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Development of a 4—axis optical pickup actuator
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ABSTRACT

Wire-suspensions in the conventional actuators mechanically support the moving part and guarantee the accuracy of
the actuator without tangential tilt actuation. However, such a suspension configuration has considerable stiffness in the
tangential tilt direction with two additional wire beams for the tangential tilt. Thus, we performed a design sensitivity
analysis for the wire-suspension stiffness of 4-axis actuator and controlled the main parameters such as distance among
wire-suspensions and wire-suspension length to allow tangential tilt flexibility. The elasticity of frame PCB that
supports the moving part by wire-suspensions was also exploited to improve the flexibility of wire-suspension in the
tangential tilt direction. A novel suspension structure was devised by establishing eight wire-suspensions at both sides
of the moving part for electrical connection to coils. The magnetic circuit according to the proposed 4-axis actuator
using multi-polar magnet and coils was also suggested for the generation of electromagnetic forces in the focusing,

tracking, radial and tangential tilt directions.
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Fig. 1 Geometric condition between SIL and disc

|4 o
o ¥ o @

(a) (b)
Fig. 2 (a) Collision of the SIL with a disc by disc deflection and
(b) the stable maintenance of air gap by a tilt control
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Fig. 4 Shape optimized frame PCB to additionally reduce the
stiffness in the tangential tilt direction

(b)
Fig. 5 (a) CAD model of the proposed actuator assembly and

(b) the manufactured one
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(El,, : flexural rigidity, EA : axial rigidity
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(b)
Fig. 6 (a) Arrangement of focusing, tracking, radial tilting and
tangential tilting coils and (b) magnetic forces and
corresponding moment generations in each tilting coil



Table 1. Dynamic characteristics of 4-axis actuator.

Propert DC Gain .
perty Resonant AC Gain (@ 1kHz)
L Freq. (Hz) (mm/V or (mm/V or deg./V)
Direction deg./V)

Focus 44 0.84 1.2
Tracking 44 1.1 1.9
R/Tilt 84 1.56 -
T/Tilt 525 0.34 -
Twisting 12.9 (kHz) -

(Flexible)
Bending 31.0 (kHz) -
(Flexible)
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Fig. 7 Frequency responses of the 4-axis actuator : (a)
Tracking and focusing excitations and (b) Radial and
tangential tilt excitations

(d)
Fig. 8 CAE simulation of the actuator (bobbin assembly) : (a)
twisting mode (12.8 kHz) and (b) bending mode in the focusing
direction (32.1 kHz)
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Fig. 9 Experimental setup with a glass disc and the 4-axis
actuator on test-bed.
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Fig. 10 Tilt error reduction by tilt servo
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Fig. 11 Flow chart for actuator control
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