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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 | NVENTI ON

wa 200i1edod2 of the I nvention [0001] The present PCO/EBR4x091980
rel ates generally to an apparatus and net hod for

ol ar QPIEAE BICKEHR M?%Atﬁ%%bﬂv MG THO ERRC
asserrblA$§EMB|claNG AMaPICK4IRACTUATQR
centering mechanism 2. Descrl ption of the Related Art

[ 0002] Conventional optical pickup actuators comonly
i nclude an optical |ens focusing an optical spot of an

j of a signal track of an
B@S‘H@@b‘-ﬁ@?%ﬁ@@ﬁ?’?@w% ck-up actuator operates in
order make the optical |ens performa focusing and
aFlej%efd WEAIN on. The focusing function invol 8es
movi ng_the optical |ens up and down in order to place
[0801bpt Toalprepent inyentionosldteauenerally & anmppapatie andiragthod for
within a depth of focus on a signal track of an
optiwal pizkupliastuatdiise Rarticidarly thisrinvertdion relates és anmomptiogl pick-up
the optical lens right and left in order to cause the

adtDhiof ahd sP@etidd bﬂ‘&sféﬂiﬂl@l?'oﬂ@@éﬁb@k—uﬁo@tmr 08ingl £ifuid
to follow the center of the signal track. Hence, the

ki hokishp actuator follows the center of the
Cé;rﬁéllrﬁa e?:la% |sgf the optical disk by noving the opti cal

| ens up/down and right/left. [0003] To achieve this
up/ down and right/left novenment, conventional optical
ck-up.units use current flowthrough a coil and a

ZW%QE'IPT@’TP@@ RelatedeNtragnet s. General ly, the optical

pi ck-up actuator has a base unit and a | ens )
[0002] Conventional optical pickup actuators commonly include an optical lens

focusing an optical spot of an optical beam at the center of a signal track of an
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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hol der resiliently attached to the base unit. The | ens
hol der includes an objectivel ens nounted thereto, at

wo e@gtiione opening in the |Iens hol der, resili ePCT/IB2004/001980
support nenbers attached on one end to opposite sides

of fhe.l h n.the other end t he .hase

effs rpllinged Bergfe, aﬂeaﬁ?gaﬁ opeRighdfe 1S hgided, el Support
wound parallel to the plane of the | ens hol der

me, ?ﬁ&ag%‘?qe op N tourRposits sides Qfég%i‘?%h%'éﬂ a"&On the
pair of magnets and yokes is attached to the base unit

oﬁhﬁr endse the baseruniy, a wcupingrendlatiached ¢o thexlemsthadder ang wound
coil creating a nagnetic gap between the magnets and

paradiel terthe Iptdrndeof.thé hensy/bdlder, el a frackipg cail perpendicidarctotthe
| eakage of magnetic flux fromthe rear of the magnets.

fo@QQ'hEQidlll 'Mpélh ef Midghefs and SIQIU&’hstdﬂ%chéG 1S tHEbadsl unit in close

tracking coils causes the optical holder to nove
kb r
pIRLES Edobudid cofigha agkﬁ%;“%'fa?%ﬁ‘%ﬁtﬁ%@feﬁgﬁé?i rbéieen
0004] As w.th no onents the tren
thenagtete andshaiSTs el arbF Yoke m&w%ﬁsdﬁsﬁ%ﬂq leakage
i ck-up systemthinner_and snaller To achi ev
0 fﬁﬁ%ﬁ%@m fomthe eangh thednagnetr- @@r%ryﬂtnsﬁhg.%r ent through the
various reconfigurations have been proposed. For
fogusingland tragkingpcoilsatausesshe vpticaliwldeyi td enoeupigowneans
re configured to nove the optical lens froma centra
rigittdett asmequirdchfor pesysertfobasing tob the laset besmamdoeadking of the
and to nove the focusing and tracking coils and the
opfdalse. from the periphery of the Iens holder to the
center of the I ens holder. However, this configuration

[R4TCS AV R el borboddiis g ddrh ;Lg.gggﬁ@%hg

pace € pro rusion por’tl on con

o Bbl i o B e ARSI andRenaler” To s
. located on a protrusion of the | ens holder away from
imprevemestsp|the optiealtriek-up sysleansige ayryious reconfigurations have

been proposed. For example, the optical lens and lens 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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vi bration of the optical |ens beconmes nore pronounce.

[ 0005] Where increased accuracy of the optical pick-up
wa@edwatoi2 al ong with the reduction in size i s BCBIB2004/001980

continually required, the optical tilt perm ssive

error of thepreviously . meptioned,configuration becgmes
MRSy b toR G ERHrtin: ReeTes ITParsibiedo ccig vith

met hods. One solution was to provide an opti cal . )
convantighabassembly mefpads.c One sedytiosy was i Bravides an optical pick-up

novenent with a focusing and tracking novenent. This
aclmatacapaple affpeafdoming acadigl tiihmovemesit mgthta facusimgrarid fracking

circuit at the center portion of the |Iens hol der and

movesiehd. This wasabtarphetasaety F|a@ingcthétfo@jsiﬁgmlt MaHetia titcuit at
left portions of the |ens holder. US Patent No.

‘géHTF gortion WP the @Fx@iﬁol%egv@ge@éﬁiggltﬁe WacﬁM@QgQ{;@&\éﬂéﬁ@uit at

0006] Cther prior art e attenp e

i.prati b US| ' [
it e BRef R koG, Ay ITHERENETS 022 (4004,
I 3¢l oses an, acjuator for objective |enses that
Cﬂﬂ@“%@@§”§"ﬂ@%Pf?@ﬂlag@ﬁﬁ@rt menber between a |ens
hol der and a base menber to resiliently support the
[Q0063 hdDiber puipr art devises have attempied to aelvddhe vikration pblem by
auxi | iary danpi ng nenbers extends along the | ength of
using a éamnpingmhateniphoUS PatehtNo. 6,330s120:(2061 | Shibaisaka &t al.)
piece is provided between the two auxiliary danping

dizelRes ainsdttddtor fbrwgétﬁma |EMRIB that Pekidesid silich Slpportmember
Patent No. 6,091 ,553 (2000, Song et al.) discloses a

' 5 t np j 2 { ; h
bBhkrt 13 N and TpaRb iitetBe R} ieBlih) B3pfort B lens hoider
d_spaced,from each oth at r.edet er m.ned

Wi JpSieel 0 the e BembRyndi od of pliufiaty Jambing ueimbersextends
the inner side surfaces of the yokes, a |ens holder .

algngdhe lengily sptheresiliopt suepqrhmesnkar. i viscaplastigBiaierial piece is
to be noved toward

provided between the two auxiliary damping members so as to connect them to

each other.

[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 lens
holder which is suspended by two pairs of wire springs so as to be moved toward
directions of focusing and tracking in a spaée 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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directions of focusing and tracking in a space defined
bet ween the nmagnets, and on which an objective lens is

worewatied12 a driving coil disposed at the | ens PoI/E004/001980
for driving the lens holder toward directions of

focusi ng_and. tracki by el.ectro neticall

aq\ ETRINA U IHPIEHPEIWERRaS palr 58 Fibesrilg slates apg both
pl at es di sposed on the wire springs adjacent to

oppAsite; side ppdioss of thmenemagnetnagnet s, and a danpi ng
fluid applied between the pair of supporting plates

[0008] bot/apapeses Patend Ne 3369, 142060, Shén Kyengrsiq eliscloses a
[ 0008] Japanese Patent No. 3,059, 141 (2000, Shin

pisku eicttiakor tHadess® bigh Visedsity naagneticdluid beta demping fluid
hi gh viscosity magnetic fluid as a danping fluid

b EbAsdARABEEIY theNend ABIdegns hol der. [ 0009]

Manufacturers of optical pick-up actuators are also
(09T o Mt lrerB T 861304 B U6 B R sl wit
L S T

manuf acturing techniques limt the size of the )
perfefimance igie narrow. thaduagngticaan betweghribefecusing aad treeking
made. This is due to the difficulty in properly
cailsraret thegnageetse Hovwelat ecuresrdmameaciusing geclanigees ligit the size
fixtures because of the structure of the | ens hol der

of m&&hé?néti&iéﬁ, i.ehR6RIrrRow Whabﬁeﬂ?@d?@ah?oe&made. This is due
assenbly nethod that allows the optical pick-up

toaﬂe%ﬁigglgf '5'] Lh?riﬁﬁghfbgﬁferihg the I&%Sﬁélé{erc&%r?\?vﬁgw%géﬁq %entering

suspen he manlfacturing process.

ol BEEEURE o o B RERTB) elTB Rt o thr S urt her

needed i s assenhl thod that is inexpensive to
[qug? whterelora, wiat s ieedied s assemily sReloddhsl gllows the

met hod that provides for inproved danpi ng of the )
oplinal pick-yn aetuater’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] It is an object of the present invenﬁon 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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actuator. SUMVARY OF THE | NVENTI ON [0011] It is an

obj ect of the present invention to provide an opti cal
wEr@kAwoel1act uat or and a net hod of manuf act uri NRCOEB206G101980

pi ck-up act uators that are inexpensive to inplenent.

dpaicg\%ﬁla@gg{l -l tk?] glggr \%tn flgcﬁoﬁrﬁﬁﬁ%t rp\é\ge}yt}o- atgﬂetlc
actuat qrs tha

cqTapen ?8&?“&%4%%?‘%%8%3@@%? H@é’%ﬁtﬁ%&t Ho?@%&t@nfaw electro-

conponents of an el ectro-nagnetic drive systemfrom
megaetioegnparents of the base unitdyriag ithe assprohyrafshe pptiead pick-up

base unit during the assenbly of the optical pick-up
actuatoat s alfurther abjéctrafitbe podgent inventivhdo preddet system to

invention to provide a systemto enhance danpi ng of

entidicatdaiping o Ribeatioreef albptical pickclp atRiator tit isSstiitanother
anot her object of the present invention to provide to

o@%gﬂ 679!‘18&?&&?1? ﬂ?ve*nﬁ@ﬁ 6 ﬁfoﬁé’é’ ﬁ??ﬁ W’nfn{( SRR HE ftr‘éﬁgfér "Spacity

tracki ng coil opti cal piICcK-up actuator.

bl T LR P A o =

100 Bhondhe prarerkin By ashilgRohpee anfalan BRI tiHproviding
optical lens holder relative to the base unit's

a stnple enethod apddveghanismdoplocatieg end preperhbepaaing ther i ve
system during the assenbly process. The net hod

complendatarylvongiaentd obidd efet@-pagdeticdrivagystanpofithe @btical
a magnetic fluid to the magneti c gap between the

leRS MRl RIRELAVY t¢ HESARNUS'S Cofrpferféfahy SoMpenehtsof #ié ¥Rctro-
system of the optical pick-up act uator. In one

m% nponHﬁY'E sg{s&hddrﬂﬁn eﬁé‘ﬁtsg é ﬁggﬁé?{]ﬁ%ﬁﬁﬁgﬁdes the
stﬁiraa gp%\ %h@térﬂﬁn?&%mt I Qunt 9 lglf'lgg%pe%cq‘}w& to {i\e magnetic gap
between the complementary 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 conpl enentary
we@bk@etitwizragnet i ¢ conponents on the base unit, PCUIB20¢#/001980

t he assenbly process The resili ent support nenbers,

Leh e atta t one .end, t | ens | der
obfaf" thestastiedtuidnal Stonany Bereifer Shiatin Brgnsd fuid or a
by those skilled in the art that the drive system of
lowhdsensity @itbasedumagnetia fliid o Bothiiypesaf magnetigdivd ysed in the
fixed to the | ens holder and the focusing/tracking
preséhtsagyilicatiornare balldides eompiising QlttBfing hagrediceparticlés of about
may optionally be either a volatile magnetic fluid or
1@nhRYMELSTS Ab diavmetel, -ab st onB Gaefatant tanfbdifehé stifaes of the
of magnetic fluid used in the present application are

mﬁghéﬁ’d PartierREPAAG 'artﬁsbéﬁsfr@) rhbd é@l@\@%éi‘h iRgFddiénites TR

out 10 nanoneters 1n dianeter, at | east”one

KBRS e TR ks AR R PR Bl b RITENEH dnc e in

sper
i ngredi ents. The magnetic f|UId S I|qU|d but has
mﬂﬁ Mk Pgﬂ?aﬂwﬂﬂﬁﬁ be positioned and held in place
out a container. [0014] In the enbodi nent using
[096I4]at i Inthesgybodinantyising a Nelalils @agn@tl%ﬁgldetha:vqlatjeanagnetlc
is used only during the assenbly process. Once the
fluié isused diely dumnidgribeidssemblyspropess. Onck dhe lensehdlderahd cesilient
the base unit or support structure of the optical pick

suiborCineaibers afdixetPtoathie! saseairid @fsuﬁfpowﬁrm@edﬂtﬁe optical pick-
fluid is evaporated | eaving an air gap between the

up 9EHSE gfﬂé\i&ﬂ&ﬂll@ %o?ﬁ’dﬂ of lﬂ@%né@?eﬂéoﬁiﬁ&/ r?te‘&lf lehliRg an air

opt| cal "pic ct uat or evaporati o

SN @Jﬁgﬁ%‘?ﬁrw‘ﬂ%basmﬂa ABRERE fedlRienBls S e Sotioa

focu3| ng/tracking coil surfaces. Lubricatjn X
PigstpAciator. nEPap svaPPEtioRoT e ¥elRfile GrgREEq dﬂhsiraagrrﬂ'c

this preferred enbodi ment, the lubricating oil remains
partibies @re gepositechontatthe ryohes/magnets and the focusing/tracking coil
surfaces. Lubricating oil may optionally be added to the 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
liguids 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

wo b@sremnet s, yokes and coil surfaces. [0015] P@I/IB2004/001980

acceptabl e volatile magnetic fluid is one having a

relagtively volatjle cay ase |liquid

wpdk Fom enoikiassd magtate b iR auehaiond e siacss of the

vol atil e carrler liquid typically is a volatile liquid
megaets; ¥okespamd focysingdmraking ﬂ@l%\ébghfdubaﬁamg eibbaying a 4 cSt

tamaaUHeorateHwMedtamaanﬂe& Exanpl es of
(centi$tokevar lawvier wiskcosjty ais1G0°€ inqreferradd Eie fypesiof oils that can be

hydr ocar bon sol vents such as octane, heptane and

udtrKad the lighe IlBHYatiAgdilNbr @ixh 1pVe ,Glre Aytydareos estenbitey,
such that upon evaporation of the volatile carrier

p+r‘fIEHl‘o@ar5&P a'h@"@id?)'ngg fU'Wﬁ(Eedll' t‘}a réérﬁéleﬁ%gng??gcneglc fluids, the

ricating oil woul orm an oll-base

et Genadii ARy Gebbed ARl ebeSpfT RaER fof

having a 4 ¢St (centisto r Viscos at
teirmef%ir% CﬁP%‘?'[é"ryr ed!S R0 E?%ﬁé&se&ke ?@'@WH?Ck'QE oods gEthe
as the |ight Iubrlcatln oil, for exanple, are

pregenbipuention isext é comtaet Corﬂéfﬂtfwlﬂbthﬁmﬁbbﬁtlc Huid.
silicone. Unlike oil-based carrier |iquid magnetic

[0OM 8] ds Genesalive e satugaticromeynetiZdtionds a lbWweaspyassibie for use as
i nvention does not require a high tenperature

a feétfeaRdldér And fOTUSINgRrEkimEssiHeSsifidiing PlatHiahirh feCk yiven optical

coils of the present invention is not in constant

PG At CohiraBE 8 o8 rick 4 fort ARHEN r STt of pidoneti
| en er a ocusi ng/l.trackin
padcks ﬁHB"?ﬂ%mang#heomagnéf%H S o aqsitian fe volume
actuator configuration so as not to forma thick
peresntiefdubricaiing @*U%Wéhﬁdot?éﬂq magastia fHid '§b"r\YQf§@|VrPg0P0m°na|
oil on the magnetic surfaces. In addition, the volune
totbe saturation magnietiaaiiongobihe reswining flufdeafier emaplogation of the
magnetic fluid is inversely proportional to the
velatileroabrienTigivd NThisa€ bb Becalisé the lowanitine volumepercaht 6f the

evaporation of the
lubricating oil to the total volume of the volatile magnetic fluid plus the lubricating
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 fbcusing/tracking coils.
[0017] Inthe 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



10

15

20

volatile carrier liquid. This is so because the | ower

the volune percent of the lubricating oil to the total
woodowireoof the volatile magnetic fluid plus theCT/IB2004/001980

| ubricating oil, the higher the concentration of

b B g Baischol A1 OBt g &bilsiyemly spaced
d. The ran eofthe| |t|aI sat yr ati on
Wﬁfégﬁb? imagnedis dyying, assaniply aﬁﬂgﬁ%‘e@ H@”\ﬂ"ﬂﬂ and/ep heak

ampunt of the lubricating oil used is application
digeipatiagfluid during: ereratien ogthel eptical pisisanastuaton. he regpen the
of optical pick-up actuator, the size of the magnetic
magpetiafididtié anilzeased mbgnéﬁmﬂLﬁd g ta previenhthecmagaetic fluid from
[0017] In the enbodi nent using a | ow viscosity

umérgbmgeéi/arm@étﬁm &t robHi témpté?am@%ﬁ etév@téd tén‘ibérﬁﬁ]ré @l'u'ng and

uses a low volatile, relatively high nol ecular \/\/elgh

[
aflr HBBECABY biSfoest B el Gty BBHER pRtic dF aGfiafiruse. tis a
hol .de focusing/trackin
fug@aw@"?%f?ﬂv'ﬁemﬁap ohaiad plePapd BindrisgioJidsipt ﬁl&ﬂﬂwg%—up
and/ or heat dissipating fluid durjn .
a@aem thﬁgx tg otHh@seg maanetisifid sigyavithn apd f %&Qm i.e. the
the magnetic fluid is an oil -based magnetic fluid is
radial gapy betweaercthedgoesing/tracking doils mndrttie magnejic yokes and
evaporation at roomtenperature or el evated

miagnpty Bhowdd the birdpased nedgreticfloRl esssorhtey ting negetiafiuid would
wel | as during optical pick-up actuator use. It is a

céhg’éé@aﬁatcahséwwﬁémmckou defudtbrablfaipased magnetic
|UI ds in optical p| ck-up act uators that the oil-based

et | t
e aabesibone fallk adh e el i Boperdture
an ok magnet s Shou
C%qadb"ﬁggsaaﬁ%ﬁ@ L (ﬁho {Redocuslasiiagkias col i the
woul d congeal and cause the optical pick-up actuator
megneti¢ pap cootedpingithe pragnetie fuid isra soujae @f haghaeneration.
fluids require a high tenperature
Although the low viscosity oil-based magnetic fluid of the present invention
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 magneti c gap contai ning

wo be4mreymet i ¢ fluid is a source of heat gener ap¢DIB2004/001980
Al t hough the | ow viscosity oil -based magnetic fluid of

t.he present .invention requires
av&aﬁt&ﬁ g pptinfurs i Bchrap of Feghalic i d5Rehd. o fag desion of
aving a viscosity of less than 1,000 cP, preferably
thg(mclgepp@,c Yyadas, nore preferably 300 cP or |ess at
270C. The low viscosity oil-based magnetic fluid is
[08dP] i edhewsehef lowgrisadsity gilipastd anagnetiefiuid aldo prpvidealan
pi ck-up actuator between the nagnet of the pick-up
addgdiddrapingriserigfie te thd movepiententhelieny hisklenddring fdcusing and
bet ween magnet and yoke with the coils |ocated

tréél@r‘i% b?hé\@ﬁﬂatléh fuihki16hE HBId@F’BHQ’h?‘-TForﬁ e \‘dﬁNs)H%éfﬂﬂréé’kmg
oi |

ased nmagnetic fluid is used to contact wt

fuglgtlé{zﬁ déatmﬂ%?/ bg‘fgﬁ]dﬁ rbageatméé}?etfﬁgﬂgmag éé é}és@nmuljhg magnetic

ocking .or>a Vi perati
applied to the above nentioned | ocation of the optica
‘ck-upactuator. The optimumfilling amount of
netlc fluid depends on the design of the pick-u
[09@814 at Y¥heediepddissipationds gisq @ﬁpowaobewemqvabﬁ@euthe coils
nagnetlc fluid al so provi des an added danpi ng benefit
carob¢ deneunenesffeativelytvett thesuseodfdbe lownvisogsity oikbiasgd amapnetic
tracking. The vibration in the | ens holder arising

fldid ovart Withbacthei ke efdagnetidduid THRCE isorbdcaiuda tine thagnetic fluid
the oil -based nmagnetic fluid that is present in the

isTERORAES Hheirﬁ%ﬁe ?ﬁ@pfdﬁe aif! EI*f’nhga‘tth'eocfhridsffer‘9(5f~°rfélre\‘i‘from

concern, e coils can be done

f fath
o Yirefol i badnafie il Bk Mol Of/ﬁrjq!{ey s gore effective

qget |gg fl UI This js so Pecause gpp c fluid

thag i3iel thereagnaicean of c¥EDHeN eoﬁt'ﬁ Ig 1“P agkyators.
t he transf er of heat from

Using a thermally conductive material for the base unit to which the magnets and
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
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the coils through the magnetic fluid to the magnet

and/ or yoke is nore effective than through air in the
wora@ag1ioe2 gap of conventional optical pick-up PCT/IB2004/001980

actuators. Using a thermally conductive material for

medfefERiaiah sbBHRL LS SRRRAGRT o RRL B it e roa or
a PRUSHireh e GEBRR Be) s SuRimAdRReE fud wud satiaadne ol rod

the prior art, the sensitivity of an optical pick-up
thgdiallawoiodueyithg dispensenclese to e magnetiaged. hgrwetting ability of
fluid of the present invention is unaffected when used
thetfetrofleid drenthermagmetic fdree field ofi thd magnets; 9sokéy and coitecause
oi | -based magnetic fluid of the present invention.

theQtalle mgbr@ﬁ_efﬂ;eﬁd erfilnbehagdgsdtid g 6f m&%ﬁﬁcgnpﬁegldp%tuator.
0 an

i nvol ves taining a volatiTe nagnetic flui _
TR S QARG SERLATHORIP setugily SR BREBES roialife to the
f | Ui L.ubricat,i il . iS th dded to th
gl R et BB ol of i Ry T BBt fro the
vol ati |l epmagnetic fluid may be added using a di spenser, .
mgangls anden YeKes deating ﬁé@%ﬂr@tpaaporme velatileimaghetig flud will
capillary tube) into the nagnetic fluid and | ocating
becmune disposed between thsl focusingliraskingneoilsi ansktheanagneisiyokes

to the magnetic gap. The wetting ability of the

cdwsingfhelleds hioitier e beqpsitionedfsuichehai thednagnédtitegap created is
magnets, yokes and coils cause the volatile magnetic

el Spaced bétwedhthERaNEbha reAghes/ybkes.opt i cal pi ck-up
actuator. The |lens hol der of the Optical pick-up

¢ . . . . ¢
1002317 3be B ER frBRER St fnahR oREhSlpLcan then
od BB o G0 Be U Sl s scmporat
di sposed between the focusing/tracking coils and the
leauipaea By Blk/tayer of lubricating oil containing magnetic particles disposed

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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causing the | ens holder to be positioned such that the

magnetic gap created is evenly spaced between the
w@oiokg1zamd magnet s/ yokes. [0023] The resil i ent PGUER004/001980

menbers extending fromthe | ens hol der can then be

IOR280 . F1CRE B o' DBled FBaSRELhHR) USF AP i ths gptial
p@h{@%’éh&%&h@&éﬁb 879 21 8Bfine lafieeBel fijdn she magneti

and the focusing/tracking coils within the magnetic
93xp. The remaining m xture of lubricating oil and
magnetic particles is itself a | ower viscosity

oi | -based magnetic fluid. It has the characteristic of
formng athin filmor layer along the surface of the

[oo2ePet FIBURE 8kea sitplificdl £rdgs Seetichal Vidw bc an fassbmblatEdptical
is sufficient to keep the magnetic particles suspende

PSR RIS TR B SR ERILH 06 s

AP AR 0 2 a0 PP ek

cross-secti onal vi ew al ong A-A of the optical pick-up
actuator illustrated in Fig. 1 wth the volatile
magnetic fluid in the magnetic gap. [0026] FIGURE 3 is
[0924] npIRIGURE 4raosipiified soheratic &ap vitwaof ancthengandiguration of
optical pick-up actuator illustrated in Fig. 2 after
ah bptivallpitk-Up acagtet i c fluid in the magnetic gap has
been evaporated. [0027] FIGURE 4 a sinplified
schematic top view of another configuration of an
opti cal pick-up actuator. [0028] FIGURE 5 is a

[oygtﬁg"c;{#lé@ﬁ B85S aXAnplifiiProds LA A Yidt BidHg BB 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 turning 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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pi ck-up actuator illustrated in Fig. 4 after the

vol atile magnetic fluid in the magneti c gap has been
weraporated. DETAI LED DESCRI PTI ON OF THE PREFBRREDB2004/001980

EMBCODI MENT [ 0029] The preferred enbodi nent of the

reentinv ntion is i.llustrated j | GURES 1-5..1¢.
°<§rn8 &\ iR EhaghelinsPrinaetrs, 82 ahalechndanic divs system
corrponents as illustrated are enlarged and are not
5@ olrstm Embadimerdy thegpasadanit's cemplamentany plesharaaAgnative
structural relationships between the various
caropplerdaase ofagnetic msesmbly 601v bans baldef @83@hblya20 includes a lens
turning to Fig. 1, there is shown a sinplified,

heldee2Rt are optifal VervRsupisrtaby Enseitider 228 manenddrmplementary
pi ck-up actuator 10. Optical pick-up actuator 10

elbﬁﬁbll‘ﬁ%éild chﬂ?’pJHé'n‘?@SZ Qﬁﬁqﬁabblegg tr&kh@?»&:.m bla@@@tat the

sh ovvn and an ‘el ectr omagnet Ic drive system 50. Lens

e{}t@. Qreéf |8ﬁ§ﬂ8’fa'e¥ 2§%rﬁﬁé’fdé“ I#@el e@?‘é‘?&@ﬁ@ rﬁ‘ﬁ%ﬂ&%‘&fder 22

-nagnet conponen g ro-nagne
ri e sy n nbodl t he base u
SN Qﬁ@iflg angles o i Eariing Eoll o, MrdhegcarSeltibin 6l inoludes
assenbl 60 Lens hol der assenbly 20 includes a | ens
twoymagnets62 egspgptivelyplacedatibe érgpbaw spnsf lersbolsr gesembly
22, and conplenentary el ectro-magneti c conponents 52
20 had a yakegiplaged @b the raprodinadgiet pRarmsdpraventing leakage of
exterior of lens holder 22 and a focusing coil 28

magHetic AuRfrom theaebe6Fmagher62.2k is Aokl that iR @ﬁmf)lbﬁ’féntary

angles to the tracking coil 26. Magnetic assemb

eI#e ?g&r%t trear 0 e%g%hgﬁgﬁ{da%%‘?n%lt%%nﬂhé gﬁﬂ Magnetic
a%iegﬁé@@ o Erpass 8o REiTe ol B Eiyﬁeszpaﬂ of the

B8 MRS ASeTRE20 PBAES ARG 28 25le BAok Rybash miber some
cc?r?lgingﬁcg)rq ?Ifnelltcprovides the focusing and tracking function required of optical
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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assenbly 60, may be arranged such that the magnetic
assenbly 60 is part of the I ens hol der assenbly 20 and

WO b@4aaiols 26, 28 are part of the base unit orPGDIE2004/001980
conbi nation that provides the focusing and tracking

%%%é%ﬁr%h&@ﬂ“' e e 4R Al o p e
t he f npve d the track] novemnen

UR mq?g §'@'H?E’§Y€6§ iveorpasethal 8 gwglltug)fmgr?/% particles
w thin a magnetic space or gaﬁ 80 fornmed wth magnet
obthearpdatile keagnetia il i behindhattepevaparatians 24 up- down

and right-left by Lorentz force of Flenming' s |eft-hand
[0033}. (pitg prekepl inkentipraptovitiesra itiied fdrdscatimgl arsepositioning
resilient support nenbers 70 and a printed circuit

tHeOehS holtidr asBamBly ﬁzfélawé:fai ¥ rRagheft @é%ehﬁbl? 60l cré4ting a

conmponent (not shown) of the base unit havi ng a
gt 4250 dbriApiodiuf ot O %gﬁ@gﬁﬁe@ef%memod
of {8 RraBnt RyeniobunaRE e fise of AMolRlS rtieliE il e volatie

evaporat| on of the volatil ebase carrier |i UI d of a
magingfic fluidggyicsaihccomarises 3 ¥alatie W@eagwﬁmrpa&ﬁ liquid, a plurality

optical pick up actuator 10. Residual layer 95 is
otmagoeticiparticlesphnd &l dispersanhieg cléapiecsipaithe plusality fof magnetic

volatile magnetic fluid | eft behind after evaporation.
pafieks)in the vplatikecdrrienlicuit | Sonpe asefdesardiertiglidsd af@water and

| ocating and positioning the | ens hol der assembly 22

i i K
a!&@ga}fgﬁ&?r%%bgbggs gﬁiﬁp% ht%ﬁgﬁi g@taniggg gggidg‘ gAﬁy conventional

AR Sk %ﬁ%@%ﬁ%ﬁ@qu I
3 TSR Vot et B R o e o
o;gjallrr@ﬁt\rlyfs!kﬁlfm 5?2 %ﬁgp@{h%glgksaarg;nailgrhyglrcfc%%grll ggd tolgﬁer polar solvents
may be used 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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particles in the volatile carrier liquid. Sone useful
carrier liquids are water and aliphatic hydrocarbons

waohi1g®ihexane, heptane and octane. Any convePCT/iB2804/001980
magnetic fluid based on volatile liquids as the

B3, ek ig?’%p}?ﬁs?- ol iRt nataee
2SRl s b Bl s B B3 B b

t he base carrler qU|d it 1s hypothesized that use

bugforevides atgtmgebmagwp @@ntmwgafprq@ctPneﬁ@abM the satyradion
adhesi ves used, if any, in the optical pick-up

magheti#ation Yfangé mﬁuﬂe imhie gpresent inveotionmis) kept reapamably layg so as
per unit volunme of magnetic fluid is represented by

ndthe fdimgEQélaﬁvélylihiék%ﬁahallrla]*/émf ragnstid Faticles cindcuding and

is measured i n Gauss A | ow saturation _
%Ebl@é éﬂr?e%t{\%%’bgg{a? eéf’ah&ﬁa\‘ Er%% Eg?:ﬂ‘g&ﬁﬁ&gg%’derstood

er sat,uration etizatio e
s Perfiopet St %Wﬁgn%ﬁﬁtwﬁ%ﬂ @fva?& \i¥iG et
used. Usin netic fluid w a | Qw s turatlon
ccwa@wémrml?% dspglaswfq; @ ariety ﬁ 361018 Hacl v e dhe tyngf carrier
wth the fluid for positioning the | ens hol der
licid used @s 2he passSplatits ligyid imthenatatie magnetigifiuid, ghe size of the
hi gher saturation magneti zation allows for inconplete

optical pigkalp Adteatvrgthetsize gbipesadial yaptetche nmagnetic gap
has air passages but provides a stronger magnetic

[003B] €' TBYeHAES the ERAHR SN ofithe phahlifyasfiredgnetic particles left

magheti zation range for usé in the présent 1nvention

béfﬂp%%@tr%&a églfb?ik?h}élédg’;{?gc’ ﬁgﬁ?th%oéou&‘éef 98Mi @%bﬁéfs‘ﬁ Jr yokes

articles

BLNE RSN Rl T
Iu?)ﬁé;tgrp%t (I)i?ig or&gtr;/%telazn%tclqt?anntift)? er:uc?h t%la\t/ ﬁBoX oelvgtaua%oga ?r?et i/glatile
carrier liquid, the remaining magnetic particles and lubricating oil would form a
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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conposition will be dependent of a variety of factors

including the type of carrier liquid used as the base
woodoattidoe2 | iquid in the volatile magnetic fl ui BCT/IB2604/001980

size of the opti cal pick-up actuator, the size of the

adi,al, ga To reduce .the chance
oSt s afsacp gt hﬁ@ 1t B huafersip 46 Ueeipwgemolke i wiant poly
resi due fromdislodging fromthe coils 26, 28, the
alphg etafinsdlessthan ﬁ@@%)aprefgrabm i Gar e |Tl'h|§ys SO because the
optionally be added to the volatile magnetic fluid.
highendleculacweighd polyi alpba ofefinstnged asecangbiarge disparsant on the
t hat upon evaporation of the volatile carrier |iquid,

mbfRetiCpatiaieado thsperse thepmaghetie parielks withindae hithep inolecular
woul d forma thin, oil-based magnetic fluid filmor

w%g}ﬁ?bo | 550 blREins. U"I‘Eé@f?@wéﬁmb%@uﬁ?%tﬂ E%a%!éhns are less

cusi g/trackl ng coil The | ubri cat’ ng ol I s usef ul
oHrRFoR b A TR ugspiings

B phiiied, kchuBaves Aghekorsiy=L ik Hjef Seliaspfiat ofthe

aromatl Cc hydrocar bons may be nore reactive with ot her
volgiilercasiier ligsich i n an optical pick-up actuator than

al i phati c hydrocarbons. Parafinic, naphthenic and poly
[08BFha dhefresidualmagnetiefleiddayer. of Roé predepih inveintidn thatyemains

the nost preferable for its characteristic | ow pour

affst éllapot Vo fIRe Yolatile Eaviey M@itlishould b&ad thineist pwsible. Thus,
In addition, where poly alpha olefins used in

the UG nﬁt' &q%néﬁlﬂg ‘?ﬁl' iff thd H %nf Qﬁs%bﬂgtléﬂﬁlld@ﬂénd be no

trans er pur ose ave 6C VI scosi t

ndBP S BB t@é‘fc;tar@@%érowﬁ% e

or | ower. because t hi u
bassd,magpstic ﬂF'QfR"t'%ﬁWe'HB”‘éathc%'EdT'P%gG@WgT @}sfe\f 4e § Sént of

the magnetic particles to disperse the magnetic '
lupticating eib the thinperthe rasighallager.ecul ar wei ght pol y

al pha ol efins. The hi gher nol ecul ar wei ght poly al pha
[0938] i n$n anetHee &tnbodiment of the present invention, a low viscosity oil-

based magnetic fluid is substituted for the volatile magnetic fluid. In this case, the
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. This is

so because the magnetic fluid is six times more thermally conductive than air.
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preferred because the second | arge di spersant
generates a larger volune of residual particles, which

wo eanves20®2 t hi cker residual |ayer after evapor ap@DIB2064/001980

the volatile carrier liquid. [0037] The residual

magnetic fJuid |ayer th resent inventj.op that
TR bSasebp bedbimdng cots Traioh e MaaBciRyidp the magnet
l'i quid should be as thin as possible. Thus, the anount |
angt/or yoke isdneregefiaative shamthreugh aiftin e magnretje eapof cppventional
shoul d be no nore than fifty volunme percent (50 vol : %
opstfcal piekiupt adtuaiorsinBsivly a theermailly icahdeativeematsaiab for the base unit
magnetic fluid plus the lubricating oil. The smaller

tolWiSicH Bhé! FaghetLand X@Reé HRY iyl fuftlePehhan i lidutdisdipdtioh. The
residual |ayer. [0038] In another enbodi nent of the

' o : /i A4y oil based magnetic
PR oul YRR s e RESAEN Y P 2omet et i d.
| hi -~ the Low vi int il '
1035k ARG WD i8S, 7 B0 3 e s B R gl By e
working life. Like the volatile nmagpetjc, fluid, th
pIESAMNYERAaN Vit . apticaLP R aiRAGtuater gt 8o by ft should be
positioning the | ens hol der assenbly 20 relative to
undersioagrtbaktherntethodaandse usa withhaosieenyentienal\pigeue iaciuators.
oi | -based nmagnetic fluid has additional benefits
Figneliliudtrages thercregsisptiional aigw ofthefcoilihagnetdyokegositibnbin the
focusi ng and tracki ng novenent of the |ens hol der or

piEM-UP auAtdr FEFIINAC HR tHIS ParficiBVilhstraftion; tHeBdse @MPt shown)
fromthe coils can be done nore effectively with the

. ¢ . . . , L d it
nfifieS st s e pir gt fimfed oy BNIRRERRhS b yoKo 84/l
t he netic fluyid i LX ti nor e t | .
megRalee; e Srkn 8415 Urafieed pBS S Ridarie! §2 Testtoythg jpside of
the coils through the magneti c fluid to the nmagnet
ong of the loar 6f vakeBde Taerathes lpg af ihe yoke B4 4% Pasitioned jmnan
magnetic gap of conventional optical pick-up
opening betgeerficuging ¢dis28rand Jensdmildet22.e material for
t he base unit
[0040] A predetermined amount of volatile magnetic fluid 90 is added to the
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. It is 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).
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to which the magnets and yokes are fixed further

enhances heat dissipation. The preferred | ow viscosity
wWo@Rl04i18208n ester-based oil. [0039] Turni ng nowaDIB2004/001980

Figures 2 and 3, there is shown the nethod of the

enhk i nventi
104 R c hiip Ll AR oRy epambly 8833 PR ikt S5l ggnetic fuid
t he net hod n be u .with I k
oS euBporton 55 S5ucd Pt b BloRLH o005 RS Awon
of the coil/magnet/yoke position in the pick-up
thayoladileobasencarigr liquidiis evaperatest residuallayen Q&,ﬁrlgﬁ ibghind on the
the base unit (not shown) includes magnetic assenbly

sutfacés ofrathgnetie gapgoor in the prefeaedyarkipodirhemt,dresiduwablager 95
62. The yoke 64 is U shaped and has nmagnet 62 fixed to

coﬁﬁkﬁléegsthg %It%lll?rlﬂ mRagridiR parisied tispeksa it théMebrisaiag oil from

l eg of the yoke 64 i's positioned in an openi ng between

thfe%9%@{;%&96%t1%%9ﬁﬁeﬂ§ﬁﬁdho' der 22. [0040] A

erm ned anou vol atile magnetlcflwd 90 is

o2 5 o TR ool BhRessr HRRRRLE Al o bréent

di spenser closeto netic_gap 80 andtranferrln a .
inygnitpsis chpaer ingterdhef fgwe\tqlfé"%memqﬂé figich ke fow MSGP%M -
magnetic gap 80. It is noted that a properly sized
basai rhagnstic filid weald bemainbsithin the thafametic lg@préeim asimilar position
Vol atile magnetic fluid 90, because of the nmagnetic
ad flusteatbd ¢h FigeX. abl i shed by nmagnet 62 with yoke 64,
| ocates and positions | ens holder 22 relative to the

[Oggﬂet ?ugrflﬁg}ﬁggﬁgnﬁéuréﬁ th8refis ¥HBWnYa §9ﬁﬂﬁi@da§&1ematlc top view

etic d al'ignnment to facilitate t

of%ho@r?értcg)(@éthi??%@%ﬁéal#Egpb %\gﬁ%rg gﬁ% r@%ﬁg %kt\a’ it FSﬁpnstructed
oo 3T e e B35 e et B0t B el 100
inglizgggl Igns2 %oidsérfals)s(gr?\biyn1 ogrl]é ;onglagxgttca;és!e(?nbr{?qso. Lens holder
assembly 120 includes a lens holder 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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90 is evaporated fromoptical pick-up actuator 10 as
shown in Fig. 3. Although the volatile base carrier

WO p@uitckois evaporated, residual layer 95 is | ePCT/IB004MH1980
on the surfaces of magnetic gap 80. In the preferred

di ment ., resj.dyal |ayer, 95 c rises the plur.alit
1084 TEFict 4 BPtca Pick- Sttt perdiite e Baiiifg righement
fromthe evaporated volatile magnetic fluid. R0042] . .
anghthedragidng pievemeans Sy thaving thedeackingaepic12€ and thejfqgusing coil
the present invention is chosen instead of the
12®Wwithin ® magnetic ispaé¢e or gap t186 formed withapagyetol 62rand oke 164
magnetic fluid would remain within the magnetic gap 80
andnovirighineasptieakliehs d24ap-tdbwwh sndaighi-left. Bipticaldbick-0p4gtuator
Turning now to Figure 4, there is shown a sinplified,

16G R IART iclidds EsienPSupsttt ARIMIYETS M0l arld & briHbPEFdifiBYard (not
100 where the magnetic circuit is constructed so as to

. t i i .

RN b bl B i bl PihpfEetiRaL ROk base unit
120 .and neti.c,_ass |l y,160. ns holder, assenbly

byt bgving & flon boin 7% s and I SRes a5 RS HERpr
supported by |l ens holder 122 at a protrusion portion

assembly 22ocusi ng coil 128 wound around a portion of the
i nside of a | ens holder opening 125 of |ens hol der

[0048] afdacking ackilR@, foousing 26ili128; aidgoetsm 62yiand yakesettd have
hol der openi ng 125 of |ens holder 122 so as to be at

a Féglbtalaagsrerds 6n vatodsutads erised bydhe Myapetation of the volatile
assenbly 160 i ncludes two magnets 162 placed within

o418 91 R T GO IPHB S gt i

nd, t he er magnet is situated wthin the opening
u@g%i&lg&orffﬁ the tracking coil 126 and a yoke 164

I d_at th f h t 16 d ti
[q[)OégﬁZgél'a%lpingﬁ@\pée re’{%rlf:icg)prq(jg,c therg%ns own t earrr]tet ordegfetnelprr] sent

invention with the optical pick-up actuator illustrated in Fig. 4. Fig. 5 illustrates the
cross-sectional view of the coil/magnet/yoke position in the pick-up actuator in Fig.
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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fromthe rear of each magnet 162.[0044] In Fig. 4 ,
optical pick-up actuator 100 perforns the focusing
worpaerent2 and t he tracki ng novenent by havi ng PEEIB2004/001980
tracking coil 126 and the focusing coil 128 wthin a
neti c space or 80 fornmed wth net 1 and
130 Reorte seghana i r?%a'[%ﬁésaammem%?@ 20, Lansalfeazpembly
r|ght-left Optical pick-up actuator 100 further
12Gnisi nave fixed:isi poséiian tathedraserninib@ot shagnhnd a pri nt ed
circuit board (not shown) nechanically connected to a
[0048kd tcsioaltee nbteat thabthepresént ineemticrecamatsolye bisad wigh pick-
a fixation point 172 at the right and | eft sides of
upS Bétubfirs \/\h@s'réi R PR&QM&U@G"H in(tA8 4&Lictliralcddsigh epihle dot@ator or

focusi ng coil nagnets 162, and yokes 164 have a

in ep\?g{pg‘;' aktdANR wHetR thE8 nY %s%@ﬁfbgf:%sccﬁﬁlplﬁsélﬂ gybé Qzaart of the

ation of t evola base cdrri er
vol a

8Pl SpP R R SO g s u

gure 5, there is shown the msthock%gf the res$r]~I
ofj %G‘éfﬂi‘biflﬂ‘ilowthﬂ RrA¥idg A facksing; and tige ent of the lens
illustrated in Fig. 4. Fig. 5 |IIustrates t he
haldess-sectional view of the coil/nagnet/yoke position
in the pick-up actuator in Fig. 4. In this particular
[004BdYst Pathbagh thehprefased enibodirmentssdfdle preserit irkemtion have been
magneti c assenbly 160 forned by a support franme or

defBed tbréindihe dpaRedeskfiptiod REMERME iR frative. UFﬁhﬁélel?hodlf ication

and has magnet 162 fixed to the inside of each of

of &ﬁan\{gnt%ﬂm%réﬁAdlsélggét? l\/llﬁ? c‘él'r c?h‘ﬁﬁggﬁl@téﬁl ifthé res&ectlve arts

erm ned anoun

angigl Sudh miaticedins ere dgeibede. bw@ﬁﬂttﬂa%?{?éé g &@dnvent'on as

because of the magnetic force field
defined by the appended claims.
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1.hafemeihad phas

establi shed by magnet 162 with yoke 164, |ocates and
positions | ens holder 122 relative to the nagnets and

wQ@olke/118%2, 164 in a evenly-spaced and magneti ced1/1B2004/001980

bal anced alignnent to facilitate the proper

I tioni of the lens hol der assenbl y120 prior to
WBEE s

& resilient support nenbers 170. Lens

hol der asserrbly 0Ois nowflxedln osition to e .

en]#ﬁws)a lengdipigen asseRily i Boags e '@ epick-up
the present invention can also be used wth pick up
actagtuatoswharsir said Ieak bolder ags¢mblycanchsaid @%emm&e;ﬁeéll contain
desi gn of the actuator or in pick-up actuators where
t heomgdeadehtarp efedtiol-mapgaetioodmponentstthatitegethenfornoan electro-
the I ens hol der assenbly and the focusing and tracking

COiphggridtR drivees)stéinao RBRRoIURE foslisifg aﬁawa@,-amg%ovaﬂént of said
provi de a focusing and tracking m)verrent of the |ens

NOUGIR holi8P4Strbl 1ae 8RRl it RPORLIE M fdic

t he  present 'ITnvention have een SCF‘I erelrn

00581 o AT o G s

occur to those skilled in the respective arts and al
sudracktng ¢qikand amagnelicsysiasy wherele anmagnatic gap igfpmed
of the invention as defined by the appended

cl detwesth shid aleciraimaghetic:compaonents hbshidlensshelder asaprably
| ens hol der assenbly to a base unit of a pick-up

actanal $Hid whsstie-magaetic tempohenteef sakbieads ynibwtiepaisdembled,
base unit each contain conplenmentary el ectro-nagnetic

CoOnRAidSod Egﬁqgfigi?lﬁg her forman el ectromagnetic drive

systemto contr e focusing and tracki ng novenent

b OO g 304 G o

tracking cojl, a,focusi.ng coil perpendicular to said
t r acki nS‘O%ﬁng SAIMAGREYREAP: system wherein a magneti c

gap is forned
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.

The method of Claim 1 further comprising formulating said volatile magnetic

fluid.

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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bet ween sai d el ectro-magneti c conponents of said |ens

hol der assenbly and sai d el ectro-nmagneti c conponents
woRogaimibase unit when assenbl ed, said net hodPCT/IB2004/001980

conprising: assenbling said | ens hol der assenbly and

sai e uni. h r 1 Sad d ' :
el diel S ol hase AR /a3l 2 B aREl e surfient
magnetic fluid containjng a,vo|latile base carr.ier .
Aot S S aRGREL s o Ao baee et fawi 1o disperse
support nenbers between said | ens holder assenbly and
sais@idbpkusaliiy iof magnetie papisles inrmpid gawier §0udidi | e base

carrier liquid fromsaid volatile magnetic fluid. 2.

The method of Caim1l further conprising formul ating

said volatile magnetic fluid. 3. The nethod of Claim?2

4Wher mefiddof Ol Bavhéreirs 5 5i8 forhliBeRg &P fusther includes adding
obtaining a plurality of nmagnetic particles,

su di ' rald ; tic particles in said
volsagﬁﬁdg&%gé@ega%%@ cifltl%%@g‘ﬁﬁg@ addi ng a sufficient
anount of dispersing agent to said volatile base
carrier liquid to disperse said plurality of magnetic
particles in said carrier liquid. 4. The nmethod of,. .
5.0 athg melhest o hlagaSfurtbenee f'ﬁ'@gsr?EPVfﬂQr‘B%eﬁxcieﬁ%Idiﬁﬂ’é%s'"g
addi ng a pre-determ ned anmount of lubricating oil. 5.
Theagest from &did Cagiienlguidir t her conpri si ng renovi ng t he
excess di spersing agent fromsaid carrier liquid. 6.
The method of Caim4 wherein said step of adding said
| ubricating oil further

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



10

15

20

i ncludes adding a quantity of lubricating oil wherein
said quantity is less than or equal to fifty vol une

w@ergaemo1nf said volatile magnetic fluid. 7. TPeT/mnéu®1980
of G aim4 wherein said step of adding said

[ ubricatjng.oil further jncludes adding.one. of a .
ny dragRts Ve sista 18 chelro e fer e el S0 raprementof said
lubricating oil. 8. The method of Claim 3 wherein sajd
st dgnsholdgtpssersblydelative ite saidrassi wnit, saidheleciradnagnsaiic
addi ng lubricating oil having a viscosity of |ess than
si xcoomurentoinehidat a iraokiag coil, Aforrisingdcaif perpendiculando aaid
| ens hol der assenbly to a base unit of a pick-up

actipsrkig odiedrel 8 nsadribticasystdre Wihrein e @IBghEtie gep $&fo¥med

base unit each contain conplenmentary el ectro-nagnetic

CONRARESH §aﬁ1@écﬁﬁ‘8—9ﬁé§}f€ticf dHén SFééiﬂ ERSINEr SEdetfibly

systemto contro the” tocusi g and trackli ng novenent

anid 8 i B RE PR REPRUYRE R bl A fp B WBsembled.
tracking cojil, a focusing coil perpendicular to said
tr a%@ ﬂ%ﬂ&d FORES9nagnet i ¢ system wherein a magnetic

gap is forned between said el ectro-magnetic conponents

of sadgsarablingheaid densBeldabassambly eadsaid base snitdg gach other
conponents of said base unit when assenbl ed, said

met hod dompingSaihmageetiobpng sai d | ens hol der

assenbly and said base unit to each other formng said

rragneaissogiﬁg:a phetleeshiifeaoRAEbEA 1BV 96 casmy bil-babed magnetic
| ow viscositTy oil -based nagnetic fluid having a

Vi SCOSi tfPﬂid)ﬁa\lliﬁg% Vibaskith H9%Rart, 600 EP di9°E 3 said
magneti c gap; a
magnetic gap; 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

22



fixing resilient support nmenbers between said |ens

hol der assenbly and a base unit. 10. The net hod of
w@@ismdi1nherein said magnetic fluid has a vi SPOFIB2§04001980

| ess than 500 cP at 270C 11. The nmethod of Claim9

ey BBl R A ey o s
b T ok o S5 e i

hol der assenbly to said base unit wherein said | ens
hol der &ostaibcomplementaty elestsoumagnatisctorarenents that together
conpl ementary el ectro-nmagneti c conponents t hat

t oget heffoin® amelscted-magneticrdgve siystedr toveortsod thenfdcasing and
control the focusing and tracking novenent of said

| ens holygRkindSRewh¥nt & sid l@\sthbléé‘ﬂ é’ss]%ﬁﬂ& vélhtive ﬁfﬂé‘,@ld base
el ectro-nagnétic conponents include a tracking coil

focusi n%nﬁoééld%?écﬁa:mag%ﬁé cbfﬁéﬁﬂtelﬂ’%s |gglglhé'égtfr§c9€ ne%@@ﬂj a

a magnetl C’ Syste

bet ween _.said electro onent s

ol der " acisng GO pePeRARUG ¢8 SAENERTN Coband ataedSl
said base unit; and a residual fgnetl c layer dis ‘gosed

on the Sypfesruhertin @aaghetingap i fosmed between said electro-

el ectro-magnetic drive systemin the area of said

magnet i enagneticsanintporesitsl absaiddensholder ageamblyrand said glectro-
a plurality of magnetic particles. 13. The actuator of

A ai m 1madesti donsparibnteef shidlbasegmdt aadl ayer is

formed by
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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t he evaporation of a volatile base carrier liquid of a
vol atile magnetic fluid. 14. The actuator of Claim1l

wabergai21sai d resi dual magnetic | ayer incl udesP@&r/1B2004/001980
plurality of magnetic particles dispersed in a

14 U500 by PNBogE SR BbuEhi 5| VLSRR Br s

evaporation of a volatjle base carrier liquid of a
voltBan pix m@ﬁ@lkﬁﬁ,aﬁﬂgp&cont ai ning a pre-determ ned
amount of lubricating oil.16. The actuator of O aim 13
wherein said lubricating oil has a viscosity of |ess
than six centistokes at 1000C. 17. The actuator of

17 aihe d&ustor oe Craisal 3whebsin cald lopricating sil isreneodf ahydrocarbon,
hydrocarbon, ester, ether, perfluorocarbon, or

Si 'ég@é}”étﬁé'r perﬂlﬁoroEEﬂxﬁPUﬂ%Ih@bn@BnlCl aim 13 wherein
said résidual magnetic fluid layer has a saturation

magneti zati on of 1,000 Gauss -or |ess. 19. The actuator
of Caim12 wherein said magnetic systemincludes a

T o3 P Bl PR G i P B R

assenbl and resilient sy port nenbers connecting
sais@tyrg g@“ rAanstizationeabl P0PGaussOMESE unit wherein
sai d | ens hol der assenbly and sai d base unit each
contai n conpl enentary el ectro-magneti c conponents that
together forman el ectro-magnetic drive systemto

18.0MtHePhctubr o Clgim 2 Whéréinaalid maghetie spstenpinclaled a magnet
| ens hol der assenbly relative to said base unit, said

el e&téﬁlaﬁﬂgf‘gﬁd gyaggponent s include a tracking coil, a

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
24



focusing coil perpendicular to said tracking coil and

a magnetic systemwherein a nagnetic gap is forned
wheinmaeen1sai d el ectro magneti ¢ conponents of sSBETIIB2661001980

hol der assenbly and sai d electronagnetic conmponent s of

Pl ui oo i o AreQ ihabeif Ruid ¢ has Rl Rlaghetc

magnetic fluid has a viscosity of less than 1,000 cP

at 270C9apWhegin @@tﬂ.mwnqsmm pag @ isgasity &if legsdhan 16000 cP
wherein said magnetic fluid has a viscosity of |ess

t han 50@t@P°G@t 270C. 22. The optical pick-up actuator

of Claim 20 wherein said nagnetic fluid has a

viscosity of |less than 300 cP at 270C. 23. A pick-up
actuator conprising: a base unit; a |ens hol der

245 SO picaf PiKLGS AtuSTHr of GRART 20 W@ihssawma@%ha fluid has a

said | ens hol der assenbly to said base unit wherein

Sa'ﬂséo%ﬂig?%{s@%aﬁ%ﬁ@@ Xt ?fag sai d base unit each

cont nentary el ectro-magneti c conponents that
t oget her form an el ectro-magnetic drive systemto
control the focusing and tracking novenent of said

| ens hol der assenbly relative to said base unit, sajd

22| ckhe eptinel piskrup aeikpiorof Cdaime0 wherainisaid maggetisfiuid has a

focusing coil perpendicular to said tracking coil and
a nagposity of esstthan ¥06rof at 27V°@agnetic gap is fornmed
bet ween said el ectro magnetic conponents of said |ens
hol der assenbly and said electro

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.
25



magneti ¢ conponents of said base unit; and a volatile

magnetic fluid tenporarily disposed in said magnetic
w@ap4/1said vol atile nmagnetic fluid having a voPEt/iB2604/001980

carrier liquid.24. The actuator of C aim 23 wherein

said volatile magnetic fluid contains a pre determ ned

anount of lubricating oil. 25. The actuator of Caim

3 . wherein said volatile carrier |jquid is. one, or re
267 Uk astulior o5 Ao 2h e o volalia aegnti e Sanfurs a pre-
and ot her polar solvent. 26. The actuator of Caim25
whetedenmisad @nguniehtubsicatiag edar bon is sel ected from
the group consisting of hexane, heptane and oct ane.
27. The actuator of Claim 24 wherein said volatile
magnetic fluid containing said pre-determ ned anount
5 28 Theattaatored Okim 2B 0hedsiA said volatile! carGé liuid id orislbemore of
a plurality of magnetic particles and a sufficient
qu Y. i
o1 Wt YfBhati BRoE Al BRhAHC h{SBSIEH, 3Rl dther polar solvent
carrier liquid. 28. The actuator of C aim24 wherein
said volatile nmagnetic fluid has a saturation
pagpeti zatjon sufficiently lowto mnimze the |,
26, gﬁtq ??UBFOTPéQL'lQJUh o pisgid aliphatiediydsecarhen isselected from
plurality of magnetic particles and said |ubricating
oi Ithegrouie cengistingef héxamenheplaneranghestane.gap after
renoval of said volatile carrier liquid. 29. The
10 actuator of Claim24 wherein said lubricating oil has
a viscosity of less than six centistokes at 1000C
2 pefieadtdior Sf Shith 24 Whepaihisaid PolhtileInagheticMlidcbh&ining said
magneti c fluid.30. The actuator of C aim 24 wherein
sai.d.| i cat il i . . C or . .
ol dHiy lﬁéb WhdUnt 8'rf]ﬁ1b9i'&§tu9 off 'M'SH% é‘(/g%ﬁlerﬁagﬁgf liquid, a

et Her, pérfldorocar or sitrcone o

gcwﬁ%@fﬁ Sf;pggﬁciatf?‘f pzaf'rticvz\lg(se ra%idna glf?iifigieln;fl 8 Eéﬁt‘% io? %isc;))ielrsirqgg1 %gent to
disperse said plurality of magnetic particles in said volatile carrier liquid.

15
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

20 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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fifty volune percent or less of said volatile magnetic
fluid.
WO 2004/112012 PCT/IB2004/001980

30. The actuator of Claim 24 wherein said lubricating oil is one of a hydrocarbon,

ester, ether, perfluorocarbon, or silicone oil.

31. The actuator of Claim 24 wherein said lubricating oil has a concentration of

fifty volume percent or less of said volatile magnetic fluid.
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