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OPTI CAL PI CK- UP ACTUATOR AND METHOD FOR ASSEMBLI NG
AN OPTI CAL PI CK- UP ACTUATOR BACKGROUND OF THE
INVENTION 5 1. Field of the Invention [0001] The
present invention relates generally to an apparatus
and nmethod for optical pickup actuators.
Particularly, this invention relates to an opti cal

S S

Conventi onal optical pickup actuators conmonly
include an optical lens focusing an optical spot of
an optical beamat the center of a signal track of an
BACKEROUNR OF THRINMHNTEAN pi ck-up act uat or operat es
in order to nake the optical 15 Il ens performa

f oEiekliaf ghedneerdion r acki ng functi on. The focusi ng
function involves noving the optical |ens up and
[DO0A] i rThermesent iovepitiae eclatas opneralyito speprasptuaand prethedifor
beam of the optical lens within a depth of focus on a
sptigalglickup ackiafs. dtaropiary athisdivseotion reteéesttp &8 lephgp! pick-up
function involves noving the optical |ens right and
hafiatoi andor wethot of assambing dndicalpidkeml ackisdar using eHiguid
optical beamof the optical lens to follow the center
ofnt@hgtrmexhsinigmal track. Hence, the optical pick-up
actuator follows the center of the signal track of
the optical disk by noving the optical |ens up/down
and right/left. [0003] To achieve this up/down and

pi Getdripgdr oftow Belated, Artonventi onal optical pick-up
units use current flow through a coil and a nmagnetic
faoskH beowestprnahgriet|pickGeaetuatorsyconmenioipelidasn pptiskLIems
actuator has a base unit and a | ens 25 hol der

feessihg embptcabstoaoherdoptioaltkemizdde agnter of Fhignal grsk of an
hol der includes an objective

optical disc. The optical pick-up actuator operates in order to make the optical

lens perform a focusing and a tracking function. The focusing function involves
moving the optical lens up and down in order to place an optical spot of an optical
beam of the optical lens within a depth of focus on a signal track of an optical disc.
The tracking function involves moving the optical lens right and left in order to
cause the optical spot of the optical beam of the optical lens to follow the center of
the signal track. Hence, the optical pick-up actuator follows the center of the
signal track of the optical disk by moving the optical lens up/down and right/left.
[0003] To achieve this up/down and right/left movement, conventional optical
pick-up units use current flow through a coil and a magnetic field between
magnets. Generally, the optical pick-up actuator has a base unit and a lens

holder resiliently attached to the base unit. The lens holder includes an objective
1
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1 lens nounted thereto, at |east one opening in the
| ens holder, resilient support nenbers attached on
one end to opposite sides of the I ens holder and on
the other end to the base unit, a focusing coi
attached to the I ens holder and wound parallel to
the plane of the | ens holder, and a tracking coi

REL ReRiGUh Lot & 1 ome 604N thea8id holddr Rasifier®bupport

magnets and yokes is attached to the base unit in

meprﬁ)%rs RIS ¥nd St tBBph QA EIdRY o£RE lendMEidEF AtddGe

coll creating a nagnetic gap between the magnets and

biRer LR tn@h%%runit,-r BcYIKE Si B hUAOHIRAERS B8lddr@nd wound

prevent | eakage of magnetic flux fromthe rear of

%Q%Ilm{ﬁ%ﬁa&e%mer 19hd hdMéer LM £SkRRtcofl PEpEEHcUid€o the

ocusi ng tracking coils causes the optical holder

E‘)o%ggig%{ @(};)iH P géﬂ’\%‘f @%H*te%gar{digg%sj ik &fthcrnad 16 B8Wakednif @rciose

ocusi n er beam and tracking of the

@g‘%‘@?}) eto q{.esfgc%snér%toc%ﬂ]aa@ﬁa%rtgt‘bm%ati_ﬁé ﬁ GldgRBticCgap between

nts, t rend in optical pick-up actuators

gr?%%?%r{r% ch tﬁ% he?@thio@@}. 'me%ké’soar%m%o?ﬂarétgé Wévé‘f‘%akage

eve | nprovenments in the optica

BRI Ll e e} Loy bpu iR
A o - . 1 |
A e T e A T TR e
I i
FSHEY 3 PRRL L e L0 508 cLORUB NGt e
fﬂgﬁcé' ans hol _der to the center of the | ens hol der.
wever,” this configuration causes the fixation
ﬁﬁl‘)(ﬂ% Ofs s L nﬁo%?él%%t%ﬁc flss Re pﬁnosiﬂ%%ﬁgal ?i@k-fubom
e protiusion portion contarning the optica | ens.
C . , t.al .
JB05R el RREAR TP 9 R M TENETRI e

ﬁrrg?%)(e/g%g%g ino{hetopﬁcall Ei@l%—ubggsﬁﬁﬁ SPWRY b O b AR ulRBSs have

F center, esohance vi bration of "t he

9RLH %@ApoLS&SF&%QQMB@, HRLEtJA RROYRE Rns holder design were re-

configured to move the optical lens from a central position in the lens holder to a

protrusion portion and to move the focusing and tracking coils and the magnets
from the periphery of the lens holder to the center of the lens holder. However,
this configuration causes the fixation point of the resilient members to be spaced
from the protrusion portion containing the optical lens. Hence, in high speed
mode, unstable movement can occur. Because the optical lens is located on a
protrusion of the lens holder away from the lens holder center, resonance and
vibration of the optical lens becomes more pronounce.

[0005] Where increased accuracy of the optical pick-up actuator along with the

reduction in size is also continually required, the optical tilt permissive error of the
2
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[0005] Where increased accuracy of the optica

pi ck-up actuator along with the 25 reduction in size
is also continually required, the optical tilt

perm ssive error of the 2 previously nentioned
configuration becones inpossible to achieve with
conventional assenbly nethods. One solution was to

PEQYi e mBRiPREY 'c@:%|gu!%‘t 6K bEEdmMeRGingadsile BaHealkl e wal
performng a radial tilt novenent with a focusing and

LdREKIONY asEBYSIT BEihodEhiohe WaRIti@C® 8R! drovi@sarbyptiphiatdkng
the focusing/tilt magnetic circuit at 5 the center

RAnAtbotkpQbie bR SertPRmghakdiar tiiansleMentwiga tdtesihg aekiratking

magnetic circuit at = the right and | eft portions of

Fnlagerh@rﬂs The |\n%§racc&§ph€ﬁ&?w plDGng ﬁe?d%sﬁ%@lt (r2@Rdkic circuit at

I's an exanpl e of such a device 0006] O her

c%te%&rtlgr?&fﬂ tﬁ@%ngﬁb{l@er&éﬂd%%?dhé fa8MRadiegic circuit at

bration problemby using a danmping material. US

S@ﬁt al¥eft BorB3D J%k 1eRORJderShiPrisakaNE 6, 7ak 722 104,

oses an actuator for objective |enses t hat

bﬂfiiz%da%sexgm'b%sdﬂsbﬁﬂé dSligport nmenmber between a | ens
er an base nenber to resiliently support the

t(ﬁ)'d%h 1)91@ 5/r1c§9"ahhie(n€§§l§‘eﬁfe dembRe th38ee ReNRAtiondrétid by

Iary danpi ng nenbers extends along the

lugﬂgtal?ja RbingheatE et Ub®kters NBPOBS0, MBIRE01, Hibusaka et al.)

vi stoel a t|c material piece i's provided between the

td}@@lo cﬁ\fa\forqgrr% é&gvé@ﬂ%rtﬁaﬁr@d@f@st&eﬁm Q@ﬁpohhﬁsm\ber
each other. "[0007] US Patent . 6,091, 553

%E%@n a PG fder 8hd & bgéegﬁlle%grstoaeﬁleﬁhy élfbpoﬂ@ﬂeul@ﬁé)ﬁolder
e pl ck-up actuator has a base nenber, a pair of

h?ésg?hﬁ@‘ﬂ%s@tmerﬁ&‘? Ra3R ofBIRRFy @dﬂﬁplﬁ@@@ﬂﬁerfsf&;@nds

each er at a predeterm ned di stance, a pair

s ur g%esleﬁ@ﬁ B?ﬁ 'ré(sf?l}f)ﬁt éﬁptpéﬁ hethdep ARRCHIARIE nsdt&lRil piece is

aces e yokes, I ens 20 hol der which is

%%g/ve@g tﬁy\ﬂvo%xﬁl§wqa l@qﬂéﬁﬁérg 4§ a§® &nnk& tien to
oc

directions o usi ng and tracking in
%aapg@gndeflned bet ween t he magnets, and

[0007] US Patent No. 6,091,553 (2000, Song et al.) discloses a pick-up
actuator. The pick-up actuator has a base member, a pair of yokes disposed at
the base member and spaced from each other at a predetermined distance, a pair
of magnets respectively attached to the inner side surfaces of the yokes, a fens
holder which is suspended by two pairs of wire springs so as to be moved toward
directions of focusing and tracking in a space defined between the magnets, and
on which an objective lens is mounted, a driving coil disposed at the lens holder
for driving the lens holder toward directions of focusing and tracking by
electromagnetically interacting with the magnets, a pair of supporting plates

disposed on the wire springs adjacent to opposite sides of one of the magnets,
3
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on which an objective lens is nounted, a driving coi
di sposed at the |l ens holder for driving the Iens
hol der toward directions of focusing and tracking by
el ectromagnetically interacting with the magnets, a
pair of supporting plates 25 disposed on the wire
springs adjacent to opposite sides of one of the

Q%gggé pin a@g8d &ieg Jod uhd pichrapphdreid habyeedpéhe
yfeig .

pp or i n tes and bot opposite side

0008
ogg@ %@%BQ'H%&?%S'B%O"%W kyung ot k) o sei osee &
ﬁoglﬁgp J%BBH%%%téH?@J §§§§1@1 Bheh Sh'mSK}gﬁ]bI% ) AROIBELS &£

as'a danping fluid bet ween a base nenber and

El?ﬁigl aecﬂfét&%ﬁ%ges L Q?}RQV]SCJ)\@@ WRALKH REPaLS d8RbihG Alid

Up actuators are al so concerned w th 1 nproving

Qst{degﬁa%smegag@%d Befasuer that inproves pick-up

at or rmance 1's to narrow the magnetic gap

@‘bg\g M&%a&@rg%sdf% ti @AY CII %%&P&Ers £0blss canridiBuith

wever rre u acturlng technlques

erkazﬂb\; vé F%/ n%?fonjrgangg td?\@ RSNt ady Tpl!:k -8p ablMor

gap can be nmade. This is due to

éhgor%whéé g4 F\é{rrdw th@r a%l‘?\@ |é’ga¥perfétt\ﬁéénrl9 tdiGsihg Qﬁd hé’ék%r

usi ng cent I Xtures ecause of

é Is e%ﬁ%e mgéhét:? eHl)\%\%r 3:9 Jgﬁrmérﬁr‘?&lﬂrmﬁb{?ﬂl@hes limit the size

nee I'S an asse net hod t hat

thvr\’rr?a hf?c %tH@m@ﬁ R93p can b@ﬂ%d@ohf#@rs de
t eF eg g é(j FI

eas suspen

ﬁ‘wé%ﬁéuﬂker{&%g;gé & %ﬁ%rm%\b@tleﬂs oﬂ!e?@vé’h%%%s‘tr% c%ﬂtermg

ces e manufacturing

ﬁ&tglceﬁgqecgféeﬂim&o ru(:@e of tRhs hSaduictiper needed is an

v
e i nexpensive to use. What is

TH0100 4L LhérEBle DREHEobdcAlan SRR ¥efiBh iRl ofdilie

o I'nprove a e optical pick-up
%pﬂca‘?ptc&-‘up actuator's lens holder to be easily centered and suspended during

the manufacturing process. What is also needed is an assembly method that
reduces the manufacturing process rejection rate. What is further needed is an
assembly method that is inexpensive to use. What is still further needed is an
assembly method that provides for improved damping of the optical pick-up

actuator.

SUMMARY OF THE INVENTION

[0011] ltis an object of the present invention to provide an optical pick-up
actuator and a method of manufacturing optical pick-up actuators that are
inexpensive to implement. It is another object of the present invention to provide

a method of manufacturing optical pick-up actuators that locates and properly
4
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20 SUMVARY OF THE I NVENTION [0011] It is an object of
the present invention to provide an optical pick-up
actuator and a nmethod of nanufacturing optica

pi ck-up actuators that are inexpensive to inplenent.
It is another object of the present invention to
provide 25 a nethod of manufacturing optical pick-up

%%té@fk% ta&'ﬂ%hs H&Qéivﬁfh iBRArRIARALY eldctEPREgStiche

ptical lens der withits conpl enent ary

cSJr nffohéfts W@Eétﬁ) mggrfgﬂ@ RAY §/sin fdh el fleri@ 3N iettro-

I've systemfromt conpl enentary el ectro- magnetic

ﬁﬁ%@gg?%g?r%fntstd? SR8 uHR b&nr@%é Bﬁsehﬂﬁy Fseshilcy mk-up

pi ck-up actuator. is a further object

ddre IR 89 Mer bt&]y&r&# th@rbrés%naﬁ@éﬁua@ tPproYiad 8BYdtem%o
ance danping of vibration of an optical pick-up

@rﬁ‘ltaH@é mpihd of v?bréﬁdnl df aﬁ%ﬁﬁc@?blck Qé’b@tﬁétopf It fshai prgsant

invention to provide to an inproved heat transfer

&g@@%f ¥ ré‘sﬁﬂﬂh\yéﬁﬁoﬁ R)%&uﬁ@to%qmbfoﬁéghé& t@AsfeScaphcign

|c -up actuator. [0012] The present

frdhy 4 %lr@%ﬂdq}é% ind B&%%f @RGthiahﬁEk obh&gitbves by

provi a sinple method and nmechani smfor |ocating

@?Q%‘]p r 0191% s RPRAGEAEN taE‘ﬁ?e\;eQ HGERINE R} BFKctRREBP B@)mdﬁwg

n el ectro-magnetic drive systemof the optical

IRLGGH aP@‘Tﬁ mh %r‘d@@tuﬁaasrﬁi O dry Sps@RPihement ary

onents o ectro- nagnetic drive system

g&ﬁﬁl&g?ﬁtgﬁ ﬁﬁ%@ﬁ@‘lty ofdn0GES®-mddHetieBiRAY sieRtdrustesptichie

a predeterm ned anount of a nagnetic

feh lngidérorefah\‘fe @qﬁée]%%e%ng@r&om%%%%rﬂy Lo sranR|of R dbtrs -

conponents of el ectro-magneti c drive system of 15

H%gn&fatdng@ by d f u iRy RE 'éé’s%trrw iy proBes@N&hE FRAHINRMdeMes e

ectro-nagnetic conplenmentary conponents of the

%tgg%f Fcl?clcr%fe{ Br%ggﬁeﬁmﬁeé Qﬁ}H R¥a ﬂ%nétfe&ﬁxkﬂ t@ghecﬁbbr%tlc ghbe

ocat es an properly spaces the |ens
Bgtl/vggﬁ tr%%mplementary components of the electro-magnetic drive system of

the optical pick-up actuator. In one embodiment where the electro-magnetic
complementary components of the lens holder are the focusing and tracking coils,
the magnetic fluid locates and properly spaces the lens holder and
focusing/tracking coils in the magnetic gap relative to the magnets, which are the
complementary electro-magnetic components on the base unit, during the
assembly process. The resilient support members, which are attached at one end
to the lens holder, are then fixed to the base unit. It should be understood by
those skilled in the art that the drive system of the optical pick-up actuator may
have the magnets fixed to the lens holder and the focusing/tracking coils fixed on

the base unit.
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focusing/tracking coils in the nmagnetic gap relative
to the magnets, which are the conplenentary

el ectro-magneti c conponents on the base unit, during
the 20 assenbly process. The resilient support
menbers, which are attached at one end to the lens
hol der, are then fixed to the base unit. It should be

@,?}Q\%rest %qﬂ%ﬁo u,n 8;%5%'6}) r%ﬁly wﬁ:&!&?a Itatlltel?‘r%tgﬁémlwd ora

sy'st e up_actuat or may

P)g/ VISCE)Q §/ qil] ac é %agh&%qluko B%thetyﬁwt@ngﬁé ﬂtﬁ’d"gsetdhﬁ t5he

I ng Coll's fixed’ on base unit.

ér%g%q ]ap%l %acﬂ:aaé)rn %E)Ik%lsfAoﬁ\pﬁjlsﬂglﬁltr%mwb\%%lnla% ;%J'ﬂc@éstch%'bo@%

gne I'C ["ow cosity oll-based

?@ ggr%&e ers ln u& Qmeﬁ%PtatP LY sﬂfa&?’ﬁ@@%’o&ﬁf e grased ten

ese | ca Ion are ds conpri si ng

Hqtglﬁﬁ igrpg 1cles g{beeit I gpeﬁﬁﬁ{%hﬁ%h% Qe I%Qﬁ%gre&gggaﬁﬁ’émt ers

e Ssur actant {0 no

Eﬂ%é{‘ lczlgld I8 lunT‘d ButTRgRE h@nsﬂf‘érw {ﬁq%% oy SHaSRRS §i ng

ermlnlnr rmnetlcfwdls

as. magneti sm and can be positioned and
R%E%WqW“HBPQE St hout a container. [0014] In the

Sd(‘ﬁqgfl meqt usé{‘cﬁrgent\/ﬂ% t'do?at:@gog%elni?ﬂulb U(hedvolgthﬁmagnetlc

I's use dur

e”%lﬁé Ot%y ﬁ@ﬁﬁi} O}ggm y;t:j 88%8 (?r?éeq 5leﬂ9qo|5§rsérld' E8fient

ase uni

%por t%{ﬁt};?rrg%%o DEd g%thepng% Bl & E&r%ﬂ%#&r@&ttH@BBﬁcal pick-

fe nagn

g T R 8 pale R ekl oo e
\Qgp g? Wiegn Cfﬁ%?ngﬁ é%on age%le o‘@?/ﬂfaﬁﬁétggf ft i)

herm article

3@:%@%@?2@@?@5%0@4%%%3? T
fppﬁicgg a[e%c?e%(Oﬁ ?wd S/d lé«%?m%gg GsV%rLoﬁt{wé O%He &ﬂgél& a%o'”ng
surfacesmau{)]ncapr(xeghénPr(rjwa>l/J 8& ngIYyatPeoé’o%teB %‘thg volatile magnetic fluid. In
this preferred embodiment, the lubricating oil remains behind upon evaporation of
the volatile carrier liquid with the magnetic particles forming a thin layer of
magnetic fluid over the magnets, yokes and coil surfaces.

[0015]  An acceptable volatile magnetic fluid is one having a relatively volatile
carrier base liquid with a relatively small amount of lubricating oil. The volatile
carrier liquid typically is a volatile liquid that is capable of undergoing evaporation
at room temperature or at elevated temperatures. Examples of useful volatile
liquids are water and aliphatic hydrocarbon solvents such as octane, heptane and
hexane. The lubricating oil is of a type and quantity such that upon evaporation of

the volatile carrier liquid, the remaining magnetic particles and lubricating oil
6
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the volatile carrier liquid with the magnetic
particles formng a thin |ayer of magnetic fluid
over the magnets, yokes and coil surfaces. [0015] An
acceptable volatile magnetic fluid is one having a
relatively volatile 20 carrier base liquid with a
relatively small anmount of lubricating oil. The

\V&!lﬁdrm%n &Qﬁ’a’éé@...abrﬁ&u'ﬂgsdtﬂfﬁ bERbénaldry the Y@taabs blthe
Iquid that is capable of undergoing evaporation at

%Qgﬁg’é SERET AUbQisPb/tdEKiRY 8YBT AdighBIRRAAdIsIEgaving a 4 cSt
'és of useful volatile |iquids are water and

ﬁleht%li@(te b Gr 1IBWENQSBEIRAU 1861CViS BEcSerfldC hTha sy 26 R Bl that can be

eptane’ and hexane. The lubricating oil is of a type

@QQ agHﬁé‘ﬁdrﬁ %bﬁé’éﬁhﬁ biabr éi@%leeﬁ%ﬂ%ﬂfcb%n ostetPethére

volatile Tcarrier IQUI , the remal ni ng nagnetlc

B@flﬁcgséaeﬁonaaﬁld ki h@nbc@%hl{égoﬂodése@ cHRed Iufdahdan@hc fluids, the

ased magnetic fluid filmor |ayer along the

Coﬁrﬁﬁ&i ?rtetltctﬁ@ld BRI ot M%ﬁﬁ@n apes r"\&‘?étﬁllr@@/rﬁgkﬁCkl ng

lubricating oil having a 4 cS

?@g’ét&%ggs thlﬁy f@%rso\ﬁeé&%'tﬁéﬁo@&snﬂg/@kﬁg'o‘é\ls of the

erre ypes of oils that can be "used as the

Er‘eggr‘it Néh rﬁ@tngﬂg cQt‘aétant%@rﬁta&’@@t‘ﬁpl’w@maéﬁ&icW@r ocar bon,

ster per [ 'uorocarbon, and silicone. Unli ke

0'1 Bfasﬁgnecﬁé\r M hglsa ﬁ:ﬂéh %a’{;ﬁgﬁk%%rﬁsfals Whilgs pdddle for use as

ning nma netlc t he present i nvention

gq’eﬁ% h%@)‘er L RAALE ng’?‘t{zs}fkgﬁ coﬁ Sé@?tﬁfn%%&h@%@ﬁbbﬂ d Qlyen dicsi

I'S SO because t ocusi ng/ tracking coi l

%E—%g ré.tctu'agbly @5“&?991%05:?3 88 ndtho Fb‘?rﬂ%ttﬁlﬁk réé%%ﬂﬁ{rer\ly'f Fn'ég:‘iehi@

16] Generally, the saturation

'EQQ Ql@%}bﬁ@ﬂj‘oﬁ&ngﬁ ]pﬁ‘§n f%")’n e99§t§1‘a#€b§ lfn%rddki@r@‘ tRSvoldie a

I'ens der and”focusi ng/tracking coil positioning

Eﬁ‘ﬂif AUGERX o Dil FYER tﬁ@%lé:tﬁ‘é mthé%iE'ﬂUB @Fﬁ(/é@él? rpropor’uonal

I guration”so as not forma thick resid

l f}%@ rsa%?at%ﬁgr%? gzanm&{th& Le‘?x%nﬂﬁ@ﬂdt&‘ Qﬁér%ﬁb&gtl&\' df tHNn

e magneti c aces dition, the vol une

REfGEE r&%m ST HEAE BBl se lﬁ%eigwbrnthé b@luM@lp@Fdehﬁof the

magnet E\ild I's |nversély proportional 'to the

‘cftﬁ)'i'n%tﬁ\ Q‘HQO %%‘t% vo%tﬂ‘ﬁé SMn & ohie maghBicHiuichiid e divAtdtrg

evaporation
oil, the higher the concentration of magnetic particles to the volume of lubricating

oil remaining after evaporation of the volatile carrier liquid. The range of the initial
saturation magnetization of the volatile magnetic fluid and the amount of the
lubricating oil used is application dependent. In other words, it is dependent on
the type of optical pick-up actuator, the size of the magnetic gap, and the size of
the focusing/tracking coils.

[0017]  In the embodiment using a low viscosity oil-based magnetic fluid, the
magnetic fluid typically uses a low volatile, relatively high molecular weight, oil-

based carrier liquid such as an ester-based oil. These oil-based magnetic fluids
7
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15 volatile carrier liquid. This is so because the
| ower the volunme percent of the Ilubricating oil to
the total volume of the volatile magnetic fluid plus
the lubricating oil, the higher the concentration of
magnetic particles to the volunme of l|ubricating oi
remaining after evaporation of the volatile carrier
drk QUL Py ﬁ]u-g?{?taﬂﬁ@%nﬁ%olﬁ%r‘-‘d%éds%b/tra@k@ﬁé‘E@H%'e_‘?é‘n!y spaced
magnet 1 zation of the volatile magnetic fluid and the
. Oy, UL, | ' L Shdddacat i on
il Bl T AT S L

%Agfﬁaéiﬁ{; g&%gtggﬁr?da%%i@ﬁh WP HRAGHEH Blck-ubRetusicEE T rebbéh the

e size of the focusing/tracking

G0 1LAMLH o B, EABRAIPET, HELa 1R At AGETohY

ased magnetic magnetic f

AP oB35 Tl 0 b bt e g

Ser ?’%Saesgérgplg%?&%gs 8l bvell é@&:‘rﬁ% Q)%)hc'eab?iéﬁ—Qp HBQAAGH ise. Itis a

use 0 mai nta ens hol der and

{?ﬁg%ﬁ%ﬁ%/ r%%%%@éﬁgof%gjn %il%?ﬂ éﬁ%‘%g ﬁgds W Jp’ﬂbeﬂ p‘ch%})or

I ng asse y as a danpi ng and

%%?%tgrgﬁﬁ%ﬂ{@h%&gd Haéb%}c%%ﬁgys%ﬁrﬁéﬂoﬁems He §p|3€e,_i.e. the

actu e reason t magneti c

{a:%i%il g%%ﬁgﬁ\f%ggiﬂké fB mo/t gﬂgtﬁgl& afrJdHliwéjmiaﬁnétﬁ yBR&Va%t

[ul om ergoi ng evaporation at

{gfoagrrénerté.teﬁgc‘iﬁo%‘é[?@-b%eo%%@etuﬁ‘ﬂuih %O?Q?Jré‘tk}’tgs F%ﬁ%tﬂﬂluﬂﬂgould

. assenbl’y process as we as during optica

kot Brasl e ekt epluly st |
B QPR L e ARy e
R R el G S e
R e A B A i o
BERAR T b B ACHIE) p e PO SR i
requires a high temperature capability, it is preferable to use a magnetic fluid
having a viscosity of less than 1,000 cP, preferably 500 cP or less, more
preferably 300 cP or less at 27°C. The low viscosity oil-based magnetic fluid is
applied to the magnetic gap of a conventional optical pick-up actuator between
the magnet of the pick-up actuator and the coils, between the yoke and coils or
between magnet and yoke with the coils located therebetween. A sufficient
amount of the low viscosity oil-based magnetic fluid is used to contact with the

coils but not so much that the magnetic fluid would splash out by a shocking or a

vibrating operation applied to the above mentioned location of the optical pick-up
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capability because the current flow through the
focusing/tracking coils in the nagnetic gap
containing the magnetic fluid is a source of heat
generation. 15 Although the | ow viscosity oil-based
magnetic fluid of the present invention requires a
hi gh tenperature capability, it is preferable to use

Bctﬁcgrnq{hb pf:.'lnH:'n(.i.llm %WOU& Amd ﬁ@tﬁﬁ!utd/dé%néé?&sthb Ridsign of
1,000 cl P, preferably 500 cl 8 | ess, nore

mg%kgm% Y2800 cl P or less at 27OC The | ow vi scosity
aseg magnetic fluid is applied to the nagnetic

%@%&gf TheGREVERW \ﬁ%ré@btquttiagé@l mBb $dtic WRidatdoUrbBdes an

en 20 the magnet "of the pick-up actuator and the

E@%&;ﬂy&ﬁgﬁtt@@\emnéﬂ%ﬂ% lefis Qélderbﬁttn)ﬁ@%uﬂﬁ@Qm

the coils | ocated therebetween.

§é’nfkf C'T‘ﬁ@t\/ @P%ntthe MnstHdRiel SWKing B&R et e Rirg- ab@&r%@kmg

nagn iIs used to contact with the coils but

u%tto%qi]ﬂyﬁpec} B\Adhe LI %aé@gﬂggﬁde@ic fiirrht Wﬂéé@n?nﬁ'tl@é Ra@r‘\g’uc

or a Vvibrating operation applied
gggs above nentioned | ocation of the optical pi ck up 8
ctuator. The optimumfilling anount of nagnetic

nggqg] quﬂgr%%ap&]?stl ofl &Sl Bdncetn Refir&Ko P frEG LtiNBESIE -

e use o ow Vi scosity oil-based magnetic

Eér%éid&lesrﬁ g&ﬁ@ﬁ A hogdes 1R gohgaldated @a%mc

Fovenent of ol der during focusing and

Pm@%n%th}p[mﬁe VsdEah 0991@’(1& filid. h?hlg =05 Hé@él%rthé‘ﬁiaéh&& fluid

omthe ftocusing and tracking function is danped by

AR S L e e,
el ﬁ&ghnﬁ@fﬂaﬁm\ﬂﬁﬁd tb fh%rﬂwéd?w%t %/érsyoké; AMmAe cHefife

ree wth the use of I"ow vi scosity

Hah t}%ﬁ@ﬁ?m g@ﬁr{?ﬁnetr’k%gt)gbgb vEmaW&tBél%cktdbeaoHﬁé?oer

magnet ecause the magnetic fluid

.P§ 'axt{\%]n@ﬂfans @tn;ehﬁétgﬁgllféftﬁ@%‘é%it‘(@wﬁleﬁﬂ\e‘e}hégnets and

er o] from
yokes are fixed further enhances heat dissipation. The yoke may also be

configured as a base unit.

[0021]  Further, unlike the high viscosity oil-based magnetic fluids used in the
prior art, the sensitivity of an optical pick-up actuator using the low viscosity oil-
based magnetic fluid of the present invention is unaffected when used at lower
temperatures due to the low viscosity of the oil-based magnetic fluid of the
present invention.

[0022] The preferred method of the present invention involves obtaining a
volatile magnetic fluid and adding a predetermined amount of lubricating oil to the
volatile magnetic fluid. The volatile magnetic fluid and lubricating oil mixture is

then added to the magnetic gap of the optical pick-up actuator. The volatile
9
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the coils through the magnetic fluid to the magnet
and/ or yoke is nore effective than through air in
the magnetic gap of conventional optical pick-up
actuators. Using a thermally conductive material for
the base unit to which the magnets and 15 yokes are
flxed further enhances heat dissipation. The yoke may

?r%k@ uidcﬁﬂl fleiied udng 8 dRRessed Bl by dipfIRg3 kolldidedarrrod or

gh viscosity oil-based nmagnetic fluids

é’ﬁ&\[}w f3d ki ghee cafldrPlub8Y ihto thd %a§ﬁé1§lﬂwd\én6yoc%ﬁngfame%@ﬁd @al

piC ctuator” using the | ow viscosity oi based

@Eg\gﬁgw chr ltHedd Qgentsgeclcf%EQ§ Rtma eGP nTHeSwé!ﬂ@f doaey 6d

en use | ower 20 tenperatures due to the | ow

?ﬁ'e‘?@rpo?Ihdean‘afthé P\%gﬁétk'f&@éﬁ‘gd PEB &id fgﬁe‘:t“S' Wikels 8hd &dwe cause

present inventio The prefeerred nethod of the

PSRNk nH%Y\@{‘J 1‘!@(5‘5) fﬂgﬁ’é M%éné?@g@b Bf 18 oBtica¥ piclip k6tuator.

na netic urd an ding a predeternlned anmount of

H’H%)lrehgﬁglhggof % o&tle?ltpli@ P Vb Ay |seth€ﬁ‘?8§ﬁdn‘éd frdistive-to tHae

e magnetic flurd and lubricating oil mxture

H\%gﬁeﬁ 5”@2%@9 dedh ﬁ\%ﬁt&@‘éon ﬂﬁetlbﬁs der@fe §d’é@e@ﬁér‘n(i}%

up actuator. l'e 9 nagnetic fluid may

89%93%/ y&gs @reﬁ ﬁ?ﬁ%gﬁe&‘er aByTﬁié PRLNE R gR&lcidid wil

e ro capil lary tube)

%&o?rh @?pcg@@ B&Wegn BLG%%' %gﬁalcﬁﬁét:blﬁganﬁ hee Sabheds/jrds

ow rod or t enser close to the magnetic

?}%L%ﬁﬂ&tﬁ% Ie?@%gl'dgvgto%g(ﬁoéﬁngn fsuch Bt Ierh &kt gapiibatbdes

rce fiel e magnets, yokes and coils

%Mf%p%cwﬁetvv%%mm'c%u;@gﬁe%%@%é/wbg to fill the

pi ck-up actuator. The

g?dﬁ ho'lrl%elreSl %nttsn e ér‘?\ﬁérs%kt%‘ﬁle fr%ttHé‘Fe% hbl@ertd?zﬁ@hen

OSI ioned re rmgne s and yo es such

tbhggcm{rgc?m? ;;Asﬁtoﬂ Q@sé&tpecﬁ W\%ﬁillearﬁ%m%ﬂéﬂﬁg id é\)%B@)rtafb%

okes creafti'ng a magnetic gap. The

Ye%\lv%%; tﬁmm&i&grl & 1 lftlr‘dét%g"qclléontapﬁﬁorﬂggr@té PAS8Hs Bighoreen

ocusi ng/tracking c s and t'he nmagnet s/ yokes
about the surface of the magnets and yokes and the focusing/tracking coils within

the magnetic gap. The remaining mixture of lubricating oil and magnetic particles
is itself a lower viscosity oil-based magnetic fluid. It has the characteristic of
forming a thin film or layer along the surface of the magnets and yokes due to the
magnetic force field, yet is sufficient to keep the magnetic particles suspended

within the magnetic fluid film.

BRIEF DESCRIPTION OF THE DRAWINGS
[0024] FIGURE 1 is a simplified schematic top view of one configuration of an

optical pick-up actuator.
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10 causing the I ens holder to be positioned such that
the magnetic gap created is evenly spaced between
the coils and magnets/yokes. [0023] The resilient
support nenbers extending fromthe | ens hol der can
then be secured into position. Once secured, the
voIatiIe magnetic fluid is evaporated |eaving a thin

%TI aFyéﬁﬁng is lébdl\&@éc‘} BYsQkd s RIHIEHG mg‘ﬁ‘@id dptical

icl'es | spose about the surface of

%E?%&u%ﬁpllﬂs‘?ﬂé@% lﬁp% thﬁmti%égﬁrﬂﬁgﬂﬁ\g th‘Rb'rﬁa netic

. e magnetic gap. The remaining mxture o
é oricating oil and rragnetlc particles is itself a
wer viscosity oil-based magnetic fluid. It has the
characteristic of formng a thin filmor |ayer along
the surface of the magnets and yokes due to the

@g@: Ui 6 olRECEis f Ghliied € 8& gecctl%él'v%mﬁ&tanta%sé‘fﬁ@% bhRal

tic partlcles suspen hin the magnetic

é%%ﬁ&%‘m nll&%la@é IFEE;CB:?R&] %‘v%ﬂlg %g%\%mﬂ{&qg&enc

I's a si matic top view of one
?%é%ﬂ&}%%% optical pick-up actuator. 25 10
I's a sinplified cross-sectional view
al ong A-A of the optical pick-up actuator
illustrated in Fig. 1 with the volatile nmagnetic

Ldolilqd Hqg J’Bd 1h sdh@ atiétoEJQ/%ﬁclf aﬁb%nﬁgurﬁtlcﬁﬁ of

Cross- I ona vi ew of an assenb

ﬁgb&%’ gmH&Opctuator illustrated in Fig. 2 after
e magnetic fluid in the magnetic gap has

been ev_apor ated. [0027] FIGURE 4 a sinplified
schematic top view of another configuration of 0 an

?(Fbtz%fal FI@ILFF&' KR aaQFnBﬂ’Fegrcross-sectional view along B-B of the optical

pick-up actuator illustrated in Fig. 4 after the volatile magnetic fluid in the magnetic

gap has been evaporated.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0029] The preferred embodiment of the present invention is illustrated in
FIGURES 1-5. It should be understood that the size and spacing between the
components as illustrated are enlarged and are not to scale in order to make it
easier to understand the structural relationships between the various components
of the present invention.

[0030]  Now tumning to Fig. 1, there is shown a simplified, schematic top view of
one embodiment of an optical pick-up actuator 10. Optical pick-up actuator 10
includes a lens holder assembly 20, a base unit (not shown), and an electro-

magnetic drive system 50. Lens holder assembly 20 and the base unit have
11
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[0028] FIGURE 5 is a sinplified cross-sectional view
along B-B of the optical pick-up actuator

illustrated in Fig. 4 after the volatile magnetic
fluid in the magnetic gap has been evaporated. 15
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT

[ 0029] The preferred enbodi nent of the present
cji)orrluyp%?lrérﬂrrly g : "r%hét.act&)%dopemg b RESt=Ragretic ah@llé\@tem

e ‘unders hat” t he size and spaci ng between the

SC;TP%? Qrtnﬁocgr%ehtl hlésbtagélhﬁgs 84r6pIERbRBYRILABAetid0t to

eiln or to nake it 20 easier 'to understand the

ngg)gr%rler% %te 519{; ik %Q&!?r'rtﬁ?ﬁ@eLé’?‘%%ld%h@ss%ﬁ{baﬁﬁﬁncludes alens

present 1 nvention

%@r'ﬂgar]r th’ébgenslm §Jfﬂ>%5ﬁed 5y BROMAa& 29 5% écfn*rpﬁ‘éinentar

ematic vView o one ‘enbodi nent of an optica

Ié’rb& U@Q%r?e%{c %@%g{)%e]w% 55k |ﬁ(§t#ibé%' actkac‘ﬂi?ng 261 Y& paEedlét the

ol der asse 0, a base unit (not

%ﬂgr‘m)of ﬁegg Hods £ nﬁata{ fg%l?s?nﬁj%g Q@tvr}o%ngi bioVRd %ﬂ)é%r@s”ﬁoﬁ_’&r 22

er asse he base unit have

g?ge'%{oeﬂeeﬁtng n%le@ & IR t%@ﬂﬂ?%r@b&%@%g{‘aﬁeﬁ%lﬁo includes

ro-na rlve system

?%;r@?@éz retspgctrpé\ggla%ﬁ Lt tRe FOTTRNE RBR L IS holder aslsembly

O- magne mponents are nagnetlc assenb

ané'g%k @JH CedPR L}Vof%q)a nBcé r@vénﬁﬁ‘&leak‘éﬁe‘?@r
fsEad Tl

an’opti ca en supp rte ens hol der” 22,

?%gp&% }< %é‘Fé’ar Bf rﬁg 44 ﬁaﬂﬂ@@@rﬂ?@ﬁﬁné?}/

a tracki COI 26 placed at

exEeL bl goﬁﬁén%]ge qgrfoi?% 8f LU RGiI 80bhd A8gnetic

wound aroun ns ho So as to be at rrght

Q%n%% 68 n]r ete{r%ﬁré%(gaég%ét t@maW@%&é%W%Waﬁ Flhe

respectrvely placed at the

Lezﬂg rﬂl?)ld%pg seﬁ% y fb%r@i?e?g?@ lr%gg#e?%?%mlf e tAle BRfodsonRke

ace and preventing

LB P M B ol
pick-up actuator 10.

[0031] In Fig. 1, optical pick-up actuator 10 performs the focusing movement
and the tracking movement by having the tracking coil 26 and the focusing coil 28
within a magnetic space or gap 80 formed with magnet 62 and yoke 64 and
moving the optical lens 24 up-down and right-left by Lorentz force of Fleming's
left-hand rule. Optical pick-up actuator 10 further includes resilient support
members 70 and a printed circuit board (not shown) mechanically connected to a
fixed component (not shown) of the base unit by having a fixation point 72 at the
right and left sides of the lens holder assembly 22.

[0032]  Tracking coil 26, focusing coil 28, magnets 62, and yokes 64 have a

residual layer 95 on various surfaces caused by the evaporation of the volatile
12
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el ectro-magneti ¢ conponents, i.e. focusing coil 28,
tracking coil 26 and magnetic assenbly 60, nmay be
arranged such that the magnetic assenbly 60 is part
of the |Ilens holder assenbly 20 and the coils 26, 28
are part of the base unit or sone conbination that
provi des the focusing and tracking function required

@gse%grtrie?ﬁ'auicf(él)flsa S MQ%"%@I EHahes ?orl B-thd Q&%ubly‘ oblidh pidk-

act uat 10 per ms the ocu5|ng

n&é{& ROt 10, 6?@% o%xgﬁa%d@ii% i JHR4E WEIu%tyQﬁWa@getkhﬁmcles

T ack I Ng coi the focusing coil hin a

5@8@9@%‘(& ﬁvgaﬁ&mqlruldgé’fp & d é’ffe'}r%gaﬁ@rétﬁnnagnet 62 and

novi ng t e optlca l ens 24 up-down and

Oloﬁgt cﬁ\e pr %’en{'ﬂ(fﬁﬂkﬂ okRIEE a%etﬁé@m Bgat%g%(%dlpgglﬁorh@d‘d

up actuator 10 further includes

%Eferlg h?) QW 22 {osth% Pwa@ﬁ‘&uc@as@é&ﬂ? 86 c@aﬂr@éjé t

anically connected"to a f1xed

&%gpﬁﬂg% 80 %gtmgégg‘%ge\ﬁgly Br%@e%t TheWMhdoderdt 8VthB Shethod

oin at t and left sides of the

Ftﬂg‘ Fe%!erqeiﬁv At ﬂgbé(eszti?r ugé) ola fear?w r{&c@l&hﬂ TROvolatile
Citg g A e &

s 64 have a 25

ghglﬁllwd (ﬁ%\églgall)? Eorﬁ’;%} sl\éé‘ vgféﬁlfgzlégef"ﬁﬁd GARE q?tml’ d @@rallty

ase carrier IQUI of

§f Vg%%lttebgmgggr}ﬂj' % l{ﬁa aQt ggng érgm%iual ﬁ{f@ Maéﬁetnc

up ac esl| yer 9571s

é%rlrtrglgg‘ %qhgt/olgul? éﬁ'l? llq'ﬂ ﬁ,lﬁ E&riBaltidS bRSwatef adde

Iet af t'er

gecﬁ%% @3% r%c%ngglﬁﬁl %a% %e ahy %B%hQnA D EaHna

ositioning the ens

ho'gggtlc ff‘?dsl?a@% ¥n %glaﬁig I@S H%’ £ %\8 én@r ff@ 5}’ e BSREIH the

crea e assenbly

?cir,@é ?%snogs r%gé%ﬁé ﬁ%@rﬁet@fl‘luﬁdpgrmﬁiﬂ?g\e k%wl%g @Fr o%%%@t

a vo I'le nag

olr"[rrbar}/ ngnﬁ‘% tp{é)!ar‘?t Mﬂi g%%%tt E % érJoUérgorggrﬂﬁ&ﬁerl Jar solvents

e carrier |qu ase IQUI a
Fr)rlwalf/rbael ulsteg as the base carrier liquid, it is hypothesized that use of these types

of liquids may affect the integrity of adhesives used, if any, in the optical pick-up
actuator 10.

[0034]  The quantity of magnetic particles per unit volume of magnetic fluid is
represented by the magnetic fluid’s saturation magnetization and it is measured in
Gauss (mT). A low saturation magnetization fluid tends to leave a thinner residual
layer of magnetic particles than a magnetic fluid with a higher saturation
magnetization. However, either one may be used depending on the
manufacturing procedure used. Using a magnetic fluid with a low saturation
magnetization allows for filling of the magnetic gap with the fluid for positioning the

lens holder assembly 22.
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of magnetic particles, and a dispersant for

di spersing the plurality of nmagnetic 10 particles in
the volatile carrier liquid. Sone useful carrier
liquids are water and aliphatic hydrocarbons such as
hexane, heptane and octane. Any conventiona

magnetic fluid based on volatile liquids as the

00851 erudidtindgaay fbig witsechighd ssthetioh maghktabiicnsloat for
such vol atile magnetic fluids are within the

kB & Gith PEf 1N Raghetic @RH s tatské haghdtictdap has tir passages
Al t hough aromatic hydrocarbon and other pol ar

SR IpYAes aldoRgr nb%n@@ce&n@eﬁmb @ cdh asefeealy, ity sdtirgtivrd,
It |s hypot hesi zed that use of these types of

rlnb&%!tlgﬁioﬁ&% beede it R dredeRBinl éntions lRphRBBIRBIUSEED as
any, in the optical pick-up actuator 10. [0034]

rTcth ARt rbla¥yvedf thIR IS Uaf1apar df hlgestichRkticlsidn fy@lsthgeanaf

magnetic fluid is represented by the magnetic
fralid!’dn% DilSHE, %%H/@ME@@&@BQ 3Ad/bObkane4 i k sheuldBasttieedood
Gauss (mr). A | ow saturati on magnetizati on

fhlatiing prd?p@?I§atﬁr%t|$r¢ﬁ‘é?néﬁz£tmnn&eé giv@sidiind mbgyesic ot
magneti c particles than a magnetic fluid with a

ergﬁ%ftloﬁ il 2ld RAdeTREA Shict i tAdlors HRNRNRS the Bipk betarase

may be used dependi ng on the manufacturing procedure

R fusedSHsNGe BadEBQnRald lﬁu&i'u#th@ Volatile rAadneve mad ukedib@or the
magneti zation allows for filling of the nagnetlc gap

¥hiti ﬁmug Lo fe s‘%sdfttﬂéi’r@biﬁggéphgtc 25 lens hol der
assenmbly 22. 13 [00351 Using a magnetic fluid with a

B]er ”ﬁ@ﬁe‘dﬁ@é ﬂh@%harﬁ%gﬁ@w gahé Pidraityl PWRagh&tc particles left
rncomplete filing of the magnetic gap such that the

BRUACLE fsBRP BRSNS dgiRARTRBRT0IIPLE, 28! B¥ inthPet@ 62 or yokes
stronger magnetic cent ering force. Preferably, the

BRI BEd0Rg Hﬁ&@%bmtanme Scqad eo frefvolssr md;n%{”@ﬂ@di.eﬂwlt
invention Is kept reasonably |ow so as not to form

ﬂlbﬁ@é’(ﬁ\% NE ¥ att%ecéﬁwcf Sahyalicl R¥ElpoRfevARGARIN & the volatile

part es on focusing and tracking coils 26, 28

@Qr‘ijlerol qy@%@%ﬁﬂa@x%g@ﬁ‘éﬂn@ﬂc Yakass S lubdcasfpsil Wold@form a

unders
thin, oil-based magnetic fluid film or layer along the surfaces of the magnets,

yokes and focusing/tracking coils. The lubricating oils useful in the present
invention are oils such as hydrocarbon, ester, ether, perfluorocarbon, and silicone.
The preferred oil is a hydrocarbon oil including petroleum and synthetic
hydrocarbons. Among such hydrocarbons, aromatic hydrocarbons may be more
reactive with other materials used in an optical pick-up actuator than aliphatic
hydrocarbons. Parafinic, naphthenic and poly alpha olefin may be preferable.
Poly alpha olefin is the most preferable for its characteristic low pour point, low
viscosity, low volatility, and inertness. In addition, where poly alpha olefins used

in conventional magnetic fluids for damping and heat transfer purposes have 6
14
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that the proper saturation magnetization for a given

vol atile magnetic fluid conposition will be
dependent of a variety of factors including the type
of carrier liquid used as the base volatile liquid

in the volatile magnetic fluid, the size of the 10
optical pick-up actuator, the size of the radial gap,

tGr hi%gg‘?@s]c?ggp drq8pree; t'ish;?re%heﬁecte (RE IARY n@iechiéﬁwesghf poly

pluralit gneti¢ particles left behind as

énlgkgd.ng?ﬁs i fggf}h%h%' &Q)Qb:%@eréﬁlmncéh& 16dr] ThBs s@Becatibethe

okes 4, [ ubricating oil my

@ﬁltt in%[%%%llang ﬂ% b aoolefl?'\% néel Q%b&&\dﬂﬁ@@@k?@rs%tlﬂndhe

rica I's of a type and quantity such

Q%ﬁetlg RAAicY %&Eﬁ’éréeofﬂe AlaghB pRticdd Lidhinle %@héi @blecular

the remal ni ng nagnetic particles and

nagﬁﬂe;tgoﬂ;élgﬁau&eﬁn]ewe ﬂtgﬁw@r” rﬁbl@culém@ght%bﬂy 28 kfins are less

I'mor’ layer along the surfaces of

Fnleger%%@%u%e th %@ﬁd %ﬂ% JiQRNSInD e A6Kh RBg G Abluhe ofhe

ubricatin use t he present I nventi on are

%sld?xﬁﬁ&é?tt&legs O%me%%r | kerer%E:@[Jal lé%fehgﬁer evaporation of the

or ocar bon I cone. The preferred oil is a

V4 OEaL0aR.Q ! i ncluding petrol eum and synthetic 20
E drocargoﬁéJ Anmong such hydrocar bons, aromatic

ﬂ%ﬁ ]?I :Tr%"r@énd YRR N 1a %%ﬂHeVpﬁeé’éN fvaHiBR khat remains

S use i'n~an optical pick-up actuator than

8 (t)%rsevgyﬁ%r téong%f%e%%tﬁeo rlerlf’é’uéi &Lfbe Qé"ﬂ’m e§€e;553§|b%nd‘hus

In may De prere Pol Yy al pha

ﬁleez;ni]&ni St Ialm%am%f&l RS Shal Fasfee dgﬁétl&fﬂ?& %h%rﬂesﬁd C
OW pou

OwW Vi scosity, Il ow vol ati | |ty, and

'5]2)?% ﬁ]ﬁgﬁiﬁ \é&l@ngggﬂc%tqgﬁ) véﬁ"a/e)ro@ tROb¥I @él@ﬂ@oﬂh@fﬂtt%s&@@ﬂ

magnetic fluids for danping and

heal %15@%?3 ﬁuni @M&%ﬁﬁmﬁﬂxionﬁ gf}%es‘?r%ie%e BbRR& percent of

VISCOS e to -us-- | ower

§gt},g t\q@'trgrtHerﬁ%' é%nd@lﬁ%{}@r ol efins (less than 6

refer ower. This is so because

ie 381 ﬁhan'm\le?&%h@&m\éﬁt‘ e &%eéﬁt AveRRN 0k Bl J‘s%o@@;ﬁrﬁl a

arge dispersant on nagnetlc particles to

%?@f&?@weﬂ@ﬁuﬂ@%‘é itfiteB S hE LSSt MaRhStictin®. M Bielase, the
ecular

low viscosity oil-base ferrofluid remains in the optical pick-up actuator 10 during its
working life. Like the volatile magnetic fluid, the low viscosity oil-based magnetic
fluid is used for positioning the lens holder assembly 20 relative to the magnets
and yokes 62, 64. The use of low viscosity oil-based magnetic fluid has additional
benefits including, for example, damping of vibration caused by focusing and
tracking movement of the lens holder or by an outside shock, heat removal, etc.
Heat removal from the coils can be done more effectively with the use of the low
viscosity oil-based magnetic fluid than without the use of magnetic fluid. Thisis

so because the magnetic fluid is six times more thermally conductive than air.
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5 wei ght poly al pha ol efins. The higher nolecul ar

wei ght poly al pha olefins are |l ess preferred because
the second | arge di spersant generates a |arger vol une
of residual particles, which | eaves a thicker
residual layer after evaporation of the volatile
carrier liquid. [0037] The residual magnetic fluid

HR%Ehe GhnéBeofMEasRM tHebsANhih tfahagraaiing to the nafdner
evaporation of the volatile carrier liquid should be

Ay/drhbke B0 SEEINVE thahibiSugh dihia tRMEgitetiolgap bbednearttiong
oil i'n the sol vent-based nagnetic fluid should be no

SR8 didikalp dduldiors vV okiHER tRemaRNéondb&ive elatdfal fof tHeftaase unit
total volune of the rnitial solvent- based magnetic

flHich e Haghhts ahyDeiceaird M@dGuther EhigarsBBhédiskipation. The
vol unme percent of lubricating oil, the thinner the

biefr@Hdw LiddtBy oilid ah@E@Bbaddd canot her enbodi nent  of
the present invention, a | ow viscosity oil- based

gﬁrggénet I Gurdihd h6l kSFigs bisht Bedefeas skdveh Melnadtiddeof the

agnetic fluid. Inthis case, the |ow viscosity
Bickaanent &y wief At stics ekiupSactuatdrRis@Rbd Mattig pi. aksHapld be
actuator 10 during its working life. Like the

YideadthdLthaBEB %fjétrFodfdaH e ust Rh st ddnsEaBhapick-dp Aasrsts.

magnetic fluid is used for positioning the |ens

bRl g8 sRasemBlobs3RetRhatiidieof the EHBMAR@IGIKE poRitiamth th
y%kes %2, 64.Cfﬁe Ssenof'loa/v?scosity g?lfﬁgged °

Pﬁﬂﬂstal:ﬁla{ok W g hasn afdprtiqmalilusbaneaf ihe dataahiu@bngown)
or exanpl e, danping of vibration caused by focusing

Mafided ﬁw@@&tﬁ%s%tg?gmor@@d bhe sLgitst fphdleryors ebhynan

out si de Shock, renoval , etc. Heat renoval from

h%%nﬁcéz'. e 3Bk64 HUEIMRE BnEhES RN I6Y fivkd fo thésids ef
of the |l ow “viscosity oil-based magnetic fluid than

Whi BOML 1d8%1 YSi@ 6 TRBGRRE 1 df kel ydke EBisSpdshiorsd B@n

because the magnetic fluidis six tinmes nore

‘gp&ﬁﬂ&‘bétwe&@f&‘éu&ﬁd Y& d8hmR 1&sTholdep2Zhus, the transfer

eat fromthe coils through the nagnetic fluid to

{[Wgﬁ’é%ﬂ%ﬁdeﬁ]ﬂ%rﬁg aﬁgﬁtec%fﬁlglﬁmé%a%ﬁéﬁcﬂdid/% fsh@Bed to the
gap of conventi onal
magnetic gap 80. Magnetic fluid 90 may be added using a dispenser and then
locating the dispenser close to magnetic gap 80 and transferring a predetermined
amount of the volatile magnetic fluid to magnetic gap 80. Itis noted that a
properly sized capillary tube may be substituted for the needle rod. Volatile
magnetic fluid 90, because of the magnetic force field established by magnet 62
with yoke 64, locates and positions lens holder 22 relative to the magnets and
yokes 62, 64 in a evenly-spaced and magnetically balanced alignment to facilitate
the proper positioning of the lens holder assembly 20 prior to securing the resilient

support members 70. Lens holder assembly 20 is now fixed in position to the

base unit (not shown).
16
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20

opti cal pick-up actuators. Using a thermally

conductive material for the base unit to which the

magnets and yokes are fixed further enhances heat

di ssipation. The 5 preferred |ow viscosity oil is an

ester-based oil. [0039] Turning now to Figures 2 and
there is shown the nethod of the pr esent

3,
:0 ﬁntl %g Hoi & 2R rhul |20 F"ﬂla\?c@ftlle magnetic fluid
fict Reh o RREREP 20

under st ood t hat

%(p g &Y ygoh&gd ?FEH o%ﬁ%éh%ﬁcrwgt %tugﬁ’ﬁtlo %Q @N&m ihgRals, mltﬁgudkhp

ors. rates the cross-sectional

%»e v"‘{agl b‘aE‘?e ﬁénj | qU‘agﬁéJz!pX Pé%%wa! 19krioB id |€ﬁ béfind on the

I's particular

?.Lg%ﬁét 55’}3 %tl%,é{%(gaiﬁ%h&&‘e%n(e&%Fnb%&ﬁw‘@ﬂ% residia] HAGD5

O fornmed by a support frane or

ke 64
Pl ﬁh%trbqtg%“% xegﬁet'% LT GUEKERDR b ﬁ<151)6i®|fregs
E’Sse\és‘%(%ﬁgévogng "%gngﬁc &g of the yoke 64 is

N an eni ng between focusing coil 28

@)?’%LI gﬁlp%‘%tﬁ%@%%&&&n gaég%m“‘g:ﬁ’ Cﬂl@{g%t’fgﬁetqﬁgs@nount
g}aéﬁgg Br&ﬁ\gtetaa/%gfplgt\/b@tllﬂ gqq ﬁcoﬂd.ﬂaxhé)l%w@%‘gggtylbﬁl ng

Iocat |spenser close to

g%gﬁ{wég%}e ﬁuelg (v)voalrc]qerfﬁg AN &thd H\g ﬁet@ (9%? 8 &I H5ARGr position

d ﬁtl netlc 0 magnetic gap
that a properly S|zed capillary tube
ﬁﬁ)}luﬁtéat%(ﬁﬂ Qtut ed for the needie rod. Volatile 20

fl d
TR b h R PRl o TR
3}2%1&@%19%@%2%(3 en%ctng L1%60 %ﬁer@ %eallhb tlE glr&h‘?s E@Qﬂ@ét@d

bal anced. e Q geven at Q magnet i cally
goeF i i El5edph ﬂ%&“ ﬁt)fe?]sﬂﬁlt Lok oot g0 190,
T el PR P
%%geemb y 150 g\glggessgl%\p\@)noldér 122, an optical lens 124 supported by lens
holder 122 at a protrusion portion 123, a focusing coil 128 wound around a portion
of the inside of a lens holder opening 125 of lens holder 122, and a tracking coil
126 installed within the lens holder opening 125 of lens holder 122 so as to be at
right angles to the focusing coil 128. Magnetic assembly 160 includes two
magnets 162 placed within lens holder opening 125 so that one magnet is
situated within the opening defined by the focusing coil 128 and the other magnet
is situated within the opening spaced from the tracking coil 126 and a yoke 164

placed at the rear of each magnet 162 and preventing leakage of magnetic flux

from the rear of each magnet 162.
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[0041] After lens holder assenbly 20 is fixed in
position, volatile magnetic fluid 90 is evaporated
fromoptical pick-up actuator 10 as shown in Fig. 3.
Al though the volatile base carrier liquid is
evaporated, residual layer 95 is left behind on the
surfaces of magnetic gap 80. In the preferred
W@@]d' B Ry, 47 &ibalpal-Upaaeeiatd?a 0B ps@erpkitse®clidh® movement
plura ity of magneti c particles dispersed in the
LAk %_@Eklr‘@?mebémérﬁ %Vha\h%th@\f@@l@ﬁ@&(ﬁm 26anatthd @cusing coil
nagnetlc fluid 042] ere the |l ow viscosity

wn@ﬁﬁg%a@ﬁgﬁ%dage pdw@fform% thes&tet 167eNiken6k s
%

osen I nstead of the vol atile magnetic fluid, the
!ar%’\fnlﬂﬁ gl dp¥icidns 1?@%8@0%%(3@?@@( 1&4t. U(D;ﬁitlc\ép;bl&lduﬂ S10atOr

he nmagnetic gap 8 inasimlar position 10

"?(5;0 fuhhé’rﬁﬁd’l@de%%énféni: é&bpo% me[r%@ﬁo-réﬂdrﬁ BYehtétP cli® board (not

Figure 4, there is shown a sinplified, schematic top

¥}‘lo%wr)mn@‘chém&£lb%5nr%€¥éd%5 fiIRE L Ksmiidnakt (HetsPbwA DS tdieds@ unit

gnetic Circuit is constructed so as to avoid

b RadinPhtixth Boif 17t2haq thd UMk a|$d31‘éft%@ies Ok fes hBidek- up

actuator 100 includes a lens hol der assenbly 120 and
Qg@m&r&gc assenbly 160. Lens hol der 15 assenbly 120
I'ncludes a |l ens hol der 122, an optical lens 124

rt I
%b%’ef’a fr%ol@( L&Ne, f’aeusdrgj' coltd28 ahaghely M2 HSd (ikePABA have

cusi ng coi l wound around a portion of

%2?5&&16@ Ifg% s A aRBSs dipleey ca@@é‘@b}nﬁe%@g’pd?ﬁtidn%%e volatile

and a tracking coil 7126 installed within

t%%?ebéa‘?g% nHEr?ih gﬁé vOR# 'n{é%néfﬁuﬁf uée@%thE%lsQ&ﬁbly?l@f?%ﬁ;@al@&k-

anglesto the focusing coil

NP%@ﬁgb?jﬁﬁse”b|y 160 i ncl udes two 20 magnets 162
pl ace in | ens holder opening 125 so that one

?%%%Et *Térnnnﬁ'n%%qgﬁgu‘é@ & Rivdde g‘ﬁm@ﬁ% Retheg bt Aedrdknt he

ing corl t'’he other magnet is situated

Jgn idh Wi E»ethgggﬂfan@c@ Qﬁ‘gﬁgat&r @&Etrfatb% ih FRCKI pg. §91'u£tra1@§the

a yoke aced rear of “each magnet 162

%ﬂgsg'é?}{)%gwuél/go tﬁ@%&%a&feﬁmlt@n fl M pickupBctuB®r in Fig.

rear of each nagnet
4. In this particular illustration, the base unit (not shown) includes magnetic

assembly 160 formed by a support frame or yoke 164 and a magnet 162. The
yoke 164 is U-shaped and has magnet 162 fixed to the inside of each of the legs
of yoke 164.

[0047] As discussed above, a predetermined amount of either the volatile
magnetic fluid or the low viscosity oil-based magnetic fluid is added to the
magnetic gap 180. Magnetic fluid 190, because of the magnetic force field
established by magnet 162 with yoke 164, locates and positions lens holder 122
relative to the magnets and yoke 162, 164 in a evenly-spaced and magnetically

balanced alignment to facilitate the proper positioning of the lens holder assembly
18
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17 [0044] in Fig. 4, optical pick-up actuator 100
perforns the focusing novenent and the tracking
novenent by having the tracking coil 126 and the
focusing coil 128 within a nagnetic space or gap 180
formed with magnet 162 and yoke 164 and noving the
optical lens 124 up-down and right-left. Optica

PICK iR @CLia BE r&sib@0sdoubh RebeRCi Tad@8ng BElildriaaudmbly
support menbers 170 and a printed circuit board (not

$IOAb W TRENRHoSEbA 1o tBOBARCIRANStGhawii). xed conponent
(not shown) of the base unit by having a fixation

ﬁ@hgl v dhoald Bdeted @bt thapesk@fitvestistesanafisd heeude@nsth pick-
er assenbly 22. [0045] Tracking coil 126,

G@Qé’@étﬁ& Wird nd ¥éke iSMONEGESInIRS stranlaliekigs oflhé abae®r or
a residual layer 195 on various surfaces caused by

Inftﬁ‘ckedbam&a@érb el thé Raghellcaiskémbly Raspfi@aed tote 4 partibidhe
of a volatile magnetic fluid used in the assenbly of

RRL he@br :R‘s@r'ﬁblyléﬁd &t fdalsiy aHdQrackif§ 48k afeiimidng amage tiait
Figure 5 there is shown the method of the present

by 8sthibiR&iow thdl pkdVRieaPlob GMg dHdtkecking alvedEMIOf the lens
illustrated in Fig. 4. Fig. 5illustrates the 15

fbigssS- sectional view of the coil/magnet/yoke position
In the pick-up actuator in Fig. 4. In this particular

rddagpt I RkHoRgn tﬁer]:ﬁef@@%erﬂﬁd)dlmérﬁ@bf HBOYerENi iRGdntieleBave been
magnetic assenbly 160 formed by a support frame or

ﬁ@&‘?nbé@ﬂer@ﬂdth@ AFBGNGIscASRN iTMBrelyilketral@d Austhbh Bbamedon

has magnet 162 fixed to the inside of each of the

o?@é invehtiohkeReid Bk cloddy Wil RAdr td'os SIGIEIISE theabspeetivearts

predeterm ned anmount of either the volatile magnetic

Bhy 'aﬁjs&rh rﬁ&ﬁﬂda%\’\svér@ @8&hé Y todd withas®d sbR@ S tHCinfdntibel as
is added to the magnetic gap 180. Magnetic fluid

Jdgﬁ)ﬂedbcg,qﬁtéjg Hhed Agimagnetic force field established
by magnet 162 with yoke 164, |ocates and positions

| ens hol der 122
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relative to the magnets and yoke 162, 164 in a

evenl y-spaced and magnetically 25 bal anced al i gnnent
to facilitate the proper positioning of the |ens

hol der assenbly 18 120 prior to securing the
resilient support nenbers 170, Lens hol der assenbly
120 is now fixed in position to the base unit (not

SRAWE Ltk 048] It should be noted that the present
I nvention can al so be used with pick- up actuators

ywhene, 8oy kae%sjea%blgﬁ_cé WAeRbIdd kB tUebasealnitdes p@R-upf

the actuator or in pick-up actuators where the

magneti ' 958 86ly by 98d BaRAlit edth thRa
Ieng@ﬁgﬁﬁgféggggﬁ%Fﬁsgﬂggthe fo%using a%d tracki ng o

coi lcﬁmgﬁaﬁ}e‘?w{a)f;egeét%-ﬁa@r@ig cHRpdnen® that t6guTRdrAc aelbhiat
provide a focusing and tracki ng novenent of the |ens

hol deloneli OQRlsy AL hNO Ysirdl e 1BERHE h 8 dabiiPbrERdrE opdaid

the present invention have been 10 descri bed herein,

the | g\ Ried Sés‘s“e'?oribw leRilvd & ARS8l uhit | ddritdiddoMRagnitic t her

nmodi 1 catil on the i nvention herein disclosed wll

occ lﬁ'é)@i}ﬁ@ﬂ?ﬁ?luég% lh&bnd foilt %%C[@ﬁ@@&i de¥serRlicufar toadfl

al | nodi f1cations are deened to be within the
SCO ' ' [ enrded
o anfacRhg bAGAIWRIRE sAlem Afolfed ol RucRRY

ass gl dAd o él@cﬂr%—rﬁﬁér%% ccﬂﬁﬁcﬁ@ﬂ%s%f £89d frlasRiekdsendly a

pi ck-up actuator erein said | ens hol der assenbly

and said; NasgotHidneRRESMSPRARIR sai BHR GIBMAra8sembled,

el ectro-magneti c conponents that together form an

el eCJafo"méthB@Q&ﬁﬁriis&qu” ve systemto control the
g

focusing and tracking novenent of said |ens holder

ass enbéééeﬁw%lir@g{ {NE1chOn 5@ hsBARRY YRk Said BBEunit to each other
el ectro-magnetic conponents 1nclude a tracking coil,
a focusi pgrcoiduiRRLRAdLSGH! ar to said
disposing a predetermined amount of a volatile magnetic fluid containing
a volatile base carrier liquid into said magnetic gap;
fixing resilient support members between said lens holder assembly and
said base unit; and

evaporating said volatile base carrier liquid from said volatile magnetic

fluid.

2.  The method of Claim 1 further comprising formulating said volatile magnetic

fluid.

3.  The method of Claim 2 wherein said formulating step further includes

obtaining a plurality of magnetic particles, suspending said plurality of
20
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tracking coil and a magnetic system wherein a
magnetic gap is forned between said el ectro-nmagnetic
conmponents of said |ens hol der assenbly 10 and said
el ectro-magneti c conponents of said base unit when
assenbl ed, said nmethod conprising: assenbling said

| ens hol der assenbly and said base unit to each other
for ma?ge@fﬂaﬂic@%ﬂ%id Gol8RP bash &P@SiAYd ararediet ersuifioed:
anount’ of ‘a volatile magnetic fluid containing 15 a
vol gkl JPa8BerSRh aL &t th EAYLEafil@basesairtermagaed dispegsp;
fixing resilient support nembers between said |ens
hol dg pRSSB®I WaghBek psadich iRasia cdpiet liquand evapor at i ng
said volatile base carrier liquid fromsaid volatile
magnetic fluid. 20 2. The nethod of Caim1 further
conprising fornulating said volatile magnetic fluid.
3. The nisaidacd cfim@ \idieir s¥h esrpiutif@bep Flehetinalutiegadding
step further includes 25 obtaining a plurality of
NMagnels GeRAhiht & hBsunt SHRBERMhA eI sai d plurality of 20
magnetic particles in said volatile base carrier
liquid, and adding a sufficient anmount of dispersing
agent to said volatile base carrier liquidto

§i SHRE %%tno%adf@lﬁhw@hhérko%nmﬂseftdvﬁlgmaé biceb€sispdising
said carrier liquid. 5 4. The nmethod of Claim3

mhegﬁgﬁfQQQQmjg%ﬂgh@ghng step further includes adding
a preé-determ ned anount of lubricating oil. 5. The

met hod of Claim3 further conprising renoving the
excess di spersing

6. The method of Claim 4 wherein said step of adding said lubricating oil further
includes adding a quantity of lubricating oil wherein said quantity is less than

or equal to fifty volume percent of said volatile magnetic fluid.

7. The method of Claim 4 wherein said step of adding said lubricating oil further
includes adding one of a hydrocarbon, ester, ether, perfluorocarbon or

silicone lubricating oil.

8. The method of Claim 3 wherein said step of adding said lubricating oil further
includes adding lubricating oil having a viscosity of less than six centistokes

at 100°C.

9. A method of assembling a lens holder assembly to a base unit of a pick-up
actuator wherein said lens holder assembly and said base unit each contain

complementary electro-magnetic components that together form an electro-
21
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agent fromsaid carrier liquid. 10 6. The nethod of
Claim4 wherein said step of adding said |lubricating
oil further includes adding a quantity of

| ubricating oil wherein said quantity is |less than
or equal to fifty volunme percent of said volatile
magnetic fluid. 15 7. The nethod of Claim4 wherein

sai thsheR Bfeafding saitd! ihilsdusial bR@tradking btdhaint of said
i ncl udes addi ng one of a hydrocarbon, ester, ether,

per ﬁéng%ra%aéé%enmgrrelam b GeRBabs bRt Galliengtoimagn8tic The
met hod of Caim3 wherein said step of addi ng said

| ubrheabddhes iRbilidd &by cofOa foRGinAes paelinB@ular to said

| ubricating oil having a viscosity of |less than six

centystiQkesh andla rha ystem AhERINOfhaghetid 86 Moinigl a

| ens holder assenbly to a base unit of a pick-up

act yatlen YRRl dto S feli€midakate bf 468 RADhyldansbseablg
base unit each contain 25 conpl enentary

el eGhh QaERMRED Nt R ORGIhENts BRdaid BARIMRMWHeARB EMbled,

el ectro 21 magnetic drive systemto control the

foc‘éﬁjonﬁet%kﬂcdnﬁﬁ%mgng movenment of said |ens holder
assenbly relative to said base unit, said

el ect ré%}sé‘r'ﬁlﬂwgitéia% le ORI @B nbINShdEd Baden@ftké BECHCAhdr,

a focusing c per pendi cular to said tracking coil

and a mag i%b%ai%%%g%gﬂié’ﬁ‘a‘if ein a magnetic gap is

formed 5 between sai d el ectro-nmagnetic conponents of

sai d |cﬁ§§35mg|fadd§édeﬁ‘§rﬁm| Mo ANG aﬂ@@v@is@bﬁ&toﬂ%aﬁ@egmﬁ%ﬂe@ic

conponents ald base unit when assenbl ed, sai

met hod ¢ L b Qi Ldflas 2lodo e ns2trel ifersaid
assenbly@gﬁééﬁgfgvgggﬁ€gﬁ%%n?g each ot her Iforsr?%ng
sai d magpehh&icYap; and

fixing resilient support members between said lens holder assembly and

a base unit.

10. The method of Claim 9 wherein said magnetic fluid has a viscosity of less

than 500 cP at 27°C.

11. The method of Claim 9 wherein said magnetic fluid has a viscosity of less

than 300 cP at 27°C.

12. An optical pick-up actuator comprising:
a base unit;

a lens holder assembly; and
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10 di sposing a predeterm ned anount of a | ow
viscosity oil -based nagnetic fluid having a
viscosity of less than 1,000 cP at 27C into said
magnetic gap; and fixing resilient support menbers
bet ween said | ens hol der assenbly and a base unit.
15 10. The nmethod of Caim9 wherein said magnetic

flui d BafesVbresosdhyer®tord Rend 2rNe SORLIEL? 8tertl o bld

The method of Caim9 wherein said magnetic fluid has
a Vi scospias Rt Whessn & 1eRaRoidB80aseEmBity aRd Said bdse At each

optical pick-up actuator conprising: a base unit; a

I 'ens hol dgfaifesRpBh¥nta AB-rh&lelié 85hpotdRRAkAt together
menbers connecting said | ens hol der assenbly to said

base uni {,rhaleRichoSRigHeliEdive RYdtERRo BsHRMPEYoRBHAgSAHd
base unit each contain conplenentary

el ect r o- PRAMRIH G FRIAPONER IEnd Mer%@%ﬁﬂf!‘elatﬁ/@[d@aﬁ’d‘base
el ectro-magnétic drive systemto control the focusing

and 5 tr aﬁ{sggse_ersevsm@he@co%%ﬂerk@n}l%luhe'ad%ki%w!m' y

relative to said base™ unit, said electro-nmagnetic

c 0”ponen?o%i,xéiﬁ‘éﬂ:&ldp%rﬁegtdrcﬁl%kfo%ioct%ckiing oil hREH FiagBetOi |

perpendi cular"to said tracking coil "and a nmagnetic

syst em wheh&h QndrfPIRBLAGICYRP id Srh & BRdebEiaPEBctRal d

el ectro- Tagneti c conponent’s of said | ens hol der

assenbl y ,andealothoeh&fd b ake RBEANG S s SR aRE 84id eREtro-
sai d base gn?t; aﬁd
magnetic components of said base unit; and
a residual magnetic layer disposed on the surfaces of one or more of said

electro-magnetic drive system in the area of said magnetic gap, said

residual magnetic layer comprising a plurality of magnetic particles.

13. The actuator of Claim 11 wherein said residual magnetic layer is formed by

the evaporation of a volatile base carrier liquid of a volatile magnetic fluid.

14. The actuator of Claim 11 wherein said residual magnetic layer includes a

plurality of magnetic particles dispersed in a lubricating oil.
15. The actuator of Claim 13 wherein said residual magnetic layer is formed by

the evaporation of a volatile base carrier liquid of a volatile magnetic fluid

containing a pre-determined amount of lubricating oil.
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a residual magnetic | ayer disposed on the surfaces of
one or nore of said electro-magnetic drive systemin
the area of said nagnetic gap, said residua

magnetic layer conprising a plurality of magnetic
particles. 15 13. The actuator of Claim 11l wherein
sai d residual magnetic layer is forned by the

R/VapQ! all 28 Aloifmveldeldie sHarRricAnG of haé b AEEIODf @ss
vol atile magnetic fluid. 14. The actuator of aim 11

mhe&g gm§@h$mﬂg§bguﬁpcnagnetlc | ayer includes a

pl ura Ity of magnetic particles dispersed in a
l'ubricating oil. 20 15. The actuator of Caim13
wherei n said residual magnetic layer is fornmed by

i eTﬁé’Q{R?&Qt@F dr @M1 3‘5‘/\/%%1@%!315 QPSR goRhd drif oflal Hdidda®bn,

a volatile rragnetl C containing a

pr eeQ?II &}, %@%um%% Qﬂcr sih&’cp{e'dﬂat' ng oil. 23 16. T he

actuator ol'l wherein said |lubricating oi
has a viscosity of |less than six centistokes at
100 C. 17. The actuator of Caim 13 wherein said

%‘ bﬁ”hg Q&tb&? Qi3 1aihS1 AGOh sighygaRs ﬁ‘lragﬁ’éhc ﬂ@lszﬁ’}e@ has a

uor ocarbon, or silicone oil

act ?%hvl%qlor(?tna Qizmlc;nsof%b%a@é@l‘ dsd esi dual magnetl c

flu ayer Has a saturation magnetization of 1,000
Gauss or less. 10 19. The actuator of Caim12
wherei n said magnetic systemincludes a magnet or a

i@g Q’RE a@tﬂgto?ofy(ﬂélﬁr 122\9hert'eoiﬂ sgﬂtm&fwletl@éﬁlfenﬁj P\C@@éﬁ“é‘%@net

ase uni ens 'hol der assenbly;

and rt nmenbers connecting said | ens
holgégﬁth&%@ ogsald )

20. An optical pick-up actuator comprising:

a base unit;

a lens holder assembly; and

resilient support members connecting said lens holder assembly to said
base unit wherein said lens holder assembly and said base unit each
contain complementary electro-magnetic components that together
form an electro-magnetic drive system to control the focusing and
tracking movement of said lens holder assembly relative to said base
unit, said electro-magnetic components include a tracking coil, a
focusing coil perpendicular to said tracking coil and a magnetic
system wherein a magnetic gap is formed between said electro-
magnetic components of said lens holder assembly and said electro-

magnetic components of said base unit; and
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base unit wherein said | ens hol der assenbly and said
base unit each contain conplenentary

el ectro-magneti c conponents that together form an

el ectro-magnetic drive systemto control the focusing
and 20 tracki ng novenent of said | ens hol der assenbly
relative to said base wunit, said electro-nagnetic

conpong B(:vs\/ié"ggilty%qleo%eé F@g#é*ﬁglu%%slpos@d whiQS USH RehgRtd
per pendi cul ar t'o said cking coil and a magnetic

system “’Q%@h&eﬁ ARSI etic BaR hé§a f«@&?@? oﬂ%&é"@l@ﬁ‘ 1980 dp

el ectro- gneti c conponents of said | ens hol der
assenbly, said electro 25 nmagneti c conponents of
sai d basé uni't; and 24 a low viscosity oil-based
magnetic fluid di sposed within said magnetic gap
wherein said magnetic fluid has a viscosity of |ess

a??ﬂ'gfe’ 08)% I%%k—u%tacg.%%r oPCHin 26%@%9% éa@cﬁllnaﬁr'\éﬁ% 'ﬂHl@ has a

whereln said magnetic fluid

V\hsc‘ﬁ%g@}c;f){esgfthe!n%ctm 5@0 ch at 27C. 22. The

ck- actuator of Caim20 wherein said
rragnetl c fluid has a viscosity of |less than 300 cP
at 27C. 10 23. A pick-up actuator conprising: a base

%' tTheaothQ idhQ AR $f I|r§{ 20 ARdrifSdid b ﬁet'rilf'lmaq{atsa
P sl e

hbers ‘connect ng sal er asse to said

gg g\ﬂ%c%sféﬂ%ftlesm%ne%d@)cﬁﬁé%7%‘3”5 hoI der asserrbl y and

t eac contai n conpl ement ary
el ectro-magneti ¢ conponents that together

23. A pick-up actuator comprising:

a base unit;

a lens holder assembly; and

resilient support members connecting said lens holder assembly to said
base unit wherein said lens holder assembly and said base unit each
contain complementary electro-magnetic components that together
form an electro-magnetic drive system to control the focusing and
tracking movement of said lens holder assembly relative to said base
unit, said electro-magnetic components include a tracking coil, a
focusing coil perpendicular to said tracking coil and a magnetic
system wherein a magnetic gap is formed between said electro-
magnetic components of said lens holder assembly and said electro-
magnetic components of said base unit, and

a volatile magnetic fluid temporarily disposed in said magnetic gap, said

volatile magnetic fluid having a volatile carrier liquid.
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forman el ectro-magnetic drive systemto control the
focusing and tracking novenent of said | ens hol der
assenbly relative to said base wunit, said

el ectro-magneti c conponents include a tracking coil

a 20 focusing coil perpendicular to said tracking
coil and a magnetic systemwherein a magnetic gap is
formed between said el ectro- magnetic conmponents of
said I ens hol der assenbly and said el ectro- magnetic

ganpeReRtEtRhr SRiM 2B aserdiidid vaaie Maymdtiatiuldeonagret pre-
fluid tenporarily disposed in said nagnetic gap, said

25 vhatiides émn%ﬂ[@oﬂfcgwgcb”haw ng a volatile carrier
liquid. 25 24. The actuator of C aim 23 wherein said

vol atile magnetic fluid contains a pre determ ned
anount of lubricating oil. 5 25. The actuator of

Glsai FReZR (MR ki 2B Q«h\é@lrﬂ%éldj €0l 5A& EArBEr 1lquRAUS End & BBe of
or nore of water, aliphatic hydrocarbon, aromatic

hydrpear Q%atn@ﬂ%r@éatﬂt%n RRhffic ﬁﬁir&@a%on 4Rd othBEpolar solvent.

actuator of Oalm25 wherein said aliphatic
hydrocarbon is selected fromthe group consisting of
hexane, heptane and octane. 10 27. The actuator of

Gsai 41 MG S Ok 85 q\/h\é%@gélé 8li Jm%g@ Bdr&cafbdni i€l selected from

cont a| ning sard pre-determ ne mount of | ubricating

0' | %Ldﬂg%nést}ﬁgl(ﬁhé)la%eCl?é’p'fén%ranld'o‘aHa'ng a plurality
etic particles and a sufficient quantity of

dlsper3|ng agent to disperse said plurality of
magnetic particles in said volatile carrier |iquid.

1y, 28he émtfaté\f&f i Aro4QfnefdiRb A 2dialb elBhBticTRiFonediig $£8d
magnetic fluid has a saturation magnetization

frg ;‘;Eér;é:-o‘;e@rlln%eh QWA TIUHrHEL S dilfR I Rie8 BlvblaYieQare fd i @l

plurality of magnetic particles and a sufficient quantity of dispersing agent to

disperse said plurality of magnetic particles in said volatile carrier liquid.

28. The actuator of Claim 24 wherein said volatile magnetic fluid has a saturation
magnetization sufficiently low to minimize the quantity of residual magnetic
fluid containing said plurality of magnetic particles and said lubricating oil on
the surfaces within said magnetic gap after removal of said volatile carrier

liquid.

29. The actuator of Claim 24 wherein said lubricating oil has a viscosity of less
than six centistokes at 100°C before adding said lubricating oil to said volatile

magnetic fluid.
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fluid containing said plurality of magnetic particles
and said lubricating oil on the surfaces within said
magneti c gap after renoval of said volatile carrier
20 liquid. 29. The actuator of Caim 24 wherein said
| ubricating oil has a viscosity of |less than six
centi stokes at 100C before adding said |ubricating

ap! #Q a%ﬁ!a@br%%%tnh b whBRGNGHd Ebfidadhgloil RDnd6f 3Bydrdf@bon,

actuator of Oaim24 wherein said lubricating oil is
one é%fteraetné’rdﬁé?ﬁl%r@&'ﬂbone&t &kcongbmer, perfluorocarbon,
or silicone oil. . The actuator of O aim 24 wherein

said lubricating 0|I has a concentration of 5 fifty
vol ume percent or less of said volatile magnetic

fhui ﬁxe astuatdh o BINR 94 Qhe AFS&IPILbACALAG bBASs Hedridthtration of

assenbly to a base unit of a pick-up actuator

wher gy vo@ﬁ‘ledpelrc%rﬁ?oﬂ%sd&rsa@%%ﬂ@rb(ag%@ﬁ’c fad d base unit
each gontaln conpl enmentary el ectro-nagnetic

conmponents that together forman electro 10 magnetic
drive systemto control the focusing and tracking

32 dﬁgr{éttho‘afof S&derhblih@BTenR PoRIEF 2R3 ABIRb % b8t Bhit ¥ fick-up

ase unit, sald electro-nmagnetic conmponents
i ncl é{ﬁi vfﬁe%i#lsé\g lé?\@'hlobde?ags%ﬁl%ﬁ/'dhg &R Hase unit each contain

perpen |cu ar to said tracking coil and a magnetic

Syst & WMIRERh _e?ec%%bg%&: QRohentt A RethBEfoWR @R cRatrd.

el ectro-magnetic co nents of said | ens hol der

as S e Fetid Arite sHah Ei) c%lni?@lttﬁ@fog@éi&%rﬂoctré‘c@% RKBIRnQf said

se unit when assenbled, said nethod

gginglr hé hO\der a%§éﬁ5§9|rélé‘t esté‘héjd ‘o§§1§umt0§éj§ EleBfSRIEDhMicand

ase unit to eac formng said magnetic
gap, components include a tracking coil, a focusing coil perpendicular to said
tracking coil and a magnetic system wherein a magnetic gap is formed
between said electro-magnetic components of said lens holder assembly
and said electro-magnetic components of said base unit when assembled,
said method comprising:
assembling said lens holder assembly and said base unit to each other
forming said magnetic gap;
disposing a predetermined amount of a low viscosity magnetic fluid
having a viscosity of less than 1,000 cP at 27°C into said magnetic
gap; and
fixing resilient support members between said lens holder assembly and

a base unit.
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di sposing a predeterm ned anount of a | ow viscosity
magnetic fluid 20 having a viscosity of |ess than
1,000 cP at 27Cinto said magnetic gap; and fi xing
resilient support nenbers between said | ens hol der
assenbly and a base unit. 27 33. The nethod of C aim
32 wherein said | ow viscosity magnetic fluid is

38! eteegbthdd GMOI4IREI 0NN GRIASHS Uib O itpaghdticiiarias selected
magnetic fluid and volatile magnetic fluid. 5 34.

The et hedr@fp ©GhaktRg3? oBesel Magrtidflnagnetolstilé hagletic
has a viscosity of less than 500 cP at 27C. 35. The
met hpey of Cl aim 32 wherein said magnetic fluid has a
viscosity of |less than 300 cP at 27C. 10 36. The

met hod of Claim 33 further conprising formul ating
said volatile magnetic fluid wherein said volatile

RINETe RethbdlbitLIgGM BivRSeR YRl Midretc NAs Bas Akt @ity of less
liquid. 15 37. The nmethod of Claim 36 wherein said

f or myhasonep steocf urt her includes adding a

pre-determ ned anount of lubricating oil. 38. The
nmet hod of Claim 37 wherein said step of adding said
| ubricating oil further includes adding a quantity

afs. | tHY hedbd BOCIfind 3MRRERINSaRAhSyrRUARGH hYs b Sisébhit) 8B8ss
than or equal to fifty volune percent of said

vol af kb 8odewpeioe fluid. 39. The method of O aim 37
wherein said step of adding said |ubricating oi
further includes adding one of a hydrocarbon, ester,
et her, perfluorocarbon

36. The method of Claim 33 further comprising formulating said volatile magnetic
fluid wherein said volatile magnetic fluid contains a volatile base carrier

liquid.

37. The method of Claim 36 wherein said formulating step further includes

adding a pre-determined amount of lubricating oil.

38. The method of Claim 37 wherein said step of adding said lubricating oil
further includes adding a quantity of lubricating oil wherein said quantity is

less than or equal to fifty volume percent of said volatile magnetic fluid.

39. The method of Claim 37 wherein said step of adding said lubricating oil
further includes adding one of a hydrocarbon, ester, ether, perfluorocarbon

or silicone lubricating oil.
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or silicone lubricating oil. 25 28 40. The nethod of
Claim 36 wherein said step of adding said |ubricating
oil further includes adding lubricating oil having a
viscosity of less than six centistokes at 100C. 5
41. An optical pick-up actuator conprising: a base
unit; a lens hol der assenbly; and resilient support

B NDEISH&RNNECE ILiRORSRhélein@BR N sleldiag seiablyichthgsai d
base unit wherein said | ens hol der assenbly and said

bas e, 4 inRReH addifl %ﬂéa‘-ﬁh? oft AERhEABBERIY of less than six
el ectro-magnetic conponents that together form an

el ectdpstgmanglbecdri ve systemto control the focusing
and tracking novenent of said | ens hol der assenbly

relative to said base wunit, said el ectro-nmagnetic
conponents include a tracking coil, a focusing coil

RAT PENGhY Atk-tPad@tsh dofRpikihgg coi | and a magnetic 15
system wherein a magnetic gap is fornmed between said

electr?bagygﬂ@tic conmponents of said I ens hol der
assenbly and said el ectro- magnetic conponents of

sai d basesidider a&BfLR: by Vviscosity magnetic fluid
di sposed within said nmagnetic gap wherein said

magnet & | | bk id 1BS $oldBARsstmB gHd
at 27C.Fe%%n%ktﬁggpgﬁéeg\%ﬁ;ﬁ?g?&gyg %&gi m 4% V\,hersei n@ggi d

| ow vi scegid Mniwglhisﬁidflédéi HIdes assEIBLAR A d 948 tUAR each

group consisting of oil-based magnetic fluid and

vol ati | e ;ontain complementary electro-magnetic components that together
form an electro-magnetic drive system to control the focusing and
tracking movement of said lens holder assembly relative to said base
unit, said electro-magnetic components include a tracking coil, a
focusing coil perpendicular to said tracking coil and a magnetic
system wherein a magnetic gap is formed between said electro-
magnetic components of said lens holder assembly and said electro-
magnetic components of said base unit; and

a low viscosity magnetic fluid disposed within said magnetic gap wherein

said magnetic fluid has a viscosity of less than 1,000 cP at 27°C.
42. The actuator of Claim 41 wherein said low viscosity magnetic fluid is

selected from the group consisting of oil-based magnetic fluid and volatile

magnetic fluid.
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magnetic fluid. 29 43. The actuator of Caim4l
wherein said magnetic fluid has a viscosity of |ess
than 500 cl P at 270C. 44. The actuator of Caim 41
wherein said magnetic fluid has a viscosity of less 5
than 300 cP at 270C. 45. The actuator of Caim42
wherein said volatile magnetic fluid is evaporated

fa@r NTHAG R @ oF dlbath 4MRGBRIH Said Ayefetdifigidoned vasrosityef less
surfaces of one or nore of said electro-nmagnetic

dri vga$y¥&t @ ni ay°the area of said magnetic gap. 10 46.
The actuator of C aim42 wherein said volatile
magnetic fluid contains a pre determ ned anount of

| ubricating oil. 47. The actuator of C aim 46 wherein

sl drleudtiatator BiRish Whakeisaid FRE@séticYiuRfhasessschbitytdiadss
si X centistokes at 100'C. 48. The actuator of Claim

46 whek ehcsal gebubricating oil is one of a
hydr ocar bon, ester, ether, perfluorocarbon, or

silicone oil. 20 49. The actuator of C aim 46 wherein
said lubricating oil has a concentration of fifty

V8l UTTR: RU[EYr O™im 4@ Sihefdin Sad dol¥Mé alagh&ticTRENe bl sporated
fluid. 50. The actuator of Claim46 wherein said

resi @Hahg AReAEtH anabﬁé/[@rl gaélséos%@toﬂrﬂ@é §@ces of one or more of
magnet i zatl on of 1,000 uss or less. 25 30

said electro-magnetic dnve system in the area of said magnetic gap.

46. The actuator of Claim 42 wherein said volatile magnetic fluid contains a pre-

determined amount of lubricating oil.

47. The actuator of Claim 46 wherein said lubricating oil has a viscosity of less

than six centistokes at 100°C.

48. The actuator of Claim 46 wherein said lubricating oil is one of a hydrocarbon,

ester, ether, perfluorocarbon, or silicone oil.

49. The actuator of Claim 46 wherein said lubricating oil has a concentration of

fifty volume percent or less of said volatile magnetic fluid.

50. The actuator of Claim 46 wherein said residual magnetic layer has a

saturation magnetization of 1,000 Gauss or less.
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