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(54) [Title of the Invention] OBJECTIVE LENS DRIVE APPARATUS 13 

(57) [Abstract] 14 

[Problem to Be Solved] To provide an objective lens drive apparatus that is capable of making 15 

the entire optical pickup thinner, while maintaining good dynamic characteristics. 16 

[Solution] Interconnecting internal yokes 50b, 51b, which have walls extending in the direction of 17 

the objective lens optical axis, for yokes 50, 51, which make up the magnetic circuit for an 18 

objective lens drive device, with yoke undersides 50c, 51c, which have members extending 19 

orthogonally to the optical axis of the objective lens, and inclined sections 50d, 51d, which 20 

incline diagonally to the optical axis of objective lens 1; partially expanding the yoke spacing 21 

under the objective lens; and arranging collimator lens 7 in that space. 22 

 23 
[Fig. 1] 24 

 25 
  26 
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 [Claims] 27 

[Claim 1] An objective lens drive apparatus comprising: a movable section that is configured from 28 

an objective lens that concentrates an optical beam on an optical disc, at least one drive coil that 29 

generates a force for driving said objective lens in the direction of the optical axis or orthogonally 30 

to the direction of the optical axis, and a lens holder that holds said drive coil; 31 

at least one elastic support member that is fixed to one end of said movable section, and that 32 

elastically supports said movable section; 33 

a fixed section, where the other end of said elastic support member is fixed; and 34 

at least one magnetic circuit, configured from a yoke and magnet that generate a magnetic flux 35 

that acts on said drive coil; 36 

where, among the walls that extend in the direction of the optical axis of said objective lens in 37 

order to configure the magnetic gap of said yokes, at least one wall is linked with the undersides 38 

of said yokes, extended in the direction orthogonal to the optical axis of said objective lens, by a 39 

member diagonally inclined towards the optical axis of said objective lens. 40 

[Claim 2] An objective lens drive apparatus comprising: a movable section that is configured from 41 

an objective lens that concentrates an optical beam on an optical disc, at least one drive coil that 42 

generates a force for driving said objective lens in the direction of the optical axis or orthogonally 43 

to the direction of the optical axis, and a lens holder that holds said drive coil; 44 

at least one elastic support member that is fixed to one end of said movable section, and that 45 

elastically supports said movable section; 46 

a fixed section, where the other end of said elastic support member is fixed; and 47 

at least one magnetic circuit, configured from a yoke and magnet that generate a magnetic flux 48 

that acts on said drive coil; 49 

where, among the walls that extend in the direction of the optical axis of said objective lens in 50 

order to configure the magnetic gap of said yokes, at least one wall is linked with the undersides 51 

of said yokes, extended in the direction orthogonal to the optical axis of said objective lens, by an 52 

approximately L-shaped member. 53 

[Claim 3] The objective lens drive apparatus according to claim 1 or claim 2, where said yokes 54 

are formed by press processing. 55 

[Claim 4] The objective lens drive apparatus according to claim 1 or claim 2, where said yokes 56 

are formed by a metal injection molding method. 57 

[Claim 5] The objective lens drive apparatus according to claim 1 or claim 2, where said yokes 58 

are formed using a sintered alloy. 59 
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[Claim 6] An objective lens drive apparatus comprising: an objective lens that concentrates an 60 

optical beam on an optical disc, at least one drive coil that generates a force for driving said 61 

objective lens in the direction of the optical axis or orthogonally to the direction of the optical axis, 62 

and at least one tilting drive coil to tilt said objective lens radially or tangentially to the optical disc, 63 

or in both directions, and 64 

a movable section configured from a lens holder that holds said drive coil; 65 

at least one elastic support member that is fixed to one end of said movable section, and that 66 

elastically supports said movable section; 67 

a fixed section, where the other end of said elastic support member is fixed; and 68 

at least one magnetic circuit, configured from a yoke and magnet that generate a magnetic flux 69 

that acts on said drive coil; 70 

where, among the walls that extend in the direction of the optical axis of said objective lens in 71 

order to configure the magnetic gap of said yokes, at least one wall is linked with the undersides 72 

of said yokes, extended in the direction orthogonal to the optical axis of said objective lens, by a 73 

member diagonally inclined towards the optical axis of said objective lens. 74 

 75 

[Claim 7] An objective lens drive apparatus comprising: an objective lens that concentrates an 76 

optical beam on an optical disc, at least one drive coil that generates a force for driving said 77 

objective lens in the direction of the optical axis or orthogonally to the direction of the optical axis, 78 

and a tilting drive coil to tilt said objective lens radially or tangentially to the optical disc, or in both 79 

directions, and 80 

a movable section configured from a lens holder that holds said drive coil; 81 

at least one elastic support member that is fixed to one end of said movable section, and that 82 

elastically supports said movable section; 83 

a fixed section, where the other end of said elastic support member is fixed; and 84 

at least one magnetic circuit, configured from a yoke and magnet that generate a magnetic flux 85 

that acts on said drive coil; 86 

where, among the walls that extend in the direction of the optical axis of said objective lens in 87 

order to configure the magnetic gap of said yokes, at least one wall is linked with the undersides 88 

of said yokes, extended in the direction orthogonal to the optical axis of said objective lens, by an 89 

approximately L-shaped member. 90 
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[Detailed Description of the Invention] 91 

[0001] 92 

[Technical Field of the Invention] This invention relates to an objective lens drive apparatus used 93 

in an optical disc apparatus. 94 

[0002] 95 

[Prior Art] One known example of an objective lens drive apparatus used in an optical disc 96 

apparatus is the one disclosed in Japanese Unexamined Patent Application No. H7-240031. 97 

[0003] Fig. 7 shows its basic configuration. Objective lens 1 is arranged at the center of a lens 98 

holder 2, around which a focusing coil 3 and a tracking coil 4 are wound, and constitutes a 99 

movable section. One end of each of 4 elastic support members 8 is fixed to said movable section, 100 

and said elastic support members 8 constitute conductive members. Focusing coil 3 and tracking 101 

coil 4, which are arranged in the movable section, are electrically connected with said elastic 102 

support members 8 inside the movable section, and the other ends of each of the 4 elastic support 103 

members 8 are physically and electrically connected to the fixed section and support the movable 104 

section. 105 

[0004] In addition, 2 sets of magnetic circuits, composed of magnets 6 and yokes 50, 51, are 106 

arranged on both sides of objective lens 1, and are configured so that focusing coil 3 and tracking 107 

coil 4 pass through their magnetic gaps. Therefore, when a drive current flows through focusing 108 

coil 3 and tracking coil 4, respectively, an electromagnetic force is generated from the 109 

electromagnetic effect acting on the magnetic flux and drive current within the magnetic gap, and 110 

it becomes possible to move objective lens 1 in a focusing direction (the optical axis direction of 111 

the objective lens) and a tracking direction (a direction orthogonal to the optical axis of the 112 

objective lens). 113 

[0005] During focusing control, depending on the surface deflections of the optical disc recording 114 

surface, it is possible to actuate objective lens 1 in the direction of the optical axis, and to have 115 

the optical beam spot follow the recording surface of the optical disc. During tracking control, 116 

depending on the eccentricity/meandering of the optical disc track, it is possible to actuate 117 

objective lens 1 orthogonally to the direction of the optical axis, and to have the optical beam spot 118 

follow the track of the optical disc. 119 

[0006] 120 

[Problem to Be Solved by the Invention] In recent years it has become necessary for the optical 121 

pickup arranged in an optical lens drive apparatus to be small, thin and to have good dynamic 122 

characteristics. Because of this, it is necessary to efficiently arrange optical components and to 123 

eliminate wasted space. In order to realize an objective lens drive apparatus that has good 124 
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dynamic characteristics, it is necessary to reduce the size and weight of its movable section. In 125 

addition, it is also necessary to maintain the relationship between an ideal magnetic circuit 126 

configuration and the focusing and tracking coils. 127 

[0007] Generally, the size and weight of the movable section of an objective lens drive apparatus 128 

often depend on the outer diameter of objective lens arranged in the movable section. That means 129 

that, when an objective lens with a small outer diameter is arranged in the lens holder, its smaller 130 

diameter reduces the size of the lens holder as well, and the winding diameters of the focusing 131 

coil are also reduced, corresponding to the reduction in size, thereby making the entire movable 132 

section lighter. Furthermore, insofar as the winding diameter of the focusing coil is reduced, the 133 

effective focusing coil spacing that generates the focusing drive force will become narrower, so 134 

that it will also be necessary to narrow the spacing of the 2 sets of magnetic circuits, which are 135 

composed of yokes and magnets and arranged on both sides of the objective lens. 136 

[0008] In addition, for the configuration of the optical system of an optical pickup in order to reduce 137 

its size and thickness, the direction of light emitted from a semiconductor laser is generally parallel 138 

to the surface of the optical disc, and the direction of this laser light is changed using a mirror, so 139 

that it is substantially perpendicular to the recording surface of the optical disc. In such cases, 140 

arranging a collimator lens between the mirror and the objective lens, in order to convert diverging 141 

light into substantially parallel light, is an effective means for reducing the size and thickness of 142 

the entire optical pickup. 143 

[0009] However, even when the objective lens is shifted in the direction of the tracking, the outer 144 

diameter of the collimator lens will generally be larger than the outer diameter of the objective 145 

lens, because the effective diameter of the objective lens must be positioned within the effective 146 

laser beam field. 147 

[0010] In the conventional example shown in Fig. 7, the 2 sets of magnetic circuits for the objective 148 

lens drive apparatus are in close proximity to each other, so that the gap between yoke 50 and 149 

yoke 51 is smaller than the outer diameter of collimator lens 7, and it is difficult to arrange 150 

collimator lens 7 inside the objective lens drive apparatus. As such, when arranging collimator 151 

lens 7 between the objective lens and mirror 10, for converting divergent light into substantially 152 

parallel light, the entire collimator lens 7 has to be arranged fully underneath the objective lens 153 

drive apparatus. Therefore, this is an unfavorable configuration for achieving the objective of 154 

making the entire optical pickup thinner. 155 

[0011] In this way, conventional configurations of an objective lens drive apparatus, when making 156 

the entire optical pickup smaller and thinner, and while maintaining good dynamic characteristics, 157 

have the drawback of it not being possible to make them thinner below a certain limit. 158 

-6- MICROSOFT - EX. 1009



[0012] The purpose of this invention is to realize an objective lens drive apparatus that is capable 159 

of making the entire optical pickup thinner, while maintaining good dynamic characteristics, in 160 

order to solve the problem indicated above. 161 

[0013] 162 

[Means for Solving the Problem] In order to solve the problem described above, the 1st invention 163 

is characterized by comprising a movable section that is configured from an objective lens that 164 

concentrates an optical beam on an optical disc, at least one drive coil that generates a force for 165 

driving said objective lens in the direction of the optical axis or orthogonally to the direction of the 166 

optical axis, and a lens holder that holds said drive coil; at least one elastic support member that 167 

is fixed to one end of said movable section, and that elastically supports said movable section; a 168 

fixed section, where the other end of said elastic support member is fixed; and at least one 169 

magnetic circuit, configured from a yoke and magnet that generate a magnetic flux that acts on 170 

said drive coil; where, among the walls that extend in the direction of the optical axis of said 171 

objective lens in order to configure the magnetic gap of said yokes, at least one wall is linked with 172 

the undersides of said yokes, extended in the direction orthogonal to the optical axis of said 173 

objective lens, by a member diagonally inclined towards the optical axis of said objective lens. 174 

[0014] In order to solve the problem described above, the 2nd invention is characterized by 175 

comprising  a movable section that is configured from an objective lens that concentrates an 176 

optical beam on an optical disc, at least one drive coil that generates a force for driving said 177 

objective lens in the direction of the optical axis or orthogonally to the direction of the optical axis, 178 

and a lens holder that holds said drive coil; at least one elastic support member that is fixed to 179 

one end of said movable section, and that elastically supports said movable section; a fixed 180 

section, where the other end of said elastic support member is fixed; and at least one magnetic 181 

circuit, configured from a yoke and magnet that generate a magnetic flux that acts on said drive 182 

coil; where, among the walls that extend in the direction of the optical axis of said objective lens 183 

in order to configure the magnetic gap of said yokes, at least one wall is linked with the undersides 184 

of said yokes, extended in the direction orthogonal to the optical axis of said objective lens, by an 185 

approximately L-shaped member. 186 

[0015] In order to solve the problem described above, the 3rd invention is characterized by 187 

comprising  a movable section that is configured from an objective lens that concentrates an 188 

optical beam on an optical disc, at least one drive coil that generates a force for driving said 189 

objective lens in the direction of the optical axis or orthogonally to the direction of the optical axis, 190 

and a lens holder that holds said drive coil, at least one tilting drive coil to tilt said objective lens 191 

radially or tangentially to the optical disc, or in both directions, and at least one elastic support 192 

-7- MICROSOFT - EX. 1009



member that is fixed to one end of said movable section, and that elastically supports said 193 

movable section; a fixed section, where the other end of said elastic support member is fixed; and 194 

at least one magnetic circuit, configured from a yoke and magnet that generate a magnetic flux 195 

that acts on said drive coil; where, among the walls that extend in the direction of the optical axis 196 

of said objective lens in order to configure the magnetic gap of said yokes, at least one wall is 197 

linked with the undersides of said yokes, extended in the direction orthogonal to the optical axis 198 

of said objective lens, by a member diagonally inclined towards the optical axis of said objective 199 

lens. 200 

[0016] In order to solve the problem described above, the 4th invention is characterized by 201 

comprising  a movable section that is configured from an objective lens that concentrates an 202 

optical beam on an optical disc, at least one drive coil that generates a force for driving said 203 

objective lens in the direction of the optical axis or orthogonally to the direction of the optical axis, 204 

at least one tilting drive coil to tilt said objective lens radially or tangentially to the optical disc, or 205 

in both directions, a lens holder that holds said drive coil; at least one elastic support member that 206 

is fixed to one end of said movable section, and that elastically supports said movable section; a 207 

fixed section, where the other end of said elastic support member is fixed; and at least one 208 

magnetic circuit, configured from a yoke and magnet that generate a magnetic flux that acts on 209 

said drive coil; where, among the walls that extend in the direction of the optical axis of said 210 

objective lens in order to configure the magnetic gap of said yokes, at least one wall is linked with 211 

the undersides of said yokes, extended in the direction orthogonal to the optical axis of said 212 

objective lens, by an approximately L-shaped member. 213 

[0017] Here, said yokes are formed by press processing, a metal injection molding method or with 214 

a sintered alloy. 215 

[0018] 216 

[Embodiments of the Invention] Embodiments of this invention will be described below based on 217 

the drawings. Fig. 1 is a front cross-section view of an objective lens drive apparatus according 218 

to the 1st embodiment of the invention. 219 

[0019] In Fig. 1, objective lens 1, focusing coil 3 and tracking coil 4 are arranged in lens holder 2. 220 

A movable section is supported by a plurality of elastic support members 8, and one end of each 221 

of these elastic support members 8 is mechanically connected and fixed to the movable section, 222 

and the other end to the fixed section. 223 

[0020] Said elastic support members 8 are made of a conductive material and are electrically 224 

connected to the respective focusing coil 3 and tracking coil 4 arranged in the movable section, 225 
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making it possible to apply an electrical current to said focusing coil 3 and tracking coil 4 from the 226 

fixed section side, through the elastic support members 8. 227 

[0021] 2 sets of magnetic circuits are configured in said fixed section. For said magnetic circuits, 228 

comprising magnets 6 and yokes 50, 51, magnets 6 are arranged in walls 50a, 51a that extend 229 

in the direction of the optical axis of objective lens 1 for yokes 50 and 51, likewise, walls 50b and 230 

51b, extending in the direction of the optical axis of objective lens 1, are arranged so as to face 231 

each other. 232 

[0022] Among the walls that extend in the direction of the optical axis of objective lens 1, walls 233 

50b and 51b (referred to below as the inner yokes) on which magnets 6 are not arranged, are 234 

connected to yoke undersides 50c and 51c (sections that extend in a direction substantially 235 

orthogonal to the optical axis of objective lens 1) by inclined sections 50d, 51d that are inclined 236 

diagonally to the optical axis of objective lens 1. 237 

[0023] This time, the magnetic gap section, composed of magnet 6 and internal yokes 50b and 238 

51b, maintains a fixed spacing, and is configured so that there is no issue with the effective 239 

magnetic flux density distribution. Therefore, the spacing of inner yokes 50b and 51b on both 240 

sides of objective lens 1 will be narrow in the magnetic gap section and wide in the vicinity of yoke 241 

undersides 50c and 51c. 242 

[0024] Collimator lens 7, which has an outer diameter that is larger than the outer diameter of said 243 

objective lens 1, is arranged in the widened portion of the spacing between these inner yokes 50b 244 

and 51b, and by configuring the shapes of inner yokes 50b and 51b as described above, it is 245 

possible to arrange them inside of the objective lens drive apparatus, and therefore possible to 246 

make the entire optical pickup thinner. Here the symbol 10 is a mirror, and 11 is a semiconductor 247 

laser. 248 

[0026] Next, we will describe the operation of the 1st embodiment of this invention. For the vertical 249 

wobble of the optical disc surface, and the meandering and eccentricity of the tracks, the objective 250 

lens drive apparatus drives objective lens 1 by applying the appropriate drive currents to its 251 

focusing coil 3 and tracking coil 4, and controls the optical beam spot focused by objective lens 1 252 

to always be positioned on the optical disc's recording surface track. 253 

[0026] Objective lens 1 is of the smallest necessary size, and lens holder 2 will also be smaller, 254 

to accommodate the small size of objective lens 1. At the same time, focusing coil 3, arranged in 255 

lens holder 2, will also be made smaller, making the entire movable section smaller and lighter. 256 

[0027] By making lens holder 2 smaller, the spacing of inner yokes 50b and 51b is narrowed, but 257 

the spacing in the vicinity of yoke undersides 50c and 51c is kept wide. By arranging collimator 258 

lens 7, which has a wider outer diameter than that of objective lens 1, into this space that has 259 
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been kept wide, it is possible for the thickness of the objective lens drive apparatus to 260 

accommodate the thickness of collimator lens 7, and as a result it is possible to make the entire 261 

optical pickup thinner. 262 

[0028] In this case, since the widened spacing portion for inner yokes 50b and 51b is closer to 263 

mirror 10 than to the effective magnetic gap section, there is no substantial adverse effect on the 264 

original magnetic flux density distribution characteristics, and it is possible to obtain the good 265 

dynamic characteristics of the original. 266 

[0029] Fig. 2 is a front cross-section view of an objective lens drive apparatus according to the 267 

2nd embodiment of the invention. This embodiment connects inner yokes 50b, 51b and yoke 268 

undersides 50c, 51c with L-shaped sections 50e, 51e, and ensures a space for arranging 269 

collimator lens 7. In this case as well, since the spacing of inner yokes 50b, 51b is expanded in a 270 

portion other than the effective magnetic gap section, the magnetic flux density distribution 271 

remains substantially unchanged from the original, and the good dynamic characteristics of the 272 

objective lens drive apparatus can be ensured while the optical pickup as a whole can be made 273 

thinner, achieving an effect similar to that described in the 1st embodiment. 274 

[0030] Fig. 3 is a front cross-section view of an objective lens drive apparatus according to the 275 

3rd embodiment of the invention. In this embodiment, the magnetic circuit formed by yoke 50 and 276 

magnet 6 is 1 set. It connects inner yoke 50b and yoke underside 50c with inclined section 50d, 277 

and ensures a space for arranging collimator lens 7. In this case as well, since the spacing of 278 

inner yokes 50b is expanded in a portion other than the effective magnetic gap section, the 279 

magnetic flux density distribution remains substantially unchanged from the original, and the good 280 

dynamic characteristics of the objective lens drive apparatus can be ensured while the optical 281 

pickup as a whole can be made thinner, achieving an effect similar to that described in the 1st 282 

embodiment. 283 

[0031] Fig. 4 is a front cross-section view of an objective lens drive apparatus according to the 284 

4th embodiment of the invention. In this embodiment, the magnetic circuit formed by yoke 50 and 285 

magnet 6 is 1 set. It connects inner yoke 50b and yoke underside 50c with L-shaped section 50e, 286 

and ensures a space for arranging collimator lens 7. 287 

[0032] In this case as well, since the spacing of inner yokes 50b is expanded in a portion other 288 

than the effective magnetic gap section, the magnetic flux density distribution remains 289 

substantially unchanged from the original, and the good dynamic characteristics of the objective 290 

lens drive apparatus can be ensured while the optical pickup as a whole can be made thinner, 291 

achieving an effect similar to that described in the 1st embodiment. 292 
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[0033] Fig. 5 is a front cross-section view of an objective lens drive apparatus according to the 293 

5th embodiment of the invention, Fig. 6 is a front cross-section view of the configuration. In the 294 

5th embodiment shown in Figs. 5 and 6, a tilting coil 9, for tilting objective lens 1 radially to the 295 

direction of the optical disc, is arranged on the movable section, and magnets 6c and 6d, for 296 

generating magnetic flux acting on tilting coil 9, are arranged on the fixed section. 297 

[0034] In the same way as in the 1st embodiment, inner yokes 50b, 51b and yoke undersides 50c, 298 

51c are connected through inclined sections 50d, 51d, and ensure a space for arranging 299 

collimator lens 7. 300 

[0035] In this case as well, since the spacing of inner yokes 50b, 51b is expanded in a portion 301 

other than the effective magnetic gap section, the magnetic flux density distribution remains 302 

substantially unchanged from the original, and the good dynamic characteristics of the objective 303 

lens drive apparatus can be ensured while the optical pickup as a whole can be made thinner, 304 

achieving an effect similar to that described in the 1st embodiment. 305 

[0036] 306 

[Effect of the Invention] This invention, as described above, for the yokes that make up the 307 

magnetic circuits for an objective lens drive apparatus, does not orthogonally connect the wall 308 

that extends in the direction of the optical axis of the objective lens with the yoke underside that 309 

extends orthogonally to the optical axis of the objective lens, but connects them both either 310 

through inclined members approximately diagonal to the optical axis of the objective lens, or 311 

through approximately L-shaped members, thereby making it possible to expand the inner yoke 312 

spacing in the portion outside the effective magnetic gap section, arranging the collimator lens in 313 

the space where this inner yoke spacing has been expanded, and making it possible for the 314 

thickness of the collimator lens to be accommodated in the objective lens drive apparatus. As a 315 

result, this has the effect of being able to make the entire optical pickup thinner. 316 

[0037] In addition, because the portion where the inner yoke spacing is expanded is other than 317 

the effective magnetic gap, it is possible to configure a magnetic circuit without substantially 318 

making the original magnetic flux density distribution worse, and as a result, this also has the 319 

advantage that the optical pickup can be made thinner while maintaining good dynamic 320 

characteristics for the objective lens drive apparatus. 321 

[Brief Description of the Drawings] 322 

[Fig. 1] Front cross-section view of an objective lens drive apparatus according to the 1st 323 

embodiment of the invention. 324 

[Fig. 2] Front cross-section view of an objective lens drive apparatus according to the 2nd 325 

embodiment of the invention. 326 
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[Fig. 3] Front cross-section view of an objective lens drive apparatus according to the 3rd 327 

embodiment of the invention. 328 

[Fig. 4] Front cross-section view of an objective lens drive apparatus according to the 4th 329 

embodiment of the invention. 330 

[Fig. 5] Top view of an objective lens drive apparatus according to the 5th embodiment of the 331 

invention. 332 

[Fig. 6] Front cross-section view of an objective lens drive apparatus according to the 6th 333 

embodiment of the invention. 334 

[Fig. 7] Front cross-section diagram of a conventional objective lens drive apparatus. 335 

[Explanation of Symbols] 336 

1 Objective lens 337 

2 Lens holder 338 

3 Focusing coil 339 

4 Tracking coil 340 

50, 51 Yoke 341 

6 Magnet 342 

7 Collimator lens 343 

8 Elastic support member 344 

10 Mirror 345 

11 Semiconductor laser 346 

 347 
[Fig. 1] 

 

[Fig. 2] 

 
[Fig. 3] 

 

[Fig. 4] 
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[Fig. 5] 

 

[Fig. 6] 
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[Fig. 7] 
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