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PCSI TI ONI NG AN "OPTI CAL BEAM BACKGROUND OF THE

| NVENTI ON 5 wo 98/06095The present invention relates generally toPCT/US97/13552
positioning an optical beam and nore particularly to tracki ng novenent
of a rotary actuator of a disk drive. Opti cal. mass storage
provi des a conveni ent mechani sm (i.e., optical disks) for transporting
| arge 10 anmounts of data. On a typical read-only optical disk (e.g., a
CD- ROM di sk), data is represented by the presence or absence of snal
depressions, or pits, forned in a surface of the disk. Wen an opti cal
di sk drive reads data fromthe disk, a spindle spins the disk at a 15
predeterm ned rate and a pregj QES8f bpehtabemmaM (e.g., a laser
bean) is directed to the sur b%g*%Oﬁ? e A drsk to scan data fromthe

di sk. The surface reflects the beamfromthe disk, and the pits forned

I n-the surface of the digKkcrerot®beoFheHENTENVENTION the beam 20 t hat
is reflected fromthe disk. The data stored.on the dissk is

reconstrucied i nto aTHPgPESFEREpLBYERTtAOT LTRSS FSHFH NG e intensity
(high or | owpcefi difthiiepnas heptical sbeah| eah@dmaned parniingleviyespondi ng
data consistin f. ones _and ros ' dLsks, h gnet o-
25 opti cal dﬁﬁ%ékﬁﬂgrﬁﬁ§53% aﬁé@ %i§%§?9§a%ggg§ﬁggeb?egddigﬁaﬁgixg?tten by
a magneto-optical drOpeisnd mapsassorR@eyProvifies/@ qEBRIEIeRely. Besides
reading and Widiang 4f fs . TR 1081 daskis] NeobearuABEoReiHEedabaE

nals that allo h ata 30

generati ng Sig centering the heamon a desired
track of iheamicuats of data. nptryRicali veadngni¥eCRtA6RAr f18Kt uator to

position an optigfal HréyerdadiskiTheagehi €3l répruseficad by gmg have an
objective lens Used to direct the ean1if %gs surface of .the di sk %nd
di rect the b®HAIGNRHS QU rIPFRRER L SMA 58PHaBEs. or pits, Lorme

PCT/ US97/ 13554 a surface of the disk. When an-@ptical disk drive

reads data from the disk, a spindle spins the disk at a

15 predetermined rate and a precisely focused light beam
(e.g., a laser beam) is directed to the surface of the
disk to scan data from the disk. The surface reflects
the beam from the disk, and the pits formed in the
sﬁrface of the disk modulate the intensity of the beam

20 that is reflected from the disk. The data stored on the
disk is reconstructed into a digital representation by
monitoring the intensity (high or low) of the beam that
is reflected and forming corresponding data consisting of
ones and zeros. Some optical disks, such as magneto-

25 optical disks, or phase change disks, can both be read

' and written by a magneto-optical drive and a phase change
drive, respectively. Besides reading and writing data
from the disk, the beam may be used for generating
signals that allow centering the beam on a Zdesired da:a

30 track of the disk.

An optical drive may use a rotary actuator tc
— position an optical drive head. The optical drive head
may have an objective lens used to direct the beam to the
surface of the disk and direct the beam that is reflected



fromthe disk. The beamis typically generated by an optics nodul e
mounted to awbasmesops ate of the drive, and a reflective surpepps®insss:
gal vanoneter is used to establish beam conmuni cati on bet ween tﬁe optics
nodul e and the 5 optical drive head. An obj ect of the present
i nvention is to provide nmounting of the optics nodule on the rotary
actuator, t her eby reduci ng novenent ©f2the gal vanoneter. Anot her

obj ect of the inventi 8[1 'ks to provide . a fixed atial_ 10 rgeég’gi onshi p
between the EBEPBCERGeAtEKs, £hE DeAFaic&v&: cally, FHF Y Bt cs.
Addi tional oppects moduadvaduages eb hdaseyqiidumn of thd [dbeveptaddrah in

t he descriptiop,whjch follows, and I-N rt wll. I,0US t he
descri ption, r%flﬁﬁélgg fgr?gang By le‘l’(ﬁ%%é“eet\(l)%ll t%%qfsﬁe\?ae/n‘%f o%%ég%%gh ..
obj ect s and beamdgamnapésapfionhbetmeem itde opt dws meeduledrhdlndt ai ned

by neans ¢@f L Lost t albi.ts es and conbi nati ons particularly pointed
out in thg’ C%%E%Qi BLTFR" Bk, SUMVARY OF THE | NVENTI ON 20

In general, in one dpeietheot nklaiPersert: ipventionnigppar REEYifer use

wi'th an optigdhingif. ofhenappataicss modulas ch Kt arardegiégured to
position an opti cal dri,ve head ov réﬁ' | ected portion of the disk. A
|i ght sourRereRY nBEANE IS, TONE d =l r‘%ﬁ’"ﬁ}:eg"éner‘%ﬁ%trAEQS beam

of light. Aobgétecddrthe theetitdlondiisved providenfd dhinest tepaersl ve the
heam of LNt 740 ShEREH, HiSueen BN LB B AAlAC el PO O Of, L, cpLLcal

drive hea ) ement at ons e 1 nven |
or nore of tawedfoheofiingd Ih&icesf.| ector may be a mirror 30 having a fixed

position. The refl el (BNPE SbJe&EL-and. Qairaaeagsse&ﬁ”théor- ndeRe TR
and the light, K source m I n¢cl ude an optics nodulfe. The reflector may

y : :
include a Whhtthal gt EPFER: LRy thed desanintipn MaHSGh 19 HPvesn fard,
the surface pasparenedllobeebbedbushe dondBHeo WSk i¥n O Gidy dbé ve
head. Thﬁ apgar at ug pay al sg.i ncl lfd%'ha . . WO 98141960 9,
PCT/ USO7 f35 garne Y- practice o € invention; e IS ?%gg., a
bi -cel | det eadvantpgest onttet dnvenitriosr aept He glealized tdred bedstra ined
transmtted ro; t S ! r:Q\i e i i | 0 t he
posi tion of {)geﬂggﬂgegﬁ Sﬁ_et. Egggg‘ra{%g%agé@gﬁme | gq%ét?lrrbarggsm tted 5
t hrough the BRFFhERlaYhy BppRtecuS YT Adleuddams. controller (e.g., a

tracking servo |l oop and a geMMARYNBFE ITHEC IRvEStradN 0 recei ve the
ind!cathg and pasition t surfqgey ghe-ﬁfpgﬁapus gagiinckug%uggs
optics ul e confi gut SFIT Yenetat Bt ndSB8Ghr of PFi gRYS26* 3R 5
gal vanonet erahaappgratnef fect bse suithaen toptdigadctdisk. The apparatus
has a pivotable arm configured to position an optical
drive head over a selécted portion of the disk. A light
source is mounted to the arm and configured to generate a
25 beam of light. A reflector of the disk drive is
configured to receive the beam of light and direct the
beam to a selected portion of the optical drive head.
Implementations of the invention may include one
or more of the following. The reflector may be a mirror
30 having a fixed position. The reflectoxr may be a micro-
galvanometer mirror assembly, and the light source may
include an optics module. The reflector may include a
partially reflecting and partially transmitting surface,
the surface positiogéamto reflect the beam toward the
35 optical drive head. The apparatus may alsc include a



the beam furni shed by the fixed optics to the reflector. An axi s
of. t he gal vanwm980689%y be concentric with an axi s about whirdrU$»E13552

pi votabl e arm pi vots; however, the axis of the gal vanoneter may be
aligned with an axis 15 other than the axis about which the pivotable arm
pi vot s. The optical drive head may be secured to one end of the arm
and the gal vanoneter may be nounted on a“sdrface of the arm

dianetrically opposed tp said one, en f.the ar T ener at ed by
the |ight souri%tqﬁi-';P’beP‘?rsa' p?;&?l’e"’z‘%lgu‘%?%ﬁ%g} I?oﬁéggﬁagﬁn}% a surface
of the disk. Fhiftercdian tiyhecteonftioen béamr efapsnbtted throoghi tale head
may be in a plane substanti y_pe | r. ko S f e
di sk.- The appfr‘%%f%?‘gléﬁé\f%%+ u%'g %‘E@%‘S?ﬁg ?gngﬁe H{%ggﬁgg t())é"t v%g)leén t he
light source drehm hun rdi¢ esevfacesbased on thegbhghtl tXRRSBASEREr aspect,
t he '”Ve”t'Q”ttlﬁcI@{ WS SuPELE0d fhhe UsspitbPudmept iRaludiesk drive

able

havi ng a pi vo rmconnected to position an optical drive head over
a sel ected poraamfirakler diekg- The FEAGKENT SeR¥PUHRSPgRASr&ting a beam of

light froma IdfRfarshe€er BOcomtetesd t Bot hecaiveabHedin@tthtigohhan@eamto a
sel ect ed "portion of the optipcal he nt.ations of the

d. L npl e
i nventi on may BRAARE RS SULE3GBre @Fet‘?\%p?B?FBW H3Y ’rﬂ'gEHPFeEH ng may
i ncl ude usioitt icg afddelercoifitguredct o ngenayatacthdebeamngfalight

gal vanonet 2 G | 9'GLEVARRORLE! Ry Pod oL PEEPECE V! BiEkace to ai¥Ber

98/ 06095
the beam The tearbenty Bernhshed| brietbebEinadi aPrics tpakhel spfleciosurface

of the disk, and the giy @eliisNGfMRbhe gallREHHRAS MhyA KAl MARUMLE] - SEELH, ed
to the arm and nount ed to direct the_beam_;loward the optical head. 5

In general, |RhftherabepecthichetheRivebable 2EH;BL¥CtEs BRYEVEEuUs for
use letlh an oniries:?ixﬂ&sdxf ?'h@hga]aﬁ@mﬁ_ ’ egeﬁ Kag neaamgﬁaaswatgi ahl ¥xis
parall e t a rta t he. di e to | about .,an,axl s
Cocateq | L5; SHieSfban The aFhe Sresh, Wiaohr (e Ravebaklt; ARfhpakors -
optical drive Teacdpubeakdiniee headeayche sécuhedatm oneoesd efséhect ed
portion of th S p. @é(#ém | C u ar, ¢t he
one end of th?]girl'mkan&-(r:%rll?i %%j_r:e toégéeﬁgtpg}’eﬂ)%gﬁée’%ﬁ?%? ?Pgﬁt EF‘%QSE% g’rﬁe .
substanti al | y t3w sayre|diametsieably opreseddraksaifeons apfapht ibeakIo-has

an i magi ng | eng@skin S NSPRFBY by thdDUIGRE 86afcERapnBechfl af phhgear m
configured to %KBIIJO a flrs%} rror to rgflect t he bggg&genegated by
the |ight gguﬁﬁg’QﬁQﬁkﬁiiﬁép?ﬁ% %% R} SWEER0RerE ERE not RBF end of
the arm The &paw adirsedasd af secotile reflector to the optical head may
be in a plane substantially perpendicular to a surface of
the disk. The apparatus may also include an imaging lens
located between the light source and the reflector.
25 ' In general, in another aspect, the invention
features a method for use with an optical disk drive
having a pivotable arm connected to position an optical
'drive head over a selected portion of a disk. The method
includes generating a beam.of light from a light source
30 mounted to the arm and directing the beam to a selected
portion of the optical head.
Implementations of the invention may include one
or more of the following. The directing may include
using a reflector. The directing may include using a

35 galvanometer configured to position a reflector to direct



20 mrror nmounted near the another end of the arm configured to reflect
t he beam ref ivapesmdodsy the first mrror into a pl ane subst ap &ﬁ)rgb-ﬁlssaz
ea

per pendi cul ar to the surface of the di sk and toward the optica

I n general, in another aspect, the invention 25 features an apparatus for
use with an optical disk. The apparatus has an arm substantially
parallel to a surface of the disk ant ohnected to pivot about an axis

| ocat ed at one end of .the arm the arm conf.i gured .t gQsi tion an
optical driv&hgekgampcath® ﬁ’&fr’“ et ﬁ’lﬁ' Ehe a&’r?e O"'fﬁ“o’vae]lrl% sel ect ed
portion of thardilglel tee aapparfaces dfatline dld}q,gran$mha:eimnfttmgnwy said
one end of t Qonflgu d t o nerate a f a pl ane
subst anti al | Q'nﬁi?'@ﬁ &SHg "%et%ésefl“fl? flitt?eq;h %E%r%ﬂ%s al so has
a gal vanonet exuntieal dcbh mmeame:mas beraot exwagnadl tdfe tdpe iarah derdd gured to

position mrror to 98,0
PCT/ US97/ 13552 I“r%?ﬁ’%ﬁ%@t hgﬁbggﬁqéPﬁr 2FPSEE SERS, AnVRoFign

per pendi cul afeatpgeshans appagatars tier d-}ssﬁ&“ﬁ-r?dl BEneRY Gt d%itslém Theve

head. pparatude Mis?lan Ia}na%&rarﬁaraqqty giadireienid o sufesateres a
nmet hod f or use W|th an opti cal dISk ive avi ngtddgévotable arm

connect ed t o9fo&hE G35k amct iqegrect |t\Fépr}é'é’tf 1B A RAY®E on of
a disk. The at ohlehehd o wirs gaiendid ke dedigirdd gy pusm@ldngm

source a rotating the |ight rce to track t 10 of the arm

BRI EF DESCRI PR a%:d% e pRragcated neat @i’&e rﬁfﬁ% nﬁghlﬁ

whi ch are i noyegorateed ecteidh pant isconsifi tttee dd ghar t Tfe tdmpaapenid mm |a)n

schenati cal | USihalcl Ve ,_3,]@ I t he general
?]h% above a;r@ﬁt ﬁ% dgiéaa&n ’or%g e Wil i

description gi scription given bel ow, serve
to explain t FORFAONESH &9 genmratee a Ream iadn llght in a plAtgire 1 is a top

view of a di %Ktb@ltla‘:‘ﬁ‘;l&(l ?}'afparrallel to a sdiiweeo% ithed Gilgle, vimys of the
di sk drive_act uat or re 1 re 3 a top view of a

IS
di sk dri vk® aBPRAE &tu& s ﬁéﬂ%ﬂ}@%&ﬁaﬁ a galvanome §fgure 4 is
a perspecti ve\o\amewd)heaxdltsie @érieveend ottt carmfcmrf:@jummaio ve

enbodi nent . fgli.gQRl ‘l;_.l Tlgli{:

As shown in él gﬁ}:é'gn 2 |“{r:1) e{'(ng%o% -(?#1 @%@E?)“ ve,” an op'%sel CS %Ddul e
100 communi c&hes Light seuses dhroughthe imasdinmaens and itpwandahee. g. |
a laser) to m@@ther end of the arm. The apparatus has a second

20 mirror mounted near the another end of the arm configured
to reflect the beam reflected by the first mirror into a
plane substantially perpendicular to the surface of the
disk and toward the optical head.
In genéral, in another aspect, the invention
25 features an apparatus for use with an optical disk. The
apparatus has an arm substantially parallel to a surface
of the disk and connected to pivot about an axis located
at one end of the arm, the arm configured to position an
optical drive head located near another end of the arm
30 over a selected portion of the disk. The apparatus has a
light source mounted near said one end of the arm
configured to generate a beam of light in a plane
substantially parallel to a surface of the disk. The
apparatus also has a galvanometer mounted near the 0
35 another end of the arm configured to position a mirror to



dat.a: from an upper surface 211 of an optical disk 112. 30 The optics- nodul e
100 i s nount eWQIBAPS ot ary act uat or 103. The actuator 103 heCT/US9743552

110, in a plane substantially parallel to the surface 211, used to pivot
about a vertical axis 200 and position an optical drive head 107 over a
selected region of the surface 211. 35 @egaqse the optics nodule 100 is
nount ed on the actuator WO 98/ 0609

PCT/ US97/ 13552 g@ﬂé

with the arm fﬁf-l%f’tpr'gb%t%??ﬁln }an? subs th@lg%slh,l %,%:i- mal nt al ned
bet ween the op:to asherosiat Bad® 0o f tlamddmle andvéowaaé the ppgdicdilesrigre t he
position of t & a arm 110. 5 For purposes of reading data fromthe
di sk 112, t c%ean1generated by the nmpdul e 100 travel s along. three
optical paths 106 108N GeBered -t ¢1t REVRGTASRETve HREFATVERBFO%hi ch i s
positioned By i .a¢dm léqn@msdtf@ru@@ermthsanf apeizhl dfiskheldivek 112.
The opti cal paths 106 and ;f are | Q a ubstan Iall%ﬁﬁ a{leh.

the surface bhawming T'?‘lepjcﬁﬁ?‘f'%}a path ?L% §°FPR 5CpPRRA SO0 BEh BRI ASR

per pendi cul ar dﬂﬁ&ﬂqé&dfmer 2é.15e]]'élete¢t poalitdlo'nvefhaadllsk 107rher ansmts
t he beam ori gi ngt.in c 11

reflects the B'é%frﬁo‘g'h ‘?%% &%gé'}dfl ve heagei& g %Ing S’F}é beam at is
refl ected fromourqmeals@rtat:%tmﬂ %b%kli-ght:héot}p‘??cap Sagiski®dhe The beam
that is re%beqﬁ&%,ﬁ%éo&@ ORd | £k pat hs 109 108, and 106 to the nodul e

100 where data read fromthe surface 2 extracted. 20 For

pur poses of finely positi oﬁ?ﬁ& tP@SSBQﬁTIONgéWer'%{FedDWItW%S optics nodul e
100 on the drive headThes accoé@aehqugadieim@ twwwdqq cdiré hensorpoearedl) ,
a.- noveabl e mrr 102 o a?gal vano r ﬁ sitioned to |ink t he
optical paths %@’Hﬁmc‘i’b%tl% e%cﬂaﬁge?tg 5 onFﬁé §aﬁ11|°r“dr 102, a
pr edet er m ned sqiagmatt ical by | bhbhspragestbe invenndon and,omngm:hmm:a:noo
and the m ggor S r r b t he

hE t}g%gg&g?fgf de?@f{%%%g? ug&@& abbler gha %[i('xe Yiertg e

mrror 102, vanonet er ni s I ne trac e beam
communi cat i on @W‘C%% BhYER sberber) eSEHUeaﬁEP £/e Bensﬁlhﬁad?@lmplﬁ%
coarse tracki nge ofhd hendeion. communi cati on between the opt i cs nmodul e 100
and the surface 211,, on the .ot her hand |§%gurn %( t he EI vot i ng
movenent of the arm 1fggure 1 is % ABENRERTon top
of a 35 cylindrical h#igl}e of isha rsaic‘eer wm,ucaﬁarhéaﬂhsﬁh@rmé actuator

20 of Pigure 1.

Figure 3 is a top view of a disk drive actuator of
an alternative embodiment.
Figure 4 is a perspective view of a disk drive
actuator of an alternativé_embodiment.
25 DESCRIPTION OF THE PREFERRED EMBODIMENTS
As shown in Figures 1 and 2, in an optical disk
drive, an optics module 100 communicates with an optical
'drive head 107 via a light beam (e.g., a laser) to read
data from an upper surface 211 of an optical disk 112.
30 The optics module 100 is mounted on an rotary actuator
103" The actuator 103 has an arm 110, in a plane
substantially parallel to the surface 211, used to pivot
about a vertical axis 200 and position an optical drive
head 107 over a selected region of the surface 211.
35 Because the optics module 100 is mounted on the actuator



WO 98/ 06095 ' PCT/ US97/ 13552 .
-7- "136 woommeewsal with the axis 200, and the bottom of t 3
is mounted to a cylindrical nounting tube 134 which is SeCBrE'é‘gIS?@fggszl
drive base plate 135. The actuator arm 110 |l aterally extends fromthe
side of the hub 136 to 5 cantilever the head 107 over the surface 211. The
gal vanoneter 104 is nounted on the rotary®attuator 103 such that the

gal vanoneter 104 rotates by the sane angle

) as the rotary agtuator 103.
The ref | ect | ¥83sanfagetates wikh She, ARhaid A MTHASBHREDSPHAakd

near the 10 phyatiBasiips i¢f waitgdnea) wativiierl hdwWptiys todwlet Bgo
el sewhere, as descri ged be es of. contro

nmovement of 8RE &P rl.l’foa"%vfyﬁe 104 5@%&%50%%%% R Hiefet®) %%)H-Q%SO

| ocat ed OBrinhaisi.de of the hub 136 dianetrically opposed to the 15
act uat or m 110. T | | egt t] I LpkLe S wbth a
¥ "Fof Plirddleg! SE! LORBIAS! hERk Erom LBLCHACLS 14

magnet 132 (nounted on 3 to control fhé  pivoting

ase
of the rotar 9hacbsaﬂbgener?@9da$k¥utthc%é“%£ﬂ§ AP toravelkd kg a0
i ncl udes a olfggehhi BRlhis 204,© 1982 \@tﬂ@h@twe@:@%@wﬂ Yo {9 fhdigg 20

actuator arm 110 tqﬁgosltlon the optical drive head near the surface

211. 107 pwhd s RPOsifhones By, Fhs @ L VO ERKERET al ong
the arm 110 awe¥abteomthefhwhel FskAllawy t MEhepaspgticall GBatdxs S166 aand magi ng

| ens 115 per dicul ar tq_the path.25.108,..and e end of the actuator
arm 110 Aoy TPPoRFS Loy e ainye Smbeaeiat WM o e e T FReES (e
optical pathg21108 The tpTical path 10Fgrs pr poand padestamniaily he
optical path s (18 | ishi corgpi j ed 30
portion of tﬁéggﬁrn éltcfg%fl)t?’s?% -sglekll%%c#e)?%gbr 166 @imm%?%%e%%&?he
back of the APHr&rapepitphdhe hesm priginating frem tyhe edmle 1109 &ad

al lows il | umpat iseRflalcematine whidifare faensi etk Qyedhe Orfié CSptpelal e 100 to

be det ected . he detector 166. A gal vanqneter ser f eedback | oop 35
(ot shods Bkive Beada b iirshddie baa Wi o abiected Eoop

98/ 06095 the surface 211 back to the opticdXPatIV71dB552The beam

- 8- to c ol .t | f 1Al vanp 1 £& OF 2 heh
directs the -gg‘tgﬁ:sé'so fﬁ%%(%t‘fcrfacﬁlp&ﬁ ‘%@91 ni?éé}ﬁs niq%fe lr%é)hr?/n%c Bgtor
103 may al sotinéhedmoghdiehdi00 where data read from the surface 211 is

‘extracted.

20 For purposes of finely positioning the beam
generated by the optics module 100 oﬁ the drive head 107
(and on a selected track on the surface 211), a moveable
mirror 102 of a galvanometer 104 is positioned to link
the optical paths 106 and 108. For each position of the

25 mirror 102, a predetermined spatial relationship exists
between the optics module 100 and the mirror 102 as the
arm 110 rotates. Therefore, by turning the mirror 102,
the galvanometer 104 furnishes fine tracking of the beam
communication between the optics module 100 and the

30 surface 211. The coarse tracking of the beam
communication between the optics module 100 and the
surface 211, on the other hand, is furnished by the
pivoting movement of the arm 110.

The optics module 100 is mounted on top of a
35 cylindrical hub 136 of the rotary actuator 103. The hub



actuator arm111 | ocated beneath and substantially 5 parallel with the arm
110, havi ng tW@%’M"’eI enent s di scussed above for interacti nBCWU§INIASS2

| ower surface 210 of the optical disk 112. Another optics nodul e 100 may
be mounted to the bottom of hub 136, or alternatively a mrror or prism
may be nounted in a manner to pernmt 10 |ight_ comunication between the
optics nodul e 100 and an optical drive head of the actuator arm 111.

For purposes aphet phi deHd Sl et Udes a

| aser nodul e %g(f’g\%n ﬁééﬁg%?iegtﬁ:s'pg EheI Bﬁlg zgg)fn ano t he optlcal ath 106
through a 15 dwil il i m%t§§2t°aap5h’3u1i“9§t‘| HE%‘H ; and

a C?' l'imat On/mﬁﬁ.rd'l‘?c‘ité OfedePed 166. aTbelkregblbslée@mﬁte r]ﬂfg ect’:&da fatcﬂtmatfmr
surface 211 passes rror al ong .t he ti

t hrough the |- & 1@6‘)r gﬂ%‘:?gaﬂydﬁﬁé?f’éﬁ 6% Mhé& efr?‘ids)egl |ftcﬁzlé}eo%§£b tlgﬁserf?/o
and data 20sdeizepdilreveb0ché headopdliceverdthe B faceh@ldat a The detectors
160 extract the .data fromt b t f

Q her enbodi mEREHMAGETHi PS% hggg}(‘:‘éﬁé‘:gﬁ %% the este"{y9 mven‘igltz)n %%or
exanpl e, as stmmh ithdt gehe galzanometgal a@ﬁomt@rtembymab%lsa@maang@y be

mount ed on tO% e PYbadBhat Braibacat iR @e@m&eﬁ@ lstompasege to the
actuator arm f’o and not at the center of rotatlo of rotary

actuat or 103. 9he (FALVIRPBAFRENPITLRE 30Rs Mgy be rtﬁart P'Feh?nrror 102

is still papa #ha}oﬁihcj hex b 6f39h20§a1&a€hohhﬁem o bm;2 et el maakeed t he
top surface o t.he hub odlnent the optics nodul e 100

3& ghlds
comuni cat es iIEHHEE St i 98 8§8r1 7 vP& §¥i cal paths 108, 109 and 300.
Optical path 300 repl &ces poptgases paft cont #65] ingdmoviementrof tb2 hrmks the

optical path t 6
PCT/ US97/ 1355]2]96b Q:ﬁ {(gitary gx\pﬁg%’g Q%$hé‘ célélr%erse é:é)tleld 3roor%<%cf‘1ated‘?sk
112 fol | ows h&hpts pht hBe1bBb1836add aggsrically opposgd Liptiks

enbodi ment 3 saK ALY NaFhJYL 6. 4, The comlcrmvg@l PR ndl Id1assenbl y

Texas. ini‘t AhsRASER pfEBen PRERFR.Rd2 Dl\éDé%’t‘ﬁ%‘?;rOCh e BRgg, (his
enbodi nent aﬁévnm@hﬁtercéﬁﬂreﬂdthESpmwmmamg ofuﬁhennouampwmiuator
i ot i”‘é;ﬁ y %o%%ﬁ?ogﬁ%%%%%f?abm nE SR W, T ISR 12 nes
beam communiessiiioenti f hexheed2Plewhiah ﬁmtendﬁtdﬂwnnﬁndkﬂ fromathe 109
and an optjgal M&APJarahflepkbcsbs@e&@mmelae optSiddl ¥PhANGead 107
substantially paralle to the surface
near the surface 211.
As shown in Figure 3, the optical path 108 extends
along the arm 110 away from the hub 136. Along the path
108 exists an imaging lens 115 perpendicular to the path
25 108, and near the end of the actuator arm 110 away from
the hub 136, a fixed reflecting mirror 114 links the
optical paths 108 and 109.
For purposes of positioning the optical path 109
(i.e., establishing beam communication on a selected
30 portion of the surface 211), a bi-cell detector 166 is
mounted to the back of the mirror 114. The mirror 114 is
partially transmitting and allows illumination from the
‘beam generated by the optics module 100 to be detected by

the detector 166. A galvanometer servo feedback loop
'35 (not shown) uses information provided by the detector 166



and extends along the arm 110, fromthe optics nodule 15 100, to the ..
m cr o- gal vogeywiegdes™ rror assenbly 400. A partially refl eegiinkgysisks ace
405 of the assenbly 400 | i nks the paths 401 and 109 and furnishes the
posi tioni ng of the optical path 109 upon the drive head 107. Because
the surface 405 is partially transmtting, a bi-cell 20 detector 406
mounted to the back of surface 405 guide® - the partially reflective:

surface 405 by providin feedback to a tracking servo |.00 (not shown) .
The t r ac kiongeasdmadl | Pos bk ben sofy thet g8 1¥aRemeteadd T 102urn the

surface 405 unon, REFREAC Cbhal caese 492 44 bpriBadr gaittelososi tion the

optical pat I n summr]1y ané‘lfﬁ?caelat us. ang t hod {1

gener ati ng a bea®hsf rPtgRY ACeEMaEay gt 2BHRSHUES. aPPHREFy

act uat or an%éﬂda&ﬁ:tf r&hﬁ hmi)ﬁamtt@tadsbéﬂeaeu paLt |smbsarfantlaad§opt i cal
drive head has ribed | has been
descri bed®i P3% ch b"b e?%g HIﬂé Eh%%hen%g%ﬁéo%% however, is
not limted d:mdﬂnseﬂrtnﬂnbmnfonepncendcahdgdvéﬁ—h Bedower mawface 2o scope

of the inventd qid ief ot dabsct g2, ﬁHBEHQ%do alc@smodule 100 may

10 1. . An dpparatus
for use witheamapmted|taeithke cbapEr®i af: hub 136 Tor alternativglyot@abl e arm

configured tyg OQS tdlgrbf‘fsxﬂ%éfai:edﬁ\bMﬁtéaaﬂnO‘éeha@n& to perifitect ed
portion of the disk and out a Llrst Xi an

a
optics n?aaullelgﬁ}’urﬂcéﬁf“‘f‘bl?ﬂ la?n?ﬁﬁﬂeﬁﬁnf: SUPB&:L[C& mRrle 100 and an
li ght sourcepti@enaiaiee ahsadanoHf thegbbtuauplredmo 1he optical drive head:;

a reflector m)untedtoth r e e
of light and direct FPﬁ'e %%E[Sa%% g‘%}{eécl?égdl %nB%Mf h{éng Pf’ g}: drive
10 heeeulendl00 includes a lasergmgdp &ndrﬁé’t é\fh%ﬁiumr&iﬁ@&rﬁe armto

pi vot about iﬂ‘?\?%@a X4 P th ticdhf baeant ofs’ @A fél’St axis and
havi ng a refI[al I ve stﬁr?a%%gto el ?Ie)clc he b ghm of lqsht from

the |ight5scpkkinarionr 1enpelfay, amﬁ@ié?ﬁZPﬁé%‘dﬁw wlleter 4vodul e,
the gal vanoraicra &HEL ikt eehPeorpadeiba Qphiscalsedr i VBhehdaidyHakeeam

reflected from the surface 211 passes from the mirror 102
along the optical path 106 through the lens 156 and is
diverted by the beam splitter 154 to servo and data

20 detectors 160 of the optics module 100. The data

" detectors 160 extract the data from the beam reflected
from the disk 112.

Other embodiments are within the scope of the

present invention. For example, as shown in Figure 3,

25 the galvanometer 104 may alternatively be mounted on top
of the hub 136 in a location diametrically opposed to the

" actuator arm 110 .and not at the center of rotation of the

fotary actuator 103. 1In this embodiment, the axis of
rotation of the mirror 102 is still parallel to the axis

30 200, and the mirror 102 extends above the top surface of
the hub 136. In this embodiment, the optics module 100
communicates with the drive head 107 via optical paths
108, 109 and 300. Optical path 300 replaces optical path

106, and the mirror 102 links the optical path 106 to the



15 ... a fixed spatial relation relative to one another at_different

posi ti ons of W(98/06095 arm 2. The appar at us RFT/E$%[13552
wherein the reflector conprises a mrror having : a fixed
position. 20 3. The apparatus of claim1l, wherein the reflector
conprises a mcro- galvanone%gn_nirror assenbl y. 4

The apparatus of claim 1, wherein the refl®ector includes a partially 25

reflecting and partjally,t smtin idu onesl to
ot oct the DERELEBhaPRLnEOdn | Shp BBl AElectin TR th N e

conprising: follows the opticad petbst 308739% iEdWed %% intercept |ight

from the beanltranSMféeﬁhot er embodih&hPUOAstEBowHT L ACR1g0@epROVEdE an
i ndi cation .of the position of the beam 5 on the surfqge band on
. a Digita

the 1ight transarotgdlvanongherhiszora@sseqidy 400 (e.9.
i ace. < 5 Rt 4 ol 5t e 8 BB
conpri ses bi -EEFFrH@?E&Sgr ."%%iﬁces t%%gixéﬁnée\g&%;cﬁfgt L?tshﬁfldlﬁlgffnﬁl wher ei n
t he control | egni Bk gdembadimeniti, ngheegad vanometer 104 @gl its mirror
| 102 are removed. Furthermore, the optics module 100 is
mounted on the hub 136 diametrically opposed to the arm.
10 110. The optics module 100 establishes beam
communication with the drive head 107 via the optical
path 109 and an optical path 401. The optical path 401
is in a plane substantially parallel to the surface 211
and extends along the arm 110, from the optics module
15 100, to the micro-galvanometer mirror assembly 400. A
| partially reflective surface 405 of the assembly 400
links the paths 401 and 109 and furnishes the positioning
of the optical path 109 upon the drive head 107. Because
the surface 405 is partially transmitting, a bi-cell
20 detector 406 mounted to the back of surface 405 guides
the partially reflective surface 405 by providing
feédback to a tracking servo loop (not shown). The
tracking servo loop interacts with the assembly 400 to
turn the surface 405 upon perpendicular axes 402-404 to
25 precisely position the optical path 109.
In summary, an apparatus and method for generating
a beam of light from a light source mounted to a rotary
.actuator and directing'the beam to a selected portion of
an optical drive head has been described.
30 The present invention has been described in terms
| of a preferred embodiment. The invention, however, is
not limited to the embodiment depicted and described.
Rather, the scope of the invention is defined by the
appended claims.



7. . The apparatus of claim1, further conprising: 15 a
| i ght deteciyisogispsst ed to the armand positioned to recei ve ®CTNS97/13552
portion of the beamof |ight fromthe gal vanonmeter rds
the optical drive head,.the |ight detector oper ahmg_sg&t@;sgge“%%p&gd

I ndi cation of an orientation of the gal vanoneter; a.
f eedback | oop coupled to the Iight detectbr-and o I}H'Iu&”lam
control the gal vanoneter according to the indicati ntati on of

t he gal vanonet er soWhett asagjlagmes diSriecti on of the beam of |ight towards
the optical drive head apd LPpadathis for use &ith Arfleptiiedlordise with an
optical disk, conpr]sing: '

12 comprisSing: gn optical drive head configured to couple light to
and fromthe a Piviotable arm configured to [posittaibde arm
configured to position the optical_ driy o : .a,.sel ected
portion of tq’%tp’oqas%grl‘éeehegé over a sglgﬁé%%tiggétﬁgau% ﬁlﬁﬁntdé%kt'o t he
arm and configured to haweldght source mouritggd twplthe awn ok igeredbeam
of. light coyple IMbe SR ofr L¥YEnPeagna a reflector
nmounted to tjﬁie Egeréng%éntggco%lé ur%g tosdi re,cIE1 the beam of Light
to the optical drive hea@ reflector configured o FRFIVediift 23 Phe arm

and having pidwdf | £6didEredf the bedM tace, sededted pameieheofpichet i ng to

direct the beam of_1{ght f\[‘onht he | i ght source to the
refl ect of? vPRYEFM tHEY VDt PER% pdul e, the gal vanoneter, the
reflector, and the optical drive head have a fixed spati al

relation relative t(} one ﬁ%Otarbeﬂazaattﬂ ferrce_LrHirPofiﬁjxé)Péir?ftﬁQe arm

reflector comprises a mirror having a fixed position.

3. The apparatus of claim 1,
wherein the reflector comprises a micro-
15 galvanometer mirror assembly, and
wherein the light source comprises an optics
module.

4. The apparatus of claim 1, wherein the
. reflector includes a partially reflecting and partially
20 transmitting surface, the surface positioned to reflect
the beam toward the optical drive head, the apparatus
further comprising:
a detector positioned to intercept light from
the beam transmitted through the surface and provide an
25 indication of the position of the beam on the surface
based on the light transmitted through the surface; and
a controller connected to receive the |
indication and position the surface.

5. The apparatus of claim 4 wherein the detector

30 comprises a bi-cell detector.
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a light detector nmounted to the armand positioned to receive a 15
portion of t goag®f |ight fromthe gal vanoneter that travel BCTAUSSII3SS2
the optical drive head, the light detector operable to produce an

i ndication of an orientation of the gal vanoneter; and

f eedback | oop coupled to the |light detector and operable to

contr ol

20

t owar ds

t he gal vanoneter according to thelllndication of the orientation
t he gal vanoneter so as to adjust_a directiog of,%aﬁ beam of lig
Ghe cthe @PBPaNates RECIAUM feWBRIRIMWGE i n an axi

of the gal Va”88ﬁ£§§>11er includes hSteaRKaRY iserMd Mavp axi s about which
pi vot abl e arm pIvots.

9.

apparatus of claim1l wher é'h The" Heam genera

The apparatus of claim1l, wherein the optical drive head is secured
one end of the arm ang, t herigalapparetws of cbaikmedl, ofiuatber sospafl sting :

arm di anetrically opposed to said gq@oggfleoé?éggggggﬁetﬂ genlag-ateﬂ%%e

ht source

is in a pl @ebeasbénlighty padallel to a surface of the disk. 1
The apparatus of claim1 V%‘%ﬂ%%&ﬁe@@@%gﬂﬁﬁt gdrEEoRERGe BT de
pl anhe su

the optical head is in a

of

conpri si ng anr%gggkegrlens | ocat ed
and the reflector

10

)stant 1 al |y perpendicular to the surfac
dizedtskhe beam furpishege byp tfixesd QPLies 1t ukhRer
bet ween the |ight source

havi ng a pivotabl e arm

8. The apparatus of claim 7 wherein an axis of
10 the galvanometer is concentric with an axis about which

the pivotable arm pivots.

9. The apparatus of claim 7 wherein an axis of
the galvanometer is aligned with an axis other than the
axis about which the pivotable arm pivots.

15 10. The apparatus of claim 7, wherein the optical
drive head is secured to one end of the arm and the
galvanometer is mounted on a surface of the arm
diametrically opposed to said one end of the arm.

11. The apparatus of claim 1 wherein the beam
20 generated by the light source is in a plane substantially
parallel to a surface of the disk.

12. The apparatus of claim 1 wherein the beam
directed from the reflector to the optical head is in a
_ plane substantially perpendicular to a surface of the
25 disk.

13. The apparatus of claim 1 further comprising
an imaging lens located between the light source and the

reflector.
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15 13. A method for use with an optical disk drive



connected to position an optical drive head over a selected portion of a

di sk, conpr weo 950609S nmounti ng an optics nndl#cq-,ﬁ'@y,hgggza
| i ght source, a gal vanoneter with a steerable reflecting
surface, a reflector, and the optical drive head 20 on the armto
have a fixed spatial relation with one another at different

positions of the arm - 12retating the arm about a first
axis to position the optical drive ‘hea

generating a beam ofl4. gift Metdnd Heox ivpR %ﬁh@mﬁ%lt%whednve

14 having a piweabms bl& aahv;éeeeat eb ﬁb%li@(io@x SO UMt id41s that

Is different ﬁ& rst axi.s; g usi ng
t he reflectd??%%edF?QGtoYﬁE Beﬂ FStﬁdSBPEEFQB Ror & Giskr CREPrising:
optical head which furthgertan‘aaﬁtmg tahebexmmof dl Hglsel| Exdéwda pbigheon on the 5

di sk. clLaiml further conprising:
nmeasuri ng Sa %%?¥?%nm8$n€E§ gg ﬁ?% a%wghF%Fhat travels fromthe
gal vanonet er towards the d;p:teaialngjrqh@ Yaamn to 4 eiklectedrport tom adf on of

10 t heggal gggggieﬁe adj usting the
gal vanonet er according to t e orientation of the gal vanonet er
to change a position of the beamon the disk. 15. The net hod of

claim 13 wherein thagliregid Metdhvd WECHEHMA A wHdrein thdahyAEOrBAST

confi gured tp Bﬂi élsolrllsgnéeflecﬂr to d| rect the beam

10 16. The method of claim 14 wherein the directing
includes using a galvanometer configured to position a
reflector to direct the beam. '

17. The method of claim 14,
: wherein the beam is in a plane substantially
15 ‘parallel to a surface of the disk, and
s wherein the directing includes using a
galvanometer secured to the arm and mounted to direct the
beam toward the optical head. -

18. The method of claim 17 wherein the
20 galvanometer comprises a micro-galvanometer mirror
assembly. '

_ 19. The method of claim 14 wherein the beam
comprises a beam in a plane substantially perpendicular
to a surface of the disk.
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16. ..The method of claim 15 wherein the gal vanoneter conprises a mnicro-

gal vanonet er wO98/06098ssenbl y. 20 17. An apparatus for use PUTVUSIMIISS2
optical drive conpri sing: an optical disk head to couple
light to and fromthe disk; an arm substantially
parallel to a surface of the disk and connected to pivot about
an axis located at one end of the arm theltdrm configured to
position the optical i ve_head | oc ted ear_another end o t he
arm over a sel ected &tloﬁnof‘p?ﬁﬁag £ UL & °pt1caf disk

15 comprising:l i ght source rmunt ed near said one end of the arm
configured to n t Qf t ne sup tantially
pataliel to a surface of 45N&LA gu%s%%% a%}ﬁgghréfhéﬁF%éia sur % JUOE

i magi ng | ens; the disk and connectedjdtwgpbviet eaboutneadandar logiadeghatend
of ‘the armLopheOuh@ior the arm, dife payretcaneygueeaa&sagegﬁk% g that

isTdifferent fromthe axis
first mrror eR§agad @5%Mﬁa§ﬁ94N%Rﬁﬁﬁ%ﬁ ?%aFeFPEEPth§n9e8§1the arm

generated by bher! bglbeleeteet gdrih éhechargisk; ens and toward said 10
anot her end of the arm and second ni ror rmunted near

said another end of the arfh 1ight source &&HQHﬁawﬂFQ§)§%ﬁ HREm
reflected by the éirmst:omifmgurémtub generwte a beam of 1$gh8t aht aabllhne

per P YR s eI Bl 0% ARERUE el e ospi
: an 1maging lens;

a galvanometer mounted near said one end of
the arm configured to position a first mirror to reflect
the beam generated by the light source through the

15 imaging lens and toward said another end of the arm; and

a second mirror mounted near said another end
of the arm configured to reflect the beam reflected by
the first mirror into a pléne substantially perpendicular

to the surface of the disk and toward the optical head.

g
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15 gal vanoneter, the first mrror, the second mrror, and the optical,,

drive o vw)mmumuhead have a fixed spatlal relation relatlquh@ygﬂgsa
anot her at different ~ positions of the arm

apparatus for use with an optical disk conprising: 20 } an
optical head to couple light to and fromthe disk; an

arm substantially parallel to a surface B the dISk and

connected to pivot about an axis |ocated at one end of the arm the arm
configured to positPRdn t A8 GPRAEAtUR ifRr MeRl Widdntan oricahodhek end of
the arm overcoihpiq_gaﬁ{gsd portion of the disk;

16 Ilght source nnunH@? near said one end of the arm

configured to any grm substantdaldy |Ragalisl £o1amustaceantial ly

paral | el to thesdifgiccarnd connected totbevdtSHboaﬁdan axis located at @
gal vanonet er__nount £d sai d anot her end t he mto pivot 5
around ardt P&° 558{ ooé]%%e?e%mfr ﬁ?tﬂﬁmai?g b?ufﬁg anPﬁﬁgt&S’ﬁ‘f Pfured to
posi tion a wptigral driof¢ deead hbobatedi near phnotherbehdnbifakthy arm
per pendi cul @r,dh0 £ hes gggepggtiﬁﬁ gEskn@ngikRward the optical drive

e

head, wherein the lig source gal vanonetef, and the optical head
have a fixed spati al reI 8t ldghtesAurRe MOwEHed Madtesaid (e erdtof

posi tions H&e arm cdﬁfié&r@dnto generaté9a bd&f éEpiﬁéhﬁslﬂfaC#gh%518

ﬁ??;g:n Hg éﬁafigg£1af¥y r?%ifgf surface of the dlsﬁ vggo rer

a galvanometer mounted near said another end
of the arm configured to position a mirror to reflect the
beam in a plane substantially perpendicular to the
surface of the disk and toward the optical drive head.

15 22. The apparatus of claim 21 wherein the

galvanometer comprises a micro-galvanometer mirror
assembly.

23. The apparatus of claim 21, wherein the mirror
has a partially reflecting 'and partially transmitting
20 surface positioned to reflect the beam toward the optical
drive head, the apparatus further. comprising:

a detector positioned to intercept light from
the beam transmitted through the surface and provide an
indication of the position of the beam on the mirror

25 based on the light transmitted through the surface; and

a controller configured receive the
indication and interact with the galvandmeter to position
the mirror.

24, The apparatus of claim 23 wherein the
30 detector comprises a bi-cell detector.

—_—— .
———
——

This Shee

i



15, 20., The apparatus of claim 18, wherein the mirror has a partially

»

reflecting WO 98/06095 and partially transmtting surface posPCT/URSIMISSR

refl ect the beam toward the optical drive head, the apparatus
further conprising: a detector positioned to intercept
l'ight fromthe beamtransmtted t hrough the surface and

provide an indication of the position of'fﬂ%'bean1 20 on the mrror
based on the light trapsm tted_thr t r.f.ace, .

a controller configur%g're%%?vgpgﬁgggﬁgiggt?gﬁl§h§3i§®%%§&9\55%lthe

gal vanonet er trengawilflieon irel udes o .tracking gdrvo Theomppar at us of claim 20

wherein the detector conprises a bi-cell 25 det ect or
17 22. The apparatus of claim20 wherein the controller includes a
tracki ng sebvo Fhepappargtuszof vlaigpgsdr shgredm dhe m 20

wherein the ceghtdi9led NHdrefed a galvanome®dtyanoneter.

5 27. The apparatus of claim 23 wherein the

' reflector comprises a galvanometer and the controller
interacts with the galvanometer to position the mirror
based on the indication provided by the detector.

28. A method for use with an optical disk drive
10 having a pivotable. arm connected to position an optical
drive head over a selected position of a disk, '
comprising:
generating a beam of light via a light
sourée; and
15 rotating the light source to track the
movement of the arm;
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