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 (54) [Title of the Invention] OBJECTIVE LENS DRIVE APPARATUS 12 

(57) [Abstract] 13 

[Problem to Be Solved] To provide an objective lens drive apparatus that keeps the relative angle 14 

between an objective lens and an optical disc constant at all times, and enables stable writing to 15 

and reading from an optical disc. 16 

[Solution] The means for solving the problem is a structure equipped with a movable section that 17 

comprises an objective lens 4, a focusing coil 6, a tracking coil 7, and a lens holder 5, a fixed 18 

section 8 that supports the movable section by means of elastic support members 9, magnets, 19 

and tilting coil 13; where the winding axes of focusing coil 6 and tilting coil 13 are arranged 20 

approximately coaxially; and where magnets 2, 3, 11, 12 are arranged symmetrically in the radial 21 

and tangential directions of the optical disc with respect to approximately the center of objective 22 

lens 4. 23 

 24 
  25 
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[Claims] 26 

[Claim 1] An objective lens drive apparatus comprising: an objective lens that concentrates an 27 

optical beam on an optical disk, a focusing coil that generates a force for driving said objective 28 

lens in the direction of the optical axis, a tracking coil that generates a force for driving said 29 

objective lens in a direction orthogonal to its optical axis, and a movable section that includes a 30 

lens holder that accommodates said focusing coil, said tracking coil and said objective lens; 31 

a plurality of elastic support members, each having one end fixed to the movable section and 32 

elastically supporting said movable section; 33 

a fixed section, where the other end of said elastic support members are fixed; 34 

a magnet for generating a drive force for said focusing coil and said tracking coil; and 35 

a tilting coil arranged in said movable section, capable of tilting said objective lens or movable 36 

section in the radial direction of said optical disc; 37 

where said tilting coil is arranged so that its winding axis is approximately coaxial with the focusing 38 

coil. 39 

[Claim 2] The objective lens drive apparatus according to claim 1, where said tilting coil is adjacent 40 

to the upper and lower sides of the focusing coil to form a multi-stage structure. 41 

[Claim 3] The objective lens drive apparatus according to claim 1, where said tilting coil is adjacent 42 

to the inner layer or outer layer of said focusing coil to form a multi-layer structure. 43 

[Claim 4] The objective lens drive apparatus according to any one of claims 1 through 3, where 44 

at least one set of said magnets is arranged on both sides of said objective lens in the radial 45 

direction of the optical disk, and at least one set is disposed on both sides of the approximate 46 

center of said objective lens, in the direction tangential to the optical disc. 47 

[Claim 5] The objective lens drive apparatus according to any one of claims 1 through 4, where 48 

at least one set of said focusing coil and said tilting coil is arranged on both sides of the 49 

approximate center of said objective lens in a direction radial to the optical disc. 50 

[Claim 6] The objective lens drive apparatus according to any one of claims 1 through 5, where 51 

at least one set of said tracking coils is arranged on both sides of the approximate center of said 52 

objective lens in a direction tangential to the optical disc. 53 

[Claim 7] The objective lens drive apparatus according to any one of claims 1 through 6, where 54 

among said magnets, at least one set has different polarities on the same plane. 55 

[Claim 8] The objective lens drive apparatus according to any one of claims 1 through 7, equipped 56 

with a raised yoke section arranged in a position facing said magnets; and where the raised yoke 57 

section has a thickness that differs from the other sections of the yoke. 58 
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[Claim 9] The objective lens drive apparatus according to any one of claims 1 through 8, where 59 

the elastic support members that elastically support said movable section are made of six 60 

conductive elastic support members. 61 
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[Detailed Description of the Invention] 62 

[0001] 63 

[Technical Field of the Invention] This invention relates to an objective lens drive apparatus used 64 

in an optical disc apparatus. 65 

[0002] 66 

[Prior Art] Examples of an objective lens drive apparatus used in an optical disc apparatus are 67 

those disclosed in Japanese Unexamined Patent Application No. H6-052014 and Japanese 68 

Unexamined Patent Application No. H6-004885. 69 

[0003] Figs. 10 and 11 show the configuration of a basic objective lens drive apparatus. 70 

 Fig. 10 is a schematic configuration diagram of an objective lens drive apparatus according to 71 

the prior art. It joins together 2 rectangular tube shaped focusing coils 6, and arranges on the 72 

joined focusing coils 6 to the sides of lens holder 5, which holds objective lens 4. In addition, a 73 

square flat tracking coil 7 is mounted on each of the junctions of these 2 focusing coils 6. 74 

[0004] One end of yokes 1 is inserted into the hollow portions of each of the four focusing coils 6, 75 

and magnets 11 and 12 in the direction of thickness are fixed to the other ends of yokes 1. 76 

Furthermore, focusing coil 6 and tracking coil 7 are disposed in the magnetic gap between yoke 77 

1 in the hollow portion of focusing coil 6 and magnets 11 and 12. Then, at the 2 junctures between 78 

tracking coil 7 and the pair of focusing coils 6, magnets 11 and 12 are arranged so that the 79 

magnetic field facings are reversed. 80 

[0005] When configured in this way, driving forces in the focusing and tracking directions can be 81 

achieved, and by appropriately adjusting the direction of current for focusing coils 6, it is possible 82 

to achieve rotational driving forces in the radial and tangential directions of the optical disc. 83 

[0006] Fig. 11 is an exploded perspective view of the main section of an objective lens drive 84 

apparatus according to the prior art. Lens holder 5, which holds objective lens 4, has focusing 85 

coils 6a and 6b, which are wound on a square-shaped tube in the tracking direction shown by 86 

arrow T, and has annular shaped tracking coils 7a and 7b, in symmetrical positions to the direction 87 

tangential to the optical disc, with objective lens 4 as the center, and which is float supported by 88 

4 elastic support members 9, where said elastic support members 9 are fixed to fixed section 8. 89 

[0007] In addition, yoke 1 has a generally U-shaped cross section, when viewed from the front-90 

to-back direction of tracking direction T, and is equipped with a pair of magnets 11 and 12, which 91 

face each other, on the inner surfaces of upright sections 1b and 1c, which stand upright from the 92 

opposing edge sections of base section 1a. These magnets 11 and 12 comprise front sections 93 

11a and 12a, and rear sections 11b and 12b, with respect to tracking direction T, and are 94 
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magnetized so that the direction of their poles are opposite to each other, and where the opposing 95 

sections of magnets 11 and 12 have the same pole. 96 

[0008] In addition, magnets 11 and 12 are provided with upright sections 1d and 1e, as extended 97 

sections of yoke 1. Upright sections 1d and 1e are loosely inserted into central holes 6c and 6d 98 

of the focusing coils 6a and 6b in lens holder 5. 99 

[0009] As described above, by configuring the magnets installed on the yoke from 2 sections 100 

magnetized in directions differing from each other, and arranging the opposing sections  to have 101 

the same polarity; and, by interposing an extended section of the yoke between both magnets, 102 

also forming a magnetic circuit with those magnets, it is possible to increase magnetic flux density, 103 

and the entire apparatus can be made smaller and thinner. 104 

[0010] Furthermore, because the tracking coils can be effectively used, it is possible to achieve 105 

the desired drive force with a small device, and the optical head can be made smaller and thinner. 106 

[0011] 107 

[Problem to Be Solved by the Invention] The recording density of optical disc devices has been 108 

increased in recent years. One method for realizing a higher recording density is to refine the 109 

optical beam to be narrower, and to reduce the spot diameter on the recording surface of the 110 

optical disc. This spot diameter is proportional to (λ/NA), where λ is the wavelength of the optical 111 

beam and NA is the numerical aperture of objective lens 4. For this reason, in general it has 112 

become the mainstream method for accommodating higher recording densities to reduce the 113 

wavelength λ of the optical beam, and to further narrow the optical beam by increasing the value 114 

of the numerical aperture (NA) of the objective lens, when compared to conventional methods. 115 

[0012] However, while it is possible to further narrow the optical beam by increasing the NA of 116 

objective lens 4, this is characterized by the optical characteristics deteriorating significantly due 117 

to the incline between the optical disc and objective lens 4. Therefore it is necessary to use some 118 

means to keep the tilt angle between the optical disc and objective lens 4 to within a certain value. 119 

According to the prior art, it is possible to keep the relative tilt angle between the optical disc and 120 

objective lens 4 to within a certain value by adequately controlling the currents of the 4 focusing 121 

coils 6 shown in Fig. 10. 122 

[0013] However, in the case of a configuration such as the objective lens drive apparatus 123 

according to the prior art from Fig. 10, it is necessary to align two focusing coils 6 in the radial 124 

direction of the optical disc, which makes work for installation into lens holder 5 complicated. In 125 

addition, when attempting to obtain rotational drive forces in the radial and tangential directions 126 

of the optical disc, by adequately adjusting the direction of current in the four focusing coils 6, 127 
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focusing drive force and rotational drive force would have to be generated by the same coil, 128 

making it difficult to generate the necessary focusing and rotational drive forces at the same time. 129 

[0014] Furthermore, in the case of a configuration such as the objective lens drive apparatus from 130 

the prior art in Fig. 11, the magnetic flux acting on said focusing coils 6 deviates from the center 131 

of the drive due to the tracking action of the movable section, so that said focusing coil 6 generates 132 

a rotational force (RA) in the radial direction of the optical disc. Furthermore, for tracking coils 7 133 

as well, the focusing action of said movable section causes the balance of the rotational forces 134 

between the upper and lower halves of said tracking coils 7 to be lost in the direction of the optical 135 

axis, and generates a rotational force (RT) in the same direction as the rotational force generated 136 

by focusing coils 6. 137 

[0015] Due to the rotational forces generated by focusing coils 6 and tracking coils 7, as described 138 

above, said movable section is significantly inclined during operation. The influence of this 139 

inclination poses a problem, in that it becomes difficult to accurately write and read information to 140 

and from the optical disc. 141 

[0016] This invention has been made to solve the problems described above, with the objective 142 

of realizing an objective lens drive apparatus that keeps the relative angle between an objective 143 

lens and an optical disc constant at all times, and enables stable writing to and reading from an 144 

optical disc. 145 

[0017] 146 

[Means for Solving the Problem] In order to achieve the objective described above, the invention 147 

is characterized by being provide with: a movable section that includes an objective lens that 148 

concentrates an optical beam on an optical disc, at least one focusing coil that generates a force 149 

for driving said objective lens in the direction of the optical axis, at least one tracking coil that 150 

generates a force for driving said objective lens in a direction orthogonal to its optical axis, and a 151 

lens holder that holds said focusing coils, said tracking coil and said objective lens; a plurality of 152 

elastic support members that are fixed to one end of and elastically support said movable section; 153 

a fixed section that is fixed to the other ends of said elastic support members; at least one magnet 154 

for generating a drive force in said focusing coil and said tracking coil; and at least one tilting coil 155 

set, capable of tilting said movable section, or said objective lens arranged in said movable section, 156 

in the radial direction of the optical disc; and where said tilting coil is arranged so that the winding 157 

axis is substantially coaxial with said focusing coil. 158 

[0018] Here, said tilting coil is adjacent to the upper or lower side of the focusing coil to form a 159 

multi-stage structure. 160 
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[0019] Or said tilting coil is adjacent to the inner layer or outer layer of said focusing coil to form 161 

a multi-layer structure. 162 

[0020] Or at least one set of said magnets is arranged on both sides of said objective lens in the 163 

radial direction of the optical disk, and at least one pair is disposed on both sides of the 164 

approximate center of said objective lens, in the direction tangential to the optical disc. 165 

[0021] Or at least one set of said focusing coil and said tilting coil is arranged on both sides of the 166 

approximate center of said objective lens in a direction radial to the optical disc. 167 

[0022] Or at least one set of said tracking coils is arranged on both sides of the approximate 168 

center of said objective lens in a direction tangential to the optical disc. 169 

[0023] Or among said magnets, at least one set has different polarities on the same plane. 170 

[0024] Or it is equipped with a raised yoke section arranged in a position facing said magnets and 171 

said raised yoke section has a thickness that differs from the other sections of the yoke. 172 

[0025] Or said elastic support members that elastically support said movable section are made of 173 

six conductive elastic support members. 174 

[0026] When configured as described above, it is possible to generate independent and efficient 175 

drive forces using separate coils, such as a focusing coil for a focusing drive force, and a tilting 176 

coil for a rotational drive force, and it is also possible to easily incorporate the focusing coil and 177 

tilting coil into the lens holder. In addition, even during operation, the inclination of the movable 178 

section is kept to an allowable value, and the movable part can be tilted, thereby realizing an 179 

objective lens drive apparatus that always keeps the relative angle between the objective lens 180 

and the optical disc constant, enabling stable writing to and reading from the optical disc. 181 

[0027] 182 

[Embodiments of the Invention] Below, embodiments of this invention will be described with 183 

reference to the drawings. To begin with, we shall describe a 1st embodiment of an objective lens 184 

drive apparatus according to this invention. Figs. 1, 2 and 3 are, respectively, a top view showing 185 

a 1st embodiment of the invention, a cross-section view of the main section in the radial direction 186 

of the optical disc (the cross-section view taken along A-A in Fig. 1), and a cross-section view of 187 

the main section in the tangential direction of the optical disc (cross-section view taken along B-188 

B in Fig. 1). 189 

[0028] As shown in Figs. 1, 2 and 3, objective lens 4 is arranged on the upper surface of lens 190 

holder 5. A set of focusing coils 6 is arranged symmetrically around the center of objective lens 4 191 

on the side of lens holder 5 radially facing the optical disc, and a set of tracking coils 7 is arranged 192 

symmetrically around the center of objective lens 4 in the tangential direction of the optical disc. 193 
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In addition, below said focusing coils 6, tilting coil 13, with a winding axis approximately coaxial 194 

with focusing coil 6, is adjacently arranged. 195 

[0029] As such, by using a structure in which focusing coil 6 and tilting coil 13 are adjacent to 196 

each other, it is possible to integrate focusing coil 6 and tilting coil 13, and then install them in lens 197 

holder 5, which improves workability compared to the task of installing two coils individually into 198 

lens holder 5. In this way, objective lens 4, lens holder 5, focusing coils 6, tracking coils 7, and 199 

tilting coil 13 constitute the movable section. 200 

[0030] In addition, four raised sections 1b, 1c, 1g and 1f are disposed on yoke 1, so as to surround 201 

said movable section on all four sides, and magnets 11, 12, 2 and 3 are arranged respectively on 202 

these raised sections. Out of the 4 magnets described above, the two magnets 11 and 12, 203 

arranged in a direction tangential to the direction of the optical disc, are magnetized to have 204 

different polarities on the same plane. Furthermore, yoke 1 is provided with raised sections 1d 205 

and 1e, at positions facing magnets 2 and 3. 206 

[0031] Said movable section is supported by 6 conductive elastic support members 9, with one 207 

end affixed to the movable section, and the other end to fixed section 8. Furthermore, said 208 

conductive elastic support members 9 are electrically connected respectively to focusing coils 6, 209 

tracking coils 7 and tilting coils 13 arranged in the movable section, and it is possible to supply 210 

current to focusing coils 6, tracking coils 7 and tilting coils 13 from fixed section 8 through 211 

conductive elastic support members 9. 212 

[0032] Figs. 12 and 13 are conceptual diagrams for describing the radial rotational forces of the 213 

optical disc during operation in the 1st embodiment of the invention. Fig. 12 shows a case where 214 

the center of the magnet and the center of the drive force in the focusing and tracking directions 215 

are ideally aligned. In this case, as shown in the drawing, the resulting forces FA1 and FA2 216 

approximately align with the center of support for the movable section, and the resultant forces 217 

FT1 and FT2 also align. Furthermore, since FT3, FT4, FT5 and FT6 cancel each other out, the forces 218 

generated in each section are balanced, and no rotational forces are generation in the radial 219 

direction of the optical disc. 220 

[0033] Fig. 13 shows the rotational forces in the radial direction of the optical disc when focusing 221 

and tracking actions are performed at the same time. During tracking actions, the magnetic flux 222 

distribution from the magnets remains unchanged, so that FA2>FA1, and rotational force (RA1) is 223 

generated around the center of support for the movable section. In addition, the focusing action 224 

causes the previous balance of FT3, FT4, FT5 and FT6 to be lost, resulting in FT5>FT6, FT3 ≒ FT4 ≒ 0, and 225 

a rotational force (RT) is generated in tracking coils 7 around the center of support of the movable 226 
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section. Since RA1 and RT are rotational forces in the same direction, objective lens is greatly 227 

inclined. 228 

[0034] However, according to this invention, FA3>FA4 for the drive forces generated by the current 229 

flowing through magnets 2 and 3 and focusing coils 6 due to the tracking action, and a rotational 230 

force (RA2) is generated. Because said rotational force (RA2) is generated in the direction opposite 231 

to the rotational forces RT and RA1, by adequately adjusting the size and magnetic force of said 232 

magnets 2 and 3 so that RT+RA1=RA2 is satisfied, it becomes possible to reduce the inclination of 233 

the movable section during operation. 234 

[0035] Although not shown, an optical disc system equipped with this objective lens drive 235 

apparatus has a tilt drive circuit that calculates the amount of jitter from the signal read from the 236 

optical disc and that generates a tilt drive signal to reduce this amount of jitter; the signal from the 237 

tilt drive circuit supplies an adequate tilt current to tilting coil 13, making it possible to tilt the 238 

movable section; and this tilting action makes it possible to keep the relative angle between the 239 

optical disc and objective lens 4 constant. 240 

[0036] Figs. 4, 5 and 6 are, respectively, a top view showing a 2nd embodiment of the invention, 241 

a cross-section view of the main section in the radial direction of the optical disc (the cross-section 242 

view taken along A-A in Fig. 4), and a cross-section view of the main section in the tangential 243 

direction of the optical disc (cross-section view taken along B-B in Fig. 4). 244 

[0037] A characteristic feature of the 2nd embodiment is that tilting coil 13 is arranged on the inner 245 

layer side of focusing coil 6. By arranging it in this way, in a manner similar to the 1st embodiment, 246 

focusing coil 6 and tilting coil 13 can be integrated and then assembled into lens holder 5, which 247 

improves assembly workability. Other than the arrangement of focusing coil 6 and tilting coil 13, 248 

the configuration is the same as in the 1st embodiment, and the same effects as in the 1st 249 

embodiment can be achieved. 250 

[0038] Figs. 7, 8 and 9 are, respectively, a top view showing a 3rd embodiment of the invention, 251 

a cross-section view of the main section in the radial direction of the optical disc (the cross-section 252 

view taken along A-A in Fig. 7), and a cross-section view of the main section in the tangential 253 

direction of the optical disc (cross-section view taken along B-B in Fig. 7). 254 

[0039] A characteristic feature of the 3rd embodiment is that split position arrangement sections 255 

1h and 1i are at the centers of the raised sections 1b and 1c provided on yoke 1, and four magnets 256 

11a, 11b, 12a and 12b are arranged in directions tangential to the optical disc. Other than the 257 

arrangement of said yokes 1h and 1i, and said magnets 11a, 11b, 12a and 12b, the configuration 258 

is the same as in the 1st or 2nd embodiments, and of course the same effects can be achieved. 259 

[0040] 260 
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[Effect of the Invention] In the invention as described above, the winding axes of the focusing coils 261 

and tilting coils are arranged to be substantially coaxial, so that they can be easily incorporated 262 

into the lens holder. In addition, because the focusing coils and tilting coils are configured 263 

independently, it is possible to generate the necessary focusing and tilting drive forces at the 264 

same time. Furthermore, the rotational forces in the radial direction of the optical disk generated 265 

by the tracking coil during focusing and tracking actions, and the rotational forces in the radial 266 

direction of the optical disk generated by the magnetic flux produced by the magnets and the 267 

current flowing through the focusing coils, can be offset by the rotational force in the radial 268 

direction of the optical disc that is generated by the magnetic flux produced by the magnets 269 

arranged radially to the optical disc and the current flowing through the focusing coil, which has 270 

the effect of realizing stable operation. 271 

[0041] As a result, it becomes possible to tilt the objective lens in the radial direction of the optical 272 

disc, while operating focusing and tracking control, and to control it for the optimal inclination, 273 

which has the effect of enabling accurate reading and writing of signals, with little jitter from the 274 

optical disc. 275 

[Brief Description of the Drawings] 276 

[Fig. 1] Front top view showing the configuration of the 1st embodiment of an objective lens drive 277 

apparatus according to the invention. 278 

[Fig. 2] Cross-section view of the main section in the radial direction of an optical disc, showing 279 

the 1st embodiment of an objective lens drive apparatus according to the invention. 280 

[Fig. 3] Cross-section view, tangentially from the direction of the optical disc, showing the main 281 

section of the 1st embodiment of an objective lens drive apparatus. 282 

[Fig. 4] Front top view showing the configuration of the 2nd embodiment of an objective lens drive 283 

apparatus according to the invention. 284 

[Fig. 5] Cross-section view of the main section in the radial direction of an optical disc, showing 285 

the 2nd embodiment of an objective lens drive apparatus according to the invention. 286 

[Fig. 6] Cross-section view, tangentially from the direction of the optical disc, showing the main 287 

section of the 2nd embodiment of an objective lens drive apparatus. 288 

[Fig. 7] Front top view showing the configuration of the 3rd embodiment of an objective lens drive 289 

apparatus according to the invention. 290 

[Fig. 8] Cross-section view of the main section in the radial direction of an optical disc, showing 291 

the 3rd embodiment of an objective lens drive apparatus according to the invention. 292 

[Fig. 9] Cross-section view, tangentially from the direction of the optical disc, showing the main 293 

section of the 3rd embodiment of an objective lens drive apparatus. 294 
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[Fig. 10] Top view of an objective lens drive apparatus according to conventional art. 295 

[Fig. 11] Exploded perspective view of the main section of an objective lens drive apparatus 296 

according to conventional art. 297 

[Fig. 12] Conceptual diagram describing rotational force in the radial direction of an optical disc, 298 

in the 1st embodiment of the objective lens drive apparatus according to this invention. 299 

[Fig. 13] Conceptual diagram describing rotational force in the radial direction of an optical disc, 300 

in the 1st embodiment of the objective lens drive apparatus according to this invention. 301 

[Explanation of Symbols] 302 

1 Yoke 303 

2, 3 Magnets 304 

4 Objective lens 305 

5 Lens holder 306 

6 Focusing coil 307 

7 Tracking coil 308 

8 Fixed section 309 

9 Elastic support member 310 

11, 12 Magnets 311 

13 Tilting coil 312 

 313 
[Fig. 1] 
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[Fig. 4] 
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[Fig. 7] 
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[Fig. 9] 
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[Fig. 13] 
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