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Ail related applications are commonly assigned.

Background Of The Invention

15 1. Field of the Invention

The present invention relates generally to optical data storage
systems and more particularly to flying optical heads for use in optical

data storage systems.

20 2. Background Art

In a magneto-optical storage system, using a Magneto-Optical

(MO) recording material deposited on a rotating disk, information may
be recorded on the disk as spatial variations of magnetic domains.
During readout, the magnetic domain pattern modulates an optical

25 polarization, and a detection system converts a resulting signal from
optical to electronic format.

In one type of magneto-optical storage system, a magneto-optical

head assembly is located on a linear actuator that moves the head
along a radial direction of the disk to position the optical head

30 assembly over data tracks during recording and readout. A magnetic
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or overwritten if it is locally reheated to the Curie point by the laser
15 beam while the magnetic coil creates a magnetic field in the opposite
direction.
Information is read back from a particular mark on the disk by
taking advantage of the magnetic Kerr effect to detect a Kerr rotation of
the optical polarization that is imposed on a reflected beam by the
20 magnetization at the mark of interest, the magnitude of the Kerr
rotation being determined by the material’s properties (embodied in the
Kerr coefficient). The sense of the rotation is measured by established
differential detection schemes as being clockwise or counter-clockwise
depending on the direction of the spontaneous magnetization at the
25 mark of interest.

Conventional magneto-optical heads, while presently providing

access to magneto-optical disks with areal densities on the order of 1

Gigabit/in2, tend to be based on relatively large optical assemblies
which make the physical size of the head rather bulky (3 - 15 mm ina

30 linear dimension). Consequently the speed at which conventional
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uses a static mirror or prism for delivering light to and receiving light
from a phase-change optical disk. While the static optics described by

15 Yamada provides access to both surfaces of a plurality of phase-change
optical disks contained within a fixed volume, use of the optics
disclosed by Yamada is inherently limited by how small the optics can
be made. Consequently, the number of optical disks that can be
manufactured to function within a given volume is also limited.

20 Another shortcoming relates to the use of static folding mirrors. This
approach imposes a limit on track servo bandwidth by requiring the
entire optical head assembly to move in order to change the location of
a focused optical spot. This same limitation applies to the flying
magneto-optical head disclosed by Murakami et al. in US Patent No.

25 5,197,050. In general, the larger the mass of the element used to
perform fine track servoing, the lower the servo bandwidth becomes
and the lower the track density that can be read or written.

A method for moving a folding prism or mirror with a miniature
galvanometer actuator for fine tracking has been disclosed by C. Wang

30 in US Patent 5,243,241. The galvanometer consists of bulky wire coils
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folding p rror with a mniature gal vanonet er actuator
tracki ng has been disclosed by C. Wang 30 in US Patent 5,243,241. The
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attached to a flying nagneto-optical head, but not nmounted on the slider
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vol une as cepPeakd diffidiliey Rf n@inafdctufée i nproved flying optical head
shoul d preferably provide a 10 high nunerical aperture, a reduced head
mass, a very hi gWhastnaeeded isguamprdviedemagaeito-optioail dlyidg\Heael thats
producing a very fine track servo bandw dth, and be relatively easy to
manuf act ur elS eRIARACENHIYS allowang |ap mFreage dndhspuelerpianagnsto-@ntingdove

upon Tonet 598l L8 o£h 1 SR PHBET S RO Sradhlad o0 B o
PCT/ US97/ 1588 r 2 Mere fthpkb¥ed NYRIE bplical head should preferably provide a
10  high numerical aperture, a reduced head mass, a very high resonance
frequency fine track servoing device thus producing a very fine track
servo bandwidth, and be relatively easy to manufacture. Additionally,
the flying magneto-optical head should improve upon magneto-optical
disk drive access times, data transfer rates, and usable magneto-optical

15 disk track densities.



The present invention functions to inprove data storage and retrieval in a
system bas | yi ng Magnet o- Optical (FMO) head that pr

provi des a%ﬂ?gﬂoﬁﬁl;eri cal aperture, reduced head 5 nmss, h%ﬁ@%@sﬁ“ack
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region W thigiskeost ugeq@t Wth a vertical orientation either up or down.
Thus, as the MO storage nediumrotates, the applied nagnetic field is

modul at eioso 25 da the prafedteddimbodimeat Atlas meqgmnieahacdhiteqgtuoe afcwn”
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embodiment the laser optics assembly couples an optical light source to

15 one or more head arms which each support an optical head for writing
and reading data for disk storage media. In the preferred embodiment
during writing, lighting is delivered through an individual Single Mode
Polarization Maintaining (SMPM) optical fiber to a respective magneto-
optical head for the purpose of locally heating the surface of a rotating

20 magneto-optical (MO) storage media, thereby producing a “hot spot.” A
magnetic coil embedded in the optical head is used to produce a
magnetic field that in turn spontaneously magnetizes the region within
the hot spot with a vertical orientation either up or down. Thus, as the
MO storage medium rotates, the applied magnetic field is modulated so

25 as to encode digital data as a pattern of “up or down” magnetic domain
orientations. During read out, light at a lower intensity is delivered
from the individual SMPM optical fibers to an FMO head for the
purpose of probing the rotating storage media with a focused optical
spot. The readout is programmed in such a way that the magnetization

30 direction of the medium at the location of the focused optical spot alters
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from the st gpagsiERdbelarRARHOSPHES LIBRE id Bhe Ykt dte-EMR NEBRR &fféct.
differenti a? g%l?%id%r for decodi ng. EThe beam of " | aserIB/IGiEght transmtted
from t he opln ¢his tiagethe patteropf ipadr dewd magnetizatibadrentatiorss eer abl e

m cro-nmachined folding mrror. The reflected light fromthe folding mrror

i s direct edrepresegnative of the steresbdigital datgpmedulates| thespelasizatiom ofRI N
lens. In th eterred di t i ne_tracki d short s, to

adj acent trgtégilg&ﬁ?é'eﬁgﬁcg) fF&H‘mBJ{}]CM T ORGEY ﬁ‘%ﬁ%?@lﬁﬁ%ﬁ?%@@e&kﬁ%‘ stendiout
an axis of rQ,tl.ﬁlt' LS cgggﬁ edha ' Ak ck and
fort)riI i nsja IFi rect??gggo\%\%%ﬁlﬁ%gﬁoéi tgﬁ/ﬂgar al gpﬁ)e mé?ggdé‘gl X

di recti on o#lifferentiadtaomplifiedfekdedssdingf a m cro-nachi ned steerable nmirror

makes possible a |ight weight, cost-efficient, FMO head with MO storage
nedi a havi ng ext i %afﬁi‘@}ﬂa&ﬁf lighé Asansmitted fromyibeospiiozishber to the

PCT/ US97/ 15094, Brief .Descriptipn of the Drawings FIG .1 i ictorial view
of a preferPEHCﬁ‘Lbﬁijo’-Sd'ﬁthéﬂd)g?g? ﬁg‘gea’éﬂﬁalt?é??quénafhi‘%e%f@@ﬁgﬁati c view
showi ng the_l: / [ t : - [ devi ce
of PG 1. piEety Tk ERcBRtP oY o nc BIERIARLG: A0l eRted WO

FI G 10 an embedded micro-objective lens such as a GRIN lens. In the

preferred embodiment, fine tracking and short seeks to adjacent tracks
are performed by rotating the micro-machined mirror about an axis of
rotation. In this way a focused optical spot is scanned back and forth
in a direction which is approximately parallel to the radial direction of a
15 storage disk. Use of a micro-machined steerable mirror makes possible
a light weight, cost-efficient, FMO head with MO storage media having

extremely high data densities.



1l; FIG 4 is a side view of the flying magneto-optical head of FIG 3; FIG

5is afro 1 f the flying magneto-optical head of FIG p3; 115094
FIG 6 is s%%éb@yg\?v showi ng the |ight path through the nagne?%l-‘mé%tll cal

head of FIG 4; FIG 7 is a side view schematic di agram showi ng details of
t he magneto-optical head of FIG 4; FIG 8 is a perspective view show ng a

preferred m cro-nmachi ned 15 Bﬁéfqpegéri_éﬁgnag‘s&g@bbh@in% G 1, FIG 9is a
perspective view show ng the nagneto-optical head of the preferred
embodi ment; and FIREG. 1I0is 8 piciealpaewi ofea prefersed magnetocoptigakstwragei cal

head of the preferred enbodinent. 7 WO 98/ 09284
PCT/ US97/ 1508%ViS& ai | ed Description Of the Preferred Enbodi ments Referring

now to FIG 1 angaphoqienty gty & 008RGLRCARREGH QIAERACY EE B shpAN.

In the present invention, ani cal ‘archPtect ure nagnet o- opti cal
storage devi ¢ge HAgheeRbpeical Sforalgki dWrife obFynet9- Optical (FMO) head
technol ogy with Wnchester-type rotary actuator arm suspension, and air
beari ng t echnol og¥IGn Sashbyset top Qv ofith¢ MiPingdahagsetm-aptical fiead ofl RIG he
preferred enbodi nent, nmagneto-optical storage device 100 incl udes

| aser-opticslassenbly 110, a Singl e- Mode Pol arizati on Maintaining (SVPM

an act uat or magneFland Bok PG LR BRRAF Ring TpelemiPRicRlhrSa RIS 3
L et FTS SR b v, B Tl p e o
pl uralityo of FIG. 6 is side view showing the light path through the magneto-
optical head of FIG. 4;
FIG. 7 is a side view schematic diagram showing details of the
magneto-optical head of FIG. 4;
FIG. 8 is a perspective view showing a preferred micro-machined
15 mirror of the assembly of FIG. 1;
FIG. 9 is a perspective view showing the magneto-optical head of
the preferred embodiment; and

FIG. 10 is a perspective view showing the magneto-optical head

of the preferred embodiment.
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enbodi ment ,phdes Cogpmeatet 2201 adiber opHe shdtclwTBONSR gcfifitorehagh¥e phase
fluctuations that occur between inherent dual polarization nodes of each of

pol ari zat i @ndrepilt k4 5 aglomlitya! SMPM ©ptR@l 4ilers 4610, Baphulityef head
pol ari zati on nodes, of tical fibers 10 }%% and1 14 expehrai ence different
refractive 3HgP ' [eP tx]of Siispensions , @ plurality o O storage

media 180, and a plurality of FMO heads 170. Each of the plurality of

MO storage media 180 are preferably mounted on a spindle 185 for

15 continuous rotation at a constant angular velocity and each of the
plurality of FMO heads 170 are preferably attached via a respective
flexible suspension 165 and head arms 160 to the electromagnetic
actuator magnet and coil 145 Those skilled in the art will recognize
that MO storage d.cvice 100 may comprise as few as one FMO head 170

20 and one MO storage medium 180 or an upper and lower FMO head 180
per a plurality of MO storage media 180.

Referring now also to FIG. 2, laser/optics assembly 110 includes
a laser optical source, a differential photodiode detector system and
25 associated optical components, preferably as a separate subassembly
110 or alternatively as a hybrid integrated circuit component. In the
preferred embodiment, laser-optics assembly 110 further includes a
laser diode 255 polarized optical light source that is a 30-40 mw laser
diode or diode-pumped micro-chip laser operating in the visible or near

30 ultraviolet region (preferably in the vicinity of 635 nmy), a leaky beam



i nherent birefringence of the fibers. For exanple, relative phase

fluctuatio ri se because of a slight variation in a di
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pressure, and nechanical notion of each of optical fibers 130 and 140. 15
These fluctuations may be sensed by | aser-optics assenbly 110, and before
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by optical fil®ssrslightiom thedasendinde R2Boriot dadedlyy bagmmeaglittes-244,i andl ahead
155, may be treated sim o,a free-space 20 _optical path ip t of
its polari zaFPHPH%%@rS( é‘gé .t}‘fiﬁl? Pée%rég ?é{zﬂr %gﬁm&vﬁﬁé’ﬁmkat or
120 i ncl udes ' i |- j hel e e

o ezool cct i ANBEBRF Tt SulbihaHet oty Wity 38380 fase
nodul at ors an@iﬁg&tm poia&iﬁuorpmé&rtaﬁhﬁ]gl (SMPM) Iptidas HeREIC el .
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faster operation. Optical fjber 130 may be attached to the circunference of
phase conpen§ampensafedor relative phase Sustuationsdhas eegusbeimeenainhenesdi ve.

In the prefergyed _enbodi pent tal. el ectyodes. are depasited on flat, ends of
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between the two refractive indices caused by changes in temperature,
pressure, and mechanical motion of each of optical fibers 130 and 140.

15 These fluctuations may be sensed by laser-optics assembly 110, and
before significant changes occur, a feedback servo (not shown) adjusts
the phase compensator to cancel the fluctuation. In this way, an
optical path formed by optical fibers 130 and 140, to and from the
flying magneto-optical head 155, may be treated similar to a free-space

20 optical path in terms of its polarization properties.

In the preferred embodiment, phase compensator 120 includes a
piezoelectric cylindrical shell, preferably made of a piezoelectric
material such as lead zirconate titanate, to form a phase modulator and
that has a height preferably less than its diameter to provide a low-

25 profile shape suitable for use in a compact magneto-optical storage
system with reduced electrical capacitance for faster operation. Optical
fiber 130 may be attached to the circumference of phase compensator
203 with an ultraviolet-curing epoxy or similar adhesive. In the
preferred embodiment, metal electrodes are deposited on flat ends of

30 the cylinder to reduce capacitance so that a voltage applied across the



approximately 80 [err] mcorresponds to a phase conpensator 120 dianmeter in

the vicinity of 10 to 40 mm In the preferred enbodi nent, f]j | C
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optical fibers 140 at an output port. The.swi tching properties of fiber

tical fi o sui ties of fiber
Gwi 1o’ 150 SFaRgaERRetn 10 nAFkE WpxpdnnicRlof MENEN FFRABE HATHAL Lot

may 15 al &hebeby@mmdhm%bbeicepﬁbeﬁlls‘d.bEherieet@hirh@acﬁaﬁ%emstto The SVPM
optical fibers 140 fromthe fiber optic switch 150 are preferably routed
al ong r espauovide pbageanadulsionn dsmipimidomechepical stespeon the f | yi ng

t 0- opti cal d 0,, In.th nbodi nent . t | SMPM
opt 1 a1 iy 13ncte Binrhetdt G Ed RBaF OmBTAos0 2L L oh 150 | 5
I | . aa = A . _ .
Wit ngoa HASSe I BrEReR R A R AR Hilles ThETRIY RIAMRIIE BTN,
enbodi ment ,ofdie Ggtival fib&ig1301 dhdér esani@ie, Ve fidsdridiaddniy aiarhetirvefdual

optical fiber 140 to a respective FMO head 170 for the purpose of locally
heating a rappreximaselyu8® ace cofrespantds thg Piaseregmpensaper ¢20 st or age

nmedi a 180, f{.hereby.producing a "“hat spot." A nagnetic coil -enbedded on FMO-
head 170 (é}ﬂ?é?f&ghﬁﬁg*edﬂg%ﬂ%%%ﬁor%ﬁ?@%t ai I? is used to produce a
magnetic field t ' I ' i ithin the
hotg spot wth a I\?’Z{r}f% @ﬁ%g&ig@gﬁfgﬁfé’gﬁt ﬁgg?% %%Clrﬁggﬁ%h%%%c gggéMt he MO

stor agqoneoﬂiﬁ?elﬁﬁb&épmbpﬁ@al fibBe 134t a8 REReid dricEreutes fAdlgAted so
as to encode digital 10 WO 98/ 09284

PCT/ US97/ 15984ndsing fxoma thist filsemtmbne gf the slogle-mmimBM opticahiibers
Sl T uer et tHIQagian Sutsat port. Mhe Swithing Sropeities of Hber optic switch ' °
150 are bi-directional so that light propagating back to the switch 150
along any one of the SMPM optical fibers 140 at the output port may
15 also be routed to the optical fiber 130 at the input port. The SMPM
optical fibers 140 from the fiber optic switch 150 are preferably routed
along respective head arms 160 and suspensions 165 to respective
flying magneto-optical heads 170. In the preferred embodiment, there
is one SMPM optical fiber 140 per FMO head 170, and the fiber optic
20 switch 150 is used to select which magneto-optical head 170 is active
for reading or writing a respective surface of MO storage media 180.
In the preferred embodiment, during writing, light is delivered
through an individual optical fiber 140 to a respective FMO head 170
for the purpose of locally heating a respective surface of a rotating
25 magneto-optical storage media 180, thereby producing a “hot spot.” A
magnetic coil embedded on FMO head 170 (subsequently discussed in
more detail) is used to produce a magnetic field that in turn
spontaneously magnetizes the region within the hot spot with a vertical

orientation either up or down. Thus, as the MO storage medium 180

30 rotates, the applied magnetic field is modulated so as to encode digital
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an SMPM optical fiber 140 to a respective FMO head 170 for the purpose of

probing ro i orage nedium 180 with a focused optical 5 Je
readout i s%@??’g?’%%d in such a way that the magneti zation di Fégﬁsgﬁlg§§4 MO

storage nedium 180 at the location of the focused spot alters an opti cal
pol ari zation of the light via the magneto-optic Kerr effect. In this way,

the pattern efatdiash prBINED ioFaldwA” MhAGNERE doRsairearieneatishkve of the
stored digital data nodul ates the 10 polarization of the |ight reflected

fromthe MO feriagoremeldutnpoBoizethlightatecloser infhnsiyjaalelivesed ttheowgh
storage nedi um t hen .coupl es ck through.th he 70, one of the
oty of SERRM sRurst Rber 19056 4 dhapeetive M AT L7h i e 50
finally reachi t ' . S] ' .

el ectronic f(r#%os yOf%g%tbgﬁg% g%@éﬁé%%géf% ﬁe{aéir;ﬁg 1%% %ﬁ??‘{ﬁg&%é’\%c@ IFI G
3 a di agram ispothopme réddisht & pédotRRAE¥GER ey Biatahle Maphetization
magnet o-opti cal head 170. In the preferred enbodi nent, each yi ng

magnet o- opt i chtedtiat of MOistotagemenlinnm |18t tis¢ lokatidwdf tB8Foclised Mpdthead

170 further includes a v-groove 360 far.  hQlding a,SMPM fi ber 350, a
steerabl e ni @ETERh PH&’&a? BP&’h@tﬁﬁfF Pgrthgilgg’ta‘%a themggete-ariis Keip.

Referring al new k- 4, | Vi 0 ' eto 25 optical
head 170 of %?f&c?,s hltlghé%(%\ﬂ}’.’ tbggdtgg%é\?\g pa&f Ir’igﬁ'?{ wdeé%%%&é{ same FMO head
170. In the prRiALHRHsSEMRELERMRve\GPthel $fbreli dibtad dafta #hbdRbatelsthesur f ace
510 flying above or bel ow a coated upper surface of an MO storage nedi um
180. A pd0 ar poéaribationadf thasleght raflected fromndre MG dtotageugtedihm S8RV
optical fiber 350 to the steerable mcyro- 30 nmachined folding mrror 340.
The axis of ke feflpcieddighiragnahizem fae MOgiosggegpedium 180 then

PCT/ US97/ 15094 axis.qf , the fi i | a~the v- ove, i

appr oxi mat el )S;Oblg:f%ﬁ P%Fkttgxrougﬁetﬁe%d Hedd 170; Ofe orth pl%irah%y of SMPM
optical fibers 140, and the fiber optic switch 150, finally reaching two
photodiode detectors 215 for conversion into electronic format by

15 differential amplifier 210.

Referring now to FIG. 3 a diagram is shown illustrating top view
details of a flying magneto-optical head 170. In the preferred
embodiment, each flying magneto-optical head 170 includes a small

20 slider body 330. The FMO head 170 further includes a v-groove 360 for
holding a SMPM fiber 350, a steerable micro-machined folding mirror

340, and a magnetic coil 310.

Referring also now to FIG. 4, a side view of the flying magneto
25 optical head 170 of FIG. 3 is shown. FIG. 5 shows a front view of the
" same FMO head 170. In the preferred embodiment, head 170 utilizes
an air bearing surface 510 {lying above or below a coated upper surface
of an MO storage medium 180. A polarized beam of laser light is
transmitted through the SMPM optical fiber 350 to the steerable micro-

30 machined folding mirror 340. The axis of the v-groove, and hence the
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the medium 180 surface. Light exiting the fiber 350 is reflected by the

m cr o- machi ding mrror 340 at an average angle of a WRkRLY
ni nety degregﬁg 0 the axis of optical fiber 350. The 5 refr}g?t%eég |Igl|§1t is’

directed through an enbedded m cro-objective | ens such as a GRIN | ens 420.
In the preferred enbodi ment, fine tracking and short seeks to adjacent

tracks are pefd foﬁtlElﬁlb\é IBRLYiNg ihhheW-gre6vS4e Alirekimat yapaRilledthbs 410

r
(shown in Fig. 4). Inthis way a focused optical spot 440 is scanned back -
and forth ithe medieoni B0 Sofade. chighd exftingthedibernd80\is paflattes] by dhehe

radi al directjion of fhe i.um 180. he actuator arm 160 noves the

sl i der bodynygooﬁaeﬁﬁmﬁﬁcg#msa&tr&rﬁg%{%@tﬁﬁ%@&ﬁanL“ di um 180, the
position of ] i qm d ' I t t he

di rection 52@9?%’?16}6%?%}(2’3%%}%%%% e}&fépaiﬁh%ﬁé%tgél;%ll ﬁ%%égp I gﬂﬁ B the MO
storage srediamedied. lightt isiireoiedtHiugh 8ficiRb¥daed #hiceb-oBjeetiske¥ngngl e is
sufficiently small that a substantial  conponent of scanning direction 520
| i es al ong stehragladBRiNrlens i420.0in the meferagd embodimdit). firke troking now
alsoto FIG 6, a side viewis shown of the preferred 20 | ens 420 of the

present i nvand shortiaeks; tgradiasent iracks ashpesioameg By retating dhpanimprect ed
by a focusi opdt I 0 . | 8CLI [N, e 20 that functions to:
focus the rggpe%’% t %I {ﬁg%h@a{%‘ lgmslﬁf*s}coe"v%{ﬁnﬁg' 4!\/&3 Eﬁ&f&ésgg%%ifﬂ?ﬁi . The
posi tion of oBRh8bot AR isSRArdd bAck-LHP BRhIA0a BveRrA8RISKATLH jd1er eby
changi ng the distahce fromthe 25 end-of the SMPM optical fiber 350 to

m rror BA0. approximhatyly tparallebtd tlom raflial irésdiivi opthe ahedivharl 850 A8 t hi n
v-groove 360 effectively adjusts the location of the focal point of |ight

630 exiti ngtherstuater TTcl G0 paevessths sliges bods P backmnsh&prthoreressn t he
o't avi of et TRovia e ol gieh T80 ReRatEh g AR Mo dy ey
become skewed slightly such that the direction 520 is not precisely
parallel to the radial direction of the MO storage medium 180.
15 Although not precisely parallel, the skew angle is sufficiently small that
a substantial component of scanning direction 520 lies along the radial

direction of the storage medium 180.

Referring now also to FIG. 6, a side view is shown of the preferred
20 lens 420 of the present invention. The light reflected from folding
mirror 340 is collected by a focusing optic comprising an objective
GRIN lens 420 that functions to focus the reflected light onto a surface
of the MO storage medium 180. The position of optical fiber 350 within
v-groove 360 may be adjusted, thereby changing the distance from the
25 end of the SMPM optical fiber 350 to mirror 340. Relocating the
position of the SMPM optical fiber 350 within v-groove 360 effectively
adjusts the location of the focal point of light 630 exiting lens 420.
Once fiber 350 is positioned for proper focus on the surface of medium
180, the fiber may be secured in place by means of ultraviolet (UV)

30 curing epoxy or similar adhesive.
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WO 98/ 09284 PCT/ US97/ 15094 Use of a

GRIN lens 420 provides a sinple conpact cylindrical shape, I)# ] e
lens to beW 284 into a hole in the slider body 330 easi ﬁ’ %qﬁfé??m ze '’

spherical aberration and achieve diffraction- Iimted focusing, the |ens
420 is polished to assune a pl ano-convex 5 .shape wth the convex surface

650 being a si Wp'?sél%‘?ei GHaN RRarF20 Pr8vidUsCH R69ip)16 48nipiukt! diirithl

curvature of the lens 420 depends on a nunber of "“factors inc¢luding the
magni t ude ofsHdyee,rallowirig tiee lerdeto heddserted inte avhoid enéihe shifiek ibglddy, t he
nunerical aperture_of the SMPM fiber 350, and the desired focused optical
spot 440 si Z3QsagiyerTe meimimaze sphensab aperratien amdeachigve shffragtianof t he

| ens 420. In.the ef erred emyodi th e 420 thickness 640 is

wppr ox mat el e IOC eI Jets A2y inbhfisheddn it 3 BEHRsPoRrRR o y

150 - 40 j [ i ' < m

Unile the prajah S hETonTas sl 820 eH " RBRRISAREAC Sdllpe, JHeP

si ngl e el enahiiclohess 64 0eahé radbustpf cairvgtiare@ fhd s 420 dépendicon a

appreci ated by those skilled in the art that additional objective optics

may al so be nismbearpofdatorscincheding e magnisudernd therrefvpptiverimdezxanpl e,

t he focusing ohjectiye optics yinclude either, ap aplanatic.le ra

solid inmer sﬂ‘@%’?‘é%st enW Bﬂfﬁggi?l"ghg&itt gh? P@Wﬂaréﬁgr%&o@@e f such
dditi ' WGl t

el er f ocalt oapt adr s FEcfiBY oo dbBHienl 4BBE LAY 53R Sls gt oA S

hi gher apealhyeh@ effeBtivt irRsmeficAEapettuireiof thelltthsy 420, fThothe! prefbiredt or age
medi um 180. M cro-optic | enses nade by nol ding glass or plastic nay al so be

25 used i neehhedimenththadrng 420shicknesop40xamnrroximetelyl HEQ - HQMo-

Oy oD SRy Do SN Aol - BLAG R0 B0S 40 Seryen pu  aces

Shor e, TR fldee BASSKARAGRCRE DS S0OTAR, 340 19 rotated. 0 a
While the preferred embodiment illustrated in Figs. 3-6 discloses

15 a single element objective lens comprising a GRIN lens, it will be
appreciated by those skilled in the art that additional objective optics
may also be used to enhance the properties of the lens 420. For
example, the focusing objective optics may include either an aplanatic
lens or a solid immersion lens in conjunction with the GRIN lens 420.

20 Use of such an additional lens element achieves a larger numerical
aperture and hence a smaller focused optical spot 440 size. A smaller
spot 440 size permits highef areal data densities to be written to and
read from the MO storage medium 180.

Micro-optic lenses made by molding glass or plastic may also be

25 used in place of the GRIN lens 420. For example, two molded plano-
convex aspherical lens may be combined by placing the two convex
surfaces toward one another to provide a miniature lens system with
high numerical aperture and good off-axis performance as the mirror
340 is rotated. In a dual aspherical optical design, light would be

30 approximately collimated between the two optical elements thus, a
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30 approximately collinmted between the two optical elenents thus, a 13
WD 98/ 09284 PCT/ US97/ 15094 quarter
wave pl at V@8 PHBhe pl aced between the two el ements wit houttSGk W%ﬁé "
additional |enses. In another enbodi nent, a single nolded spherical |ens
with | ow nunerical aperture (0.2 - 0.4) may be used in conjunction with an

anati al ! ) ! . X
wth rel at i uRter bR RIS R e Hiada bEnddr Rl e it fifionest o
manuf act ur i peqpieirsPaatitienalnehdes. [1anaesthdrembbdiafthy,t BREEALIACIAGY can be

produced in high volunme at |ow cost. One nethod disclosed here for nass
product i on sphetigel lans withylaw matsericahgpantaireBs2 q et Mmays betusad iy of the

array by dianond saw cutting 1 ot |laser. ,cutting ta obtain |ndividual
lenses.  RegGPRIURFE0R With ahaRIaHiRIO SpliAdRmEESPgens 0 Yisidian

bl ano- Cover LEnp Al aKS SRte oy TRl A RYefaaRh MrldReh Shdrhid feapa O e

secti oning ensure ac te lens align err ow al so

to FIG 7, thahdee). ewoachefahitachaih@berspsdtive) mbldeddeh@ad ak¢0 details
of FIG 4. In the preferred enbodi nent, nmagnetic coil 310 is enbedded bel ow

the GRIN | eattrdetivadegause dheFvarhbagprodacedigrsighcvalune atlowrasites a
magnetic field wt arge nponent in a directign normal (i.e.,

per pendi cul ¢ w—t?xﬁ@ Ckmgasséﬁyéeégr THaSF PrPdustioningelesHmoddinga dens
groove, int | t LS i e ' f t he..t.op and
stopped at a @%%@Fe%#@gﬁggégﬁéwgﬁg@%ﬁﬁgﬁg& Zb)ggg"ﬂl%gnf{atg | cca@téc}féj a
smal | di@mepeladdrdbhttRas 60 8Bt fZ0IRAGIHIM 1bAséQr RREafdinighthdot t om of the
slider body 330. During fabrication, the depth and di areter of |ight
passage 720afmemsietioned Swopleosi dissign ctwamoldedcplanpatdnéex lend acreyesd | i ght
beam Light passage 720 is preferably c&)rf‘li cal in_shape wth a cone angle
appr oxi mat e}'rg,ajégg Fnaied by means of tapered fittings before sectioning to ensure

accurate lens alignment.

15 Referring now also to FIG. 7, a side view schematic diagram is
shown of the head 170 details of FIG. 4. In the preferred embodiment,
magnetic coil 310 is embedded below the GRIN lens 420 as part of FMO
head 170. Magnetic coil 310 creates a magnetic field with a large
component in a direction normal (i.e., perpendicular) to the MO storage

20 medium 180. An etch hole 740 or groove, into which the lens 420 is be
inserted, is etched from the top and stopped at a predetermined depth.
Before etch hole 740 is fabricated, a small diameter light passage 720
opening is formed on the bottom of the slider body 330. During
fabrication, the depth and diameter of light passage 720 is made to

25 provide a clear optical path for a focused light beam. Light passage 720
is preferably conical in shape with a cone angle approximately equal to
that of the focused cone of polarized light (approximately 37 degrees in
half-angle for a numerical aperture of 0.6). In this way, a shelf 730
region is formed for supporting the lens 420 while also allowing a

30 planar magnetic coil 310 to be deposited within a recessed area which
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that of the focused cone of polarized |ight (approximately 37 degrees in

hal f - angl eV;GBs,?zF‘ymeri cal aperture of 0.6). In this way, a ls@p,bggﬁgsgg‘,
o

region is forne r supporting the lens 420 while also allowmng a

pl anar magnetic coil 310 to be deposited within a recessed area which 14
WD 98/ 09284 - PCT/ US97/ 15094 i s

et ched on t hés btdheahosi the bttbhe skiebf the shelfe Ipr tHeprefdrmbedibmdiment)e

di aneter of |ight passage 720 is sufficientl I.arge to accommodat e of f-axis
steering of the %@Wﬁ&@&hghgmassaaet'f}?&pwﬂé?crl@a EABERS R ACCORHBEOgRE har

i1 310 deli . a.b e field A di cul t MO st di
180 with a nAnrRs s ik nabals hbBRGe o oi thor pol arity ot the
magnet i c storage hayge SefditedMhBbaRALH Bl BHrA0c0iRBY OCQERGdAeE 2 3

n
co er

| ayers with 5-10 plate nductor turns p yer. e nunber o ayers and

t.urns pers | apeigneti@fielh petpendiculfe 16 paMio gthreigeaneding £80!wihlaand 10
the magnetic recording layer (typical Ig in the range from5 - 20 [err]m.
I n the prefemaghitigedif apnroximatelyefO $ipaf aithen podarippat thaanegpetic

' the p| ated d il 310 | h dial pit f about 5
Lerrlm and BHaegsipenPf bt MOciofaee rochunm, A0 BhhagRREct Pobdegrrs |
I mat el y,. | | = -10- . coi
e toni ng ¢ YAt 3- 58 nIptAp BOANUERSterre peP1dert PHE o RBEP LR 1afels and 7
i nduct ance (aREoperdapdyis?Zdfunttion dfass) spadding!etifdeni N1 bR BY®ANKES, and

the coil 310 dianmeter ranges fromabout 10 [err]min the innernost region
to aboutl®B0 the magnetic necersiinghayss, (trppdlyi inytlun rahge &fandireRQ gneld ap

bet th i d ti ' I .20 Eectrical il_|ead
710"are prof BIBFSISFE SUA S Tind by G PEPRTHONE GPPEFFENBIY & Ufhrat o
nol e i 0 the ghd G58edonstind6Eor YRG0 1B8SHVIS PN biEHPor ot ARECt 1 Ve

view of a pr
and the coil current required to generate a magnetic field of

approximately 170 Oe is approximately 50-70 mA (zero-to-peak). The
15 coil switching time is on the order of 10 nsec or less as dictated by the
coil inductance (approximately 200 nH or less) and the driving
electronics, and the coil 310 diameter ranges from about 10 ym in the
innermost region to about 80 um at the periphery, depending on the
aforementioned gap between the coil and magnetic recording layer.
20  Electrical coil leads 710 are preferably routed along the wall of hole 740

or through a separate hole in the slider body (not shown).

Referring now to FIG. 8, a perspective view of a preferred
embodiment of the micro-machined mirror 340 is shown. Ina
25 preferred embodiment, mirror 340 is a torsional mirror comprising a
silicon substrate 810, drive electrodes 825 and 830, bonding pads 815
and 820, a bonded silicon plate 850, and a thin film flexure layer 845
made from a material such as silicon dioxide, silicon nitride, or silicon.
The mirror 340 may be fabricated using micromachining techniques to

30  yield a reflective inner torsional reflective area 835, comprising flexure
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~enbodi nent of the m cro-machined mrror 340 is shown. In a 25 preferred
‘enbodi ment, mrror 340 is a torsional mrror conprising a gili bstrate
810, dri WROSBRYBA (o5 825 and 830, bondi ng pads 815 and 82€¢+,g§% d )
silicon plate 850, and a thin filmflexure | ayer 845 nmade froma materi al
such as silicon dioxide, silicon nitride,.or silicon. The mrror 340 may be
fabricat ed |45éngaRi G B EHAEIECHESIHE P 885%th bvt®IrH far heddiahicke i nner
torsional retlective area 835, conprising flexure 15 WO 98/ 09284

PCT/ US97/ 15fddityanerd 8dpportedopy fleduse layeomhingese84Qy RefdaSivenatsst 83 f or
mechani cal rigidity, and_supported by flexure_ |ayer hinges 840, Reflective
area 835 mipapdeargicsnlized Witk goldrg eimilar supstanemte HEass thecr ease t he

optical reflectivi t.Q { ppe I r i t i f the 5
mrror. 1 namrea e ARy sk 8P MoV sPEBSRlY BBl WP e quency
approx! gat GhitrbP. TH&HedPidefreARmBoHEMERY, Hinorai Ol ek’ Aresshiut t he

particul ar geonetry and material properties of the mrror. In the preferred
embodi ment frequienty approsinapeiyin tht aaynge qromne50i tol2GO kiHmraxxi mate outer
|l i near dinension in the range from10 100 - 170 [err]m and a thickness of

appr oxi nat slefepminegd byethq partichlagsgometey anf apisaiatgmroperiee i thel ecti ve
area 835 has. an aﬁﬁrtgl)éi nat.e oater | i;near , di rrensi:%go LN _the rangf from25 -
200 [err] maH§°s tHi n%rseé"ﬂfﬁ‘3 a?)rBP89frHﬁf1§’l S;miro_r f%?PPﬁ?x’IB? eéyabl Y,
mrror 340 [ | BF [ e

ot on. 15 Sere il LERPERGRIARR el HhGH ARRnSIIP BT (ME (ARRIIGREC, |
pref eradl y 1@0 t H&¥Dpueand a 1RrKrerss]ofi approxiideelyt Be IEaanabh theequency is
preferably greater than 100 kHz, and the naxi wm§hysi cal angul ar

def | ect i on Hrefgsred @mbpdimenbdnaes reflectiveiarea R3S hasmn apprexignatoul d

preferably not yer ehihelsishat! ald e/l DYBbEALLY MR Y AR Lo and

of approximately 1 - 20 ym. Preferably, mirror 340 may be driven
torsionally without any excessive transverse motion.

15 In an exemplary embodiment, the reflective area 835 is preferably
on the order of 100 ym on a side, the resonant frequency is preferably
greater than 100 kHz, and the maximum physical angular deflection is
preferably 2 degrees. In addition, the mirror 340 should preferably not
warp either statistically or dynamically upon actuation and the

20 maximum stress upon electrostatic deflection should preferably be well
below the expected yield stress of the material used to construct the
mirror (for example: silicon, silicon dioxide, silicon nitride, and
aluminum).

The mirror 340 is operated by applying a differential voltage to

25 the drive electrodes 825 and 830. The differential voltage on electrodes
825 and 830 results in an electrostatic force on reflective area 835.
The reflective area 835 rotates about the hinges 840 enabling reflected
light to be directed and scanned back and forth about the surface of
medium 180. Operation of the mirror 340 is discussed further with

30 reference to FIG. 10 below.
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20 nmaximum stress upon el ectrostatic deflection should preferably be well
bel ow the ]yposhedsyi el d stress of the material used to consp&i®keiisges
mrror (for exanple: silicon, silicon dioxide, silicon nitride, and
alumnum). The mirror 340 is operated by applying a differential voltage to
25 the drive electrodes 825 and 830. The differential voltage on

el ectrodes 825 and 830 results in an electrostatic force on reflective area
835. The reflective area 835 rotates about the_ hinges 840 enabling_ .
reflected |ight tdRETHNBNAWAECIHE-SHah REESPREIVEW tr $howBoek thehElying f ace

of medi um 180Q. erati \rr 340 | i scyssed rther wth 30
reference t O%%e%%gﬁiﬁgg}xe%gel% \ﬁﬁ%%%’g’fsé st er.LBocﬁ/ 355 "’_mg rmrror

PCT/ US97/ 150%1;5%@&@).‘0!91@%35}ef_ér%d%mﬁo&ﬁ‘ﬁéﬁﬁcé nYiProf ﬁ‘ﬁggértstUn of the
flying magnet o-oOptical head 170 conprising a slider body 330 and mrror
support 930. ihcludes gleefreadecphdsBddi ardt92Gthat poovidsEpoeleciidabconbadtudes
el ectrode pads 915 and 920 that provide an el ectrical contact point for

appl i cati on ppiat fr applisetien of@ diffrrensial veltegertosthenenmgsponding pads 815
d 820 | d ] 40. t .910 itionally incl

access hol oo oasetiRePasoBRand Had Rsa Bat e S MR etoRPPb YR’ om

SVPM opt i cal alidabnafif inkRadld AdedsehbRSI9YS okt 0303hafTanchon RYpFeUENt | Y

to Il ens 420, as previously discussed above. In the preferred enbodi nent,

m rror suppoatcl®ip optivel geshromoRMPN epticaldiigere850 ) paiitratrdfisivelhose
skilled in the art will understand that mrror support 910 nay be attached
to slidelQboayea &S nrandmnbraauantly tesieng 4209, aspseyiously dismispedsabovth as

LB e oh O TG e el Sob Bty 790,800 Tkl cHOReLL 210 SR ALY
45 degree support surface. Those skilled in the art will understand
that mirror support 910 may be attached to slider body 330 and
manufactured using any number of techniques such as

15 micromachining the slider body 330 and mirror support 910
separately, then adhesively bonding the two pieces together. In another
embodiment, a 45 degree angle may be created using other techniques
such as leaning the mirror assembly against a suitably dimensioned
slider having suitably dimensioned steps 940 and 945.

20

Referring now to FIG. 10 a steerable mirror 340 is shown
mounted to a mirror support 910, An application of a differential
voltage to electrode pads 915 and 920 functions to steer a beam of laser
light supplied by SMPM optical fiber 350. The steerable micro-

25 machined mirror 400 is used to change the propagation angle of the
beam of polarized laser light before transmission to an objective lens
420. Movement of a resultant focal point of light 630 along a radial
direction 520 of the storage medium 180 is used for track following and
as well as for short seeks from one data track to another. In the

30 preferred embodiment, track following may be accomplished by using
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-enbodi nent, a 45 degree angle may be created using other techniques such as
1 eani ng t ) r assenbly against a suitably dinensi oned E’H] Vi ng
sui t abl y‘glsr‘?g)lqé{lsgned steps 940 and 945. 20 Referring now tl()) ?ﬁlfgﬂa ’
steerable mrror 340 is shown nounted to a mrror support 910. An
application of a differential voltage to .el ectrode pads 915 and 920

functions tpnsbieRd codxeemrd firksehckighbetupRdeiqlrs SN ablegaledtoPer

350. The steerable mcro- 25 machined mrror 400 is used to change the
pr opagat i osezva fermét tiay bearseof tqpdefine zzacks.s dhelse gervh eharles maysni ssi on
to an objective lens 420. Movenent of a resultant focal point of |ight 630
al ong a radngludg ekber sHbosseg: Pits Stamnesd R tRdie e tdam or Ragnstde track

foll ow ng and ,as . r kg, .f e r ; ther. In
the 30 pr rerrortEtsiiiantp Rabe RS Ta A o8 Do RE R AN Coi ng
17 VO 9840984 the art will recognize that the differential amplifi€lch IRHphR094
conbi ned coarse and fine tracking servo techniques. A sanpled sector servo
f ormat may ofi¢hedader optie$ iassemtdy kislO Theownéd der sopplenien tedywithcandaddert her
enbossed pits stanped into the nmediumor, magnetjc marks read simlar to
data mar ks cinguit-h&qagse trckingsaay Pomaintaingseby cogginuauslyadivsting wi | |
recogni ze that the differential Lifier Q,out put of the l.as optics -
assenbl y ;focggc?ﬁ]l%otobaen ?&g‘b%’?%e“rﬁgﬁ’%it‘ﬁae?ﬁ‘%&‘?fe?m&ﬂﬁg&"t&%glrﬁ tracking
may be mi %W%lmgap@tn ROIOLSH oAt 418k & DSBS o @hedd a3y act uat or coi |
(part of actuator magnet and coil 145 shown in Figure 1) for controlling

t he posdti susplensidredéSawhiledine gmisgonaydie atddmplishedtbiyacki ng may be
acconpl i shed by continu us1l:i¥1 adj ust i qg gn angul ar gef | ection of the

st eerabl e FPAtEuALg)y adjusting an angular deflection of the steerable mirror

340.
The use of a steerable micro-machined mirror is advantageous

because it offers a method for very fast manipulation of an optical

15 beam. This approach facilitates high-speed track following and short
seeks for much improved data access times. Such improvements over
conventional head technology make possible high areal densities by
enabling the use of very narrow track pitches. The FMO head 170
design is intrinsically confocal in nature. During readout, the reflected

20 light from the MO storage medium 180 is éoupled back into the SMPM
optical fiber 140 which acts as the aperture in a confocal system. One
of the benefits arising from the use of confocal optics include very high
depth resolution along the optical axis as well as improved transverse
resolution. Another advantage of the confocal system is that light

25 reflected from objective optics surfaces is not collected so that anti-
reflection coating may not be necessary. This is particularly
advantageous in a design that uses an aplanatic lens and some non-
zero working distance. The high depth resolution allows for very close
spacing of the layers in a multi-layer media (not shown) with low

30 crosstalk between layers, while the improved transverse resolution

18



The use of a steerable mcro-machined mrror is advantageous because it

offers a plgg't"%zt%‘ré very fast mani pul ation of an optical 15 Pg.gl%gg.{,@an%éh

approach fa s high-speed track foll owi ng and short see
i nproved data access tines. Such inprovenents over conventional head
t echnol ogy make possible high areal densities by enabling the use of very

harrow trackfiphétbes to Providdubeadioh/ Of damier dtéragy riddihGahlks @ei ocal in
nature. During readout, the reflected 20 |ight fromthe MO storage nedi um

180 i s coupl shabpeksiorage rhedisivRvhapk iecigesfthiaey wbdld whhetwinet be dhetdase
aperture in a confocal system One of the benefits arising fromthe use of
confocal opt¥td rllmﬁ%’éb(?%lr%b’sﬁi?ﬁh depth resolution along the optical axis

|1 [ , L0N. h f. th
Conf ocal ayst om | S rBPREEHRvisE Toh ArtRTe R 8 FMOTRL I SRiEt "Cur f aces
I s not cql | effhedrated ﬂﬁiri%mtés-uw hEC L PFEsEaRAIIRE o%ﬁe%%ﬁfacﬁﬁfe&éwﬁﬁgns

This is particularly advantageous I n a ‘design that uses ‘@n aplanatic |

and some noninfeematiser bhrigigh-dtnsicy M Ohstoragd ndediah Itesidl beiapprekiared for

very close spacing of the layers in a nulti-layer nmedia (not shown) wth

| ow 30 crosby dhespekilded in dlierast that varioms pepnoladons sisherpresessol uti on
18. WO 98/09284. . . . PCT/US97/ 15094
Functi ons ¢ CPFVio Y 150 BF IPICTSAIES (0 asPges FUFIARRARY RS, per

storage Wdi%}@@@bﬁ%&l&%ﬂ@ﬁ&%ﬁé@%&ﬂb&? fid Switehes (E!gﬁamicro-

non- conf ocal “system The storage device 100 architecture and FMO head
desi gn 50 i | mestaatieal, ietedtropopeical - tierane-optjvadsarayabe wtilddedontn appr oach to
storing information on high-density MO storage nedia. It will be

appr eci at ed agditissethadlyinggmagnete-aptical head designsmgyr he maedidies for t he
present 1 nvenLl ORI 2t $Dae dpfRlal TRBuT beadn 2SN iRt b HpdcdiN® Sam®
fibers 140. .Also, the focusing objective lens need not be limited to a
GRIN lens because other micro-objective lenses {such as molded
15 aspheres, holographic lenses, binary or other diffractive optical lenses)
can also be utilized. The present invention may also be used as a read
only or a write once flying optical head, or alternatively a flying optical
head. Aspects of the present invention will be recognized by those
skilled in the art as applicable to compact disk (CD) and digital video
20 disks (DVD). Thus, those skilled in the art will also recognize that the
present invention has aspects which are applicable to all optical storage
systems.
Whereas many other alterations and modifications of the present
invention will no doubt become apparent to a person of ordinary skill in
25 the art after reading the foregoing description, it is understood that the
particular embodiment shown and described by way of illustration is in

no way to be considered limiting.
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goal s. For exanple, various types of fiber optic switches (e.g., mcro- 10
mechani ca o-optical, ther : i be utiliz | tion,
the flyi ng""ngdé‘%g%- opti cal head dgg?lpﬂkét%£ cclfReblad dl ed for ?‘g’snedéva\nw?ﬁ’gé freée
space optical input beam thereby el mmmww Lgal fibers 140. Al so, the
focusi ng objective | ens need not be I N | ens because ot her

m cr 0- obj ecWhee ikaTlagmedsigeh as nol ded 15 aspheres, hol ographic | enses,

bi nary or other diffractive optical |enses) can also be utilized. The
present inventi chnrassembly dcontainitigastonage anedinl yhemsaembly duottosr f | yi ng
optical head, or.alternatively a flying optical head. Aspects of the
present i nfHPPHR™81 | be recogni zed by those skilled in the art as
applicable to cq ' d digital video 20 disks (DVD). Thus,

ho AP Relery SEurrElad Gl s

those skilled in a SO recogni ze that the present invention has
aspect s swhi ch arg REBt ofisthéad aHl heaprufibler URhBARiY 8 RPEradllGhrds- TN
other alterations and nodifications of the present invention wll no doubt
becone appaneshined actratogfopicomplingenergyi bétweer2the ehergy soafdeandeadi ng

t he forego&gg descriptign, it is understood that the particul ar enbodi ment
shown and éﬁPB%EeEQCé%brcﬁ illustration is in no way to be considered
limting. 19 What is clained is: 1. Apparatus for storing and
retrieving data, conprising: an energy source for generating a beam of

radi ation; 2and athé 885¢m®M of Claim 1 WRSrdigagel éh&&gﬁs’ﬁdﬁé% igsafsf%ﬁ-ie?t on with
t he energy source for witing and reading Information to an rom a
rotatidg stddedge nedium the at |east one flying head including: a

m cro-machi ned reflector for deflecting the beamonto the storage nedi um
and

3. 'The assembly of Claim 1, wherein the energy source is a diode-

pumped micro-chip laser.

15 4, The assembly of Claim 1, wherein the assembly comprises a

plurality of heads and a corresponding plurality of storage media.

S. The assembly of Claim 1, wherein the energy source is coupled to

the steerable micro-machined actuator by an optical coupler.

20
6. The assembly of Claim 1, wherein the assembly is a magneto-
optical disk drive.
7. The assembly of Claim 1, wherein the energy source is a single-

25 mode polarization-maintaining fiber optic cable.

8. The assembly of Claim 1, wherein the coupling distance between

the energy source and the storage media can be adjusted.

30 9. The assembly of Claim 1, further comprising a support arm

: A28 AN AN b it et A
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means for rotating the m cro-machi: f bout a rotation axis to
adj ust a deflegbmd Path of the b@hsrs%gﬂ e des ra':egpar atus of pgiraist¥/ispos
wherein the energy source is a Iaiﬂﬂl,ﬁ!mﬁu The apparatus of claiml1,
wherein the energy source is a di ro-chip laser. 4. The
apparatus of claim1l, wherein the mcro-machined reflector conprises a

m cr o- machi Rgler8inridie SLgpport g faptieerad srhpeises| @vigrbovetfer ¢ioldinea

at least one flying head conprises a plurality of flying heads

for use wit Hihdreoptac sabigy st or age medi um 20 6. The appar at us of
claim1l1, wherein the energy source is coupled to the m cro-nachined
reflector by an optical coupler. 7. The apparatus of claim1l, wherein the

Tedi Um COMPTiGes Phd BYREHBIPBY Cifm 1, further Beisifly o sEBBoRPRREALUS o

claim1l, erein the erdergy Solrce co e- node
pol ari zaf§i orwh@teth ahel Sigpponernefurtheradprivesd sB4et Pgil thech&aisrh Jof he

m cro-nmachined reflector. 9. The apparatus of claim1l, wherein a coupling
di st ance betemabiingthe headytosmove atlzout thesupponigarmedi a can be adj ust ed.
10. The apparatus of claim1, wherein the flying head is adapted

with a |l ongitudinal groove for receiving and retaining a fiber optic cable.

11, The apndfalugPhsClably br Clalich N wherh! HeMedd SHAM cAhBLMIRT LI N the
support armfurther conprises a slidér rail ‘mechani sm Cont i gur 4°Co Enabl e
nmovenment of 1éhe fét gbuplihgathcaditurgytietwidppelid steerable micro-machined

10 actuator and the storage media.

12. The assembly of Claim 11, wherein the lens is disposed along an
optical axis between the steerable micro-machined actuator and the

storage media.

15
13. The assembly of Claim 11, wherein the lens is a GRIN lens.
14. The assembly of Claim 11, wherein the lens is used in a confocal
optical system.
20
15. The assembly of Claim 11, wherein the lens is a plano-convex
GRIN lens.
16. The assembly of Claim 1, wherein the head is disposed parallel to
25 a surface of the storage media.

17. The assembly of Claim 1, wherein the storage media is disk

media.

30 18. The assembly of Claim 1, further comprising a magnetic coil

21
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arm 21 The appar at ushigthest Hag BeedReplgbedr ei n t he flying head further

12.
conpri se @.ﬂﬁlfor focusi ng surface of t Qh&@g Medium
wher ei n t%% 94’ NS’ is interposed[mmmmﬂlflmmtflector and t@@ofrg‘g}e
medium 13. The apparatus of claim 12, wherein the lens is interposed '
between the reflector and the storage nedium 14. The apparatus of claim

12, wher ei gldriént @lschscovréiidtesanith the eddigyosmaicatioseridblel thienstbzagwher ei n
the lens is used in a confocal optical system 16. The apparatus of claim
12, wher ei of dagalinrthei stosage mesisonvex 17. The apparatus of claim 1,
wherein the flying head is disposed parallel to an adjacent surface of the
storage nedia. 18. The apparatus of claim1l, wherein the rotational axis is

or i ented di BIONGey, Wdbh5PESlink 982 At HAE Y LAkl dSThal a0

medi a. 19. "The appar urther conprising a magnetic coil

el ements whigd He@eperates with the energy source to enable the storage- of
data in the storage nedium 20. The apparatus of claim 19, wherein the coil
is contained within the flying head. 22 21. A conpact flying head for
use in a data stora stem conprising: a mcro-machined reflector for
def | ecti ng28- beé‘rrf’ﬁggr‘%é'?%ﬁ FPROHTB8a st orage nedium and

a light source; and
a steerable micro-miniature actuator for directing light received

10 from the light source.
21. The head of Claim 20, wherein the light source is a laser diode.

22. The head of Claim 20, wherein the light source is a fiber optic
15 cable.

23. The head of Claim 22, further comprising a support arm wherein

the support arm comprises a v-groove for holding the fiber optic cable.

20 24. The head of Claim 20, further comprising a support arm wherein
the support arm further comprises a slider rail mechanism for enabling

the head to move about the support arm.

25. The head of Claim 24, wherein the head is a flying magneto-
25 optical head and the support arm is a rotary Winchester-type

actuator arm.
26. The head of Claim 20, wherein the micro-miniature actuator is

scanned in a direction approximately parallel to the radial direction of a

30 storage disk.
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means for rotating the m cro-nmachined reflector about a rotation axis to

adj ust a defy,gepgdspath of the beam 2 SmpH;blByénqu,Q&@d of Frrs094 ]
wherein the m cro-nmachined reflector co o- machi ned mrror. 23.

The flying head of claim21, wherein thﬁmﬁﬁmu I% Hrat ed by a | aser

di ode. 24. The flying head of claim21 eamis directed to the

m cro-nmachined reflector by a fiber optic cable. A nethod for storing
and retrieving _informatjon to and from a_storage rredl um conprising the

steps of : genérati Agmet b@érfpﬁftr%%‘éfﬁéﬂp&daw@$ﬁ¢gagﬁ@Q@Mt®Iapnsmg

m cro- machi ned reflector osed an fl head; and directing the beam
to a specific | Ocatt{a({hsrght?ﬂ%agte&eggg%}:@%y TEYSQUTRS t he mi cro- machi ned

reflector about a %@iﬁ'lﬁggi'xe@ﬂe? Qold Epy-{ﬁg%% cf‘agﬁfelt?)?tﬁﬂgpath of the

beam 26. The neth d acco ng toclaim conprisihg the step of
di.recting § he beamditectimghttee &Rty &na.spkcHfic lochtion! ba iRt SRFapt rhbaim26
wherein the lens is disposed along an optical axis extendi ng béetween the

ni cr o- machi neBY Stee’flégl%&WC%QQWHQd@%@t%dl a. 28. The method of claim
27, wherein the lens is used in a confocal optical system 29. The nethod
of claim25, wherein the flying head is disposed parallel to a surface of

;‘ geas ngﬁgfonggf[ :Jggfxégpg%g.%ﬁ]%n%f tCCRM 2%, WHE R The t}%esrg 8 dRERUm
through a GRIN lens.
10
29. The method of Claim 27, wherein the lens is disposed along an
optical axis between the micro-machined actuator and the storage

media.

15 30. The method of Claim 27, wherein the lens is used in a confocal

optical system.

31. The method of Claim 27, wherein the micro-machined actuator is

-disposed parallel to a surface of the storage medium.

20

32. The method of Claim 27, wherein the storage medium is a disk

medium.

33. The method of Claim 32, wherein the disk medium is double-

25 sided.

34. A system for transferring data on storage medium comprising:
means for transmitting an energy from an energy source;
means for providing the energy to a micro-machined actuator;

30 and
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31. The nethod of claim 30, wherein the disk nediumis double- sided. 32.

A systemfor transferring data to and froma storage nedi 1‘96%59 kSl Ng:
nmeans fo?v%aﬂ@rzg{]i ng a beam of radiation; neans for conve&ang h}réh%!éamto a
m cro-machi ned reflector; and nmeans for directing the beamto a specific-

| ocation on the storage nedium by rotating the m cro-nmachined reflector

about a rotati Opdda X ¥y &i‘?eéﬂﬁgﬁtﬁﬁ Hirg§itod 9gbtigetIodangho®iththe beam 33.
The system according to claim 32, wherein the neans for directing the beam

conpri ses atoriageanediinnnieyl shéening theicrodnachimed psteatcaccordi ng to claim
32, wherein in the systemconprises a confocal optical system 35. The
system according to claim 32, wherein the rotational axis is substantially

parallel tg.a radial_ axis ] j 36 tus
conpri si ngssa i tSyssgﬁmc%gé%}rdrﬁg%%égg??‘ﬁgﬁﬁg"#t%;}m W%/ﬁ%gﬁﬁée)ggdﬂl ncl uding a
steerabj e gi dg&iy BRErdY 1’ R micRolAhehidtdl SREPSbR: Alikidral medium a
pol ari zat i onrférr?g ai ni ng g(?pti cal fiber coupled to the flying head for
directing the light fromthe Iight source to the rotating nagneto-opti cal
storage nedium 25 i ) .. .

36. The system according to Claim 34, wherein in the system is a

confocal optical system.

10 37. The system according to Claim 34, wherein the micro-machined
actuator is steered to scan in a direction approximately parallel

to the radial direction of the storage medium.

38. An assembly containing storage media, the assembly further
15 comprising:
an energy source;
a coupler for receiving energy from the energy source; and
at least one head, the head further comprising a steerable micro-
machined actuator for receiving the energy from the coupler and

20 directing the energy to the storage media.
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