Title: LOWPROFILE OPTICAL HEAD [err] Abstract: An optical4 hdpd0@f a
type useable in a optical disk reader/witer is provided. The optical head
has a |ow profile, e.g., in a vertical direction parallel to the disk spin
axis, such as |ess than about 5mm preferably | ess than about 3mm
Subst ant i aWVPWV431R6 conponents of the optical system incRGNSIYIHR aser
source, objective lens, intervening optics and photo detector are provided"
in the optical head and n@WERROFILE QP REDIpBEAD on with respect to one

anot her. Substantially all optical conponents of the optical head are
noved as a unit, e.g

., during t Ki d/ f
optical head |sTh%EW$%%%¥kFﬂﬁﬁ‘ﬁég%&h m@@h?é?%ﬂﬁﬁ%ﬁﬂwﬁﬁﬁg Sy, the

chnol ogi es,
e.g., stackbng; sulakdhRdy fﬁé h&nm-lr AIFALG) @i@ﬂ@ﬁﬁﬁﬁcﬁ 7,t 1996,thtoep€ﬁatéd‘ie:rd"m mal opti cal

head confl %yfgrgxtmcleo Iglross reference 1s madc t 08% mm pphcatlon No. 09/315,398 entitled
5  Removable Optical Storage Device and System, filed May 20, 1999, further identified as
Attorney Docket 4154-1, and to U.S. Patent Application No. No. 60/140,633 entitled
Combination Mastered and Writeable Medium and Use in Electronic Book Internet
Appliance, filed June 23, 1999, further identified as Attorney Docket 4154-2-PROV.
The present invention is related to an optical head, e.g., for use in reading from
10  and writing to an optical disk and in particular to an optical head where substantially all
optical components from the laser source to the objective are maintained in a fixed spatial

relationship.

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

15  system for an optical disk reader/writer, typically including a laser or other optical
source, lenses, reflectors and other components) is the size of the optical system, both in
terms of the mass, volume and/or dimensions and in terms of the size and shape of the
light as it reaches the optical disk (the spot size and quality). Although a wide variety of
systems have been used or proposed, typical previous systems have used optical

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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PCT/ US00/ 33014 LOW PROFI LE OPTI CAL HEAD The present applicati obt Juby 2004
continuation-in-part of Patent Application Serial No. 09/457,104 (attorney
file nunmber 4154-9) filed Decenber 7, 1999, incorporated herein by
reference. Cross reference is nade to U.S. Patent Application No.
09/ 315, 398W&MM3Reéd 5 Renovabl e Optical Storage Device aFfel/SPe8¥4 | ed
May 20, 1999, further identified as Attorney Docket 4154-1, and to U. S
Pat ent Appldligahén hetiioen ddmpor@Ols WhEhaB 8t ermide| regeatGowith reanec'on okbst er ed and
Witeabl e Medi umand | - ' Nhering iRl drance, filed June
23, 1999, fa‘tﬂl?{hﬁrér":"%(lr:1h eh#?ﬁ?[}tggglaggﬁhgc%aﬁgggﬁgﬁgg{h 4154-2-PROV. The present
i nventi on ialjusmieatwdcqimeawhldptamclaﬁeShdéﬂsnc@éﬁj.mwﬂﬁﬁwrifﬁbﬂcwicﬁﬁsf rom 10
and Wi NGt 2r Ao ARG off b donbiidd 1o RBUL SR, nlafuin@Pichfidinalagad wher e
substantial Ty ar optical conponents fromthe l'aser source to the
obj ecti vie dlile. mmtawdinglngtivouid be dsefiebtg paqyads anloptiead headinmsiiodi §¥StBRERGROUND
| NFORMATI ON %ﬁm%h%g@aﬂ PRRE Lﬁéﬁhaﬁﬁ&&@Béed%{ﬁra_ﬁmenﬂoﬂﬁéﬁ&em%n &icapt i cal
system (suczﬂJ as a ~systemfor an optical disk reader/witer, typically
i ncl udi ng acompsemispdurivg inermabeneratigh andéer gar tedugecs shginate 8t eastt®es and ot her
conponents) i ' of , t RLi&EAnSSheknhlRg h in ternms of the mass,
vol une and/%ﬁg%%%@rgﬁ%{e%ﬁess’ a U@ﬁgterm (g_f the size and shape -of the 1ight
as it reaches t idenypeilienticalidisks odiothes picalstoresegaererPYidsfrclaiyebhough a wi de
vari ety of la.f%—%&rﬁﬂgregﬁ\l/@riggg&i&§ ﬁlqmgirng,pfﬁpaﬁ%?gy, ddvicet forliself B9HnEY RN SY St ems

pti ca 0 co su

have used o mponents that were ficiently | arge and/ or nassive
t hat functi wﬁlsléimeih(oa!ﬂﬁeémewaﬁ@k%rmt@&é%isﬁgagﬁﬁ@%feﬁéﬁmv%@eﬂnvi ng only
S0rTe COMPONENL Sefhelois RYP LMo huBRion WDNioWlink 1018 B8 blawal ens (e. 0.,
for focus) relative to the |aser or other |ight source. Wthout wishing to
be bound bysysteys tvish age of rolatively pmplies sigel k95 a0m¢ FRPIFRICRY FPe S WSHRge size of
conponent s yas, el Ri&de §QickN@EPRLE oS kZ@sciiMal thuiSnpdies an;&au@mﬁalant ially
dictated by 25 designs i n which the data |ayer o%,a dés was ?]i[gnificantly
spaced fif orNpHW/IAEE foaRemaapPle Adcd Slorkee RAVER SYSERHPREASHCFER  pat h
typically pgf&?@eaca[QMRe%rdéaa&gau@&m@owm dBRIRe dekhigsd haang a on of t he

di sk, typically passing through a substanti al d% t ance, of @he gi %Tk ‘

t hi ckness, &ilrsielysmalhBie fastos sirh 85 2495t - yahgieht Pﬁ‘?efb BHEHREDPY ayer) .
Regar dl ess efndihIR, £ pd&Ralbedib MRy divicd i@t dcosmmnedatt riuveraie uenewithib 2 ween

optical 30 _conponents, such an approach, while perhaps useful for
acconmodat i ﬁ@“ggqt%ft‘?%‘%g he/pefig- megg Cﬁ%fé&e\s'\sha@%ﬁgﬁlg ﬁ?lg Postdeents certain
di sadvanbaggssply dehHeindioting sizad ptdcuslng, foausgeackingonotherctop slerteminsy ed and

t he cost assocj ated tW{izt h est abl i sh{eg%r g{gd .rra{ nt ai ni ﬂght%%%%ﬁlcs." 14 July

2004 in addrtion to the componenis associa ecting the laser or

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
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WO 01/ 43126 PCT/ US00/ 33014 al i gnment between conponents whi ch hukiy B@éddrade
noveable with respect to one another. Such alignnment often involves nanual
and/ or individual alignnent or adjustnent procedures which can undesirably
i ncrease manufacturing or fabrication costs for a reader/witer, as well
as contri buwwo mga3tzs costs of design, nmaintenance, repair adrishesimdl i ke.
Accordingly, it would be useful to provide an optical head nethod, system

and appar a&,s&aim;cehbs@mamwaﬁe 1§ the@lanebNas aism)hecmadglpqr wb@li 8¢ i ve novenent
bet ween optical onents, during normal o tio End/ or can reduce or

elimnate at‘seﬁ’ég’sﬂm Wehan opiesl beadanp AP S T ARd | me od, which a1 tducf e ader / wri t er
manuf act uri H'iﬁ]cnmyreﬁﬁfdn)én&@ﬁ(&%kedﬁblﬁgSerﬁdi'ﬁddlﬂieh@cﬁn xe@meﬁahtssdgmage syst ens

provi ded rel atiyvel | ar reader/wite vi ces including, for
exanpl e, de%s&%%al?%? qﬁ%%"q‘ g"g?}ﬁﬁé Brﬁgr Ylpss fhgna E’l‘?f‘r'ig J%G%r) dianeter
di sks. As Opkfe%iylais%@%oﬁtaﬁﬁ[ﬂm ogi es have devel oped, however t here has
been an increasip tlo rqvi i bl e and a systens
which are of relégwabqr? Pllréffdeg‘f‘?'ér b g g fF’%’ﬁtPPof% t“’g‘ Ef" for use
in per S0naHe&@deEﬁIch@ﬁlmﬁhdiﬁjﬁlpﬁ&Sdlskmblay@s 1gatypaﬁ.l Klescstdrfedstem, plesent Pat ent
Application er| al ‘}e wféBlS 398 for Reno g&e o@{ @ St or age Devi ce
and System (‘? &y jle£oReF ?Werﬁﬁf‘"?gé?lg?té’m}%")@r W REAYPYgadi ng and! or
writing opt a&ads tdAQHﬁeﬂ@eﬁﬁﬂ&f oraRellieavAngreault, irhatyisuel syswmmlidis f or m f act or
such as about 10.5nmm hei 50mm dth nd 40

oract | cdP  SagBl I pPYas SOSier SeHRPER BRI e N BB bR TG (NP 1 1 s
form factor asmcﬁuuﬂzmmglli breerfittifld Bnscreel the e ¢. gltdgtecoﬁmﬁodam)nohqucﬂbﬂlya)f spin

not or, power 20 su and/ or, condi ti opi cus,
[Facki ng.or TARERCES sPRFE At tieh sf Py Pb AR b AR T ual 17

associ at ed 08/385.39%8¢tipAgaridiee 60/&%6330ntemdegmbebgame(ght m;lazoname,(gemml}ygl y. in
order to faci Iltate a raehmltte w\é

SJ facto
advant ageou& FFPFPEYHE 46 a ﬁaé%ldarsggl?véatau"sl&e hm“ fem ggd&net hod whi ch
can occupy dasipsé bdat,wemnyarshwith languk spFEms). mcaqidmgiyom wmldtb@tlalful\r@pmwée

consi derati ons.. rmf act or. and/ or the
need 1o accomnalial SRRy de PSRN MtofeBbde LM BRLARuARY
advant ageousge.¢.cacporompdiginanorgjtularity ohethat oplinphicattugs) whylctageriiagynduwet hod whi ch

S relatlvelofe i Rbtcl: ﬁ%@uﬁewsmﬁeapﬁeameg 212N Al Qutshaf i vel y smal |

verti cal pro nsional require "vertical" referring to a
direction paerllingbf leases hrotbgstopiécal nnaﬁfewenmﬂwhleweyn regpirhiigifn optiduct i on of

require %nt %ol»v@r Al ﬂ@t{ce RO MRAREGII L B Wil cﬁsshﬁ{égh(;r&' figpal di mension

par al | el an optical armaxis and/or a lateral dinension perpendicular
to the Iongltudl nal axis) may al so be of inportance. Provision of a |ow
vertical profile confi gurat ismmmmxbeFSm{EimVENTIDDbl emati c since, for at

| east some opti c?b dressel S an Vg ] agir c&:lcﬂg d {e nt'fie &, 'hu ate designs), a
i ni num opt i cal eaﬁ elS’ B RQUCFSP B 01 a0 (S ougchthe read/wite
beam gener alsulystamisity dlieaaipoddne 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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-2 14 July 2004 WO 01/43126 PCT/ US00/ 33014 optical disk subst aftiuly 2604
normal to the plane of the disk). Accordingly, it would be wuseful to
provi de an optical head apparatus system and net hod which can reduce

di mensi onal requirenents such as reducing vertical dinension requirenents,
e.g., in twoosare of a PED to | ess than about 12mm pr eberasdopsdiess t han
about 5mm and nore 5 preferably | ess than about 3mn. A nunber of optical
reader/ Wi t @hcefkeMih 6@Sembodiend ihmehnsf seniaomiliepticat lagrs wisdvy teapger is devi ces

such as audl 0,C t ne.Shereo system
pr esent e&’tlofr(}%ﬂp‘%" d?etlf’sér %ogﬁ%éﬁﬁﬁ%g{yﬁmu&l\gon)r(rtn@nage%%% prRe e o )l;udgets
(typicall y ﬂi@i«|aﬂ@usxﬁg:uhe&mttbd)la@e&:hgiltneadsfamlpopmmg werligidrent.i ke). As a result,
h t t d whi ch
o rolaively | depr et R srRa il BhitR P o RE bR, Wi L, M ©

is relatively i 0
over fi | | § nginlaatieananihtintialyl paketic! tethyg plant of the disnmrdetiieg aom:ﬁgnmmra:m ty of

Aol 1 cat orviakh pafbsRE PRy e o b ALl ARGIERTIEIR Bl S (o e

| i ght wei ght previdisparélabicly,log emcaibfoﬁle Aysirovidieg aswtew Whickacahiusd wzefd- power
b .Udga (and g{;?%éqﬁ%ve 24 TR can e f%b%c?t%(? b{, %&#g%ﬁ%%%%{o%?g@eﬂg%u& t, conpar ed

with |arger?® ¢ eor rovi a optical
head appar atpaSersy@m@tmmpdnmalndme\ﬂkﬂ,chs pessibleoh censudt h@md]ééuahed opti cal

q“?" Ity \}%I( gpﬁasia &9 WEPHL okﬂgofq??& &%Hllaﬁl ﬂg)n-é /29 Bptﬁrcﬂ%‘rad 8%1&% li)\ﬁat ur es)

while a ue e i nefficiency unnecessary heat generation
(e.g., ari sfabgcaimmmssuwstusndthea:ﬁn “macéwﬁiel’ refergtogbnfigimations @iﬂtmw&e‘i foppt i cal

|neff|C|enC| r and hence
hi gher el ectVY g%lréa%n'\%eagd{ aser %H ﬁatg‘lk egg?%%? g&tﬁgér%gmﬁ%gd MVARY COF THE

| NVENTI ON The prlwemspﬁqwemucdmcmozf\mtﬂ@sxseabbrraeppwl diskrgadedasienise systemin
wht o | SUbSLANLA! e Bl RORANARLGrclle Hhe PRIl aleath fham bl | aser or

ot her |ight "source obj ective nove together as a unit (e.g., for
focus and/ oﬂrskslackxmgl)chaﬁleesmﬁlhﬂhﬂmiﬂhnesf%ﬂ’th&skﬁﬁhqnaﬂbP‘y 3eweh opti cal

conponent O%PISS%HQBIE{II @%.F&Feﬂ@ of fhe bﬁ’tld@l Jy&t&ﬁdml:lg&‘lﬁﬁ b Qﬁhr%ﬁr& pgedeet to other

corrponents n one t he Optl cal based on a wafer- scal e
f abri cat i onlenappemering ORHEEFNdPARIP fletegorsre Pfé?'b‘ﬁecb‘ﬁ t*ﬁ %‘F%F‘B‘”&ﬂé‘f‘%f“ﬂé‘?ﬂ

el ectroni cs;f OFMRGLRGH Withrespelt tb B anB@EMBubdanbilPm oﬂ?ﬁ@éi c@nﬁfyérﬁﬁ’(k oporrponent s
stacked or otherw se positioned thereon, 30 pref era?q%s eas sone

conponent s [thsiapgcabhesd atr PRvEd ps 3 Wils e Ecii‘fﬂj’gttﬁ%k‘w ipg FEFIEREY: opti cal

conponenios Qe dpfign QBkiiCAbridiRadsing RafRNRaR AN SRRing tedhddidesds, o)./ 1 Or / spacer

| evel is
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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positioned on the wafer and one or nore |evels of optics (generaluly2004
proportioned simlar to the proportions of the "chip" after wafer slicing)
are positioned on the top of the 14 July 2004 WO 01/43126 PCT/ US00133014
spacers. In one enbodi nent, alignnment of sonme or all optical |ayers above
the spacer Ws01/4pds f or ned while the | aser source (prefer abF5UsHBHNEd on the
wafer) is emtting laser light, and using the emtted laser light to

assi st in positipni7iga pdrspadtivg RiEaNdartiallp expicied nbodifermnt partiblty meatkdwr i t e beam
travel s through one of the .optics |avers i n j .on substantially
paral | el t oSPRFFE CPRARET R FECPHEE ST %I}(‘?mlfg\rélo"\lﬁnb?fg%e “’S?%‘ﬂ#*‘?egﬁé’{au onin which a
subst anti al por tHigQ8 io4 tob plan ofEmi afalpopiah bf 2 wafeawsl ineintedspadtecopipanatnf t he

di sk assists in _.praviding a.relatively | V. i i :By. providing
a system which d3 9d§%%\%%'8rvfews%f§fl%mflg%ﬁ "gégﬁsgcﬁ{og?logiovwvﬁfgc dfécrg%mg% f abri cat ed
by stacking di s@igtie icovaiabmds setiohthasgh apemieldeadypdiagpattiosofiponent s and
the like, it | ssibl.e to construc P i.gh 10 precision, |ow

wei ght, | omf’%‘rcfs)lf‘fﬁ?(e@c‘éoﬁ%? %crmeserrrnaf)?lmgg[oc{f}% ipzéeyal(l)tﬁ?vie@g "head at relatively | ow
fabricati on costEg. 1Ads aseihl hersmective vievedapionng aredpticd fer snd areladvely gur at i ons
that are used for .only.for r i.n ' ' . that are used for
both readi nF¥Hk W'f:{}l‘ezh%.a orrffu? eagglf)lgc %ﬁogglt@' ?g%ﬂgﬁggrgﬂg’f ‘a type useabl e
in a optical di siKgri@ackepartial expéedeil persygrciive wivdof aflepticsgrm ead ofesltathas a | ow
profile, .e.qg., in.a verti.c } i allel to the 15 disk spin axis,
such as lpesgccf"iﬁig}?t%%%E‘?bogﬁrglnénﬁ&e'%gﬁgg%?ﬁgn?%é@’t han about 3mm Substantially
al | conponents ofigtl3eés oprtial abrspptvesvigw prciogdlinmg amoptigalaym gadmentingy| ect i ve

| ens. intervenin | . rovided in the optical
head and noﬁf?f’%sdgcclgﬁmg?fugée}gboggﬁn? ?gtﬁéé‘ﬁg%e {lﬁl 2%‘3%’& to one anot her.
Substanti al | y al Figopti zeirticberperestiosalofew aflsa opirel kead agseiinede & npved as a
unit, e.g., dur 'irrrllgmgh%gg;eg& andfar. focusing. Preferably, 20 the optical
head is fabricated usin vvaller scal e and/ or stacking technol o?i es, e.g.,

st acki ndSsubst anFigaldiya pladlevatiershisie o eanrasenitofi g watiqahlead Wit 18656 | cal ~ head
confi gurati gn, Bl EE RS RTabh @, JddralBAYNG R oRintbnt &f theprésesd Nl i f i ed

bl ock diagram ot a reader/witer drive device coupled to a host device of
a type that imgntidse used in connection with enbodi nents of the present 25
invention; Fig. 2 fyidaREL SPEAbhA OieRCeHBbdnentY b opficalfca@Pihichakesar m and
optical disk according to an enbodi pent of the present invention; Fig. 3

is a per specNGSE. eqcaringfto gherahadingsst of{BSpressETBYEIMY to an enbodi ment of the
present jgventi ORjg 17is 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



30 Fig. 4is atop plan view of the optical head of Fig. 3. Filgthiy2}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 enbodi nent of the present invention; -4 14 July 2004 WO
01/ 43126 PHOW4EMNA# 33014 Fig. 7 is a perspective view parR¢HEV§3¥| oded of
a wafer and partially nounted spacer conponents according to an enbodi nent
of the presght beamy shotwineross-Fatghed Foi darily.taoprginge ag empodimen; optherresentof a waf er

wi t h nount edveglgcer conponents; Fig. 9 is a top plan view of one resultant
n

waf er secti'd o'l ow ng wafer cutting; 5 Fig. 10 is a vertical cross
section through Fies. 8pt aeld ath grghsefdoensgisior PignalofFEgh as s fincden ofdoask accor di ng
one embodi MeRt.  ofy; 38 ecdrR ERLEQ TespRbihelyl adordific o RAHHRImdAET SPect i ve
vi ew depi cﬁ%ﬁ“ﬁaﬁ!%?ﬂr(@%ﬁ ar mccglnglga tr el a%p!ével 3)/(’ au:rmva%I e optics head,

accordi ng tdftimpremgodientomt of the present invention; Fig. 12 is a partial

expl oded per speﬁéf zfis‘éig?ééé{h%faﬂi'?feféﬁfieh%cméﬁi??oﬁ@i n@P{FESS 208 aflctickbraccording to
an enbodi nent o e present invention, Fig. I3 is a partial perspective
view of a plrusiabthe ofediam, engerdinglt> ar embadimenhef tha Drergnt IBYSSHYS, according to an

enbodi ment of thg e elcOMRRLI VAW offah Sptichfthdad, vAtheRiows GRiwikg @8S secti onal
e

: fo
vi ew of an opti cal Eﬁgiﬁ according to an nbodi nent of the present

i nventi on; pdhsRI gentralSuesofselaitelidisht kapms. agerading foaR cPOBRPRE &iSPESSE an
opti cal (he » | aser nmounted on a surface of the optical die,
accordi Hg %gv%%%el’r?’g%di ment of the present invention; Fig{.é 16 is a side

el evational vi eWinR7 iscvaissisvetionglviemofasopicsl hesdautharopys shysag e veseL,

accordi ng t?atﬁsfbf@éié?:%ilfgﬁmwﬁi, 2L RRIRY B8 BhbddRUER bf @B predfht Fiivéntiod7 s a bl ock
di agram depi cting conponents that can be uses in providing various

enbodi ments of the present invention; Fig. 18 is a |l ongitudinal cross
sectional vi ew gEBAILON DESCRITEIONOE A PREFBRRED BVEBONINEENT of t he

(GED) accor di ng g PEien SRSl REE: Brod sitrit Bttt Bfles SnPARE, 00 &
bot t om pk ancatifigivaidns Ancl@itd thade dedceiheiin UM iPrtentcianpliditiog Semal &le.  enbodi nent  of
the present Oélgyﬁy’-ﬁl S%BI;'(J. In the configuration depicted in Fig. 1 a reader/writer drive device '
112 is coupled to a host device 114 (which may be, for example, a personal electronic
device (PED) such as a music and/or video player, a camera, and electronic book or other
text reader and the like) by an interface 116. In the embodiment depicted in Fig. 1, the
20  drive 112 holds or receives optical media, typically an optical disk 118 which has a hub
122 for coupling or centering with respect to a disk spin 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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Fig 21 is a transverse cross-sectional plan view of an Opti cal l4lun®0t4 uni t

(OEU) according to an enbodi nent 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 enbodi nent of the present invention; Fig. 23 is a side

el evat i onaWOWI/&#26f t he portion of the substrate of Fi g.PCIAUSHBH ned with

a corresponding portion of an Optical elenent unit (OEU), with selected 4

14 July ZOO&Etééﬁersléré&h&ﬁnBGH'dthﬂﬁbBG@Mﬂeaﬁl Ipiftrmbtécams sighaapbtzinaiosingat ched,

for clarlty acc an enb d LeSEMes 1B Figs. 24

A and B arel P%tﬁﬁlghegﬁ? oaéﬁss rr‘r)"élge ?LTIEE%(RC@S a t}ngcl%('ﬁ{ca)frl\}ng “focus at

t he medi um orfo@ﬁtr(ﬂ&ﬂﬁdptl&&ldﬂﬁé@ﬂ@ &emed@ngasldforbsweﬁpmryourmordi ng to an .

enbodi nent ent i.n AP 8hud

di ffer entla‘f‘mﬁg@ﬁ%q%EO% gor‘f‘}éla %?%%csgés%é U(I)ﬂr%(?ﬁ on 5)?90 focus at the

medi um  fcceamiirgtidng oﬁmdrwttidanmﬁm/e ahertchmpprreats anot dipinjeshiniFem 1. sieleps 26 is a

side el evational. vi ew of I b t he at hs of
h nfef2a 418 Whdath p

central axe¥® %,ng;}eilcce)%lmnant??cg%?cte@ﬁ%an@fgfaegect fng tlg an odi nent of the

present  10cdriridges; ¢ontent @nulolElagirords, ngreprasesferser etb@rmr@msﬁcrwaéwt@agean opti cal

head, with arrows =el &%ﬁﬂgn rding to
an enbodl meRE™8F dteﬁlcg%méagag%nﬁp%f'%rg%ﬁ%uw le)ﬁr LE‘%’%EO%%I PTI ON d%q% aE
PREFERRED Ehwabﬂ‘vﬁhﬂbﬂ'ﬁuesqpfeblﬁm the meﬁeenua@prsﬁaﬁuﬁéhwes@nﬁ discloserecont ext of a
nunber drivesns Lhdiog kikgse described in
u. S Pagént Appl i %gﬁeon éq;ol E]oﬁgéng}&;%m&ﬁmtgi%pra I'n tt he configuration
depi ct ed i ndimegsiors cmrﬂqemdf@mosmflt@@mmﬁé 12§ a1p of sigpifgsret® tho a host
device 114 (olliPflodiRity A osDbr 308 Roe 132 RERSANRIE GE LoRLGortice (PED)
such as a nusic an ? Vi deo pal ayer, a canera, and el ectronic book or other
t ext reader davedevive 113 M@C)es panstagintp an the pasidons 3ige. shage PHOSA9lEN nent depi ct ed
inFig 1, E&%@Qﬁﬁ&f tﬁ@%%%lb%@ﬁa&éulﬁ%eﬁ@ﬁs SRtrtLBlsubeRtaly typically an
IC

optical dis as a hub™ 122 coupling or centering with
respect 150- acadimsiodatpihs dritse b2 in 2 gertpipform &astary ot 3 AEs5rdsdgp §rS- &8t o1 126. In

one enbodl @hhcahggsgﬁgfq@ obbi5h68, @u}f,brst surface nedia, e.g., as described
in US. . ['i cation Seri al . .09/ 315, 398 su orated
her ei n by ref erElﬁc%*““fBTafeé llb%F“F’H‘éZCPrBH?%eT‘ELtE? Q‘Fréalp%%%‘f)“&?re%fﬁl?’fsg ®#i ng an
optical head,daBhdag 198 anddsin 25 WRSkEIbaE nréaraewhuamughb yndx@htodmentufc h

rovides data or signals 132 to a data_read/ wri
P the present 1gventlon in the embodiment of %B the optlcal head 128 is mounted in a

20  fixed position with respect to the optical arm 142. As described more thoroughly beiow,
preferably, all components of the optical head 128 are in a constant or fixed position with
respect to one another, i.e. there is substantially no relative movement of any optical
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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el ectronics 134, e.g., for passing to the host 114 via the intkkidc200816.
The optical head 128, in one enbodi nent, includes substantially all
conponents or devices which control or affect the |l aser or optical beam
along its entire path fromgeneration to arrival and/or reflection from
the nmedi a VOIER36det ection, including the |aser or ot hePCTUBIbuUr ce, 30
| enses, gratings, holograns, wave plates, mrrors, beamsplitters and other
refracti ve comperfenisc pltheugh gipidalinthe jageoraitinegitenticd spinpenepilongfifieapiipalg t he

light beam iy R 0 it Rhendd AR divih, 095 e @ive O3B e diivO Rhs R LGARLS, and the
i ke. Preferably, sone or all electronics for, controlling and/or

modul at i ng camalsh epsempasn gy Weighary RSP H lastiorgiorlicompRpeatefase repthingessi ng - 6
14 July 203\4}%96%{&&! 4Rl fic A Ghh R0/ RV obieliRe td @A dRALSIs aRdclisle! uded in
ead.

the optica I nformation or signals "obtained usi ng‘. t he optical head
128 ar e %l 94 aphobir@é fotrseneledingthe pymerisalapeture pidhe lepmihe sisiagee GfAngh noves  or

controls ansPinkaik s@tR &ARe dfta Shrfaced DA thelsaalidsNE PR behPeH the oprfPVer

source or conditioner 144 provi des power r electronics and/or notors or

fo
act uat or s. hyad andibe skerfsedthe appising ditange” o fnage grabodiment b desiredtor

conponent s, , Qe Hedpticd oth IRgthitm the scitEio 88 objRRER 2RbEAhaCHIRCNSRLS for
receiving and/or ejecting the nedia 118 and/qr nedia cartridges, content

control el cweferghiyEgeateribaq shoubiauswdsvean mee prsferaihEeatershan abep fpmm o age

Menory fevi 6eSemidainfnEstaieRtse R RBGIYRTdIRR a8lli®iils08i LourcdRelbigectot her
conponents as wll be understood bé those of skil] in the art after

under st andi prgt lengh philsayidgg & lovsrighle devipe, prréeraly sich fgkareadsgvEtE shape

and/ or ver t A&k cad 828EdnifidaRE i GAR Factod ath al(vertaly RS IBS thin 26&GUI T enent s
and/ or cost of the optical head 128 re gf significance to the overall

feasi bi | i t ylGHamJuelEraby legs hap geraye especi al |y when the
configuration ofin{HaQepi6ted MBbodandnt, enclik 1pkARES2 1caBAL b 8pinbeis Pt Wilen posi tion,

si ze, shape_ogr cost otﬁger C onents of tcgre driye 112 n& particularly
ohon i £ 18 D ardars g pl T EraRrs e el R SEnaRE o A T 2
certain forplidesd or alighment of ks light bedn beH (sutcebdivd) ciRatndsrentialapitioasdn on Ser i al
No. 09/ 315, 9%, ra. Fiq. .2 illustrates.in,qgeneralize schematic form
a positi onaﬁi‘;le Bk itjqo oﬁmgﬂl&‘a S“eg FS?({'%zEPSIWe“é&t%f g)dﬁaf"éﬁﬁ‘ﬂrlyzfﬂm{/h“% h respect
to nedi a 1lfhe aptival had (29 i6 adivectienbadigrendiabfompbinat, prefseiiy by megng 2Bn. | n t he
piixa
enmbodi nrent f Fi 2, %h ti.cal.. head..l %ﬁ.i L0, a?{Qmj' xed
posi tion wi t([?’ﬁol""t cg[oaerg’tm 8%“%88%6"??@2?' Vgair}“ﬁ%% li.ﬁlé&gﬂ%téggrpfgté%‘ nor eclht hor oughl y
bel ow, 2pr efheriglylbgam adathes Grpishd 18 deforks anheec B3 axadinphachch@Baare in a
constant or _fixed.positi WD cLesRest ok Q her, «Jpbvibdere is
. the d ©& Q& {h‘ib% b, td prévi _

subst anti al Prfdér%%mrl el a c%d\l/gi& verr%n'%. o% any oc tica corrpOnepnt of the optical
head 128 wi fdeusies feehtite opténalhead h2f is oonpb Aenwnitpflongrepagphdving|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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head. Instead, in the depicted enbodi nent, to achi eve desired &l Jujnddt
with data on the 25 nedia 118 (i.e. tracking) and/or focus, the entire
optical head 128 is noved, as a unit, wth respect to the nedia 118. In a
preferred enbodi nent, the optical. path is configured such that the opti cal
path | engt WOM#H3%red al ong the optical axis. follow ng BUS¥FdAINg of the
optical path) fromthe source to the objective is substantially greater
than the di gtianbly résilem, sabm@obayBfid cThiedenal member@ 4@ mey inslwde alk er kit e nedi um
| n one enbog] pent; LipleleR-cluid BEQUY. 46 prdRaiiPligthls ¥ end@éh tleengt h to the
obj ecti ve-tgexgg%]émstﬁgégﬁﬁatcﬁ L1“:23r_lgtl_hQ:iLgs’'atprl eal_g%) lglg%ut 5. As l=:used her ei n
" obj ect i ve" omics heai 128 tA pambes afflexcitet materely ordeviennsambnitsehnPeIPBElses | i ght
onto the regqrfi Bk AYRE a HbskRE RERERAE 2 S FAGEmAbrid AR AB Hati®ld labhough thi's
is typically a conventtonal refractrve ens, it can al so include
reflective, thdirhdeanameKeptonBravadabisframphilcdu Por de Nemepurogd A ompan 43126
PCT/ US00/ 33%@&43@99@@%;@ ér{atqﬁﬁg]gre]gaéeﬁe; @fhéeyogxeﬁoﬁsa@a/openwrmowt e opti cal
e a

conmponent al ong opti ca efore the |light reaches the nedium

" obj ect i ve" elegtronigispraparients fqrmedser meunipd dlepreoa). dirpferaplyrmayeagntef thshsads i tens
whi ch may neig »tbiﬁmﬁ%é}ﬁctlt@ﬁk 2RRdL3h be%ma!a@%nthﬂmrsecﬁa@wh&iﬁia vbibecomedi um
pa

The opti cal ength fromthe objective to the data surface is a
function 5 &#4 e ofhsntlegtromperetie prorlectrprie fersefor mavdnethnksaf A AYa"2ir e of t he
lens, th diﬁ%&%}?&ﬁm(lhi. any) fromthe disk surface to the data surface and
the snallest safe spacing between the optical head and the disk surface
(the "working diEenaddepict anepisabbesd3dfinsramning tg enejem 8‘3&31‘ tedresgitoyi de an

optical path bandt b dé apddenbosites:, iotievelisent iMRsigbalya lédan about
2.5mm preferably greater than _about 4mm and_even Srrc}nvlrgﬁfﬁgﬁfnerabl greater

than about HoSwrAi4 QTFT OIRAEHHBYF RIERHE . Sofln B4R FOBIBIT1 TFHPOPYes
achi eving s %fhu;ﬂte‘mwe%ﬁné&n BDHRGIdEY By a Patitl, kaRgihhn Wlalee The v Sibtg a
| ow-profile device, preferabl Y such t qs% a reader/ vvr.i.t er .. devi ce can be
accommodat e&an bf fgrmpedohf purtes P RpterrISInglydpg 58k 85Sh PhTHTE 11888 ¥ Ran about
10. 5nm pr efyar@fihy chriseSornteddf 9hurkihd af mbteriAd) didfudpmica and ivetzd dpsamieed
enbodi nent, nedia 11@ r.ot at eé 2%2 about a ?q{i)l n %xi 1%vi%1cflb V\g’l.l: CBn 15 defi nes
what will b&mbedigeptiie fpcyonality of a quarighwae P cen by PIoXIEet Bh? “Bi%ini ng of t he
di sk 212  preawwkesqdaaer wadve ganen s iof opttibal bldeightfetsiamhakints 6 periscesilée)
circunferentjal positions on .t di sk 118, L,an i |r-ed radial
posi tions (ti5&8 Sﬁf&eg}lgma}“&?{ﬁﬂ%}"é@e‘ﬁﬁfpﬁﬁ?ﬁ ﬁ‘ge"s@}% gg 6’%%%%% #e}?i%ﬁ% gglﬁth a
di recti am hami 8ginas 1 fdi akled GMfenkintd5° mgeivathakrpict byvertpelsunfrge 225t he
optical arm 142 ut. subst anti al | r{i IS0l Prerab dshe
position at Wgc?ﬁ&%?@ia]ﬁ{ha@ 4Rt asbé:acrﬁ%?ﬁéglg{%\g&%%gfgﬁsok T8 ad‘?a?fenes an arc
222 ext endi ngrfidanalighicetcostewitie substantivgid rafladivalcostian gerhas auminudi gk 118. In
the depi ct edreﬁe%?%%hr”c?m@doa&n%s.phpevﬂeggcope 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 material,

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.



focusing, the entire optical head 128 is noved, as a unit, al ddgiuly HaKh
havi ng a vertical conponent 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 verti cal

di mensi on wero1agi@émMmodat i ng t he conponent depicted in Fi BCT/OSHBIN4 be
affected by the vertical profile or height 232 of the optical head 128, as
wel | as other dimneoslbIss is siupled agsHatee bpleci3A P32 3dat gdethgngwdimoutl 8 and t he
like. Fig 2 depi¢ts.an. eppodi nent in Wi ' conponent s
of the opt?’%s‘g'i‘?geé%lyfg’ée‘{r%?/%a OgETHREr ‘Ejfife?%de él}lcb\r%d%rﬁge tg%ﬁ%gy head noves
with (i s subséanta tkldypictsDemboginginy tteculpineunt33§ istriesitieonsdion s papted IRt |t s
al so possi bLe 4@@‘”21\” ‘c:ll?cuﬁnbodi ments in which, while conponents of the
optics head®P¥pt&F&f 46T ¥ i'hcl uding at | east the light source and the

obj ective) are rioelighvmbtes it odgin esipdeser diodeei2maynigdrvith lgpeeide thés head may
be novable with ect i f K i In the
enbodi nment 'rff?‘ﬁ‘l{%%?ig P%rgg%p | 8@{‘@% @fgé %glﬁgxglné’otg{)ﬂa%g%fﬁg arm 142
by a novabl eolinathd butifiliosys a-divetaing hohfigupgion swhssagialls Sprethelzyer sy (o 491 4

preferably resilient. . .leaf Pﬁ% &3t EIRE caftigutiRYn thocl ude al |
or part of ggje“f“lv%%nf)fv}e"cg??nr??ggpﬁcroﬁéﬁ%wl g{% %;i(tef cuit) ((:ievj ce e[%g., for
provi di ng s bemafosming opticd afermenidaderingpatly dor falbaer panBlly pirguprisie theflighy ex
circuit terjals,.or Vi & andBSrEXBAPA Beand Soiftinf| €X circuit
using a' ubﬁ#%t@l%%ggﬁ%%lﬁg&a&%%lagﬁ#ge mat erl al _g%ch at_sﬁ)tlhl:;tltIg sol d under 5
the trade nadjestieptfiontion. Ompratentid) kdvahiagmefR finite gopiygin (Pofat-REWBUr s and

Conmpany of Wl m - a én'%éﬁgﬁﬂﬁ R phAdes G RRIivd fedcB8n & I €gi ons
and/ or one (Wagrlrlgrggg&gﬁgc rl(%ln%\@ﬁcot#ponents ?or med o? nmount ed. t her eon).

Pref erabl y, eliminevendf thsfastigreative skt ariseSirof the lpses Jivevel CfWENZINge%2 can be

positively %?ﬂ} ,;%J Ar%% suBfitG Qsﬁémﬁsﬁﬁhm sEoH@IcRE0rChdr optid 45Ty mayt ther
el ectromagnéfic or electronic device for noving the head toward or away 10
from t helSar mivisle fFf epsrectBepstigapativn. Kis Aprpistile RPIPIISIR YA AT o one

enbodi ment of, tﬁe@ﬁ%’?{e%? BRGubrhHENNGIbeRveed e 15@ 20€ e Glif ek RGORBAR REMfor an
objective lens 312 Is positioned by a len%od'mu&[e 314 over aécgé ter wave

pl ate 316. |drcaerinsaroiar RIS RUPSE LD 8he Sq1oedmeAtiPrsehY SYRtiar oR} ter-wave

plate can be, iR AGHAYaB afeQhfidiehd t6 ALl patily cordet A @ngulnerrdre mstherount 15
can be formed of a nunber of nEter_ciwslls i{‘ncl ﬁdi ng steel, glass, or silicon.
The quarter mewsies @ndthus the Reaqudirestiopd 8T HE BT fifBer of materials, including
m ca andsguart z. g fhe 38HiRed SIHRARKHAR bie Sastiode incdidaemaitinpytasef diadequatheer wave

AR TN RN TR T LN TE R LR
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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The periscope 318 is substantially transparent, at |east at thkl dw20®Ength
of the laser light, 20 and defines a first angled (preferably 45 angle with
respect to vertical) surface 322 acting substantially as a mrror, as
descri bed nore thoroughly below. Preferably the 45 surface 322 will be
coated wi t WOPI4HR&t antial |y refl ective coating such as RGNV
reflective chrone coatings. The periscope 318, in the depicted enbodi nent,
also incl udes aﬂxsid&pleue«ﬂ orFigpdbath¢ atof onfabeard fopiuinirtedhe ramffepsea 324 al so
preferably 1idd Qh\ﬂ@i wihstantial ly
reflective " Zgr%%e g‘%sta %Bbfﬁggﬁégé&r?\%?r%r r |1ém)ylp§o 19% first
pol ari zat i omlamd;hmhb&;noamiq:-ahittwgt -‘F!J&hssm wariicpbcaviy, SW@WMW&#@Y second
pol ari zatio Bahdndma M‘i@%s% terial,
i ncl udi ng, @J E@re%” gﬂol é%ibgc?}%&g%#{ﬁ ﬁ?ﬁ{ Iaasngn Bel ow t he pe'jrz?scope 318
is an opsi cazhlchlcm hcrcoﬂfcggtqdwaposetioenfbﬁqtempbswﬁﬁhup agypical dgertiog d61% the term
-die” repre%%%}aﬁ %%89%&%%9& se o0 ¢ ﬁé}%ﬂhﬂ A0liarR§ of BEBDrARd ridikddnng t he
invention to-onry the depicted parallelepiped, parallelogramor other
shapes depi ot eithindvien ef astigrifitienOEU 326 is provided with | enses, gratings,
hol ograns, and/ o ! CRRDARERNS: Qb eI BE% foRfeddRees | bed nore
t hor oughl y bel (ks g0 0B 73?0"6‘5 G b m I B i Rt | JBU 5326 i s
coupl ed by srpaib(é*shcbd”@lamorS@? larggrsilicon tom othtlevafdy 7 hay(Fégu B). virtdhe waddge
preferaply i1 a0 PabQbatidh Ech@ SErabld nclRBG i pReaitfor e
thorougﬁp b% Edf P%Etﬁ% éeS?ect eg r n‘go cl rrélﬁlewr rg gub- rmﬁlgntplng% S
posi ti oned oﬁotherp}epmwomppmtstfommfm“%8fWﬂequé%Of:‘ih? griyetcircstry A2 | i ght
path has itg gr e 1L§é§§;6dmt&d A5 Blo@Eldrive, otb@&mtand o the
sub- nmount 3 %p‘P.aLQh@hler%I E‘g’ a |l aser rmﬁrfcl%%i I n one erggodl mﬁ/ the | aser
beam i s not assemtfxi PR, SHET PITOPERISITELI Y FRFIGRERT TR FSYY (8 FSH "Eltbst anti al | y
fromthe | a%%Etro%@éé%&cﬁhE fid, N wa@Py Babinka uhﬁrhspm‘alﬂt? stfxﬁh’oﬂﬁclﬁpffeglbﬁse conj ugat e
i magi ng system In this configuration the beamf g1 8 %)tICS are provided
pri nci pdbi y(W@Phwdlhe?ellﬁa‘ﬁﬁ'a?&Elr?ay‘“’}ﬂor’é{’:‘f“éﬂvﬁ%‘ii‘ﬁ@‘bteﬂ clp b‘ﬁ nB and/or fully

or partiall %‘ncﬁ%a @&I{l% 3%k bgimhy ?M@Wk%d@l’a@é/ﬂedmﬂggﬁs &&Bfmnl{boa nting
adj ust nent nctil on Ot enti a '

dvantgﬁ%g of a L{’ﬁqj tef c ate

(poi nt - t o- peiuslity piissH ﬂgieé?%qr@?ﬁ“tﬁ Y tuguep HEMAIG PHIR AP SB% Pfication
provi de? an \ﬁi;k]:f&tfé&rht‘é@mfrﬂﬁmtéh BR. Bhch s@hdeﬁbzﬂaﬂﬁ Gclmtai)xf a plh&g@sﬁmgﬂmmﬂos m t hat
arises fromthe |aser ul a ens te

suf fi ci ent ég{f‘f“@ﬁgﬁ%mgﬂ’h C’aF“;s)egllé‘ﬁ T’ré%cgjzg?gﬁ %‘F‘"ﬁ‘? %thcféefb %g be 15
advi sablg f ofi 6 GRIPoQGIded En B8 ta@iAT] Stk rekfiect 18 titd ebdtrprosshdrban sbes Posi t i on

: g_g:resag:j ? }‘Pg()ev:;ﬁe? %c!rogl%fngegthééaferstg agg%%fvgxf cct)nQ%[ grl“lspm &cuﬁ%ﬁang% fﬁ%@iﬁet he

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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circularizing or other optics purposes. In one enbodi ment | enskkiuby2@04m | ar
optics 352a, b along the optical path are configured to at |least partially
correct for angular errors in the nounting (and thus the beam direction)

of the laser diode. 20 In the depicted enbodi nent, the |laser diode is a

si de-em t t WO@IHH3er di ode and the horizontal |aser beank@Testeg0put by t he

| aser diode 612 is reflected to a vertical beamby a 45 surface 618

posi tioned wi th Thespeet dit or ¢itealsidnena(iRE”) 3BBK pRtetkickaisity b positionerly

i ncorporated as.a_surf odi ment, a
portion of t99&c PERTY %’q? @Ed%}grﬂqf%urp&?ﬁ’gct g%é% %% 3i4}cgpﬁ%‘v§g?nthe CEU
326) for pumpmls:esf mﬁemmpmfwmnﬂsemwﬂﬂg:mim dﬁsifﬁq@mﬁ@%rlné’éﬁ/\er output. In
one embodi Mept b AP alBS8 inefy. 3, O] 396 InchBS! urklii bPEAR! hapifioieer  the

pr esent i nvention ca acco e use o horter- wavel ength | asers,
such as bl uasadnglatrve astiss 354. (Ia oge gmifadiment Hiedpam ghapiag BYSSd2 B3Ee si ze and

| ncreased dat %dgfﬁ(welfow@ %nﬁ-& dﬂsmﬁﬁatl@'sﬂmﬁgmtme 6 Micd RekRkical

configurati i B as uSed with red-1ight Tasers ésuch as
confi gur at i tnsestrag fngfuﬁubsnaatlﬂdlmirwﬂﬁmg thedasee brmaeprieaipoRRnaisHEd ng

together, npy %«? dﬂ’r@'fera%[}ethg %ﬁtt&fa:ct RALetT ?R&d 65 Bbntdf ik O'I'é?ﬁl'ﬁﬁg ofthe th]é‘cti% as NMOre

optical - eI enen ates,” eac optical elenents,. "and/or
def i ni ng andesirpd, |e(galt0bai¥1|qe vﬂoﬁﬂﬁﬁlk%hﬁﬁi}célreﬁ%ené! the | ength through a gl ass

or othersoli dt her%g;ﬁ&cﬁba,b ﬁh%?%@@nsé&?@mﬂ%éﬁ%&w@%ﬂ% @&m?@ape or power

of Ienses or tics etc may b chan t o accommodat e
short - wavel &piggiams pmﬂlel' dlffmctrm opigs @%@hkev\@ spmesgbodinsats QB@GBWBB@PM As

depi cted in bl gy gljtgc ofitff dikSy &ém@%&ﬁﬁﬁesﬁac&mﬁﬂpr&ﬁmg BpréfiRath S@ppelir oM a

hori zont al beam to a vertical beam could be elimnated fromthe design
by provi di nghapes, Fensisrousshaphs. segmsated of ddessoRedt IeRYS: Fstiah \aecsaatfdht ikal

cavity, Surflég&eﬁﬁ‘réﬁabm ﬁ@@,ﬁe preeSEwhed Sibetwise f@stbleaﬁecﬁlﬂSQfﬂhE)ed in US.
Pat ent Application S. /315,398, supra) 5 Whl ch can be configured or

posi ti onléd tf@a‘é’ﬁmhI@Gb@ﬂ%‘iﬁ‘fﬁ%fldjffff‘%“’%ol?}@? i vayrlergt-ect i on 1614. VCSEL's are
al so useful becaygeoph 1§ﬂ?&eﬁﬁd@%ts@BthnﬁhlIyCﬂlzﬁﬁﬂdr&EdngMa:qfaraﬁlhﬁpxbaﬂIBSIoaKld
reduction or elimnation of astlg‘rlmatlsm 5 _hc{?é@ (g' n one
enbodi ment  tiereted GevEeR e subsigats & sp Berﬁcélsc fra R ddﬁde rtion of
a larger silig@Rider o;ﬁﬁt::h@fe}neﬁ@fwﬁ&on?pbﬂer(d?wgoseZ&nﬁg‘mahbh triteicwihefunctib® bei ng
fornmed, using typical waf abrjcation techni referably including a
plurality ofm‘BP?Fé‘P“é?aéé’Frd%%F Hbdr‘rfg‘gf‘féﬁ'i“go BFHS (r%ug ggﬂigusgr%tgsa"f some or all of
the drivey Cidnbdiitent nliaﬁlchﬂmmas&m 1h¢l@d@sﬁﬁﬁqaré|seme b;aselrsommvappncpl pre- anp,
| aser di ode drive hot o etect | at.e | wer or
control ci rc‘iﬂ‘?‘?erngl{gofs’r Hﬂ” ﬁgrsag 13r \/Sa e ags J%#%t{nés 182,

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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electronics and the like. A wafer 712 forned with a plurality BfJuby 200on
"chip" regions 15 (which will be separated, e.g., by sawing or slicing, as
descri bed bel ow) then has nmounted on it, e.g., using optically guided pick
and place technologies or the like, a plurality of |aser diodes and nounts
714a throuy@orams and a plurality of spacer bars with iRERIGEIEY mirrors
716a. b, c. Each spacer bar 716 contain a plurality of 45 myrror surfaces
(718a, 718bhe QRGCIt isalse ppssibiey Hf%@rfo’a’f%@"SFP&“%FHéoﬁ?sr%‘&m‘?fﬂv%f t he spacer

bar 20 716 @fogmﬂl%'g{'dnﬁg'@ﬂwﬁ Qefid® liﬁ'ﬁtftgfa dgté&or%duhteﬂ a6e€dtioh athkmBarthect r oni cs
thereon so as"to rovide for coupling glﬁg i{ﬁg g to | aser t%)\g?r control
or similar sobstretgil830y suchas ‘E’%"W%‘W%‘ém Lk“b‘fi’p PLthe RerisGoRtd & t he
out put bea Golb 5 Rbvidd fobvadd SRk SHEROTEMM ROthPTI@F 2 Phsin, sudNdsen t he
desired coggp%%oeﬂr?tgs a?ozﬁp‘gsmloned on the wafer 712, ng waf e i sI i ced or

sawed, §. g.etched prisgh aF HILTOR pRrfage. &¢ dirgohlisht poyparsis @ defgetor If2gmpunted o the b o o

812a, b C, 8lf@aR 1830 or ekewiige.Shown in Fig. 8, preferabl y, the saw l'i nes
8l12abc are positioned so that _each resul s left gnd ri ght

spacers 332, BBQmPé@?ﬂdfq‘%ﬁl?lén]mgr%ﬁ)[EUa 2?‘@““"’(“8‘??&8’8’?398‘? Y9596r ti ons of

sawed spac e(gs@@f ) 38061 Orhe lsé?v&-hﬁhcre%mbhi B906 a@0 b th@Hify Aiphtaaruetnyy fednethe ldisk F| g. 9,
each chi 12 has nount ed, th

gﬁ in a d&SI r ed conlf ggg %l on,
al i gnment, kB4P anslder digps the retyming Light 1G,0R¢ oFgnOF AFieHoTETaYSIRA* I é’?l?o\sfSZ 334,
preferafjy E&rzﬁﬂdfgmeﬁn@ﬂ&knag@gaxaﬁ,lﬁc@mgnhnem&@ermhuaplgﬁala(er@mumn@dt 0

accommpdat e various el ectronic nents rned as he wafer 712.
Al t hough a Tﬁﬁfﬁﬁl@Fo"é\‘lY?ﬁlaﬁéschs@ &’eag&f’@&@ °5g’ﬁ a&°§m HUccording to

the preseniiH.a¥gntiveRlement. QlGoGIHTogl 186adicts the SOREUIBOGronIthe uB@bsdrfese a | engt h
512 of about Strum

mensi on -d1 14 July
2004 WO o11%&26“1?@1‘-%83/‘%‘9G‘EQLP"FFI‘gi%%P‘?SE ]520%?“ ‘%% ﬁ%{%:"a ef ene 184% (" CE")
bl ock 326 wKsdbptisal bibch €802031 it hlengdsiblaoprevitihiemisdbnanpiintwhdB Gnofather spaced
t her ef rom by the cers an_hav [
confi gutat i %‘I‘?§Pt‘%l %B?f‘dfsr?éecg’ﬁf ‘E‘ﬂ‘gé%ﬁggl ﬁ%fm"ﬁ%{r?@#%%{k sg%hh il ng{)%]msnt
depi ct ed i nfdriveh ordnord hﬁse%&tﬁ@sﬁh@lnghmdesi the Jilteu licib aisy/pastiblsa@prowiapi ng opti cs
5 352 and seryv ti.cs I n_on ptics
352a, b ar eem‘fﬂ%%q%&éﬂlwgg o a5 o g(r)rgh eﬁ{r%létgmhog ‘;}Est %ﬁﬁhi{‘?ﬂhi‘?%@l ar to
those of) t ogG2csuci aijimgrpdsmmati on hetnﬁes of the prriscdpod 836y | Thy SGE lﬁﬁ@ PRl |y
circularizi Q?ﬁé’hgar{ap g%cgl TGt 0?8(’1{:?&%% erf;g o@ﬁlteltmbxhﬁz%@'ﬁged ihhe 1ike.

Preferably, re con ured t0 control the overfllllng of the
obj ecti ve aSOnjldmesomeldxatmagram demctbainahﬁc%) -ceesiastigmatiofpaup seheis-c BgrastYe ci ency.

é? a;rlhﬁ ggpz):’ CR 28 e ARG &l LPREMOhachidild FmdiBhg Afilday Be Qlcli CS,

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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hol ogranms or other diffractive optics and the like. In sonme eniddiynzitds,
optics may be fornmed in the optical die by etching techniques including
provi di ng approxi mate stepped shapes, continuous shapes, segnmented or

"tel escoped” lenses. Fresnel lenses, and the like. 1In general, refractive
optics ar VQPEEI6r ed, when ot herwi se feasible, because SFTURW3M4r ¢ ativel y
hi gher sensitivity of diffractive optics to wavel ength. The OEU is

pr ef er abl ytha raiidh siciangeatial dirgstigpa(expressed: a5 A Gercetags oF %‘F FentebPaBd) bl ock

| ocated bet IR, E&%ﬁ&&%r@m@rmm&uéamume@mﬂe&ms nepirtiegeiivdhe OEU is
provi ded Wit 31 lurality of optical_ elenments_or conpon . _whose

conf i gur at design nﬁearmlace 1ves Pr UPPEHERILSOR TinpiRiengBss: (1 ﬁﬁeaﬁwmﬁérﬂhﬁ’q"i“% nt in

di f f er ent éggécﬁHﬂ%&me EisB of B8 dolveriive @k @s fdporddlcmionel, mmmayrbewhu ch the
OCEU 1802 incC es a forward sense optic 1804, a servo%l?% %b%gt | enent

1806, béameetstapniig peyyideaselapey), highgepepunt pf {ight,op pefesaigs P hgs 1812,

pattern ref l E hnfe GOAT inNBSe 4844 1o“éaﬁﬂmﬁt@;fshﬁ§§:bgalem@tprequedkmémnd
al i gnnent s 1912, 1914 (Fig. icte %ﬁg the forward
sense opt i @%tnth%weé&hf"ﬁéﬁ F‘BFSH%W%@E y a¥oideg ‘[dﬁléﬂb"Ut goi ng | aser

l'ight back éﬁﬁl or Waf BPH@E gferdy, d@b&%%dﬂ:@&ahe@ngmens@unbegemn t he
silicon or Strate 830 The fungtlon of the det tor 3782%6 .0 pI’OVI de
an i ndi cathaoaber 88t sgesntiakdirepiigRapd/ornog ereatpr] 8“%9 S isirda

Ser Vo- Cjy Clfirkerfo (WRipe@idthe EShINR thakidfich Akesivy. | lnenpawsdsdiheaw élesinof the | aser
1832. Those of skill_ in the art wll nd rstand ow 10 u e 5| nals from

t he det ect dntersges W?f?fabléﬁ?%iﬁslﬁfaﬁﬁb% PREenpal 88 cl%a_nL e forward

sense el emyplSihdi@ Q494G A the RRlial Qirgstion. aInrﬂ@a‘llracbﬂlve nhmh&gsxam ﬂtaofghq an etched
surface-relief hol ogram shown,

i n e ur f f t he CEU
1802), wi taailpleliehhaptssy by Jhe Iy W&‘%’F'&é‘ﬁ ‘{}@nlgaéé?l}ene&% géc eng&%b ronme or
?I um ngm | dhaphtid it cbmospmsarlalce?]ﬁgmeﬁmasmmnntouﬁymgmbecam wecptdtis or )
orward sense optics er m or ot her
sur f acel®of depieed ﬁ’é‘F‘?sétXé%é’L}’ﬁ?B"%g att'lf‘?elerk?g% om“%tul? g‘ghe‘a%%g’%ﬁr%ﬁg 20914 July
2004 WO 01/ybaladhd¥elmldbitiigiatd 30Rel 30ERte ahdmdrphiaksphepodendiie to provi de
forward sense op cs 1804 a a whi ch

8“%%?8‘56 ﬁo mentortllg @S{h\é%u ?Fon o 5@ a& sathlloﬂ%e

defl ects Iight HBECed=at ™ a 1°6¢ an t
substrate L%Qpllsaahemsmbm 18¢)0 fopmiext @obpposite e facepl Séﬁrhﬂé%@f %Q@Udﬁo% he

periscope 1836 bb? ﬁognﬁ?v?‘cl bgg %%nt? lu'g\:v}ru ﬁ{iﬂ/ HedBud QENBH & pResRdPihk S 1804

in the for nitBPOF! prism or a mrror surface, to
direct bp ghoEUGstheaaadﬂtfelmmmrgomleamﬂ)&ﬁﬁt &ds alee pdseiblesqpreridat e 1830 or

el sewher e. nlfc;[éiﬁ}ger?% Qﬁjdcg%}?é orQhorE tefacth or &bt LidR0S B! FRchidpahdides a

servo-opti cB
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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("SOE") 1806. The servo-optic el enment 1806 acts to nodify |ight4 Judst2(404i ng
fromthe disk 1842 and/or direct the returning light to one or nore
detector arrays 1844 for the purpose 10 of generating useful tracking
signals, focus signals and/or data signals (e.g., as described nore

t hor oughl y Vseq14#26 The SOE 1806 may be a hol ogram or nmayP@EUHRBW4ed or
etched refractive elenent. Althoug 18 depicts the SOE 1806 on the
upper sur f adaothdrguB:tiof thetpan QEUh!Lf-’SG}'QbY ‘ih?ffaFfs"ea)lr shrapiys SPYTsdn th opsIngi on t he
SCE on the Bott éléfnfré%ﬁgn J348: difde ak%zﬂi%' Qfdke fhk SrtacdsHoLgenkiaily S al so

possi ble to provide enbodinments in which nore than 15 one optic elenent IS

used for nodsphsriongprid FhgmatisnERaYibe designsein ReansplRatahidh inyPsH for two
or nore |en erg{uggegmﬁasllggrggaéns and the Ilke It is also possi bI eto
provi de enbodinents in which one or nore SCE el enents are positioned ot her

t han on the CEU Inpgne embesimensss PHEPHPT sg&ices %#@@%ﬁl@zéﬁwﬂé"ée of the

periscope 1%&? IJ&? s%sl&%né&yeléze) ark &rateax:aﬁmhabsoﬁ;mwwﬁd ig@ or toric
| ens, e.g., t pe conmonly used in 20 conj unction,w quadr ant

detector i npﬁﬁﬁ@lﬂé@né@l‘ﬂéb@'ﬁﬁb sugfageg 4848 (g sid %FP%@F%? el ements can

be fabri cat gd, Q¥iRleMinPcanibe @5:litH BontdPHB | 1th Bouranloligitvgmande sgieabe coat ed
or uncoated. The beam shaping optjics 180 1810 ))/ be refract.i ve and/ or
3]

diffractive he@oﬁ‘ﬁ&h@ﬁi%‘”ﬁ{‘% ?ftq"ﬁmt"ﬂé“‘ﬁgﬂlpsf)f’mf"r’i‘é‘t ARy wedR g, to

nmodi fy tifpe aﬂ&%ﬁp sérPackl m&m?rm;@ \Qf'ylﬁghl@ﬂécﬁﬁﬂés (xRAding@hgsubstapelsnb; cal ly to
achi eve a desired beamtgr of i

2 of th bj.ect |
1854. The r eheiacporidhs PEYAERer5iistIne 1§?9é¢“§1 |aﬁ$§ﬂ§’|?1f"§ma§4§f ﬁ%ﬂll?}/eet h:nfaser

beam as it r1§§-€d?&ﬁaﬁ’6ﬁn%h@@Ilghteeabﬁﬁ§oﬁtﬁ5l4lete%fshSWSmxtauil@g ¢fmesisze and
shape of the objective |lens 1854 affects .the_shape of the.focused spot at

the di sk 1856%“315 AR RRES F¥8 aabchrlfef*faah%%f&cve S SARPRER g af f ect s

the amount afpddnan atucz,-uifioamhxamﬁkcaer deagﬁerda@hcrﬁﬁtmageaifldemmegmtarae | aser
source 1832 is aser. di ode, beam

|
CoLt ol 1B e W aeamir G rCTRE Cafth o SRieERprsrn cat e BREE poam
The beam agr é;ﬁpuﬁ@aahe@attohpcamtmmﬁmwEkdipmsbgﬁaruemddlhghm lgae el |iptical

axi s substantially tanetlal di s and, L xSl T ptical
axis substarﬂpf’ﬁlflwlarcgra? P g Oﬁé leowtrﬁtge(?f?meg temlr";‘ln Eﬁgﬁdﬁ é/png e | aser

i ght at theuwianiedsibmisence of the objective lens 1854 in -13 14 July 2004
WO 01/ 43126 PCT/ SOO/ 33 4a[ttnrellﬁic6rggel%edgsnagato?orpéﬁg%bﬁllwgl%é‘h%ysﬂgﬁlé)@lxpr essed

as a percentage intensity) are erred as the rim
i ntensi t2@s ém hidhe,s@sdbmmtaueoﬂsuchmsmamtanmm qsitider. Védesiteds lsgiﬁ ﬂhﬁ?yptmeace | ower
or upper i mlﬁt 2 oAny l‘gel I {Eﬁ%&'a&'a&ﬁnorl Pco%fmd s%@i?&sa% MeSo  and
especially i Y¥HE e |'ow power drive or ortabl e devi ces,

t here may befugther 1mprove performance In some embodlments the absorptwe coatmg may be a
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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5 constraint to provide a relatively high anount of |ight or perlngn2@ige of
| ight reaching the disk fromthe laser. In these cases, lower rim
intensities are generally preferred since this is indicative that
overfilling the lens is being substantially avoided, thus avoiding the
spilling owoxagstizeg of |ight energy. In one enbodi nent thervsomiond ensity is
not greater than about 80% in the tangential direction and/or not greater
t han about 40% imsdnteent@tingntslOridefieetdd @ntu(gsafépm‘mbdton stib@edcsmttadenl oOr

maxi mum i nt ensi t | ntens is ref erably not

| ess than a‘?fé’ﬁ'ttmé%%}gregf?ﬁet uc%neggawn%wﬁg% FOR “or e)hég ZTJ t han about
15% i n t he desedioad andior EBG‘EdLEIn thelamutuhef teflegtive bfss bﬁnpncal ;rowmmmelsystm Inal | of
the available |i ed by .the |lens.. Accordinal east one
enbod ment pE BRIt ENE ARG Y et St g AL Wt bl S s Pt 1 1
nmodi fyi ng t\igh dﬁbamuﬂfncaoﬁl‘thesametrtfmcﬁ& iokdesi Ireghch cdsesn i thy aliserce of dvgir ) profil e

at the lens a f
beam shapi nﬁ&? e“ﬁ%%oa IPL%OQBI%i%%lBIQar 8‘“%%‘?&%%"%5@8 For%g?{géle tppq%a@ﬁg aEs_ Al t hough
i n the enbodiimerfaceatfldeispboit &, petch obtht gg!utrﬂg rbamfumRﬁﬂcep)aB@e:sset\mcwgh t wo

optic el emept - far L f 4348 of the CEU
1802, it i@?%&@gﬁfﬁ?@%ﬁgﬁgﬁ& n%8§%§%6q8%1 \ﬁﬂggﬁnonﬁy one optic

el enent i s pisiniees)érpresent, bich 20flleE With 83 2and mnwimgedrafi¢rtions eaheccout goi ng beam
1858. It,is | | Qr nore

r ef ractlﬁ{\}/e %n?esgg‘}t?%ggétu%goé P&Q%ﬂgﬂ? H“B%f ectl r?§e[hﬁomobﬁ%ég?%g beam are
posi ti oned nhswmgllpehaoscﬁgélemﬁﬁopeshﬁéh(%, inp peraented\oe pdbesivé-Borded egi on  1862.
an upper su [ t edol [ 0 be in
the pach orpRgBRsorlelafibtul Sl aTs6ERAR! PR iRt WLAHIED (21 5o

i n the ret uensirhiéa propess k) proGdaredionnwkieh oe re@@ﬁSffchi@@m%spmeaF'g&cqt HB4bhe

return- beamheéér&}mg%ga&g% A K:Snbeg%da é’r}als@aﬁﬂ?%&a&:E}m-:tehé‘cugfflw&uﬁ’és the

out goi ng beam can form usefu or vital) functions other than (or
i n addi t$ oninasy embaiment] singe erteulti-layer thip dilgs, ppualy oBedigetrie apicnd subt i cal

el enents cap honeRPHLGRE, 4p911€cﬂ55x%9&e&mruua@é£§bp%lmedu& R SRS .
errors arising fromoff-axi'sS nountin | aser diode 1832 and the

like). It |glu%zp%om@glsfp%www"ﬁrrwwgn 'a%veleegé@mb%ﬁlaa{an% Thererdekillon of

poi Nti NG er [GhSarb¥illlunddtSthd Ed@to@éleét@ﬁ@épﬁ%nﬁhﬁle@é b8kasafert angent i al
and/or radial directions. This approach is faci litated when the beam

shaper opti E%dcﬁ%‘é‘“%g‘ﬁpﬁeé?m dSHIRRE- i n both directions (tangential and

radi al I) lzo I In genqg @(Il:)me édﬁ&dixﬂéi%;&fss&mtﬁél@%ﬂ:gﬂgg thadjBls folifﬁs@fomﬂ;lﬁ tohe | east
partially linmte t he wave-fron or s in posi tion
error (whi Cﬁpb&@é%%{dﬁggscpﬂ%m@ P i“? ﬁ‘éa’a]tgl%' ﬁrgpﬁq"éqfdaﬂbs “%8\‘{”%? “Uhd servo
signal s). - #g alighmbut MarEQWHzy\QIQHe%&k&ﬁldRﬁa';iew&D&/ea&Q&koﬁmﬁmMr function that

can be achieved by diffractiye O onehs A%hLYGe ORLIGS 14 &N6:iRNLqei g

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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beam path is correction of |aser diode astigmatism Since the Kuhlya2#d are
generally aspheric, sone astigmati sm my be designed-in to cancel that
which is typically inherent in |laser sources such as |aser diodes. 5 In
sonme enbodi nents, portions of surfaces of the CEU 1802 (or ot her
conponentsnmﬁunﬂzas t he periscope 1836) are coated w th peredhsesod i ve
coating 1812 patterned on the top 1846 or bottom surfaces 1848 (or on the

si de or S PEEED of gleADG ApRdal MBreSA R BORUE kb&il aebridd @dkeal the path
of unwant eg@%ﬁ)ta&w to |gn th ebo atlczfl aly g:‘ipt ;?c Efl%l a er and detectors in

rel ativel y lepoaunbsy plingividyal P%‘ﬁ%l egch Pt B%’ég cﬁ‘r‘B‘?(l 'sur f aces

that may haygn ¥onwh @ skglidop il ofithd 1&&\'1(1!15{] @hrtichinige WiTer rﬁ&#l&tp’r@d‘eﬁied-830
surfaces of the OEU 1802, peri scq 1836, |ens "}‘324 and gb‘@! nount and the

li ke, ther é‘m‘#@m‘é’“ﬁl&t("é?heiié’l"atf’%f’wd ‘r‘?ﬁé‘ﬂb}"lcﬁﬁt‘“ P et det ector s

1844, 1828 chifdie Qﬁfd@cﬁlﬁpfé&nmghﬁlﬁi}:heﬁopﬁf:alEﬁﬁlleﬁthl$8(14yl:&)3 melnsae)oaaf ocus or
urfaces which are

t racki ng offset) ne tla

not desi gnedngied! ?férlﬁp% “Hﬁé@&@gg’ﬁﬁaé}%“s‘?rrs aF e@ ‘q"é’? é’XChltg lé“dvev\n th a
absor ptive doGifiokifd bfahid dptiRal c6@pdretg on h8 bRKI1 i arappiefidedandppdvidzal

ray-traci ng (or E"})I rical obse{nﬁﬁtlon) canﬁg term‘gﬁ llkexlt#{g@aths of
undesi red |'Wigrt hightrereseaPEcisight SIRPERPIe e OIE oot RE (or | ow
reflect ?ncahdlﬂ%ﬁﬁbbﬁ’dal daﬁér@mﬂngaevﬁaeﬁammn (wnmwrﬂﬂ afiegpeabise A Inurrber (2)1;)
materi al s can he use n tive co ayer

of a hithi WI%QHF’H@WC“@{'E’?F’B?‘ @ e‘&%“ﬁ'é&‘r‘?ﬁﬁ%] g?""&ﬁ ’inalélgh Og?‘fal desi red,
such absorﬁéﬂ@wdn&yﬁcﬂeﬂﬁabomlmﬂmdﬁﬂﬁd w th an ad](c:h ti onal coating such as
an anti-reflectiyv ati rt r or n some

embodi nent s, th@r‘g‘b‘%@ %&%?F ‘ﬁﬁtﬁgg% %lrp??‘ﬁ‘f{erg’lpg 5?1 onald]

absor bﬁ{g / gracryi{l[eeﬁd e likg) v@ﬁt@:c;pumﬁbmmdumdramin précb:;ﬁﬁetzioemomﬂrtor:ol ayers). A I n25
sone enbodi nen me ot her. .commonent s)...nay be
provi ded wi ‘lsﬁmﬁji’f t@?‘ﬁé?ﬂpwg ecﬁhfl%/%th%rgésqéwglgllgf%se Thesé ‘r'f%{/mﬁm 111‘(53$I ti oned
and cond i gionanbetaurp eud watenabsomgion ferstst chehm:ral atackhod eandfajpaetcttemhed

absorptive coat I%‘%ﬁﬁ d cf" anrﬁ?erﬁ%%\{e%ﬁmﬁeg%‘%vhgggolgeggfgg}| LFoatings may be

used to def F&EF™ erw se on detectors. In
addi tion, reﬁ&cﬂsﬁanﬂ@«!ﬁﬂﬂ%@gsmd etheissideape | 83 edtypndidhastve. Plleﬁﬂ'ﬁbl)’e owar ds a

det ect or - SUGH A8th 3¢ I fubASEsbliod Bonl:0MURhLL SEARE | AR drtc B 188G e | ect i ve

coatings can be Froma nunb aving appropriate
refl ect anceora:mdmcﬂmxam@h or praats & H1Zn! 0diferried therpjm e golbymthtﬁq’fég%‘rkecoat i ngs of

metals 95 MRigby, %L£9Jénb%ﬁ§nﬂnf§y@idt&mn@la@athgpé£hm%athmom gdor omi um and the

i ke or Ingle or er dielectric coatings. Oher materials for
use as ref | misrometersokatons tpshniguel afisethe yppsesustaen BBy Ripr6d & Bedsiisd | in the art

after under ﬁhﬂglgllltr}gd biGidR8REMR thdlet ASMESoT thelptiskfor pbistoped@46, 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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WO 01/ 43126 PCT/ US00/ 33014 In sone enbodi nents, anti-reflecti ot a2ddHgs
are provided on selected surfaces or portions thereof, e.g., to reduce
reflections which may cause unwanted signals on detectors and/or to reduce
t he amount of reflective | oss of optical power in the system In general,
anti-refl| e®aa183@6at i ngs may be used on surfaces which aPEI/B9/330#4 opti cal
contact 5 with other surfaces of the sane refractive index. In such cases,
in the absesmbeswpit 18 involvesmenitorieghagaersvgsol lighigrassmitted ihongh oneqre

reflection |gggfm Qéan‘?gh@ﬁm%@pncgfi’ﬁa,%hh/ﬁr@r@b@ﬁ&35&b§thb8§tﬁ:léfcﬁ£$26ﬁ§f|eCtS
about 4 percent of th at normal incidence %dw&a case where the

OEU 1802 i smkﬁ%@ﬁpﬁﬁﬁpnﬁﬁ)nﬁé@"’%’ the aptiral dig hie mews TR Wsi cal Iy of a

few m cronglersisa 534155%%1 kn¥¥h &Bh:h@ei kdch edsoWet Rfigw! By akiflg unvvant ed
reflections 'can occur 10 unless anti-ref] ection coatlng Cgi% lied. In
tf %fh"

t he caseSwhatogedufsdn Bﬁtqléh%l’éi‘é’ﬂ digapposjtionedipledightis byipa o ¥t he

periscope 1%3%%@11@1{ soukdd), eBARIRIiREh B¢ p@ﬁi&ﬁ%ﬁd/&'f&ﬁ@deﬁhert‘cﬁﬂﬁdtgisﬁ@tdfonS) sone
or all of the tics 1804 1806 1810 Hg/be f or

an etchin

simlar pr oé@é@ tigussd & Fede pEgAldirePosiioR %ﬂ”@n?eé‘g@g"é hm %{Ypper
surface 184Quomhtdisshidneaich Rdbyaldingldete@dPlighfrotiefiied sebfo orebmitfol sibml fan be used
as anti-reflection coatings., 15 In one fg‘gbodj gent, Si ggsl e or. multi-layer
thin fil ns, tfl??ﬂ%"l”?nﬁﬁq“&’nﬁf“éltEf'clquF'EmﬁﬁP opticd) g fan atleaShBAHA i £ | uori de,
appl i ed g RERGALAS ok Dafbul MbekneRS El&he Mishibn bEHeIREer it otitb HEtA Bdvirae).| ¥
elimnate optical _refl ections over . éil%ﬁ’ﬁl fic wavel e ‘gt h ‘aﬁ‘%an ul ar range.

& %

Those of skill iti #5e@ossile (Quss aach B RSt AYS (%) BHE

anti -ref | ectids@o gaak @ﬁﬁno@a‘nt ﬁl&cdﬂf&dﬁ&ﬁin’grﬁbnﬁgl&lhﬁ apremﬁﬂhalw emipasauee 20 I'n
sone enbodi nents, to as in o or asgerrbly to
ﬁ'ﬁﬁ%at

the subst r ARTANASFUFSSIY V& PP %t‘he?ljrﬁsl"kép‘i%?g'ghﬁsﬁﬁrﬁ AP SPSH Ged. I n
some embodi m&m\stodédw(smssgnmmemamnagﬂ&mewmlanees ;s]smenledamdlﬁsdfdaped to

OuST 20 & SHLIE b B ESRON B0 BBl PR O IETa PO Rk ol 25 L1

acl 18 precise such as
| ocati on t o wWinphe@ivt slignment I it KmibirmehG B oTiEdres ms@mn@&chessobmtrnunber of
materi al s and rocedu es.qC r n one
enbodi nment , Q‘fﬁe QdT“fr&% etﬂe?ﬁfffl Erso m;t?‘ : Optﬂgltdtlﬂfkf 38%5%#0%9%&8%5’%2 u+ i nes or
targets wh|tﬁ&1refm;yedbghn‘fonmnecuesﬁmd|qnglosﬂsyﬁfqiatttrhembtrmw fHtbe ol i t hogr aphi c
Steps 0 the, tabrl £aL) 0 uPhoc biFer ol AREY WM AbvREHE i @bRANG W th

ot her conporf SUC orward sense ement he "servo- opti cal
el ement . 20T healcﬁtknleSOHIrﬁBﬁSIU@fQIrﬂlotlh@lmg)‘be wiipftedchsap oy giawl@é)i“@ﬂmnéﬁ Bot t om

surface. |n sonp, ce?gﬁelgi %Eamosthe ﬁ)ldglﬁg@r[% é)ﬁé (ltheachhcé?Enﬁ)h@xcg&alhE@l itgonmponent s

of the OEU areé patter ography and/'or etching in glass (or
ot her opti caeliemat esaful ih at leagowemngbommee@ﬁp ﬁ?ﬁ@f?ﬁfﬁem qoRfigurgtipniodt y of coati ng

steps. ; Suc h ;ﬂx Tﬁ&:%&&) @vﬁﬁ{x Es%’@l'aﬁﬁell)l MsenSithd t@brla@cuﬁ'&fes Bf &Féﬁﬁﬂéo@ﬁexﬁtin thwaf er
scale” i.e. Borelativel e (€ 1% 3 inch i nch
longitudinal dlrection In that way, the active ahgnmcnt techmque 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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-16 14 July 2004 WD 01/ 43126 PCT/ US00/ 33014 di aneter) wafer ofldgluisz0idr
optical material may be lithographically patterned to define a |arge
nunber of individual parts, each part being on the "chip" scale (such as
around Immto 5mm or smaller). Al of the individual parts on the wafer
may be proWedHed26 si nul t aneously (etched, coated, etc.) RCETAEHHIHo | ow cost
i ndi vi dual pans. Further cost 5 reduction i s provided by faormng nultiple
optical el Gisesthe gpral iegdeBy nrgyding IM@)Veldh“eéPcné‘i"ﬁ@T@‘B%’Bﬁ&as%ﬁ%rusi ng
photol it ho&rsaghin% aRlopidalThdadto doRictY QoS (adiabsdntally $iR) Alinfiichty

positioning of the optical conponents on_ the E)lock 2. are. predefined and
provi ded étwhenconipgPentfe e awembly gt e prsirgdrive; L1 2 {SFmapifies sinpg cqtigal s nssipl e to

‘avoid the ¢pst,of haglal'r&ﬂgﬁ&n peifsHnéd By a8§Rinb B Rl optitil hénddhd iehgivelgvi ce
fabrication I ch can [

ni : e an expensive 10 procedure, rtjcularly for
smal | - s6al éesgeriticales @%Oﬁ?ﬂb%W‘t?é‘ﬁofmeﬁ‘bgﬁﬁ afr[“;l142 ‘%‘tpﬁ? afh vedot&hent s on
the scale %-}aM%m%ﬁ@?uﬁ%@r%emﬁfy@ﬂ@[ﬁb{:l&‘tivbl}ﬂoﬁbth?G is formed of a glass
or plastic (e.g., polycarbagnate, acrésl_l C g{éd %}he aléjék:ﬁ% with the optics
formed therein FieRsFses ? o8 mERErd F-8nUSIDF 06 GOV I ¢ & Ss is
preferred, e naiwiss® phafsi tl Feriskops atise 302 ir the desired passioy withsensi tive 15
to tenperature and water absorption gor gt her ?heﬁi gﬁ}l att.acak) and can be,
joined to G@Sheq{mté%)ﬁ?}%’ém}%eaﬂéﬁwg‘glﬂp o238 PR IFE e SHR Pfues such as
sol der jgef hgWbont diRtBon S580 0] siBintiallyheraDElUo 1B aisarfaciofite disk 36he per i scope
1836 by an adhesive. Preferably,. one or. both of the | r rfaces
such as thérhelﬁﬁ)]éﬂz%‘a?’f’%bsi’%‘ﬁéi{%’ls”f‘%& dcé%ﬁegg'@?‘{’ﬂ%& s(‘)l{r’%‘%ngl?ﬁ’ﬁ%?%éghannel s or
moat s 2102, dLQéridcapd BEok BEY @t NubRar@ially hybaawdsumgieorithttbspedtike 20 (Fi g.
21). In one enbodi pent. the wdth and depth.of each no ' t 100
ni cr omet er svertca ﬁ?é“fye?ﬁfﬁ‘i"tfgn y agpatigp Coﬁtb’i’gélp Elgeudr fcsg}fir’lg}ég?gsypl aced in
the desiredyodklor gePefidcof Bl 8 pasiritipwitadi acent sutfhe haine wibastdaseobd the prism
or periscope 1836 adhesi ve J S| : 106, 2108
e Y L PTEE)
The noats 24Q2he PO I Rcebswatidlyycfextesstidbspaciie tieelaaratiiop pilpentight he

adhesive fromflow ng i rdly subst ant i nNge & Jasakions of the
moat s 2102,332‘1”6‘21"‘36&tﬂ%}éﬁ%h@%‘ip\‘/’%@ﬁ‘hg v E%F‘fﬂ‘?yﬁ‘oa%s 2102, 2104, coul d
pot ent i al | yhgvhtoatlk@recontrbhpolanieatios s pejarizgti@ ksameplieers ipphis eshion.| n one
enbodi ment, the optical g LS 1! athh 4 B8id8SupRstd apasiaRtie. posi tion
with the aid of Y YRte r%ﬁ??ﬁg‘ﬁ\eg‘gg’?’%{&%e b A i~ L he
| aser diodetomard3ehecih3é21366). (The btar terysts tpenebthemgrieroyrve slatecilP & try pri or
to nounting of the i i 1AWt Ge SharleERveRUBhFD WRllend36 can- be
provi ded wi {bns téh\/{ﬁ‘?g%%foﬁ}?{::tf‘grlleﬁsggﬁ%l ovi dle t?\g | aser Erh .

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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light output fromthe |aser diode 612 and, optionally, to detekctiuky2idl s at
a photo-diode or simlar detector array (including those on the subnount
1830). In one enbodi nent, positioning equipnent for placing and nounting
the optical die with respect to the -17 14 July 2004 WO 01/ 43126

PCT/ US00/ 3wom/43eadnount 1$30 i nvol ves nonitoring char act R¢HE30p8HIbf | i ght

transmtted through one or both of the beam shaping o |cs 352a b and/ or
servo opti cléBicasnd the PBBcpatiae 38t i copfegured to ﬁ%ﬁ%ﬂbﬁmaﬁbé | o6t

Preferably, 115 Bhss HirSugB 46 PES d9al @ﬂc\ﬂﬁtinheﬁeﬁﬁ@ﬁ?ﬁoﬁrﬂvérﬂe spacers
332, 334 usF%‘tL?edq%P t% A egg hni ques sﬁgch as SOl%%h reflow. By using a 5

procedure |ﬂmmﬂhti,‘lhsm'ﬂeﬂwﬁ%ﬁf‘aﬂndéﬂ@el’g"‘?)gﬁ?"ﬂréﬁ"@ﬁ ile light is being

emtted fromt h%hnﬂé&?ofrﬁﬁ}& oPEREIdelebBhirray @bt K:B)sed inBlddihp qiddi=ah t he position
and/ or focus or er characteristics of the lig gui de

opti cal - 8i edqusirs, ibdrtesiors arfip Henend e HPe PRBTYP qpﬂcsg%wgg%ﬁfeptg% y automatic
fashion, sug f}%gﬁ,n&){%t thd J6t ReESHbdinDREd, tagw@lﬂiel URBerRoSEhMBosRlof ANt I Ol

si gnal for pos gl ui pnent the positioning of the optical die
can at | easin thaart ifter hndes@n Berglélﬁsﬁ'é‘%ré dsglpsufar i ous i naccuracies in the

ggs :alet Io\r/‘eo‘;l |t gﬁ r;%g;tﬁae{nétfgﬁﬁne% *&Fcrsuﬁéu%tl g’la?(ﬁid rpEcﬁ)ded with gma:ai sseblnggzcr& ;fngehg Iopu;sﬁ
conponent pFAbeptat detattory fﬁ’gl ’f?éé? (Fé%ttznzbf‘i’f g%tefﬂa% "elﬂé%{g‘{n %ﬁ?"t’ PPy conpensate
fsgLr 22? qg\/lu{ ﬁx%k’%& 'f@cugllﬂg t{aallﬁé Andfor BRS kichA) 1QkheldBGckas@bodi@ént@adler | i ght

res ec phot odector(s) 356, _.1n after
the opti cal dqtﬁcéorlas‘ap@ﬁ“ﬂqsé‘fﬁéﬂpaéﬁb‘lﬁ"ii R@ﬂueﬁ @eﬁt?féz?dér%zggt?&ig%%gtgﬁ%r eferably
with the Ob}ﬁ%t o aaéaﬁﬁgdwtﬁ@&ﬁ@c&ﬂc&rbﬁmﬁ&;hdv&gmse peirORE Bar-diapedg acti ve
al i gnment n one enbodinent, a mr IS oned.near .th ob (;ctlve

9
(e.g.. to nidetegors fethe @@I‘?"&E%‘Sf‘?%ﬁ*iet%‘?ubﬁf q%‘&@"d‘?%ﬁ“‘ﬁr’i‘&lmﬁﬁ I scope
bl ock i s MOVEg dotitiba of tﬁé'&a.ﬁﬁﬁhﬁﬁgi@ﬂhﬂall gllPécu&DI:nB Thid eshselht dfereﬂk osest-fit
pattern with res‘;;ect to the _photodet ect? &% % fI etas %ngneanOdl ment ,
it is bdSi evdetivelyhishgoglergcs AWmgdRiTicat e o P%‘E‘I‘(en ST T8 e for
posi ti oni ng hbenting bt 186 [ae4 1850 ELN 882 aticiopd laiﬁlamﬂmnlem 1654)enh1ca1 reghits ect i on
perpendlcular to the I ongitudin C ordingly, it
is  bel i evedn FEEFRFDt OTjms W%Q?&g{)‘%‘lﬁg 8%35’?(&“ ?Déem ors) : {‘néc?tég&t ype or
confi gurati qghggfldm@hﬂ&dﬁdmﬁot mn(pabed\nmmke m:saltge:lnatts uhetlcyusemmnmcrtt ove to

| naccur aci es of, beam nent .in the n that way,
the active dMsisABeRt té‘ﬁ‘r‘l S&ﬂgalc%rﬁp?f’gmdrs‘g rgll@g&%hé& Hegg&l%l °bﬂé’r| scope

bl ock soy@s 1baritadinaliditectioh 22 19).cRél@shg m@wnamwtmeme&naple@ﬁémt in the

| ateral diregtion, where the ot pd st sensitive to
i naccur aci esa?‘gmﬂi?“tt RBERHT £ 8 “qu %v.%féé)faﬁééau&{@osiggnf i gurations, to position

the optical die Pafidiig mo{dateposscmmm% 202 perhiss thepapefimaliffaentialich as t he
periscope Sltﬁa’tectlon approacgl. %&er&&%l 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 fali on regions of the
first and second detectors 2201, 2202 (Fig. 22) respectively, defining first and second
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like), in another enbodinent, it is also possible to separat el Jauks2idl e
sone or all of the 30 periscope 318 quarter wave plate 316, and/or |ens
312 and the like to the optical die 326 prior to nounting the optical die
326 with respect to the spacers 332, 334. Regardless of the order in which
t he vari ouwoeommenents are aligned and nounted. enbodi memtsuselsde present
I nvention are believed to provide substantial benefits arising from

enpl oyi Ny NBkAkts SEME Beaas 22032504 herhoni. Quelsrabinahofirsnandiseqne béaag 8802, st acki ng)

assenbly techni ques_to - 2004 Ql/ 14
fabricate t??é’45‘qY“‘|cﬁg‘freﬂ8§tb"a}é§7mgF§mC PG SV Ee Ad%} gt?gﬂ*ﬁ@gg{n@l&ge and
practical ?Eﬁvlmnbm It 1a§®e|mstblto ncgmﬁgm-ed[fferanahl dpacall systermotithaleefoeal desi red (and
subst anti al

of the
entire dri véo ‘fi?ta %féf?'PSIS?‘fogg ea”fsﬁesge c‘?" ? Prégﬁ?p%@%{gﬁeﬁﬁgﬁg d §§&§ﬂ" gady been
per f or negl dmmnm ths smbdaliniern bf Fige2ohdwaver, bchb&etalamdlts 230613308 hrg oB thees s

critical “or I ARt ehol phant) A9elonoGbat Sadiedd LN ALz can e

achi eved, e3P nanu asse relatively
| ow cost. The ﬁmm«:sseapﬂ bdrfs 23821230 iy bychaging thegkapgetve fatekpoitf 139%, adhesi ve

o S ar 2BRSERR Nl SEIBLAURR o SRERAYAIEL, 116 P0] SORORH £01322 [ 1

t he desired espec e optical ha pl ng optlcs
352ab so asplfie 2 bete deth&orbeanudmgdlfmnhfwalmnmm@l?43@%011 thnfigsed | . e.

pol ar | 23P; oRteBBEAEsF1P S5 S P FRl LB S, ‘ﬁ‘?ﬁéﬁ“m‘ of

substant I al keasqmar al I el to the periscope mrror 322 (i.e. substantially at

about a 45 angl ey L b, (ERREEL, s U SAGAIPESY e TN difhe J B By 2 coat i ng

(PBS coating) placed on a Surface o of the periscope 318
pref erabl y @aRa2is bbreinediat wehbinimg vgrels i aagh ofi thige paralipl pagcsbansd dgect® end bl ock
364 of the per| sc | ﬁcjﬂg 263 aRRdok hBnsuch a
fashion tha®The %%%g,f]tﬁ? ?""T‘%g“{%@é%%ﬁ%uzz i? [ 'ective V\/lotcﬁggrtesrjt;ect to the
pol ari zaitSi ormbédiingsses fopisepivor sigral for thgdirgt ge's ’aietqcmmﬁstemedr FESY™1s -

pol ari zati ofy)yged Q?éd%nﬁ?&méiﬁh hkgatilh &h@veé’s&bfﬁ%kxknﬂaﬂ&ﬁw@m&owgfo@s sel ect or

control polarlzatlon or polarization beamsplitters in this fashion.

Accor di ngl y of thadirfoRay: &¢-| Acid ! erbA) 2dd it dhesignal Bom decrrizgy 156198 Swar d

direction (ixg E)%Qeslé,e%%%ﬁ%lcﬁl 2 FHS 5K A362, 43,536) Smey,beaﬂa doitaNilent, & hr ough
the quarter wave I at e an t hence throu ?Fge%ectlve | ens 312

aligned wit rfoquhen@fwa&nﬁ'efpr%%PW%‘%%qzﬁé" ‘é‘ﬁ‘é’“’s t 314. The objective

lens 3124 s gRPLIMUIBH: BY. Has bwrkh Bk, i thiE Qashide, eta&]ﬁofdl&smvb&“ﬁsstgﬁztls si ze
(focus) W|th respect to the read/wite. surface o tI é ggerablyflrst
arigrah B

surface) di skom thgdwo datecirs 3090 gt 04 SHEIABG o 187 S8 °zfé§e B devi ces can
be used in apgprdadncRickMiginge 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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enbodi nents of the present invention, in the depicted device, halhzight
514 fromthe printed circuit board 338 to the lens 314 is about 2.9nm 1In
one enbodi nent, the distance fromthe objective lens 312 to the surface of
the disk 362 (defining the working distance for the optical systen) is
about 0. 3mxpodR3Béter reaching the disk 362, and dependi mgr/osvokives porti on
of the disk illumnated and whether a data bit is present or absent at

t hat positi ggminklifedit. $1@hhesligdrifymmied i eelaively difiGR pdlssiasceumrettt osl | y

downward to the jective lLen 2 d guarter e 16. At this
poi nt (e.g. ?‘dﬁé%é'gé c‘&ﬁ“ﬁ%\%@ﬁ%@%\?\ﬁ@“?ﬁ’%@ﬁC?W\gpéysd%rglr @Kégon\%g@lggpl ate 316),
pol ari zat i ofpycef. Hdveveredsldepittedlin Higl2t, wisenithe nepsitvaesinvéres ABSofdaFERg i s
different fromthe first.-19. y 20 1/ 4 6 14

pol ari zat i oﬂg‘éar\é“@ﬁés‘ig 1“8%3#%%&3'%8?3% tqg%ﬁfeé@%owgf 5\%%%8{)5 gnt ially
al'l of lt:se (sjigﬂllFBS{;j €FEdsi2g0n istsabsﬁmsiaﬂlyﬂilneamiughgaphmem%@ﬁldcugimwhfbonti nue
vertically down .t gh t eI VO . QRLI.C : oto

det ector ar P%Wm\é\@r%‘fus,ﬂ\mﬂ%gr{l% ’%/[a)‘g%mg?ﬁﬁéhﬁ%a%%ég?e g&’éﬁ?%‘gg’é"gn be used

i ncl udi ng quaesanfoct pdiat distues; 23 1), 28/t (Gcthe depicuicentbodinienk both amthet he type of
servo optics 354 w.ll be selec orr tng t Re.of detector
bei ng used, S4%° §i#9 qfﬂﬁéicﬁﬁareql%%eégg@ﬁ% ?ﬁ%@gg&%@%ﬁsﬁb%ﬁﬁﬁyﬁe ;art after
under st andi diffetdndalfocas emdr signacdtdsstriea cdpure regica2bWdwhielnean beecddobst rat e 1830
is provided with.first an ec (A "B ' : ors 2201,
b200 (Rl sopralie s AP S RRRs idae PRSGgmitt O BpiReg LIRS DTS °
focusi ng, t resdt withien dif micraedtas of thnedrsinal [focus.hip oge pinbadérens orpimpingd,  each

det ect or na)f.ocié‘g%&(g%%}ael agggFﬁ%rZ%Q?&ﬁ]qg e%h@ﬂﬂ&%ﬁ&ﬁ%%&ég 2212, 2213,

2221, 2222, antage o e detector conti, i'on having three
paral | el , bakepstesfenh a bhet-Bidineargy) an anypoi exiGint thy cagipearpgion af legahant he out put

Is relati veIax%‘%t%ﬁn&jﬁteliaglgi%gmt%ﬂgbom%_ement of or position of the beamin a

| ongi t udi nal rection I's means that there is 15 relatively higher
tol erancs, duri nip4smildrdehionss combinedirackinegmepsiens! ean bsgefincdps LERPohent s
(mounting of_ Mi@ ﬁé[a.%g;: arkBombiel a8 0Znal REL beS-AR& 24 336 -20/40K, + NS B]1854)

which results novenent or m salignment of the refl ected beam (at the
detectors) inBthB:)dét eetmbodimenicthe epmiingd fogus swersighaldFBdes e GIHYTFEH to t hose

m sal i gnment &rP@éf&@H;%e%' YENEOh@E froffi SRLLENNERky) W 4nfy pains Wikihaet | al
conmponent i nd% at er al dinir}gcgingér% 0endi cular to trgf 20 | ongi t udi nal
at

di rection 2xnptypre rrgenefileiythan phouy Qé%;"gc‘ifﬁw Sethesabepi2"at | east sone
al i gNMengy par anet LS @MbiAES FBS ahd TEDWAME AgmiakHits ka4l poastis eadlr ovi di ng a
O e O o oratut the aftact BFA ol arh b udt e (ol Bl @
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 (A1 +A3)1+[(Bs-By)/ (Bi +B3)]. 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 communication of

electrical signals to and from the optical head 128. Although the embodiment of Fig. 6
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det ection approach. Differential detection generally provides T4l
performance conpared to non-differential (single detector array) schenes,
at least in terms of reduced 25 cross-talk (tracking-to-focus cross-tal k or
offsets resulting fromdistorted beans), since differential schemes tend
to reject exmmmprzeode noi se between the detectors. | n ongcr/esdoashiaent,
tracki ng-to-focus cross-talk is | ess than about 0.25 mcroneters peak-to-

peak (p-p), rBﬁ&éﬁbﬁihla YubnRGft 138 &)dlbeadb@ntlbneﬁ vﬁthm:spécﬁ oed lafrﬁequaun bamdne

enbodi ment, _trac to-tr r,0ss:-t al ess than .about 5%.  preferably
| ess than aﬂ?u’t“léfb dirggt ‘bfg:g%g: G SHRe Eﬁr%s acc?rlgmn%a?%dolﬁfa |°‘§tt]°ruat{? '6n as shown
in Fig. 22 fb&ﬂecﬁﬁ alﬂ&ﬁbﬁdﬁ&tﬁé.g.da Kyptmmmmbmr@pxalrcm&m wﬁkﬁﬂmmbmgnﬂﬁed for
receiving the_r cted "ret eat | first and
second refl%‘&feﬁ’g e g5 )‘h“pgcstheadeﬁ Sug‘a%bg? ere[g’%dSAs shown

I n  Fig.s523petivia obtxfsﬁkachﬁnddmgpmdzmadﬁleﬁaﬂﬁut bﬁﬁrﬂdg wdelzﬁfir é‘dnbﬁdx so as to

fall on regi.ons I st an sec d 1g. 22)
respecti vel 9‘““33? ﬁ?lhh%e H“hysrlc yco“ %ﬁ%&gﬁ gél?ra%%%éﬁ %@9%51:.}%3126
]I:’_CT / tJSOO{]I BBMuﬂdeompmdatzxgga;Epd-hgc IEEJEEF% a@ﬂ_@ﬁi? fram(ﬁapoxm&ogmdcgyt?hmf Qf[ abl yi t he
irst and s | R racteristics
such as havﬁﬁg Fﬁ%r%ﬁ'{e 8‘% fu% of'h “%m 0?%%35;35&8#“3%5% ggg%?%gkﬁsgl S
p](c)ssihbl fe tOemgia@dreg cﬁof;ﬁreueetmm dhe ﬂptmmailt 33 peBrdlyriontains hemé thaéll ] poi nts
of the sec tiv t he
det ect on0pi BiaReis 551 AR G3RRR it BRI ARG RICT0NE, 1° o
poi nt's 2306ma&&%f@r®1dmg foh@ectmalmmmamnsmgldpﬂm@e opics hefd wide det ect or s
2202, 2201. The I r cond beans
2302, 2304 HIFE stqod gg’/&ﬁa?/&%%lﬁﬁgh%ra@%ée’?fl% d‘%e‘l‘é%o%%‘t%&g“fé‘% 2308 at
different |ocat |©mnsqf wlfa:sntcfmdremeshmgldvfsiealn@egccmﬁslmo epitimentedpect i vel y,
fromthe ane t points
2306, 2308 PR st efilon, 106l GEHAI GanabLlbhh czj'gg‘g' it ek bR PO M
di ff er erlSi akowess et begienifishut heat seproes. hw%@ﬂn@anﬁ@%%@dFWWe embodi ment ,
a focus errqp, @Dngﬁ@ éh"ag gtav%r sﬁ;ﬁ{ 1e§§t%gnd§{101'kﬂereg§5§c&&fe§ 284 Qther itefd02 i S

obt ai ned by conbi ni'ng om each hree parallel bar-shaped
detector r egiasdso tha tcéai@hat dady Hé"oﬂ@tf@&%xl’}%ﬂto Usp g besergisyige bayinga 2202

2223. ACCOF%Q JuPuPiEr 0 nSITRAME NElRtatedderh RE4Se 84 Rinagd, SRdgrdder t he first or
"A" detector 2201, ternmed "rESA", is _obtained by conbl ni n% %g%e negative or
i

i nverse of mh@@?@q?aq’fsc‘ﬁw% SARMPOBTAHSE Medin ot 2 dgye. apin FED org e,

A 2211 %nd oARr 2213 witkch indohRrasds @ adikve. f 060 blieoteR Bbth@dnefite Glaphav®2 2212,
Expresse '

algebralcally, FESA = A2 - (A + A3 this
enbodi nent , PErermgRgEchaacteistics Which cherge. i"ﬂ@“’?ﬁ%‘%ﬁ‘ﬂ‘%’e?sﬁ%%{mﬁﬁgz can be

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

changes. Further, products which perceptibly generate heat may have reduced
commercial appeal. Previous electronic or electro-optical devices 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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20 FESa = B2 - (B, + B3). It can be seen that, in this fashionl4 kécP00 the
two FES signals fromthe two detectors 2201, 2202 is related to the size
of the footprints of the beanms 2203, 2204 which inpinge on the detectors
2201, 2202. The size of the footprints 2203, 2204 will vary dependi ng on
t he degreewwoiasment of focus of the |ight spot on the perusoomisb6 (Fig.
18), e.qg., in a pivot-focus apparatus, as the optical arm (or a portion 25
t her eof ) pi Meat SniP@hedtRisgipatdy) .In biegsubodiden i sFtibuat & 4difpphentde finntd ng t he
magni t ude of 0 4 Lvely, as a
function of® %Fé‘gsr?é‘g??ﬁ‘ﬁ“ <=,"J:¥md'l d“awg &E%?%séugﬁ% ?l"m’tq‘ﬁ‘%mmggg%ﬁf P one aspect,
focus can bwﬁﬂ@rmsdﬂnmthahermts@bfrlugc&lSﬁQea(ra(qﬂg,,wmparﬂ:dtoﬂurfmtBﬁm) of the

objective |le i 30 One
ef fect of p?ﬂs?%s H“’&"p er en H@mgm é%éﬁ%ﬂ%?%é%ﬁﬁ %‘r}%?ﬁgﬂlg Eg gﬁgpm nts
2306, 2308 biker, dvhra rblatmetly lnrgd sedfare arta ryadng 280 2ntra2igofihsatiahdindud e
configurati caﬁ etlcvgtegg%?gagpegl s from the two detectors 2201. 2204, as a
function of are

erent, e.g., as can be seen by conparing Figs.
24A and 24B. Eadh additidgrite prowmoms ﬂmdienﬁ&&amg}mh@m%@wmmoﬂbgmiﬂl“

substantial | y. non-,l I [ ' ' 2406b near

t he desired %ncsg?f %gl%?‘n? gﬁ%w%?%)ﬁ%p%@gxb@g%ﬁ&ﬁ@m nal focus.

Such non- Ilpmrswng/forrmké@mml mwh@tgwebsplidgbfﬂlemttcs bead/188 withgespagtt e t o use

ei t her t I c | signal for
control Iqangt}l%f“m'!rbs Iﬁloffeé\%)%ﬂl@& d%%@%?‘e 55851?'! &ch Dﬁé\/\ﬁ%qgwé’ﬁegat ive or

i nver se 2404efofe atrtaorﬁESSBforschme aQ&hm hiag. éopimahre@fﬂwwemewé% si gnal

2402a, the ¢ f h B 2502 is

substanti al f’%%}ﬂl %\%&P})I?ﬁ{%ﬁ%gg’ts u?feféﬁgﬁgrs ks &ﬁﬁh g%g%melgrggééﬁ%gtg ﬁe nom nal

f ocus poi nt coE@ered Rmgstactpagiofs ¢fthe emich bqadgenewﬁ head igjaghetesign 1HBovi di ng two

different fogusmpohft h&ﬂ?é]ﬁ)@ﬁi@l?@d addddiked ?e%-z.ls{ng %et:lth?ns%%x%hﬁﬁn@ﬂtpd' ment,

both on the sanme sid he detector plane can assist in prOV|d|ng
a subst dfti aavipgthernpties heeds thepraiesiens cebbﬁféxcémmmw §hiaF oPte heada%e- i n a

capture r eQ'uQH Mes%' &R p?é&ath?tﬂé%%gg oe stli@en@@@ﬁﬁy&ﬁ' d. @Q)ya:oﬁtﬁféuﬁﬁlmt or or

actuator. 1In one embodi nent, the capture regian is region within + 10
M cr onet er s SBIXYORAFISHTRRAPE Fespt ROsSIPlY using 2 S‘HPiFr%‘H't"thef HEME S i ned focus

SHOF Si gnfl FESﬁg 14fde &salﬁ%b&ﬁﬁexﬁomxmwmoelepan&mﬂed_faﬂeaaﬂ laipgarity (e.g.,
eparture roma best-T1it | near 1t n ,p0|n_W|t | capture reglon
of |ess thaRositgstputyasly %F@f“@F&b‘Plé&‘I @és ?‘1 %ﬁﬁ"’z&B‘ﬁifi‘F“‘?@% ﬂistb'n\%ﬁ ) simlar

f ashi on,pa %ﬂmrﬁ@dnddoaﬁéﬁrmoelwsehmaiyga@dct mangmecwlse%d;ened f@m thdBSr= (Al. -

ﬁg) ++ A;())B}_ élsggrzze 14%990 a o%gontflilrgag lgﬁ l%ﬂt is théh pcﬂgcete t%fa vert %al%%.th%s«? = (AL +

toward the objective 312 by a reflective surface 1438. The reflected light returns along 2
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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+ B2 + B3). In one enbodi nent, the conbined focus error signall4TE® 2eE a
maxi mum departure fromlinearity (e.g., departure froma best-fit
linearity) at any point within the capture region of |ess than about 10%
preferably | ess than about 2% 20 If desired, both the FES and TES can be

nor mal i zedwiogni@et ot al power in each signal, e.g., to pefuswainge ef fect
of a signal anplitude change (such as due to disk reflectivity differences
or beam vi gnet t iAR@thereenthodinmeuedt ttedbveationis dd‘,}:ﬂﬂé’cbn Figr 1@| Wlaflgelfﬂfsemts) For

| e. I d E ES b Al +
T TR ARSI R B BLS s o BRI (M
A3) | + [ ( Bount Bm)swvﬁs&hthelm) 10]12aifd1®tmllﬁiﬁsa:cmnmtﬂhnspmne¢m§4 gnals from
the regions of t Y\&&g& CEQ&-S a%ﬁﬂzgﬁp& g-jﬂlapﬁ%é ?%TQ?%}Q% o a

el ect roni ¢ B Tocan onbi n
conbi nats ormﬂcflobmthnaptmakrhct@é)s m@mtadmgace«hﬁouiu&mub—mquhbloaéb:asn‘ams si ze of

th tral d
(he cental oDl GG A6 N £ 0RO akgif T e0uce
di fferent desesthoughbsin-tiapingwptics 10Bepent intoa mikwer Ybjkeldl2| Brereaiuritor
different roovgre ?éﬁebé/ an?r?tc:%(r nggurﬂ%g'lm 4 A8y P dcﬂgﬁihgum&@a\% groove) or

di fferent p eorre f enast er e
il lustrat eSplﬂaQO%mdpbjecto'é leas h@lﬁnerhedfskpﬂ@i&/|Rhﬂnge¢léﬂht,élémm cation of

el ectri t he

enbodi mg t mn a@?xe@%%&!@%é@%gggﬁ\}%ﬂoaf q%%le%r}%ﬂ UJIS%%%%OM rovi ded
for the subntfam10336u¢tmhbm@qmcs L& of theiophesrdéss K26 to the phetgpdstestas d0: r cui t
board 338, {&Jﬂ?qil%gg lg'gl?e QdE FROLLP %llfiﬂ:ésgf&l%meg&Eb@l&m{t'mnngéi@nmﬁﬁcommdat ed

in a cut-ou In a ex circult g a Kapton(r&zécopper flex
circuit) 33@esenfihesnfipin @lerembptﬂlmsl%the i"@ﬂcﬂéh@g]ﬁﬂ T of the eptics §Ri R8I coupl ed

to the opti g haadicihBySuntn A BYnd mﬂq)fmcrq%amme FaRaidRBaapl i oS head

bondi ng pads l ex circuit bonding pads 1218 flex . circuit

338' canS belephipgbasih [ P§meo iippregmbodimentythe émer@ﬁwvs’eﬁ 1%?%1‘“&\%%‘5“?@ such as

that sold P(?'%%dbﬁa& {adepdnEnERo- Tek H70E-2, avail able from Epoxy
Technol ogy, 1 eri ca MA. Sone or aI of the fle{“p‘fll rcuit or

ot her conponent sARAHeEr E‘Eb‘@b‘a?féﬂ 155 Pregptigpetiratsegriced B F1gflg Infpeyt ect i on. The
flex circui byBRBned beFi8l @Dy Ia@&rﬁtl@hrﬂﬁth§ﬂ{ﬁﬁod@fect6}156lﬁ&ﬁ} @6d beip cs used for

control and/or signal roce55|n for the o cs, head 1 her . manners of
provi di ng me“@F‘b‘é‘tﬁeBﬁFtBE’b%?ﬁ?ﬁ E‘&W‘tﬁﬁ%m%‘?%fln%“ the lowie sr'l‘é‘B‘bepc’?ﬂ?:esOpH‘éaéd will be
under st ggd Qi sbhomahddepRicdlembbdimtMere@bhs dftiedbwedica bathd opdrat die3 & esent

di scl osure. One of the gl g(fnflcayt fact ors 1.0 desi i gn of . devi.ces, according
to enbodi rreﬁ{e§e15cfnvely metaliz&d or coated, e.g., {0 provide reflective orabsorptive reégions 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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the present invention, relates to thernmal nmanagenent. Many | askfJully 2eHs or
other light 15 sources can be significant heat sources. In addition, many
el ectrical or electronic conponents, such as power supplies or
conditioners, resistors, diodes, and other itens, can add to the total
heat | oad. WMQ#d126d not be unexpected to use a | aser devPCEUSMERI0M) a power
output near 200 mlliwatts. Elevated tenperature_can_danmag e or degrade

per f or manc egonfared atitheambedimeniriiiésh 8 addpof fedidehe E‘BFI‘?PH‘% &6drive, and in

a PED or 20,0t08¢ ridS¥hctiSns\Yiedhg tRCRN 00 Bk 23 1 S120Htb Yifst addasarnabem ot her
conponent s 81350% have erformance characteristics whic 23 nge, sonetines

radi cal |y, a230t aed PTB'ﬁdIBE twq AHFERLPeHs @ombgisagees Tl 4582 ‘f‘?‘? thepirag,

expensive t QeaﬁQ?H&iﬁg SlricCTID R dvath (R kRt dfhfél&ﬁgﬁal etk spiRfing Pr oduct s
whi ch perceptib enerate heat may have re

duce rci al pea
Previ ous3el @Efaﬁ “”é‘rltsé‘f wspgxagw?gggqteddg%chggwg&,%éﬁ%%,gtéan REEE| ati vel y
| ar ge, heaVMec@Jsar@@cV‘ﬁ‘BWﬁ@Wpﬂ& &ﬁﬂgﬁ&tﬁm Berfosiia aaemi a;rngmg&m{:ar ofheavy heat
sinks, fans and fhe ke sent. nventrf)é0 however,, il&preferabl y a

| ow prof i | ethesype it itise 28 Hlesiredayis 150 Berybleds disprat it podfkneR 1o
(alt hough n@ﬁanﬁiﬁ%ﬁié%?ﬁdaj povek BBpliedltoltAY twoltEfecied of RAMEEIaind 1609, EOSRERS or ot her

smal |, ht wel oW power devi ces Acc r.di n preferred to
conf i gure tﬁ@klﬁ%ttipE%%bbﬁ%E]éF“Pﬁte ?*P&%th‘rraw ] 5876‘?‘%’ é@"cﬁ?) APt i ons or

quantitiigs @évidtefr tRMét@in ok Eefldted Beail RUBLE06, REITREF G eitingsle, Wiffeedntialisplat  har m

equi pnent or conponents or t de erformanc Preferably, I n
at | east oﬁ“@%ﬂ‘r‘ﬁ’é ?maéﬁc4aé9§?‘°tgg 22 %éah%hf‘ § 1S e ‘a'iﬂgg’ B he fl ex
circuit 338awrﬁrﬁnrfe&erzadzlb,eywdtrhe ddﬁ&tdﬂ@frﬁyrﬂuiﬁdhﬁe@ébﬁtdmm@lgl&bem sone or all

Conduct  ve PP Retich/oh e BEE SR Rl ey 287, Lo BT 2004 v

01/ 43126 P@ﬁ@&@@ﬁﬁﬁ&l&a@eaﬁhs B;Fbkaﬂhe dislagat ¢ seiepidtare frbm dondiskewidtedi nent |
the submunt 614 (if esen a subs nally
conduct iVe ARRAEF}RFerS 5@05‘ il Tﬂﬁtﬁﬁﬁﬁuﬁng Bevor ns?% co‘ﬁhlt%‘é‘%%?’?

subnount hasrxaabéairmhmv@l y Iarge surface area (e.g., conpared to the
footprint of th ser d| r f Spr ead
t he heat, genera e vantzfgﬁé) %‘ ig{%e g@%r(egoggfm% veﬁet&logrngeg%ﬂur a%lGe ar ea,
avoi di ng Comﬁcé’m)nﬁblasm&n@brrmn oflagbr peidire enotso ddilehyl OFUespatand benper at ur es.
In addition to Drovisi [ | i 1 beRh Spreoupl i g of
the optics oﬁtéagg %ﬁ’gl Sthg&?ﬁé&grl%&ﬂgﬁ (F%thj?ﬁnd;ﬁﬁmgé‘&trﬁ%&%r ejsent t| nventi on
al so i nA0udd 806 rdjvitmérs nEthé OEUNSER.ad- Ga brdatianetast oper poinpng ereprofillt he opti cs
head 128 W Lt LE90GE SOk sdd §Jzéﬁm%%ﬂaén4§fﬂ1éQOEH@O@EPQQJsE@%r(H&Biuﬁﬁ £d in Fig.

13, first an secon arns ine a region for receiving an
opti cs head.ungorpgttabled i tﬁ,zlsmthﬂloéihctﬂ@ 1506 agykthy deteptor 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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a,b,c,d are coupled to the arns. The prongs have angl ed pr ot r ukibhis20B16
a,b,c,d configured to contact portions of the optics head when the head is
in the region 1313. Once the optics head is positioned as desired (e.g.,
usi ng nmechani sns for gripping and 15 noving the optics head), the

protrusi onWOda312e fi xed to portions of the optics head1@$@¥WBﬂﬂ$ing an
adhesi ve, and preferably the prongs are stiffened or. fixed,

coating w tanothembstyplse to Brevide thesejcompeoneaty wagapatial sxirads 19 vpriors |‘:1H'E)°tl P

ul traviol etg,of asqﬁmmghlérhélgvéiﬁ@p(xowﬁbme) dticalepiddoss Rrbeasshpatibienith of t he
I nvention i which the detector 1412 is. pos |t oned ﬁ)et#wardl of the mrror

bl ock 332. theformifactassefdyPresonsisiens Wihyseinsmal PpRb rb"ﬁ%?f d confi gured

to substantjglckye. Fé@&{al él&&ohlbamce&@& ﬁr@s@@thmduérrdaﬂptdme h@Ggical SOur ce
1428 to a hori zonta en reflected tpo a vertical

ath 1432. Th IS t
path 1939  headabih (DO BECTuchrs 3y R SR SRS FRgS.  The

reflected | g o(@tilihg 8r sth@Rike apiliini Bptloarormiehenkég%]‘hélﬁ@&m iavdntiohavi ng a
changed pol arization, is transmtted thr %ﬁa&‘r‘*&“i PBS 142@ al ong a

hori zont al PpaviAespalesian ingvich someoagll sepsgs % PEEUEFE e 25 detect or

1412 by a rt%faheéltin\éﬁpeﬁsi{ré A88onlchéiBas dsiihg@d%ﬁm@nli@ﬁdinﬁﬁﬁr—sbﬂ&fﬂbﬂ%bﬁur face of
the optics bloc

I n th regi o ur roundpn refl ected
beam 1444 |§°‘H’85’Séﬂ“ MUERE A Rlag ﬁs°6?'ﬁ‘gﬁ"{ﬁée‘il,‘85fl? #‘?@953 @H’%?% %ﬁﬁaliuéaﬁr ective
(bl ack) 1ghr of®chatabteARicF tin bptichll eVie€{uch @s thithkitscldeddehetedr wiidd ébnfairsm st r ay
light. In one enbodi pent, an annular, reflective cog afllg%%s is 1208 Ltioned on

e

the | ower stpkigleoPHfal plRmenshoR VAo YEfRces SEonC oF PPt FRY position of the

30 central El%ﬁaﬂlt&ﬂm@jbnfﬁﬂ'ﬂb&@ﬂ&alﬂﬁﬁhhﬁlﬁrmd&riastet)soneé toethe olijéntivoist er nost
annul ar portion of the 446 ta 3 ck d grro 1448 for

cont rol | i ngtFAghp syiigless Oﬁoﬁ}@s m\,\g}é‘& - SR oply g "bmor@ a&on sor ptive or
reflective Gﬁtﬁ&ﬂﬁagﬁaehomeq:em&m@elofn@ opticabiyath frophtihe lassr somice Ito tbeobub@ac to those

of skill _in the af t under s nd| 4 14 July
2004 vO181/ 131 SBebisif vty $ 30T HRBEHER & el i Ping hBRRP i Gread ]
depi ct ed i nttah gboul §0 pedifeint, ereﬁrghly g:eaterhhanea&out%wccfream@n@se wft:rhblwhe

nbodi ment of Fi Q | t
7036 on whi difeeh i w3ucbs st Rk trbBfinghd bEmhal ficllpln b BRTDOL

a substant ﬂaérltytmebjtctwallenalQfabmdé5ool m»eromerersaaimuaip@o|@é¢rp@ﬁtaﬁ5@ﬁ!har to the
surface or NSk Oftlfé%% E e fbS orjo%?soi(&gixﬂ%ﬁcﬁzégdthgo;;l&%ﬁomci 189uhed spaced

fromthe su y-spacers 103 the turning mrror 1018
is a sepr atpenssbpreu@ﬁ@r ébowti4§Amisrpmeters bthe toa ppti@hpath is Axewsh arioBL

beam shapi NG QIRB &%%E]l.p?ﬂ%ﬁbwﬁwglhér%ﬂloﬂs Hithd h, I&lr&%h agfop?(;l’entl gﬂlc&ﬂﬁﬁié wite

beamis refl8cted by an interior PBS surface 102 ownvvar through a
quarter wavetthp irmrécel‘@l%eearﬁhf aptifad blorly E802@Rd persaope l 836 3nd/og PweepdD

Reflected | nggécopmgé ) qhﬁr&rwave 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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10 pol arization altered, passes through the PBS 1024 and is rel4 Bdy2@04 rom
a reflective surface 1023 through servo optics 1054 of the optics die 1026
to the photo detector 1056. Although a nunber of sizes and shapes of

devi ces can be used in connection with the present invention, in one
enbodi ment WOGd31gert i cal hei ght 1072 of the optics di e IEIUSKPIp| ock 1022
I's about 1.8mm and the hejght 1074 of the quarter wave plate . and nounted 15
ens i's abokls 200 GHHHHAYE Pt S BN RO YR 4he pReA G RALIBI 4076 of t he
optics die dpeficanry xdglia m&blégzﬁxpmmaumc BreSiinveArion tishtg tgﬁbﬁfhlnﬁié?hhlwf t he
present inventio s de ted in Fi odi.ment . of Fig. 16,
the | aser 6‘22’“&’[‘1{;"{1 “ﬁ‘ﬁ(ﬁ@ﬁ’ﬁ'étf i %%mbpmg?gﬁmﬁ?%éﬁlﬁ@ POJAIEAIR on a
separat e chtbe@m(%phtsdﬂblmwaﬂ forﬁfsemﬁﬁtiﬂiﬁg@dmwﬂ abfh eefleawdlighs wtHeaeehriduet bre opt i cal

20 di e 326. depi ct ed di nept | f | f f th
opt i cal g eteybes REpRSRRuEE roRry RbEIr IR R 0B 4 S R S o e

reflective m&lu&b§aifﬁict1vmgramgsmﬂs«nldabgunderstfood by;thbsremﬁ sidit mgthe e afdrot odet ect or
1512 to control ray |Light nd/or efln 0 aupling the
phot odet ect §Ke §%‘%‘§m¥ éggfeg%’iils U6t ﬁg{h 'igg‘ me% "IW%F? cctEJels‘fan &IPDI n one
enbodi ment @hieh & pérdsaape applichtvg plrcasmmbdﬂﬁgessfdmeenbxf(wmmmjhamgatﬂeads 1514

and the |ike to .25 ovi de ntr nd fromthe
| aser 612. 14 BGH& OW%%E%W%H%F@%%UF q%?heﬁ(gl?pﬁoglsér can be
directlyo Coup!u]@,dxrﬁmn@oﬁmeﬁbalhllmlgﬂlo [ mslalsdlpng;;bletbpctersiercenﬁgmmm orwhidhl of t he

optical ar for. effective t nf. i ti Fi g.
16 can not F‘ﬁ?{%ﬁ?%@lal & nons 4 a{fﬁg ik Slr%%%cgg 881 ﬂ%géﬁ- 9 avoi di ng
t he need fﬂbu&dseg;bomdllnmgmh o@ﬂ&l beradg:dﬁthmdn&orﬂ@ﬁmbmimntsetmmebﬂ he verti cal
hei ght requ f U f the
opti cal heaare%n%??ttﬂbon%n%# &”PE %@%m@%ﬁ%%g ﬁpgl‘r%ﬁlﬁép(ghér%mgg&dg o ig. 26.

I n the enbodicmecked opticaHiegd) mubm&mmsmﬁwmﬁmg(%ﬂﬁad@n%oz S
provide as . r f first
and secgnd P’Qﬁ t@'g}ﬂfl‘gga@n&Oh%ﬁh&&gg%{%%%‘;eooe?%%\él&%%?Elip‘%lrlllgﬁ %Eé@ﬁlgt and
second det eell opticasomappge2BiGhe %Qszheﬂﬁeﬁé?dm@lm@”@mﬂﬂgthe%‘lédﬁp be -25 14
July 2004 erbodipentqof Figs.
| 8 and 23. OSQ'I%—2 e4§%Qldgﬁééé%oc%%%g%{gonﬁglrmﬁéhggmwgéﬁ%&n? ﬁtfo functa E|;|i§ni57m
splitting tkeampis ftécnossiblptopenstaanionerable feviqe impdics deoRischbidfis is 2302, 2304
and provi di pginOvh ffREQDbnd &%b?e &Qﬁﬂaﬁcﬂ SHURYpASs Kad Q.g.. d&Yée (8l NCe the

extra beamsplitting surface 2602 (conbi ned wth the effect. of the

ori gi nal20begeArsepfoces, fragking og Wﬂ‘hﬁ:e‘“@?&&h sralagdinpests have bgn desrbed i V’@Epar ated

reflected bgamps28068d/or808ingiapprbihiQud @BEEH is aRSFRSER MY ploOidpksie alallSer Vo

optics configured for performng a beamsplitting function of
P ogtlcal components using integrated optics techm%ues 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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the type depicted in Fig. 23. If desired, it is also possible tHJulli 3ffEnse
with nodi fying or changing the optical power applied to the two reflected
or return beans 2606, 2608 (thus naking it possible to elimnate,

al t oget her any need for servo optics or other optic 10 devices for the
return or WeIEERed beam paths 2606, 2608). For exanpl e, PCREIRFEH i al size
measurenment can be arranged as depicted in Fig. 27 show ng one returning

beam f or ni rdgvice witichrdghiyers Brardo lezn%bwﬁdlsfl%n%%@f dleseapretherdigh and t he

second r et Wehirier 1788 WnlcAntly i ddirk& ¥k pbiidisd Rk faf Gt GpridaFheadcuRbdet ect or
array 2610 " Since these loci 2704, 2702 are natural |rrag)§% of t e spot at

the di sk (aqﬁheh@nga%asalﬁfgfl&we@almaaﬁsemet (s RY BREOftiRE 2 135er é‘i‘%‘ﬁfe | aser
source poi Nkhete ﬁ@m&ﬂéibﬁdcm@éd)fa@&wm@d@g)mblrdu&naﬁgaﬁgm&iadnt hus the SCE may

be elimnated. One advantage qf e|im nat éfge%] suctg s in the
embodi neht of FilAGPressgt INKgRon 73 various g inﬁl“ SPRRYeBlS BRIdser

poi nting eryQiesses, Wititsand/cEppeaits stidtnkalyfas d@i&@@nmgesbﬁtaammﬂaaper optl CcS
1808, 1810 (Fla? 18) a r.et ur ni ngjrﬁj reflect eg beam 9ph=l E?‘Héi“

adj ust ment ig¢ludipgevepg gimegtsysubCqmpiggtigns. a3d5upssisEeRiola hose et skibint i ng
error, wil |the(:§+ﬁﬂl Mé‘:@taﬁl I &lﬁwﬁ%ﬂ@ﬁdﬁstrﬁwmﬁm@ﬁeiﬁﬂeﬁﬁﬁf idgd@é can
cause error (potentia uncor.rect.ablL.e) .in reqgistratiqn, of -t SCE 1806
and the det@WG@‘%PF‘&?SWP“‘I‘PV?H@" &”Oﬁe@ﬁgmﬂe &da° 'c‘,%?ﬁp'i?@&&gl m nat ed,
it is p@?&&ﬁv@eéﬁ&d@dﬂc%is 1hhﬁaﬁ§8ﬂ6&d;]ﬂ1@mpﬁsﬂdbblaﬂd afd/dr ldesckdd hcﬂe&ﬂ&l in(e.g., to
correct | aser, pointing error f hou an SCE .el ement. Any 25
det ector al Y"Q‘ﬁ\?ﬁaﬁ‘& O?@%ﬂFpéﬁoiéﬁwﬂg‘gb@ﬁ%sﬁ%ca Ff&?asr%%’r{?"e%eﬁ&h as Y
transl at i onused intpa&ioud Bgeesk by protedses, eld For :rﬂpmvingg:latfomfanédmchadmrgeaﬂescr| ption,
a nunber of vant ages of..the Tngr esen mvenf ghe pr esent

i nvent i on i F{OREFALCIIE COSLYRP MBI Wat "4 PEHE '1“"6““8‘% ‘“&"“?"'é ‘%@8??%“5 i'Ble with
hi gh data d@cwsn,Wtéml@lquaﬂamabﬁdmb&veds bwm&elcgbuaedkmolsgnesfmf ace medi um

30 nakes_it feasible to row subst a | | J.cal . nts in a
smal | ia/ ofOnVeTIeRs RSCERPIB AR lte gr-pr&:,e!;sg%c (ﬁﬁg‘feg{%}r‘d crg%lrrl%ﬁa or focus

can be perfaﬁ‘d@ménﬂ)gnahmga‘rgsmhhmmlog)e optics package or head (as opposed
to, e.g. MoV ngﬂJelfor%gomE;Iedls%m tO'th% %ﬁ;ﬂ/ﬁc}nh E- R%E&?ﬁ Sthr u'?ﬁ’o@&td on provides

a device which isohd iclen ghtvvel ht to maintain
all of the dmttrausn wmmmrs The féregain lp@gtllmmﬁnétwhm!hthpwp@l&ﬂt@ theone -26 14

July 2004 VW Qh\ fedefisdissla e/ ARRAS DefpiodtindhRRbRERKiE { hese

corrponents W h Spatl al extends 1 n éal’l ous I recti ons, such as pr ovi di ng a
smal | vést | destritionwf newk e endotiments and erttainy aationpardencdififaersp?teetni t h  t he

form factor g, afio@ shy RSa:ECRARhS 48 Wichid tfx@scH&Ebf'tl{é isvBRlidn, 2RdhOnapPRi diafh e drives
o host 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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devices, e.g., personal electronic devices. The present invention can
provide an optical 5 head which is highly efficient such as by using an
optical design which substantially avoids overfilling or otherw se
spilling optical or other energy. The present invention provi;kgmyégggsign
in which some or all steps of fabrication can be performed in a relatively
i nexpensi veidigghi on such as using techni ques fromwafer-scale fabrication

t echnol ogy and/or using a planar or stacking technique for assenbling the
optical head. 10 One characteristic of an optical device such as that

di scl osed her ei i whi & aptinaldicad for au¢adyvptite apparhfuakomspesiegit s on vari ous
surfaces of one_qr re optical blocks, ds . that. the, substantia jority
of the optical BAER KRR IpRBRELER g wdStioh i RSBRLE puht SRR oYign
a solid (glaasomconfifieed to@divenat lvdst B porion ¢f liBho GonPaid light deicado htaaugh
air. In one enbodinent, the percentage of the gptical path_ fromthe |aser

source to F@%P@E@i ‘i?@{@'éiglhbﬁ@e%ﬁii &ni s2iq datamgrmestogt lesstastirss@d sgeordi um
(as oppose &c@d—ggérr[‘ ?R&t%ﬁ&%&@r &‘ﬁ]‘@)sb bachdsLahEY gottoﬁ@t@ctﬁp 3#%3{52@&03%% gﬁatplenr ¢ han

pr ef er abl y great an about ercent, a nore pr
about 85 pevhidnis sedsitiverte pesition iofbight, aladg a firsttaals afpridcptotqitdotar amgydar(d r om

the laser to. t obj ective |en of...apout 5500 mcr ters. abo 000

i or ot o SUGHL TRV iR PoRE0R BF SBEAIAE & GPatie, PORDRHE: DIBRIETar
substance G(gis@f said PRotoditéE arly@ck 1802 and 20 periscope 1836). About 450
m cronmeters of the total optical path is through air fromthe laser to the

CEU 1802, with saideptigsbheadanevidingehlsagiatfisst apfica pgih, where spiskfarsitapsicalypath
N L R R R e

objective |l ens 1854. A nunber of variations and nodifications of the
present inventi@n camnbepticabead s cBimed ipokimbl, efof 0selfeaspiealagpdeiise of
the invention w thout using others. For exanple, it is possible to provide
an opti cal 2REERUSHOr ope With & fradivwite madjuna GePUIEAg or | i ght wei ght that it

becones feasi bl g |fht Wﬁe,to\?l\gnﬁ'ﬂ{é ﬁ%lt%l?tah%'tiaﬁﬁ ((u?plﬂ'l?c kiBh; 414 langks@nd/ or

focus) wi thout using the wafer-scale and/or stTacki'ng fabrication
t echni ques phetodetedietiarnayt mownted in adixed patiton watht respeotrte said alifial dight hetpobt i cs

o, T A e o I o R S

meking it phstedétkbeaot plagy; ovi de enbodi ments of the present invention do not
require providing qr .assenbling a separate optical die 326 (i.e. placing a
conbi ned prism %?}pggal ei%ﬂ%ﬁ’é‘ﬁt méi’iuP@gt’P)P gﬁe‘fﬁ%g“é%b" eapest to3sag ﬁ)lgﬁt

Simlarly, oﬁiphhﬁéﬂﬁb@@ﬂﬂdﬁﬁﬁ@é}teﬁerﬁérﬁ unfl Rk St ahdakérdl §éé!ﬁ§§}?djb§ﬂga<l)2ﬁtbéaﬁ| !
optical elenments (other than, perhaps, the objective -27 14 July 2004 WO
01/ 43126 Pelrmgstoriagdonegeive 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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| ens and quarterwave plate) are forned in or on two units (the opticai

el ement unit and the periscope), it is possible to inplenent the present
invention using three or nore units to provide the optical elenents.

Al t hough in enbodi ments depicted herein, a polarization beam JJ 408k wWas
used for discrimnating emtted and reflected | ight, other tec ues or 5

devices for disgrimnating em't eJ‘I d Li I 1722 ( 17)., can
be used includi'ng d?‘fﬂpﬁ?gw B%CE'I“HF ﬁ’@) laim “f Crea ’rﬁjd‘eﬁ’%‘iaéﬁger’g?ttlﬁé%e of
skill in tifarthéd cathpfbes atnréegtsé qa@!ﬂﬂm\%ﬁhhei ereﬁﬁ-;%ﬂtcoﬂﬁgﬁﬂegsdérﬁovﬁiet Baugh
enbodi ments_have been describ ich a periscopée application provides
two changedoedl plpneder ehle@sfea tﬁféfapmﬁ@flh@ff lignxedlecteghfiomosaid gnedinm, said
vertical) fwgf foQafSﬁﬂ é)JedLﬁs rs't Qist shéerﬁlécft&ﬂ ﬂrglle%ﬁb%&’é%ctg Qlfr%% w t hout 10

unduly limting o path eng O POSSI provi de
configurations in which nultiple internal refI ections between (typically

paral l el ) surfacges ( uch s three qr. r.e use duci ng an
optical head pr §f| I e g’érﬁ? %%’Sa ‘ﬂgﬁ?’é ic&fglg@regtmpgmpg d'n
configure tshil (ﬁf@ﬁl@[@rﬁéﬁ‘ﬁhﬂﬁhﬁgﬁﬁtﬁ@‘ d@ﬁﬁg@e@wpmwaa{ee@mméaﬁfﬁ&ﬁ@wa@ms of
the stacked optical head are substantrally symetric_in configuration

(e.g., to aercel said dightirefleciod fBom; said medjunn saighsesapd dramMmpingiNe OBeen
descri bed | f the optics head
are fixed ﬁ@g%ﬁgboggéééﬁog&gﬁ%g%gg oh%?&ﬁﬁ? gﬁg&?&g‘ggﬁ gl e to provide
oper abl e configurations in whi ch some conponents are novable. For exanple,

it is possible 0 co struct an e&ab¢e.d Vi e in rﬁt ?Aéectlve | ens
is novable with res B?faFJSaSﬁ ?Fglr’i’ts?l %ec?

e.g., for ffoee plade spiled 03¢l dstmids ﬁohfwsea@n@phdtdstetdctdfmaﬁl t hough

enbodi nents have been described in which wafer-scale and/or stacking

approaches are used, it is also possible to provide sone or all optical
conponents using i nt agpat.ed aplldmed GaNOIAYCS, w?‘r%re\m |shi 0 e ddRd SdisthRQA iPY
those of skill in thé art after understanding the present Invention.

Al t hough t Wffergnt zemiseidfingt distance.peri scope sections and/or with
substantially all conponents being relatively non-novabl e 25 has been
described in connection with a device in which tracking is provided by
rotation of an8opti ;Aspparavmabmulamad axiClaipabakheteih @altdhﬁrss}ﬁd)dmlm and is

al so possible to c fi u a devjice in ich an.o cs head substantiall
as degcrl béaldrrg‘l‘:@ﬁl‘g (?‘?9 @15 A S game ?%PI?&S?\@PI‘Q tegdorn, 616@? ding rails gr

simlar devices for achieving linear (e.g., radial) trackl ng notion of the
opti cal head. Al though enbodi ments are described herein which 30 have a
di ode 1712 (Fi g?- 17) Adpaeatuess ¢labgped wsChaim; Gwheseigrsaid first and spennsd forcel t o

provi de ?’f&% %@gﬁ o@&oﬁ&e Ig%%eﬁi%g%h{g&ga&g EW %h use non-1laser light,

such as pr perf an i ncandescent,
fl ourescent, arc, vapor or other Ilght sour ce. is pOSSIb|e to prOV|de

the |i ht ich is i th |
2grrpoﬁen!t,g suzg&lgﬁget %p%@pﬁqs' aﬁﬁéerw%ﬁl?éal 8t ng?toq'lqt@qiexyand

conveyance sail&econd photodetector arrays are substantlally 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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14 July 2004 WD 01/43126 PCT/ US00/ 33014 device, which delivers, in or to
the optical head, |light generated by a |laser or other light generator 1718
which may, if desired, be positioned renote fromthe optical head. Use of

a fiber optic can assist in thermal nanagenent (e.g., by pern1i4jJUboa4laser
to be nounted renote fromthe optical head) and/or providing
circularizing a |ight beam 5 The present invention, in various

enbodi ments, includes conponents, nethods, processes, systens and/or

appar at us subst tial bsinss g0

vari ous enbodlnggts pg%%%%ﬁg%ﬁétlonsﬁlék%ﬁ ﬁ%g@?@ﬂ?ﬁ%ﬁL comq%ﬁh&ﬁgﬂgd%|II
in the aruquhmemad@mmﬂbndnhphumn make and use the present invention after
understanding the present disclosure. The present invention, in various
enbodi ments, includes providing 10 devices and processes in the absence of

items not depi ctiad anRgiparangesldinrRd ih ©l4hn1 ) wheein\6@ [daSiisheasTharli MlnAr
her eof, i ncl ugrlégg in the absence of such itens as nay have been wused in

previ ous def slibieesss @ polagizgtion beam splftesyi ng per f or mance, achi evi ng
ease and/or redUC|ng cost of inplenentation. The present invention
includes itens which are novel, and term nol ogy adapted from previous

and/ or anal ogoud 5t ecb&mlamylilse& clﬁimedl'ﬁ Gkaiméhim@'nisaiddmiml diemgnhuniéfis i t ens

I
of Such  erpHred0 nREASE of st By cRBRS e Prndnt B HER ebn
present ed ﬂqgnﬂﬁkp&ﬁéﬁxmﬁmdmkaﬁhrat|on and description. The foregoing is

not intended to limt the invention to the formor forns disclosed herein.
Al t hough the description of the invention has included 20 description of

one or nore enbqgdi Menhaaidh £LEihRdY mqefaahlzo%e?éaﬂ gﬁédlféméﬂt%%  fufthBier

variations and nodifications are with he’scope o I nvention, e.g.,
as may be vhelnfles attleast g ifirstl forward lspasgl %@g@l mm@mﬁgnredtfer directingrat deast

under st andi ain rights
whi ch i ncl %&‘P‘?é’?ﬁ v‘émgh‘@g&?ﬁ@ﬁﬁ?{’o ?%ﬁfbr%a%?&ggidrgnte%téd, i ncl udi ng
alternate, inter changeabl e and/ or equival ent structures, functions, 25
ranges or steps her t such alternat

i nt er changeabl e g'nd/ g’rpp @égfaéfﬂ?‘wéﬁ l!lge@aﬁ?rlfﬁmpf‘@ﬂg CIrpUiy, g‘%”@}ngs"’c eps
are di scl osgehah 26l Sid fBRFkrisérie dbtectoPtoRioiriba hendtubiel 61 saldiﬁgit galirBe,any

pat ent abl e subject matter. 14 July 2004 Cains: 1. An optical head for a

read/ wite apparatus conprising; a light source;optics, nounted in a fixed

position wth r%pec pE)QraﬁlsbBBﬁhn%@&mi%ﬁlﬁér‘éﬂmpﬁgﬁﬁhﬁbétﬁ@dd%lt%%}sﬂa\/er at
| east a portion of t fromsaid |light source to a data nediumand to

del i ver ||@ﬁrt10n@rfabl@ & first swsfacgi of seidoptiead glement enikt | east a first and
second

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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spaced- apart phot odetector arrays, each of said photodetector arrays
providing output which is sensitive to position of |light along a first
axis of said photodetector arrays and substantially insensitive to
position of |light along a second, substantially perpendicul ar, 45395509f
sai d photodetector arrays; said optical head providing at Ieas% a ‘first
optical path, where said first qgptical path originates at said initia

light output |o@3tior\RRfPReasimedin Cladns2, shierein widipnifont elemeatiupthhag at An
optical heagssagirg Cht b %@P@iﬂnneﬁgh at'Rbst'aFirét s&?ﬁdeﬁls?iﬁ%ﬁﬁédi‘ﬁehﬁm
rte ne allg source,

apparatus for use w area I'um conpri si ng:

out putting uritght at an initial |ight output location; at |least a first
phot odet ector array nounted in a fixed position with respect to said
initial light output I|ocation, said first photodetector array having at

| east a first sdfface’ppAratns g daimgibin§daist owhsreinesaicihighpisouee igl ament
unit, nountegd i ixed position with respect to said |light output

| ocati on, s%dléé é(g%]?ﬁe%:i@aa?grél enment unit having first and second beam shapi ng
optical elenents which receive |ight output at said |light output |ocation,
said optical el nt i r r @Bﬁ- i I Lcal
el enment confi gur%g'g fojjr;lfsBc?l} art%{:#ictrl%%g?ﬁfeas'@a&gﬁ%h%agﬁ%%}t g?llirgﬁsqr‘g(%%%t ed
fromsaid nediumalong a path for arrival at said first photodetector
array; said opthgal h [ gL - I St i \ e
said first opti ggﬂ pa{ﬂﬁﬂa:gtp%% %halpr%g%}étdlag%%“ﬁjﬁlﬁétlég dﬁ%ﬁ@&ﬁ?ﬁﬁ“ﬂ@ﬁﬁ on
and reachefasat | east said read/wite nmedium 3. Apparatus as clained in
Claim 2, wherein said optical elenment unit has first and second opposite
surfaces and wherein said first and second beam shaping optical elenments

are formed in safd fiAgpqracu@I@@mMiﬁmmppﬁ wWiRsdIE 6t BBt Y- firsiGuifdcel ot 4004
4. Apparatus as clainmed in _Caim?2, wherein said optical elenment unit

further cofpt¢alelemant paisediacenb gaidseepnd epticak blogle includssfat Jeased first most/i de a
first focal.. I i.rst rid i flected from
slai 3 medi u%égl@aﬁ’glﬁe{lﬁeget%’fag@gg&gﬂg%% a}gg@o&ﬁfgﬁ%ﬁﬁé?%sﬁwﬁg% fromfirst

phot odet ector array. 5. Apparatus as clainmed in Caim4, wherein optical

el enents provid in, said optical .el nt_unit are further configured to
provi de a secongg'beaﬁ\ppﬁ'@ﬂ'ls C:laé%@ii 1%8%’6%%7%\4165‘?1‘1§%‘F1&11(Pqt§?ﬁe“feéﬁ e from
sai d medi uBortRal §f B6IERIE REBEUdIPAIBEE REidOBIge, SARICAIEsREOLAEREBSE Litardly ay.
spaced fromsaid first photodetector array. 6. Apparatus as clained I'n

C ai m 5, whenesad inedgeqiaclortberibapssidaneatsecond focal pl ane spaced a second
di stance from said second phot odetector array.

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 toarrntyalrleght initensw;wbcnengsa@d ritreiméansity isplesst tham abdut|&0ghin f r om

said first q Qath to a forward sense detector. 17. Apparatus as
clainmed in éﬁ%’f"f@i “Pur t her conprising circuitry for using a signal from
said forward sense detector to control a povver IeveI of said |light source.

18. Apparatus aggCl ai eag;[g a%l e%l[mf(‘j’lr %‘pﬁg‘t“%cag’lo&ﬁ%&g'eq?num .

| east a portion of a sur acé enen
19. Appar atdefiniag rivh anteesdtiésat @hm perihﬁetevmammoﬁamrh @{tmid dged:tsvealens with

substanti al | reflecti n arat.us.as clained in m 18,
wher ei n sair%gf’gﬁtatto 3 gex?tgzﬁj gijﬁ Bﬁtyl, a'f%e&e psal rm 1nten51ty 1s greater than albout

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
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absorptive coating. 21. Apparatus as clained in Claim18, wherein said
coating is positioned to reduce incidence of stray light at said

phot odet ector. 22. Apparatus as clainmed in Claim 18, wherein said coating
is an anti- reflective coating. 32 14 July 2004 23. Apparatus Z%SJ@M' iged in
Claim2, wherein said optical element unit has at least a fir ?%8 ment
mar ki ng positioned on_at least a first surface of said optical elenent

unit. 24. Apghathat geidafirst pnd seebnidnomtical slementshiotestapt shilehst aghrrtisowf dight s an

edge-em tt : atus as clainmed in daim2, wherein said |ight
g&@@%ﬁ& SE%EII ARRRLe

source is paratus as clainmed in Caim2, wherein said |ight
source is a blue-light laser. 27. Apparatus as clainmed in Caim1ll, wherein
at least a first _surface of sajd optical elenent unit, adjacent said
second optical BPock methgdes clumedEsClagn 39, Sxthgpheamprising wAtBEResecondr ei n,

adj acent abgi&@gfo%%v@%g}%}ﬁ&tgfsaiaglrﬁnq%?cfgfblo%ﬁ!d surface. 28. Apparatus as

clainmed in alm ereln sail receives at |east a portion of
adhesi ve introduced al ong said edge, said adhesive extending inwardly from

id i d h i.d 9. laimed in J ai
Al L0 ed0e oo Ict oo S Rl 20 MRSLAL LS, 20 i L ol
subst ant i akispnBRpatd1®iodkas peltsReE 9&8#&:05%?& ﬁ&!’: ?F Hoﬁﬁﬂ;f%% Bd ?‘ﬁ'ﬂ dﬁg@@%&‘c ai d

second phot odet ector array conprises fourt SI xt ubstantially
par al | el bawithghspsetitopant smdbetraset or regi ons. 30. Apparatus as clainmed in
Claim?29, further conprising circuitry for conbining signals fromsaid
first, second, third, fourth, fifth and sixth photodetector regions to

provide at |eas#za facwmeih@9kciamedd CoIsh 40, Itcheif isiiddecomiloptRAPBIRL s as
claimed in daim?29, further conprising circuitry for conbi'ning out&ut
to

from sai d ferfigured f disect pbleesta pertioniofishidlight athmgerpash vehiehisssubstghiial
provi de at 23skicR first tracking error signal. 32. Apparatus as clained in
Cl ai m 30, erein said focus error signal is substantially a |inear
function of focus in a focus region including a nomnal focus point. 33 14

Jul'y 2004 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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33. Apparatus as clained in daim?29, wherein a size of at |east said
second and fifth photodetector regions, relative to said first and third
regions is selected so as to reduce cross talk between a focus error
signal and a tracking error signal. 34. Apparatus as clainmed in Claim?2,
further conprising an objective lens defining rimintensities 4fUNef0f
perineter |location of a rimof said objective lens, with respect to a
central i dgé]fdl L=t Ve (A=Y ! i, ity is | ess than about 80%
in a tangeg??lét Hgl?:’%%%vr?. ggﬂvg‘lg%g;éa#ﬁg%fgq% a;ﬁllrlrléd in daim2, further
conprising an objective lens defining rimintensities at each perineter

| ocation of a rimof said,objective, lens, w.th espect to a.central |ight
intensity, wher&fn sdArIHOP?‘iﬂ?Jihﬁ?‘iéﬁéiCWmieé ”P\gg%mt ﬂénﬁgg%@w&a‘ leastay al
direction. 36. Apparatus as clainmed in Caim2, further conprising an

obj ecti ve [fEsispacgeronnted withresneeidaseidichip- at each perineter |ocation of a
rimof said objective lens, with respect to a central light intensity,
wherein said ri #bi nt dmsoptical beayt, eatcdaintedan Glabntd4, Sadin saidt fisy aritroals
direction. 37. Apparatus as clained in Claim2, further conprising an

obj ecti ve lmmegrally €drivieidng arpard dfzbidfakt dpaserat each perinmeter |ocation of a
rimof said objective lens, with respect to a central light intensity,
wherein said riggint i i 11299 §: (=1 R
direction. 38. %\gpar g{i}%@h&s’ gsl gﬁﬁrrgéﬁ nél%@lgﬁ%%b‘g?ér\%ﬁésr% e@ lﬁélgr%gg%grcaﬂ?gﬁes%% of
a path Ieg%%ﬁgrof said first optical path is within a solid structure and
| ess t han o 0f said path length of said first optical path is in air.

39. A nethod for,forning an opti.cal . head i sing,, . mounting a first
li ght source with regé’ %”?&‘?Oasfﬁaéﬂﬁgﬂ‘gg@%gf[@ﬁ?rﬁﬁs 11ggg%qur‘¥qqo§fpr’é??oﬁ%econd

beam shaping optjical elenments in a first optical elenment unit; and

mounti ng s&38¢-GpitingdpseEdioddnt unit with respect to said substrate in a
position 34 14 July 2004 such that said first and second optical elenents
intercept at least a portion of |light generated at said |ight source. 40.
A nethod as cl affed APraraiisn 3o claimedhét Cloimpr #3i nghereinnisaidg light ewores
optical block with respect to said fast optical block. 41. A nethod as

cl ai med i nc@hpiisas40YCBBkr ei n said step of nounting said second optical

bl ock is performed before said step of nounting said first optical block

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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with respect to said substrate. 42. A nethod as clainmed in C ai m40,
wherein said second optical block is configured to direct at |east a
portion of said |light along a path which is substantially non-vertical.
43. An optical head for use in an optical nediumreader/witer, the optical
medi um defining a plane, conprising: a first silicon wafer chi ﬁ‘*
el ectroni c conponents fornmed thereon; a |light source nounted in a fixed
position w idchip; at least a first mrror, in a fixed
position vvis% érgs@c{m({e%c%g'i d chip, and positioned, with respect to said
| ight source so as to receive light output by said |light source and reflect
said light, chaggi ng.| irection: 1 csrca i nponent _nmount ed
in a fixed posi '?Igén %ﬂtph%rt"%ép%ctda?lged 2% gﬂ%hﬁfs%ﬁg{e}gvﬁ%lergpﬁc%%w&g,
carried by said optics-carrying.conponent,. to receiyve and npdjfy, at | east
S bor 1 on” SPRESREY [pGRs o dribh &Lt PRGa: seriRGre bemRh rrre ahn
nmounted in fixed position with respect to said optics- carrying conmponent
for focusi ﬁ%lcheaﬁmghfon sai d medi um wherein light fromsaid light source
travels along an initial optical path wherein said light is reflected by
said first m'rrgr to said optics-carrying-conponent, and travels along a
path, including & fi APpasigisy s glajmedoin ﬁgﬁlﬁl 3o WAL, SRic OPUES-¢AREYIRG avel s
at least to said nedium 44. An ogptical head, as clainmed in Caim43,
further cofpmpenanycemprizesst legst 4 first Opp rareceiving refdeciid: light dopesaid meediami d
chip. 45. An optical head, as clained in Caim44, wherein said first
mrror is aomgegeaindpathomdgrodding apleast sofne sefladtedilight tossamiqghotodéctoAppar at us,
as claimed in Caim43, wherein said |light source conprises a |aser. 47.
Apparatus, as clainmed in Caim43, wherein said |ight source conprises an
edge-enmitting | &der dipparetus4ds dpipmadatinsClais 66,aiwherkin nsafd aecond3 pathhés ei n
said |light source conprises a VCSEL. 49. Apparatus, as clained in Caim43,
wher ei n sabubstangjhlly pavaliel ¢o a sginnpxis $@sail mediam. opti c. 50. Apparatus, as
claimed in Caim43, wherein said first path is substantially parallel to
sai d plane defined by said nedium

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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51. Apparatus, as clainmed in Caim43, wherein said optics-carrying
conponent conprises an optics die and an adj acent periscope bl ock. 52.
Apparatus, as claimed in C aim43, wherein the total vertical distance from
said light source to the plane of said nediumis | ess than about 5 nm
Apparatus, as claimed in Caim43, further conprising a phot od&t &t 204
nmounted in a fixed position with respect to said chip. 54. Apparatus as

claimed i njQalMatndigi€i n said photodetector is a 36 14 July 2004
segnent ed p%t gﬁt ector. 55. Apparatus, as clained in Caim43, wherein

said optics-carrying conponent carries at least a first optic for

di seri m nating gorvie Abyafinis S 1ainddtn @fin sOPWhEEid Al eakYiscHRRALERL US.

as claimed in dalmb53, erein sard opticS-carrying conmponent conprises
at least afi ' i T L\H.NA el | light: fromsai d _nedi al ong
2 second ply Ul ol AR SR TN S5 Atalir e S Fh el e
photodetectg%. 57. Aﬁ@ .atus, as clained in Caimb56, wherein said second
path is s AbSERATPGP fa{’)’%"allel to a spin axis for said nedium 58.
Apparatus, as clainmed in Caimb57, wherein said optics-carrying conponent

conprises a peri.gcope bl ock, sajd r.i scape Rl eck having .a first refl ective
surface for recgﬁvi n qpialaﬁ.}s, ﬂ&@gii%%g@%bég’ ﬁg{iﬁr SREPHSRE &t least aséﬁsﬁ
light along a third ath, said third path being substantially parallel to
the pl ane %Pa‘%eéi Waﬁeed’ﬁaﬁ?npoé’é‘.on%p pag lfél% SBh d?%%dsq%ﬁm@ﬁlﬂéﬁfnﬂvs@zeemii n
sai d periscope block further caqonprises at least a first neans, positioned
al ong sai dppﬁﬂﬁt@ﬂt@%‘flisﬂéﬂterﬁﬁ@Fﬁldf)blle‘?tf‘@f lecting at |east sone light from
said third path to a fourth path substantially parallel to a spin axis of
said nmedium and wherein said first neans substantially discrimnates |ight
reflected frombPéai dARPAANS asstiaimed ia Calnads, ydierdun o §Tst Raiy i puhstotialher ei n
said first means conprises a polarization beamsplitter. 61. Apparatus as
cl ai med i nPeIpsRdicweE; to@spingixis of spid mediwn. means di scrininates by
substantially transmtting light reflected fromsaid nmedi um and

substantially reflects at 37 14 July 2004 |east sonme other light. 62.
Appar atus as cl & med Abpargiusi # daimedive Caim 4P wdnerein said fiesh pathds sehstantiallyt es

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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by substantially reflecting light reflected from said nedi um and
substantially transmtting at |east sone other light. 63. Apparatus, as
claimed in daimb59, further conprising at least a first quarter wave

pl ate positioned, along said optical path, substantially between said

pol ari zati on beam splitter and said objective. 64. Apparatus, HJub 290%ed in
Claim 48, wherein said first path is substantially perpendicular to a spin

et pat 3 SR Rertin opMaP By o ot ARtk Rolp B Kol W IO
Sobat ant aff ges ol e Bl et ig sy ey s inBi el ot in

collim zation,alQqng sajd optical, path between said |jght source and, said
obj ect i ve. 1159 PoSIHGH I, TF%PPER@éa%dn‘?I%WS'GﬁWIB&ICOWBB"llf‘Gan‘Preg Bt seiche
optical nedium defining a_ plane, conprising. formng electronic conponents
on a first Mg Sheight &t H@mﬂl@ptlca&mmwgﬁaedg fogseiddaser dight, said initigleeptiseki t i on
with respect to said chip; positioning at least a first mirror in a fixed
posi tion wpath edeplng fitom saiddlighti govaced tniseld fiess peietor,t o s&d dopticgetrrgingr ce so
as to receive laser light output by said |laser diode and reflect said
li ght, changnponeint,so diid ebjective andoan idasing said raedilugs a paftioni ofgaidanitianesical N a
fixed position with respect 38 14 July 2004 to a spacer wherein optics,
carried by pshiftbnoBiid 6ptidaaiyinBEofPORAN N taid bEjeGivédn@iding B diritptiéd] ph@ASt @
portion of said light reflected fromsaid mrror; and nmbunting an objective
ina fixed position with respect to said optics-carrying conponent for
focusing light on said nediumwherein an initial optical path is defined
for said |laser Light, a0 dnjtiad  opt] . t xtendi ng.fromsaid |ight
source to said ?'r st Amir?elrﬂgord,’ n‘{so&@glle %ﬂpt%ieﬂ(l:nsnc T&ﬁﬁeé-coé%pﬁ%bnrgegqo,ﬁﬁ%g i d
obj ective a t |east fo.sai.d nmedju or.tian of said initial optical
path from Eg‘%ag%%%t?f ?fB‘F?PPﬂSO%WﬁJaa?%ﬁ&t‘gﬁa@ﬁ%“H- obj ective including a
first optical path. 68. A nethod, as clainmed in Caim67, further
conprising nmounting a photodetector in a fixed position wth respect to
said chip. 69. A nethod, as claimed in Caim67, wherein light is reflected
fromsaid nedi 0% and wethpd) & clpiowy ia Clafm &7t wheteinglightgatreflectadcirontisalg at
| east a second light path substantially parallel to a spin axis of said
medi um f umediam exdrpevds alpng si miestad digbippaticsinclodingyst lepst arspoonantight grath
positioning at least a portion of said initial light path along a 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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different fromsaid reflected light path. 70. A nethod, as clained in daim
67, wherein said optics-carrying conponent conprises a periscope bl ock,
sai d periscope block having a first reflective surface for receiving |light
al ong said second path and reflecting said light along a third ‘&F?tréb sai d
third path being substantially parallel to the plane of said T Um0, A
nmethod, as clained in daim70, further conprising positioning a

pol ari zati g, RERMEPYE dal Eheliuld) ah& SRANn sAd iagiz&%d' Lify oned
along said optical path fgr re’fafle???ng Fklggﬁj? rom sail ﬁ%?ﬂreg%gjasgﬁﬁ?ya
fourth pat 1 I . 4 July 2004 to a spin axis of said
medi um an%a%#@?sg@ttg%!eé%%%%g?%dﬁghegﬁx%eam splitter substantially transmts
light reflected fromsaid nmedium 72. A nethod, as clained in Caim71,

further conprisikhg pqsithaonin l,east . first quarter wave plate al ong
said initial op;7 ?‘cal %p%fgﬁgasaﬁg%%ﬁg i%aﬁaflm?ét &‘E@‘ﬁr g%?@“%ﬁ’%‘tf %ﬁe%Lam
splitter and.said objectiv 73. An.pptjgal head apparatus_ for use ip an
opti cal neai%‘ma H'é%{ﬁeérwm P]g e, a]t%ﬁﬁ Sa@gﬁ% Iom’éﬂ]iaH?Fﬁdgﬁ?SFﬁnH@u% fWgea, said
conprising: a.first substrate having el ectronic conponents positioned

t her eon; aPP]?BFRtIOH(L)Pﬁ?IE&PhWé‘HQSﬁélﬁ’meéﬂvq-n a fixed position with respect to
said substrate; at least a first mrror neans, in a fixed position with
respect to said_substrate, and positioned, with respect to said_|ight

out put neans so’as t &ytisphhcad agparatys 95 se By aw aptiral mgHiumbieedertwiiten e  and
reflect said |ight, changing its direction; optics-carrying neans nounted
in a fixedoptsgl medinmydafinnegsspars compysing | i ght out put nmeans wherein
optics, carded by said optics-carrying neans, receives and nodifies at

| east a portion of saifuistlsubsitate bitieg tledrdnio nompomtntsi positioned érezonaadight

obj ective neans nounted in a fixed position with respect to said optics-
carryi ng neapat feansfracused i hifigbt Fos‘itislaimdﬂqnﬁﬁﬂddmo e Etisirate] afl leastta fadt
initial optical path is defined for said light, said initial optical path

extendi ng fii@eR ARk, lih GhixdbRion™RaR SredRct RAbAM fslibsihteMahd YosilBRAS wilt® sai d
optics-carrying-neans, to said objective means and at |east to said

i cs- car _ d obj ecti ve mear |
st spactont S RaBuft IR @ Onehells it (IR sol PR Bl PES.

gﬁbglt ?ia{rgd i eﬁlz&isgﬁ‘dz%ht,‘éﬁ&rgﬁ{g%ssd}iegti&{?ti cs-carrying neans conprises said

optics-carrying means mounted in a fixed position with respect to said
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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14 July 2004 76. Apparatus, as clained in Claim73, further conprising a
phot odet ector neans nmounted in a fixed position with respect to said
substrate. 77. Apparatus, as clainmed in Claim73, further conprising neans
for discrimnating between emtted light and reflected light. 78.
Apparatus, as clained in Caim74, further conprising for receld 4%t ght
reflected fromsaid nmedium along a second path and providing at |east sone

reflected 110kt o sgt ANOLOURKES! BT CHBAN, Mine WRLAINSY ABcbaLT |1

Claim73, further co I'sing nmeans tor receiving salr d second
path and reflectin aid-light.along a third pat aid third path being
subst ant i aﬁi?n%g\pﬁﬁqeélm?gx? OSHP&R@I%BFS%%H? Sﬁ'&ﬁﬁ"@%‘ﬁaﬁ%o. Appar at us, as
clained in Caim73, further conprisin ans_for reflectijng light from
said third path Yo a/Peaatys: et ﬂ@é%fst"grfflig%%pﬁmﬁ HOMMBISTES BleAnyHIPE of
said nedium 81, Apparatus, as claimed in Caim73, wherein said substrate
i s sel ect ediscriginatingHeiyeen emifiedlight anbiedestedlight. a silicon wafer chip and a
flexible circuit substrate. 82. Apparatus, as clained in claim81 wherein
sai d flexible ci7Bcui Appatatisy ast dainedripGlains 74 fudheyicoingesing Jor rpgiwingtlight as
claimed in aim73, wherein said |ight output neans is selected from
among t he gefleereddonsissidi mediodh @ongedgecondigath agl basilingl apestantheare el .

84. Apparatus, as clainmed in Claim?77, further conprising a flexible

circuit bogiphk toeaitphotddetvdter @bansCi rcuitry on said substrate is coupled to
circuitry on said flexible circuit board nmeans. 85. Apparatus, as clained

in CaimB84, whegein ?,?muﬁy&%ﬁdiﬁw%ﬁg%gmﬁcgﬂ@h%&n{l i ﬁ)rirébeﬁmiaghrs;

pl ane and wherein a st portion o Irc oard meanhs is
subst anti ak; el id fid I | e econgd. nart.i on of
ai d a1 1415l GBI bedk BBy Kbee R ROH e ERY AR BTRIL DT
first plang,. 86. atu s.clainmed i.n Cl.aim84, wherein said substrate
is at | easf)emggplgs%ﬁft %@M ?%ng%ﬁogsaé‘g%em egion formed in said
fl exible circui é board neans. 87.,L Apparatus, as c¢laimed in C aim84,
wherein said fl8% bl &PRRRRE: 25 peaiftFd i dniaiop nti, utsdier (compaising  mepapss tfor
thermal |y conductive coat i_ngg_ri n thermal communication wth at |east a
portion of reflecinglight fiom said Hard pathvietshisarth pathfsubstansially maralel toyst spirpaxihefid
conpri si ng:

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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formng a plurality of electronic circuits on a silicon wafer having at
least a first surface defining a plane; nounting a plurality of Iight
sources on said silicon wafer, with at least a first light source
positioned adjacent at |east sone of said electronics circuits; 45)? %Otlonl ng
a plurality of spacer bars, each bar having a | ongitudi nal amg OR bar
defining a plurality of mrror surfaces with said mrror surfaces at about

45 to sai dleﬂib@é@r&itb%ﬁdqn%ﬁ%n&waﬁe&osﬁutfﬁét@%néal d wafer along a
plurality of cut lines to provide a plurality waf er chips, at |east

f d fi t t
Sortion of a 8 02@%?322?%1%3%%8? GRS TRAE Sl ARLEAE 8 1edy
| east sone sai d,.cut Bnter cts

at sare. id spacer bars;
or ovi di g BouElS Bttt ibel faf *an%daeﬂaalﬁ‘?%&tblq A Yoaftbther of n o d
first light sourge is causedtoe osi ti at, least a
first optical ?rponé’fppa{ﬁinlsha'? é@ﬁ'@%‘i IW £in %ﬂﬂ?ﬁé’@g]@f‘:%ﬂlw a
first chip durlng a tinme when said Ilght source on said chip is emtting
light. 89. Meappinchulen st laash ariiest itheroply sosBictivihepasing is dhermal eemmupicatien
conponent is an optics-carryi conponent having a plurality of optics
f or med themﬂratma/@m‘tlennfsamt%matal y 2004 said step of positioning
conprises noving said first optical conponent until said light is

substantial 'y c@8t er édmethod fod falxédating en opticbhehdaphipegingd0. A nmethod as
clainmed in claim88, wherein said optical head includes at |east one

phot odet ector, and whigifih a?ﬂijrﬁh lof SlectOdHit 6R¢uiE QARORDh WatePhREd &4 IORE
bl ock, defining a reflec t exit path and wherein said step of

posi ti oni ng HANRFhRERARY 4 gganesal d first optical conponent until said exit
path defines a predetermn rélationship with said photodet ect or. 91. A

rethod s, ol i d | vl BBl PADLE0 PSR NS hg TYGE A et

first light source positioned adjacent at least some of said electronics circuits;

positioning a plurality of 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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said step of positioning comprises moving said first optical component until said light is
substantially centered on at least one of said optics.

90. 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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