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ABSTRACT

A multi-beam optical disc drive is a method to enhance the
data transfer rate in an optical disc system by recording
and reading on multi-tracks. In this paper, the beam
rotating actuator needed for a multi-beam optical disc
drive has been developed. .
_ The Voice Coil Motor(VCM is used as a driving
mechanism for high resolution and small size. Rotating
“guide based on link structure is designed for frictionless
rotation of dove prism.

The characteristics of the actuator is tested through a
dynamic analyzer. It shows that the actuator has good
linearity, rotating range 10.34°% minimum resalutron of
“rotating angle 0.0066 ° and 1* natural frequency 1 13.9Hz.
The actuator is used for a multi-beam optical disc system.

i. INTRODUCTION

The devices that record the various information are
-necessary in an information-oriented society of the day.
An optical disc system that records the information in
tracks on a disc using laser is one of the most useful things
among these devices. It can store much information, has
advantage to noise and is semipermanent.

Many researches have been proceeded to improve the
data transfer rate of an optical disc system. There are some
methods for the high data transfer rate. First method is to
rotate a disc at a high speed. Second method is the
development of a fast actuator. Third method is to increase
a recording density.[1]~{2]

But the methods that improve an actuating block and a
control block using one beam have limits in some measure.
At this point of time, a recent trend for high speed of an
optical disc system is what use a multi-beam source instead
of a existing one-beam system.

In order to use many beams in a multi-beam optical
disc system, muiti-beam must be collected exactly on
tracks recorded information. But beam spots have not
formed on multi-tracks simultaneously due to the
eccentricity of a disc, the difference of radii of tracks and
so on. Therefore a beam rotating actuator is required to
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compensate for these together with a tracking actuator and
a focusing actuator.[3]~{5]

In this paper a beam rotating actuator is newly
developed using the dove prism and circular plate springs
as rotating guide and is estimated performance based on
characteristics of a multi-beam system. Several actuators
to be proposed previously are cantilever types, so a beam
rotating actuator affects a' tracking motion of the multi-
beam because a translation of the dove prism coincides
with a rotation. It induces an additional load of a tracking
actuator. In order to remove this problem, a new beam
rotating actuator rotates the dove prism in axis of its
geometric center. And the driving source is VCM type to
make the actuator have high resolution and small size.
Finally the actuator that generates a pure rotation of the
multi-beam is developed for a multi-beam optical disc
system to improve the data transfer rate.

Il. MULTI-BEAM PICK-UP AND DOVE PRISM

1.1 Multi-beam Pick-up

The principle of a multi-beam pick-up is as follows. The
multi-beam from a laser diode as beam source passes by a
beam splitter and is irradiated in track pits to be recorded
the information on a disc by objective lens. And then
beams to pass a objective lens and a beam splitter again are
collected in a photo diode by an astigmatism lens and
transduced to electric signal to read the information. The
overall system of a multi-beam pick-up is shown in Fig.1.

Multi-Tracks
Beam Rotation

S J Photo Diode
Fig.1 Multi-beam Pick-up
The system needs a beam rotating actuator in a path of

the multi-beam to form beam spots on multi-tracks
simultaneously. A beam rotating actuator is one of the
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most different features of a one-beam system and a multi-
beam system.

1.2 Dove Prism

The dove prism is optic parts to rotate image. Therefore
the multi-beam can rotate readily by a rotation of the
prism. The dove prism is shown in Fig.2 and it is
composed of BK7.[6]

A=183mm
B =34.3mm
C=8mm
D =8mm

B
Fig.2 Dove Prism

The size of the dove prism is determined by a effective
diameter of passed beams. The size of the prism used in
this paper is represented in Fig.2.

)

out —

Fig.3 Beam Rotating Principle

The principle of the multi-beam’s rotation by the dove
prism is shown in Fig.3. The incident beams are refracted
downward at the entrance face. The beams are reflected
upward from the bottom and then emerge after a second
refraction at the exit face. The rotation angle of the multi-
beam is twice of that of the prism.

fll. DESIGN OF ACTUATOR

i1 Specifications of Actuator

The tracking breakaway of the multi-beam on a disc is
occurred periodically by the eccentricity of a disc and so
on. The specifications of the actuator-resolution, rotating
range, natural frequency, DC sensitivity- are determined by
the errors and the actuator is designed based on the
specification. :

Resolution. The tracking error has to be below
0.03m to regenerate smoothly the information on a disc.
Therefore the tracking error of the'multi-beam T, can be
expressed as follows

T, =t +4,<0.03um 1)
where ¢, is the error by a tracking actuator and A, is that by
a beam rotating actuator.

The relation of the rotation of the multi-beam 46 and
the error by a beam rotating actuator Af, shown in Fig.4 is
as equation(2) because 6,and A6 are small.

At,= dy x[sin(@ +A6)-sinf |~ d,-A6 2)

The error by a tracking-actuator #, cannot be below
0.025um because of limits of the sensor and the controiler.

Therefore the resolution of a beam rotating actuator must
be below 0.015° as follows.

e te

40 <-

=0015° (3)

The eccentricity e : 60~100um
The interval of tracks d: 1.6 um
The interval of beams 4, : 20 um

Fig.4 Beam Rotating and Tracking Error

Rotating Range. The reasons to rotate the multi-
beam are the eccentricity of a disc, the difference of radii
of tracks, the initial rotating angle for optical axis control
and so on. The rotating angle of the multi-beam to
compensate these is as follows. . .

6,=0,+0,+0, 4)
The rotating angle to compensate for the eccentricity
of a disc occurs for the center of a disc and the rotating
center are not identical. And the relation of the location

change of the multi-beam e, and the eccentricity e is as
follows

e, = e-sin(wt) &)
where @ is the rotating velocity of a disc. By the radius of
disc » and the location change of the multi-beam e, the
rotating angle to compensate for the eccentricity g, is as
follows. E

e, e 100x180 :
Lg—g——— =023 (6)
r r 25000xm

Fig.5 shows the arrangement of the multi-beam on
tracks. In this configuration, side spots miss tracks by the
difference of radii of tracks. The rotating angle of the
multi-beam to compensate for that 6, is as follows.
- 58000° + 407 — 58003.2° cos” 250007 + 407 - 25003.2%.

2x40x 58000 2 x40x 25000
=0.026° D

9,

Zl

0, < co:

Fig.5 Multi-Beam Array on Disk -

And the multi-beam needs to be initially rotated to
control the optical axis for initial arrangement. 0.3° is
sufficient for the angle 6, Namely the overall rotating
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angle of the multi-beam g, is below 0.56°. Therefore the
total rotating range of a beam rotating actuator must. be
above £0.28°.

Natural Frequency. The period of the eccentricity
of a disc is equal to the rotating period of a disc. So the
resonance frequency of the beam rotating block must be
above the rotating frequency of a disc.

When the rotating velocity ‘of a disc is considered to
3000rpm, the resonance frequency of the beam rotating
block is sufficient if only it is above 50Hz.

DC Sensitivity. The actuator designed in this paper
is VCM type. The input is the impressed current i and the
output is the rotating angle of the dove prism 6. Because
the maximum-allowance current in an optical pick-up is
about 0.2A, the DC sensitivity of the actuator is as follows.

6 028 _
—2——=14°A ®)
i 02

.2 Basic Structure of Actuator

The composition of the actuator is as follows: the dove
prism is fixed into the bobbin to wind the coil, the bobbin
is supported by the rotating guide at both ends, the magnets
are fixed into the case near the coil and all parts are in the
- case. It is shown in Fig.6.

[ oinggute_]

~ Fig.6 Basic Structure of Actuator

lil.3 Magnet and Coil Part

VCM capable of high resolution and small size is applied
as the driving source. It is applied to the tracking actuator
and focusing actuator, too.

The magnets are arranged near the coil like Fig.7 and
the current is applied in same direction at both of the
rotating part formed of the dove prism, the bobbin and the
coil. Then the forces shown in Fig.7 are generated by
Fleming’s lefi-hand rule and rotate the rotating part.

Simulation is executed to get hold of the magnitude of
the magnetic force. The size of the magnet is selected so
that the effective length of the coil is long. Fig.8 shows the
distribution of the magnetic flux density B as the distance x
in Fig.7 and Table 1 shows the values of B with changing
the distance o at the middle of the magnet, the position of
the coil. . : :

Fig.7 Schematic Diagram of Magnets and coils Part
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Fig.8 Magnetic Flux Density Dfstribution

The magnetic flux density B must be as large as
possible to decrease the load of the rotating guide. When
the interval of the magnet and the coil is below 1.5mm, B
of 0.2T is guaranteed.

Iculate intof B
coil °
o(mm) B(T)
2 0.16(c)
1.5 0.2(b)
1 0.24(a)

Table 1. Magnetic Flux Density

liL.4 Rotating Guide

The rotating guide is designed so as to lead to a rotation
without a translation and be frictionless, axisless and small.
So guiding mechanism is based on link structure used
widely to design constrained plane motion.

(b) 6 bar Linkage
Fig.9 Link Structures for Rotating Mechanism

Fig.9 shows the link structures for the rotating guide.
The 8 bar linkage shown in Fig.9(a) is the structure to
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connect the 4 bar linkages to have a linear locus like
dashed line with both of the rotating part in order to make a
translation motion stiff for a infinitésimal rotation. But this
structure is too complex and large for the actuator.

The 6 bar linkage has merits and demerits to be opposite
from the 8 bar linkage and is. profitable structurally for DC
sensitivity. For these reasons the 6 bar linkage is selected
and analyzed.

Fig.10 shows the rotation and the translation of the 6
bar linkage. The relation of the input force(F;,, F;,) and
the driving force of link2(¥,,,, F,,) is calculated using the
method of instant center.

O
2.3)

a4y

(b) Translating Motion
Fig.10 Comparison between Rotation and Translation

Link4 corresponding to the rotating part rotates in axis
of its own center for the rotating motion shown in
Fig.10(a). So the instant center of link1 and link4 (1,4) is
the center of link4 and the instant center (1,3) is identical
to (1,2) as an intersecting point of the line to'connect (1,2)
with (2,3) and the line to connect (3,4) with (1,4).
Therefore the input force for rotating. F,, and F,, are
related as follows. '

Foo ro o (13)-34) (12)-23) ! ©)

Fo re @ (12)-(23) (13)-(23) b
where r,, is the distance between the input force and instant
center (1,3), r,, is the distance between the output force
and instant center (1,2).

For the translating motion shown in Fig.10(b), the
instant center (1,4) is located in infinity to be perpendicular
to the motion and (1,3) is settled similarly to the rotating
motion. The input force for translating F,,. and F,,,. are
related as follows.

! - sinf

Far _(13)-G4) ) 10)
Fw  (13)-(23) %059_1‘, I -1l -cosd

[ - tanf

Because the stiffness for the translation must be as
large as possible, an. angle @ of link2 must be small
Therefore the straight line type of 8=0 is suitable.

art to be fit into Case

art to be fit into Bobbin

lar beam of length /

Fig.11 Configuration of Rotating Guide

Fig.11 shows the shape of the rotating guide. It
supports to the rotating part at both ends as the circular
plate spring type. The length of rectangular beam / is
4.5mm in respect of the overall size of the actuator and the
rotating: guide is composed of Be-Cu used widely as the
material of spring .
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(a) Contour of Beam for Rotation
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(b) Stiffness for Rotation
Fig.12 FEM Analysis for Rotation

Fig.12 shows the result of simulation for the stiffness
of the rotating guide. Fig.12(a) is configuration of the
rotating guide when the moment about the center of the
rotating part is 0.119E-3 N-m. Forces are applied at points
to join the rotating part with the rotating guide when width
and thickness of rectangular beam are 0.lmm -as the
minimum workable dimensions. The relation of the
moment and the rotating angle is shown in Fig.11(b).
shows that the relation is linear in the rotating range. The
total stiffness of the rotating guide is as follows.

2x0.119
1000 x 0.0458

K, = =0.0052 N-m/deg  (11)

L5 Characteristics Analysis of Actuator

Fig.13 shows the free body diagram of the actuator. The
rotating part is rotated by F to be generated by the magnets
and the coil and M, is generated by the rotating guide.
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Fig.13 Free Body Diagram of Actuator

F.=BiL
M=K, A8

The dynamic equation and the natural frequency for
rotation are as follows

J8+C,0+K,0=BLd,i (12)
=1 K. a3y -
fo= a7

where J is the mass moment of inertia of the rotating part
supposed to a cylinder, C, is the damping coefficient, d, is
the distance of the coil and the rotating axis and L is the
total effective coil length. The length L is 4.8m when the
coil is wound by 100 turns around the bobbin at both sides.

Also the static equation and the DC sensitivity are as
follows

Bild, = K6 (14)
6 BLd

= — (15)
i K

t

When the magnetic flux density and the stiffness
simulated previously are substituted into the equations, the
characteristics of the actuator are as follows.

f,,=136.5Hz, 6i=1.83°/A (16)

It is not good to increase the thickness of the rotating
guide because the DC sensitivity 1s barely 1.3 times of the
spec1ﬁcat10n .

IV. CONSTRUCTION OF ACTUATOR

Fig.14 shows the overall appearance of a constructed beam
rotating actuator. The magnets are composed of NdFe,
used widely in a small actuator, poly-carbonate is selected
as material of the bobbin to make the rotating part llght and
the diameter of the coil is 0.08mm.

The total size is 30x30x19(mm). The mass of the
rotating part and the resistance of the coil connected in
series are 8.5g and 37.5Q.

Fig.14 Beam Rotating Actuator

V. EXPERIMENTS

V.1 Static Characteristic of Actuator

Fig.15 shows the experimental setup to measure the
rotating angle of the actuator. The beam spot from laser
source is reflected by the mirror attached on the dove prism
and then is formed on the scale to be distant. The rotating
angle of the dove prism is measured by the displacement of
the spot on the scale because the angle is small.

The rotating angle @ and the displacement Ax have
relation as follows

1 - ,[ Ax ] Ax

=—.tan | — | = amn

2 I, ) 21,

where the distance of the mirror and the scale /,,is 4.33m.
Fig.16 shows the relation of the inpressed voltage V

and the displacement Ax as the result of the rotating angle

experiment. The rotating motion of the actuator has linear

characteristic. The relation using the least squre method is

as follows.

Ax
— = 6.83 mm/V (18)
14

From the result the DC sensitivity of the actuator is
given as equation(19). It has 7.7% error fewly for the
analytic value equation(16). For the maximum allowance
current 0.2A, the rotating angle of the actuator is +0.338°
to be wider than the specification.

Power
supply

Fig.15 Measurement of Rotating Angle of Dove Prism

OV
“40
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deltax o
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voltage(V)

Fig.16 Result of Prism Rotating Experment

=1.69 °/A 19)

6 4Ax-R
i 2m-V

The minimun displacement of the spot on the scale is
about Imm for the input voltage ¥=150mV. Therefore the
minimum rotating angle of the actuator is 0.0066° to be

44% level of the specification.
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V.2 Dynamic Characteristic of Actuator

Fig.17 shows the experimental setup to measure the
dynamic characteristics of the actuator. The swept sine
between 5Hz and 1kHz is impressed to the acatuator using
the dynamic analyzer HP356704. The power OP amplifier
is used as the voltage driver and the laser vibrometer
Polytec OFV1102 senses the rotation of the actuator.

Laser
Vibromete

o

% LT R AN &
Fig.17 Frequency Response Experiment Set

Fig.18 shows the frequency characteristic of the
actuator. The rotating characteristic of the actuator is not
affected by other directional motions. The 1% natral
frequency is 113.9Hz and the damping ratio is as follows.

1

e —————————— = 0.024 (20)
) .~1O(72.1 - 45.7)120

Xi5 Hiz

A:F1 DIGM(DL) v;-72.142_ dB__

SHZ * . Hz
B:D1 F{s% Re x:113.9142H2 Y:-77.3488 deg _
deg| i Broorgon
phase T‘
deg| 1
/div| |
: S S
_180| % T
deg| : 4 H 3
SHz HZ

Fig.18 Frequency Response of Actuator
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Fig.19 Frequency Response for z-direction

The transfer function of the actuator is given as
equation(21) from the natural frequency, the damping ratio
and the DC sensitivity.

8(s) 15164
G =—=— @2n
’ I(s) s° +34.36s+ 512288

Fig.19 shows the frequency characteristic for the
translation of the gravitational direction. The plot is
defaced somewhat for the displacement is small. Though

" the natural frequency is below that for the rotation, It does

not affect the characteristics of the actuator.

VI. CONCLUSION

A new beam rotating actuator is developed to compensate
for a tracking breakaway of beam spots in a multi-beam
optical disc system. The dove prism is used to rotate the
multi-beam and the driving source is VCM type for high
resolution and small size.  The specifications of the
actuator are based on the tracking errors of the multi-beam
by the eccentricity of a disc, the difference of radii of
tracks and so on. And the circular plate spring is designed
as the rotating guide so as to be frictionless and rotate the
dove prism in axis of its geometric center.

The rotating range of the actuator is +0.338° for the
maximum allowance current 0.2A of an optical pick-up
and the minimum rotating angle is 0.0066° from the static
characteristic experiment.

The 1* natural frequency for the rotation is 113.9Hz
without effect of the translation. The transfer function of
the actuator is obtained by the dynamic characteristic
experiment. Finally it is demonstrated that a developed
beam rotating actuator can be applied to a multi-beam
optical disc system. ' '
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