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(57) Abstract: An optical head of a type useable in a optical disk

reader/writer 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 less than about 3mm. Subslantially all
components of the optical system, inciuding a laser source, objective lens, intervening optics and photo detector are provided in the
optical head and mounted in a fixed position with respect to one another. Substantiatly all optical components of the optical head are
moved as a unit, e.g., dering 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.




14 July 2004 WD 01/43126 PCT/ US00/ 33014 LOW PROFI LE OPTI CAL HEADulh2004
present application is a continuation-in-part of Patent Application Serial
No. 09/457,104 (attorney file nunber 4154-9) filed Decenber 7, 1999,

i ncorporated herein by reference. Cross reference is nade to u. S Patent
Application No. 09/315,398 entitled 5 Reno mﬁ

System filed My 20. 1999w pE126end ¥ e W A AR AL S 2
and to U-S—Patent—Apptrcatiomr No No. 607/ 1240, 633 entitied——Conbinat i on
Nhsteregrapquvlte%ble Ngg&5g1aqqﬁq%ﬁiln El ectroni c Book I nternet

Appl i ance oiqireges g Jo L rtifer identified as Attorney Docket

4154- 2- B emh§ﬁ;“MIﬁﬁmw’mﬁgﬁﬁﬁ"fontfs related to an optical head, e.g., for
use in reading from 10 and witing to an optical disk and in particular to
an optical head where substantially all optical conmponents fromthe | aser
source to the objective are maintained in a fixed spatial relationship
BACKGROUND | NFORVATI ON One of the inportant factors affecting design of an
optical system (such as a 15 systemfor an optical disk reader/witer
typically including a |aser or other optical source, |enses, reflectors
and ot her conponents) is the size of the optical system both in terns of
the mass, volune and/or dinensions and in terns of the size and shape of
the light as it reaches the optical disk (the spot size and quality).

Al t hough a wide variety of systens have been used or proposed, typical
previ ous systens have used optical 20 conponents that were sufficiently

| arge and/ or massive that functions such as focus and/or tracking were
performed by noving only sone conponents of the system such as noving the
objective lens (e.g., for focus) relative to the |aser or other I|ight
source. Wthout wi shing to be bound by any theory, it is believed that the
relatively large size of conponents was related to the spot size, which in
turn was substantially dictated by 25 designs in which the data | ayer of a
di sk was significantly spaced fromthe physical surface of the disk (so
that the optical path typically passed through a di sk substrate, or sone
ot her portion of the disk, typically passing through a substantial distance
of the disk thickness, such as about 0.6mm or nore, before reaching the
data | ayer). Regardl ess of the cause behind providing for relative novenent
bet ween optical 30 conponents, such an approach, while perhaps useful for
accommodating relatively | arger



or nmssive conponents, presents certain di sadvantages, incl udi Fglupn2o04
relatively large formfactors required and the cost associated with
establishing and mai ntaining optical -1 14 July 2004 WD 01/ 43126

PCT/ US00/ 33014 al i gnnent bet ween .conponents whi ch nust be nmade noveabl e
with respeWPW/@lghe another. Such alignnment often i nvolR(EUSHHINE and/ or

i ndi vidual alignnent or adjustnent procedures which can undesirably

i ncrease manufacturing or fL&HWIRROFIbE QUEYCGAL HEADY reader/witer, as well
as contributing to costs of design, naintenance, repair and the 5 like.
Accordingly, it _would be useful to provide an tical head net F‘Fd’ system
and apparat us i REeFeRARPLICAHRMCS 2 HPNUApaUA-Hpat Qf%gteﬁ liegonSeidNoy e npvenent
bet ween opighagt 104QHRAEENE fumbke 8 1 JAP) HGK TRketiiRe 7 At990  In@nsbraed letsin beduce or
elimnate at |east some alignnent %r ced%es, S 4. ﬁgélgg r.ﬁa er/witer
manuf act ur irfefenqeR fyose Eieence stpadg o Uidskatens ARPEeien Ny Pl AP S she syst ens
provi flecg (rj Qie_ﬂ{oi,;}{ﬁéf (thic&mtbl_ﬁéegﬁe\fl&l’aﬂﬁ_systdﬂﬁ,-(ﬂi:ﬁd’dLNMyi 10_@[99t§eﬂirttha-siddnﬁﬁéd)jdijng, for
exanpl e, devices _for use in connection t nc r..large i anet er
di sks. As e“ﬁwmapog%%ﬂbﬁel%‘b‘ﬁﬁbﬁd’@'e&'g‘\ﬂ?\g“ﬁaémaé@’e*%pé@&(‘@ﬁéé\%‘%}@ﬁg there has

been an i NGiGadaiatich Rhaterad k@whieaé Medidinngd Ueamidteonio Bopk Rdrietal  syst ens

which are of relatively smaller size. For some appl] L on. .g., for use
in per sondirripsgtiilethivpe a?é\}%?%‘?e@ﬂ?hﬁig%g*j{w asgitiomey Q%égegr%itl%ggﬁ{ﬂ%u S. Patent
Appl i cation Ser irad pré&niNavenQ8 B8 18188 ah opticReead, aty. dor@st irakdify femage Devi ce
and System (incaorporated herein. by reference a device, for. readi ng and/ or
wri ti ngthbptand ¥FigE a8 OP‘é“Eg‘élf:"r‘rigﬁlé %\%rﬁogané’p“%délh‘éatcﬁ“\%ﬁeysugﬁa tally %frjm fact or
such as abaipical Borpomehte i tihe 1NTBULE Cif the ssjebtidapmebapdited in Géinet phiiey, a
practical reader/witer device nust acconmopdate nunmerous itens within its
form f act orreRiRISRIR; ng the nedia. nedia cartridge (if any.), nmedia spin

not or, power 20 supply and/or conditioning, signal processing, focus,
tracking or other servo el egh FRUESUND IRFORAMATRNT O the conponents
associated or affecting the laser or | iégh_t beam optics. Accordingly. in
order to facili Qatef terpoginifagsrs affesting designrf 2eansirel sysemeuriPsBe

advant ageoug, t.Q rArQvhe&! A%k RRkd-Aater NEACkIRRAKIAM S aseBYSIuRbAREL Met hod whi ch
can occupy ‘a relatively small volune. In addition to total volune

consi der at i oumse. lenses raflafips andghercemrAgNtEys te gige P big oRtsA YR Mnd/ or t he

need to accREnOFAlEnRt RBlurd-QAU6r diMEdsiof andGR RRNEMhSsifldhd RRdpe of the
advant ageous to provi de an optical head apparatus lﬁé@tlem acpd .mett{;od whi ch
i s rel ati velight ayihrepchienthe gpica] ¢iskdihrsprdisBR e dqyehty h A HIRVER Y WEC BT Pvel vy sl |
\é_erti cal  prQfiehn8 niVe bdéd RES biQfieosdde G PicalRENus fystehts Havearstd omicil referring to a
irection
20

components that were sufficiently large and/or massive that functions such as focus
and/or tracking were performed by moving only some components of the system, such as
moving the objective lens (e.g., for focus) relative to the laser or other light source.
Without wishing 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
25  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 disk
thickness, such as about 0.6mm or more, before reaching the data layer).
A Regardless of the cause behind providing for relative movement between optical
30  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
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parallel to the optical disk spin axis), although reduction ofl4kmip20dEnents
I n other 30 dinensions (such as a |ongitudinal dinmension parallel to an
optical armaxis and/or a |ateral dinmension perpendicular to the

| ongi tudi nal axis) may al so be of. i nportance. Provision of a |ow vertical
profile coMO®4#1d¢i on can be specially problematic sincePCHE0VAW4 | east

sone optical designs (including, e.g., finite conjugate designs), a m ninmm
optical padignmaay bmemmqmbmedts@micadmss%hedccmvem& ehrectiegel wri t e beam

general |y Sk RGPl Rudindilat R0 OO FIGRETALE00 33014 ot [ cal

di sk substéﬁflall ane o ccordingly, it would
be useful atdplsmem/prd@dans with @alun@%a@blfaplp@mm%mgwaafmch@%ﬁs whi ch can

reduce dinens %e(a)&%nlieg Uag Weﬁ g@&h&bﬁ#ﬂ&g}o 25sts %éﬁgﬁs‘ Cha¥fdnah&epdli a[]:_’ig AR on

requirenents case 0 s than about
preferahdy liless’xccdn@mglabb‘mul@bmusaﬁbtom‘@d@nmpé@éh@ﬁIﬂ}ﬁmoés%mﬁlﬁ&ﬂd about 3nin.

A nunber of  optlc alhlcfx EAAEIYG diiflindlE¥E REI for BAHIhAGmehtPerR¥RERICA

relatively z?pgrge evi ces such as audi o conpact di sk (CD) players in a
typi cal honwmypemeodyingnemal eresation and/qrepm redyes|of climingte 8t sEhE®iEn Wi t h power

managenent ng&EM?FOC%‘S{Q& res@x&eg@r)%twdnﬁﬂc >ess to AC line |evel

power or the I'n many such systens, it is 10 feasible to
provi de an opt i dddnycerdy mcw;s@ﬁmytm@pﬁwmrwusm@mﬁ REPVEgRA TEIRNS | cal  power

(such %prrﬁ}a%%d%%r Qé@cfeg lnlciulii'ﬂg fof 128 ik Lk coredlion 1O

accorrrmdate ncircularity of 1aser Sources). In contrast, devices such as
t hose descr witled? inph fon jlasgefshirmeteadistn AScaptiggt SIERES 1OOIPEESS Ba deygloned: and or

60/140, 633 h&%of%adﬁ’@rems a@nmigmmgghant@a% pollipbl@sibeangpatdy must operate

with a limted power budget (and also have a nore |limted ability to 15
di ssi pat e hevstems i areed ragtively smalifs size kT sAB§ 2PPAERISPUE ST USS i woul d be

useful to placgéfdngleelecé}o&@&évfc@é (Ph@@ﬂegp&)@de@éﬂ&dmmwt@@ﬁ pRbLtigoseall ch can
achi eve the I

esired tica acco datln ircularity or
ot her opfi chip- ¥&HEIPE R%?WaBICQPBFﬂlsﬁﬁaﬁ?ﬁ%fdﬁe%% %P Bﬁ‘&ﬂ‘?mand/ or
:Jnnecessarybﬂ&?éerﬂén@&fbtch@&fr.]gaau@ and/a:rw.szhr@:ptmmsﬁsﬁbsésaﬂmdda;hvmgyerf| | ling or
enses or er optical inefficie S urn i,gher "optica
20 power an@Flaver¥ Al (R factar schps ’d)o%AMF}F'%F’Iﬁéte?@“W citﬁg‘iﬂé 3%’ ‘mor e
heat). SUMVARNerfdy, d ﬁEcticN\{&lNIﬂ/merTmlcphﬁﬁﬁ&tonmu@t&nuﬁmrqns DMhsielshualer acti cal

and feasible system i n.which substanti mponent s of -the opti cal
head from t FEM fademdding hripedis gig ‘%?ﬂ“@@ (%LS“)t)n TERH TG, pRlue!

20  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 form-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 considerations, constraints

25  imposed by a desired form factor and/or the need to accommodate other reader/writer
components can make it advantageous to provide an optical 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

30  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 (aithough the read/write beam generally must reach the

23



obj ective nove together as a unit (e.g., for focus and/or traclkthdy?2004 e.

I n which 25 substantially each optical conponent of the optical head is in
a fixed location with respect to other conponents. In one enbodi nent, the
optical head is based on a wafer-scale fabrication approach. Preferably, a
silicon or wooidsars waf er having el ectronics forned ther eipgrmsoodsfie nor nal
fashion. has optical conponents stacked or otherw se positioned thereon, 30

preferably aﬁncki%ﬁs%tsusmaalmm?ﬁm@ﬂﬁ phak agth@hlage(icwranﬁgly,txowslha et ng the
wafer, to formthe ijﬁ?tlcal conponents of th &'P head., I n one
embodi ment , ussi forRIpVid§ 3 Qptipdl heAdAPPRTARRTYSIER a“‘gB’*S ’éﬁcﬁ’h‘e‘ﬂ‘ﬁé waf er and one

or nore |eV@'ﬁr}(&nQ¢%}naﬂféﬁh1€e§n&l@%ﬂ@f a’ékéc?ﬁmﬂg Oﬁﬁdil al ﬂlﬂf&ﬁ:dorSﬂe@m}eﬁfcntsthg lih e
proportions of the " er | ar sitiqned on the top of
Phe 1a SuT sReot PRI e Ao T ST bR LA B S A A e bod et

al i gnmens ofrefpiBBy 16ds tidnlaboRBk@l | ayers above the spacer is perforned
whil e the | aser source refer nted_o t he. waf er I ng | aser
light, and usi ng®fW8P¥E %’)%81 rF%@'é%“’icf feet: e E"ig'sftor ?W%sfe?ﬁt%%‘?ﬁﬁg

al i gnnent . Hal&mmcﬂabaﬁh&mmpacﬂdm (CPplayisd iha qhmarmmeesmb&ytsﬂampmmone of
the optics

I irection substanti al t 0.t he plane of
Lo IPLicC praAap fgtefoResth TPt HnTm St povves BB BRER Y B T on of ¢ e
Oplt i cal Ioat lbcdeﬁ t@AC&inE@dvel@;nfeh&tbém@ Af a ichet, th Binyaas Srs\?;ms ﬁtls provi di ngf a
relatively lLow verti c. ro r oV .a ste i.ch ¢ se wafer-
Cohe 1By COPPER tnachat ancr g vhBl Prus el et S b Goeef e
corrpogent S gyehsubsantiapppoerBllinghdes ald th@m:momgmosc@ndnddhe nbhd(&ulahty of S .
possi bl e to, construct i S .0 profile
and/ or smal I “%’68‘5“’%5? 78 CSBWQQ?VI%E%}I ‘hg%“i %fclr\l%%ﬂf’ o8 gﬁﬁ I8 %eé-‘? f%vn costs.
As used her epm]s. 3’98eﬂqbia/\mdtoe'60/ﬂm éaﬁsmtmiedmﬁm lgtnvaighoarsl folalile, geeeraliyed f or

only for reading and .t.o confl are u readi ng and
witing. |n"0% 0%5 5 thh aalh'ml(t)edt 3andfa R h?veamosrgﬂmgr% abbl% o optical disk
r eader / Wi t eissipate hear, cvingared] wﬂmlergupwstyaﬂs) h’@aqtdimab( emowbpmmlltepmedg in a

vertical di zecaea‘f’%a%ﬁap%un%' bifin bl S z.gramemﬁesééalcc{gng% s nt han

about 5mm pré:’f’era &ss than stanti ts of
t he opti cal (sgs:tcemnmocm;ihgudqmgméaritngeqth%@mt@efeamf)eﬁltlhewemdllﬂeHlsduei nt er veni ng

optics and @F&&)gmgefceﬁéyoaﬁm; EnfL QUL LA @B bedhe ReAGARMroUted i n

a fixed posi respect to one anot her bstantially all optical
conponent s okverfilling oblsnses at Oth@adﬂ@i weffigigaciesydich ip firp reqairghigheg gpticay ¢ r acki ng

and/ or fﬂ)c u%'opvgr anﬁ) Elg{c@ E@Lryelecmcal power lasers which dissipate more heat).

SUMMARY OF THE INVENTION

The present invention provides a practical and feasible system in which
substantially all components of the optical head from the laser or other light source to the
objective move together as a umit (e.g., for focus and/or tracking), i.e. in which

25  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,

30  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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20 the optical head is fabricated using wafer scale and/or st adkiulg2004
technol ogies, e.g., stacking substantially planar conponents to achieve the
final optical head configuration. BRI EF DESCRI PTION OF THE DRAW NGS Fig. |
is a sinplified block diagramof a reader/witer drive device coupled to a
host devi cavadiaizsype that can be used in connection w thceuiwdsment s of
the present 25 invention; Fig. 2 is a perspective schematic view of an
optical armn . pbheanbodinsdt, aﬁ@ﬁﬁhﬁﬁf@@néaﬁmpécﬂbhﬂémh&medfe spdver ipr esent

. on: Bo n
embodi men; Erome DR RS R e on §RMED) s BRARRE G0 Dhe
opti cal healﬁigmfanﬁgng tBe erhittgd laSer lightao sssdan@baumngmahgmieaw of an opti cal
head of Fig. 3;

r Qs ional vi.ew . optical head
and a portion oflnﬁﬁe e"éd’dg'&eghghe f wng?: BRraYEs ﬂmu&hb’ %%%‘E? %’erilﬁ%)ﬁ%?st he
present § nvmratdu@a;onsébsﬂaﬁnallylp;raﬂél@dth\%\ﬂaﬁ&bﬂtﬁaﬁ&c. FTaYidise 6 @8R lrtidr ig. 7 is a
perspective Vvi a a vvaf rthal
spacer conpb'h‘éﬁ%&é%@bﬁa?'ﬁ%n%(ﬂ car“rig’o%l lsnpemfl q‘Ekgf’ekﬂl%ro gghgrclipé flgn;gté%n ion; Fig.
8is atop prbalamg laevlatdlelydop verticad profife. :Bméxedmgm smtenuudcfe@nmi{fcr-
conponent S\;/\ﬁ‘f"g rf o olnsanél wéf?:ﬁcgl b%?‘ﬁb lr;gted Qistgct%ggi?s% C%Hﬁ)om&%ﬁchsag(:t I on

fol |l ow ng Cross section through an
opti cal heaghaedig oﬁnqabasdrnpommsfaname id:p,tmsabssxiblfstk cerstust dismgll,digh enbodi nent  of

{he. Pr eIt oRMYSTlODel B frotic by RAILARLPELAIREL HebBNAGDT ot 1 n0. an

opti cal relatt vel accor |ng to an
enbodi ment fibritdien prS&iS erstusddrhesi, maﬂ/wmeij refdr® toj confzgypations ikt assqpedided

per spective i ing to an
embodi ment 8?13'?% ré)admgsen{?) \%‘%ﬁ%ﬂgﬁ%%kﬁé Qsﬂgeaglég r%r spective view
of a portion of Iarwn@pstpmam Olamnhlmcttbf artmwmmbg: mppmﬂgbdiskaf@wﬂm%glst 0 an
embod! Tent Blo{de HlctREM ndA% ib%ofﬁé Gio, s {3l ¥RhbERhaIRI B3R Secti onal

vi ew of an Bpt I cal accor to an odi nent pr esent
i nventi df; @Bk FplgaXIS,SuqhslSh?S%ﬁh@Ieab@P‘e‘iﬁaﬂ prsfrablyesihaprabeg@phent s of an

opti cal hea@u%k’ai@ Jll%%ﬁf:onents of the optical system, including a laser source, 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 ail optical components of
the optical head are moved as a unit, e.g., during tracking and/or focusing. Preferably,
20  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
Fig. 1 is a simplified block diagram of a reader/writer drive device coupied to a
host device of a type that can be used in connection with embodiments of the present
25  invention;
Fig. 2 is a perspective schematic view of an optical arm and optical disk
according to an embodiment of the present invention;
Fig. 3 is a perspective view of an optical head according to an embodiment of the
present invention;
30 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 Fig. 3;
Fig. 6 is a cross sectional view through an optical head and a portion of an

adjacent disk according to an embodiment of the present invention;
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mount ed on a surface of the optical die, according to an enbodiddity 2& t he
present invention; Fig. 16 is a side elevational view of conponents of an
optical head which uses a VCSEL, according to an enbodi nent of the present
invention; 20 Fig. 17 is a bl ock di agram depi cting conponents that can be
uses in pr¥MAWMHES various enbodi ments of the present inBEHPIBEME<ig. 18 is
a longitudinal cross sectional view of an optical head according to an
enbodi ment of t hpgp, pﬁﬁsﬁdﬂipeétmeftwlﬁrdau?b@ldcﬁdioSa waaftmndphra'ﬂﬂl}vrhmmtadf an

Optical E enegeﬁ-cggéqnglgtga%%rtd{ngﬁgd 1men?9fthe m%ﬁt ol t of the present

i nventi on; view of  a él ement unit
accordi ng to an Figrliogiopphh vy dﬂaqaopmesémtvaﬁenwetnmpwd spaqgr dinpogends;

e e O S Dl ALt Y e A0 R LR o IRl Bl O

according to an resént 1 nven is atop
pl an vi ey of an rptindad vede:hbmsslsequonthrmhaxﬁ optivaldeed andla phé@d ofmubstrat e,

according to a odi ment of .t he n, Fig. 23 is a side
el evat i onal ORHCM%C‘E%&JE GEETERUGE R{cﬁ%%} %S‘L'ljt&\rﬁg)tg{éﬁogf Fig. 22 conbined with
a correspondi ng Epglrlﬂiim’lpauial aerspptiveoddw édpitipgén eptical afnOEd)a relafively sel ected 4

14 July 2004 01/.4312 Q/ ansi SR cross-hat ched,

for clarity™ Y\;%:o? &IC%b ?o “an lﬁ %%%ﬁm%t%?% Bf‘er esgnt Wlﬂ.nvent lon; Figs. 24

:[Ahand 3 are ]graahg laIisszm:mEke:ﬁiﬁdp@sm@?@l%ﬁ&@pomt?aanwlpwgf fo;:us at
e nmedi or IS n respectively, according to an

enmbodi mé t a(-é: Eslfng[t?]%ne QA1 n?g eﬁ!%éeﬁ&k@éryﬁon

resent Inve Is a graph of a
di fferential FocEig. 1Bris a)part&l gctalbestx‘(eF\E@y of H@I‘@nmﬁ AT entisp 3@?“"‘1‘"‘%‘“& t he

di d ti Fi 26
e U 2CC A0 by, STORSLIRA oAk bREnPLESERE rvert on: g 20 1 a

Pew-of “an op W th arrows show ng the paths of
central axes of Belldds eubrﬂlqagthSbeGmaf V&‘c\cﬁlﬁdph'gcal‘%fa@?fﬁcémd? #ent of the

present 10 | Q&Fmgﬁt%?theﬁf%genlﬁingem%z Is a side elevational view of an opti cal
head, with &TOwWs sh

15 Fig. 15isa sxdc elevational view of components 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;

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

Fig. 18 is a longitudinal cross sectional view of an optical head according to an
embodiment of the present invention,;
Fig 19 is a top plan view of an Optical Element Unit (OEU) according to an

25 embodiment of the present invention;

Fig. 20 is a bottom plan view of an Optical element unit according to an
embodiment of the present invention;
Fig 21 is a transverse cross-sectional plan view of an Optical element unit (OEU)
according to an embodiment of the present invention;
30 Fig. 22 is a top plan view of an optical detector portion of an optical head
substrate, according to an embodiment 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



pat hs of selected |light beans, according to an enbodi nent of tHeluby 2&knt
i nvention. DETAILED DESCRI PTI ON OF THE PREFERRED EMBODI MENT The present
i nvention can be used in the context of a nunber of drives and drive 15
configurations, including those described in U S. Patent Application Serial
No. 09/ 31¥0MER2&upra. In the configuration depicted i nPERES00/3304
reader/witer drive device 112 is coupled to a host device 114 (which may
be, for exadight eamastpensonahatgieddbr duity. acaedingte af PED)dimeriief e pzesenisi ¢ and/ or
vi deo pl aye camera, and el ectronic book or other text reader and the
li ke) by arfnYeHFerface 116. In the enbodinent depicted in Fig. 1, the 20
drive 112 hol ds Figs. 24t gidibare gpphodFoersdirmr Sigpals &Sbysaﬁlnémmféqlcum sk 118
whi ch has a fc{(()cpsg peGh di sk spin
not or 124 uﬁH‘ermcgo fJT%St a j:drrrlgtgl Sg&gxgﬁﬂta; @fﬂv@%m[ﬁmgﬁoz errbbggﬁnr?gﬁlt t he
medi a 118 |dtlacﬁr¢5¢mnn‘smdnace nmedia, e.g., as described in US.. Patent
lication Seri . : b
App il 200 Pt 342 4B Rnd RO EnbISARAOFRER s DRLBA of DY

reference. Bits are rea or Witten using an optical head
128 (e.g., fasus2bthdgwdininpecdondingdo m@é@kﬁﬂyf’fli@ BOFhiRTeaHOBr ovi des data or

signal s 132 to & GGk ofRiaEfead 3ith Broths shdvRfig @SS NG tO the
host 114 via thgP %d%§ %rafsggg{e%ﬂo%awe opt |0gaa ga 128, ;Sn on% enbodi nent

i ncl udes  suprgtisafitintrhl a}e%ﬂflse@%?ﬁdtﬂhébﬂaslss@ﬁc%@w &g epdmeriaithegresenr af f ect

t he Ias% { 8@ beam along its entire path from generation to arrival
and/or ‘treflection fromthe nedia 118 and det ectl on, |ncI udi ng the | aser or
ot her |ight sourfip 27 B0 sidereisxationglrdgy ol oPHe brgfa Wigh arpe e hoyiag € nirrors,

beam spl i “g%n?s 209 Mg ht Yeht a6kl to aﬁ@%&%&ﬁi@fﬂldbifeéén@ﬁﬁbﬁmnor ot her

optics for ecting the 1ight beamor controlling, photo diode or other
| i ght detectors and the |ike. Preferably, sonme or all electronics for
control li ng and/pETAmmn HES(D@IRTTIE)N QEAHBRPREBERBRENIEMBOTNMENTI gi ti zi ng

and/ or processi 6 14.Ju 4 £etion
signals are i nclnﬁt‘jé’ﬁes?%"’tvﬁrg%f} \é\% OFC%%(%?toorfrra i o% ggg‘gcljsérrlla s obt ai ned
usi ng tibe a@ﬁiigﬁxahoda,easducﬁwhaaeeleahb@i ipo¥iPdtent Apbcation §eriadNer cont r ol

el ectronics agfg&yg ugm”j cm%fgma%& &e%&c%ed%gpimher% 1% a8 for

tracki ng an source-or conditioner FrOV|des power for
el ect r oni cs 18hid coupledoe ohsst @vlcadﬂﬂa&mksna}\l&r fooerpnple; B péFYa UETOMS of a drive

112 can hav g%V1ceQ$EDfs%cnP%r5 e andR v vq%’ﬁ?e?q c%.x'ﬁcn% | &d ffkctrcﬁh@ltboﬁ%r ofi&chani cal

conponent s recel ving and/ or e] ectin 18 and/ or nedi a
cartri dges, taxoradenandtbnliedby &l vtstipesniiésn the @?er%’éé@éﬂ‘%d ipFigot +h§

Processo,s. dg% A 23HRE 898ceives optical media, typically an optical disk 118 which has a hub
122 for coupling or centering with respect to a disk spin motor 124 under control ofa
motor control 126. In one embodiment, the media 118 is a first surface media, €.g., as
described in U.S.. Patent Application Serial No. 09/315,398 supra., incorporated herein
by reference. Bits on the media 118 are read or written using an optical head 128 {e.g., as

25  described more thoroughly below) which provides data or signals 132 to a data read/write
electronics 134, e.g., for passing to the host 114 via the interface 116. The optical head
128, in one embodiment, includes substantially all components 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 laser or other light source,

30  lenses, gratings, holograms, wave plates, mirrors, beam splitters and other refractive,
reflective, diffractive or other optics for affecting the light beam 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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menory devi ces, data encryption/decryption electronics, and/ orldohie2004

conponents as will be understood by those of skill in the art after
under standi ng the present disclosure. 10 The size, nass, volume, shape
and/or vertical, longitudinal and/or lateral dinmensions or requirenents

and/ or cosWO®#1/431re optical head 128 are of significance REFUNEZ0Yyer al |
feasibility and cost of a drive device 112, especially when the

confi gur at i Qfechén ﬁ@els aflf inviadedei ihe @ptichPhaatl anésmetdnestr sigh#ls gbt@nedidsmgposi ti on,
size, shape,or co ther co t i cul arIy
when it is YRR e ‘ghsgﬁ%"’ %gémoacccgﬁtrr?g 13%’1:@0&%33%%&@%&?&%

certain forgachaedonm opaczga;ma@ dgsﬁmubddng apdior RcusPat merssﬂpfﬂqrcat i on Serl al .
No. 09/ 315, 39 u ' haRdk Gfasghematic form
a positionaf® ﬁ%‘f”é‘?ﬁgﬁgﬁgwd%ow%m%OL%‘%‘{DE% %%%é& %%g& Béann fig with respect
to nedi a5 11&nfgaratiahs ngadrwedﬂécmﬂwdothmcpmqﬁnentsmt gapistedin Figalesheiasn. I n t he

enbodi nent of  Fi t fixed
position w PRe h?ggal cminpénggtf ore}g%)c%ﬁ{ngqﬁ %@ﬂ%&eﬁ&ge@gﬁc@%ﬂﬂ%r e thoroughly
bel ow, pr eémrﬂ@dsyqon&hi copuriptarEoTtics, m fcrqmmesspﬁiocethcfm%ﬁ%daé%%omw a
constant or f| xed ne

subst anti aI l?§ &&%h&w&ﬁ%ﬁ&?éle&ggﬁ‘%ﬁ&%ﬂﬁ%ﬁ:}%ﬁ?ﬂ t%)%e{nhe opti cal
head 128 wi bdfluzrdespedby thosmf)%klﬁtnhélp aﬁeﬁg@n@ﬁwﬂfngtth@f@ﬂ?ﬂ(bwosmﬁead | nst ead,
in the picted data on the
25 nmedi g8118 (i ﬁg’%%?arﬁr%?tr\\’a u&r%ng %ga%}%cq&ﬁé?ﬁqgl gﬁ:?&r‘gﬁ&gﬁl%ﬁg head 128 is
moved, as adimensions onkaghireestsentl/or eost ofahapntical haaid 28 prg of sigpifeaes iodhe

enbodi nent - cal i r L fthePat h
Fength (nea PO D e R Pl o FoRarmg of t ne
optical pat Hiive devioeni 3 rdacss erngiaainty o Hie PeHie sizsy 8h9pg oigBAfaReT al | y great er
than the di g&ﬁgb%sné b ifR 139, aa@Jtp&ﬁ&ma&?y&&nnthﬁdgﬁé@o%%smﬁﬁlyof the medium

I n one enbo e ratio of the source- to-ob ectlvegpathlengthtothe
obj ect i Vié- t@cqﬂmdgaﬂﬁa‘@ée bEA iR alcéfﬁ’éﬂ form dackqr, q g8 desgpbrgyin &-S. Ratentysed herein

"obj ective" A%Fﬂ 99&&9&11‘48 JdoR¥18308,8f#ksS to the conmponent V\:hl ch focuses | i ght
onto the rec | ayer or recordln surface of the hough this

is typically a E'énQ/@H%‘ﬁ’aE?ﬁéﬂ gel“éﬁa'r‘@éfjf SFhemalisform. p pesieng r§ “?‘ﬁé'lpl?

rP ng } lng B 67350 i;léat G 1Dy hd 20k 1@%@9&%&& t6 malallms ddﬁbMtrﬁQ@éné@nllﬂa{néﬁﬂﬁG |
conponent s. ty ca t he | ast ul timate optica
conponent alteieseHdTspEqn: A ‘heﬁﬁ‘gi’fgﬁé‘?té’ #Téﬁ/q PYFal ?aéialgﬁéssm?ﬁégaﬁ%ﬁl um

"obj ectiye" mkd pQRicRGHhEpta iSthe a;alcbll&elel 1hEr & descrived) matsboengdOEkss it ens
whi ch- may n(g[ref?rgbigf,ha?l clor?lgcgneglp % the optlcamgc? 3 PR UCINCRY 19 % ddPosition with

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

component of the optical head 128 with respect to any other component of the optical
head. Instead, in the depicted embodiment, to achieve desired alignment with data on the

25  media 118 (ie. tracking) and/or focus, the entire optical head 128 is moved, as a 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

30  objective to the data surface of the medium. In one embodiment, the ratio of the source-
to-objective path length to the objective-to-data surface path length is at least about 5. As
used herein “objective” or “objective lens” refers to the component which focuses light
onto the recording layer or recording surface of the medium. Although this 1s typically a

conventional refractive lens, it can also inchude reflective, diffractive, or holographic
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the medium The optical path length fromthe objective to the datudy 23¢Hf ace
Is a function 5 of a nunber of factors including the nunerical aperture of
the lens, the distance (if any) fromthe disk surface to the data surface
and the smal | est safe spacing between the optical head and the disk
surface (tMWOOMEBRRI ng distance"). In one enbodiment, it PSI/EMERIY to
provide an optical path Iength fromthe source to the obj ective reater

t han about cBmBoments. pithéugh aipiopllyythe dasker ultimagie eitticr) compeReniNE dicaapt

pref erabl y LARKSL ub R 1RGN incha TR, dhedhe &wp@ast,vgﬁhsojsugéa%ee&psent

I nvention i'nvol ves achi eving such a source-to-objective path |length while
provi di ng ah alsp prcempise lt@m\w@éh mpy uqt ¢ Higllast @mleﬂ comaenent heforpieashing t er

devi ce can e @&&Qmmi@a&ﬁ phtﬂ 1@&%&&@@3&@5@@&6&&4&@&&& Salncdf i 1 € | ess
than about 10.5 ?re erably I'ess than or equal to about 6mm 1In the

depi ct e erﬂf@@llﬁﬁﬁtOf e iacludie the pymericalzpornye e fhe ignss giedisiapr(tapd which 15

defines \m%xweldlstawa%é ﬁ;rtli@&!até Q& Al me%&anésesayeesrpadu‘;%&endech%t dp@é Spi nni ng
of the disk 212 grow for alignnment of amw th_(successive)

ci rcunf er erfieadypn ¢1§lﬁ%lﬁf§cedﬁxe“w@rmds%@nﬂ$ I%“F@‘H enfiit 5 derired foed radi al

posi tions ( Sﬂ&éqmamdl §at9[eagm%q1 1Y sdiRéitd he oEﬁﬁw@EFcht@ﬁdhmhﬂﬁdt AgBmi N a
direction having a radial %ent pr ef er abl y rotating-216 t he

optical ar mrifwglamief theg E‘I?é‘ i ﬂalmeyewewr% PE?éqfabé)W%at%ﬁa“saB‘“{t H2-he

posi ti ofy at o intRdin@Bt S drésghttinReddn maﬂfelae@ném sdéiﬁksohrcb-@o-éiﬁédtxﬂ@s an arc
222 extendi ng throughout a predeterm ned radi al a}rllg](zaﬁ he disk 118. In

t he depi ct erf PhRsRrovigige g loyrplile deyes, Srekgebly e HRFILal head 128

i's noved, agvie Ykl feac@n@it@ard BAd forh BictoR §/ith a\(RitidaD alofilClesmpmeBbutsuch as by
pivoting 224 the arm 142 ag‘fﬁtﬂt a substantially horizontal axis 226.

Al t hough t hEd-3mupeefergbly dgss en pf qqualdo pRoubopmy o" scale, it suffices to

illustrate that Iﬁth%d@M@tE@éﬂlbcﬁﬁndﬁ&ﬁﬁddﬁ&hSdeizaﬁoﬁ @Epiﬂ.ﬁ.ﬁﬁmmatﬂ ng the
conponent depi cted

be affecte e ver oflle or
ol oor B et bt bt beisir S48 o ety SR et BRI e as
t he spaci ngprgaﬂestfﬁr a*lﬁgﬁmémdf the liglfl badal with Gsubdeksive) BrqgmiZeretaial pz:tssmm‘bre nmbodi nment

I n which no | CS..C ts oft t.i nove

t oget her, k){*/\% ‘%W“B'ﬁ'ét VBH‘tcng% (ﬁd PREVES vr\zflcl“ﬁg)( ngQ ?l"éﬁ ly 30
rigidly coumb eﬁtldabl)ead hZs iaptdiresiona hiamidgl2radikl conpodns preffosdy by etattmg preovi de
enbodi nents_, i n_whj &0t of Lh t rably

i ncl udi ng at®® Btééﬂl ar{nhl‘&’h*:"mﬁ?Ssour g V%H% ffé“o 91 s}%tha?ﬁjeg’}%gg?éeﬁﬁ]&mvabl

with reaaectheﬁxghtebamhmacﬂeethe dishéib@&ﬁmsaﬂmazﬂmyen@eg thnghdite with respect to

some or all of grpn?ne ra@iall':a?l%? tﬁﬁ{&hfhmi %&Q?ZFS Qﬁdgﬁi%en olﬁa\Qde 11, the

optics head nfﬂ e cou e arm yarmva e or erX|bIe -8
14 July 2004bcusing, the entire optical head 128 is moved, as a unit, along a path having a vertical

component such as by pivoting 224 the arm 142 about a substantially horizontal axis 226.
Although the illustration of Fig. 2 is not to scale, it suffices to illustrate that the overall
25  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 well 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 head moves with (is substantially
30 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 least the light source
and the objective) are non-movable with respect to each other, the optics head may be
movable with respect to some or all of the arm. For example, in the embodiment of Fig.

11, the optics head 128 may be coupled to the arm 142 by a movable or flexible,
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WO 01/ 43126 PCT/ US00/ 33014 preferably resilient, |eaf nenber 2URIulyih@4 eaf
menber 242 may include all or part of a flexible printed circuit
(flex-circuit) device e.g., for providing signals to and fromthe optics
head 128. A nunber of flex circuit materials or devices can be used. One
exanpl e | WOPHMR% circuit using a substrate including P@HSHHOHe materi al
such as that sold under 5 the trade nane Kapton(r), available fromE.|l. du
Pont de NenpefesiblanesilConjsafmpernber 249.| Therien ormbEeHAway include el oome o§@ nor e

copper trac le e 16 atPRRRBRNt s for med
or nounted ﬁ%éb?% rww‘%?% gfragaibﬁ%mt??r%&%méggsﬁwﬁgg%%% t5128 Wi ?ﬁ respect to

t he arm 142omimnhdsd 1%9’1& mmleer 9f gt matgrialserdavises cBy byTHOBE XTEE coi |
244 or ot hef a?iegg&‘g AUBADE birkL m@llugﬁéﬁgwyﬁm&keﬂﬁt&%l £k 25 06 drldgr head

toward or awa romthe arm1l -5 depict an_optical head 328
accor di ng tmean@ r@mbﬁéptﬁ@@iavéﬂabﬁf@%%sé‘h?om AN epeursid Gommemeciyepi ct ed

enmbodi ment , ﬁ’%?ér? ?)Efa%%e | GifSon bE mofe RBFer rhQ8 @ﬂe@ﬁn@an%f\é‘ne Jraibd 314 over a

guarter vvave . I'n sone enbodi nents, some all functions of the
quarter- maveleqstoam@or@awe@}équmedxvmmw t%Ff?PBbtPr‘?fafablﬁdP%‘@F‘cf“I‘PiH‘eé‘eﬂ ate. The

l'ens mount } ﬁﬂ{‘regﬁctftﬁ’{h@% 942 Gn B B&%{veﬁffcom%& is@dhtas by GbiHglh dgicsSdone!
gl ass, or silicon. "The quarter wave plate can be formed of -a number of

materials, Réfcdrgdiengeqomaenstelonplestronic devicedpraovinghohrafdayragd enpavay

functloqgl | b¥mQfe Amquarter wave plate can be provided by a coating. Below
the quarter wave plate 316 is a optical block, referred to hereln as a

peri scope 318. Fige3falepisionpatia bear 328 paserding s enejeipbpdimeripd thepresent | east at

the wavel engt B b idt8e dPRRMA chib8fitneni2éh sHjetudatisras lsapogltlbﬁdd b3agénsd

(preferably 45 angle with respect to vertl cal) .surface 32% acti ng
subst ant i al Ipugts 14 OYRT A ARgter wgv%@%?%%éasmwa)ﬁlmﬁﬁﬂw opal BiRFtass 8 e abl v
the 45 sur ft}%%m?e%@a\keﬂplake e b@@@t.rﬁé'd ¥ 4 boaBings bt a;aﬁ y ajaiey Thefehesbinte coating
such as al um num or eCtlng ch [one ‘%oat n%? ‘;z)orLrs ‘%%318 in the
depi ct edSentseefamed 051‘ Q‘H“befﬂ Hgrls inclugipe sty aﬁ%l"éﬂl BRI splitter
surface 324 vaksg atEE:ﬂf'&If&bdeﬂ ofth m@hie bf daterddls, (riMuﬁhg h&&[mdhuirtz wesdmecal ) whi ch
I s substanti al I‘%/ reflective 6t g, acts s%b ant :b ¥1dedsb alcorrhrr)ror) for
light with &mPpdiments e fmptoraiityof 4 guarel, g OraRsh 8V for 1 ght
wWth a secoebhwrit quarzatdve @late'me iedrtisd bjpek, béfenéd to hereipes aperiscérediBa nunmber
of materi al I ncl udi sed sil F )iofge! ow the
. ’ f

peri scope 318° P?S&Weéggisé@i’ gaﬂf’ﬂ ANSESH Y 3‘2‘ P ¢ th% a\"éleéﬁu?& L?%%%)? '
Use of tdoe tsadgafinds zeﬁrsraaglleéa:ecf’embla 4&Umgen'v1&lnw§:ct amtrts:hk) giurghend?2 be t aken as
limting the .inv to only_ the L cledh Rakald-RWe i Redny RArAE | el ogram
or ot her Sh&?ﬁ%&g a@ t{ﬂ@ a miIrror, asrﬂ:scn%g@h‘l%e r&?g @ = T y

surface 322 wzll be coated with a substantially reflective coating such as aluminum or

reflective chrome coatings. The periscope 318, in the depicted embodiment. also

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

25  (with respect to vertical) which is substantially reflective (i.e. acts substantially as a

mirror) 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 materal,

including, e.g., fused silica or SF2 (flint glass).

Below the periscope 318 is an optical die or “optical element unit” (OEU) 326.
30  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.



herein. The CEU 326 is provided with | enses, gratings, hol ogr amsllaz@4dor

ot her optical conponents or devices, as described nore thoroughly bel ow
-9 14 July 2004 WO 01/43126 PCT/ US00/ 33014 The OEU 326 is coupled by spacer
bl ocks 332, 334 to an underlying sub-mount 336 (preferably sliced froma
silicon orweiondras wafer, as described nore thoroughly H/GW3304 the

depi cted enbodi nent, the sub-nount 336 is positioned on a printed circuit
board 338 or f| ehe OBILIHGts cdupiEtiBy snacnbloplest 332184 té arsurdeilyjngmsubrmaviie | aser

di ode 612 npunted, .wi th spect. to th - . ing a |l aser
mount 614. ?%%‘ﬁ%‘%&%ﬁ?‘{n@’n ?Slﬁlﬁ%i Glrtglén glrar %%tg‘mg%%n“c?? gﬁrggeﬁr‘?mrr%%hg but follows
a di ver gi ngbetomf ilgthe depiand eulpdingent, ithelshiymong 336 spobitiensd os e printed eitruithe

obj ective | ens #éi c@ fg;mls( a finite conjugate imagi ng system In this

conf i gur at i B4 +& °* BERRNTOr i ng optics are provided principally for fully
or partially ci rihellighi mitrigs ttheridin mhie 1a6r dinde G2 nfaynied, with fesneettathey
correcting asti |.sm a . di Lo | LW S: nt
function. 'rﬂ‘gg'g%éls’g‘?" g%ééf[nlta%ég%o Ggﬂf?lﬁpfggghﬁﬂg’aﬁla?%g?ﬁ%?@- poi nt

i magi ng syst@hihated bt idtows haivs gt canf gusdtion exbaigniially Eron Balagi surepds then

effective reductiopn or..elln kation: RS b @B RiRcbf¥lirafiéd €S from the
| aser. HoweV PC?WE FEUl 5???“%%%%‘%91‘%%%%%% grtea_t e sufficCi gnt astigmatism
that a secobeinl-fnsingopidsherpropdddpsingsdly feredfliver pagialy srauaszas thsdishor rect i ng
astigmatism _{t d5 al 50 . Qsth LA D8 Jr&RERS 2 BlanPidifingOPti Cs  on the
surface '9f W orsﬁlﬁ%rroor@%&aggg%gtﬁ@e%%nﬁhe Ias.e(drand %Eﬁe mrror bl ock 332,
e.g., for eijnsmbrifirctioy @e notehdal adppniagsofmfinge seiugate{PRLOERIOdi nent | enses
or simlar optlcs i A Beriphireal vied hiSeffnld @4icash 60 at

| east partié ng}ngcsggt?é&sﬂ}%trh@_g%ﬁf%( eerrors ioﬁl%ﬁe rmteJ_nti ng. (and thus the
beam di r ect iebmjnatdn aftee dstigreatisnitepd arisepfyom thetlpser. dEQV e BirQIATRRE i8Rt , t he

| aser diode . | 06 O &bk MG AEET thillaQelnd REs b:ither BpKids 3678 Ay Beaser beam
616 out put ﬁgfatrﬁ%sﬁ‘%rgageesﬁl@%i ode 612 IS, rgf I egt edsto _efrvgtr tSi cal, beam by a 45
sur f ace 118 apdsiblei foresereqiingtestieagpnt L isgle Rassliblopatifen lsa%ss pratrL PRIF Y by

bei ng i ncorporalag.a% 1R ssthdAceS tehveanN@e Rlerlah@ths pAG6 Hodk332, dg), fone

enbodi nent, a portion of the emtted |as

rt ] r .beanlﬂs reflected ggfk(e.g.,
from the OEWirsfi@)zifant ofgr PRESERURASCSTAR PRIONE MRt 15058 UGHEY B PPN tPaser power
out put. 1IN QNG RHRAGHER Bhth afd 1@nfi @S0 hiSeddt Faiikilly icgrdot forasgular Brat erthdl y,
however, the present invention can ctc‘ﬁnggdgt% t he use of shorter-
wavel engt h |aeustag (aad hys e begm direciiop el pe e diode.e ¢ for achi evi ng
decreaseg Spot  SiyZfe aéfficted embodiment, the laser diode is a side-emitting laser diode and the

horizontal laser 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. In one embodiment, a portion of the
emitted laser beam is reflected back (e.g., from the OEU 326) for purposes of monitoring
25  and-controliing laser power output. In one embodiment, the laser 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
30 components moving together, mounted at one end of the optical arm, formed of one or
mote optical-element plates, each with multiple optical elements, and/or defining an
optical path with the majority of the length through a glass 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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i ncreased data density) while still retaining the sane general14 July 2004
configuration of the optical head as used with red-light |asers (such as
configurations having substantially all optical 30 conmponents noving
toget her, nounted at one end of the optical arm forned of one or nore
opti cal - el BOeMM3Ré at es, each with nultiple optical el ene?@RUSOBHEIOr
defining an optical path with the majority of the length through a gl ass
or other solid sasikpiaad@)Fig. 18) théroeghisisines bdbaiuimgng(thekdamdtonshape or power

£ { ; dat
ohor ¢ -wevel ExigPRE e bl B Riu hefh G ¢ Gl THonb e ARMIRGr AUBE GNP 0! ©
depicted ina Escg whicﬂi is rioh gidersrmittifg, smh Az eeri@hBeaviyy, Stlflﬁqcmem}‘“@&ﬁésebeam froma
hori zont al g\?@g 51812 @ 2o el Rl BEWTAL ULl Bon. NI @RI 183 0k sppa) e desi gn

by providin aser not ting, such as a vertical
cavity, Surfvaickcertetcoifipyredas positioftdISEm)t siostamtiplly i a vergigal disegion peld- i n U, S.
-~ Pat ent Appl Qn , ) W 6Fne BnPed cEsPUr ed or

posi ti oned %’gggtm §ls%l}%eg.ﬁt%|é a?‘%o\]{lﬁ%s‘éﬁs\%@hﬁl%@ﬂ dﬁfekct lon 1614. t VCSEL' s are
al so useful ohaénmnmeng&asumtlsmbst antial circularity of the beam and
reduction f g%uﬁlt;gg éiQHEédgﬁ- afa | N one
enbodi nent the A%& ﬁ%&h‘i’x{‘%@ % ﬁ%r#e%@n% gPrl%lﬁ?sg 1 "sli cedo )aport I on of
a | arger si bmabfisliced”) pertien 9f alarensilicer (o pihgr) wafer ﬂ/ﬁ QFI*E Pheifgiceraer1 o pein

g { 9 € g

formed, ysi Bélnd ﬁoﬂh&ﬁp }@&nfw@ﬁ& efaLdieR técﬁﬁ&ws%a@mblpu&m[@talpmnyl uding a
plurality o er nic conmponents formng portions of sone or all of
the drive cpfmmrtemtr@i@omemtsafgmaﬂmwfﬁpéﬁﬂm I pEtbe frivRsdrGhisy 612 pre- anp,
| aser diode drive, hﬂ@@kﬁ&ﬁ&&%@imﬁ&dpm%&%ké%de Gl YhbtbNotecRRWRI  OF

control circui try, B racki ng or focus servo, data read/wite eI ectronics
and the | i kessodiatogdiespitry {IoWenPIROBUQlCHPRIEY. pIAgHRg 9rigeus forkg. K UMM b regi ons

15 (whi ch Wilel DEesS6PRE BEL D whEeH712 1O¥ncaAWMNHDIRELS bfﬁlhdﬂ»g sclag” @gesy | bed

bel ow) t hen “has mount ed on it, e.g., using optic | pi ck and pl ace
t echnol d§i e$whigh WﬂbbeISPH@éatedaegpPWa&P‘}gt‘V slifing, gy dgsc 56\81%18 b‘ﬁﬁ‘dlﬁ’ﬁunt s 714a

through 714, ARdd 8n Rle 41'51'n%}6 b1y PRI pidkahE plau tb&hnbmkﬁgér&heﬁkem rrors
716a. b,c. Each sp acer

contain ?}@L%% ty ?H” tm ro% surfaces
(718a, 718b P11V48¥:°f’é9?‘bd‘?d°5?’l’ijem?‘5’§5eﬂ4ﬂp’6 Y7 306G PHPHP SPAET B t he spacer
?ﬁr 20 716 aﬁﬁtﬂ@éh&d Ress ”]gmabfae Emau‘s@ﬁce?azamt&ntemesp:ammytamsmnef ectromt csI
ereon so as to _provjde for S, ser r, contro
or simlar GPHRES @E Wg ?lécﬁco\/%g‘éllas‘% %&E‘g?@?ﬂ"frgf%@qug‘n ?ﬁgp% t he
out put bgammeé aﬁe%s:hcﬂfé@bn e b fel 7 COWRIE S:pEeathio ig: efcrroes tH&8an 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., along a plurality of lines (depicted, in Fig. 8, in phantom, 812a,b,c, 814a,b,c).
25  Asshown in Fig. 8, preferably, the saw lines 812abc are positioned so that each resultant
chip has left and right spacers 332, 334, resuiting from right and left (respectively)
portions of sawed spacer bars 716. In the resultant configuration depicted in Fig. 9, each
chip 912 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
30 chip 912 remaining to accommodate various electronic comnponents 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 !.5mm.
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After the desired conponents are positioned on the wafer 712, thmlyw200=r is
sliced or sawed, e.g., along a plurality of lines (depicted, in Fig. 8, in
phantom 812a,b,c, 8l4a,b,c). 25 As shown in Fig. 8, preferably, the saw
| i nes 812abc are positioned so that each resultant chip has left and right
spacers 33wW00®aM26resulting fromright and | eft (respectPGEUSH/SIPGYti ons of
sawed spacer bars 716. In the resultant configuration depicted in Fig. 9,
each chip 912 haﬁopmhdiied:; optharezment (FQEA bibek B2Geahiclvisiie bupasitionsd  or

alignment, & LageLudlllf 13d dild sfeld il fth B} Ak Blaclid B2 SaRERLS 332 334,

preferably |C|en &gc 12" remaining to
accommodat enmﬂreroi&ﬁebﬂ@bmfwatlomdmwbmglth@)@ﬂﬁ'é@ﬁ tioas-tindhe t he wafer 712.

Al t hough a nu ding to
the hons gﬁg%er?gﬁ?w%ﬁ% i3 4neORAS26] ncﬂ@é@aéﬁﬁal&?%%um BedRGRel 9L
512 of abouB523tdservo aptits 354. dnenatmitidiresns thsrbeam shaping apkias353a. B9/ - 11 14 Jul y

2004 WO O1 L4340 R el AfOdehs LRl ClliaPlotndlt o Wrcleyiglagiant (" OF)

bl ock 326 Wﬁro positione e sub-roun 6 (and spaced
t heref rom bysnsela,e: syfackily ogspially sitgulasigingtipiescubeamy prsiepting asggmatismeand

confi gurati a{;ﬁm d@@ﬁ?ﬁﬁé (f'&%ﬂnésr}ﬁ: &gﬁgﬁéﬂo Emt o B'v'“;erﬁlhﬂ% bh@e sBjRAE BEnt

depicted in U 326 I ncludes a plurality o beam shapi ng optics
5 352 and sécsued o, |t@baiasmcrosatﬁlbw@hemé¢fﬁmﬂ the beam shaping optics

352a, b gre pr%edogqf é,efssa%arfwlgﬂsémgfnmaﬁﬁeﬁm%ﬁws @hdags s Ml ar to
or

those of) toric rlca enses partially

circul ari zi hologiams bla@bﬁrl' dtff!@ﬂ’ﬂ"e epjics aed the) bkeag*ﬂ F‘ﬁ‘?ﬁe&”i@ﬁ\%ﬁ °I-t'“ﬁ%mP¥ Re.
Preferably, 5rn,gd fithd ol W(?éwxgg%&ﬂlqh& ,Mx{gqimmﬁg Wﬁlmhb staghe@f the

obj ective as esire g. bal ance crossta ptical efficiency.
10 The opti @bap%ztambumsshppe%ﬁegwmeeﬁéé@esa?mg ‘ﬁilfiea Y?SB?‘H%{E?% P tBplikecs,

gratings or y g& Q9 G&fﬁéuwopgmﬁé p;dfeﬁf:d %Eri MBerQRk ifGsibRkchide of thke. |1 n sone
enbodi nment s, tics may for med t he opti cal di e by et ching techni ques

i ncl udi nig prf@@‘ivéiyri’@gh&bi?ﬂ%&‘flﬁfé’cfé“f@ﬁfé‘ﬁf)%ﬁ‘cs E"H’éﬁﬂ%“gﬂ&ontl nuous shapes,

segnented or "t efRSGRO&hrefeRBSASubdnas iglanhOiéeaguladrallBRpibédy@lock | N

general, refractive optics are referre when ot f eas Ie because
of the. 15 1 dpaier VPG DF T E ST BTG e RS LT e i gt

wavel engt h. 5T al@fb&"é@cﬂre%ﬁﬂﬁ@la} YorEhoReHRS vaskk icatflayirapiba fatricgticacfaatigal ar

paral | el epl e ok e S PSS 1oL RSP 34E hSuragblprountand the

70 embodiment in which the OEU 1802 includes a forward sense optic 1804, a servo optical
element 1806, beam-shaping optics 1808, 1810, patterned absorptive coatings 1812,
pattern reflective coatings 1814, anti-reflective coatings 1816 and alignment marks 1912,
1914 (Fig. 19).

As depicted in Fig. 18, the forward sense optics 1804 can be used for deflecting

25  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 laser 1832. Those of skill in the art will
understand how to use signals from the detector 1828 for controlling power at the laser

30  1832. The forward sense elements 1804 can be, e.g., a reflective hologram (e.g., an
etched surface-relief hologram shown, in Fig. 18, on the top surface of the OEU 1802),
with or without a further reflective coating such as chrome or aluminum. It would be
possible to position the reflective optics or forward 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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a plurality of optical elenents or conponents, whose confi gur at4 Juby 2004
fabrication, function and position may be different in different

enbodi ments. Fig. 18 illustrates an 20 enbodi nent in which the OEU 1802

i ncludes a forward sense optic 1804, a servo optical elenent 1806,

beam shapi W§ 0gdil2€s 1808, 1810, patterned absorptive coRGHIFIIQHD
pattern reflective coatings 1814. anti-reflective coatings 1816 and

al i gnment  nier®EU.1B isalso ppsyible omirqyidefoywardaenispics |88 pSf GRISYE t he forward

sense opti ahidh achRNigatal b agkifiGnoudRd S0 MBc4ion biker thai tgoi ng | aser
i ght backq‘%’%‘%& oy GBnp g 1828, roun

owards a detector 1828, e. nount e t he
silicon or suesrste 83l such apbeingmoyny i%oﬁf“{%ﬁ%lﬁéggg‘?ﬁmf%gg?ér}fo provi de
an indi catii oo, ks tdRbAgk oRRAd sde\Gtics £30 in thé RimW$ & ptisin,dueheRER Ol  Or
servo-circult to maintain desired read and wite po I eveJSs f the | aser
1832. THos eetabpd BFie), Pr 3 Rirgas surfacs, tqlipget *I%E?é”ﬁgdﬁ&ﬁateﬁ&fé\@%“ﬁwe ?‘b‘ﬁ%ﬂ s from
t he det ect Q828 83Pér esombedr@! | 1 Ng power at the laser 30 1832. The forward
sense el enments 1804 can_ b a refle%tive. hol og{f an etched

. . be, e'.g: ) ) d am Siguég.é Al
surface-relief HohegRAEEEBRRFE] 1S, e QEUBO2 gio ingludes@isergrplicdemint he oFU
1?02_), W'} s@@q}t%édg%& s@vd-Upticeimenef 406 aéts iana B lighgetatitly fasn thdiske or
al um num Wwou e

( possi bl %rgéo position . the refl el%%}ze‘ optics or
forward senkié2 apskerdyect igaetpminglight toope o PR detedRf daYss! B3H I H5HPSY or ot her
surface;pf SeienebRink 8601 eradiGdbsigials] foeustRinhio adstdhacigndli8 @y, of dest@beli4 Jul y
2004 WO 01/ 43126 P /USOO§ 3&05&#&% CEU Ib li s al so g}gssifbl g Lo provi de
forward sen@eredrqughly bglgw)-gthe & ey Of § BOlORBR O PR 7 “GFEE 'ng whi ch
defl ects |igQlied tePradtivd@lefehOrAlouakFRgl 18 depicts the SOEAIR0ObIee upfea surfabe
substrate 1830, _such_a '

peri scope 1H%80of e OEUSISSQE’SQQ glégg‘?%g‘ﬁ’gq? 8‘%8%0?}&?%% ‘?)nlrj‘itifxll‘];aS((%:f?oén é%gtgceg%# % 2 g 1804
in the formfe b bRk 1802¢ It inssaposEbie teproddperhisnimats ia wiichmore ©er f ace, to
cl Seuheis. 1% PRI R o BB b iee Bitn gy PSR RARRRRECC O
servo- opt i cfetvara@miore lenBOitting Bélogriine asighekkeo bt i dS@imnibhtto 1:8dide act s to
T aht o onemprisrd deieh gt et 358 cpfie el dpRinetohethal §EE BRI T RY
usef ul trackimgsush griring posivenes os k guréics ofthdpaiscapad 8365i1gaSOE 18RS Hay as
2o med o P Gr et e arP e of e IhE S RF AR S RS IR O S he SO
1806 on 2t he canpumetiorswitif sagedrant 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 optics 1808, 1810 may be refractive and/or diffractive
components placed in the path of the outgoing beam e.g., to modify the angular
25  divergence of the laser beam, e.g., specifically to achieve a desired beam profile 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 lens 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

30  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

beam, as it reaches the objective lens 1854 will have one elliptical axis substantially

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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1846 of the CEU 1802, it is also possible to position the SCE ldnfulyh2z0(dot t om
surface 1848 of the optical block 1802. It is also possible to provide
enbodi ments in which nore than 15 one optic elenment is used for nodifying
l'ight returning fromthe disk such as providing for two or nore |enses,
gratings, WOPHHI¥ns and the like. It is also possible tSCHUSWHRU4

enbodi nents in which one or nore SOE el enents are 05|t|oned ot her than on
the OEU 18@2sdial erhtangentis dinestigusEXnresshs g Rergernsage oh @‘@ Ya8Mper i scope 1836.

The SOE 18%@ ﬁﬁ%m@@fm&% 2SRRI i%tenﬁh&){lln {hBgldire@ion9r A bﬂ{lblﬂaﬂcﬂﬂé e.g., of
the type commo used in 20 conjunctjon wth a iadrant dﬁ [ﬁctor in the

so-cal | ed d@!gngmml@cﬁ@@ﬂgﬁwﬁféwts oR&w} gensities. InAtdgghiome £ “f4bri cat ed

by et ching cpgsﬁ 9%mg%bbﬂloa%o%rcrmledbrggfa?dn@wudmesmtﬁdayuera uncoat ed.
The beams api hg optics 1808

ractive cL or diffractive
conponeht s cpistgipido providse f@atvﬁlydﬂgb(al‘?@“ﬁlﬂ §5htﬁgPH&c&Fﬁg&°€hg ‘feé‘dmﬁf]‘ $y the

angul ar - 25 4Qli $eHA6dGEr Oln tﬁé@@cz{s@ssﬁfwepﬁﬁ%teﬁnﬁs are gpreedlllyipeitrted sinoe tishi eve a
desired beamprofile at the pupil 1852 of e Ob4ﬁ |ve lens 1854. The

r el at i onshiigindieatixe gt ?Wéﬁi%ffgztée Eﬂﬂls PrPeFHYsRsH }5?‘6’[‘ sraveetser beam as
it reaches xhﬁl QPiveGink YL @&ﬁ:ré@ﬁﬁloné@nibbdlhﬁﬁﬂlﬁé?ﬁmﬁlﬁeﬁsh?1sﬁiozg'eaaﬂd shape of
t he obj ecti Fens 1854 atfects the sh& pe of the fo ustef%fﬁg% & 1the di sk
1856, andth?éﬁb@tﬁﬂé“a@?ﬁnﬂ?‘“@d‘“ieé‘wlw OLRgY grepfh (R 209N 8% he amount
of 1racty t Qubdidf Kcohtpared® th@cénhalcdfnﬁkﬂﬁﬁnihﬁhﬂty) Vilheﬂe tthisodiaae thesiour ce 1832 i s
a edge emtter |aser djode, d aIIy, wil |

e a
be gener al Ilvelisﬁ)’tst%efFfS\’IW@fiesaH‘aélaF‘?“b%f}i éﬂth@i‘ﬂ%eél 521“6%% dI‘(ﬂrmttLeam as it
reaches t hgy Q&G k¥%:8n RRsial @péetioh.l In thealitait 66w @i m*@:tmmal, albofitlee subst antial ly

tangential to the disc tracks and the other IIi t|c aX| antially
radial to tavalagledieht is pagsaddy thedens fyeeqidingly 18AUEH eaeéner ﬁmenﬁ%h %%?asﬂ%

ci rcunt er engeniaf opkibe1508] 1880 memhf@nediemsu mrnoilfﬂylﬂgthﬂ bkam @@@hﬁcmm/ 43126
PCT/ US00/ 33014 t he radi al e ireg

per cent bye ‘%?F“etdﬁ%terbsé‘ﬁ? thcﬁé’éﬂﬂtle fir&%ig % ‘ﬁj Ig?e Te err‘;&éﬁ’%@ﬁggﬂt e r m

I nt ensi ti espoloftieteamdhirin ibinas] 808, man amandna]rpldcr aspheriddehems. may pl ace | ower
or upper limts riminte and
especially in tl‘%@?‘ff'a@é nfge E%\?HIBSMFFI rllg(\’iqehe oﬁ@&kg Qafqﬁgg%rtaﬁm%ew ces,
there may bgoaplic a@rﬂeﬁsrH;D&tlSﬂ@fqmm@i/mdmpasnﬁelhr&mw@ﬁ? llﬁ%hf herBEHt 884 Ilght or
per cent age of é’ﬂ%&?‘? té)r AT ee@ﬁ,o&lm% gn ﬁl%cl{ Sryd é:Q)?tié é\érﬁém lé ;ﬂ\s:rngﬁeﬁ@n heSes,

| ower rimikhis ar e genera preferred since i's indicative
t hat ovegfi OEUNGO2 inehd risofitls: dutgomyg bsubé%ﬁntltllaﬂlﬁwpcavbiﬁd‘eﬁo"*@ﬁus avoi di ng the

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. an upper surface 1864, (which, in the depicted location, would also be in the path
of the returning beam), an angled reflective surface 1866 (also in the return beam path)

95 and interior surface 1868 (also in the return-beam path) and the like. Optical elements in
the path of the outgoing beam can also 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 (€.g., €1T0rS arising from off-axis mounting
of the laser diode 1832 and the like). It is also possible to provide at least partial

30  comection of pointing errors by translating 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 partially 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 servo signals).
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spilling or wasting of light energy. In one enbodi nent the rindikle2¥dty is
not greater than about 80% in the tangential direction and/or not greater
than about 40%in the radial 10 direction (conpared to the central or

maxi mumintensity). In one enbodinent the rim intensity is preferably not

| ess than ¥MU43BO% in the tangential direction and/ or nBEVY¥E33014 han about.
15%in the radial direction. In the limt of lowrimintensities, all of
the avai | aethérifgivtion thairas beechisyed hediffesqdve onecletiHeRglSs In ) O4¥€OMBast one
enbodi ment, RLJ&E ﬂ?@%bn&hapmﬂsepmdecané&ﬂ@m ¢B10maseekd gueadyt 0 assist in

nmodi fying t eam to achi eve the 15 desired intensity (or other) profile
at the | ensagbsir, sane astigmasismmay e designsin Rprcel e s WBeH O RbaEFRS

beam shapi n%]’a&?&ﬁ&e@%ﬁwgﬁﬁma&e ananor phi ¢, aspheric elements. Al though
in the enbodi nent of F , the outgoing beam 1858 passes through two

optic el énents 1Bggme %g@lfﬂ@’f‘%ﬁ‘é}'“% o ByEsrsal the (5L 02 (ather 1848 of the OEU
1802, it | %oxﬂ?&x@ﬁtplsﬁcﬂz@ t}{?:rp@Mécqge %FF:Q& E@&Tdsmﬂhran\af@doﬁﬁvaed)aﬁngmmopt ic

el enent is positioned 1802 in the ut goi ng beam

1858. It i s patesasdepshsiton E346 61 brtiors Efaess bR (ARt the ¢ ??F ‘W?P%FFI ?or nor e

refractive %s&hﬁ\fefc%&idgyam%%%% Sorft@[ tha bite 61 irR@ntel Rght Mihgahagoteam ar e
positioned on t eri scope 1836, such as on a | qwer surface regi on 1862.

an upper surhﬁﬁlcéNli}B*GHIaS‘(‘\ﬂ;ﬁq dqtectqriingelativeiAlose BRI A9dR SONRIPE™ ¥ so be in
the pathyg o \wmﬁanpeﬁrwcéu tﬂzg nagame,vaaran@@g&cadmemdcaﬂmgm Sib§f26CK830,866 (al so
in the return beam&o(g and |nter|I(I)r Eurfa 1868 I(‘I'%‘l nthe

r et ur n- beamspaichy ofgha Ok éSQ% Reiscangl P20 feng [ ) “? fpouzt ‘%8%‘ 5% he

out goi ng beap tial SPurR@REk i tlﬂéhemzulg,oﬁ@m déiet1ats)1 844)n 618 @Dsnpédarodshan (or
in addition to ontrollln? Hl mmten&%g }s’h eam s §r|nt opti cal

el ement s carfig§als OpYAHORTERSS £ éﬁ?foéBforI‘%}éPﬂ b5 Bboﬁ'teeﬂ"é PFBPs (e. g.,
errors ari S'sﬂﬁkﬁnfxélmaﬂlrfsﬁrfﬁm ﬁhxﬂmhklatnbng:mg@a‘d it b&nﬁtaﬁsagahfdﬁredﬁslﬂ agnd t he

l'i ke). It is also p

eas arti 3 orr i on of
poi nt i nglder r@pEd BS}hi‘Pﬁfﬁ@F‘a"t &05688?“‘?)0%0 'fgné e Qfglbf ppca? ? nt%gtr?gl al
and/ or  r adi (g} endfiifiCbbsemaionTnsle@pine Aoty pashsfofi cadebitealtlighit amddéwatehe beam

h t h pt t h. di d
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partial ly |iunvamed fiyndihe wave-front error that is |nduced by the position

error (which de rad rofil i servo
si gnal g) -14 1?1 J’ﬂ’l“@’ ;2%669?%%}56% ﬁ%‘fﬁ%*‘%ﬁ}ﬁ}’%@é@f%@ﬁﬁgﬁﬁ g’?‘h?lﬂ%gfl on t hat
can be agzhi esfechighly absdrbenactiesid sosh as gbmaoiuime sibigern. d§dgsied. Rech@lsqgeiivieg  beam
path is correction of il A&awifl 896aiAGH QIR ST asHnMG6 dRiEiRbAGAS are

general ly

further improve performance. In some embodiments, the absorptive coating may bea
multi-layer absorber/anti-reflector (e.g., chromium/anti-reflector multi-layers).
In some embodiments, some regions of the OEU (or other components) may be
25  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.
30  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 singie 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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aspheric, sone astigmati smnmay be designed-in to cancel that wiluly 2604
typically inherent in |aser sources such as |aser diodes. 5 In sone

enbodi ments, portions of surfaces of the OEU 1802 (or other conponents,
such as the periscope 1836) are coated with an absorptive coating 1812
patterned wodilas2é op 1846 or bottom surfaces 1848 (or onptireseeissshes or end
surfaces). Absorptive coatings can be used to control the path of unwanted
l'i ght within then @pid etodinfeagdanti\Midatitth@aligs efe parvided @hacitaedssutfaces el at i vel y

close proximty, d.in close proximt with many surfaces that may have
Varying. el agn Bredt ¢ En R e oty May e SER P BEe "or The oeU
1802, peri six@perskidor to redge fdahoamadf teflogivatunst aptickl ptreerlin ke sytdnerle is a
potential for un ted. light. reachin tical detectors. 1844, 1828 causi ng
er r oneous %efaaﬁa?m@ﬂrgﬁec\}lg? ?%abggstr?/a g’s‘? "g%dg - glgﬁgreglro §ltnroclité‘i(al1 %06?38? fset). In
sonme enhddi witnétier senfilvss afithe sireyefeclivesndeka fresichvbrisesh intheatsatce démitigned t o

permt passage..of desir l.] r o de i rpLive (or
refl ecti ve)rc EHER %ogaﬁngsh&grﬁé% g’%”%ﬁ%‘? E)eégﬁl,ogg&ps i lczzagle;(%]g@?’ﬁ gp;%'luﬁta gié%Sor

enpi ri cal olisierfadeireffectsahoutdaierentiofithe lightdhtyropu rsideficehnesiaseavheld ght and

| ocate opt}| I _of..ar f I e) materi al
desi gned to&%@ﬁlﬁ%%qﬁ@\%\kﬁdggm%ﬁg%ﬁF géﬁsﬁcﬁ%l}@ af ggq\{t@%%l?%g%%can be used
as an absor picroneters) at pragns whith ésfilled siith gireand ayeatedefiertions dap gy  absor bent

mat et | al SUGH. 8gyHRRIRRH UiRks 8L IIREN 1n e A&SIERLne SHEbIGRIgEAL T Ve | ayers

may be providéd wth an a I on coating such as an anti-reflective
coating to substarttialy adjzppntae theperisfcopentdie €.g..|in commtedombdigsivehergled t he
absorptive ' e r S | = - (e.g.,
chrom unt an‘[cc‘?l?}%11 é%ﬁygg?%orn&%ﬁ%iiom g%%t? ;?:y(ﬁl’ %@0%92;{%%8?&%1&%} %gég&n{éné egi ons of
t he OEU ( ororpinhidar prooesp 6TierAYidy reginys Which 28 rasessed kebayv thie wppap sitrfage Hd6. ref | ecti ve

coat’ ngs 18dhs orddifip tn KR Y¥ad G RRMet LALLM vE A LOMT RNl ARELGRIM Tunct] ons
simlar to those of pattérned absorptive coatings described above.
Patt er nédl rkfdneembedimerssfinghtyd muy-layer thig &dme, gswglly peediclgrtiamatedalisidhht  whi ch

woul d ot hergrﬁ%n&ahﬁ ﬂ%&%p?ﬁé&ﬁﬁredét&nﬁ%iﬂrxﬂzl@@ssei ill RAhéME sR@hdangs My be
used to help direct light towards a_detector such as in the case of the
forward senglsnipge priicalgefiections ouerq spegificwavelsaeth apbaneslyr peshreldessaisiila nunber

of material § iy V1 ARREOR ha¥t B selb® bhEGpANEE-redirdResi@afred ncl udi ng
single-layer or multi-layer coatings of nmetals or netal alloys such as

al uni num  gBMdgrstaading Be preseit gRFlare- and the i ke or from single or
nul til ager di el g kémEerRRAirhd@s o (A6 opiBAIBTdlighife {1HeIOBLS for aSerfitdf toakd i ve

ﬁggé:. 2? :.n\éiv: lﬁ%)st?qieeorégggcrgﬁ% gggq D bré%?%%l_g;lg?h( Ial!elpr(;v?de%.h Fn :%Er;[e e%fbgcﬁxrnents
the alignment marks 1912, 1914 are sized and shaped to overlap or compliment
corresponding marks on other components, such as the substrate 1830 or periscope 1836,
to facilitate precise location, such as location to a precision of about 10 micrometers or
25 less. A number of materials and procedures can be used for forming alignment marks. In
one embodiment, the alignment marks are photolithographically-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
element or the servo-optical element. The marks may be on the top surface (Fig. 19) or
30  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. arelatively large (e.g.. 3 inch to 6 inch
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14 July 2004 WO 01/43126 PCT/ US00/ 33014 In sonme enbodi nents, 14 July 2004
anti-reflection coatings are provided on sel ected surfaces or portions
thereof, e.g., to reduce reflections which nay cause unwant ed signals on
detectors and/or to reduce the anount of reflective |oss of optical power

in the systwreiqbis general, anti-reflective coatings nmaypdRUsISESHION
surfaces which are not in optical contact 5 with other surfaces of the sane

refracti Ve ARAEN wzllfé'r &lgraQs &IpES mhz@mu ARy 3B ﬁ@l@@@pkﬁéaﬂ? Iﬁ&tltemerd% haza& hon
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glass- air I?IE‘E @F’I‘bfééf‘ln@fqdé@tl’%"‘-‘a%fl!’% being Qdt "GP SFRE RS a‘("‘a“f nor nal
i nci dence) 1Mtﬁnﬁﬁ&ﬁsﬁ{@m~)e All srenGRNib80 BarttssonRd Wer mathdpndadit o the

periscope 1836, a pi cal | f. afew mg resent, which
is filled wimyitagsous Yéﬁﬂ’eémﬂ%{ﬁ‘ié ) féﬂ@%&*PHﬁgS‘d%‘ﬁng‘@gBﬁ‘%ig“@ﬁ
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adhesi ve- bl °°501§P gra%ws ‘F“ef‘ = ?tlﬂgesrelf%YM 1806,
1810 maybe dogikibmals @Mhadspt@if@bﬂnﬁ@en@ bn fhe mslolcm SQina@éI;&Stﬁeﬁhéﬂ a&fd(@)\{dvdjéd regi ons

whi ch are recessed_ bel ow u surface s cre an air gap.
A nunber ofWifd hgh %?%eeé’gﬁmﬁ‘émﬁgg‘dﬁﬁga%htt’? quélg]eéé?‘fﬂb‘{: £ 6 P 85 In ong g

enbodi ment , in&viagdi epdal abﬂtédtsdtﬂ'ﬁ@ﬂevﬁdalfibri&miom{whidﬁb@lﬂe)an@ipeasmb el ectric
material such.  as nm um fluoride, a d.in redet I ned

t hi ckne e PrOSRANE, H"’El’fgggyk?f ﬁlL§cla r‘i‘f’Y‘SﬂS|S§‘R‘ aéﬁF‘ﬂ?eﬁ éﬂ%lig{lfggﬂp?%} | ections
over a specdidmdaswaved fagbhabaadingnednan. range. Those of skill in the art
Wil understandhwtos ntl-r ctiv ngs after
under st andi ng t REETFRRIE dig Eg&@aﬁgofmgdo"fé‘(? ﬁsﬁorsp%& g%@&ﬁ%ﬁ?@e’to assi st in
optically adct}glalaﬁtgthbhee)%li ﬂﬁaxrpummnyerémut;hedeﬁacdxsatsmab@r@r toper i scope,

al i gnnent mar k al i gnnment

mar ks 1912, asieéti 9(3:'1855 43 E:g%rrg‘c{ avhg%%‘gcnaus{: fcamgle ecause Hbs refaﬁ?elwsetngpge
corres pomdl 10 Qeriftdse ami Mté‘retbsommmpmr@[ftcs r.;hesmahatalsk)tahé cmﬁ&s vinett te oth830 or

1836, )
B?I’el:;sglogﬁ O‘p%gﬁs lfﬁlg%tgilgertgr% er%%?écﬁ%%&eggtgcg'_agg?ld&? “ﬁﬁ L_"QCat ion to a

roneters or materlals and
procedur es embtvdmeenyseddEWD i 80205 jpined tethé pamisesme l&ﬁH«waﬂlwswgnBreﬁembbdu ment, the

al i gnment mfksb%gf&h%&bégﬁ&e@ﬁu hhmpﬂe?éﬁ 01448 eIE HBFLS whi ch

may be forngd dur 0|t ographic steps 1n the
fabri cat i onomefor trtorﬁech@udlsa?ndwetﬁ 2&29211@6 errﬂeé&Gtﬁmi e &l Oh sAWFHthordkHie conponent s

such as 6“6@@;%&}830&%%%(1 {ﬁh?tﬂ?@&dupe{ndtdggh%Féa%f“?rr@@ttxé Skt floement . The marks

may be on t urface bottom surface. In sone
enbodi ment smwsm‘tranlnloaP teyhraqqe affer @hépRﬁbqu@aq 1848 iRisren istbefesiete OEU are

alignment and position adjacent the lower surface of the prism or periscope 1836, an
adhesive is introduced along the edges 2106, 2108 and allowed to “wick™ or flow by
capiltary action, inwardly 2110, 2112. The moats 2102, 2104 receive any excess

25  adhesive and prevent the adhesive from flowing inwardly substantially beyond the
locations of the moats 2102, 2104 (since adhesive, inward of the moats 2102, 2104, could
potentially interfere with the lenses 1810 or other optics). '

In one embodiment, 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

30 connected to at least power and control circuitry prior to mounting of the optical die 326
and the silicon sub-mount 336 can be provided with power sufficient to provide the laser
light output from the laser diode 612 and, optionally, 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 mounting the optical die with respect to the
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formed by patterned |ithography and/or etching in glass (or otHhehlppdldcal
material), possibly in conjunction with a variety of coati ng steps. Such
processes are typically suitable for processing at "wafer scale"” i.e. a
relatively large (e.g., 3 inch to 6 inch -16 14 July 2004 WO 01/43126
PCT/ USO0/ 33®mimAgizénet er) wafer of glass or optical materPEIUSNEG0E

| ithographically patterned to define a _|arge nunber of indjvidual parts,
each part bsibmgueri8shinvolyesimenitering @aneigisicyd lighgrmasmiteibreugh sTRAT or

smal l er). AL+th 0f thl Béand elpiNg 9&5@& IR AUBFscHOSpUGTI8E a0BY oI OSRSS ed
si mul t aneously (etched, coated etc ) .leading to Ioci/v- cost individual pans.
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predefingd R@fpdnbad or Porics 1n'é@ura@§§ﬁ&rfﬁkl Positich aStHe jaser or@tier lighd sounden ot her wi se
f easi bl e, because it is r | ati vel

%% en5|t|v1%515 to tenpe ta% glpand wat er
absor ption (or olttfféﬁls%’ﬁ%gl'h%‘éfl“s%‘t‘”c txs aligpment 155 %“c(}%llﬁgﬁ &

conponent s %Eﬁehél qh@inpb@dmpga@huﬁedmhmﬂum) mmammaallmmpmﬁdeow I'n
one enbodi nent,

d.to 36 b
adhesi ve. Prf‘é'f”é“}“a‘ﬁ?%’es n gﬁé‘gﬁf"c%‘i‘ °“o?r} SHesey S tp‘g)g@ét U e)a‘(‘:'@"sres éétrt\ as the
upper surf agg ph8dbBectdr(s) s, aEbhels&uﬁdﬂmm_ aﬁmﬁlemlpumbde ianiosddsnd fixedpat s 2102,
2104 forned therein, r the like n one
embodi meht ttweﬂfcﬁ?%blg?%pf&geb%{’#g&"@ ﬁeg $&frRdY medn ‘f%oﬂi‘%)‘ érg}ﬁpé%ld% ers. In
one t echni qusing adtive aligohentiipeie Subolimeat, a&ﬁxﬁomqucsitmaidwanhc bigeatizsi r ed
al i gnnent and posi.ti.o t 1 C .peri scope
1836, an Bﬁés oG e?lje ‘é’u?“‘a‘ a?oﬁlg‘yﬁ? Qe}%?%)gé Q%ilgg ELGFP AT owed to
"w ck" or f Itﬁn/vehgt:tedd@m foirmrzgdesmetdlcmnl,osqsnﬁ\mamry “thf{@peqmltﬂe The nmpats 2102,
2104 receive ,any_ exc m fl ow ng
i nwar dl y Suﬁ)&{)tg%%tect I‘F islg%i.slegg érﬁlb%fi%qt R s%ﬁéﬁedhﬁem@%@ﬁ{e @nsfcﬁ[ﬁ

eyond ocations of t noat s 102 2104 (since
adhesi ve20 i ridakds rodst fdagblatatpesifdrins theoefidcteddisaindn  lateral direction (i.e. a

direction perpendicular to the longitudinal axis of the optical arm). Accordingly, itis
believed useful, in at least some embodiments, to select a type or configuration of
photodetector(s) which is relatively insensitive to inaccuracies of beam placement in the
longitudinal direction. In that way, the active alignment technique can be used to

25  position the periscope block so as to provide the greatest accuracy of beam placement in
the lateral direction, where the photodector(s) are most sensitive to inaccuracies.

Although it is possible, in some configurations, to position the optical die 326

prior to positioning of other components (such as the periscope 318, lens 3 12 and the
like), in another embodiment, it is also possible to separately assemble some or all of the

30  periscope 318 quarter wave plate 316, and/or lens 312 and the like to the optical die 326
prior to mounting the optical die 326 with respect to the spacers 332, 334. Regardless of
the order in which the various components are aligned 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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potentially interfere with the | enses 1810 or other optics). | 2004
enbodi nent, the optical die 326 is placed in the desired operable position
with the aid of light fromthe |aser diode 612. In this enbodi nent, the

| aser diode is 30 connected to at |east power and control circuitry prior
to nount i NYO/431ke optical die 326 and the silicon sub-BIIHVEEE can be
provided with power sufficient to provide the |aser | iqht OH“I E?t fromthe
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positionli ng equi pnent), the fron ng of  t {1 ca L& al@f east
partial |y ilhepelgieation ‘?“T%?F‘“%gﬂ ’6u‘§“?eri% ietg 5‘8?%‘%%?% T Se“ﬁ‘os’ﬁ?aal?on of the
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Bl acement , VeGP DY CaFTaY deer e R e T st e " FOTPONCM
| naccur aci asgodklbs iHe@efibpd 316 @rofostily wiinthe todriisutfaganatie wibivesfack pfit  sour ce)
with respect to e ot adect or.( | t he
opt i cal 14 e g A s BRRRIPSRES Titkahe P8 P s%%?%di%%é%‘%%ﬁiéfgf’%r abl y
wi th the obhaGhd pES @llrteadystantalbtreftbctveoridomspeetso he oltarieatien of lasek hghtact i ve
alignment. In one enbodi a, mr.rop i Funkiflea) ective
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it is believed t ng e periscope 20 IS nost feasible for
posi ti 0a0 Ngoiags Hefdiss 62366k dire prametrdvals direishdby WRTFIOAVE PRE.31820 rection
per pendi cul %Ené[e?mwg% ah%ﬂﬁbth}é‘i’éngéliz A%hat With hbPguLRE hve@lenghby theAdBOr di ngly, it

i's

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.

25 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.

30 After reaching the disk 362, and depending on the portion of the disk illuminated
and whether a data bit is present or absent at that position, light reflected 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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of the di Sk (36nting S1H8e RO 2837 DELOITOPGRICEPE | 136 @nd/Gehsi1854)whidhhesuliepi ct ed
enbodi nent, substantially aral{_ I 0 Qe per.gs LIpon. 322 (1.¢e.
subst ant i al Il?ma’t'e%b?ftm‘ég{‘ %"%{H@ tg‘e Gﬁf{eﬁte‘i esagle(fif'tth %%%\%és £ {l:]gfis and may be
formed by a |gRatding dr&¥don T8t ¢argphrep hated misalgnoand hieteagk reoviieser bl ock of
t he periscope 318 prefer aq% wi.th the coated s r%@ LiiddaMb tft @ surface
of a 15 end "EJ‘F%’@R’“%M“‘E? s é‘"fﬂ.‘ FPEREE lgiga?mllﬁgm g?%"% 'S g)gi) ected or
appl i ed 300 SugdRudind ankiton22 tohaRelsting BBSnv ichuitserenafurblees sdmy ref | ecti ve
with espeCta!itgr?ménrt]gar Otlatgrrs !:aznaatséis T %&nf&l‘iﬁlgsﬁﬁritlakigyéosts.

Providing a two-detector scheme 2201, 2202 permits the use of a differential
detection approach. Differential detection generally provides improved performance
compared to non-differential (single detector array) schemes, at least in terms of reduced

25  cross-tatk (tracking-to-focus cross-talk or offsets resulting 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

30 scheme working configuration as shown in Fig. 22 can be implemented by providing an
SOE 1806 configured for receiving the reflected (“retum™) 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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as it arrives at the PBS (" first polarization"). Those of skildlln2@0He art

W Il understand how to select or control polarization or polarization beam
splitters in this fashion. Accordingly, the PBS reflects the | aser beamin
a vertically upward direction (i.e. 20 towards the disk 362, 366). The

beam t r avewe ot/Migsigh t he quarter wave plate 316 and tharmws:;m:mugh an
objective lens 312 aligned with the quarter wavel ength by the |l ens nount
314. The objygptihty 6f ihe Beani 2203, 220 0hérbaL Mederkily shbBisearklisedohy barms 2@k t he

desi red spot |ze focus th respect.to the &8 L e of the

(. pr ef er abl 30 ?‘é“td‘ 88% Hietagrenisgs sich 0'}3"%‘1% §95%51 %m?grf{p@agl zes and
shapes of dﬁlxrieqe@nsr&n Ihemmbﬁ: to mrﬁgmeldd&mnaalwpudml swtebsdiitsi focabf t he
present inventio t he de cted de e printed
circuit boaP‘Hm%%g‘h?lB SFcoﬁ %aﬂfresge ngima " ﬁplg)s‘lg lﬁ%%f%%ﬁ%t%{)&? 2’%‘rgnt t he

di stancesf r g3t ethe bma@:hm«m of Big233H@vaver, bétle femalrfornte2306, 2368 andion khe362
(defining the woyKi for al 03mn 30
After reachiflf %€ fgﬁgé’ 29%0%%15 eCtéllr% %tz%dr:ll t'rkifg}S ﬁcgmhgir?&(%@&(eﬁ&f

i | | um nat edthe @iad amhetdrdbeamdziCa, 2304 duf&r wm@tthecﬁsmﬁyemcammmpiposu tion,
light reflected fr he .di sk 6 r he

obj ective | g#\@ T?O%fﬂ%dl ltfg (SaurCh\%S/a%ngraﬁtSf&mg%Gﬂlﬁaﬁd rg%%wﬁdﬁ%ﬂ&k

because of passzi)eéof ﬂmdetectt:brsoﬁmghxdhﬂgdxf@um fogal painisc2306.23068 ofithy firstavd| ari zat i on

of therflecte | i ot L BL8RE of rOM the
first -19 1% %Eﬂdva?gg%o%défflﬁa%gﬁg&? hﬁgfgﬁégge%hpo c?t???%%%on aIFl the PBS
coati ng 324rda§an€0nf | gured to allow substantially all of the reflected
light to pass thyou wf Vit liitel debibs 28@vnvar d,

t hrough t he ser\% o% I'CS rﬁ%&%a&ﬁgﬂtch&gshégﬂhoto e;égcéltogﬁﬁearraty 3256 A nunber
of types of 2pifi obteinetyorombiniegsigrals fige qas*efef thise payelich barghzngd d9iect® det ect or s,
4) detectors. and;f gh!)fthe?det&'fb%iﬂ? iﬂ?%&?ﬁzﬁﬁrilﬂzoﬂtzacﬁce%ﬁﬁngﬂfobhe be

sel ected coF esponding to ¥ etector being used, as will be
under st d6d lebodimsss. afocesiertor signahlor Fhe fisstor 54t datectondells ieames KESA | h& present

di sclosure. &[H?og MREE bAhE sibBAPFrbA R ehAGE hsh first
and second <o‘p%m95'§ ayﬁgf%g%ét ectors El 01, 2202 (Fig re for

det ecti ng r &f thedrssarmas, it Af HGB%A}??@G"“brﬂéf\ﬁlﬁi‘?h%‘”?HEGEW‘%reg‘PPéékl ng and/ or
data signal ;4 rtﬁ?e%seqfa@e&taﬁguﬁﬁb@mm?ngm A0 hsinlRHEGH @iis dipdinieal, wdes t hree

par - shaped parall detectors 2213, 2221, 2222,
focus error signal for the second detector 2202 'can be expressed as

20 FESg = B - (Bi + Bj). 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), e.g., in a pivoi-focus apparatus, as the optical arm (or a portion

25  thereof) pivots 224 (Fig. 2).

Figs. 24A and 24B are graphs depicting the magnitude of the FES, and FESg
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.

30  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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2223. (One advantage of the detector configuration having threed4datnal0d
bar-shaped detectors in the detector array, is that the output is
relatively insensitive to the placenent of or position of the beamin a

| ongi tudi nal direction 2210. This neans that there is 15 relatively higher

t ol er ance, waii4mge f abri cation, for nmisalignments of optigetusamenent s
(nounting of the |laser 1832, OEU 1802, periscope 1836 and/or | ens 1854)
whi ch resul ﬁ&ninmrfodmevmabn-nﬁeaﬂiy&adkbgmrmml@fmfﬁm ané/bi mectcaﬂtebeam (at the

detectors) in the detector directio red to those
mi sal i gnmentiget ﬁé{‘e @3‘55305156@’@% ﬁsgﬁlog%lafﬁﬁ?%m S‘%‘aﬂﬁ’t gonsu ﬁgant i al
gprrpo?gnt !2 %fas deve:va-l asdlleple(ﬁdi inCHig Qﬁe\wlpmnhh mughta;f ot ?wtrkce%za of dp§EBuidi nal
irection axi S
al i gnment p%‘%%r@?‘gg B‘ﬁﬁl‘ﬁé @f‘ﬁ%?“éa tlc%%lnbcggi&ﬁ%%vi ding a
t wo- det ﬁgt glg;fgfm mesjf[s-_ mFQESOQE@lﬂ)spﬁmaﬂlyﬂmearhtea cprofange 3504 fosatedationl t]fle det ection
appr oac erential. c rf or mance
conpar ed t o B TF EP'E }Ogl -h?ussi %Qﬁ-%ﬁe{m% }Bmg\éér%§ﬁ§edgﬁh%ﬁﬁgw9§t | east in
terns of rediffeemt Rbusqoms distusdek 2610 a3k (hgthe depicvsiembodioest, bathkn e of f set s

resultlngfromd St rted beans I nc t end to reject
% <r:]tort}:ﬁaneé3 & aessmpx]u Rio%{d%& asﬁ%s(%:ﬁ%ﬂlﬁija}

conmon- node 53187 € ors one

tracki ng todfffbednaaidcmmdraighauatldaassatm.ueadgmtﬁﬁn whchiabonetddps peak-t o-
peak ), preferahl a Bn islik one
enbodl ﬂ Ftﬁ’gmzﬁ%’éﬁf Fg%qg%}oéglg‘%%ggﬁa ess tﬁan Bon 5% preferably
| ess than ab@ﬂnwﬁ%nﬁlemmgsbﬁheﬂﬁmsdlfm Inonk embpdéroertt thegombingd as shown

in Fig. 22 can be | nt V, A0l gured for
receiving t %C“Fe’??”{c@lﬂg%? 3 SO?B%Arﬂm%gg%cpg 2ﬁ€j;1°nd c?lgtgtlgg first and
second refl e!elbaeuirelfemn@bﬂsmme@i}ﬁ)mta@@lm wisindbpiaptuenregian mlgss thed.  As shown
in Fig 23, bou'?%‘% %Efgmgquleﬁ&gg Jpaams 2302, 2304 are directed so as to

fall on regi OIS rst and second detectors 2201 2202§ . 22)
respectiMely, defdaimiarffashion, zznembined sprkingroro S ¢ap by definetes BB 28406

PCT/ US00/ 330%% WL, n}; Ha Qmthi28 dpc@agﬁm%%dea%m&r%+£mm gbly, the
¢ond bea

first and se 2302, 2304 have different optical characteristics
such as havinBe tPff &rensembestimpntybe ?thlﬁfl‘edff%’élem’fﬁ}%ﬂérﬁsc}@é? PgREum ¢ g

possible to & H’E}regﬁ'd’n?hgéaﬁﬂ(y?é Enaépaﬂtur@%incaalestsﬂﬁsﬁlm}\ﬁlirﬂpbﬂvetmﬁme poi nts
of the first second béans respectively on %m)?smf si des of the

det ect or pl saptug: romamof lgspthapaboy EhPFﬁ%c?ff‘bléSiesF‘lh 8 Zhowever, both focal
poi nts 2306, 230&&&1%%1}11'&6'6%&%‘1"@@ﬁﬁb@hoﬁﬁhﬂzdaltaﬂetampéw&fmbm detectors

2202, 2201 STgQ’l?il (e)gt Itocrgducg Ql%l;:%gt}t gg zla sszéria(lzasmpllztude 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 provided as FESnoma = [ (A1 + A3
“ A/ (A1 +Ag+ A3) ) - [ (Br +Bs - Bz) / (B + By + By) ] and TESnomatizes = [ (A1 - As)/
25  (A;+ A3) 1+ [(Bs-By)/ (B1 +Bs)]. The various combinations of signals from the
regions of the two detectors can be combined in an analog or electronic fashion, or can be
digitized and combined digitally (or a combination of both approaches).
In one embodiment, the relative size of the central element in each detector 2212,
22272 can be adjusted to reduce the cross-talk of the tracking signal TES into focus signals
30  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 providing for comumunication of

electrical signals to and from the optical head 128. Although the embodiment of Fig. 6
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the first and second beans 2302, 2304 differ by having the reskebdy 204 ocal
points 2306, 2308 at different |ocations, such as different distances,
2310, 2312, respectively, fromthe plane 2314 of the detectors. Providing
different focal points 2306, 2308 of the first and 10 second beans 2302,
2304 can bevogmbiak in a differential detection scheme fopcpusisnias of
reasons. In one enbodi nent, a focus error signal ("FES') for each of the
det ectors 2g@ided 232012 sibsnoRla! 336 etk ﬂby:tnﬁmmlmirmecskcgm@-irﬁedfdmmam of three

paral | el bar.- sha ed d tecto on ch_of th d tector 11, 2212,
2213, 2221, 34332’2‘ m}fé’b‘grlfdﬁ %%{e&u & %%'?‘r% %te mafc‘cl)téouzlér%ror si gnal
for the firftmefin a/ﬂexdﬁdu&((& gcamdm@m:pmxurasmasw The it cricuie 3B 8hiy

combi ning the n i ve .0l verse of f he out.errpst regi ons
o "the. f1'r seeApEpechoniSll A i onls RSl H UL dhas R DA EBE ™ 1
central §egbawesAdptidditd bomding psdsad]@ingdlex airanit|boydingpe8A 1 218AThe flgA, + A3).

Simlarl f d
LY, ik B3 ST BL o e 0U3 LA PO SR RRETS,
that, in thigd i‘xraishuhen-adeﬁmdﬁm TakHE70BEW afellble frgmdipexy Techneledyemcvef det ect or s
2201, 2202 reI to th Ptﬁizﬁcfm%&xé?rgt%%%g&fi%ﬁsga tDQg 83 2203,

2204 whi ch cinﬁaor ors e Sy the footprints
2203, 2204emmﬂ:shlawﬂrq1g depeoditing. dhe ﬂhecwelgﬁlﬁépmfer@m@mam@fsom@m@ of the

i ght spgt on the s appar at us,
as the Bﬁt i ElRFTORiC %uirgggorémn%b??é TE Si%%lp} ereg#?r the oltcgh%gﬁ% (5@18111 Fi gs.
24A and 24Bnam&r@f@pivsimﬁpt a:ieqtm@l ¢arenymEeg oS mjmdd‘fom the OF!ESAeaaimillleSa

signal s 2402 4 |V, NiTpTol ni tude or
degree of fBIé §S¥009%9 OEC m&%a}éag%imgg}ect ét?é(;%rg%mtcg%kgﬁgexpr essed as

t he di stance 186Q2ng« g sngnlfwantrfmqronlsiesgtsy d@fﬂC@Sh@CC@rld}ﬂeé@ ppkodiagnts fr om t he

i nformation f Ejri:{z!ﬁh f 86ds PEwmpr it di ng
different di sta%%:neti&giéf re%%&(m{ior t he ?%%egfo%(%’sﬁta% 2130S 2t308%£‘;l t he
first ard seooredcirszesiznifean he3ouedss Inaddition meany sleetrigal CREFGIONSE t he FES
signals fro b 1%29& ABbrs, RSisBrs] HAEE 28 o ftaUs are

di fferent, g}mé%?lgrg%\é%g%g%g&i%e l 8% ar'lgsng Iszlg; . 24A aﬁ r214B Each of
the i ndi vi deat adIdIESthS tay Apas load 0 Eavou@m?lbe ‘fn§xPe§‘6%§°t‘éﬁfi lagendpvirphavingdear

(hi ghl'y cur g@ér&urpbut&%ic@%ﬁﬂ%@@@a&teﬁé&%tm@%Aahﬁga%saémeor -21 14 July
2004 WO 01/43126 PCT/ US00/ 33014 nom nal focus. Such .non- Ilnep%rl ty makes it
rel atively deffarmange; of AT FOMROBLHISANG/Of Bedjg,poth inadrive, and ina

20  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 expenstve to adequately compensate for such
changes. Further, products which perceptibly generate heat may have reduced
commercial appeal. Previous electronic or electro-optical devices commonty used

25  relatively large, heavy or power-consuming components, such as large and/or heavy 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

30 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 ieast a portion of the underside of the flex circuit 338'
(preferably with the portion 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., toactasa
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either of the focus error signals FESA, FESB al one, as a contrilJudy 2008l for
controlling focus. However, as depicted in Fig. 25, when the negative or

i nverse 2404 of the FESB signal 2402b is conbined with the FESA signal
2402a, the resultant conbined focus error 5 signal FESA - FESB 2502 is
subst ant i amigpildBrzear in a capture range 2504 | ocated aboegtt/tidvessonon nal
focus point 2506. Thus, the differential schenme as depicted, providing two
di fferent frausnip@ihaitddsipitandesne a8b0imea6 2 s(bomunhél 4ddprastmt)ds mioedli nent ,

bot h th ' f th t ol 2314. 0 - ' ' I di
I e L

eren ocus error si east in a
capture regtabid® 5% suimaint lwan rdsivelydagé sirfatOarex(pigr, odhpang ta tedieasprintot or  or
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i o1 oot or s e it SRgns REbps i SRS bAG, GhedTnd B (L ERIABAA T E 1
error si gnalasdrxér a refafi@ily R 2udfizs awapyridmgonbeptaationy of bfatond dndnearity (e.g.,

departure fyo e ' Lnearity) at any point within the capture region
of | ess thaﬁm%e@oeuetvgt&f%g?ypﬁgragﬁg‘r ably less than about 2% 15 In a simlar

fashi on, a conbiinedditerete proviyicas fop thegny meanageansntzed dieftionisconging PEBs= (A1, -
A3) + (Bl - B3 i | [ Data = (A1 +
A2 + A3 + BPRIC}Fhﬁgqgs %ﬁﬁi g%nlqg%gq%%%fsqn’[gg{a,p Pe'?ﬂ]éﬁg%ﬂ%pnegﬂ}%ﬂi?ﬁs error
signal TES pasismnsiaxmgthanicad apantinga coypding bf theeptics headd 2§ with ghsprettoure from a
best-fit,li L] LGt R D | | ess than
about 189@ glr%e e?g'llgﬁ/ egegéoﬁﬁlg{rl}dgﬁg%?hg%%hgbﬁrlg@ggéscig?% : Sgg% ¥he FES and
TES can be defincmirégiaul 33 far keseivingah opéadiead. i parghity of flgrible prosegl3l4t o reduce
the effect okl difks BTR éx{ng.d?hé:ﬁ}gﬁtgg GabSHGId BoundYbnstiS14lhgka reflectivity

di fferences eamVvignetting, e.g., over actuator stroke, or simlar
effects). Forfigexd tplostactportions piAbeiomEshesd wvbrEde beadrininghemaiond3r ovi ded as
FES"W [ (A i i Potieea ) izdie Bl BrsiAg ML Bhishe 183 ibping and
andTESno. | | %)3%%‘41:}?%‘5‘%@ ézaég%kf FA) T Ee(%s s-gsf)_ i Bl‘ﬁi%lggilg? The

vari ous Sonisovingithsreptiesthead) fhapratrasignmephis fixed &t ragdons f tha ersibcadet-8ct or s can

be conbi ned \i;fe ANdBEAOMdQrefShRE iHe PRbrs R SIFGRI o fixe8 ). X8 coslirgiviiiized and
conbined digitally (or _a _conbination of both approaches), In one '
enbodi ment , €p9 oF Bthgrstiffeniag agentopostiply vsing en WirawplgiRIgther ¢ArBESAP-det ect or 2212,

2222 ]gan be adj Ulﬁi%.eld?:fgﬁiclrsﬁﬁi?kﬁﬁocﬁgh%ﬂ}tﬁf 08 &wgﬁlok 10fvhich Gielde@eisd 1392 ssihgnal TES
Into focus signals FES for di rent fector. posjt] W,.th respect to
the object [pepdonssaytyardly of fhemirer ﬂP%‘oV@‘ é‘b@f?@f"ﬁ’?%‘?%‘fd“’t hggfﬂ%i“um 1856 (on
nedi a Widoh &o8lfieHeY 8)d Rhfigliréd 16 c@Rtanilly reRiMhE liglR 3420 veceidifi@mihé laser enast er ed
pits. Fig 12 illustrates. one ex of . a .mgnner. of . provi di.ng,,f
communi cat | GAWET 142 F"e"clfW‘&rﬁ’lﬁ P&ﬁhggﬁ?‘lﬂd‘gﬁwgﬁ?? TS °&p"tef‘t%%1‘|Pg elgé4 128.
Al t hough t hqowsrh adicBedtive 012 by refibctive surface 1438. The reflected light returns along a

similar path 1434, 1432, but, having a changed polarization, is transmitted through the

PBS 1424 along a horizontal path 1442, to be reflected downward 1444 toward the

25  detector 1412 by a reflective surface 1446. In one embodiment the undersurface of the
optics block 326" in the region surrounding the path of the reflected beam 1444 is coated
with an absorptive coating, such as non-reflective (black) chrome, to assist in protecting
the detector 1412 from stray light. In one embodiment, an annular reflective coating is
positioned on the lower surface of the optics block 326 surrounding the position of the

30 central portion of the beam 1426 in order to reflect the outermost annular portion of the
beam downward 1446 to a feedback detector 1448 for controlling 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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-22 14 July 2004 WO 01/43126 PCT/ US00/ 33014 provided for the sibhu?@04336
to be positioned with respect to a printed circuit board 338, in the
enbodi mrent of Fig 12, the subnount 336 is accommbdated in a cut-out 1212
formed in a flex circuit (e.g., a Kapton(r)-copper flex circuit) 338 . The
flex circunwiodod®izeis preferably electronically coupl ed poriverssuii cs head
318 such as by formng wire bonds 5 between optics head bondi ng pads 1216
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| ow profi | ek Bddim&i: BEFW 1F8the Bl 6) 2 BeMh& Shoddi@tel:Sr Eepatieadbybady t ed to

(al though not necessarily limted to) use I‘E‘? ectlotln Wit h PE?I% or other
smal |, |i ghmeentghen 2 yeai2p sherr ﬂ’émPEfésafe ROPYF fh‘g? G’W‘“ﬁ yurfage of fheropbel g ¢
configung thg 109! inaRd dhRAE emBodimb@sBEieRs dfehelvderdurface 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 photodetector 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
25  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 all 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,
30  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
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30 concentrations or quantities of heat an/or to avoid el evat et July 2004
tenperatures which m ght harm equi pment or conponents or which m ght
degrade perfornmance. Preferably, in at |east one enbodi nent, at |east a
portion of the underside of the flex circuit 338 (preferably with the
portion 12WO@#EEAdI ng over sone or all of the cut-out rBglB§0ERIP) has a
coating or layer of a thernmally conductive material, such as copper, e.g.,
to act as acong@redavithihaeriodimepyi(igsatiand 2pCly (iBFH/ 83828 OREAL3%8i nk or heat
di ssi pater. p%rf}mﬁpﬁvomgﬁsmhingttﬁ@reﬁm% 16524ntb st RS pednss fOrmed  of

a substantially thermally conductive material, such | um numnitride or
silicon capH2d304 aabrreyifine byr diffsisntfous paipt Jiepasey ?é’rlﬁg%é rPaesIhesRYE (e, g. |

conpar ed tobéahlespfiﬁﬁ% R84 2600 {conitnedan@rindlifpeer tb2riaRal/ teim BPlitikg 614) to
effectively spread ver, a rel atively

he heat, generated by_the 5 | sgr, 6)

| ar ge suff adwlagy ¥4) feé‘%)@i“d‘i“f?g*_%‘&‘ﬂ&‘é?ﬂafaéﬁdi‘6%‘3511’6%216 %808 Hdbee lopgepcal | y)
g: g\clﬁ gd_ temes’siﬂ&w ﬁ%}rid% %r@)dcﬁ:'ti%si RRfi edgfoig%rﬁ)hﬁilﬂgﬁbw’m wm&mg&imm&nnb eement and

nic coupling of the_ _optics _hea to the arm 142, enbodi nents of
the present thefXPeAERER! BIFig 23 nlfideied: lbﬁsa\??g?sal&zﬁt?éﬁpm‘wi‘me Nfint i ng or
coupl i ng of c{Agin@elopcaliaidtr dmBedidihe TR Eed bPredn bdams 2606, 2602.(thu t he
enbpdl ment depicted | n Fig., 13, first and ?cond arns 1312 a,b define a
regi on 1313mekipg i gessibl tpgliminaismliog ?ﬁé‘%’.‘eei VAT APEUS OSHOF °BYS bl e prongs
1314  a,b, c4eidE for aRyRlRGr kdletiBebaniFths 2H85, 6UsN gBor keantpla diffepehtigirsler USi ons
1316 a,b,c,d configured to contact g%(r};.i 325 of. the opticsb head when t he
head is in fREUEEYPGEA saanged 4 dEPIEtRE Mg i2d Shang P e L HTLe; .ee}ng%mggg desi red
S R o i P ey ey e iy e e FR

[ ns o e opti ad,. e. .., sing an

adhesi ve, afimpeéred 5‘!9!’@/27{0%QE%FCOLh%%eC%ﬂdedegeﬂof ?fgﬁii&gf%iﬁ?".e}‘éea? %«Sl. y° E byg
c;)atl ng }M t D?Ombﬁyurﬂl’immgebefthswoﬁ fahe disk @oe tamepidssicbirymulsd digk aarhe
ultraviogl et or other curing.step,.,.Fig 14 depicts e | of the
vent i o 1 APRHERLASY s apor by bt tooutily S6R K eRY SEBOCLIREE O 1IE
bl ockb332. krmly:bhélkniﬁﬂbbdi ment the PBS 1424 is 20 positioned and configured
to substantially.reflect the.l.ight 1 cej L f4L0 PSS urce
1428 to a hori zo%?eazldv?)“g"fgﬁ Ogglgﬁlpglﬁ%em I[éi%gh(%gl gdct{?%ﬁ éeeﬂbégﬁg to S'%s/6grt i cal
pa]Elh 1433 lta@d/@]’)dh tb hesisoinjcentdtive oBlar pyintingesptse dYhienen OFS cop@int 438, The
reflecte [ . retur | b4 ear ing a
changed pol é)rgtlgélg |%aﬁ“, sﬁll?%e?? é{%gslgggf t§ ge (tk%r géé%{}l&‘ﬁeﬁéﬁé%%ﬁééﬁtﬁ%mﬂﬂﬁg ]
hori zont28l pP&0d adjdsi@ent phihp OEUBR st dn dhRaprrct allpger poiiangieianeyils det ect or

éL ﬁéZ by a refl GGLL ¥E SORMBEE SutAERverhdht O e §@§Q%6@9Eaﬁs@%&'ﬁp&&§iﬁlﬁ§ ace of
uncorrectable) in registration of the SOE 1806 and the detector arrays 1844. 1f the SOE

element 1806 can be eliminated, it is possible to adjust the mounting position of the OEU
1802, (e.g., to correct laser pointing errors) without also moving an SOE element. Any

25  detector alignment required can be performed by other means, such as translation of the
objective lens 1854.

In light of the above description, a number of advantages of the present invention
can be seen. The present invention includes 2 recognition that a small spot size
compatible with high data density (e.g., as facilitated by use of a first surface medium)

30  makes it feasible to provide substantially all optical components in a smail and/or
lightweight package, e.g., such that tracking and/or focus can be performed by moving
the entire optics package or head (as opposed to, ¢.g., moving just the objective lens).
The present invention provides a device which is not only sufficiently small and

lightweight to maintain all of the optics components in fixed positions with respect to one
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optics block 326' in the region surroundi ng the path of the ref4 biy2e4beam
1444 is coated w th an absorptive coating, such as non-reflective (bl ack)
chrome, to assist in protecting the detector 1412 fromstray light. In one
enbodi ment, an annular reflective coating is positioned on the |ower
surface of WOW&/4¥@§i cs bl ock 326" surroundi ng the positi ofCIHS0BIE0 central
portion of the beam 1426 in order to reflect the outernpst annul ar portion
of the beamdiowhialsd prrEde Biow cPERINSAERIASPREL BrendyRg2RYP AP0l | i ng

| aser power c}gsfb%wdlﬁgﬂéreﬂﬁve@&lal(mvﬁ:@ﬁte?ébtmmthhaceéa&@mdcmparbler‘eiﬂ ective
coatlngs for controllirng stray lig \Qfa be clgacg to those of skill
in the art thefosn fmé?%%tWOHﬂSt?‘Hé‘“tBr“é%‘éﬁf“ padiqr garigble drivssiorfigsty | v 2004 WO

01/ 43126 PCA#de004 3 38chalIQinbsiE dendee dTHEREseRfintehor dan prilvidean bgicalepi ct ed in
Fig. 10. Wiile Fi 10 shares some features with th@ n‘godl\r?ﬁ{lt of Figs.
3-6, in ¥i ghead phichis highly epieptspehs by psipg a‘b‘l%“’ WHEBROHUHY ch the Taser

verti oal bt o e et ol ar Lo the. Sutface or plane of
the 5 di sk Hogdes aA#%SlSIbFﬁ‘@a?h ft&‘fﬂé o&e‘b§ens§%ga?ﬁiaaca§&5@8 °‘P}egkﬂ"1 he sub- mount
1036 by s pa&f‘a’iﬁely He32nsiORhis e Husing &d&hﬂgudmﬁbﬂmafér&&ﬂe Fabrieatisgepar at e
structure. ght fquT t he Ia@E 101 i‘P hrou[glg'l 3@ §hazitﬁ qﬁg optics
1052ab and iePhI’@k’éYﬁ’i‘ QrosIng p plapar o stacking {EChpile, NEENRPE PEFT ect ed by
an integpor ol?@?nafuu&ﬁaﬁe)fmaﬁmdﬁmmcﬂagﬂnﬁmughsem bgteir Wiich vaains pl ate 1016
and objective |ens 1(? 3 to the disk 62f Ref | ect eg lb{%hks mQTaY{htcng its 10
pol ari zat i oRuKPleOPHeH elgmeniyen yagp agef, of P8 &T 195 PPURRY ed froma
1r-ef ![ ﬁCt i \éet 1ﬁ)§|ﬁd xﬁ@p?aﬂ;ﬁ@gogtém:r@u@mpaehmoﬁ:mﬁtheda;eﬂs(afﬁpﬂ;c of the bﬂaecmpe iscs di ef 1026

o the photq ect or er of siz pes o

devi ces cantaehasd @ aﬁsooﬁﬁglgf)ln?fﬁ'\ﬂg I’\Lﬁoﬂlé AP 8ﬁ¥°n| AV a}mug ﬁl’i ﬁl one
enbogl ment , oﬁé’@nbé&ﬂirteﬂc e plalemgirge oIﬁxZZ]?ﬂxfal pdiefraptliedssedioarct 02Be abiektivel ock éozz
i s about 1. t e of.. 1 v, unted 15
lens is lébofﬂ‘si’ﬁng ghgrrr%o gmedl rtg‘ct(ﬁ% {eg?%?a OH ﬁ%‘ﬁéﬁﬂ% 6 of the
optics die ttihﬁzlﬁ;uamjpdﬁéeﬂc hreIdBﬂn’ky gradderuhankbounts péwot.lved ﬁ@md"ﬁrﬁrblmt of the
present inventio t 16,
the |aser 6§‘f‘at§¥1§arf %émtﬁcﬁemﬁ& pr?rl:e Q@g%&em 408 %Eﬁ%e |hri;jl%{h (%mlﬁlleg

t ec er tha ng  nounted on a
separ at e chiiggeras trsubjnnumﬂqnsmf@bmméﬁﬁ%d!cwmetelrﬁeabowﬁmoslu?m@e@m@f thehe opti cal

20 die 326. %"B HR8 tﬁ%@é&f‘th@@a&@?&%&?& sUbSHLASe Ohe biRal IRN sGUace of the

opti cal di eP zed or coate e.g., to provide
refl ecti2pe @enmbxsdﬁ@@); vontedgp gngor@etgs of the total optical path i 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 optical block 1802 and periscope 1836 and/or between the
periscope 1836 (or quarterwave plate 316) and objective lens 1854,
A number of variations and modifications of the present invention can be used. It
25  is possible to use some aspects of the invention without using others. For example, it is
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. Inone
embodiment, some or al! of the optics depicted as being provided in, or on, a separate
30  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 assembling a separate optical die 326 (i.c. 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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for surrounding the photodetector 1512 to control stray |ight,ldhdy 2004 o
define regions for coupling the photodetector 356, |aser 612 or other
conponents or circuitry. In one enbodinment one surface of the |aser diode
is used for coupling | eads 1514 and the |ike to 25 provide power, data or
control siV¥eM4312e and fromthe |aser 612. In one enbodiREEHSIEIME free
surface of the |l aser 612 can be directlé coupl ed to.q heat si.nk (i ncluding,
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appl i gf] to thestathed optidhl leed)ede wibstarsialy wnbmrﬁminZWQura%@Bf-i{-,tths’ﬂanmﬁi ng it
possi to J : : er optic
10" devi 38s  PRMARRR ) DUSAR Mfoaibh RERhel Dlesifiey f GRUL phialy 10 ol €.
di f f er ent i akil giticecommoasuy ditkavpticiivabere fxedinigerssnest telept Aodynitis diy. 27
Showi ng. o LS bGP B Lot i iRk Q5RO ZENARE, Hr

detector ar 12 ) e seco returning beamformng a real focus 2704
before the swowhdlitderosdbleio wwritapt p@perabiieiics ip waish thegdlecyvedansis 2702 are

natural i mages.id widl@sRRab oft orliltite Eﬂﬂén&ﬁofﬁﬁ%giﬁmaﬂie%,%%ef(&om the di sk

as the 15 apparent |aser source point), no_ additional focusing power is
needed 3Bd ctauss) foges, g@ng@ﬁghe%c. ithpugiyerabpdiments have been deseribed in Which

wafer-scale and/or stacking approaches are used, it is also possible to provide some or all

optical components using integrated optics techniques, as will be understood by those of
skill in the art after understanding the present invention. Although the optics head with a
periscope sections and/or with substantially all components being relatively non-movable
25  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 providing rails or similar devices for achieving linear (e.g., radial)
tracking motion of the optical head. Although embodiments are described herein which
30  have a diode 1712 (Fig. 17) or other laser as a light source, it is possible to provide
embodiments of the present invention which use non-laser light, such as providing a
superfluminescent diode 1714, an incandescent, flourescent, arc, vapor or other light -
source. It is possible to provide, as the light source which is in the optical head, a light

delivery component, such as the output 1716 of a fiber optic or other light conveyance
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One advantage of elinminating an SOE (e.g., such as in the enbodimn200
Figs. 26 and 27) is to assist in correction of |aser pointing errors. Wen
an OEU contains both outgoing beam shaper optics 1808, 1810 (Fig. 18) and
returning or reflected beamoptics 20 1806, adjustnment of the OEU 1802,
e.g., in oV@MMY correct a laser pointing error, will RIEESHBPE t he SOE

1806. Such npvenent of the SOE 1806 can cause error Igé)tentl aII
uncor r ect ablewye, wiichlglivers #xqrémtbs pruqsbhesdeizhirsperalft by Hiasq et %‘E”Fé‘rg farrays

1844. 1f theneds 17@kmﬂtmaa8ﬁﬁesﬁaa1bbgo§ﬁdnaafeafo&¢mm the btiAnRad. blie dfo adj ust
the mounting position of the OEU 1802 g g to.correct |aser pointing

errors) wi t&ERGE OPAE S 37BN IR rermal erapageme R e DRPRFMBUREAIRSE fodte P et
required cagmhe rBgrthospes hlaaﬁ)@ﬁd:r&rpraﬁ&agforsmm@ﬁlgan@mﬁkaﬁj on of the
objective lens 1854. In |light of the oye descraéatl on, a nur&l)c{ﬁ

S Y%venti on

advant ages of t ABE PEEERAYeIIARdMYFATIoNS eRbgMiments; Ielydes FRmpoRepisdnt

i ncl udes a ﬁrs‘&%miistém ahhvai appafiiB kibsBREAy Sk ddictedanp aischbed heletd) hi gh dat a
density (e.g., as facil gted b of, a flrs%s&surfa e mdlgsrl% 30 makes it

f easi bl e tomePQﬂa o sdieri) %390%{11 inZfigps, g su Thasgotsikllbin | and/ or
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by noving the ent re optics package or head oppased, to ., hoving
just the obpresentdisslo F‘Eﬁsfhe prﬁsﬁg ‘b‘feég‘é‘hf“ YA B%mﬁﬁtg\}f“g'é‘?s ‘IOE@{F e which is
not onl yp sudeviced &ﬂbi’dﬁesﬁiﬁ&h kheaBskntd @ftiferte hotttlepitied amivoridedcriba Hcreﬁlf oritihe optics
conponents in fi x & tz.wl'tdh r.eglgect to ongt 26 14 2004 WO

01/ 43126 PGI%“PE(FGI ph ctudipyg in o abseqag of Ut S 391R, a Pi5Bnent s wi t h
spatial extgsdm ;irefhduaﬂe@uﬁ oflprioesids 038, for mrtpedwgsaeﬁﬁmnch adriexringreadel verti cal
(low profile) optical as to m factors of
a type cons?&’f"é Ui cr?sh‘%émplﬁm%‘ﬁﬁ‘fqn qﬁﬁ? ?epgic[)“r'?m’ md ??Sv’{ézsmsgﬁmﬁost

devi ces, e. fovel, Artaatimdlogy| adaitedofirone pateisuces/or aihhmpmsascemblognmzéml on can

provi de tical 5 hea mhlc G ing an
opti cal 1gesF CGRPE IR 9 g PV ftfmsgyaf\%éleygs Séléé\tfns ‘%%Saﬁ Igtraﬁzal e\g\né se
spilling opbﬂ'aaa\}enmrnabmslagfrofeucélrtgtymndtbw present invention provides a design
in which sone Of. al.| nﬁg relatively
i nexpensi ve fashi orflorfs: onﬁpdzsscg%'lsapﬁ)gh{eq em&u]{e%'gg?epg%g% dce}? scé):s% o?abrl cation

t echnol ogy &helfagon arsiidegeriatig. aiferforogoing laektllmgﬂdtCét,ﬂHrmlq@e ufvgrtioada bl i ng t he
aptical neagmbPrRedhea fileh! ﬁth&.rg‘tﬂftheadgsc?ig{l&p@lmeqw&nﬁgn RHGRIRASH t hat

di scl osed herein contarl ns iple optical elenents on various

sur f ace€0of desmmption ofieneer oywtd amtiodimestsiesd cirgintvggtiopfand 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 altemnative embodiments to the extent
permitted, including alternate, interchangeable and/or equivalent structures, functions,
25  ranges or steps to those claimed, whether or not such altemnate, 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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substantial majority of the optical path link fromthe | aser source to the
objective is through a solid (glass or other) nedium wth only a m nor
portion being through air. In one enbodinment, the percentage of the
optical path fromthe laser source to the objective 15 | ens whighjifohn a
gl ass or other solid nedium (as opposed to being through air) is dgreater

t han about (pfimRer cent, preferably greater than about 75 percent, and nore
preferably greater than about 85 percent. In one enbodi nent, of a total
optical path length (fromthe |aser to the objective |ens) of about 5500
m croneters. abdut 5@@0phicaheakiospseadtiwiileappapaiub compiising t hr ough t he gl ass

(or other solid) ,substance (e.qg.. the opticgal hblock,1802 and 20,periscope
1836 About 456 e SORREaHE gopmid i B3 Fos Bl ity 1SRt 4, p i8R SR T F o
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provi de an i head. which i.s sufficiently small and/ar. |ightweight that
Pt beconmsstRiasbnty BRI E PopEoR ff fief! TS b EcRenapEngaly PPRiER ng
and/ or f ocugik opbdidd Rdtodeisdtdithria@ waf er-scal e and/or stacking fabrication

t echni ques described_herein. In one enbodinent, sone or all of the optics

depi ct ed as bei pajd ppiisal bead nrevidivg ableast a fusimptisal @atho whepreiseis! fitbteoptied patin  be
f d i . i i.cal t tial
roking it SgBfet A% RARA0RREoRORA LR IO e i Lo ST RAL AR BHInE

require providing or assenbling a separate optical die 326 (i.e. placing a
conmbi ned prisn @pti cAn ogtitpbhext asliclabned ¥n eRirhhk fopase irs a Iphical 324d/write
Simlarly, although enmbodi ments _are _depicted in which substantially all
optical el GRRAEHES [BUFVItR AR WilF MMM CABPEYPECt i ve - 27 14 July 2004 WO

01/43126 PCT/ USQQ{chBQdfod Stk BRI BANEL LR RlpiScaBhBdeld adfirsOn £ Vo

units (the opticai el ement unit "and the periscCope), it Is possible to
i mpl enent phetogdetegenarraynmewttcd in adixad positier vath neepest tnsaid initial lighbeitget t he

ical el _ . .  dan . Lari .
e opl 1 t Fapto. i S Qoo BIBE LA R iBRE B3R Rrae B AibEH | "
ot her techphowdsteaor Hamtevi ces for discrimnating emtted and reflected

light 1722 (Fig. 17). can be used including djffractio ratings, . as, wll
be under st ood by R SRR meupted 15,4 utd posien Wi il F%5ia Tt

output location, said optical element unit having first and second beam shaping optical
elements which receive light output at said light output location, said optical element unit
further comprising at least a third optical element configured for directing at least a
portion of light reflected from said medium along a path for arrival at said first
photodetector array;

said optical head providing at least a first optical path, where said first optical path

originates at said initial light output location and reaches at least said read/write medium.
3. Apparatus as claimed in Claim 2, wherein said optical element unit

has first and second opposite surfaces and wherein said first and second beam-

shaping optical elements are formed in said first and second surfaces respectably.
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under st andi ng the present disclosure. Although enbodi nents have been
described in which a periscope application provides two changes of
direction (vertical to horizontal and horizontal to vertical) (mhich can
be of use in reducing the height profile, without 10 unduly Iiyyg ﬁ&%
optical path length). It is also possible to provide conflguratlo

which multiple |nternal refl ections.b i.cal | ar surfaces
(such as three morPParafiis ag g él %I 2 %B@Pﬁﬁldgﬂg%?ie&ﬁ{?g

profile. | rﬁlﬁﬁéiec@ﬁﬁﬂéiésr@nkﬁsﬂ 5 fBh %ucair 8leficab lc@nﬁgu&a%' SR ded bJEﬁr§1y stem
such that the periscope prism(or otheéer conponents o he stacked opti cal

head) are dopdtplane éqm gt oaphne tirplcperiionodf hghtr wlesied Bom said gnedinamseldl5
fact t whi ch
manuf ac wffpigi fdo) plaﬁ\%gg&lm £RPARLIRAL o3 p@%ggdﬂgggf Lbgg. 10 uhi ¢

substanti a S conponent's of i xed with
respect to one another it is also possible to prOV|de operable

configurations i.n whi ch S C gnent .ar vabl e. [t is
possi bl e to construct*PRAT ﬁ’ﬁ a@%ea g %Fr(‘?ﬁ’ 9}p}‘gza€51]e@g{1§sﬁowg§é1q
movabl e wi tsaldrc%ﬁ@ﬂcdlexﬁ@t@ﬂﬁawﬁma&oﬁﬁgma@@ vite 4 RErAPBESTHNM lealt 0.
for fine (or 20 coarse) focus, track or the |ike. Although enbodi nent s

have been dwsien skspid dighhreflectedalran -saidhmedism/sgid secand baym pingies 68 ar e
used, it ige @drﬁ@)h@f?ﬁ%ﬁ@ﬂof’a&% @ﬁa !\}mﬂﬁﬁ%ﬁ@und ﬁdt&det%ﬂ%aﬁ%k conponent s using

|ntegrated optics tec rstoo ose of skill in
the art after under standl ng the present invention. Although t he opti cs head

wth a periscoese |on and ntla all,.co nents bei ng
rel atively non-mbvab pﬁrg (@gg%d“@e(?l S ?rﬁmcs E?rfdolﬁ cein
whi ch t r ackbed plase ppawﬂd@@bohu distinat fiom sa@f se@ﬁnd)lﬁﬁdt@c&te%tdi‘laﬂ’@jbu'[ an axi s
parallel to the spin axis, it is also possible to configure a device in

whi ch an optics head substantlally as described herein is noved in other

fashions, such as proay,diag hdicledmes zﬁ' Olaif! 6 I0herE® i seoli ebmacd iear
(e.qg., radl al tracking notion of the opti cal head. Al't hough enbodi ments

are descri isiédengnt zom said finat Gstahesse a di ode 1712 (Fig. 17) or other |aser as
a light source, it is possible to provide enbodinents of the present
i nvention which use non-laser light, such as providing a superflum nescent
di ode 1714 an Bncand@@amlhs ad blaimeﬁ@eﬂlainaﬁpwh\tﬁeﬁ@rsaﬂrﬁm tieral Iplgtet and

sour ce. 0SS rowd, as the li.ght e which is in the
opti cal heéﬁld %:cppé)ﬁqca ] \?é? on fert ?0§g@ﬂ ‘f’?ée%‘i’.ﬁ 821716 of a
fiber optic or other light conveyance -28 14 July 2004 WO 01/43126

PCT/ US00/ 33014 device, which delivers, in or tothe o a%ﬁtl cal head, |ight
generated by a Paser Appamteess ¢lajhed ingetaimeh, ovhergingsaithfies andpecarsd foeel r ed,

be posi ti onggs&IDLE obp8Mtd 8eLHt dafdbhdtoaEtectdt HlaHe.

10.  Apparatus as claimed in Claim 6, wherein said first photodetector and

said second photodetector arrays are substantially co-planer.

11.  Apparatus as claimed in Claim 2, further comprising a second optical
block mounted in a fixed position with respect to said optical element 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.

12.  Apparatus as claimed in Claim 11, 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.
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a fiber optic can assist in thermal nanagenent (e.g., by permitting a |aser
to be nmounted renote fromthe optical head) and/or providing for
circularizing a light beam 5 The present invention, in various

enbodi ments, includes conponents, nethods, processes, systens £¥¥Vﬁﬁm
apparatus substantially as depicted and descri bed herein, inc?u 1'Ng

vari ous enbodi ments, subconbi nations, and subsets thereof. Those of skil

in the art will understand how to make and use the present invention after
under st andi ng t pr i 5§§%§ ' s (eI LOUS
enbodi nent s, in??hdes ?%%?ﬂ?ﬁg dgb?%%@ gﬁﬁaggﬁﬁégﬁggk?ﬁ@tHgaﬁggéﬁge of
itens not demipmisesla agvedhdbeaespliftéred herein or in various enbodi nents
hereof, including in the absence of such itens as nmay have been wused in
previ ous devices or processes, e.g., for inproving perfornmance, achieving

ease and/or reddci nGppaskusds dldihlednR Ul 03).-whehéin Rt ReSdne df\saidt fil@hand
i ncl udes itens ich are .novel,,and term nol ogy adapted from previ ous

and/ or anal$§ QgL HMbieEYs eépolarizatianbeasnsliignce i n descri bi ng novel itens
or processes, do not necessarily retain all aspects- of conventional usage
of such term nol ogy. The foregoi ng discussion of the invention has been
presented for pdbposdgpafatus &9 clsmmest inoblatm®, odweeinpeidorntichelefmentyuit iy i s

A"t hougn + A tsed 5T s Bi%ap BEIRIRD pbS safiiel sl eS8 MR or "
one or nor dightbsftbcradfi@n said nedidral N vari ati ons and nodifications, other

variations and nodifications are within the scope of the invention, e.g.,
as may be within the skill and know edge of those in the art, after

under st andi ng t he, pr egeRtane SCLIAMEEIn dlaim 125 WHRIGH SBHcdIRIGRER Wit fubiES
whi ch include alternative enbodi nents to thé extent permtted, 1ncluding

al ternat e, ineludescaidensbalbirst farvwerd sersguiplighlegiementrapntiguied for dimeatingrag leasps
ranges or gﬂs&\ |.ad ate,

i nter changzéa[gcﬁ'g&é%g;l r Oercﬁ]tflgf\(/ia en?l%{s&ﬁQ@@ﬁ?égwaa%g%gggeg@ghges or steps
are disclosed herein, and wthout intending to publicly dedicate any
pat ent abl e subj egt tter, 14 July. 2004. ij;e: 1. An optical head.for a
Faadiw 1t e appandt us ARBES s ABmEH iy laim L6 il griPBSB e doh s T | xed
posi tion Wgidhal Remeaid fofvad sérlb deRbioPtt controEabdvadt leed bf d8Vh 8 sb@cslel | ver at
| east a portion of light fromsaid |ight source to a data nediumand to

deliver light reflected fromsaid data nediumto at least a first and

second spaced-agart Appatedael erirdd AITlaws2, fRakdt cBmphising aRbalRAR £ dasla
arrays providing output _which is sensitive to position of |light along a

j p ensi. )
first axisbpertionsifat lsasedigdsadacsof said sptcal glement unit.

19.  Apparatus as claimed in Claim 18, wherein said coating is a substantially

reflective coating.

20.  Apparatus as claimed in Claim 18, wherein said coating is a substantiafly

absorptive coating.

21.  Apparatus as claimed in Claim 18, wherein said coating is positioned to

reduce incidence of stray light at said photodetector.

22. Apparatus as claimed in Claim 18, wherein said coating is an anti-

reflective coating.
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substantially insensitive to position of |ight along a second,
substantially perpendicular, axis of said photodetector arrays; said
optical head providing at least a first optical path, where said first
optical path originates at said initial |ight output Iocationapﬂﬂuﬁﬁgches
at least said read/wite nedium 2. An optical head, as claine claim1,
for use in a optical read/wite apparatus for use wth a read/wite nmedi um
conpri si ng a | Zé saRnasaus wplgmed imglaimgs whareinsaid ppticabelemprirtnithas gut

| ocati on; r ition
wth respect to sal |H?§?l Qggﬁﬂﬁ%%gbﬁﬁxﬁ Ogg?gggﬂ&ggggagéyﬁ§ﬁ@EHQB§

phot odet ectwnt. array having at |east a first surface defining a

phot odet ector pl ane; an optical elenment unit, nounted in a fixed position
with respect to said light output location, said optical elenment unit
having first ana4seco%mpa@@tam@rﬁmnr@ crpﬁla,larl 2, avhemeint saidvihighh sparsei eatl i ght
out put at &kg %?}kggrput | ocation, said optical elenment unit further
conprising ar’le hird opti cal el enent configured for directing at
least a portion of light reflected fromsaid nediumalong a path for

Teast - firat oft ool PR GRSEedin GLb phBh SRt o Ror g Qe "0 ™

said initial light output location and reaches at |east said read/wite
medi um 3. Appasagt us C I

unit has fi rstﬁgnd slg@%“&%faggy g(ﬂsl?rqu}nzzégmaéﬁeggvéz g%xt%org%% z?fnl}rglﬁgf?
second beaitasershapi ng opti cal eI errents are fornmed in said first and second
surfaces respectably. 30 14 July 2004 4. Apparatus as clained in daim 2,
wherein said optical elenment unit further conprises at |least a fourth

optical el ement 2¢0nf | AppRstus 8 ElaiEdda Qail 1B twhetdf af ledt aTRsifQFfagd off QA a
first portion of ight reflected fromsaid nedium said first focal pl ane

spaced a fiopdeal &Im@h@eﬂr pdipsent paid ssrrmdo@mcgbbl@pk dnlades & leasppafirat moaks
claimed in Gl ed Fern?'aﬂ Bh'aFFéast%' %%Fo'%fesf gé gﬁsgldqsugfggé" d optli cal

el ement uni & are et ¢ok | gur e pr oVi mfrom at | east
a portion of sai d I i ght r ef I ected fromsaid rredr um said second beam

i npi ngi ng on a ,.seco hot 0 ect ay,. spaced fromsaid. firs
phot odet ect or a?‘? 26’ by e?F %@egénglﬁ A r@lé@ﬂrn%oat\ﬁﬁ@r‘@sﬁt L“é?tdi
second beapbhm &f ﬁ&i‘e@.ﬂ@ 1nﬁ@§@éedpéléﬁ§ SARPEGE, daRles@Rdivei kS ikwardRAl d

second pho odetector arra
from said in edge no farther than said moat.

29.  Apparatus as claimed in Claim 1, wherein said first photodetector
array includes first, second and third substantially parallel bar-shaped photodetector
regions and wherein said second photodetector array comprises fourth, fifth and sixth

substantially parallel 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.

31.  Apparatus as claimed in Claim 29, further comprising circuitry for
combining output from said first, third, fourth and sixth photodetector arrays regions

to provide at feast 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.
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7. Apparatus as clainmed in Claim®6, wherein said second distance is
different fromsaid first distance. 8. Apparatus as clained in Caim®6,
wherein said first focal plane and said second focal plane are on the sane
si de of said photodetector plane. 9. Apparatus as clained in JV?)O
wherein said first and second focal planes are on opposite S|des of "said
phot odet ect or pl ane. Apparatus_as clained in Caimé6, wherein said

first photodetedBor éﬁ’ﬂarﬂglﬁlaé Cls?é‘@%al Gh’éﬁl@@etﬂé‘éﬁmaaﬂﬁﬁﬁt lepdt sgighseeendt j al | y
co-pl aner. N ﬁﬁﬁ?ﬁ@t@%&&tﬁe Qmie’l %ﬁ'ﬂ?&t%ﬁdﬁﬂf&ﬂé %@fe!c%ﬂ@g adygecond

opti cal Ina |xé 05| ron wt rese 0 sard optrical

el ement uni tedusadrdss taﬂidmmleenmtﬁ)aalenkmmlghalmdhlt@uhﬂg etror gigndleast partially
fold said first optical path to define at |east a portion of said first
optical path which is non-vertical. 12. Apparatus as clained in Caiml11,
wherein said seddnd Apparatt a9l daiinediindllante 2, dtrthee asmpaisibgrat oljectiveslphs t t er

for directi at Ieas aflrst ortio f said.li.ght ecte fro sai d
redi um a on B BRE HEGSEaE Foieh getmors Repih f5p FOAE ofF PRERE lopt GHELal
first opticaspgattda ogﬁtrél‘h%ﬂd litte?d94 whereirf\paa itk UsterdtyGh dds8®hr dbdek 8099 12,

wherein said second opt| cal block conprises a second beamsplitter. 14.
Appar at us ai &iengeitpl dEeetom m 13, wherein at | east one of said first and
second beamsplitters is a polarizati on beam splitter. 15. Appar atus as

clained in d ai erein sai tic el e t unit Jjs \udedlnthe
absence of opti ?31 \IQG%?éFﬁ Fﬂ)%r‘é‘ Bnéhgﬁﬂ?rgom@&%mg eqive lepgynt
reflected f%Amnsaid lﬁ@ﬂélﬁigeaf_t lﬁ@h ﬁefmga@% KRaidh 6F AHABSE daftl %@é’cm endRGHLT N

optical elenment “unit furt es at least a first rward sense
optical el eespact toardehigalrlight initensw;wbcnengsa@d ritreiméansity isplesst tham abdut|&0ghin f r om

said first q th to a forward sense detector. 17. Apparatus as
clainmed in éﬁ%ﬁaﬁi%&apwther conprising circuitry for using a signal from

said forward sense detector to control a povver IeveI of said |light source.

18. Apparatus asggcl ai f Akl oat: |
| east a porti o§6of a eagstg 5’1%1 e%ltms(glr acé %ppigltn%cag’l %%éggrrlgﬁ?num t.
19. Appar atdefining rivh dntersitiésnat €hch perihﬁetevmammoﬁamrh @{tmid olgjec¢tivedens, with
substanti alrés%ect to a central light intensity, wherein said rim intensity is greater than about

50% in a tangential direction.

37.  Apparatus as claimed in Claim 2, further comprising an objective lens
defining rim intensities at each perimeter location of a rim of said objective lens, with
respect to a central light intensity, wherein said rim intensity is greater than about

15% in a radial direction.

38.  Apparatus as claimed in Claim 2, wherein greater than 50% of a path
length of said first optical path is within a solid structure and less than 50% of said
path length of said first optical path is in air.

39. A method for forming an optical head comprising;

mounting a first light source with respect to a substrate;

etching at least first and second beam shaping optical elements in a first optical
element unit; and

mounting said optical element unit with respect to said substrate in a position

34



reflective coating. 20. Apparatus as clainmed in Cl aim 18, wherein said
coating is a substantially absorptive coating. 21. Apparatus as clainmed in
Claim 18, wherein said coating is positioned to reduce incidence of stray
| ight at said photodetector. 22. Apparatus as clainmed in C ai myljs%%gr ein
said coating is an anti- reflective coating. 32 14 July 2004 2% Y at us
as claimed in Caim?2, wherein said optical elenent unit has at |east a
first ali gaventhapnsaidi figt podise¢apdeoptisal alemestssintescept ras tleast af poréoro fof Jight!
optical el IR paratus as claimed in Claim2, wherein said

| i ght sour gﬁ‘%}éte%?\’trya}éic}%-ﬁseom ter laser. 25. Apparatus as clained in daim
2, wherein said |light source is a VCSEL. 26. Apparatus as clained in Caim

2, wherein said |ight soyrce is_a blue-light |aser. 27, Apparatus as
claimed in O ai 11, Ameihoft s slaimedu Claim 395 fartber somarising wauingspiccend

I t [ i i . ! | ock includes at least a first
oot cgy ShisANRES L g SSERABILATRL ok 1) '

noat regi | acen east a portion of an edge of said
surface. 28. Apparatus as clained in Caim27, wherein said noat receives

at least a portjion qf adhesive .introdyced along sai d, edge,. said adhesive
ext endi ng i nwar 6h %r’&‘?&? i 4 ‘ﬁ‘ﬁn}?&d@ s éﬁﬂ‘{ frefihsgid siep pfppeyntinggaid

ADpar at US. 3ol @piEd bl6tkGh BefMned BEI6Rl i akf of hiothiRbel - ay
includes first, Second and%t hilgnaesu stan%(i?alﬁllqyf%ﬁ?ﬁ%%@gﬁtgﬁg;@@&ﬂ%ﬁ
phot odet ecwith respegt ormsidandbstniter ei n sai d second phot odet ect or array
conprises fourth, fifth and sixth substantially parallel bar-shaped

phot odet ector regions. 30. Apparatus as clainmed in Caim29, further

conpri sing circuptry Af @ethod@sRidHned i CUIA! 40, WiRiRiA 3hid skt optit@FOIEK i hi 1 d,
fourth, fifth and sixth photodetector regions to provide at |east a focus
error si gn&pnfigieditoudirest gt lpast a partion fsaidalight alongodl pathwdhich isGiubstantialy
further COHBﬁ-ivﬁt]ﬁthCi rcuitry for conbining output fromsaid first, third,
fourth and si x phot odet ector arrays regions to provide at feast a first
tracking error signal.

43.  An optical head for use in an optical medium reader/writer, the optical

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
mirror, in a fixed position with respect to said chip, and positioned, with respect to said
light source so as to receive light output by said light source and reflect said light,
changing its direction;

an optics-catrying 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 least a portion of said light reflected from said mirror; and

an objective mounted in a fixed position with respect to said optics-
carrying component for focusing 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
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32. Apparatus as clained in Caim30, wherein said focus error signal is
substantially a linear function of focus in a focus region including a

nom nal focus point. 33 14 July 2004 33. Apparatus as clained in Caim29,
wherein a size of at |east said second and fifth photodetector, regiaons,
relative to said first and third regions is selected so as to 4 @4cross
tal k between a focus error signal and a tracking error signal. 34.

APpar at Us BaClolaiPOhkdiel dildRadpslat 1da8h sfiaThEdiahnd an obiective | ens
defining rim ntensi tres at each perineter 1ocation of a rimof said
objective lens, with respect to a central light intensity, wherein said
rimintensity ig,less, than out 80%. in.a tangentjal direction. 35.

Appar atus as cl gﬁmad %0@%?%?%{: aﬁ&ﬁvwsa l’ééﬁifr} g?snflé‘rtﬁﬁ' eHNRIEDg 8t leas
defining rimintensities at each perineter |ocation of a rimof said

obj ecti ve FfEstspacgr meunted ypdirespest ta saidehiral 1i ght intensity, wherein said
rimintensity is |l ess than about 80%in a radial direction. 36. Apparatus
as clainmed in CAai m An épticahbead; asolaisiedgnaDlaohj4de twheeeih anel fidehiinbngs ri m
intensities at each perinmeter location of a rimof said objective |ens,

W th I‘espﬁﬁégrhﬂry&rﬁ@ﬂta@@pahimhidifﬁﬁﬂpﬁbéry, wherein said rimintensity is
greater than about 50%in a tangential direction. 37. Apparatus as clained
in daim2, furgher aomRfhal 9§c1aﬂn&bm@mxﬂ33j‘gﬂaemdﬁid RLSolddd bR RIE] | €3
at each perineter location of a rimof sald objective ns, Wwth “respect
to a centr/ghasgllght intensity, wherein said rimintensity is greater than
about 15%in a radial direction. 38. Apparatus as clained in Caim 2,

wherein greater ,than ,50% of a path..| th,of said first optical path is
within asolid &fructnpaais s dimeg Héﬁﬂg@géo%%fsﬁ’&mdd@ SQUEGSFOREISeSSa
first opticgl path is in air. 39. A nmethod for formng an optical head
conpri si ngedgenefiingdasendiodest 1ight source with respect to a substrate;
etching at least first and second beam shaping optical elenents in a first
optical elenment unit; and nounting said optical element unit with respect
to said substraft® i nAPPRGES | #h hamed iy Glappo43, wherein said light source

comprises a VCSEL.

49.  Apparatus, as claimed in Claim 43, wherein said light source
comprises a fiber optic.
50.  Apparatus, as claimed in Claim 43, wherein said first path is

substantially parallel to said plane defined by said medium.

51.  Apparatus, as claimed in Claim 43, wherein said optics-carrying

component comprises an optics die and an adjacent periscope block.

52.  Apparatus, as claimed in Claim 43, wherein the total vertical distance from

said light source to the plane of said medium is less than about 5 mm.

53.  Apparatus, as claimed in Claim 43, further comprising a photodetector

mounted in a fixed position with respect to said chip.

54.  Apparatus as claimed in Claim 53 wherein said photodetector is a
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such that said first and second optical elenents intercept at |east a
portion of light generated at said |ight source. 40. A nethod as cl ai ned
in Cdaim39, further conprising nmounting a second optical block with
respect to said fast optical block. 41. A nethod as clainmed in_ C aimA40,
wherein said step of nounting said second optical block is pe?‘f
before said step of nmounting said first optical block wth respect to said
substrate. f@[?g claimed in Caim40, wherein said second opti cal
bl ock is gé%??ﬁ&dr@{ oteg}%F'ect at least a portion of said light along a
path which is substantially non-vertical. 43. An optical head for use in
an optical nedi re iter, ..t opt i dj ef | nJ -2 pl ane
conprising: a fitgrgqs't ?&1%%3\(@%’ V\%f g}aﬁx@ c|1pﬁ)lha(’\(;i%lr'1ng ‘{eg’ae!évggpgﬁll csagfo Bﬁséﬁatrgn?%r med
thereon; a |ight source unted jn a fixed position with respect to said
chips ot 1 SapIsEey Pt SuiTpest A ieh Sl el S Befer S RBE d Sk
chip, and potfiti g,ned, Wth respect to said light source so as to receive
li ght out pdtlestpddighty | i ght source and reflect said light, changing its
direction; an optics-carrying conponent nounted in a fixed position with
respect to sai% | ight source wherein optics, carried by said, .
opti cs- car ryi ng “BonpdYPPatatus; sy sladmed ing fdaipp i3 ywhereine $31d oPHeT-¢arpins f
said light reflected fromsaid mrror; and an objective nmounted in a fixed
posi ti on WCOIPPRESH eemMpPrisss S lagstop first optie Hrrippeiving aefirstednlight diont said snedia | i ght
on said nediumwherein light fromsaid |ight source travels along an
initial optlonglaspeind patheandipnodding at legsttsoins refifcteddightitolspidgdiotbdetect. mirror
to said optics-carrying-conponent, and travels along a path, including a
first 35 14 July 2004 path, to said objective and travels at |least to said
medi um 44. An 6pt i cAlppirebsd, aascleinmidmanl Claintl a6,nmwiBreid uid eecandmpathsiing at
|l east a first spacer nmounted with respect to said chip. 45. An optical
head, as chabstamtiallynpachiicl ho 4 dpinakiefer saidsaediufl rst mrror is integrally
formed as a part of said first spacer. 46. Apparatus, as clained in daim
43, wherein said |ight source conprises a |aser.

58.  Apparatus, as claimed in Claim 57, wherein said optics-carrying

component comprises a periscope block, said periscope block having a first reflective
surface for receiving 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.

59.  Apparatus, as claimed in Claim 58, wherein said periscope block further
comprises at least a first means, positioned 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 first means substantially discriminates light reflected

from said medium.

60.  Apparatus, as claimed in Claim 59, wherein said first means comprises a

polarization beam splitter.

61.  Apparatus as claimed in Claim 59, wherein said first means discriminates

by substantially transmitting light reflected from said medium and substantially reflects at
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47. Apparatus, as clained in Caim43, wherein said |ight source conprises
an edge-emtting |aser diode. 48. Apparatus, as clained in Caim43,
wherein said |ight source conprises a VCSEL. 49. Apparatus, as clainmed in
Claim 43, wherein said light source conprises a fiber optic. .

Apparatus, as clainmed in Oaim43, wherein said first path is 14uly2004
substantially parallel to said plane defined by said nedium 51. Apparatus,
as Clai”Edlééié}ﬁﬂdﬁ¥§% Wherein said optics-carrying conponent conprises an
optics die and an adj acent periscope block. 52. Apparatus, as clainmed in
Claim 43, wherein the total vertical distance fromsaid |light source to the

pi ane of sai d TRgl Uighab s aed 00k SO nditin ARPAKPh S ARiliAkgRd | 0

Claim 43, further co I'sing a photodetector nounte pOStI ion

oot ey 33’&%@%?&?“&. FelfeBipg Tign ARECE ot %2%?9'&5%%@%%@%%@3?&%#3 ks "
, PSSR R L EE hict .
Appar at us aﬁsg ﬁt‘-‘&lﬁ‘gﬁ& Il.sﬂg}g‘pal m wherein said optics-carrying conponent

carries at tic for discrimnating between emtted |ight and
reflected light. 56. Apparatus, as clainmed in C aimb53, wherein said
optics-carrying .,conponent conpti.ses.at..l.ea irst optic fqr recgiving
refl ect ed Iight6?Toﬂ?§%?ﬁ&ﬁb3fghmﬁﬁiﬂb(amgbign t FO5R mﬁ$6@ﬁﬁ#h§ ﬁ?tleast
sone reflected light to said photqdetector.  57. paratus, as clained in

O ai m 56, WHHE Wg‘é i t%é%?émﬁffgt ORg; Sa@uﬁ@?céltﬁaﬁﬁ | %}lbﬁfﬁ%ﬁlwe;ewe% sayl n
axis for said nedium 58, Apparatus, as clainmed in Caimb57, wherein said
opt i cs- car Polafigationdspsseliter apdpaid ebisctiveper i scope bl ock, said periscope

bl ock having a first reflective surface for receiving light along said
second path and reflecting said |ight along a third, path, said third path
bei ng substanti &Hy @Hpar Ia%%mﬂﬁgl%F%W@ whsrein said firshpathds subsipatialus, as
clainmed in Caimb58, wherein said periscope block further conprises at

| east a fi Peipendielar togspinaxisrmdgaidineadiimai d i nitial optical path, for
reflecting at least sone light fromsaid third path to a fourth path

substantially parallel to a spin axis . L
65.  Apparatus, as claimed in Claim 48, wherein said first path is substantiaily

parallel to a spin axis of said medium.

66.  Apparatus, as claimed in Claim 48, wherein said optical path has a
substantially finite conjugate configuration, in the absence of collimization along said

optical path between said light source and said objective.

67. A methed for use in an optical medium reader/writer, the optical medium
defining a plane, comprising:
forming electronic components 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 output by said laser
diode and reflect said light, changing its direction;

mounting an optics-carrying component in a fixed position with respect
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of said nedium and wherein said first neans substantially discrimnates
light reflected fromsaid nedium 60. Apparatus, as clained in Caimb59,
wherein said first nmeans conprises a polarization beamsplitter. 61.
Apparatus as clained in daim59, wherein said first nmeans discrimnates
by substantially transnitting |ight reflected fromsaid nediun 04
substantially reflects at 37 14 July 2004 | east sone other light. 62.

Appar at us i i: - Al 6. salgd: fi I SCrid m es
by subst an ARG el opis (e by AR BhibsSalick btboiE Sl HbdIR
substanti al ransmttd ng, ;. | east, sonme .qt her |ight. . Apparatus, as
ol e med 1 e megor ¢ PR s R N S ndor Ainowtite nRPRER S Ea
pl at e posi %_liﬁo(ged,. .along said optjcal, path, substantiaglly between said
pol ari zat i S¥CHBSHIAL VIR IEPCcha %&@twsjcmmgépmeanm% sesRg gkt oy idred i n
Claim48, wherein said first path is substantially perpendicular to a spin
axi s of safmdivmhsieinsan intinh eptieal Path-ig defingd oy spid lagenilighty said ipigakonticahi d
first path is substantially parallel to a spin axis of said nedium 66.
Appar at us, patd eitendingl ffom Ghidi lightSsountee teeisaidstirstl muiptor,ctl sgidt dpticasamying-
substantially finite conjugate configuration, in the absence of
col I'i m zat comparent o said dbjeotind @l at pashiobaidvaediusah potticBf ssidunitial gpiasai d
objective. 67. A nethod for use in an optical mediumreader/witer, the
optical meghhifont§fidl BHNG-ArPIn@REmpEAILG SidbjedtVeThdladigg Ak QPiical pADONENL S
on a first silicon wafer chip; nounting a light source™in a Tixed position
Wth respect to said chip; positioning at least a first mrror in a fixed
position with respect to said chip and with respect to said |ight source so
as to receive |ager | t.pu ' -as Lode and.refl ect .sai d

88, éx %tél'tlo?igna;g élai?l)(e[ds il q}lluﬁ'l & ggl:ﬂgegr crzoyllﬁbsm(’go ﬁ%oo g a4

l'ight, changing its dire nounti ng an opti

car i o0 oy PRSPt nEIRET potior i sesbeo e BeP na modity |

69. A method, as claimed in Claim 67, wherein light is reflected from said
medium and travels along a reflected light path, including at least a second light path
substantially 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.

70. A method, as claimed in Claim 67, wherein said optics-carrying
component comprises a periscope block, said periscope block having a first reflective
surface for receiving 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.

71. A method, as claimed in Claim 70, further comprising positioning a
polarization beam splitter with respect to said periscope block positioned along said

optical path for reflecting light from said third path to a fourth path substantially parallel
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at least a portion of said light reflected fromsaid mrror; and nounting
an objective in a fixed position with respect to said optics-carrying
conponent for focusing light on said nediumwherein an initial optical
path is defined for said |aser light, said initial optical paw ?%%Qdi ng
fromsaid |ight source to said first mrror, to said optics-ca {Hy -
conponent, to said objective and at least to said nedium a portion of said

initial optd ; aahd YT or-T o] cAVAN 10 i j.ective
: ncl udi nglozld fsl@ lgta%g%aﬁ %gfmﬁat h. agg%l%%%?ﬂg?o as CI al nedgpllfrtl@@gqsm g@l}ﬁ

further 00313{151" i I ector in a fixed position with
respect to salngkgc}%h?a%g‘!eﬁ%oﬁjﬁ%&;gkahs ‘claimed in Claim67, wherein |ight
is reflected fromsaid nediumand travels along a reflected |ight path,
L oS et SO Sl i B B AL Gy
conmponent fo 0si tioning | east ortion. of said. initial |ight path

al ong a paf Fﬁrs@ﬂ’fl WV P@kﬁ @@Pﬁ ﬁag]f BBE?Ie%chP]gH?tﬁpé‘t‘tﬁm?@ﬁy &ewgq%o%dt as
clainmed in aim 67, wheﬁei n ai,g g%ﬁi_cs-carryi ng component conprises a
peri scope BP@ERAtOLDCHM SR AP EaF 08Ik YRavi ng a first reflective surface
for receiving |ight along said second path and reflecting said |ight al ong
a third path, %??.i d third plgiehébei ng sgbstanti al!m)l/ arallel to thtg %Igﬁane of
sai d medium 7173 A néorRpgcalicad pppareils 195 ee i an gpfica megiver readerpiritsy,
positioning a polarization beamsplitter with respect to said periscope
bl ock posi Pptisabaedivendeiniign plams, cemprigiag:h for reflecting light fromsaid
third path to a fourth path substantially parallel 39 14 July 2004 to a
spin axis of said nedifirshsubsichtavhaving nlestaorde pahporientt positioheditheggohi 4 tlight
substantially transmts |ight reflected fromsaid medium 72. A nethod, as
cl ai med i no@pai meatk, mbuited &1 a dixep positioy vibSiespeanioGidbubseas! at Bad iar firkt
guarter wave plate along said initial optical path, substantially between
sai d  pol afiigédt AP AN SR posiionPReth SBROR 6d isWBsrak3 and\poSiRbh&R wiliead
apparatus for use in an optical nmediumreader/witer, the ‘optical medium
defining a : (K=Y aTa i St r i oTal

conponent o ooy o SRE BRI BmeA d (o SR BhF o kel gl o merns
position w tye id substrate; at least a first mrror nmeans, in
a fixed p%ﬁegﬁ&%ﬁﬁﬁlg@g@%{g&gﬂ%@% nSubstrate, and positioned, with

i i ght out put. neans so as to recei,ve Jight. output b ai d
{?;E? Cf)u: guts alng alnlsg optics-carrying means mounte& in a fixed pOS{tIOg with res%ect toysalsd

light output means wherein optics, carded by said optics-carrying means, receives and
meodifies at least a portion of said light reflected from said mirror means; and
objective means mounted in a fixed position with respect to said optics-

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

74.  Apparatus, as claimed in Claim 73, further comprising at least first spacer
means mounted with respect to said substrate.

75.  Apparatus, as claimed in Claim 73, wherein said optics-carrying means

comprises said substrate.
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and reflect said light, changing its direction; optics-carrying neans
nmounted in a fixed position with respect to said |ight output neans
wherein optics, carded by said optics-carrying neans, receives and
nodifies at |least a portion of said light reflected fromsaid mrror neans;
and objective neans nounted in a fixed position with respect t & 04
optics- carrying neans for focusing light on said nedium wherein at |east

an initial opticgl i i &y |4 al
pat h ext endi ng from stﬁ)ara [ gﬂ%fclaﬂﬁéh %%?ilsﬁ fugﬂéf 0&'?}5 u{gnbtph%{&d&@nétgﬁ to
sai d optlcs Sal L 0.sai d..ob s.and at least to sald
medi um 74™ g’% %g gx%q%qsﬁg)&ww I?ﬁcﬁ dﬁrﬁ%ﬁﬁaﬁ%r conprising at |east
first spacer unt ed wit pect to sa bstrate, 75. Apparatus,
as claimed in gﬂ,g Pa’\'féﬂ@r &8nt dpiFlaun ity gx}rﬁn@r rﬁ?&ﬁ%’lsmgoﬁ‘tﬁaﬂ%égr sai d
substrate. 40 14 JuI 2004 76. arat us, as clainmed in Caim?73, further
conpri si ng 4 cama@agﬁwe@nemmm%mﬂmd} lightf i xed position with respect
to said substrate. 77. Apparatus, as clained in Caim73, further

conpri si ng neandg8f or Appatis as ¢lsitriedgn Kdsine’dh ferﬂhertcempﬁisiggtfomedeiviﬂgll'ght ed
light. 78. Apparatus, as clainmed in Caim74, further conprising for

recei vi ng kéflpoted freefi Iseidt meditunoatngnh desondi path ahd p@vilise apiedstpatie eflected
providing at | east sonme reflected |ight to said photodetector nmeans. 79.
Appar at us, hgmjgbﬁﬁ@ﬁdnﬂag&h@h&kﬁ3 further conprising means for receiving
| i ght al ong said second path and reflecting said Ilght along a third path,

said thi rdpathobel ngosyis! Al iy GRIAYE S d aaeeaa;fo?@#cqlmglum

80. Apparatus, as clal alm /3, urther conp ISI g nmeans

fl
L) b Olind LAP3% P‘aﬁl&%“%ﬁ%&m%"%ﬂ@ﬁp e IR R B o o i
73, wh t th t f
2 il con REREr A Bediq F P R B PRLRTR ot o B2, Apparat s, 85

clainmed in clai %reln salgflembl circui ubstrate, corrprlses a
pol yi mi de. 83. 'par railgs a8 R {3731 rCSMPrising d meag ol ut put

means i s
reflecting light from said third path to a fourth path substantially parallel to a spin axis of

said medium.

81.  Apparatus, as claimed in Claim 73, wherein said substrate is selected from
among the group consisting of a silicon wafer chip and a flexible circuit substrate.

82.  Apparatus, as claimed in claim 81 wherein said flexible circuit substrate
comprises a polyimide.

83.  Apparatus, as claimed in Claim 73, wherein said light output means is
selected from among the group consisting of an edge-emitting laser diode and a VCSEL.

84.  Apparatus, as claimed in Claim 77, further comprising a flexible circuit
board means and wherein circuitry on said substrate is coupled to circuitry on said flexible
circuit board means.

85.  Apparatus, as claimed in Claim 84, wherein said substrate has a major
surface lying in a first plane and wherein a first portion of said flexible circuit board

means is substantially parallel to said first plane and at least a second portion of said
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sel ected fromanong the group consisting of an edge-emtting |aser diode
and a VCSEL. 84. Apparatus, as clainmed in Caim77, further conprising a
flexible circuit board neans and wherein circuitry on said substrate is
coupled to circuitry on said flexible <circuit board neans. 85 ﬁ@ﬂib tus,
as claimed in Caim84, wherein said substrate has a major sur 3G ging
ina first plane and wherein a first portion of said flexible circuit board

neans i s SRS boaRARak 8 ndiPanfbtobhiiShuplaRe and at | east a second
portion of said 41 14 July 2004 flfexible circuit board neans is not

|l el oy . _ , . . g
\R/ﬁ(ra?ei ﬁ s;iodsglu%g’t Ir ;ggﬂgisaﬁgteafg%sl?é@gg; I'a |Sﬁ?§%@"?’;‘ gﬁ@dh@ﬁ%gég}agﬁ?as]; egi on

formed in said.flexi.ble.circuit board nmeans...87.. aratus,.as clained in
G aimaa VALY RORlChiR gtk reg P b i Teiih SR tiuBoard. Fenet o
first thermally gonductive coatjng |n ther comruni ¢at.i o with at | east
a portion of saigg' su%&ﬁ’?@f‘@a a%@imfg\e‘iré‘? ﬁfﬂimfng » WHBPINCHY ﬂ@xlglﬁ ersurtchpardead
conprising: formng a plurality of electronic circuits on a silicon wafer
havi ng at Meeass incjides @t feast @ figs dheyepiincordustiye eenting rip dhermal complugication y of

| i ght sources on said silicon wafer, with at least a first |ight source
posi t i oned vath aidessta partibeabtaidmbetraé. sai d el ectronics circuits; positioning
a plurality of spacer bars, each bar having a |longitudinal axis, each bar

defining a plur@Bity Aofnethod farfabricatiag as opfidahhéali dniprisingt surfaces at about
45 to said plane of said wafer surface; cutting said wafer along a

plurality of cut Ilne@xﬁi@%%ﬁmﬂ?o@e@b@éﬁébﬁéﬁi@fonavs@ﬁc%h\ﬁéféﬁﬁvh@atllée@ﬁt
sonme of said wafer chips having a |ight source nounted thereon and a
portion of ;3lseasde i far}ﬂﬁ{ed spacer bars nounted thereon, wherein at

| east sonme of sald cut lines Intersects at |east some of said spacer bars;

b ov 0, pover 2, sapiial o AR oL LA S 0 Ry SRRl o ¢

first light source is caus positioni
HER L T S S TR T
light. 89. A nethod as .clained in Claim88, wherein sajd first optical
conponent is positioning a plurality o?' spacer bars, each bar having a longitudinal axis,
each bar defining a plurality of mirror surfaces with said mirror surfaces at about 45° to
said plane of said wafer surface;
cutting said wafer along a plurality of cut lines to provide 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.
89. A method as claimed in Claim 88, wherein said first optical component is
an optics-carrying component having a plurality of optics formed therein and wherein
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an optics-carrying conponent having a plurality of optics fornmed therein
and wherein 42 14 July 2004 said step of positioning conprises noving said
first optical component until said light is substantially centered on at

| east one of said optics. 90. A nmethod as clained in claim 88, 1)£\/nefr§4og sai d
optical head includes at |east one photodetector, and wherein 240 st
optical conponent is a periscope block, defining a reflected |ight exit

path and whgides oditidhi®R cBipRSS! tho iRk BAld HRSTRIpli ' i fid
opti cal corrponeéri:)t&?ntlill sgi d gxi t pat hgdefi n@f%?gg%?%%uﬁggéa?%ﬁgﬁﬁ%nshi p

wth said sﬁ&%ﬁﬂﬁ)@g&{gﬁ%dogﬁt e tgﬁwﬁ%é‘f@gﬁg-ai med in Caim88, wherein an

obj ective is nounte sal I'rs conponent during said step of

positioning. 43¢y A method as claimed in claim 88, 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 until said exit path defines a predetermined relationship with
said photodetector.

91. A method as claimed in Claim 88, wherein an objective is mounted on

said first optical component during said step of positioning,
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