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STOP.EOR A FLYI NG OPTI CAL’ HEAD BACKGROUND OF THE | NVENTI ON The present

i nvent'i on r@lodoREes O Optical heads. In particular, the pragaiisosoMeNti on
reflates to 5 flying optical "heads. Optical data storage systens access
data by focusing a | aser beamor other [ight source onto a data surface of
a nedium and analyzing the light reflected fromor transmtted through the
medi um In general, 10 data is storeg.in optical storage systens in the
formof marks carried on the surface of the medi um which are detected using
a’refl ected | aser APERTUR® BTOP dFORS A WFINTRGE OPTECALSEHRAD store
conput er prograns, mnusic and video, are one t De of 15 optical data
storage system Typically, Z8ay ROUND; OF s THE : a8t |y recorded during
manuf act ure by etching tl'mesupfegémpf 1hbenega@aedeldjtee to Alitdiesalt ype of

optical system Wit e Y. V&m Juser may
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systens read dakgcgglnrrgeasiralsgg }geam or other light source onto a data

surface of a medium and analyzing the. light reflected
from or transmitted through the medium. In general,

10 data is stored in optical storage systems in the form of
marks carried on the surface of the medium which are
detected using a reflected laser light.

Compact discs, which are widely used to store
computer programs, music and video, are one type of

15 optical data storage system. Typically, compact discs
are permanently recorded during manufacture by etching
the surface of the compact' disc. Another type of
gptical system is a write once read many (WORM) system
in which a user may permanently write information onto

20 a blank disc.” Other types of systems are erasable, such
as phase change and magneto-optic (M-0) systems. Phase
change systems detect data by sensing a change in
reflectivity. M-O systems read data by measuring the
rotation of the incident light polarization due to the

25 magnetic state of the storage medium.

The above systems require a beam of light to
be focused on to a data surface of a disc. Storage
density is determined not only by the size of the
markings on the data surface, but also by the size of

30 the beam focused on the surface (i.e., resolution). 1In
general, the optics used to focus the beam on the
surface can be divided into two groups: those with
flying heads and those without flyiné heads. 1In those



rotation of the incident |ight polarization due to the 25 magnetic state
of the storage medi um The above systens require a beamof light to be

focused on woanersa surface of a disc. Storage density per6Rbpispd ned not
only by the size of the markings on the data surface, but also by the size

of 30 the beam focused on the surface (i.e., resolution). |In general,
the optics used to focus the beamon the surface can be divided into two
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within the head are actually supported by a thin layer
of fluid, typically air, that rotates with the disc. By
flying on this thin layer of fluid, the optics of the
head are positioned extremely close to the surface.
10 In both systems an objective lens is used to
' focus the light into a spot on the disc. In a system
with a flying head, the objective lens is used in
conjunction with a solid-immersion-lens or SIL. The
objective lens focuses the beam into the SIL and the SIL
15 reduces the beam spot size by. virtue of wavelength
reduction which occurs when 1light passes through
optically dense media. Because it is on a flying head,
the SIL is positioned very close to the data surface so
that light from the SIL couples to the disc surface via
20 evanescent waves.

In both optical systems, as light passes
through the objective lens a portion of the light forms
fringe fields around the perimeter of the otherwise
focused beam. In systems where the objective lens and

25 SIL do not £fly over the medium, such as most compact
discs, the objective lens is large enough that these
fringe fields can be eliminated by coating the outer
perimeter of the objective lens with a material that -

. reflects or absorbs light. Alternatively, a separate

30 piece may be inserted above the objective lens to block
this extraneous light.

The coating method described above cannot be
used with flying optical heads because the objective
lens used in flying heads is too small and its



10 . In both systenms an objective lens is used to focus the |ight
into.a spot on the disc. In a systemwith a flying head, the objective |ens
is uséd in werbees i on With a solid-inmrersion-lens or SlLperuShsoirfde ective
| ens focuses_the beaminto the SIL and the SIL 15 reduces the beam spot
size by virtue of wavel ength reduction which occurs when |ight passes

t hrough optically dense nedia. Because it is on a flying head, the SIL is
positioned very close to the data surfacg so that light fromthe SIL
couples to the disc surface via 20 evanescent waves. In both optical
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Al ternatively, a separate nserted above the objective
l ens to block this extraneousS : Bt hod descri bed above

cannot be used with flyipg aptieai HMSf&er&dmgolap«tebazedata

operations relative to a medium includes a slider body

and at least one lens. Positioned between the slider
10 body and the lens is an aperture stop for blocking the
transmittance of light. The aperture stop includes an
opaque layer that circumscribes a transparent region.
In preferred embodiments, the aperture stop is
deposited directly on the slider body through
15 photolithography methods. The clear slider body allows
the aperture stop to be aligned with a feature formed on
the opposite side of the slider body.
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a side view of an optical system of
20 the present invention.
FIG. 2 is a schematic diagram of the optics in
the optical system of FIG. 1.
FIG. 3 is a side view of the optical head of
FIG. 1.
25 FIG. 4 is an enlarged side view of a portion
of the head of FIG. 3.
FIG. 5 is a top view of the head of FIG. 1.
FIGS. 6{(1) through 6(8) are side views of the"
. head of FIG. 1 during different steps of manufacturing
30 the head.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
FIG. 1 is a side view of an optical storage
system 98 of the present invention. An optical module
108, which includes a laser, creates a light beam 116



| ens used in flying heads . is too snmall and its WD 99/ 16063 _
PCT/ US98/ 01424 - 3- hem spherical shape makes it difficult to properly align

a ‘mask’ for @epwakdssng material on the lens. Sinilarly, a gﬁﬁﬁ&ﬁg 4pj ece
cannot be added to the flying head to bl ock the extraneous |1 ght because

such a piece would 5 add too nuch weight to the head. SUMVARY OF THE

| NVENTI ON An optical head for performng optical data operations relative
to a mediumincludes a slider body and at.l east one | ens. Positioned

bet ween the slider 10 body and the lens is an aperture stop for bl ocking
the transnittantbabfisi ghtectidrk Hpenigh @nsienplosed uokstsi @il qRaieilayer t hat

Cireunscr i Des. acktNIDAM At ek 891 OMerdd'oBE CEST pSh SHDAM MORE Sy Ul APEr LUT e
stop is deposited_ di ectlsy on “the  stider 0 roug ]
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to be aligned whehdall®atmiviehf SoceteortHehbeappistd & smd@1opdthicorsld der
body. BRIEFSDESQBEgTESH.OFﬁyﬂé[¥%»N§$%ﬁs about a central axis 120,
continuously bringing new data regions underneath the
spot of light produced by optical head 100. The light
incident on disc 118 is reflected back through enclosed
optical path 112 and is analyzed by a control module
10 attachec to optical module 108. Through this process,
optical storage system 98 retrieves information stored
on disc 118.
Optical head 100 is supported by a suspension
assembly 102 that is supported by an arm 104. Arm 104,
15 optical module 108, and enclosed optical path 112 are
all supported by a spindle 106, which rotates about a-
centxral axis 110. As spindle 106 rotates, head 100
moves to different radial positions across disc 118 and
enclosed optical path 112 rotates to remain aligned with
20 optical head 100. )
FIG. 2 is a schematic diagram of the optics in
optical system 98 of FIG. 1. Within optical module 108,
a laser diode 130 generates a light that passes through
a beam splitter 132 and a relay lens 134, reflects off
25 a galvo mirror 136, is collimated by an imaging lens
138, reflects off bending mirror 114, and is focused
onto optical disc 118 by optical head 100. The light
reflects off optical disc 118, returns through head 100,
. reflects off bending mirror 114, passes through imaging
30 lens 138, reflects off galvo mirror 136, passes through
relay lens 134, is reflected by beam splitter 132,
passes through a Wollaston prism 140, and comes to focus
either before or after a detector plane 142. In
preferred embodiments, galvo mirror 136 is capable of



FIG 1 is a side view of an optical systemof 20 the present invention.
FIG 2 is a schematic diagramof the optics in the optical systemof FIG
1. FIG 3 i svaoswietss vi ew of the optical head of FIG 1. 2&(3;],.:.5“89&10&24 FIG
4 i's an enl arged side view of a portion of the head of FI : . 5 is a
top view of the head of FIG 1. FIGS. 6(1) through 6(8) are side views of
the head of FIG 1 during different steps of manufacturing 30 the head.
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS FIG 1 is a side view of
an optical storage system 98 of the present invention. An optical nodule
108, which incl heéBI adpfitectedr bt @n selegfiticheaumzisk® in \\Gréét 1663

PCT/ US98/ 01424 cHangdiathel posif £t & tﬂéqag%htaapse%&m a%'walnzlrﬁ@t h 112
extendi ng | ater gl I‘\;.%ror’%o‘gt ical .nppdul e 1 - Lllghtfbggm jj_jj_Gh{-_ef %(‘l::t s off a
bendi ng nmirror RI4° 1S &3h BRFttipring control’ o e light sp
making it possible to move the spot of light across
5 several tracks on the disc without moving optical head

100.

FIG. 3 is a side view of optical head 100 of
FIG. 1. Light 116 enters an objective lens 150 that is
supported by a standoff 152 on a transparent slider body
10 154. Light 116 is focused by objective lens 150 through
a cap lens 156 that is bonded to slider body 154 by an
adhesive. Together, cap lens 156, the adhesive, and
slider body 154 form a solid immersion lens. Beneath
the perimeter of cap lens 156 is an opaque layer forming
15 an aperture stop 158. The opaqﬁe layer of aperture stop
158 surrounds a transparent region that permits light
116 to pass into and through slider body 154. Objective
lens 150, cap lens 156, and aperture stop 158 operate
together to form a small light spot at the bottom
20 surface of slider body 154. Aperture stop 158 prevents
extraneous light at the perimeter of objective lens 150
from passing through slider body 154, thereby improving

the resolution of the spot.
FIG. 4 is an enlarged view of a portion of
25 aperture stop 158 and cap lens 156. As shown in FIG. 4,
aperture stop 158 is preferably formed from a layer of
material deposited directly on slider body 154. In
addition, cap lens 156 is bonded to slider body 154 and
. aperture stop 150 by an adhesive layer 160. It should
30 be noted that the thickness of adhesive layer 160
affects the absorption and reflectance of light that is
incident on aperture stop 158. It is preferred that the
absorption of 1light be maximized .and that the
reflectance of light be minimized for light that is



head 100, which focuses the beaminto a small spot on a 5 di sc 118.

D sc. 118 spins about a central axis 120, continuously bringi ng new data
regi ons undgigywakdgs t he spot of light produced by optical Readsiéfiadshe
light incident on disc 118 is reflected back through encl osed optical path
112 and is anal yzed by a control nodule 10 attached to optical nodule
108. Through this process, optical storage system 98 retrieves information
stored on disc 118. Optical head 100 is-gupported by a suspensi on assenbly
102 that is supported by an arm 104. Arm 104, 15 optical nodule 108, and
encl osed opti cainpidéent] 1 2omr eapéttwrpposterl by5&. spi ndne x@@&ELepiech rot at es
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body 154. FIG. 5 also shows a topography feature 162
that extends from the bottom of and is formed as a
10 single piece of material with slider body 154.
Topography feature 162 is centered within aperture stop
158 and objective lens 150, and is preferably used as a
reference point for positioning the masks to produce
aperture stop 158 on slider body 154. The outer
1s perimeter of aperture stop 158 may then be used to
position standoff 152 relative to the center of aperture
stop 158. In that position, standoff 152 provides an
excellent starting location for positioning objective
lens 150. The exact placement of objective lens 150 is
20 achieved by passing a light beam through optical head
100 and moving the objective lens until the spot at the
bottom of the slider is optimized. Aperture stop 158
quickens this process by significantly degrading the
spot when the objective lens is off-center relative to
25 the center of aperture stop 158.

FIGS. 6(1) through 6(8) show different stages
of optical head 100 during the process of manufacturing
the head. In the first stage shown in FIG. 6(1), slider -
body 154 is coated with an opaque layer of material 170,

30 which is preferably an optically reflective material
such as chromium. Preferably, the layer of chromium is
1000 angstroms thick. 1In FIG. 6(2), the second step of
the method involves coating opaque layer 170 with a
photoresist 172. In FIG. 6(3), photoresist 172 has been



reflects, off optical disc 118, returns through head 100, reflects off
bending mrror 114, passes through imagi ng 30 | ens 138, reflects off

gal vo-'m rr owobgfsesasses through relay lens 134, is refl eglcgrshyoreaam
splitter 132, passes through a Wl laston prism 140, and cones to focus

either before or after a detector plane.142. In preferred enbodi nents,
galvo mrror 136 is capabl e of WO 99/ 16063
PCT/ US98/ 01424 -5- being deflected by ar7electric current in order to
change the position of the Iight spot on the disc. This provides fine
posi ti oni ng corpaBtemied Neinggatshasiow marknnd thasobeen| éevalansfe tohe spot
of light acrossréméay afrfantedChorédtstdinftotihlovéaving Hacderned head
100. FIG 3 is gigi g%vioewoofa opt ilcéal rh(iqg.lo,g gf El (%Qfé‘z C'lfi %g;[ 16 enters
an objective |ens 9450'% 1Rt 9% qs“uppo?'feed by a s?an%%’ﬁ on & anspar ent
slider body 10 lawex 170 §hati1awe inot protedted bpreteobivemsingsd 7dhr ough a
cap lens 15§ thatei sdudad 1eavindglelapeednrdSistp ansedhesvesed TgYet her,
cap lens 156, t;r:]xe"‘o@edc eiS\}eV%ingnfg4 as shown in FIG. 6(4). In FIG. 6(5)
protective ring 174 has been removed leaving aperture
stop 158 exposed.
In FIG. 6(6), adhesive 160 is applied to
10 aperture stop 158 and the portion of slider body 154
located within the center of aperture stop 158. Cap
lens 156 is applied on top of adhesive 160 and is thus
bonded to slider body 154 and aperture stop 158. In
FIG. 6(7), standoff 152, which is in the form of a ring,
15 _is aligned with the outer perimeter of aperture stop 158
' and is bonded to slider body 154. In the final step of
the process, shown in FIG. 6(8), object lens 150 is
mounted on standoff 152, and centered on the center of
aperture stop 158 to optimize the light spot formed at
20 the bottom of slider body 154.

Although the present invention has been
described with reference to preferred embodiments,
workers skilled in the art will recognize that changes
may be made in form and detail without departing from

25 the spirit and scope of the invention.



slider body 154 forma solid immersion | ens. Beneath the perineter of cap

| ens.156 i s an opaque |ayer formng 15 an aperture stop 158. The opaque

| ayer.'of ap@iddeifuest OP 158 surrounds a transparent region gdibsoRfiasd t S
light 116 to_pass into and through slider body 154. (bjective |ens 150, cap
| ens 156, and aperture stop 158 operate together to forma small [ight spot
at the bottom 20 surface of slider body 154. Aperture stop 158 prevents
extraneous light at the perimeter of objgetive |lens 150 from passing

t hrough slider body 154, thereby inproving the resolution of the spot. FIG
4°is an enl ar geWHRL oL@ GLAIMED 80 of 25 aperture stop 158 and cap |ens
156. As shown in.FIG 4, Aﬁpefptubalsheadlssripeﬁf@frﬁrﬁalapa‘waxecaafﬂaoma

| ayer of material os ted |rectl on sI| er bo ition, cap
|l ens 156 is bonﬂ%%g S def t Vel 2 ahd"s ape rg}i}s pi%ﬁégy%%%dadhey ve

| ayer 160. It sﬁ@‘ﬂpﬁl%mg be not ed t hat the thickness of adhesive |ayer 160

af fects the absorption and rgﬁhgggancepégldﬂcg,lablghatovér| NGinghedifplen
aperture stop 158. It is prefftirre t hat [ﬁiabs tion | i ght be

maxi mi zed and that the refl ect8RRELEPS 9% T"rn et for light that is
light controlling wmeans, coupled to the

slider, for focusing and limiting light
transmission relative to the medium.
2. The optical head of claim 1 wherein the light
controlling means comprises:
a 1ens} and
an aperture stop, the aperture stop between
the lens and the slider.

3. The optical head of claim 2 wherein the lens
is a cap lens.
4. The optical head of claim 3 wherein the

aperture stop 1is an opaque layer circumscribing a
transparent xregion.

5. The optical head of claim 4 wherein the cap
lens is bonded to a portion of the opague layer by an
adhesive.

6. The optical head of c¢laim 5 wherein the
adhesive contacts the slidexr in the transparent region.
7. The optical head of claim 4 wherein the opaque
layer comprises an optically reflective material.

8. The optical head of claim 7 wherein the opaque

layer comprises chromium.

9. The optical head of claim 3 furthexr comprising
an objective lens, the cap lens between the objective
lens and the aperture stop.

10. A method of constructing an oﬁtical head, the
method comprising:

constructing a slidexr bod
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WO 99/ 16Q63 . . PCT/ US98/ 01424 i nci dent
on aperture stop 158. In preferred enbodi nents, where aperture

stop 158 wawdsnems from chrom um reflectance was i nimi Z]?*/ﬁ@ﬁ/oﬁ'ih
adhesi ve | ayer of 450 nanoneters neasured fromthe top of aperture stop

158 to the bottomof cap lens 156. FIG 5 is a top view of optical head 100
showi ng objective |l ens 150, aperture stop 158 and slider body 154. FIG 5
al so shows a topography feature 162 t hat-9ext ends fromthe bottomof and is

formed as a 10 single S{)l ece material wth slider  body 154.
Topography feature 162 i éﬂF APARR APEPT uPR SROpPLElETBRPBN) ecti ve
| ens 150, and is preferably usde epagues af@re&nhev:pﬂg in hperpase} i ng t he

masks to produce apert ur sl
perimeter of aperture stop 153;?1? en ébrgegg ggl%{oéosp%sl,llattl gﬁgs%gcﬁ'{eff 152

relative to the center of ape iBdietesn Fhetlens systemoand dthghdof f 152
provi des an excel |l ent starti ngllideat bodyf or positioning objective | ens 150.

The exact pl aceﬁnt of obr}pétdlé(&%%ngflggam _ZLQ w AL EVeY D (I,é i ng a

| i ght beamthr ogg ptical s jective Until the
spot at the bot X?'Bfl‘i forme dE]i‘r‘P‘églb@}PﬁfPiéH °Q¢ﬁ?hmla§dst:b® apEgIue

layer ig aligned on the slider body relative to a
feature found on the opposite side of the slider body
from the opaque layer.
12. The method of claim 10 wherein the step of
constructing a lens system comprises:
bonding a cap stand to the slider body, the
cap stand aligned on the slider body
~using the outer perimeter of the opaque
layer; and
bonding an objective lens to the cap stand.
13. The method of claim 12 wherein the step of
constructing a lens system further comprises bonding a
cap lens to the opaque layer with an adhesive.

* [ L ] s *



qui ckens this process by significantly degrading the spot when the
objective lens is off-center relative to 25 the center of aperture stop
158. .FI GS. b dolighddr Ough 6(8) show different stages of optpcptsisans 100
during the process of manufacturing tthé 4ead. In the first stage shown in
FIG 6(1), slider body 154 is coated with an opaque |ayer of material 170,
30 which is preferably an optically reflective material such as chrom um
Preferably, the layer of chromumis 1000 angstronms thick. In FIG 6(2),

t he second step of the method involves coating opaque |layer 170 with a
photoresist 172. In FIG 6(3), photoresist 172 has been WD 99/ 16063

PCT/ US98/ 01424 -7- patterned using a shadow mask and has been devel oped to
renove unwant ed photoresist nmaterial |eaving patterned ring 174 on opaque

| ayer 170. The portions of opaque |layer 170 that arg not protected by
protective ring 174 5 are renoved | eaving apqgiure stop 158 covered

by protective ring 174 as shown in FFG™B(3)- 1T ¥JG) 6(5) protective ring
174 has been renoved | eaving aperture
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stop 158 exposed. In FIG 6(6), adhesive 160 is applied to 10 aperture
stop .158 and the portion of slider body 154 |ocated within the center of
apert-ure sﬁg&,} Cap lens 156 is agflied on top of adlpesiuses/@éld and is

t hus bonde¥ %P8 &M der body 154 and apetrfure stop 158. In FIG 6(7),
standoff 152, which is in the formof a ring, 15 is aligned with the
outer perinmeter of aperture stop 158 and is bonded to slider body 154. In
the final step of the process, shown in FIG 6(8), object Ilens 150 is
nount ed on standoff 152, and centered on the center of aperture stop 158 to
aptim ze the light spot forned at 20 the bottom of slider body 154.

Al t hough the present inventi been described with reference to
preferred enbodi nents, workens i din rt vwllsyecognize t hat
changes may be made in form gnd dptaifl wiit iYg frpm 25 t he
spirit and scope of the inventi WD {9
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operations relative to a nedium the optical head conprising: a slider,

posi tii onabl e over mul tiple locations on the nmedium and |ight

control | i ng wessngesscoupl ed to the slider, for focusing andpdigé + dﬁhpa 4| 1 ght
o

transmission relative to the medium 3/ 4 The opti cal laim 1
wherein the light controlling means conprises: a lens; and an aperture
stop, the aperture stop between the I ens and the inder. 3. The
optical head of claim?2 wherein the lens is a cap |lens. 4. _ The
optical headgQf{claim3 wherein tjhe aperture stop is an opaque | ayer
citcunscribi kg # i 5. The optical head of claim4
wherein the cyp|l g¥@ portion of the opaque |ayer by an
adhesi ve. 6. 1 ) ead of claim5 wherein the adhesive
contacts the sl ARt .ns-.rent region. 7. The optical head

mat eri al .
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8 The opti cal

chroniunl 9. The opti cal

head of claim 7 wherein the opaque | ayer conprises
head of claim3 further conprising an

obj ect'i ve | ewe 991063 cap | ens between the objective | ens angchfiRosagdat Ur €

stop. 10.
conpri si ng:

| ayer
| ayer
of" claim 10 wherein the opaque | ayer
t he opaque

havi ng an aperture;

A nmet hod of constructisd 4n optica
constructing a slider body;
PCT/ US98/ 01424 -9- form ng an opaque |ayer on the slider body,

head, the netho
WO 99/ 16063

t he opadue

and constructing a |l ens system so that the opaque
I's between the I ens system and the slider body.

11. The net hod
I's formed through photolithography and

on t he opposi

U

S | gned on the slider body relative a feature found
t?.té dft he ‘Wger. 12.

The net hod of ¢l ® m 10 *where

m tne step of
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constricting a | ens system conprises: bonding a cap stand to tj@o@mqrgq r-j

body;.the-cap stand aligned on the slider body using the outggmperi er of

t he opaque | ayer; and bonding an objective lens to the cap il

The met hod of p@ﬂ]? 12 whe wokid fiRAeSlURPPROEREQAGANIZAGON NY a | CGEEED

further conprises bonding a cap | erfg g BEmopaque | ayer with an adhesi ve.
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(57) Abstract

An optical head (100) for b/
performing optical data opera- w
tions relative to a medium (118)
includes a slider body (154) and .

at least one lens (150). Posi- // , m
tioned between the slider body 15 150
(154) and the lens (150) is an

aperture stop (158) for blocking
the transmittance of light. The /58 / 52

aperture stop (158} includes an
opaque layer that circumscribes I \ / . I /5—4

a transparent region. @~ To e sssooosSTSmoowmRRTES eSS




