Thus, it can be seen that the balancing of forces in the assembly 100 about the optical
axis O of the objective lens 122 markedly improves tracking position.

. Figs. 22A-C illustrate the effects of asymmetrical focus forces acting on the
assembly 100. Fig. 22A illustrates the tracking signal while crossing tracks for a track
pitch of 1.5 um, wherein each sine wave corresponds to an information track on the
surface of the optical disc. In Fig. 22B, the focus force is centered with the center of
mass of the fine motor CMF and the optical axis O. The top trace 322 shows the current
applied fo the focus coil during the step, while the bottom trace 324 shows the tracking
error signal while following a particular track, for a focus current of 0.1 Amp, and a focus
acceleration of 0.75 m/s> As illustrated, the tracking error s1gna| remains virtually

~ unaffected by the focus current level. Fig. 22C shows the effect on the current and
tracking error signals as in Fig. 22B when the focus force is shifted out of alignment with
the optical axis O and center of mass CM; by approximately 0.2 mm. The
corresponding ‘curves are identified as trace lines 322’ and 324/, respectively. The
trackilig signal is now visibly affected by the focus current. With the same focus current
and acceleration, a tracking offset of 0.022.um resuilts. Typically, the total allowable
track offset i'n'an optical drive is in the range of 0.05 um to 0.1 um, and thus, by aligning
the forces as in Fig. 22B, the tracking offset is significantly reduced.

An alternative embodiment of a carriage and actuator assembly in which the center -
of mass of the 2-D actuator coincides with the center of mass of the carriage mass is
illustrated in Fig. 23 as assembly 400. In addition to being sijbétan_tially symmetrical
about the optical axis of the objective lens, the center of mass of the fine motor mass
coincides with the center of mass of the carriage mass and is aligned with the optical
axis. The carriage and actuator assembly 100 of the first embodiment is adequate for
most frequency ranges. The assembly 400 of the alternative embodiment, however,
may be used in applications where it is desirable to avoid the shift in the.center of mass
of the carriage mass at fi'equencies below the flexure arm resonance frequency.



-and 110, respectively, slidably nounted on first and second guide rails 112
and 114, respectively, and an actuator 116 which is nounted on the carriage
106. As will be appreciated, the rails 112 and 114 provi'de a frane al ong
which the carriage 106 noves. A beam of light 120 enitted fromthe |ight
soyrce 58 in the optics nodule 102 enters the actuator 116 through a
circular aperture 118 and is reflectedd® a nmirror contained inside the

actuator thrpough an tive lens 122 defining an optical axis Oto the
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pair of top ﬂexure arms 426 which are further attached to the top surfaces of a pair of

projections 428 formed on the lens holder 420. A pair of bottom flexure arms 429 which
are identical in structure to the top flexure arms 426 are supported by correspondmg
ledges in the bottom of the carriage (not shown), and attach to the bottom surfaces of
the projections 428 on the lens holder 420. A beam of light 430 enters the actuator 416
through a oval aperture 432 and is reflected by a mirror (not shown) contained inside
the actuator 416 through the objective lens 422 along an optical axis O'. The actuator
1416 is further attached to a focus and fine tracking motor which moves the lens 422 o)
as to precisely align and focus the exiting beam upon a desired location on the surface
of the optical disc. The focus and fine tracking motor includes two permanent magnets
440 and 442 affixed to opposing ends of the lens holder 420. An oval;shaped fine
tracking coil 444 is éfﬁxed to each permanent magnet 440 and 442, adjacent the
carriage bearings 408 and 410. Focus coils 448 are attached to the top and bottom’
surfaces of the carriage 406 and supported by ledges formed within the interior of the
carriage such that the lens holder 420 is positioned between the focus coils 448.

Coarse tracklng movement of the carriage 406 and actuator 416 is effected in a

manner identical to that of the assembly 100 illustrated in Figs. 6 and 7. When a

~ current is applied to the coarse tracking coils 412 and 414 in the presence of a magnetlc :
field, a force is generated according to Lorentz law which acts to move the carriage 406
and actuator 416 in a tracking direction so as to position the objective lens 422 beneath
various information tracks on the optical disc. "

Fig. 24 illustrates the operation of the actuator 416 to move the lens holder 420 and
objective lens 422 carried thereon in a focusing direction. When a current is generated
in'the focus coils 448, an electromagnetic field 450 is induced in each of the coils. The
electromagnetic field 450 differs in direction for the respective focusing coils as shown.
in the example shown, both permanent magnets 440 and 442 will be attracted by the
bottom focus coil 448 and repelled by the top focus coil 448, thus moving the objective



enbodi nent, - the coarse coils 142 and 144 are the only portion of the course
~tracking notor that are novable. As will be described in nore detail bel ow,
the actuator 116 can al so nove the objective lens 122 closer to or
further away fromthe disc, thereby focusing the exiting Iight beam 120
upgn the desired |ocation on the surface of the disc. Fig.- 3 is an expl oded
view illustrating the carriage 106 andZ8ct uator 116 in greater detail. The
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of the magnetic field 460 illustrated, the lens holder 420 and objective lens 422 are
moved towards the left. In this manner, the fine tracking coils 444 act to more precisely
position the light beam exiting the objective lens 422 within the center of a desired .
information track on the optical disc.
As described above, the coarse tracking motor of this embodiment operétes ina
manner identicat to that of the coarse tracking motor in the assembly 100. The coarse
" tracking coils 412 and 414 are of identical dimensions and are positioned at equal
distances from the optical axis O' of the objective lens 422. Equal currents are applied
to the coils such that forces Feasei' and Feqarse2’ acting on the carriage 406 act at equal
distances L¢,' and L, from the optical axis O'. In the vertical plane, in the radial
direction, these forces Feoaeer' @nd Feqases' are aligned with the coincident centers of
gravity of the fine motor mass CM;' and carriage mass CM', thereby minimizing
carriagé and actuator pitch. Ina similar manner, the bearing surfaces 408 and 410 are
positioned at equal distances from the optical axis O' such that the carriage suspension
forces are also symmetric about the optical axis O'. Each force Fp g1 @Nd Fgeaing acts
an equal distance Lgeaingt' from the optical axis O' such that the moments produced
~ about the optical axis are equal and carriage and actuator pitch is further reduced. The
surface area of the bearings which contacts the rails is designed to be substantially =
equal such that the friction forces acting on the carriage are substantially equal. Since
the bearing' surfaces 408 and 410 are positioned equidistantly from the optical axis O',
the moments acting about the optical axis are equal and carriage and actuator is
minimized. The assembly is further designed such that the friction forces are vertically
aligned with the center of mass of the carriage 406 and actuator 416.
The fine tracking coils 444 are of equal dimensions and the current applied to the
coils is equal such that the fine tracking forces acting on the actuator are equal. Further,
the fine tracking coils 444 are posi'tioned at equal distances L;' from the optical axis O'
such that the moments produced about this axis are equal. In the vertical plane, these
forces Fyu' and Fr, are also aligned with the centers of gravity of the actuator 416
and carriage 4086, such that pitch of the actuator 416 is reduced. Since the fine tracking



‘equal to the length of the first bearing surface, althoggh m nor vari ations
in length may be necessary to account forwear. Two vertical walls 156 and
158 extend upwardly fromthe top surface 152 of the base 150 adjacent the
engds of ,the chanber 154. The base 150 further includes two platformregions
164.-and 166 fornmed at the ends of the base 150 above the bearing surfaces
108- and 110. A step 168 joins the top sAftface 152 of the base 150 with the
second platformregion 166. A first U shaped notch 170 is-fornmed in the

first pl dPFESATIEGIBhthestssenly araseauldt (ellowsdbat thetreaction farees Brantand t he -
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184 whi chadifal ; ottom surface 186 of the base 150 via a screw
188, andibgu%lagéaggpggg%ﬁ%&ﬁoj ection 190 which extends outwardly fromthe

base 150 adj dtR&imiaianannes; theofeeus celts 448 have substaotially equat dinnersidreand
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- Further, because the focus forces Fr,,' and Fe,,' are equél, the focus reaction forces

Feas' @and Feg,' acting on the fine motor mass are equal and act at equal distances Leg

 from the coincident centers of gravity of the carriage mass CM,' and fine motor mass

CM¢". Thus, moments produced by the reaction forces about the optical axis are equal

“and actuator pitch is further minimized.

The flexure forces Frext's Frec's acﬁng on the actuator and fine motor reaction
forces Fg,', FR;', produced in response to the flexure forces are effectively the same as
those illustrated .in Fig. 14 for the assembly 100. Because the flexure and reactions

- forces are not symmetrical about the optical axis O, the moments produced by these
pairs of forces about the axis O' are not equal. These forces, however, are effectively
decoupled from the carriége except at low frequencies (typically below around 40 Hz),
such that these moments do not affect actuator performance under most operating
conditions. - | -

Thus, the motor and reaction forces acting on the assembly 400 are symmetric
about the optical axis O' and are vertically in alignment with the centers of gravity of the
fine motor mass CM;' and carriage mass CM.'. Because the centers of gravity of the
fine motor mass and carriage mass coincide, decoupling of the actuator or any of the
subparts of the assembly will not shift the center of mass, and the forces and moments
acting on the assembly'will remain balanced for virtually all horizontal and vertical
accelerations. - ' .

Turning now to Fig. 26, there is shown an alternate embodiment of the invention.
An actuator 1-100 is constructed in a generally similar ménner to the actuator of the first
embodiment. In aséembly within a drive, the center of gravity C of the fine motor mass
.as previously defined lies within the actuator, and defines the origin of a coordinate
.system having mutually orthogonal X, Y, and Z axes. An objective lens 1-122 has an
optical axis that is collinear with the Z axis. The objective lens'1-122 is mounted within
a collar 1-124 within the interior of the actuator 1-100, such that the centers of gravity



receives ‘a photo detector 202 such that the photodetector 202 is positioned
bet ween the bracket 196 and the first platformregion 164. The .actuator

116, ofiten referred to as a "2-D' actuator for 2 degrees of motion, i.e.
focusing and tracking, is nmounted on the base 150 between the vertical

wal¥s 156, 158 and the platforn1region§ 164, 166. A prism (not shown) is
positioned wi thin the chanber 154 in the base 150 to deflect the |ight beam
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ulders 1-213, 1-215 , from which extend, respectlvely, a palr of symmetrical upper
arms 1-217, 1-219, and a pair of symmetrical lower arms 1-221 disposed on opposite
sides of the lens holder 1-210. Of the lower arms, only one lower arm 1-221 is shown
in Fig. 27, it being understood that a second lower arm 1-221 is pdsitioned on the
opposite side of the lens holder 1-210. Flexures 1-260, 1-262 are attached to the ends
of the upper arms 1-217, 1-219 respectively, for suspension of the lens holder 1-210
within the actuator as more fully described with respect to the first embodiment.
Flexures are similarly attached to the lower arms as well and function in the same
manner as the flexures 1-260, 1-262, but in the interest of brevity, only the upper
flexures need be discussed. |
In accordance with one aspect of this inv_ention, the upper arms 1-217, 1-219, and
the lower arms extend forward to the XZ plane such that a discrete hinge action occurs
at a hinge point 1-263 at the ends of the arms, about a vertical axis lying precisely in the
XZ plane. Providing hinge action at the hinge points 1-263 minimizes moments about
- the Z-axis when the objective lens 1-122 is being moved in a tracking direction, so that
there is no tendency for the actuator to yaw about the Z-axis. It-is possible for the
flexures to be constructed so that they do not attach precisely at the XZ plane, so long
as the hinging action occurs in the XZ plane.
The flexures 1-260, 1-262, and the lower flexures can be the flexures described
in Schell et al., U.S. Patent No.. 5,31'3,332, which is incorporated herein by reference.
The actuator 1-100 is mounted on a base 150 (Fig. 3) and is operated in the same
manner as the actuator of the first embodiment.
' Repeating the analysis of inertial forces for this embodiment, it will be seen that
when subjected to horizontal acceleration along the X-axis, the carriage mass and the
fine motor mass move as a unit having a net center of mass that exactly coincides with
the origin C. This is true whether the horizontal acceleration occurs at low frequencies
below the resonance frequency of the flexures, or at frequencies above the resonance
frequencies, when the components of the assembly decouple. Thus the center of mass
of the carriage mass and the center of mass of the fine motor mass never shift with
respect to one another, and, due to the arrangement of the -ﬂexqres as discussed



formed therethrough. A top surface 214 of the |ens holder 210 includes a
circular collar 216 positioned between two shoul ders 218, 220. A circul ar
aperture 222 having a dianeter substantially equal to that of the collar
216.js formed in a bottom surface 224 of ‘the | ens holder. A rectangul ar
foells coil 230 is positioned within thﬁﬁrectangular opening 212 in the lens
hol der 210. Two oval -shaped, fine trackK®ng coils 232, 234, are positioned |,
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present themselves to those of skill in the art without departing from the scope and spirit
of this invention. The scope of the invention is, therefore, indicated by the following
claims rather than by the foregoing description. All changes, modifications, and
variations coming within the meaning and range of equivalency of the claims are to be

considered within their scope.



. section includes a shoul der 278 which

be deéscribed. It should be noted, however, that the remaining flexure arns
262, 264, and 266 are of identical structure. The fl exure arm 260 1 ncl udes

a first, vertical section 270 attached to fi rst, second HH“‘E“IIHH“l

horkzongal sections 272,274, and 276. The third hori on‘ m _ i's

~ furtfher attached to a perpendicul ar crggsbar 280. The ftrrst hori%zont al
taches to the correspondi ng

shoul dervﬁgaqlé)g]akg 4t ENS hol der 210. Further, the shoul der of the second

- top flexure ar ¥taches to t he correspondl ng shoul der 220, while the
shoul ders of the bottom flexure arns 264 and 266 attach to sim/l ar

Eart e
SLrUStures on RgRaOPGHSERSRy SEalil o 05 AR it kon e b
suppor t iAhds rotatable aboyban axisofiretationosaid amarams @nmpé@mgv es the second

pair 13 of framlee pi eces 246 A ledge 294 is formed on each side of the

notch 292 on the to om sur f aces: of th suppor t nber 290, The
crossbar sec?f%'ﬁ'ggﬁgsmgfm? ?f%?qyreemé?wsﬁ%ﬁa Zap g?‘b gendldo saidianis; e
| edges 2@#rotafivr;e flexure arms 264, 266 are '

a carriage drive for driving said carriage along said orthogonal path, portions of said
carriage drive being mounted on said carriage, said carriage and said mounted portions
of said carriage drive defining a center of carriage mass;

' an objective lens having an optical axis and a center of lens mass;

an objective lens holder having mounted therein said objective lens, said objective
lens holder being movable relative to said carriage; and

a focus drive for driving said objective lens holder to move said objective lens along
its optical axis, said focus drive and said objective lens holder defining a center of fine
motor mass wherein said center of fine motor mass, said center of carriage mass, and
said center of lens mass are substantially coincident on said optical axis.

2. An apparatus for optically reading or recording information on an ootical disc
which is rotatable about an axis of rotation, said apparatus compnsmg
a frame;

a carriage-being movable relatlve to sald frame along a path orthogonal to said axis
of rotation; ' :

a carriage drive for driving said carnage along said orthogonal path, portions of said
carriage drive being mounted on said carriage, said camage and said mounted portions
of said carriage drive defining a center of carriage mass;

an objective lens having an optical axis and a center of lens mass;

an objective lens holder haVing mounted thereto said objective lens, said objective
lens holder being movable relative to said carriage to move said objective lens along
said optical axis; -

a plurality of flexures for suspending said objective lens holder from said carriage,
said flexures being symmetrically attached to said objective lens holder about said
optical axis at attachment points that are disposed in a plane defined by said optlcal axis
and an axis extending in a tracking direction;

a focus drive for driving said objective lens holder to move said objective le‘ns along

‘its optical axis, said focus drive and said objective lens holder defining a center of fine
motor mass; and



connected to correspondi ng | edges oh t he bottom of the support .menber 290
so as t-o cooperatively suspend the | ens hol der 210 fromthe support nenber

290. The support nmenber 290 further incl udes an apertur mf 'l Il NO
a lLightgyemtting diode 300. The diode 300 is in ali gnmsﬁl_ I" mﬂgﬂmlelmure
198"in the bracket 196, Fig. 3, and photodet ector 202 posittorted™ €hih the
notch 200 in the bracket, such.that whe@8the light emtting diode 300 is

~energi zed, substantially collimated light is emtted through the aperture
198 in the brafin@tragideg drive for drivingaaid objpotivetlaes phldeottemake fine 2dfustments
Dependi ngj hddi i i -
subpor t TR *?g‘ﬁ’és‘?‘?ﬂéﬁh ﬁ‘nﬁ'{’_%&‘e‘ggj? Ris ond St bitogdie Baln bRetel spi
portions SENERETHRe mat ?mféév.s%‘gcﬁﬂ Pt eRiGiagRaNast @R seid cenfat of leos deans
upon the deg subvstantdly, coingldentidnosaid opti€ditaxi@) si gnal can be generated to
determine the amount of displacenment required foor precise focusing and
tracking at the desired location on the surface of the disc. In the

i | lustrated ekxbodnrapparatus forfdontroling the pesitiorcof s letisssaill apbardtWSprhEﬁQﬁg:

coi | 5 232, LB UYBIREDARS 1o Carr age mass consists of fhe base 180,
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Dlate 164 png scr ba a0 Cpe g riohe ol s dintefd syl APyl Mol BRE L IRE o
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a carriage suspending said suspended body for relative motion therewith having
at least one degree of freedom,_whereiri a center of mass of said carriage lies within 0.1
mm of said optical axis proximate said center of mass of said suspended body, and said
carriage has an initial attitude with respect to three mutually orthogonal planes of
reference defined by an X axis, a Y axis, and a Z axis, and suspensory forces of said
carriage acting on said suspended body are symmetric about said optical axis;

a first drive means acting on said carriage for producing a first plurality of balanced
forces being symmetric about said optical axis to accelerate said carriage and said
suspended body therewith at different frequencies along said Y ‘axis wherein moments
produced by said first plurality of balanced forces about said center of mass of said

| carriage are effectively absent and forces reactive to said first plurality of balanced

" forces are further symmetric with respect to said optical axis thereby producing
insubstantial moments about said center of mass of said carriage, inertial forces
developed by said first drive means on said carriage being balanced and symmetric
about said optical axis so that said carriage maintains its said attitude with respect to
said planes of reference during acceleration thereof and said suspended body maintains -
an initial position with respect to said carriage. '




Wth reference to the above description in connection with Figs. 3 and 4,
the coarse tracking coils 142, 144 have equal dinmensions and are symetric
about optical axis O of the objectlve | ens. Further, the tracking coi
pairs 232 234 and 236, 238 have equal _di nensions and are symmetric about
optj<cal "axis O of. the | ens 122. The di finsi ons of the mass bal ance pl ate
184 and nmass bal ance projection 184 are advantageously selected to
conpensat SEEHr ACITUATERSFOR OPEIGAD (RECORDAN®r 290, flexures 260, 262, 264,
266, -bearing surfaces 108,1 10, bracket 196 and phot odet ector 202, such
that the center of mass of the carriage and the center of mass of the fine

and focusp pol e pi eces 244,246, the pernmanent
‘HSﬁgﬁcﬁ'ctEPSﬂTﬁEC U@cebéugg%

magnets 250 us coil and tracking coils 232, 234, 236,
238) are gendhaps§emplyctos sentralling the position ok lars i en eipticakdatarstorage ants
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' lies within 0.1 mm of the optical axis, proximate the center of mass of the lens holder.
Suspensory forces acting on the lens holder are symmetric about the optical axis. A
coarse magnetic drive moves the carriage in a tracking direction, and exerts forces on
the carriage that are balanced and symmetric about the optical axis, so that moments
about the center of mass of the carriage are effectively absent. Inertial forces acting on
the carriage, and forces reactive to the magnetic drive forces are also balanced and
symmetric with respect to the optical axis, and produce insubstantial moments about the
center of mass of the carrlage There is a fine tracking and a focusing drive for the lens
holder. Both of these drives produce balanced and symmetric forces about the optical
axis, such that moments about the optical axis are absent. Inertial forces and reactive
forces acting on the suspended:lens holder are also symmetric about the optiéal axis. -
As a result the objective lens moves along its optical axis, and in its tracking direction -
without change in attitude, and its focal point can be precisely controlled with respect

. to the surface of a storage medium being read or written. . .

FIGURE 23



14 the coarse coils 142, 144. \Wen coarse tracking novenent is required to
- position the objective | ens 122 beneath a selected track on the optical
disc, current is applied to the coarse tracking coils 142, 144. The current
|qterac;s with the magnetic field B to produce forces mhlch nove the
cartiage 106 in the tracking direction. The forces are generated according
to the Lorentz |aw F=BXI 1, wherein F repsgsents the force acting on the

focus coil, B represents the magnetic flux density of the nmagnetic field
bet ween the two permanent magnets, | represents the current through the
focus coil, and 1 represents the length of the coil. For exanple, when the

current | applied to the first coarse tracking coil 142 travels through the
portion of the coil positioned within the nmagnetic field B in the direction
into the plane of the drawi ng sheet, a force [err].in the direction of the
arrow 320 i's produced. Simlarly, when current | travels through the
portions of the secqond tracking coil 144 positioned within the magnetic
field Bin the direction oqg of the plane of Fig. 5, a force [err] in the
direction of thetrarrow 322 As produced. The forcesJerr] and [err] act to
nove the carria 106 horizogally to the left. CofQersely, Fig. 6 shows
that if the dirQ\tion of the curr@nt | wighi, ons of
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the tracking coils 142, 144 wthin the magnetic field B is reversed, forces
[err] and [err] are praqduced which act to nove the carriage into the plane
of Fig,. 6 (to the right in Fig. 5). The anount of novenent in the tracking
di rection depends on the amount of current applied to the coarse coils 142,
1447 In this manner, the carriage 106 is noved to position the objective

| ens 122 such that the |aser beam 1202¢84ting the lens 122 is focused
within.a desired information track on the surface of the optical disc. Wen
a control signal is generated by the optics nodule 102;.a given current is -
applied to either the fine tracking coils 232, 234, 236, and 238, or the
focus coil 230 depending on the direction in which the displacenent of the
| ens hol der 210 and objective |ens 122 attached thereto i sgreqored. Such
servo system and feedback circuits which control the gno C‘ig%lrre t are
wel I known in the arte Ths current interacts with tkg efectRomagpetfic
field produced by thewperfranent nmagnets 439, 252 to Create a for
di spl aces the | ens hol 210 and the oégqptive | ens 12

in the appropri atd Trac ing or focusing ¥itFecti g
re-positioning is desired,in the focus diygcti i o/ a fpcus
error signal, this signal®i ’ QNP | 5SS (notf shown),
whi ch generates a current ' [ above, a
force is generated accordi
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Referring to Fig.- 7, the permanent magnets 250, 252 of the 2-D actuator 116
are oriented such that the south poles of each magnet 250, 252 face the

| ens hal der 210. In this configuration, a magnetic field Bis formed whose
lines of flux originate at the 15 magnets 250, 252 and are directed

i nwerdly toward the | ens hol der 210 as shown. Wen a current | is applied
to the focus coil 230 and travels throgghathe portions of the coil 230
positioned within thé magnetic field B in the direction shown, .an upward
force [err] is generated at each section of the focus coil 230 which is
translated to the flexure arns 260, 262, 264, 266, bending the flexure armns
to nove the | ens holder 210 and associ ated objective |lens 122 closer to the
optical disc. Conversely, when the ,current |I is run through the coi
sections - in the opposite directiond q? se illustrated, a downward force
I S generated which acts -on the fiﬁ* 0 nove the | ens hol der 210 and
objective lens 122 further away j\rom¥he surface of the optical disc. The
‘magni t ude of the displ acenent ishﬁﬁﬁﬂ'dent upon the armount of current

——

applied to the focus coil 230. By noyjng the objective lens 122 closer to




optical disc, the focus coil 230 acts to precisely focus the | aser beam 120
exiting the objective lens 122 wthin the desired information track on the
disc. As shown in Fig. 8, novenent of the actuator 116 to effect fine
traekihg is produced when current is generated in the four fine tracking
cotls 232, 234, 236,  and 238 affixed to the focus coil 230. Wen current is
applTEﬂ to the tracking coils in the digfections shown through the portions
of the tracking coils positioned within the magnetic field B, forces [err]
are produced whi-ch nove the | ens -holder 210 to the right. Wen the forces
[err] act on the tracking coils 232, 234, 236, 238, they are transl ated

t hrough the focus coil 230 and | ens hol der 210 to the flexures 260, 262,
264, 268 which bend in the corresponding direction and the objective |ens
122 i-s noved in the direction of ©he forces, to the right in Fig. 8. Wen
current travels through the Z&y Kighg coils 232, 234, 236, 238 in the
opposite direction, a force {§s\§enerated which acts to nove the | ens hol der
210 to the left. The anount oN gurrent applied to the fine tracking coils
232, 234, 236, 238 is elativelj\snall i n conparison with the anount

applied to the coarsegiracki , 244, and the<ﬁ mensi ons .of the
fine tracking coils a nu%g 3 ' Dl s to increase
‘resonance frequencies us dt hs whi ch can
then control to tighter




which illustrate the symretry and bal ancing of forces achieved with the
desi gn-of the present invention. Fig. 9A is a schematic diagram
illustrating the symmetry of coarse or carriage notor forces acting on the
actuator 116 in t he horizonal pltane. When curréent is applied to the coarse -
tkgcklng coil s 142, 144 as described above, forces [err] and [err] are
produced -which are centered within theggtion of the coarse coils 142, 144
~ located adyacent t he permanent magnets 130, 132, respectively. The
dlnenS|Qns of the first coarse coil 142 are selected to.equal the

di nensi ons of the second coarse coil 144, and 16 the current applied to
each coi'l is the same, such that the forces [érr] and [err] acting on the -
coils are equal. Further, the coarse coils 142, 144 are positioned at equal
di stances [err] and [err] fromthe objgctive |lens 122 such that the

. resulting nonents about the optical axils O of the objective lens 122 are

equal , and the carri age ya mni paz€d. In Fig. 9B, the centers of the
coarse notor forces [err] rr 4 Jstrﬁ@fd in the vertical plane.
Because the forces [ {;EST‘]_ ¢ Cal aligned with the
B -
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center of mass of the carriage [err] (i.e., are generally intersected by a
line orthogonal to the radial direction and the optical axis O containing
the center of gravity of the carriage [err] the nonments about the
hori zontal axis are equal, and carriage pitch which can cause the prismto
detlect the beam angle, thereby introducing track offset, is reduced. The
fine tracking.notor forces in the horh?gatal and vertical planes are
illustrated in Figs. 10A and 10B. The forces [err] and [err] produced by
t he energization of the fine tracking coils 232, 234, 236, 238 within the
magnetic field induced by the permanent nagnets 250, 252 are .centered
between the pairs- of fine trackjingecoils 232, 234 and 236, 238, and extend
horizontally in the tracking difpeti P mensions of the coils are
" equal and the anount of currenté%pb\' / coils is equal as well, such
that the magnitude of the resul&&n r%baay-[err] i s equal .
Additionally, the fine trackingE}oi , %gg 238 are positioned at
equal distances LT fromthe optical |axs Q ._;ﬁéléq;us | ens 122, and thus,
re

t he monents produced about the a&pti ¢al Ql bal , -such that yaw of
the | ens hol-der 210 and:.lens .122 c ioed t eon about the vertical axis
is decreased. As illustrated in Figr esg{ tant fine tracking force
[err] acts on the center of nmas df i o mass [err], such that

| ens hol der pitch is mnimzed.
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Fig. 11Aillustrates the reaction forces [err] and [err] resulting fromthe.
fine tracking-notor which act upon the carriage 106 in opposition to the
fine tracking notor forces [err] and [err] illustrated in Fig. 10A. These
reaction forces [err] and [err] act on the pole pieces 244, 246 positioned
over_the tracking coils .232, 234, 236, 238 on each side of the | ens hol der
210. As described above, the nagnitudg,§f the tracking forces [err] and
[err] is equal. Further, the dinensions of the pole pieces 244, 246 are
equal, such that the reaction forces [err] and [err] produced are equal.
Because the pole pieces 244, 246 are positioned at equal distances [err]
fromthe optical axis O of the lens 122, the nonents about the optical axis
O are equal .in magnitude, reducing rotation about the vertical axis, or-
yaw. Fig. 11B illustrates the resultant reaction force [err] in the

vertical plane. As shown, the reaction force [err] EQ%P at phe center of
mass of tHe fine notor mass CMF at a di stance [err] =aboye ent er of

mass of the carriage mass [err] and thus a nonment wl | ¢ carriage
106. However, because the - 17 distance[err] and theq orces

[err] and [err] are fairly small, this nonent is




relatively small and does not significantly affect carriage perfornmance.
The resultant focus forces [err] and [err] acting on the 2-D actuator 116
are illustrated in Fig. 12A. The focus forces [err] and [err] are centered
in the ,portions of the focus coil 230 | ocated between the tracking coils
232, 234, 236, 238 and pol e pieces 244, 246, adjacent the permanent nagnets
250, 252. The focus coil 230 is mnund-vg hin the opening 212°in the | ens
hol der 210, Fig. 4, such that the saneanount of current flows through each
side of the coil 230 adjacent the nmagnets, thus producing equal forces
[err] and [err] at the sides of the |Iens holder 210 which act to nove the

| ens hol der and objective |l ens 122 carried thereon in a vertical. direction.
The coil is positioned symmetrically within the opening 212 in the |ens

hol der 210 such that the centers of the forces [err] and [err] produced are
positioned equidistantly at distances LF fromthe optical axis O of the
.objective lens 122. In this configuration, the no@éft
optical axis O of the lens 122 are equal, reducing ro
210. Additionally, as illustrated in Fig. 12B, when
the carriage, the focus forces [ERR] and [ERR] [ERR|
aligned with the center of mass [ERR] of the carriag
reducing pitch of the carriage 106. The reaction forces
produced in response to the focus forces [ERR] and [ ERR]
are illustrated in the horizontal plane in Fig. 13A

. 12A



The reaction forces [ERR] and [ERR] are equal in magnitude and opposite in
direction to the focus forces [ERR] and [ERR] and are centered adjacent the
fine nptor permanent magnets 250, 252 internediate the pole pieces 244,

246. As. descri bed above, the focus forces [ERR] and [ERR] are equal, and
thus, the reaction forces [ERR] and [ERR] are equal as well. Further, the
reactions forces [ERR] and [ ERR] act @3#£qual distances LFR fromthe
optical axis O of the objective lens 122 to further reduce pitch. '
Additionally, as illustrated in Fig. 13B, when viewed fromthe end of the
carriage 106, theée focus forces [err] and [err] ([err] in the drawing) are’
aligned with the center of mass [err] of the carriage mass, thereby
reduci ng pitch of the carriage. The forces [err] and [err] generated by the
flexure arns 260, 262, 264, 266 on the |l eng holder 210 are illustrated in

.Fig. 14. The forces [err] ‘and [err] |Ilustrated are those acting on the
upper flexure arns 260, 26Bco{jRgse-skill ed in the art, however,. wll
recogni ze that identical forces act ‘pn ﬁéﬁre,arns 264, 268, as
well. The forces | T | exure arns 260, 262,

respectively, are centg¢red at the crosgbar ;sectj ons 280 of the flexure arns
260, 262 where the flexXure arns are attlachdd t Hupport nenber 290. As
previ ously descri bed, en these forceq [eryr] d [err] act on the flexure
arnms 260, 262, the fleiﬂre arns bend i n<the—=a ,aﬁ‘ﬂﬁﬁe direction to
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18 their bent condition, the fine notor generates reaction forces [err] and
[err] which are centered at the pole pieces 244, 246 on either side of the
| ens” hol der 210. As shown, the flexure forces [err] and [err] act a
distance [err] fromthe optical axis O of the focus |lens 122, while the-
reaaL\Qn forces FRA and FRB act distances [err] and [err] fronrthe opti cal
axis 0] respectively. It wll be appaﬁszé to those skilled in the art that

t he monents produced about the optica I's O of the lens 122 by the pairs
of forces are not equal, srg;e [err] does not equal [err]. However, since

t hese forces are effectrvely—-- ‘, g~ romthe carriage except at very |ow
frequencies (typically belo J? ’ l ), @Bfse forces do not affect
actuator perfornmance at nost Wl - 04 QQid@Q ondi tions. ‘As descri bed
above, the carriage 106 |nclu~ Fﬂngcs rfaces 108, 110 which are
slidably mounted on the gurde > 1140Ch order to position the
carriage 106 beneath various ackys”on the optical disc. In essence,

t he bearings 108, 110 act as ‘da!'iha-; ich hold the carriage 106 above
the rails 112, 114. The bear 0 —& —
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"spring" stiffness forces [err] and [err] are illustrated in Figs.

15A- B

Thg\forces“[err] and [err] are centered at the point of contact between the
bearing surfaces 108, 110 and the rails 112, 114 and extend downward

t Rrough the center of the rails.

the surface contact area between the
t hus these stiffness forces [err] and
Furt her,
[err] fromthe optica
opti cal
mnimzing carriage pitch. Referring t
the net carriage suspension force [err
the two bearings and aligned with the
[err] and [err] acting on the bearin

.are illustrated in Fig. 16A. As the
sections 160, 162, two friction forg

axis O of the

associ ated wth each bearing section 163, 16

centered at the mddle of the bearii
rails 112. A second friction force |

110 and i s cent eredl 1'01 the m ddl e E{

gs
er

‘ As descri bed above,
area between the bearing surface 108 and rai

t he bearing surfaces 108, 110 are positioned at equal

r 1

t he surface contact
112 is approxi mately equal

rr] are substantially equal.
_ di st ances
ens 122 so that the nonents about the

axis O-produced by these forces [err] and [err] are -equal,

olFig. 15B, in the vertical plane,
] lacts at a point direct]ly between
optical axis 0. The friction forces
surfaces 108, 110 and rails 112, 114
rigteur f ace 108 conprises two
and [err] are present, one
F ectively, which are
| ong] t he area of -contact with the
act 144e second bearing surface

ng al its contact with the
UL L |

rail 114 as shown. Becau\e the | G—Eorta
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bearing sections 160, 162 forming the first bearing surface 108
substantially equals the area of contact of the second bearing surface 110,
angthe amount of pre-loading and coefficient of friction is the sane for
‘bot h;bearing surfaces, the sumof the friction forces [err] and [err]
equals the friction force [err]. The bearing surfaces 112, 114 are | ocated
at equal distances [err] fromthe optii@gizgaxis O of the focus lens 122, and
t he 19 resulting nonents about the optical axis of the lens are then
equal as well. In the vertical plane, the forces [err] and [err] act at the
areas of contact between the rails 112, 114 and the bearing surfaces 108,

- 110, as shown in Fig. 16B which are advant ageously designed to be
horizontally aligned with the center of mass of the carriage nass [err]-
such that nonments about the center of mass which can produce carriage pitch
are reduced. Figs. 17-20 illustrate the inertial forces acting on the
carriage 106 and 2-D actuator 116 for both vertical and horizontal
accelerations. The'inertial forces acting on the fine notor and carriage in
response to a vertical acceleration of .the assenbly are shown in '
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Fig. 17. Afirst dowward inertial force FIF equal to the mass of the fine
motor multiplied by the acceleration acts at the center- of mass of .the fine
nmot o, mass CMF A second. downward inertial force [err] acts at the center of
mass ; of =t he carriage nmass [err] and is equal to the nass'of the carriage

nul%lplled by the acceleration. Fig. 18A and 18B further illustrate that
the inertial forces [err] and [err] ari3is®¥izontally aligned with the
optical axis O of the objective lens 122.. Fig. 19A illustrates the inertial

forces acting on the coarse coils_ 142, 144 and fine notor pole pieces 244,
246 for horizontal accelerations of thejcarriage and fine notor,
respectively. An inertial force [err] aLts at the center of upper portion
of the first coarse coil 142 and an inential force [err] acts at the center
"of the upper portion of the second coarg¢e coil 144. As described above, the
-.coils 142, 144 are of identical ding] Jsuch that the nmass of the first
coil 142 equals t he mass of the secpfe—¢ort™{144.44The nagni t ude of each
force [err] is equal to mass of the|lrespectilve coil nultiplied by the

accel eration, and thus, the inertial fo ceg,fnﬂﬁ?ﬁﬁ(mq the coils 142, 144

are equal . Because the coils 142, 144 aﬂe pdsiti tphed at equal distances
[err] fromthe optical axis O of the H Iens1%@2 the resulting
nonent s- about the q |caI axi s t =-'§ he |nerH|aI forces
[err] and [err] aﬂé | . Simflarly; e thd fine 3 é pi eces
244, 246 are of eqgda Ilmensi ops and ar¢ | ocated]at equ ces [err]
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fromthe optical axis O, the inertial forces [err] and [err] acting on the
‘pol e pieces are equivalent, and.the resulting nonents about the optical
ax+s, O of the objective lens 122 are equal. Applying this sane analysis to
al:)l other conponents or "subparts" of the carriage and actuator assenbly,
an#t“as will be explained in nore detail below, the inertial forces produced
by horizontal and verti cal acceleratiqlljgmwe the resonance frequency of
the flexure arns are bal anced and symetric with respect to the. optical
axis O The net inertial forces of the fine notor and carriage [err] and
[err] for acting on the assenbly - for horizontal accel erations thus act
along a line through the center of the carriage which intersects the
optical axis O as shown in Fig. 19B. The net inertial force due to the
coarse notor [err] is equal to the mass of the coarse notor nultiplied by

t he 20 acceleration, while the net inertial force due-to the fine notor
FIF is equal to the mass of the fine notor nmultiplied by the accel eration.
At high frequencies, i.e., accelerations in the tracking direction above
the | ens hol der-flexure armresonance frequency, approxinmately 40 Hz,
components of the » AN .
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assenbly 100 decoupl e and do not affect the position of the objective |ens
122. Consequently, the inertial forces differ for accelerations above and
bel ow the flexure armresonance frequency. The inertial forces for

horlzoﬁlal accel erations at these high frequencies are illustrated in Fig.

20k At these hi gh frequencies, the actuator

116 is decoupled fromthe

carriage 106, such that a first inerthgpéforce [err] equal to the mass of

the fine nmotor nultiplied by the acce
the fine notor mass -CMF and a second inertial

ion acts at the center. of mass of -

force [err] equal to the nass

~of the coarse motor nmultiplied by thewiccel eration is centered at the

center of mass of the carriage nass [§
inertial forces at horizontal acceler
frequency. At these | ower frequenci es,
mass nove as a unit which has-a net cen

Billustrates the
the | Xure armresonance
t%i s and carrlage

illustrated, this net center of mass [e is | ted &E>a dlstance X

vertically above the center of mass of {he
coarse notor forces [err] and [err] and e f

ria -naiz:[err] and thus the
ritedjon forces [err] and [err]

are no longer aligned wwth the carriag
[err]. Although this vertical shift
the symretrical design of the asse
of the carriage nmass [err] does not
forces acting on the

o mass, now shifted to
c@nter of mass occurs,
hat the center of mass’
zontal plane, and the
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. carriage remain symetrical about the center of mass and optical axis Oin
spite of the vertical shift in the center of mass from[err] to [err].

- Further, the synmretry of the design ensures that horizontal shifting of the

center ~of mass [err] does not occur when subparts or conponents of the

cakri age decoupl e at high. frequencies. For exanple, at frequencies in the

KHz range, the fine notor pol es piecesi@f®a 246 and magnets-250, 252 will

decouple. Due to the synmetry of the design, however, the center of nmass

will not shift in the horizontal plane. Because there is no shift of the
center of mass [err] in the horizontal plane, reaction forces of the focus
‘motor will not pitch or rol

the carriage at frequenci es above those where
subparts have cone "l oose". Thus, by horizontally aligning the center of

mass with the optical axis O of the objective lens 122, the lens sits "in
the eye of the storni, where its position is mninmally affected by _—
resonance, notor, and reaction forces acting on the assenbly 100. Figs.
21A-B illustrate the Bode transfer diagramof fine tracking position versus

fine nmotor current of the actuator 116 of the present invention for an
obj ective lens of 0.24 :
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21 grans suspended in a fine notor having a mass of 1.9 grams. As
illustrated in Fig. 21A, the.actuator. exhibits al nost ideal -dB curve 310
haV|ng an approxi mate 40 dB/ decade slope and an ideal phase shift curve 312
haweng a 45 degree phase margin. Fig. 21GD illustrate the sane transfer
funetion when the lens is off centered in the horizontal or tracki ng _
direction by 0.15 mm Both the dB and P? f shift curves, 310" and 312
respectively, reveal a disturbance, gﬁf ch, which occurs at
-approximately 3.2 kHz. The pfase nargln decrease to approxi mately 25
degrees, further reducing | oop danping and increasing settling time and

overshoot. In terns of |ens the horizontal shift in |lens
position disturbs the symetr e of e fine tracking forces
acting on the lens and result: neNabodt the optical axis of the

| ens, resulting in yaw. Thus, can 4seén StHat the bal anci ng of forces
in the assenbly 100 about the |opt axi O the objective |lens 122

mar kedl y i nmproves tracki ng pogi t#0on. Nk Js. Cillustrate.the effects of
asymmetrical focus forces actj assenbly 100. Fig. 22A illustrates
the tracking signal while <rfossin tracks f&@ a track pitch of 1.5 um
wherei n_each sine wave coé§ S iinfFormati on track on the surface
of the optical disc. In Fiy. / ' c force is centered with the
center of mass of the fine t he optical axis O The top trace

322 shows the current
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applied to the focus coil during the step, while the bottomtrace 324 shows
the tracking error signal while following a particular track, for a focus
current of 0.1 Anp, and a focus acceleration of 0.75 [err]. As

i |fustrated, the tracking error signal remains virtually unaffected by t he
foeus current |level Fig. 22C shows the effect on the current and tracking
error signals as in Fig. 22B when the fy force is shifted out of
alignnment with the optical axis O and center of mass CMF by approxi nmately
0.2 mm The corresponding curves are identified as trace |ines 322" and
324", respectively. The tracking signal is now visibly affected by the
focus current. Wth the same focus current and acceleration,. a tracking

of fset of 0.022 umresults. Typically, the total allowable track offset in
an gptical drive-is in the range of 0.05 urn to 0.1 um and thus, by

aligning the forces as in Fig. 22B, the tracking offset is significantly

reduced. An alternative enbodinen?x§$$§Q§&$¥§§§é and actuator assenbly in

which the center of mass of the 34p_act U\ tor cai B%ges with the center of
st t A

mass of the carriage mass is illustra iR as assenbly 400. In
addition to being sub Y Zmmei 1 da 57 Ap al axis of the
obj ective l'ens, the cdmjdr 1SS ; incides with
the center of nmass of A9 ¢ I agetFH®ES A/t he opti cal
axis. The carriage an qt patQr d9494eRPhy |1 4 ? pment is
adequate for nost fre ncy fgrgﬁé al'ternative
enbodi nent, however, /] AW
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may be used in applications where it is desirable to avoid the shift in the
center of mass of the carriage nmass at frequencies below the flexure arm
resonance frequency. 22 The assenbly 400 includes a carriage 406 having
first :and second bearing surfaces 408 and 410 substantially identical to

t Hose in assembly 100 which can be slidably nmounted on guide rails (not
shown), and a 2-D actuator 416 which i ggpnted within the carriage 406.
The carriage 406 includes a pair of c tracking coils 412 and 414
positioned within respective notches 417 and 418 forned in the carriage
406, adj acent the bearing surfaces 408 and 410, which act to nove the
carriage 406 horizontally in a tracking direction to access various
information tracks on the surface of an optical disc. The actuator 416
includes a | ens holder 420 having an ohjective |lens 422 nounted thereon. A

pair of |edges 424 fornmed on the t sHaee of the carriage 406 support a
pair of top flexure arns 426 which ' ler tached to the top surfaces
of a pair of proj.ections 428 forned on ithe | en ol der 420. A pair of
bottom fl exure arns.429 whi ch //(,__140
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are identical in structure to the top flexure arng 426 are supported by
correspondi ng | edges in the bottomof the carriage (not shown), and attach
to the_bottom surfaces of the projections 428 on the |ens hol der 420. A
bearnh of. 1ight 430 enters the actuator 416 through a oval aperture 432 and
isreflected by a mirror (not shown) contained inside the actuator 416
through the objective lens 422 along apfical axis O. The actuator 416
is further attached to a focus and fine tracking notor which noves the |ens
422 so as to precisely align and .focus the exiting beam upon a desired

| ocation on the surface of the optical disc: The focus and fine tracking
motor includes two permanent nmegnets 440 and 442 affixed to opposing ends

of the lens hol der 420. An oval «Sp :a',lr: tracking coil 444 is affixed to
each permanent magnet 440 and 44 //ﬂf,’-r the carriage bearings 408 and
M}-‘ I‘i Qand=<gttom surfaces of the
WY IHVieirdiaYal

410. Focus coils 448 are attached|/}d
widt hd]t he i nterior of the

s""ti ondd between the focus

carriage 406 and supported by |ed
carriage such that the | ens hol de
coil s 448. Coarse tracking novene
effected in a manner identical to
Figs. 6 and 7. When a current i

0% CAr T i 406 and actuator 416 is
¢ﬁmheas &bl y 100 illustrated in
T “hescoarse tracking coils 412

Foree i s generated according
to Lorentz | aw which acts to moye LA 406,.and actuator 416 in a

tracking direction so as to poSjlti 7/ P\ Ptivedd ens 422 beneath
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various information tracks on the optical disc. Fig. 24 illustrates the
operation of the actuator 416 to nove the | ens hol der 420 and objective

l ens 422 carried thereon in a focusing directiom Wen a current is
~generated in-the focus coils 448, an electromagnetic field 450 is induced
i n“each of the coils. The el ectromagneti.c field 450 differs in direction
for the respective focusing coils as sh x@ In the exanpl e shown, both

per manent magnets 440 and 442 will be attracted by the bottom focus coi
448 and repelled by the top focus coil 448, thus noving the objective 23
| ens hol der 420 toward the bottom focus coil 448 and away fromthe top
focus coil 448 to position the objective |ens 422 further away fromthe
surface of the optical disc, wherein the magni tude of the displacenent
depends on the strength of the induced el ectromagnetic field. In-a simlar
manner, Fig. 25 illustrates the permanent magnets 440 and 442 interacting
wth the fine tracking coils 444. Energi zation of the tracking coils 444

moves the | ens hol der 420 horizontally in the tracking direction to the
right or to the left
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" [err], thereby minimzing carriag

dependi ng upon the direction of current through the coils. For exanple, in
the presence of the nagnetic field 460 illustrated, the | ens holder 420 and
obj ective lens 422 are noved towards the left. In this manner, the fine
tracking coils 444 act to nore precisely position the |ight beam exiting
the objective lens 422 within the center of a desired information track.on
the optical disc. As described above, the coarse tracking notor of this
enbodi ment operates in a nanner i dent224B4to that of the coarse t racki ng
motor in the assenbly 100. The coarse tracking coils 412 and 414 are of

i dentical dinensions and are positioned at. equal distances fromthe optical
axis O of the objective lens 422. Eqpal currents are applied to the coils
such that forces [érr] and [err] actiﬁg on the carriage 406 act at equal -

di stances [err] and [err] fromthe optical axis O. In the vertical plane,
in the radial direction, these forces{[err] and [err] are aligned with the
coi nci dent centers of gravity of } notor mass CMF' and carri age nass
fldd pitch. 1n a sinmlar manner,
the bearing surfaces 408 and 410 pre tosi i oned at equal distances fromthe
optical axis O such that the carfiage s -pﬁﬁﬁi forces are also symetric
“about the optical axis O . Each farce'[errl/éﬁ&ﬂ{ewr] agts an equa

gLiL?nfﬁe[FgB;éﬁf@LO?A} Qea(r)gt ieCal I = a t hnd1 6a@e at gf(ulﬁ'ﬁl(;g[]d?gc]cegrt her
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surface area of the bearings which contacts the rails is designed to be
substantially equal such that the friction forces acting on the carriage
are substantially equal. Since the bearing surfaces 408 and 410 are
positioned equidistantly fromthe optical axis O, the nonents acting about
the oOptical axis are equal and carriage and actuator is mininized. The

assenbly is further designed such that %éyéiriction forces are vertically
aligned with the center of nass of the rrTiage 406 and actuator 416. The

fine tracking coils 444 ane® of. equal dimensions and the current applied to
the coils is equal such tﬁﬁl trac g forces acting on the
actuator are equal. Furthery trac g coils 444 are positioned at
equal distances LT'. fromthsg , //AXES JJsuch that the noments produced
about this axis:are equal. | “vert| eal lane, these forces [err] and
[err] are also aligned with {the ter;/oflgx vity of the actuator 416 and
carriage 406, such that Tﬁtcﬁl agtuator 416 is reduced. Since the
fine tracking ., 24 for

110

t

& adt } e as§enbly are equal, it follows
that the reaction force rr]_and [err]\ pretluced in response to the
tracking forces [err] a e a’/gé wel | . _
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These reaction forces act at equal distances LR fromthe optical axis and
are vertically aligned with the centers of gravity, such that nonments about
the optical axis O are equal and yaw is reduced. In a simlar manner, the
- focds coils 448 have substantially equal dinensions and current applled to
t hem such that the focus coils 448 produce equal forces [err] and [err]
acting on the actuator. In this enbo@dygﬁf however, the focus coils 448
are |located at equal distances LF' fromthe coincident centers of -gravity
of the fine notor mass and carriage mass such that the nonents about the
optical axis O are equal. Further, because the focus forces [err] and
[err] are equal, the focus reaction forces [err] and [err] acting on the
fine notor mass are equal and act at equal distances LFR 'fromthe
coi nci dent centers of gravity of the carriage mass [err] and fine notor
mass CMF' . Thus, nonments produced by the reaction forces about the optical
axis are equal and actuator pitch is further mnimzed. The flexure forces

[err] acting on the actuator and fi ction forces [err] produced
in response to the flexure forces are ejectively the same as those
illustrated in Fig. 14 for the ass /1%00. $82e the flexure and
reactions forces are not _symetrical dut_rhe s O, the nonents
produced by these pai H-6rees—abott— i e equal. These
forces, however, are fe-itff#y = *
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decoupl ed fromthe carriage except at |ow frequencies (typically bel ow
around 40 Hz), such that these nonents do not affect actuator perfornance
under nost operating conditions. Thus, the notor and reaction forces acting
on theiassenbly 400 are symmetric about the optical axis O and are
vertically in alignment with the centers of gravity of the fine notor nass
[err] and carriage mass [err]. Becausegd centers of gravity of the fine
not or mass and carriage nass coi nci de, decoupling of the actuator or any of
the subparts of the assenbly will. not shift the center of nass, and the
forces and nonents acting on the assenbly will remain bal anced for
virtually all horizontal and vertical accelerations. Turning now to Fig.

26, there is showt&an alternate enbodiment of the iBvention. An actuator.
1-100 is constructedrr gengral ly simlar manner <t

79 e ARt or t he
first enbodi ment. YV ¥/ i t hig€la drive, the -‘n,?’ l/?f; of
sky @i ned 1ies withi '/'li?/" d

gt e syst em havi ng nut 7, ﬁgﬁa X Y,

the fine notor nmass
1412&=Alas an optical a q"lﬂ*"’.

defines the origin o
ol B=ear
en -122 i s nount ed

and Z axes. An obje WQ
P ¢0l | a -124
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25 of the lens, and of the unit formed by the lens 1-122 and the collar
1-124 both coincide with the center of gravity C of the fine notor mass. In
this enbodi ment the center of nmass of the carriage nmass |ies on the optical
axi & of, the objective lens 1-122, and al so coincides with the center of
gravity C of the fine notor mass. As in the first enbodinent, the objective
lens 1-122 is positioned within a |lens holder 1-210, as shown in Fig. 27.
The lens holder 1-210 is provided with2&f3#etrical shoul ders 1-213, 1-215,
fromwhich extend, respectively, a pair of symetrical upper arns 1-217,
1-219, and a pair of symetrical |ower arnms 1-221 di sposed on opposite
sides of the lens holder 1-210. O the lower arns, only one |ower arm 1-221
is shown in Fig. 27, it being understood that a second lower arm 1-221 is
positioned on the opposite side of thd | ens holder 1-210. Flexures 1-260,
1-262 are attached to the ends of the lupper arns 1-217, 1-219 respectively,
for suspension of the |lens holder 1-210 within the actuator as nore fully
described with respect to the first_enhodinent. Flexures are sinmlarly

attached to the |lower arns as well i tion in the same manner as the
fl exures 1-260, 1-262, but in thefr rest] o 1£4evi}yfﬁ@mly t he upper
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fl exures need be discussed. In accordance W th one aspect of this

i nvention, the upper arnms 1-217, 1-219, and the |ower arns extend forward

to the, XZ plane such that a dlscrete hi nge action occurs at a hinge point
1-263 at the ends of the arns, about a vertical axis- lying precisely in the
. XZ+pl ane. Providing hlnge action at the hinge points 1-263 minim zes.

monment s about the Z-axis when the obj eglyiygg lens 1-122 is being noved in a
tracking direction, so that there is no tendency for the actuator to yaw
about ‘the Z-axis. It is-possible for the flexures to be.constructed so that -
they do not attach precisely at the XZ plane, so long as the hinging action
occurs in the XZ plane. The flexures 1-260, 1-262, and the |ower flexures
can be the flexures described i'n Schell etal., U S. Patent No. 5,313, 332, .
whi ch is incorporated herein by referenck The actuator 1-100 is nounted on
a base 150 (Fig. 3) and is operated in the sanme manner as the actuator of
the first enbodi nent. Repeating the anaINS|s of inertial forces for this
enbodinent, it will be seen that whgn Cied to horizontal acceleration
along the X-axis, the carriage nass [@grd—tte>fine notor nass nove as a unit
having a net center of mass that exdctly| coi pcides with the origin C. This
is true whether the horizontal accelleration pccurs at | ow frequencies bel ow
t he resonance frequency of the flexures,! or ht frequencies above the
resonance ' IS
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frequenci es, when the conponents of the assenbly decouple. Thus the center
of -mass of the carriage mass and the center of mass of the fine notor nass
never shift with respect to one another, and, due to the arrangenent of the
flﬁxyres as di scussed 26 herei nabove, the fine notor mass has no
tendency to yaw about the Z-axis during coarse or fine tracking. As in the
first enbodi ment, the actuator 1-100 n2g/Bd4 provided with a fine focus
drive and a fine tracking drive, as appropriate for a desired application.

The actuator 1- 100 is partlcularlyhgggggﬁhggggggappl|cat|ons t hat can
tolerate a relatively large working distafige for the objective lens 1-122.

Wi le this invention has been described yﬁ detail with reference to certain
preferred enbodi nents, | sent invention
is not limted to those ' S\ er, in of the present
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of this invention. The scope of the invention is, therefore, indicated by
the following clains rather than by the foregoing description. Al changes,
nodi fications, and variations comng within the -neaning and range of '
equisval ency of the clains are to be considered wthin their scope. 27
Wratis clainmed is: 1. An apparatus: for optically reading or recording
information on an optical disc which ims3fatable about an axis of
rotation, said apparatus conprising: a frane;, a carriage being novable
relative to said frane al.ong a path orthogonal to said axis-of rotation; a
carriage drive for driving said carriage-along said orthogonal path,
portions of said carriage drive being nounted on said carriage, said
carriage and said nounted portions of said carriage drive defining a center
of carriage nmass; an objective |lens having an optical axis and a center of

| ens mass;
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an objective | ens hol der having nounted therein said objective |lens, said
obj ective | ens hol der being novable relative to said carriage; and a focus
drive f.or driving said objective |ens holder to nove said objective |ens
along.its optical axis, said focus drive and said objective I'ens hol der
defi"ning a center of fine notor mass wherein said center of fine notor
mass, said center of carriage mass, and38#4B84 center of |ens mass are
substantially coincident on said optical axis. 2. An apparatus for
optically reading or recording information on an optical disc which is
rotatabl e about an axis of rotation, said apparatus conprising: a frane; a
carri age being novable relative to said frame along a path orthogonal to
said axis of rotation; a carriage drive for driving said carriage al ong
sai d orthogonal path, portions of said carriage drive being nounted on said.
carriage, said carriage and said nounted-portions of said carriage drive

defi ni ng a gente of _carriage n sS: an oh-j ective | ens havi ndén opti cal
axis and a dentef of |ens 'SS;ggn obj ecti ve |l ggs {hhol der havOng nount ed
“thereto said objé¢ctivp lensf sdid objectjve llefg Bl de beLnﬁLanable
relative to [saidjcarr|age [fo ngve sai-d opj ect|i ve~l{¢ns al ong| sai d opti cal
axi s; : :
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a plurality of flexures for suspending said objective | ens ‘holder from said
~carriage, Said flexures being symetrically attached to said objective |ens
hol der about said optical axis at attachment points that are disposed in a
pl ane’ défi ned by said optical axis and an axis extending in a tracking
dir'ection; a focus drive for driving said objective | ens holder to nove -
said objective lens along its optical agilg3zgsaid focus drive and said

obj ective | ens holder defining a center of fine notor nmass; and = 28 a
fine tracking drive for driving said objective |lens holder to make fine
adjustnents in the relative position of said objective | ens along said

ort hogonal path wherei nsad—eenter—of—fimeTotor nass, sai d|center- of
carriage mass, and said{center of |ens mass are substantially coincident on
said optical -axis. 3. Amn apparatus for controlling the position of a |ens,
sai d appar at us conprisi+g: a sdPanded body; a lens disposed|in said
suspended body defininglan optical \axis, a center qf mass
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.of said suspended body bei ng di sposed substantially on said optical axis,
and a center of nmass of said |l ens being coincident wwth said center of mass
of said-suspended body; a carriage suspendi ng sai d suspended body for

rel atéve notion therewith having at |east one degree of freedom wherein a
centier” of mass of said carriage lies within 0.1 nmof said optical axis
proxi mate said center of mass of .said sugpgnged body, and said carriage has
an initial attitude with respect to three nutually orthogonal planes of
reference defined by an X axis, a Y axis, and a Z axis, and suspensory
forces of said carriage acting on said suspended body are symetri c.about
said optical axis; a first drive neans acting on said carriage for
producing a first plurality of balanced forces being symetric about said
optical axis to accelerate said carriage and said suspended body therew th
at different frequencies along said Y &kis wherein nonents produced by said
first plurality of balanced forces about said.center—of—aass of said
carriage are effectively absent and for fi;c\\\.m--";-'e‘!\?\\ rst plurality
of bal anced forces are further symsg uﬁﬁﬁ<|:especr TO0 Sa\N optical axis
t hereby produci ng i nsubstantial ng w/‘ofg\'\\\\\ Sard center of ‘g{= of said’
carriage, inertial forces devel oped B i: &Q&;, He—fean S\ sai d
carriage bei ng bal anced and sy ‘triclgac R 2pti-6 -X~that sai d
carriage mai ntains i®s said attitudq\\\g
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-an .initial position with respect to said carriage.
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