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Halbach Array Type Focusing Actuator for Small and Thin Optical
Data Storage Device.
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ABSTRACT

The small form factor optical data storage devices are developing rapidly nowadays. Since it is designed for portable and
compatibility with flash memory, its components such as disk, head, focusing actuator, and spindle motor should be assembled
within 5 mm thickness. The thickness of focusing actuator is within 2 mm and the total working range is +/-100um, with the
resolution of less than tum. Since the thickness is limited tightly, it is hard to place the yoke that closes the magnetic circuit and hard
to make strong flux density without yoke. Therefore, Halbach array is adopted to increase the magnetic flux of one side without
yoke. The proposed Halbach array type focusing actuator has the advantage of thin actuation structure with sacrificing less flux
density than conventional magnetic array. The optical head unit is moved on the swing arm type tracking actuator. Focusing coil is
attached to swing arm, and Halbach magnet array is positioned at the bottom of deck along the tracking line, and focusing actuator
exerts force by the Fleming’s left hand rule. The working range and resolution of focusing actuator are analyzed with FEM and
experiment.
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Fig. 1 Schematic of mall form factor optical data storage device
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Fig. 2 Focusing actuator configuration and swing
arm.
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Table 1 Comparison of four types of magnet array

: actuation force, flux uniformity, thickness

4 types Magnetic array | Force (N) Flux

uniformity
1.9827 |Bad Thin
(70.9%) |Loss (1) | Mass (i)

Bad Thick
2.3736  |ioss (1) | Mass (1)
(84.9%)

Good Thin
2.7539 {loss(l) | Mass (i
(98.5%)

Good Thick
27956 |Loss ({) | Mass (1)
(100%)
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Fig. 3 Various of magnet width in Halbach array

Table 2 Flux density and actuation force for
. PP v

Fy

1, 1.5.1 0.538 0.0115
1, 1, 15 0.510 0.0122
Height=1 0.428 0.0108
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Fig. 6. Magnetic flux distribution along the x-axis on
the 0.5mm above magnetic array
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Fig. 7. FEM analysis and material properties for
SUS400 swing arm flexure - Young's Modulus:
190GPa, Density : 8*E-5 (kg/mm~3), Poisson's
Ratio:  0.32, Tensile Strength, Yield
ROO~1000MPa
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Fig. 8. The displacement of swing arm flexure to the
applied force of 0.005N: 1.25mm (Thickness:
30um, Length:17mm, width: 6mm).
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Fig. 9. Experimental setup for focusing actuator. Coil is
attached to swing arm flexure and Magnet array is
attached to base. Red point is laser for measurement.
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Fig. 10 The resolution of focusing actuator is
0.lum: Displacement is measured by laser
vibrometer to 0.3um step.
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Fig. 11 The motion range over +/-1.25V : +/-
100um with sensitivity of 1.28mm/V Laser
Vibrometer.
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Fig. 12 Natural frequency of proposed system
is 240Hz : Step response test.
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