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ABSTRACT

The sub-resonance modes can be easily excited by the assembling tolerance in the

asymmetric type optical pick-up actuators,

compared with the symmetric type. In this

paper, we propose the novel method for reducing the vibration due to the sub-resonance
modes whose amplitude can be decreased by adding the damper and increasing the
flexibility of holder PCB. Using the finite element method, the change of mode shapes is
investigated as the shape of holder PCB is modified. Experimental results support that the
proposed method reduces remarkably the vibration of sub-resonance modes of the optical

pick-up actuator.
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Fig. 1 Fundamental structure of symmetric and asymmetric actuators
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Table 1 Material properties of each components

: Young's
Component Material (D ensxt33; Moduléls
kg/m (N/m*)
Blade Vectra A130 | 1620 | 1.76x10"
Object Glass 2060 | 2.50%x10"
Wire Beryllum 065 | 1 27x 10"
copper
FP coil Epoxy 2623 | 4.10x10"

Table 2 Mass analysis (origin is lens center)

Analysis Valve
Mass 0.33 g
x (track) 0
Mass Center | y (jitter) -5.81
z (focus) -1.94
x (track) 0
Force center | y (jitter) -5.8
z (focus) -1.15

=9l o]k AT AYPNAM EYRESE A
Yelde AL ¢ F Utk a2y AAR=s 8
YRe=E gzte BFgFUoIx 7ixlo] A H
7] Q& ¥ =FMe F2 A4 2 3Y9r=d
el AFstaz} gl Table 2014 Be AA
d vyrcg gdRed DT E Aol He
Y& daide FAZFAH I ZEH AY
ANZAAT FHARLY AE22A6d @} o
ol7} ¥4 iz Hede AdxANA FATH
A7) wEoll BFgzlo] Y A7t Ak

(28 ne

3.3 2oaA

#B22UE o8 ZA REade ol
Hel 14 $AZd4s 230 fdste nee
2AS 44 REde auEste B And
Je 2712 el Belol= R uulel FAREI)
Yehte 2339 AAsets 5 I 44
3 o|$7] dAAN sAPTh Lt B AT
£ 78 BAUFoR: $3W REolnz A4 ®

=M e Yy

Fig. 55 $ZEA L S8 4449 Edol=9
2] REEL ¥ 7tERd 6/ A R=E
JeEIQth 2=dA S 9l gholo] A2EZFLS
¥ @ 2 (beam element)2 EdH AT Edol=



29% BHY AFoE e A RF-FR

o AEAZ U

T vuix %

3y 8AE

2 4 » Lo ju e
i
st
(il

k=R

PE& 1A 84 (solid element)
stion ZuRd AYE H¥7t A4
¢33ty &l ol& mEsr] HsiA
A7retdet. olw X A

g tgstad. 1™
Azl 2RAWY FFAE HAYRE=

FAucstcem w3 dRIpe2 01
o 1 lr.lmmnmm

m e n 8B HAX: T

rcnﬁ‘mu - E l.mmnnumn
SR HCY

SADar - 15D e i, .7

T 3 R AET

UL OPTICH ATV
3.370eem

bR
-
v.ooved]
2 %eed]
2.€0zvenld
2. 117084
1.73zven]

[RTRE

(a) Tracking Mode

A4rac/13uns /a3 -dvtasipeg. el
THLFH 3 D3 1NN, BOX ), DIFUNINNT 3
c, AR

WUE FUNXTR,
. ucen
5w
5.sec-co
-7 o4
<. 2c-e]
1.:c-ed
2,002
2 1r-ref

[V

2. e

X 2

(c) Rolling Mode

Flac e ade et ¢1
FELTS: 4 L 1. NCRAR, FOOE ¢ DISALALIENT 3

PRE: 3

TISFLAGEMNT - ‘ﬂ: qu. ;uz-n «.3¢5-02
Ieoosin: i SN
R - wml 2.0 Wrr ¢ 200
FRTE O ¥F:

WALE 0TI ACTUL
1.24n,

. or-rn

.7x e

&.are-end

(e) Axial Mode

(pitching mode) 7} E&AWE 713l 8YRE
(yawing mode)7} 7} 2 7bede] 25 ¢ F
At} Fig. 48 5914 B4 Slxe] AJRES 29
2= 2% EYd AddHe
Aol ALt AY g7l ol dHe 9T

o
=
WA gad, meby P02 WAstE T

_.‘

73156108 mormI A1 A/ foc 2. K¢
BEALTE: 2+ B.C. |, NCRPL XCD: 2,063 AOEFEN- 2

MOOE; 2 D se.

ITFUXTIENT — I (I 8, 2EEeD 1) 3,398

run;nm 2- B.C. léﬂ"nxl WOIFUACTHENT 2

IMATOT - m‘m 0. 200408 MRX; 3.990+28
T o Ry

(b) Focusing Mode

2w dmcm I itaed wtt

ﬂ:‘;.\.’:& 4 D.C. . MORTL HD.’ 4, CCALTOONT

nrs’m - MG N: I.i(“ﬂ I L)

WL FTIH FCTRL
6.0
7.3
7.mcea
&, laceen
s.1c402 )
4. XA
.53
2.5x483.]

.2,

9.95C-9)

[X- 2T

(d) Pitching Mode

Ay scricom w3 dwartpe Tuft
REDLTS: 16~ B.C. lmﬂt A DN 18

nOLE: 14 rl!a sal.aie

JITANDOC - G D €.8EHD Iﬂl ‘I IR

0TI 1= B TIE 4. DD Lo

Hax. 14 TR 51,912

AFUNDDC - K0 AN €. BEWD I TR \ELLE GPTIO0AC AL

rrve 7 oy ey
.78
. 23211
3.ezeeef
2 32
st §
PR
§.5120e8
R 4
3 sz-el
R T
3 eazeenl

() Yawing Mode

Fig. 5 Rigid mode analysis before holder PCB modification
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Table 3 Change of natural frequency after design
modification of holder PCB

Mode B_efore_ Af.ter .
modification | modification

Tracking mode 51.8 Hz 51.9 Hz
Focusing mode 52.1 Hz 52.0 Hz
Rolling mode 88.6 Hz 88.6 Hz
Pitching mode 2138 Hz 1369 Hz
Axial mode 3835 Hz 2141 Hz
Yawing mode 5281 Hz 2916 Hz
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Table 4 Specification of actuator using fine
pattern coil

FPC Actuator
4 Wire spring

Specification

Supporting method

Mass, g 0.33
Permanent magnet 35H,11¢
Focus | Track
1st natural Freq., Hz 55.9 56.8
Q Factor, dB 121 13.2
DC Sensitivity, mm/V 0.78 0.33

AC Sensitivity, ¢m/V (at 1kHz) 1.75 0.87
2nd Natural Freq., kHz 15.0 15.7
Resistance, £ 4.6 4.8

Suc = lim o’ |H(jo) = %’- [’% A] (5b)

At o2 AGIFE LG dF A
o] agiZze BHslmE DCHES 1kHzolA9
ACHEE ta3t Zo| FoldH.

_BL _ BL,
f [Al " MR x 1000 [/’] (6)
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Fig. 12 Dynamic characteristics of FPC
actuator
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Fig. 14 Change of sub-resonance as damper is changed(tracking direction)
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