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LOW PROFILE OPTICAL HEAD

The present application is a continuatjon-in-part of Patent Application Serial No.
09/457,104 (attorney file number 4154-9) filed December 7, 1999, incorporated herein by
reference. Cross reference is made to U.S. Patent Application No. 09/315,398 entitled
Removable Optical Storage Device and System, filed May 20, 1999, further identified as
Attorney Docket 4154-1, and to U.S. Patent Application No. No. 60/140,633 entitled
Combination Mastered and Writeable Medium and Use in Electronic Book Intetnet
Appliance, filed June 23, 1999, further identified as Attorney Docket 4154-2-PROV.

The present invention is related to an optical head, e.g., for use in reading from
and writing to an optical disk and in particular to an optical head where substantially all
optical components from the laser source to the objective are maintainéd in a fixed spatial
relationship. . '

BACKGROUND INFORMATION .
One of the important factors affecting design of an optical system (such as a

system for an optical disk reader/writer, typically including a laser or other optical ¢
source, lenses, reflectors and other components) is the size of the optical system, both _}n

terms of the mass, volume and/or dimensions and in terms of the size\and shape of the

light as it reaches the optical disk (the spot size and quality). Although a wide variet}béf

systems have been used or proposed, typical previous systems have used optical
-components that were sufficiently large and/or massive that functions such as focus b
and/or tracking were performed by moving only some components of the system, sﬁch as s
moving the objective lens (e.g., for focus) relative to the laser or other light source.
Without w:shmg to be bound by any theory, it is believed that the relatively large size of
components was related to the spot size, which in turn was substantially dictated by
designs in which the data layer of a disk was significantly spaced from the physical
surface of .the disk (so that the optical path typically passed through a disk substrate, or
some other portion of the disk, typically passing through a substantial distance of the d.isk
thickness, such as about 0.6mm or more, before reaching the data layer).

- Regardless of the cause behind providing for relative movement between optical N
components, such an approach, while perhaps useful for accommodating relatively larger . !

or massive components, presents certain disadvantages, including the relatively large

- form factors required and the cost associated with establishing and maintaining optical

-1-



10

15

20

25

30

WO 01/43126 PCT/US00/33014

alignment between components which must be made moveable with respect to one
another. Such alignment often involves manual and/or mdxwdual alignment or '
adjustment procedures which can undesirably increase manufacturmg or fabrication costs
for a reader/writer, as well as contributing to costs of design, maintenance, repair and the
like. Accordingly, it would be useful to provide an optical head method, system and
apparatus which can reduce or eliminate the need for relative movement between optical
components, during normal operation and/or can reduce or eliminate at least some
alignment procedures, e.g., during reader/writer manufacturing. _
Many early optical disks and other optical storage systems provided relatlvely
large-format reader/writer devices including, for example, devices for use in connection
With 12 inch (or larger) diameter disks. As optical storage technologies have developed,
however, there has been an increasing attention to providing feasible and practiéal
systems which are of relatively smaller size. For some applications, e.g., for use in
personal electronic devices (PEDs), e.g., as described in U.S. Patent Application Serial
No. 09/315,398 for Removable Optical Storage Device and System (incorporated herein
by reference), a device fo_f reading and/or writing optical disks is described having a
relatively small form factor Such as about 10.5mm height,l 50mm width and 40mm depih.
Generally, a préctical reader/writer device must accommodate numerous items within its
form factor including the media, media cartridge (if any.), media spin motor, power
supply and/or conditioning, signal processing, focus, tracking or other servo electronics,
in addition to the components associated or affecting the laser or light beam optics.
Accordingly. in order to facilitate a relatively small -forrn-faCtor, it would be
" advantageous to provide an optical head apparatus. system and method which can occupy
' a relatively small volume. In addition to total volume consnderatlons constraints
imposed by a desired form factor and/or the need to accommodate other reader/writer
components can make it advantageous to provide an optlcal head apparatus system and

method which is relatively small in certain dimensions such as having a relatively small

vertical profile or dimensional requirement (with “vertical” referring to a direction

parallel to the optical disk spin axis), although reduction of requirements in other
dimensions (such as a longitudinal dimension parallel to an optical arm axis and/or a
lateral dimension perpendicular to the longitudinal axis) may also be of importance.
Provision of a low vertical profile configuration can be specially problematic since, for at
least some optical designs (including, e.g., finite conjugate designs), a minimum optical

path may be required or advisable (although the read/wri_te'beam generally must reach the

-



10

15

20

25

30

WO 01/43126 R ' | PCT/US00/33014

optical disk substantially normal to the plane of the disk). Accordingly, it would be
useful to provide an optical head apparatus system and method which can reduce
dimensional requirements such as reducing vertical dimension requirements, e.g., in the
case of a PED to less than about 12mm, preferaBly less than about Smm and more
preferably less than about 3min. '

A number of optical reader/writer devices, including, for example, relatively large
devices such as audio compact disk (CD) players in a typical home stereo system, Fresent
relatively little concern with power management or power budgets (typicaily having
access to AC line level power or the like). As a result, in many such systems; it is
feasible to provide an optical design which is relatively inefficient of optical power (such
as by substantially overfilling lenses and the like, e.g., to accommodate noncircularity of
laser sources). In contrast, devices such as those described in this Application Serial No.
09/315.398, supra and or 60/140,633 intended to be lightweight and portable, generally
must operate with a limited power budget (and also have a more limited ability to
dissipate heat, compared with larger systems). Accordingly, it would be useful to provide
a optical head apparatus system and method which can achieve the desired optical quality
(e.g.. accommodating noncircularity or other optical features) while avoiding undue
energy inefficiency and/or unnecessary heat generation (e.g., arising from substantial

overfilling of lenses or other optical inefficiencies which in turn require higher optical

power and hence higher electrical power lasers which dissipate more heat).

SUMMARY OF THE INVENTION

The present invention pfovidesi a practical and feasible system in which
substantiaily all components of the optical head from the laser or other light source to the
objective move together as a unit. (e.g., for focus and/or tracking), i.e. in which
substantially each optical component of the optical head is in a fixed location with respect
to other components. '

In one embodiment, the optical head is based on a wafer-scale fabrication -
approach. Preferably, a silicon or similar wafer having electronics formed therein, in the
normal fashion, has optical components stacked or otherwise positioned thereon,
preferably at least some components being placed prior to slicing the wafer, to form the
optical components of the optical head. In one embodiment, a first mirror/spacer level is
positioned on the wafer and one or more levels of optics (generally proportioned similar

to the proportions of the “chip” after wafer slicing) are positioned on 'the top of the
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spacers. In one embodiment, alignment of some or all optical layers above the spacer is
performed while the laser source (preferably mounted on the: wafer) is emitting laser
light, and using the emitted laser light to assist in positioning or alignment.

- In one embodiment, the read/write beam travels through one of the optics layers
in a direction substantially paratlel to the plane of the disk. Pr,dviding a configuration in
.which a substantial portion of the optical path i_s'parallel to the plane of the disk assists in
providing a relatively low vertical profile. By. providing a System which can use wafer-
scale fabrication and which can be fabricated by stacking discrete components such as
spacers, optical components and the like, it is possible to construct a small, high
precision, low weight, low profile and/or small spot-size optical head at relatively low
fabrication costs.. As used herein, “read/write” refers to configurations that are used for
only for reading and to configurations that are used for both reading and wriﬁng. _

In one aspect an optical head of a type useable in a optical disk r_eaderl.wrife‘r is
provided. The optical head has a low profile, e.g., in a vertical direction parallel to the
disk spin axis, such as less than about Smm preferably les# than about 3mm.
Substantially all components of the optical system, including a laser souroe; objective
lens. intervening optics and photo detector are provided in the optical head and mounted -
in a fixed position with respect to one another. Substantially all optical components of
the optical head are moved as a unit, e.g,, during tracking and/or focusing. Preferably,
the optical head is fabricated using wafer scale and/or stacking technologies, e.g.,

stacking substantially planar components to achieve the final optical head configuration.

'BRIEF DESCRIPTION OF THE DRAWINGS

Fxg 1 is a simplified block diagram of a reader/writer drive device coupled toa
host device of a type that can be used in connection with embodments of the present
invention; o _ _

Fig. 2 is a perspective schematic view of an optical arm and optical disk
according to an embodiment of the present mventlon, | _

Fig. 3 is a perspective view of an optical head according to an embodnment of the
present invention;

Fig. 4 is a top plan view of the optical head of Fig. 3.

Fig. 5 is a side elevational view of an optical head of F ig. 3; _

Fig. 6 is a cross sectional view through an optical head and a poftion of an .

adjacent disk according to an embodiment of the present invention;
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Fig. 7 is a perspective view partially exploded of a Wéfer and partially mounted
spacer components according to an embodiment of the present invention;

Fig.8isa top'ﬁlan view of a portion of a wafer with mounted spacer components;

Fig. 9 is a top plan view of one resultant wafer section following wafer cutting;

Fig. 10 is a vertical cross section through an optical head and a portion of an
optical disk according one embodiment of the present invention;

Fig. 11 is a partial perspective view depicting an optical arm and a relatively
movable optics head, according to an embodiment of the present invention;

Fig. 12 is a partial exploded perspective view of an optics arm and optics head
according to an embodiment of the present invention;

| Fig. 13 is a partial perspective view of a portion of an optical arm with mounting
prongs, according to an embodiment of the present invention;

Fig. 14 is a vertical cross sectional view of an optical head according to an
embodiment of the present invention;

Fig. 15 is a side elevational view of cdmponents of an optical head with a laser
mounted on a surface of the optical die, according to an embodiment of the present
invention; - '

Fig. 16 is a side elevational view of components of an optical head which uses a
VCSEL, according to an embodiment of the present invention;

Fig. 17 is a block diagram depicting components that can be uses ih providing -
various embodiments of the present invention;

Fig. 18 is a longitudinal cross sectional view of an optical head according to an

embodxment of the present invention;

Fig 19 is a top plan vnew of an Optlcal Element Unit (OEU) according to an
embodiment of the present invention; R

Fig. 20 is a bottom plan view of an Optical element unit according to an -
embodiment of the present invention;

~ Fig2l is a transverse cross-sectional plan view of an Optlcal element unit (OEU)

according to an embodiment of the present invention; _

Fig.22 isatop plan view of an optical detector portion of an optical head
substrate, according to an erhboditnent of the present invention;

Fig. 23 is a side elevational view of the portion of the substrate of Fig. 22

combined with a corresponding portion of an Optical element unit (OEU), with selected
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light beams shown cross-hatched, for clarity, according to an embodiment of the present
invention; : S R _ B o
Figs. 24 A and B are graphs of Focus Error Signals (FES), as a function of focus
at the medium, for first and second detectors, respectively, according to an embodiment
of the present invention; o o . }

Fig. 25 is a graph of a differential Focus Error Signals (FES), as a function of
focus at the medium, according t an.embodiment of the present invention; .

Fig. 26 is a side elevational view of an optical head, with arrows showing the
paths of central axes of selected light beams, according to an embodiment of the present
invention; and . _

Fig. 27 is a side elevational view of an optical .head, with arrows showing the
paths of selected light beams. according to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE PRE_FER.RED. EMB_ODIMENT

The present invention can be used in the context of a number of driQes and drive
configurations, including those described in U.S. Patent Appl_icatioﬂ Serial No. _
09/315,398, supra. In the configuration depi_cfed in Fig. 1 a reader/writer drive device
112 is coupled to a host device 114 (which. may be, for example, a personal electronic _
device (PED) such as a music and/or video player, a camera, and eleétronic book or other
text reader and the like) by an interface 116. In the embodi_fnent depicted in Fig. 1, the .
drive 112 holds or receives optical media, typically an optical disk 118 which has a hub
122 for coupling or centering with respect to a disk spin xhotor_ 124 under cétitrol ofa
motor control 126. In one embodiment, the media 118 is a first surface media, e.g., as
described in U.S.. Patent Application Serial No. 09/315,398 supra., incoiporated herein
by reference. Bits on the media 118 are read or written using an 6ptica1 head 128 (e.g., as
described more thoroughly below) which provides daia or signals 132 to a data read/Wﬁte
electronics 134, e.g., for passing to the host 114 via the interface 116. The oi:_vtical head
128, in one embodiment, includes substantially all compoﬁents or devices which control
or affect the laser or optical beam along its entire path from generation to arrival and/or
reflection from the media 118 and detection, including the lasé.r or other light source,
lenses, gratings, holograms, wave plates, mirrors, beam splitters and other refractive,
reflective, diffractive or other optics fof_éffecting the light beai_n or controlling, photo
diode or other light detectors and the like. Preferably, some or all electronics for

controlling and/or modulating the laser and/or conditioning, digitizing and/or processing
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detection signals are included in the optical head. Information or signals obtained using
the optical head 128 are also provided 136 to an arm control electronics 138 which moves
or controls an optiéal arm 142, e.g., for tracking and/or focus. A power source or
conditioner 144 provides power for electronics and/or motors or actuators. Various
configurations of a drive 112 can have other components, not depicted in Fig. 1, such as

" mechanical components for receiving and/or ejecting the media 118 and/or media
cartridges, content control electronics, microprocessors or other processcrs, data storage
memory devices, data encryption/decryption electronics, and/or other components as will
be understood by those of skill in the art after understanding the present disclosure.

The size, mass, volume, shape and/or vertical, longitudinal and/or lateral
dimensions or requirements and/or cost of the optical head 128 are of significance to the
overall feasibility and cost of a drive device 112, especially when the configuration of the
drive device 112 places constraints on the position, size, shape or cost of other
components of the drive 112, and particularly when it is desired to substantially

- accommodate the drive 112 in a certain form factor, e. g., as described in.U.S. Patent
Application Serial No. 09/315,398, supra.

Fig. 2 illustrates in generalized or schematic form, a positional relationship of an
optical head 128 and ann 142 with respect to media 118 according to one embodiment of
the present invention.  In the embodiment of Fig. 2, the optical head 128 is mounted in a
fixed position with respect to the optical arm 142. As described more thoroughly below,
preferably, all components of the optical head 128 are in a constant or fixed position with

respect to one another, i.e. there is substantially no relative movement of any optical

. compbnem of the optical head 128 with respect to any other'component of the optical

head. Instead, in the depicted embodiment, to achieve desired aligxlment with data on the
media 118 (i.e. tracking) and/or focus, the entire optical head 128 is moved, as é unit,
with respect to the media 118.

In a preferred embodiment, the optical path is configured such that the optical
path length (measured along the optical axis, following any folding of the optical path)
from the source to the objective is substantially greater than the distance from the
objective to the data surface of the medium. In one embodiment, the ratio of the source- -
to-dbjective path length to the objective-to-data surface path length is at least about 5. As
used herein “bbjeétive” or “objective lens” refers to the component which focuses light
onto the recording layer or recording surface of the medium. Although this is typically a

conventional refractive lens, it can also include reflective, diffractive, or holographic
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components. - Although typically the last or ultimate optical component along the optical
path before the light reaches the medium, “objective” or -‘fdbjective lens™ as used herein
can also encompass items which may not be the last optical component before reachmg
the medium. The optical path length from the objective to the data surface isa ﬁmctién
of a number of factors including the numerical aperture of the lens, the distance (if any)
from the disk surface to the data surface and the smallest safe spacing between the optical
head and the disk surface (the “working distance”). In one embodiment, it is desired to
provide an optical path length from the source to the objective greater than about 2.5mm,
preferably greater than about 4mm, and even more preferably greater than abétit 4.5mm.
One embodiment of the present invention involves achieving such a squfce-to—objective
path length while providing a low-profile device, preferably such that a reader/writer
device can be accommodated in a form factor with a (vertical) profile iess than about
10.5mm, preferably less than or equal to about 6mm. _
In the depicted embodiment, media 118 rotates 212 about a spin axis 214 which
defines what will be referred to herein as the vertical direction. Spinning of the disk 212
provides for alignment of the light beam with (successive) circumferential positions on
the disk 118. Alignment with desired radial positions (trécking) is provided by moving
the optical head 128 in a direction having a radial component, preferably by rotating 216
the optical arm 142 about a substantially vertical axis 218 so that the position at which
the light beam reaches the disk 118 defines an arc 222 extending throughout a .
predetermined radial range of the disk 118. In the depicted embodiment, to provide
focusing, the entire optical head 128 is moved, as a unit, albn_g a path having a.vert.ical_

component such as by pivoting 224 the arm 142 about a substanﬁally horizontal axis 226.

'Although the illustration of Fig. 2 is not to scale, it suffices to illustrate that the overall
vertical dimension for accommodating the component depicted in Fig. 2 will be affected”
by the vertical profile or height 232 of the optical head 128, as weil as other dimensions
such as the spacing 234 to the media 118 and the like. .

Fig 2 depicts an embodiment in which not only the optics components of the
optics head 128 move together, but in which the optics_heé.d moves with (is substantiaily
rigidly coupled to) the optics arm 142. It is also possible to provide embodiments in _
which, while components of the optics head (preferably including at leé_st the light source
and the objective) are non-movable with respect to.each o.ther, the 'optics head may be
movable with respect to some or all of the arm. For example, in the ernbodimexit of Fig.

11, the optics head 128 may be coupled to the arm 142 by a movable of flexible,
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preferably resilient, leaf member 242. The leaf member 242 may include all or part of a
flexible printed circuit (flex-circuit) device e.g., for providing signals to and from the
optics head 128. A number of flex circuit materials or devices can be used. One example
is a flex circuit using a substrate including a polyimide material such as that sold under
the trade name Kapton®, available from E.I. du Pont de Nemours and Company of
Wilmington, Delaware, with one or more copper traces or regions and/or one or more
electronic components formed or mounted thereon). Preferably, movement of the head
128 with respect to the arm 142 can be positively controlled, such as by using a voice coil
244 or other electromagnetic or electronic device for moving the head toward or away
from the arm 142.

'Figs. 3-5 depict an optical head 328 according to one embodiment of the present
invention. In the depicted embodiment, an objective lens 312 is positioned by a lens
mount 314 over a quarter wave plate 316. In some embodiments, some or all functions of
the quarterwave plate can be provided by a coating, rather than a plate. The lens mount
can be formed of a number of materials including steel, glass, or silicon. The quarter .
wave plate can be formed of a number of materials, including mica and quartz. In some
embodiments the functionality of a quarter wave plate can be provided by a coating.
Below the quarter wave plate 316 is a optical block, referred to herein as a periscope 318.
The periscope 318 is substantially transparent, at least at the wavelength of the laser light,
and defines a first angled (preferably 45° angle with respect to vertical) surface 322
acting substantially as a mirror, as described more thoroughly below. Preferably the 45°
surface 322 will be coated with a substantially reflective coating such as aluminum or

reflective chrome coatmgs The penscope 318,in the depxcted embodiment. also

- includes a interior polanzauon beam splitter surface 324 also preferably at about 45°

(with respect to vemcal) which is substantially reflective (i.e. acts substantially as a
mitror) for light with a first polarization and substantially transmissive for light with a
second polarization. The periscope block can be made from a number of material,
including, e.g., fused silica or SF2 (flint glass).

Below the periscope 318 is an optical die or “optical element unit” (OEU) 326.
Use of the term “die” represents a convenience, and should not be taken as limiting the
invention to only the depicted parallelepiped, parallelogram or other shapes depicted
herein. The OEU 326 is provided with lenses, gratings, holograms, and/or other optical

components or devices, as described more thoroughly below.
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The OEU 326 is coupled by spacer blocks 332, 334 to an underlying sub-mount
336 (preferably sliced from a silicon or similar wafer, as déscribed, more thoroughly .
below). In the depicted embodiment, the sub-mount 336 is positioned on a printed circuit
board 338 or flex circuit. - |

The light path has its origin in the laser diode 612 mounted, with respect to the
sub-mount 336, e.g., using a laser mount 614. In one embodiment, the laser beam is not
collimated but follows a diverging configuration substantially from the laser source to the
objective lens which forms a finite conjugate imaging systein. In this configuration the
beam-forming optics are provided principally for fully or partially circularizing the light
and/or fully or partially correcting astigmatism and/or providing a beam pointing
adjustment function. One potential advantage of a finite éonjugate (point-to-point
imaging system) is that the substantial demagnification provides an effective reduction or
elimination of the astigmatism that arises from the laser. However, circularizing lens

:352a may create sufficient astigmatism that a second lens or other optics 352b may be
advisable for correcting astigmatism. It is also possible to position ienses or other optics
on the surface of the submount 336 between the laser and the mirror block 332, e.g., for
circularizing or other optics purposes. In one embodiment lenses or similar optics 352a,
b along the optical path are configured to at least partially correct for angular errors in the

. mounting (and thus the beam direction) of the laser diode.

In the depicted embodiment, the laser diode is a side-emitting laser diode and the
horizontal aser beam 616 output by the laser diode 612 is reflected to a vertical beam by
a 45° surface 618 positioned with respect to the sub-mount 338 preferably by being
incorporated as a surfaces of one _of the spacers 332. 1In one embodiment, a ponion of the
emitted laser beam is reflected back (e.g., from the 0EU:3'26);for purposes of monitoring
énd-controlling laser power output. In one "é'mbodimeht, the iése‘xl is a red-light laser.
Preferably, however, the present invention can accommodate the use of shorter-
wavelength lasers, such as blue-light lasers, (e.g., for achieving decreased spot size and
increased data density) while still retaining the same general configuration of the optical

" head as used with red-light lasers (such as configurations having substantially all optical

- components moving together, mounted at one end of the optical arm, formed of one or
more optical-element plates, each with muitiple optical elements, and/or defining an
optical path with the majority of the léngth through a gl#ss or other solid substance),
although some details (such as shape or power of lenses or other optics, pupil size, etc.)

may be changed to accommodate short-wavelength light.
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As depicted in Fig. 16, the use of surface 618 for turning the beam from a
horizontal beam 616 to a vertical beam could be eliminated from the design by providing
a laser which is not side-emitting, such as a vertical cavity, surface-emitting laser
(VCSEL) 1612 (e.g., as described in U.S. Patent Application S. N. 09/315,398, supra)
which can be configured or positioned to emit substantially in a vertical direction 1614.
VCSEL's are also useful because of the substantial circularity of the beam and reduction
or elimination of astigmatism. '

As depicted in Fig. 7, in one embodiment the sub-mount 336 is formed from a
small (“sliced™) portion of a larger silicon (or other) wafer 712 (Fig. 7), with the wafer
being formed, using typical wafer fabrication techniques, preferably including a plurality
of other electronic components forming portions of some or all of the drive circuitry 112
suchasa high frequency laser modulator, pre-amp, laser diode driver, photodetector and
associated circuitry, power or control circuitry, tracking or focus servo. data read/write
electronics and the like. A wafer 712 formed witha plurality of silicon “chip” regions
(which will be separated, e.g., by sawing or slicing, as described below) then has -
mounted on it, e.g., using optically guided pick and place technologies or the like, a
'plurality of laser diodes and mounts 714a through 714x and a plurality of spacer bars-
with integrated mirrors 716a.b,c. Each spacer bar 716 contain a plurality of 45° mirror
surfaces (718a, 718b, 718c, etc.). The laser diode 714 and mirror 718 of the spacer bar

716 are positioned on the wafer 712 with respect to the electronics thereon so as to

~ provide for coupling of the laser to laser power, control or similar circuitry and to provide

for substantial alignment of the output beam of the laser with a corresponding mirror 718.
After the desired components are positioned on the wafer 712, the wafer is sliced or
sawed, e.g., élong a plurality of lines (depicted, in Fig. 8, in phantom, 812a,b,c, 814a,b,c).
As shown in Fig. 8, preferably, the saw lines 812abc are positioned so that each resultant -
chip has left and right spacers 332, 334, resulting from right and left (respectively)
portions of sawed spacer bars 716. In the resultant configuration depicted in Fig. 9, each
chip 91.2 has mounted, thereon, in a desired configuration, or alignment, a laser diode
714, a turning mirror 618 and spacers 332 334, preferably with sufficient area 914 on the.
chip 912 remaining to accommodate various electronic components formed as part of the
wafer 712.

Although a number of shapes and sizes of devices can be used according to the
present invention, in one embodiment, the sub-mount 336 has a length 512 of about 5mm

and a lateral dimension 412 of about 1.5mm.
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The optical die or optical element (*OE”) block 326 which is to be positioned
‘above the sub-mount 336 (and spaced therefrom by the spacers 332, 334) can havea
number of different configurations, depending on the desired functi_oh_s. Inthe |
embodiment depicted in Fig. 3, the OEU 326 includes a plurality of b_éam shaping optics
352 and servo optics 354. In one embodiment, the beam shapmg optics 352a, b are
provided as (or perform functions substantially similar to those of) toric or cylindﬂ§a1
lenses, e.g., for fully or partially circularizing the laser beam, correcting astigmatism and
the like. Preferably, the optics are configured to control the overfilling of the ob_]ectlve as
desired, e.g., to balance crosstalk with optical efficiency.

The optics 352a,b, 354 can be lenses or similar refractive optics, gratings 61'
holograms or other diffractive optics and the like. In some embodiments, optics may be
formed in thé optical die by etching techniques including providing approximate stepped
shapes, continuous shapes, segmented or “telescoped” lenses. Fresnel lenses, and the like.
In general, refractive optics are preferred, when otherwise feasible, because ofthe
relatively higher sensitivity of diffractive optics to wavelength. |

The OEU is preferably a substantially planar (rectangular para!leleplped) block
located between the substrate or submount and the penscope. The OEU is provided with
a plurality of optical elements or components, whose c_onﬁguratiqn, fabricaﬁon, function
and position may be different in different embodiments. Fig. 18 illustrates an
embodiment in which the OEU 1802 includes a forward sense optic 1804, a servo optical
element 1806, beam-shaping optics,1808, 1810, patterned absorptwe coatmgs 1812,
pattern reflective coatings 1814. anti-reflective coatings 1816 and alignment marks 1912,
1914 (Fig. 19). |

As deplcted in Flg 18, the forward sense optlcs 1804 can be used for deﬂectmg

some of the outgoing laser light back 1820, 1826 towards a detector 1828, e.g., mounted _

on the silicon or substrate 1830. The function of the detector 1828 is to provide an
indication of outgoing laser power, e.g., for use in a control or servo-circuit to maintain
desired read and write power levels of the Jaser 1832. Those of skill in the art will
understand how to use signals from the detector 1828 for controlling power at the laser
1832. The forward sense elements 1804 can be, e.g., a ;cﬂectiv_é, hologram (e.g., an
etched surface-relief hologram shown, in Fig. 18, on the top surface of the OEU i802),
with or without a further reflective coating such as chrome or aluminum. It would be
possible to position the reflective optics or qud sense optics 1804 in other locations

such as on a bottom or other surface of the periscope 1836 or the bottom surface 1848 of
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the QEU. It is also possible ta provide forward sense optics 1804 as a transmissive:
hologram or grating which deflects light to a detector mounted at a location other than the
substrate 1830, such as being mounted on the top surface 1838 of the periscope 1836. It
is also possible to provide forward sense optics 1804 in the form of a prism, such as an
etched prism, or a mirror surface, to direct light towards a detector 1828 mounted on the
substrate 1830 or elsewhere.

In the embodiment of Fig. 18, the OEU 1802 also includes a servo-optic element
(“SOE™) 1806. The servo-optic element 1806 acts to modify light returning from the disk
1842 and/or direct the returning light to one or more detector arrays 1844 for the purpose
of generating useful tracking signals, focus signals and/or data signals (e.g., as described
more thoroughly below). The SOE 1806 may be a hologram or may be a formed or
etched refractive element. Although Fig. 18 depicts the SOE 1806 on the upper surface
1846 of the OEU 1802, it is also possible to position the SOE on the bottom surface 1848
of the optical block 1802. It is also possible to provide embodiments in which more than
one optic element is used for modifying light returning from the disk such as providing
for two or more lenses, gratings, holograms and the like. It is also possible to provide
embodiments in which one or more SOE elements are positioned other than on the OEU

1802, such as being positioned on a surface of the periscope 1836. The SOE 1806 may
be, for example, a cylindrical or toric lens, e.g., of the type commonly usedin |
conjunction with a quadrant detector in the so-called astigmatic focus scheme. Refractive
elements can be fabricated by etching, pressing, machining or molding and can be coated
or uncoated. .

" The beam-shaping opucs 1808, 1810 may be refractive and/or dxfﬁ'acuve
components placed in the path of the outgoing beam e.g., to modify the angular
divergence of the laser beam, e.g., specifically to achieve a desired beam praﬁle at the
pupil 1852 of the objective lens 1854. The relationship between the size and intensity-
profile of the laser beam as it reaches the objective iens 1854, with respect to the size and
shape of the objective lens 1854 affects the shape of the focused spot at the disk 1856,
and hence the ability to resolve data marks, and affects the amount of track-to-track and
in-track cross-talk. When the laser source 1832 is a edge emitter laser diode, as depicted,
the laser beam, initially, will be generally in the form of an elliptical Gaussian beam. The
béam, as it reaches the objective lens 1854 will have one elliptical axis substantiaily
tangential to the disc tracks and the other elliptical axis substantially radial to the disk

tracks. The intensity of the laser light at the circumference of the objective lens 1854 in
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the radial and tangential directions (expressed as a percentage of the central beam
intensity) are referred to as the rim intensities in these directions. A particular drive
design may place lower or upper limits on rim intensities. In afleast some embodiments,
and especially in the case of low power drives, e.g.; for portable devices, there may be a -
constraint to provide a relatively high amount of light or percentage of light reaching the
disk from the laser. In these cases, lower rim intensities are generally preferred since this
is indicative that overfilling the lens is being substantially avoided, thus avoiding the
spilling or wasting of light energy. In one embodiment the rim intensity is not greater
than about 80% in the tangential direction and/or not greater than about 40% in the radial
direction (compared to the central or maximum intensity). In one embodiment the rim
intensity is preferably not less than about 50% in the tangential direction and/or not less
than about 15% in the radial direction. In the limit of low rim intensities, all of the
available light is passed by the lens. Accordingly, in at least one embodiment, the beam
shaping optics 1808, 1810 are configured to assist in modifying the beam to achieve the

desired intensity (of other) profile at the lens 1854. In at least one embodiment, oneor . . -

both of the beam-shaping lenses 1808, 1810 are anamorphxc aspheric elements.
Although in the embodiment of Fig. 18, the outgoing beam 1858 passes through

" two optic elements 1808. 1810 formed on opposite surfacqs 184_6, 1848 of the OEU 1802,

" it is possible to provide embodiments in which only one optic eleinent is positioned in the

OEU 1802 in the path of the outgoing beam 1858, It is also possible to provide
embodiments in which one or more refractive or diffractive elements for affecting the
outgoing beam are positioned on the periscope 1836, such as on a lower surface region
1862. ani upper surface 1864, (which., in the depicted l_oca_tibn, would also be in the path
of the returning beam), an angled reflective surface 1866 (al#o in the return beam path)
and interior surface 1868 (aiso in the return-beam path) and the like. Optical elements in
the path of the outgoing beam can aiso perform useful {or vital) functions other than (or
in addition to) controlling the rim intensities. Beam-steering optical elements can be

provided to correct laser beam pointing errors (e.g., errors arising from off-axis mounting

- of the laser diode 1832 and the like). It is also possible to provide at least partial

correction of pointing errors by franslating or rotating the OEU 1802 in tangential and/or
radial directions. This approach is facilitated when the beam shaper optics have optical
power in both directions (tangential and radial). In general, the range of beam steering
adjustment is at least panially limited by the wave-front error that is induced by the
position error (which degrades the spot profile at the disk and the data and sérvo signals).
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Another function that can be achieved by diffractive or refractive optics in the outgoing
beam path is correction of laser diode astigmatism. Since the surfaces are generally
aspheric, some astigmatism may be designed-in to cancel that which is typically inherent
in laser sources such as laser diodes.

In some embodiments, portions of surfaces of the OEU 1802 (or other
components, such as the periscope 1836) are coated with an absorptive coating 1812
pattern=d on the top 1846 or bottom surfaces 1848 (or on the side or end surfaces).
Absorptive coatings can be used to control the path of unwanted light within the optical
head. With the laser and detectors in relatively close proximity, and in close pfoximity
with many surfaces that may have varying reflectivities (including the substrate 1830,
surfaces of the OEU 1802, periscope 1836, lens 1854 and lens mount and the like, there
is a potential for unwanted light reaching optical detectors 1844, 1828 causing erroneous
s'ignals of various types such as a focus or tracking offs;et). In some embodiments,
substantially all surfaces which are not designed to permit passage of desired light are
coated with a absorptive (or reflective) coating. In another approach, optical ray-tracing
(or empmcal observation) can determine likely paths of undesired light and locate
optimum placement of areas of black (or low reflectance) material designed to minimize
unwanted signals. _

A number of materials can be used as an absorptive coatmg such as a single layer
of a highly absorbent material such as germanium or silicon. If desired, such absorptive -
layers may be provided with an additional coating such as an anti-reflective coating to
further improve performance. In some embodiments, the absorptive coating may be a
_multi-layer absorber/anu-reﬂector (e. g chromium/anti-reflector multi-layers).

In some embodlments some reglons of the OEU (or other components) may be
provided with patterned reflective coatings 1814. These may be positioned and
configured to perform functions similar to those of patterned absorptive coatings
described above. Patterned reflective coatings may be used to deflect unwanted light
which would otherwise fall on detectors. In addition, reflective coatings may be used to
help direct light towards a detector such as in the case of the forward sense optic 1804.
Reflective coatings can be made from a number of materials having appropriate
reflectance and adhesion, including single-layer or multi-layer coatings of metals or metal
alloys such as aluminum, gold, silver, chromium, and the like or from single or
multilayer dielectric coatings. Other materials for use as reflective coatings will be

understood by those of skill in the art after understanding the present disclosure.
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In some embodiments, anti-reflection coatings are provided on selected surfaces
or portions thereof, e.g., to reduce reflections which may cause unwanted signals on
detectors and/or to reduce the amount of reflective loss of optical power in the system. In
general, anti-reflective coatings may be used on surfaces which are not in optical contact
with other surfaces of the same refractive index. In such cases, in the absence of anti-
reflection coatings, there is always some reflection loss. For example, typically a glass-
air interface reflects about 4 percent of the light (at normal incidence). In a case where
the OEU 1802 is solder-pad bonded to the periscope 1836, a gap (typically of a few
micrometers) is present, which is filled with air, and unwanted reflections car occur
unless anti-reflection coatings are applied. In the case where the optic. block 1802 is
substantially adjacent to the periscope 1836 (e.g., in cemented or adhesive-bonded
configurations), some or all of the optics.1804, 1806, 1810 may be formed by an etching
or similar process to provide regions which are recessed below the upper surface 1846,
thus creating an air gap. A number of materials can be used as anti-reflection coatings.
In one embodiment, single or multi-layer thin films, usually of a dielectric material such.
as magnesium fluoride, applied in predetermined thicknesses, will reduce or substantially
eliminaie optical reflections over a specific wavelength and angular range. Those of skill
in the art will understand how to select and apply anti-reflective coatings after
understanding the present disclosure. - ' .

In some embodiments, to assist in optically aligning the OEU for- assembly tothe
substrate or periscope, al;gnment marks 1912, 1914 are provided. In some embodiments
the alignment marks 1912, 1914 are sized and shaped to dverlap or compliment

correspondmg marks on other components, such as the substrate 1830 or penscope 1836

to facilitate precise locanon, such as location to a precnsmn ‘of about 10 micrometers or

less. A number of materials and procedures can be used for forming alignment marks. In =~

one embodiment, the alignment marks are photolithographiéally—deﬁned lines or targets
which may be formed during any of the other photolithographic steps in the fabrication of
the OEU and/or etched or coated along with other components such as the forward sense
clement or the servo-optical element. The marks may be on the top surface (Fig. 19) or
bottom surface.

In some embodiments, substantially all of the optical components of the OEU are
formed by patterned lithography and/or etching in glass (or other optical material),
possibly in conjunction with a variety of coating steps. Such processes are typically

suitable for processing at “wafer scale” i.e. a relatively large (e.g., 3.inchto 6 inch
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diameter) wafer of glass or optical material may be lithographically pattemned to define a
large number of individual parts, each part being on the “chip” scale (such as around .
1mm to Smm, o smaller). All of the individual parts on the wafer may be processed
simultaneously (etched, .coated, efc.) leading to low-cost individual pans. Further cost
reductidn.is provided bjr forming mulﬁple optical elements 1804, 1806, 1808, 1810) on a
singlé block 1802 using photolithographic or similar techniques, such that the relative
positioring of the opticél components on the block 1802 are predefined and provided
with a high degree of precision. In this way, it is possible to avoid the cost of ahgmng
individual optical elements during device fabrication (which can be an expensive
procedure, particularly for small-scale devices such as devices having multiple optical
elements on the séale of about Imm to Smm. |

Prefefably the OEU 326 is formed of a glass or plastic (e.g., polycarbonate,
acrylic and the like) with the optics formed therein in prédeﬁned positions prior to
assembly. Glass is p'referred, when otherwise feasible, because it is relatively insensitive
to-temperature and watéf absorption (or other chemical attack) and can be joined to other
coxhponents using higher temperature techniques such as solder reflow. Inone
embodiment, the OEU 1802 is joined to the periscope 1836 by an adhesive. Preferably,
one or both of the intérface surfaces such as the upper surface 1846 of the OEU 1802 has
one or more channels or moats 2102, 2104 formed therein, e.g., by saw cuts or the like
(Fig. 21). In one embodiment the width and depth of each moat is about 100
micrometers. In one technique, after the upper surface 1846 is placed in the desired
alignment and position adjacent the lower surface of the prism or periscope 1836, an
adhesive is.introduced along the edges 21 06, 2108 and allowed to ‘wick” or flow by -
capillary action, inwardly 2110, 2112. The moats 2102, 2104 receive any excess
adhésive and prevent the adhesive from flowing inwardly substantially beyond the
locations of the moats 2102, 2104 (since adhestve, inward of the moats 2102 2104, could
potentially interfere w1th the lenses 1810 or other optics).

In one embodlment, the optical die 326 is placed in the desired operable position
with the aid of light from the laser diode 612. In this embodiment, the laser diode is
connected to at least power and control ciicuitry prior to mounting of the optical die 326
and the snhcon sub-mount 336 can be provnded with power sufficient to provide the laser
light output from the laser diode 612 and, optnonally, to detect signals at a photo-diode or
similar detector array (including those on the submount 1830). In one embodiment,

positioning equipment for placing and moﬁhting the optical die with respect to the
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submount 1830 involves momtonng characteristics of light transmitted through one or
both of the beam shaping opucs 352a,b. andlor servo opncs 354 as the opucal dre 326 is
moved and positioned. Preferably, the _opncal die 326 is rnounted_mth respect to the
spacers 332, 334 using well ltnown techniques such as sclder reﬂow Byusinga
procedure in which the optical die is posmoncd wlnle hght is bemg emrtted from the laser
(or other light source), and in which the position andlor focus or other charactenstlcs of
the light is used to guide opncal-dte-posmomng equlpment (preferably ina substantlally
automatic fashion, such as by using detected light to define a servo or control signal for
the positioning equipment), the posmomng of the optical d1e can at least pamally
compensate for various inaccuracies in the posmon of the laser (or other light source)

It is also possible to use an active ahgnment techmque (i.e. using light from the
laser to help in component placement, dunng fabncatxon) to at least partrallv compensate
for inaccuracies in the relative position of the laser (or other light source) w1th respect to
the photodector(s) 356. In one embodrment, after the opncal die is positioned and fixed,
the periscope block, preferably with the ob_]ectwe already mounted thereon, is positioned

using active allgnment In one embodiment, a mirror is posmoned near the objective

~ (e.g.. to mimic the reﬂectton from the optical dtsk) and the penscope block is moved until

the reflected light forms a desired or closest-fit pattern with respect to the

photodetector(s). In at least one embodrment itis belxeved that moving the periscope
block is most feasible for posrt_ronmg the reflected beam i 1n a lateral direction (e a
direction perpendicular to the longitudinal axis of the optical arm). Accordingly, it is

believed useful, in at least some embodxments to select a type or conﬁguxatton of

photodetector(s) which is relatwely msensmve to 1naccurac1es of beam placement in the

- longltudmal direction. In that way, the active alignment techmque canbeusedto

25

30

posrt_ron the periscope block so as to provide the greatest accuracy of bearh placement in -
the lateral direction, where the phetodector(s) are most:' sen'sitit/e to. inaccuracies.
Although it is possible, in so_me conﬁgurations; to posltion the optical die 326
_prior to positioning of other components (snch as the per_iscope 318, lens 312 and the
like), in another cmbodiment, itis also.'possi'ble tc separately assemble some or all of the
periscope 318 quarter wave plate 316, and/or lens 312 and the like to the optical die 326
prior to mounting the optxcal die 326 with rcspect to the spacers 332, 334. Regardless of
the order in Wthh the various components are ahgned and mounted. embodiments of the
present invention are believed to provide substantial beneﬁts arising from employing

wafer scale assembly techniques and/or multiple layer (stacking) assembly techniques to
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fabricate the optical head. By providing a relatively inexpensiw‘le and practical fashion for
assembling an optical head to achieve a desired (and substantially static) alignment
between components, the assembly of the entire drive 112 is simplified since critical
alignment has already been performed during assembly of the optical head and relatively
less critical or higher-tolerant assembly of the head to the arm 142 can be achieved, e.g.,
in a drive manufacturing or assembly plant at relatively low cost.

The periscope 318 is mounted, e.g., using solder reflow, adhesive or similar
assembly techniques, to position the periscope mirror 322 in the desired position with
respect to the optical die beam shaping optics 352ab so as to reflect the beam'in a
horizontal direction 358, i.e., substantially parallel to thie data surface of the disk 362.
The polarization beam splitter 324 is, in the depicted embodiment, substantially parailel
to tl;é periscope mirror 322 (i.e. substantially at about a 45° angle with respect to
vertical) and may be formed by a coating (PBS coating) placed on a surface of a first.

block of the periscope 318 preferably with the coated surface mating with a surfacé, ofa

. end block 364 of the periscope 318. The PBS 324 is selected or applied in such a fashion

that the PBS will be substantially reflective with respect to the polarization of laser light
as it arrives at the PBS (“ first polarization™). Those of skill in the art will understand
how to select or control polarization or polarization beam splitters in this fashion.
Accordingfy, the PBS reflects the laser beam in a vertically upward direction (i.e.
towards the disk 362, 366). The beam travels through the quarter wave piate 316 and
thence through an objective lens 312 aligned with the quarter wavelength by the lens
mount 314. The objective lens 312 is configured to substantially provide the desired spot

_ size (focus) with respect to the read/write surface of the (.preferably first surface) disk

362.

Although a number of sizes and shapes of devices can be used in accordance with
embodiments of the present invention, in the depicted device, the height 514 from the
printed circuit board 338 to the lens 314 is about 2.9mm. In one embodiment, the

distance from the objective lens 312 to the surface of the disk 362 (defining the working

distance for the optical system) is about 0.3mm.

After reaching the disk 362, and depending on the portion of the disk illuminated
and whether a data bit is pres'ent or absent at that position, light refiected from the disk
362 passes vertically downward to the objective lens 312 and quarter wave plate 316. At
this point (e.g., because of passage twice through the quarter wave plate 316),
polarization of the reflected light as it reaches the PBS coating is different from the first
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polarization and the PBS coating 324 is configured to allow substantially all of the
reflected light to pass through the PBS coating and continue verticaily downward, |
through the servo optics 354.and to the photo detector array 356,

A numbser of types of photodetector array. can be used including quadrant |
detectors, ¢ detectors and the like, and the type of servo optics 354 will be selected
corresponding to the type of detector being used, as will be understood by those of skill |
in the art after understanding the present disclosure.

In one embodiment, the substrate 1830 is provided with first and second (“A” and
“B”) optical detectors 2201, 2202 (Fig. 22) for detecting reflected light for use in
providing focusing, tracking and/or data signals. In the depicted embodiment, each
detector airay includes three par-shaped parallel detectors 2211, 2212, 2213, 2221, 2222,
2223. One advantage of the detector configuration having three parallel, bar-shaped
detectors in the detector array, is that the output is relatively insensitive to the placement
of or position of the beam in a longitudinal direction 2210. This means that there is
relatively higﬁer tolerance, during fabrication, for misalignments of-optical components
(mounting of the laser 1832, OEU 1802, periscope 1836.and/or lens 1854) which results
in movement or misalignment of the reflected beam (at the detectors) in the detector | _
longitudinal direction 2210, compared to those misalignments that cause movement or
misalignment with a substantial component in a Jateral dir_ectioo (perpendicular to the
longitudinal direction 2210). Relaxing tolerance requirements for at least some

alignment parameters can assist in lowering fabrication costs. .
Providing a two-detector scheme 2201, 2202 permits the use of a dlﬁ'erentlal

_ detcctlon approach Differential detection generally provides lmproved performance

compared to non-differential (smgle detector an'ay) schemes, at least in teéfniis of reduced” =~

cross-tatk (tracking-to-focus cross-talk or offsets resultmg from distorted beams), since
differential schemes tend to reject common-mode noise between the detectors. In one
embodiment, tracking-to-focus cross-talk is less than about 0.25 micrometers peak;to-
peak (p-p), preferably less than about 0.1 micrometers p-p. In one embodiment, tracking-
to-track cross-talk is less than about 5%, preferably less than about 2%. A two-detector
scheme working configuration as shown in Fig. 22 can be implemented by providing an
SOE 1806 configured for receiving the reflected (“return”) light beam 1842 and creating
first and second reflected beams 2302, 2304, e.g., as depicted in Fig. 23. As shown in
Fig. 23, the first and second beams 2302, 2304 are directed so as to fall on regions of the
first and second detectors 2201, 2202 (Fig. 22) respectively, defining first and second
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footprints of the beams 2203, 2204 thereon. Preferably, the ﬁrst and second beams 2302,
2304 have different optical characteristics such as having different focal point or focal
plane locations. It is possible to configure differential optical systems with the focal
points of the first and second beams respectively on opposite sides of the detector plane
2314. In the embodiment of Fig. 23, however, both focal points 2306, 2308 are on the
same side of the plane 2314 of the detectors 2202, 2201. The optical characteristics of
the first and second beams 2302, 2304 differ by having the respective focal points 2305,
2308 at different locations, such as different distances, 2310, 2312, respectively, from the
plane 2314 of the detectors. Providing different focal points 2306, 2308 of the first and
second beams 2302, 2304 can be useful in a differential detection scheme for a number of

reasoms.

In one embodiment, a focus error signal (“FES”) for each of the detectors 2201,
2202 is obtained by combining signals from each of three parallel bar-shaped detector

_regions in each of the detectors 2211, 2212, 2213,2221, 2222, 2223, According to one

emb_odiment, a focus error signal for the first or “A” detector 2201, termed “FES,”, is -
obtained by combining the negative or inverse of the signals from the outermost regions
of the first array, i.e. A 2211 and A3 2213 with the signal from the central region A2
2212. Expressed algebraically, FES, = Az - (A + A3). Similarly, in this embodiment, a
focus error signal for the second detector 2202 can be expressed as _
FESg =B; - (B) + B3). It can be seen that, in this fashion, each of the two FES signals
from the two detectors 2201, 2202 is related to the size of the footprints of the beams

~ 2203, 2204 which impinge on the detectors 2201, 2202. The size of the footprints 2203,
.. 2204 will vary depending on the degree or amount of focus of the light spot on the

medium 1856 (Fig. 18), c.g., ina pivot-focus apparatus, as the optical arm (or a portion.
thereof) pivots 224 (Fig. 2). - _ |

Figs. 24A and 24B are graphs depicting the magnitude of the FES, and FESp
signals 2402a, 2402b, respectively, as a function of the magnitude or degree of focus at
the medium. In one aspect, focus can be expressed as the distance 1862 (e.g., in
micrometers) of the objective lens from the information layer 1864 of the medium 1856.
One effect of providing different distances 2310, 2312 for the focal points 2306, 2308 of
the first and second beams 2302, 2304 is that the configuration of the FES signals from
the two detectors 2201, 2204, as a function of focus are different, e.g., as can be seen by
comparing Figs. 24A and 24B. Each of the individual FES signals 2402a, 2402b is
substantially non-linear (highly curved) in the regions 2406a, 2406b near the desired or
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nominal focus. Such non-linearity makes it relatively difficult and/or inaccurate to use
either of the focus error s1gnals FESa, FESg alone, as a control signal for controiling
focus. However, as depicted in Fig. 25, .When the negative or inverse 2404 of thé FESg
signal 2402b is combined with the FES, signal 2402a, the resultant combined focus error
signal FES, - FESg 2502 is substantially linear in a capture range 2504 located about the
nominal focus point 2506.  Thus, the differential scheme as depicted, providing two
different focus point distances, 2310, 2312 (in the depicted embodiment, both on the
same side of the detector plane 2314) can assist in providing a substantially linear
differential focus error signal, at least in a capture region 2504 which can be used for
controlling a focus motor or actuator. In one embodiment, the capture region is the
region within + 10 micrometers of the nominal focus. In one embodiment, the combined
focus error signal FES, - FESg 2502 has a maximum departure from linearity (e.g.,
departure from a best-fit linearity) at any point within the capture region of less than
| about 10%, preferably less than about 2%.

In a similar fashion, a combined tracking error signal can be deﬁned as.TES = (Al- L
- A3) + (B - B3), and a combined data signal can be defined as Data = (A, + A2 + A3 + B,
+ B, + Bj). In one embodiment, the combined focus error signal TES has a maximum
departure from linearity (e.g., departure from a best-fit linearity) at anj point within the
capture region of less than about 10%, preferably less than about 2%.

" If desired, both the FES and TES can be normalized to the total power in each
signal, e.g., to reduce the effect of a signal amplitude change (such as due to disk
reflectivity differences or beam vignetting, e.g., over actuator stroke, or similar effects).

. For example, normalized FES and TES signals can be prowded as. FESm.. { (A; +A;3

~A)/(Ar+ Azt A - [(B1+B;- BZ)/(B]+B2+B3)]andTESnonnalmd—[(Al Ag)l.”'

(A; + A3) ]+ {(B3- B1)/ (B1 + B3) ]. The various combmatlons of sngnals from the
regions of the two detectors can be combined in an analog or electronic fashmn, or can be
digitized and combined -digitally (or a2 combination of both approaches).

In one embodiment, the relative size of the central element in each dgtectbr 2212,
2222 can be adjusted to reduce the cross-talk of the tracking signal TES into focus signals
FES for different detector positions with respect to the object lens and/or different groove
geometries of the medium 1856 (on media with a groove) or different pit geometries on
media with premastered pits.

Fig 12 illustrates one example of a manner of prov:dmg for communication of

~ electrical signals to and from the optical head 128. Although the embodiment of Fig. 6
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provided for the submount 336 to be positioned with respect to a printed circuit board
338, in the embodiment of Fig 12, the submount 336 is accommodated in a cut-out 1212
formed in a flex circuit (e.g., 2 Kapton®-copper flex circuit) 338'. The flex circuit 338' is
preferably electronically coupled to the optics head 318 such as by forming wire bonds
between optics head bonding pads 1216 and flex circuit bonding pads 1218. The flex
circuit 338' can be physically coupled e.g., by an epoxy or other adhesive, such as that
sold under the tradename Epo-Tek H70E-2, available from Epoxy Technolegy, Inc. of
Billerica, MA. Some or all of the flex circuit or other components may be coated or
encapsulated, e.g., for protection. The flex circuit 338" preferably contains some or all
electronics used for control and/or signal processing for the optics head 128. Other
manners of providing for electrical communications to and from the optics head will be
understood by those of skill in the art after understanding the present disclosure.

One of the significant factors in design of devices, according to embodiments of
the present invention, relates to thermal management. Many laser diodes or other light
sources can be significant heat sources. In addition, many electrical or electronic
components, such as power supplies or conditioners, resistors, diodes, and other items,
can add to the total heat load. It would not be unexpected to use a laser device having a
power output near 200 milliwatts. Elevated temperature can damage, or degrade
performance, c;f electronic components and/or media, both in a drive, and in a PED or
other device which incorporates a drive. Lasers and other components may have
performance characteristics which change, sometimes radically, as a function of

temperature, and it may be difficult or expensive to adequately compensate for such

.changes. -Further, products which perceptibly generate heat may have reduced
_commercial appeal. Previous electronic or electro-optical devices commonly used

relatively large, heavy or power-consuming components, such as large andlor"héavy heat -

sinks, fans and the like. The present invention, however, is preferably a low-profile (or
otherwise small) device and is especially suited to (although not necessarily limited to)
use in connection with PEDs or other small, lightweight, low-power devices.
Accordingly, it is preferred to configure the optical head in a fashion to avoid
concentrations or quantities of heat an/or to avoid elevated temperatures which might
harm equipment or components or which might degrade performance. Preferably, in at
least one embodiment, at least a portion of the underside of the flex circuit 338'
(preferably with the portidn 1214 extending over some or all of the cut-out region 1212)

has a coating or layer of a thermally conductive material, such as copper, e.g., to actas a
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heat sink or heat dissipater In one embodiment, the submount 614 (if present) is formed
of a substantially thermally conducttve material, such as alummum nitride or silicon
carbide. The submount has a relatxvely large surface area (e g compared to the footprmt
of the laser diode 612 and/or mount 614) to effectwely spread the heat, generated by the
laser, over a relattvely large surface area, avoxdmg concenu'attons of heat and undue
(locally) elevated temperatures : _ j

In addition to provxs;ons for thermal management and electronic couplmg of the
optics head 128 to- the_arm 142, embodiments of the present invention also include
provisions for mechan_ieal;mounting or coupling of the optics head 128 with respect to
the arm 142. In the embodiment depicted in Fig. 13, firstand second arms 1312 a,b _
define a region 1313 fo_f receiving an optics head. A plurality of flexible prongs 1314
a,b,c,d are coupled to t_he arms. The prongs have angled o;ot;usions 1316 a,b,cd |
configured to contact portions of the optics head when the head is in the region 1313.
Once the optics head is;posit_ioned as _desir_ed (e.g., using mechanisms for gripping and
moving the optics head), the protrusions can be fixed to portions of the optics head, e.g.,
using an adhesive, and;j)referably the prongs are stif_f'enedﬁor fixed, e.g., by coating with
epoxy or other stiﬁ'ening agent, possibly using an ultraviolet or other curing step...

‘Fig. 14 depictsj an embodiment of the invention in'which the detector 1412 is
positioned outwardly of__' the mirror block 332. In this emhodiment the PBS 1424 is
positioned and configured to substantially reflect the light 1426 received from the laser
source 1428 to a horiiontal path 1432 The light is then reflected to a vertical path 1434
toward the objectlve 312 by a reﬂectxve surface 1438. The reflected light returns along a
smtlar path 1434 1432, bnt, havmg a changed polanzatxon, is transmltted through the

_. | PBS 1424 along a honzontal path 1442 to be reﬂected downward 1444 toward the
25

!ﬂdetector 1412bya reﬂectxve surface 1446 In one embodunent the undersurface of the
optics block 326'in -th_e region surrounding the path of t_he reflected beam 1444 is coated
with an absorptive coating, such as non-reflective (blaék)_ chrome, to assist in protecting
the detector 1412 from stray light. In one embodiment, an annular reﬂeetive coating is
positioned on the low_et eurface of the optics block 326' surrounding the position of the
central portion of the beam 1426 in order to reflect the ot;termost annular portion of the
beam downward 1446 to a feedback detector 1448 for cont_rol_ling laser power. Other
regions can be coated with absorptive or reflective coatings for controlling stray light, as
will be clear to those of skill in the art after understanding the present disclosure. .
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Another embodiment of the invention is depicted in Fxg 10. While Fig. 10 shares
some features with the embéfliment of Figs. 3-6, in Fig. 10 th&ificon (or similar) sub-
mount 1036 on which the laser 1012 and detector 1056 are mounted is positioned ina
substantially vertical attitude, ie ina plane perpendicular to the surface or plane of the
disk 1062. An optical die 1026 is mounted spaced from the sub-mount 1036 by spacers
1032, 1034 and the turning mirror 1018 is a separate structure. Light from the laser 1012
passes through'bemn-shaping optics 1052ab and into a mirror block 1022. The read/write
beam is reflected by an intetior PBS surface 1024, downward through a quarter wave
plate 1016 and objective lens 1013 to the disk 1062. Reflected light, having its
p_olarizhtion altered, passes through the PBS 1024 and is reflected from a reﬂect_ive
surface 1023 through servo optics 1054 of the optics die 1026 to the photo detector 1056.
Although a number of sizes and shapes of devices can be used in connection with the
present invention, in one embodiment, the vertical height 1072 of the optics die 1026 and
block 1022 is about 1.8mm and the height 1074 of the quarter wave plate and mounted
lens is about 1.02mm. In one embodiment, the lateral dimension 1076 of the optics die
1026 and block 1022, about 4.0mm. _

Another embodiment of the present invention is depicted in Fig. 16. In the
embodiment of Fig. 16, the laser 612 and the photodetector 356, rather than being -
mounted on a separate chip or submount, are mounted on the lower surface of the optical

die 326. In the depicted embodiment, regions of the lower surface of the optical die 326

_ are selectively metalized or coated, e.g., to provide reflective or absorptive regions e.g.,

for surrounding the photodetector 1512 to control stray light, and/or to deﬁne'regions for

coupling the photocietept_or 356, laser 612 or other components or circuitry. In one

"embodiment one surface of the laser diode is used for coupling leads 1514 and the like to
~ provide power, data or control signals to and from the laser 612. In one embodiment, the -

free surface of the laser 612 can be directly coupled to a heat sink (including, if desired
some or ail of the optical arm), for effective thermal management. The configuration of
Fig. 16 can not only provide for effective thermal management, but, by avoiding the need
for a silicon board 338 or submount 336, can reduce the vertical height requirements,
further promoting the low-proﬁle nature of the optical head.

_ ' Another embodiment of the invention is depicted in Fig. 26. In the embodiment
of Fig. 26,a second beam splitting surface 2602 is provided as part of the periscope 2604
to provide for creation of first and second reflected beam paths 2606, 2608 for impinging
on first and second detector arrays 2610, 2612. The embodiment of Fig. 26 can be

-25-



10

15

20

25

30

WO 01/43126 - PCT/US00/33014

compared with the embodiment of Figs. 18 and 23. In Fig. 23, the SOE optic 1806
performs two functions: sphttmg the reflector beam 1842 mto first and second beams
2302, 2304 and provrdmg two different focus point drstanees 2310, 2312. Since the extra
beam splitting surface. 2602 (combined with the effect of the original beam splitting-
surface 324) results in two spanally-separated reﬂected bea.ms 2606, 2608 it is no longer
necessary to.provide servo optics configured for perforrmng abeam sphtttng function of
the type depicted in Flg 23  If desired, it is also possible to drspense wrth modifying or
changing the optical power applied to the two reﬂected or retum  beams 2606, 2608 (thus
making it possible to ehrmnate, altogether any need for servo optics or other Optlc

devices for the return or reﬂected beam paths 2606 2608) For example, drfferentxalsrze

measurement can be arranged as depicted in Fig. 27 showmg one retummg beam forming -

a virtual focus 2702 beyond the detector array 2612 and the second returning beam
fomung a real focus 2704 before the second detector array 2610 Since these loci 2704,
2702 are natural i images of the spot at the disk (at the same drstance from the disk as the
apparent laser source point), no additional focusing power 1s needed and thus the SOE
may be eliminated. —

One advantage of eliminating an SOE (e.g., such as m the embodrment of Fxgs 26
and 27) is to assist in correctxon of laser pointing errors. When an OEU contains both
outgoing beam shaper optics 1808, 1810 (Fig. 18) and retummg or reflected beam optics

- 1806, adjustment of the OEU 1802, e.g., in order to correct a laser pomtmg error, will.
also move the SOE 1806 Such movement of the SOE 1806 can cause error (potentially.
uncotrectable) in regtstratlon of the SOE 1806 and the detector arrays 1844. If the SOE
element 1806 can be eliminated, it rs poss1ble to. adjust the mountmg position of the OEU
1802 (e g., to correct laser pomnng errors) without also movmg an SOE element. Any -
detector ahgnment requlred can be-performed by other means stich as.translation of the
objective lens 1854. . .

In light of the above description, a number of adva.ntages of the present mventton
can be seen. . The present invention includes a recogmtxon that a small spot size
compatible with high data density (e-g.as facilitated by .us_e. of a first surface- medium)
makes it feasible to proﬁde. substantially all optical componcnts in a small and/or

- lightweight package, _'e.g"., such that tracking and/or focoe can be _oerformed by moving
the entire optics pac_k;_ige or head (as opposed to, e.g., mot)ing just the objective lens).
The present invention p_'r_ovides a device which is not onl_'}_"'sofﬁeiently small and

lightweight to maintain all of the optics components in ﬁxed positior_xs with respect to one
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another, but also to provide these components with spatial extends in various directions,
such as providing a small Véﬁical-(low profile) optical head s6'éis'to be compatible with
the form factors of a type consistent with use in small and/or portable drives or host
devices, e.g., personal electronic devices. The present invention can provide an optical
head which is highly efficient such as by using an optical design which substantially
avoids overfilling or otherwise spilling optical or other energy. The present invention
provides a design in which some or all steps of fabrication can be performed in a
relatively inexpensive fashion such as using techniques from wafer-scale fabrication
technology and/or using a planar or stacking technique for assembling the optieal head.
One characteristic of an optical device such as that disclosed herein which contains
multiple optical elements on various surfaces of one or more optical blocks, is that the
substantial majority of the optical path link from the laser source to the objective is

| through a solid (glass or other) medium, with only a minor portion being through air. In
one embodiment, the percentage of the optical path from the laser source to the objective
lens which is in a glass or other solid medium (as opposed to being through air) is greater
than about 50 percent, preferably greater than about 75 percent, and more preferably
greatef than about 85 percent. In one embodiment, of a total optical path length (from the
laser to the objective lens) of about 5500 micrometers. about 5000 micrometers of the
path link is through the glass (or other solid) substance (e.g., the optical block 1802 and
periscbpe 1836). About 450 micrometers of the total optical path is through air from the
laser to the OEU 1802, with other portions of the path, through air, potentially occurring
at the interface between the opncal block 1802 and periscope 1836 and/or between the

" . penscope 1836 (or quarterwave plate 316) and objecuve lens 1854

25

30

A number of vanauons and modifications of the present invention can be used. It
is -posmble to use some aspects of the invention without using others. For example, itis
possible to provide an optical head which is sufficiently small and/or lightweight that it
becomes feasible to move the entire optical head (e.g., for tracking and/or focus) without
using the wafer-scale and/or stacking fabrication techniques described herein. In one
embodiment, some or all of the dptics depicted as being provided in, or on, a separate
optics die 326 can be formed in or on the periscope or optical block 322, thus potentially
making it possible to provide embodiments of the present invention do not require
providing or asseinbli'ng a separate optical die 326 (i.e. placing a combined prism/optics
component directly on the spacers 322, 324). Similarly, although embodiments are
depicted in which substantially all optical elements (other than, perhaps, the objective
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lens and quarterwave plate) are formed in or on two units (the optical element unit and
the periscope), it is posstble to implement the present invention using three or more units
to provide the optical elements . Although in embodiments depxcted herein, a polanmtion
beam splitter was used for dlscnmmatmg emitted and reﬂected light, other techniques or
devices for disennunaung emitted and reflected light 1722 (F ig. 17) can be used
including diffraction gratmgs, as will be understood by those of skill in the art after
understanding the present disclosure Although embodunents have been described in
which a periscope appllegtlon provides two changes of dneenon (vertical to horizontal
and horizontal to vertical) (which can be of use in reducing the height profile, without
unduly limiting opticai path length). It is also possible to provxde configurations in which
multiple internal reﬂeetions between (typically parallel) surfaces (such as three or more)
are used, e.g., for reductng an optical head profile. In some embodiments it may be
preferable to configure tne system such that the periscope pnsm (or other components of
the stacked optical head) are substantially symmetric in cox_iﬁ_guration (e.g., to enhance
manufacturability). Although embodiments have been deseﬁbed in which snbstantially
all optics components of the optics head are fixed with lfeséect to one another, it is also
possible to provide op_etai':le configurations in which some"'___eomponents are movable. For
example, it is-possible to eonstrue.t an operable device in w__hich the objective lens is
movable with respect to one oor more components of the o:pt_ies head, e.g., for fine (ot
coarse) foctis, tracking :ot the like. Although embodiments have been described in which
‘wafer-scale and/or staeking approaches are used, it is also possible to provide some orall
optical components using integrated optics techniques, as wxli be understood by those of
skill in the art after understanding the present invention. _Af]thou_gh the optics head with a

" *périscope sections and/or with Substantially all comporients belng telatively non:movable -+

‘"has been described in connection with a device in which tracking is provided by rotation
of an optics arm about an axis parallel to the spin axis, it is also possible to configure a
device in which an optics head substantially as described herein is moved in other _
fashions, such as prov1d1ng rails or similar devxces for aehievmg linear (e.g., radtal)
tracking motion of the optical head. Although embodiments are described herein which
have a diode 1712 (Fig. 17) or other laser as a light source_, it is possible to provide
embodiments of the pr_esent invention which use non-l_ase; light, such as providing a
superfluminescent diode '.'1_714, an incandescent, ﬂoureseent, arc, vapor or other light
source. It is possible to provide, as the light source which is in the obtical head, a light
delivery component, ;sneh_ as the output 1716 of a fiber optic or other light conveyance
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device, which delivers, in or to the optical head, light generated by a laser or-other light
generator 1718 which may;‘-’i%fdesired, be positibned remofe ﬁ‘om the optical head. Use of
a fiber opﬁc can assist in thermal management (e.g., by pei‘mi&ing a laser to be mounted
remote from the optical head) and/or providing for circularizing a light beam.

The present invention, in various embodiments, includes comporients, methods,
processes, systems and/or épparatus substantially as depicted and describ_ed herein,
including various embodiments, subcombinations, and subsets thereof, Those of skill in
the art will understand how to make and use the present invention after understanding the
present disclosure. The present invention, in various embodiments, includes prbviding
devices and processes in the absence of items not dépicted and/or described herein or in
various embodiments hereof, including in the absence of such items as may have been
used in previous devices or processes, e.g., for improving performance, achieving ease
and/or reducing cost of implementation. The present invention includes items which are
novel, and terminology adapted from previous and/or analogous technologies, for
convenience in describing novel items or processes, do not necessaﬁly retain all aspects-
of conventional usage of such terminology. '

The foregoing discussion of the invention has been presented for purposes of
illustration and description. The foregoing is not intended to limit the invention to the
form or fonﬁs disclosed herein. Alihough the descriﬁtioh of the invention has included
description of one or more embodiments and certain variations and modifications, other
variations and modifications are within the scope of the invention, e.g., as may be within
the skill and_knowledge of those in the art, after understanding the present disclosure. It
is intended to obtain rights which include alternative em_bodime_ms to the extent
permitted, including alternate, intgrchangcable and/or equivalent stru:ctures, ﬁmctiohs,
ranges or steps to those claimed, whether. or not such altémate, interchangeable and/or
equivalent structures, functions, ranges or steps are disclosed herein, and without
intending to publicly dedicate any patentable subject matter.
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for use in a optxcal read/wme apparatus for use with a

a light source, outputtmg light at an initial light output location; at least a first

photodetector array mounted in ﬁxed posmon with respect to said initial light output

location, said first photodetecto array having at least a ﬁrst surface deﬁmng a

photodetector plane;
an optical element u_nit,

mounted in 2 ﬁxed posmon with respect to said light

output location, said optical element unit having first and second beam shapmg optical

elements which receive light o

ut at said light output locatlon, said opucal element unit

further comprising at least a third optxcal element conﬁgured for directing at least a

portion of light reﬂected from
photodetector array,

said optical head provi

medium.

said medium along a path for arrival at said first

ing at least a first optical p:éth, where said first optical

ht output location and reaches at least said read/write

2. Apparatus as _clfmed in Claim 1, wherein isaid optical element unit has

ﬁrsi and second oppositc' surfa

elements are formed in said fir

3. 'Ap'paratus as cli

Fes and wherein said first and second beam-shaping optical

5t and second surfaces respectably

aimed in Claim 1, wherein said optical element unit further

. comprises at _l_eé,St a fourth opt

cal element configured to provide a first focal plane for at

least a first portion of ljght _ré ected from said medium, séid first focal plane spaced a

first distance from first photodetector array.

4. Apparatus as claimed in Claim 3, wherein optical elements provided in

said optical element unit are

rther configured to providé a second beam from at least a

portion of said light reflected from said medium, said second beam impingingona

second photodetector array, sﬁr

aced from said first photodetector array.

5. Apparatus as claimed in Claim 4, wherein said second beam has a second

focal plane spaced a second djstance from said second pﬁotodetector array.
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6. Apparatus as éfaimed in Claim 5, wherein said second distance is different
from said first distance.

7. Apparatus as claimed in Claim 5, wherein said first focal plane and said
second focal plane are on the same side of said photodetector plane. |

8. Apparatus as claimed in Claim 5, wherein said first and second focal
planes are on opposite sides of said photodetector plane.

9. Apparatus as claimed in Claim 5, wherein said first photodetector and said

second photodetector arrays are substantially co-planer.

10.  Apparatus as claimed in Claim |, further comprising a second optical
block mounted in a fixed position with respect to said optical elemeht unit. said second
optical block configured to at least partially fold said first optical path to define at least a
portion of said first optical path which is non-vertical.

11.  Apparatus as claimed in Claim 10, wherein said second optical block
includes at least a first beam splitter for directing at least a first portion of said light
reflected from said medium along a second path having at least a portion different from

said first optical path.

12.  Apparatus as claimed in Claim 1 |, wherein said second optical block

comprises a second beam splitter. oo te - : T G

13. Apparatﬁs as claimed in Claim 12, wherein at least one of said first and

second beam splitters is a polarization beam splitter.

14.  Apparatus as claimed in Claim 1, wherein said optical element unit is
provided in the absence of optical elements configured to change a focal plane of light

reflected from said medium.

15.  Apparatus as claimed in Claim 1, wherein optical element unit further
includes at least a first forward sense optical element configured for directing at least a

portion of light from said first optical path to a forward sense detector.
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16.  Apparaws as clalmed in Clalm 15, funher compnsmg circuitry for using a
signal from said forward sense detector to control a power level of sa:d hght source.

17.  Apparatus as clanned in Claim 1, further compnsmg a coating on at leasta

portion of at least a first surface of said optlcal element umt.

18.  Apparatus as cla}med in Claim 17, wherein said coating is a substantially
reflective coating. ' '

19.  Apparatus as claimed in Claim 17, wherein said coating is a substantially

absorptive coating.

20. Apparatus as claxmed in Claxm 17, wherem said coating is posmoned to

reduce incidence of stray light at said photodetector

21.  Apparatus as clé:_imed in Claim 17, wherein said coating is an anti-

reflective coating.

22.  Apparatus as clz;iimed in Claim 1. wherein said optical element unit has at

least a first alignment marking positioned on at least a first surface of said optical element

unit.
'23.  Apparatus as claimed in Claim 1. wherein said light source is an edge-
_emitter laggr. | - |
24, Apparatﬁ; as claimed in Claim l;' wherein said light source is a VCSEL.
25. Apparétus as claimed in Claim 1, wherein said light source is a blue-light
laser.

26.  Apparatus as claimed in Claim 10, wherein at least a first surface-of said
optical element unit, adjacent said second optical block includes at least a first moat

region formed therein, adjacent at least a portion of an edge of said surface.
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portion of adhesive introduced along said edge, said adhesive extending inwardly from
said in edge no farther than said moat.

28.  Anoptical head for a read/write apparatus comprising;

a light source; ' '

optics configured to deliver at least a portion of light from said light source to a
data medium and to deliver light reflected from said data medium to first and second
s -apart photodetector arrays, each of said photodetéctor arrays providing output
which is sensitive to position of light along a first axis of said photodetector arrays and

substantially insensitive to position of light along a second, substantially perpendicular,
axis of said photodetector arrays. '

29. . Apparatus as claimed in Claim 28, wherein éaid first photodetector array
includes first second and third substantially parallel bar-shap'ed photodetector regions and
wherein said second photodetector array comprises fourth, fifth and sixth substantially
parailel bar-shaped photodetector regions. |

30.  Apparatus as claimed in Claim 29, further comprising circuitry for
combining signals from said first, second, third, fourth, fifth and sixth photodetector

regions to provide at least a focus error signal and a data signal.

3%.  Apparatus as claimed in Claim 29, further comprisihg éircuitry for
combining output from said first, third, fourth and sixth photodetector arrays regions fo

provide at least a first tracking error signal.

32. . Apparatus as claimed in Claim 30, wherein said focus error signal is

substantially a linear function of focus in a focus region including a nominal focus point.

33.  Apparatus as claimed in Claim 29, wherein a size of at least said second
and fifth photodetector regions, relative to said first and third regions is selected so as to

reduce cross talk between a focus error signal and a tracking error signal.

34.  Apparatus as claimed in Claim 1, further comprising an objective lens

defining rim intensities at each perimeter location of a rim of said objective lens, with
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respect to a central light intensity, wherein said rim intensity is less than about 80% in a

tangential direction.

35.  Apparatus as claimed in Claim 1, further comprising an objective lens
defining rim intensities at each penmeter location of a rim of said ob_;ectxve lens, with
respect to a central light mtcnsxty, wherein said rim intensity is less than about 80% in a
radial direction. '

36. Apparatus as clarmed in Clatm 1 further compnsmg an objective lens
defining rim mtensmes at each penmeter location ofa nim of said objective lens, with
respectto a central hght mtensrty, wherem said nm mtensny is greater than about 50% in

a tangenual direction.

_ 37. Apparatus as clalmed in Claim 1. further comprising an objective lens
defining rim mtensmes at each [perimeter location of a rim of said objective lens, with
respectto a central hght mtensrty, wherein said rim mtensrty is greater than about 15% in

a radial direction.

38. Apparatus as clalmed in Claim 1, wherein greater than 50% of a path
length of said first optrcal path is wrthm a sol:d structure and less than 50% of said path

length of said first optical path is in air.

39. A method for formmg an optlcal head comprising;
moummg a first hght source with respect to a substrate, B
etching at least first and second beam shapmg opncal elements ina ﬁrst optlcal

element unit; and _
mounting said optical element unit with respect to said substrate in a position such
that said first and second optical elements intercept at leasta portion of light generated at

said light source.

40. A method as clatmed in Clarm 39, further compnsmg mountmg a second

optical block with respect to said first optical block
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41. A method as claimed in Claim 40, wherein said step of mounting said
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second optical block is performed before said step of mounting said first optical block
with respect to said substrate. '

42. A method as claimed in Claim 40, wherein said second optical block is
configured to direct at least a portion of said light along a path which is substantially non-
vertical. | '

'43.  An optical disk read/write drive apparatus comprising:
an optical arm moveable with respect to optical media position {n said
drive; and an optical head coupled to said optical arm, said optical head including
at least a light source and an objective wherein said light source and said objective
are maintained in a substantially fixed spatial relationship during at least first

movement of said optical art.

44,  Apparatus, as claimed in Claim 43, wherein said first movement is

tracking movement.

45.  Apparatus. as claimed in Claim 43, wherein said first movement is

focusing movement.

46.  Apparatus, as claimed in Claim 43, wherein said light source comprises a

laser.

47.  Apparatus, as claimed in Claim 43 wherein said light source comprises an

edge-emitting laser diode.

48.  Apparatus, as claimed in Claim 43, wherein said light source comprises a

VCSEL.

49,  Apparatus, as claimed in Claim 43, wherein said light source comprises a

fiber optic.
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said drive defining an opﬁ€a1 niejdia position, the method comprising:
mounting an optiq;al arm so as to be mbveabl'e with. respect to said optical
media position in said dﬁfve; and
coupling an oi:tic:al head to said .optical arm, said opﬁcal head including at
least a light source and an objective wherein said light source and said objective
dare maintained in a substj;mtially fixed spatial relationship during at least first

movement of said optical arm.

51. A.method, as claimed in Claim 50, wherein said light source comprises a -

laser.

52. A method, as claimed in Claim 50, wherein said light source comprises an

edge-emitting laser diode.

53. A method, as claimed in Claim 50, wherein said light source comprises a

VCSEL.

54. A method, as claimed in Claim 50. wherein said light source comprises a

_.fiberoptic. - ) ' .

55. A method, as claimed in Claim 50, wherein said first movement is
tracking

movement.

56. A method, as clz!aimed in Claim 50, wherein said first movement is

focusing movement.

57.  Anoptical disk freadlwrite drive combrising:
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media position in said drive; and
optics means, coupled to said arm means, for providing light from a light
output means to said optical media position wherein said light output means and
5 said optic means are maintained in a substantially fixed spatial relationship during

at least first movement of said arm means.

58.  Apparatus, as claimed in Claim 57, wherein said light output means

comprises a laser.

59.  Apparatus, as claimed in Claim 57, wherein said light output means

10  comprises an edge-emitting laser diode.

60.  Apparatus, as claimed in Claim 57, wherein said light output means

comprises a VCSEL.

61.  Apparatus, as claimed in Claim 57, wherein said light output means

comprises a fiber optic.

15 62. Apparatus, as claimed in Claim 57, wherein said first movement is

i:racking movement.

63.  Apparatus, as claimed in Claim 57, whereto said first movement is

focusing movement.

64.  Anoptical head for use in an optical medium reader/writer, the optical

20  medium defining a plane, comprising:
a first silicon wafer chip having electronic components formed thereon; a

light source mounted in a fixed position with respect to said chip; at least a first
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mirror, in a fixed position with respect to said chip, and positioned, with respect
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to said light source so as io receive light output by said light source and reflect
said light, changing its dijrection; :
an optics-carryiné component mounted in a fixed position with respect to
said light source wherein; optics, carried by said optics-carrying component, to
receive and modify at legst a portion of said light reflected from said mirror; and
an objective mou_hted in a fixed position with respect to said optics-
carrying @mponént fox; ii'ocusing light on said medium wherein light from said
light source travels along an initial optical path wherein said light is reflected by
. said first mirror to said optics-carrying-component. and travels along a path,

including a first path. to said objective and travels at least to said medium.

65.  An optical head, ias claimed in Claim 64, further comprising at least a first

spacer mounted with respect to said chip.

66.  An optical head, as claimed in Claim 65, wherein said first mirror is

integrally formed as a part of said first spacer.

67.  Apparatus, as claimed in Claim 64. wherein said light source comprises a-

I laser.

68.  Apparatus, as claimed in Claim 64, wherein said light source comprises an

edge-emitting laser diode.

69.  Apparatus, as claimed in Claim 64, wherein said light source comprises a -

VCSEL.

70.  Apparatus, as claimed in Claim 64, wherein said light source comprises a
fiber optic.
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71.  Apparatus, as claimed in Claim 64, wherein said first path is substantiaily
parallel to said plane defined by said medium.

72.  Apparatus, as claimed in Claim 64 wherein said optics-carrying

component comprises an optics die and an adjacent periscope block.

73.  Apparatus, as claimed in Claim 64, wherein the total vertical distance

from said light source to the plane of said medium is less thanabout Smm . -

74.  Apparatus, as claimed in Claim 64, further comprising a photodetector

mounted in a fixed position with respect to said chip.

75.  Apparatus as claimed in claim 74 wherein said photodetector is a

segmented photodetector.

76. Apparatus, as claimed in Claim 64, wherein said optics-carrying
component carries at least a first optic for discriminating between emitted light and

reflected light.

77. Apparatus, as claimed in Claim 74, wherein said optics-carrying
component comprises at least a first optic for receiving reflected light from said media

albng a second path and providing at least some reflected light to said photodetector.

78.  Apparatus, as claimed in Claim 77, wherein said second path is

substantially parallel to a spin axis for said medium.

. 79.  Apparatus, as claimed in Claim 78, wherein said optics-carrying

component comprises a periscope block, said periscope block having a first reflective

.surfacc for recetving light along said second path and reflecting said light along a third

path, said third path being substantially parallel to the plane of said medium.
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80.  Apparatus, as cla?m_ed in Claim 79, wherein said periscope block further
comprises at least a first means, ;;lnositioned along said initial optical path, for reflecting at
least some light from said third path to a fourth path substantially parallel to a spin axis of
said medium, and wherein said ifust means substantially discriminates light reflected from

said medium.

81.  Apparatus, as claimed in Claim 80, wherein said first means comprises a

polarization beam splitter.

82.  Apparatus as claimed in Claim 80, wherein said first means discriminates
by substantially transmitting light reflected from said medium and substantially reflects at

least some other light. - P

83.  Apparatus as cla:.imed in Claim 80, wherein said first means discriminates
by substantially reflecting light reflected from said medium and substantially transmitting:

at least some other light. -

84.  Apparatus, as claimed in Claim 80, further comprising at least a first
quarter wave plate positioned, along said optical path, substantially between said
polarization beam splitter and said objective.

85.  Apparatus, as ciaihxed in Claim 69, wherein said first path is.sub'stantially
perpendicular to a spin axis of said medium.

86.  Apparatus, as claimed in Claim 69, wherein said first path is substantially

parallel to a spin axis of said medium.

87. | Apparatus, as claimed in Claim 69, wherein said opﬁcal path has a

substantially finite conjugate _i:onﬁguration, in the abséhce of collimization along said
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optical path between said light source and said objective. |

88. A method for use in an optical medium reader/writer, the optical medium
defining a plane, comprising:

| forming electronic componenfs on a first silicon wafer chip;

mounting a light source in a fixed position with respect to said chip;

- positioning at least a first mirror in a fixed position with respect to said
chip and with respect to said light source so as to receive laser light oﬁtput by said
laser diode and reflect said light, changing its direction;

mounting an optics-carrying component in a fixed position with respect to
said spacer wherein optics, carried by said optics-carrying component, receive and

_ modify at least a portion of said light reflected from said mirror; and .

mounting an objective in a fixed position with respgci to said optics-
carrying component for focusing light on said medium wherein an initial optical
path is defined for said laser light, said initial optical path extending from said
light source to said first mirror, to said optics-carrying-component, to said
objective and at least to said medium, a portion of said initial optical path from

said optics-carrying component to said objective including a first optical path.

89. A method, as claimed in Claim 88, further comprising mounting a

photodetector in a fixed position with respect to said chip.

90. A method, as claimed in Claim 88, wherein light is reflected from said
medium and travels along a reflected light path, including at least a second light path
substantiaily parallel to a spin axis of said medium, further comprising using said optics-
carrying component for positioning at least a portion of said initial light path along a path

different from said reflected light path.
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'9]1.  Amethod, as claiiﬁed i'n' Claim 88 » Wherein said optics-carrying
component comprises a penscope block, saxd penscope block having a first reflective

surface for receiving lxght along. sand second path and reflecting sa1d hght along a third

path, said third path bemg ,_substenoglly parallel to the plane of said medium.

92. A method as clalmed in Claim 91 further comprising positioning a
polarization beam sphtter wnth respect to said penscope block positioned along said
optical path for reﬂecting_'-light from‘ said third path to a fourth path substantially parailel
to a spin axis of said medmm, ahd wherem said oolaﬁzation beam splitter substantially

transmits light reflected from soid medium.

93. A method as cla1med in Clalm 92 further comprising posmomng at least
a first quarter wave plate along saxd initial opt:cal path, substantlally between sald

polarization beam sphtter and sald objectxve

94. An optieei head apparatus for use in an optical medium reader/writer, the
optical medium deﬁnir_xg_'a plaoe,__coinprising;

a first s’ubstrate having electronic components positioned thereon; a light
output means mounted ina ﬁxed posmon with respect to said substrate; at jeast a
ﬁrst mirror means, ina ﬁxed posmon w1th respect to said subsl:ate and
positioned, w1th respect to said llght output means so as to receive light output by
said light output means end reﬂect said light, changmg xts direction;

opﬁcs-earryingé_tneans mounted in a fixed position with respect to said
‘light output means wherein optics, carded by said optics-carrying means, receives
and modifies at jeast a portion of said light reflected from said mirror means; and

objective meanSm_oim;ed in a fixed position with respect to said optics-

carrying means for focusing light on said medium, wherein at least an initial
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optical path is defined for said light, said initial optical path extending from said
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light output means tdéaid first mirror means, to said oﬁﬁégicarrying-means, to

said objective means and at least to said medium.

95. - Apparatus, as claimed in Claim 94, further comprising at least first spacer

means mounted with respect to said substrate.

96.  Apparatus, as claimed in Claim 94, wherein said optics-carrying means

comprises said substrate.

97.  Apparatus, as claimed in Claim 94, further comprising a photodetector

means mounted in a fixed position with respect to said substrate.

98.  Apparatus, as claimed in Claim 94, further comprising mééns for

discriminating between emitted light and reflected light.

99.  Apparatus, as claimed in Claim 95, further comprising for receiving light
reflected from said medium alohg a second path and providihg at least some reflected

light to said photodetector means.

100. Apparatus, as claimed in Claim 94, further cbmprising means for receiving
light along said second path and reflecting said light aldng a third path, said third path
being substantially parallel to the plane of said medium.

101. Apparatus, as claimed in Claim 94, further comprising means for
reflecting light from said third path to a fourth path substantially paraliel to a spin axis of

said medium.

102. . Apparatus, as claimed in Claim 94 wherein said substrate is selected from

among the group consisting of a silicon wafer chip and a flexible circuit substrate.
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' "103. Apparatus, as clarmed in claim 102- wherein said flexible circuit substrate

coxixprisesapol'yirrﬁde. SR P

104. Apparatus, as clarmed in Claun 94 wherem saxd hght output means is

selected from among the group 'consrstmg of an edge-emrttmg laser diode and a VCSEL.

105. Apparat__us", as clained in Claim 98 further comprising a flexible circuit
board means and wherem cn-cu:try on said substrate is coupled to circuitry on said

flexible circuit board means

- 106. Apparatus as claimed in Claim 105, wherein said substrate has a major
surface lying ina first plane and wherein a first portion of said flexible circuit board
means is substantlally parallel to sa1d first plane and at lea..t a second portion of said

flexible circuit board means is not parallel to sard ﬁrst plane

107. Apparatus, as clazmed in Claim 105 wherem sard substrate is at least

partially positioned in a cutout reglon formed in sard ﬂexrble circuit board means.

108. Apparatus, as ciaimed in Claim 105 wherein said flexible circuit board
means mcludes at least a ﬁrst thermally conductwe coatmg in thermal commumcatron

.

with at least a portlon of sald substrate

109. A methqd for fabricating an uptical head comprising_:

fonningla plurality of .electronic circuits on a silicon wafer having at least
a first surface deﬁnmg a plane |

mountmg a pluralrty of hght sources on satd sxhcon wafer, wrth at least a
first light source positioned adjacent at least some of said electronics circuits;

positi_buing’ a pflurality of spacer bars, each bar having a longitudinal axis,

each bar de'ﬁniug a plirrality of mirror surfaces with said mirror surfaces at about

| 44-



10

15

20

I

45 o to said piane of said wafer surface;

WO 01/43126 PCT/US00/33014

cutting said Wifer along a plurality of cut lines-'i'_‘:éi';'f%rovide a plurality of
wafer chips, at least some of said wafer chips having a light source mounted
thereon and a portion of at least one of said spacer bars mounted thereon, wherein
at least some of said cut lines intersects at least some of said spacer bars;

providing power and control signals to said first light source wherein said
first light source is caused to emit light; and

positioning at least a first optical component with respect to said light
source of at least a first chip during a time when said light source on said chip is

emitting light.

110. A method as claimed in Claim 109 wherein said first optical component is
an optics-carryihg component having a plurality of 6ptics formed therein and wherein
said step of positioning comprises moving said first optical component until said light is

substantially centered on at least one of said optics.

111. A method as claimed in claim 109 wherein said optical head includes at

least one photodetector, and wherein said first optical component is a periscope block,

defining a reflected light exit path and wherein said step of positioning comprises moving *©

said first optical component uﬁﬁl said exit path defines a predetermined rélationship with |

said photodetector.

112. A method as claimed in Claim 109 wherein an objective is mounted on

said first optical component during said step of positioning.
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