"CPTQHEEECTRONIC FOCUSI NG ERROR DETECTI ON DEVI CE" 212 0 493 The invention
rel ates-to an opto-el ectroni,c focusing-error detection device for detect jAg
a deviation between:a first radiation-reflecting surface and a pl ane of “
faedsing of an, obj ective systemin optical inmaging apparatus, in partic

5 apparatus for reading a record carrier having an opti cal
radiggion<Féflecting I nformation structure of apparatus for optically

recort ng information in a record carrier, which focusing error-deziczbﬁrgg
devi c\ed/corrpri ses a beamoppdetk@Roffd 2008INGERRDR Jatdriol vevradh at |

reflect’ed by the 10 first.surface to formtw subbeans, and a radiation
sensitive detection systemarranged to receive said subbeans and conpri sing
a plurality of detectors which are separated from each other by narrow
strips, first and second separating strips being associ ated one each with
sai d subbeans, the 15 outputs of the detectors being connected to the

i nputs of an electronic circuit in which a focusing-error signal is derived

fromthe detector sigRdl SaveRdSdh ReflbsC iaf SRBCEIdRFONIR EdiRstid-ettdy
"PCM-Schal | pl atte, fur, di e 8Qer Jahre" " Ra |2 nt or.” 45-(%%7 , pages
'i*e&h V4 é

138-140. 20 This WEGFHENATPFPSEE & g o BePTTER of a
sem conduct or - di otdibtiverrefThetingashdfecenandi 4 pdandpft fucesimpef ans focused
on an informati onushEtsileUbfse@h B gﬁ&%&f%ﬂﬁ%&{(j%ﬁ@éz@t&@{ hEfar¥e@dr Obj ective

system The read béam whi ch has_been refl ect ed the 1 nformatjon structure
traverses the 25 FPREIUS ECP FeIERE 2 SEEYTT CRTTHES IYLRYBERRIERRY y passes
t hr.ough a beam sptadib€ionpréflactingaiigoinidbnesirutfiger afl iapparatus dokce and t he

obj ective system ' r';m j. Ve Ia;gg e am t he
radi ati on path _of°ptt%§]b1§a%1 em geéﬁ%fkgﬁieogg%yurace, §é %ﬁ?%%ﬁn%dul at ed
beam can be receifrsisg arrardfiefection devisensimprieesiatheomreniisyer em which
supplies an el ectddréngddiiitheNpath 6f a radiation beam reflected by the

' ' 0 first surface to form two subbeams, an_d a radiation sensitive

d‘etectibh"sy_stem' arranged to receive said subbeams and

*

- comprising a plu::aiity of detectors which are separated from
~ each other by narrow strips, first and second separating
strips being associated one each with said subbeams, the
15 outputs of the detectors being connected to the inputs of an
electronic circuit in which a focusing-error signal is derived
from the detector signals. f o
- Such a device is described in the article: "PCM-Schallplatte
fir die 80er Jahre" in "Radio Mentor" 45 (1979), pages 138-140.
2 This device comprises a radiation source in the form of a
. semiconductor-diode laser. The read beam emitted by this
laser is focused on an information structure of a di sk-shaped
record carrier by an objective system. The read beam which
. has been reflected by the information structure traverses the

4

"
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objective system a second time and subsequently passes through
a be'am-splitl'.ter prism arranged between the radiation source and
the objective system. This prism diverts the modulated read
beam from the radiation path of the beam emitted by the source, .
so thai_: the modulated beam can be received by a radiatior'x- '

30

sensitive detection system which supplies an electric signal in



2 conforfity with the nodul ation of the |ast-mentioned beam Opti cal
systens which are used for imaging very small information details and whi
operate with a large nunerical aperture have a small depth of focus. In
sieH i magi ng systems, 5 which-are used in, for exanple, mcroscopes or
apparatus for reading optical record carriers with very small details or
apparatus for recording information in a r e€or d carrier, it is essential
t hat % devi ation between the actual and the desired pl ane of focusing can

be detected in Okg@forhPif O 18 Ghe tdRul AQBA 1 4¥0 thd) 1.66RRABENEE Bl et 0. For
thls\p{:{rpose as is descrlbed in t e aforerrentloned article, a roof prism

may be arranged on t FREEGALt SYSEERS SPIEh BCB T AN LRSI S™hL roof prism
splits the beam ﬁ.mmmnsdémammhwmlchaqs;&rae@mvmd bgtrgaep-a:rea-ﬁealdet ectors
of the radiationg g%ﬂt,{a\(,g dehest 148 §t%s ﬁﬁgﬁr mr anégedcﬁél' 0f or

exanpl e, 15 four Fadiation-sensi five etectors ng a

| i ne transver§e ¥Bighare areddf Ere@YEPLe, t“Bér‘?Wei)Pstr‘ﬁP%r%&‘% FARfinge

]:sum of ht he si gnabﬁti&dané&Ed toaeridiizeni thetast ens 1f H&Iﬁlﬂ@%rsﬂdiﬁa@ﬁt\ié”leoﬁl gnal s
romthe two outer tec eldsas n whi.ch [ QpOrt.i.o 0 a

focusing error. 20°° ordss %?’ﬁ'y oélst nﬁg%%lrorrrﬁgfbclt g gy%’f%n?fkﬁgg

di st ance bet \A/eenatmmbstwfmtm ctgphtangnthepdesiredrptadeiaf fogusphane of

the detectors ShQHdeaebée&‘&H@& thOoddag & E&ﬁ%@ éﬂ’et %@&Quﬂ{"insx?é%é&ﬁéé ng strips
of "the detectors and the radiation sg@ts shoul d eﬁgo& i oned correctly

relative to t e &BeetPor $or SBUEHRIFPPHRy REFSAEPITIRGLER Bis afqrepentigeed
symmetrically relkaticie, t0 rodf passoaspibedasmpgedionntheseritpfadent tihe beam i s

f ocused correct| Ye a:{_sgi{qugg lris%g,gce ?ég?%&?ﬁpsg‘imé &fe Yeah NGLAHLAt i Oon

spots is not correc the'ra i'on spots are not positioned

correctly an err GHeRRI®s fvid ol jaxg- kacebyeds Py mparateodetachens ahdheoFadiation-
focusing i s then seRsitiPpd wektidtdon | dystem.anTiily epgteafc&sbezsusesm ekdlp@8) i on to

arrange the d tors _i.n . suc fter enbl' of th o
f ocusi ng- er ro‘r‘:\‘jt d%?‘é%t’?ﬂ’hatﬁ%'fsgﬁf{%\/'ea‘pe%?ﬁ%fg ‘Bhé't F%rea"gﬁ%t ?8 98 the
radiation spots Game seamendesedaathet mﬁmtmesemwmm pigm. Subtracting
the sum of the signals from the two inrer detectors from the sum
of the signals from the two outer detectors yields a signal which

is'proportional to a focusing error.

200 = In this focusing-error detection system the distance between
the centres of the radiation spots formed in the plane of the
detectors should be equal to the distance between the separating
strips of the detectors and the radiation spots should be positioned
correctly relative to the detectors, so that the radiation spots

: 25 are disposed symmetrically relative to the associated separating
'strip when the beam is focused correctly. If the distance between
s the centres of the radiation spots is not correct and/or if the
| radiation spots are not positioned correctly an erroneous
focusing-error signal is obtained and correct focusing ;s then

-30' impossible. ' .

It is an object of the present invention to arrange the
.detectors in such a wéy that after assembly of the focusing-error
detection system'the distance between the centres of the
radiation spots can be made equal to the distance between the

35 separating strips and so that. the position of the radiation spots

can be corrected.



35 separating strips and so that the position of the radiation spots can pe
corrected. . 3 To this end the invention provides an opto-electronic

focusi ng-error. detection device for detecting a deviation between a firs
rad¥ation-refl ecting surface and a plane of af ocusi ng of an objective system
in optical indging apparatus, -5 ~ which focusing-error detection device
conpri'ses a beamsplitter arranged in the path of a radiation beam

refl @t ed by the first Barhégendotieolventbos pbinedes , andoptceddtroniensi ti ve

detection system arfo%qg%—%ﬁt&eﬁﬂe‘é@i@@idqéf#ngrf%than%gg%%itﬂgnr aby

pl urdty of -detectors are separate

strips, first and st&tBRep fcpirst: Fadjation-peflgering gurface andda planeath with

sai d subbeans and bgjcagidgnet idaceb fictive 3¢sded Bl PpCidd) ORMpiagQlppatatuend an
electronic circuit q@getct ed, to receive H]% get ector s'i nal s, and in which a
Y .

f ocusi ng-errdbr signat I's oG 8P e BT P o T TR & S °%"?P§na %2

The desired object spdttar actangeddnbtherpethgftheaadinrionHeanmefilectededndr two

directions within the plahesieatltodedac bl Subbiats | Ne BN bi-seREfGE! Y 1N
focus. In a preferred enbodi nent of the focusing-error detectiqgn systemthe

angl e between the SIAFEFEEIPNETSLER qFTangedyfp Tecelwd patd, Aubbeans and o v\ With
this choice of the cogrtsingea plprelinprif devrgeorss whidh ace mepasatedrfyemand t he

sl ope of the,focusing;e erg.sStic hLepn e

detect or has_ml i m teéc]lg |%%g|%§w§%’ 15t Gadd Sﬂoﬁia% gggttigé #5%?2’3%%9
and/ or recordi ng i rfaseatated oteneach Fieh sald subbaamaiangd beieg| nalingd at

i nf ormation surfaceaPhedte 8agleles Dnki fothed)l 6Hd ARPEledttdnicOdHcuses a

et A S N G e
S S focusing-error signal is derived from the detector signals.
15 The desired object can be achieved by moving the two
' subbeams in one or two directions within the plane of the
detectors when the beam is correctly in focus.
In a preferred embodiment of the focusing-error detection
. system the angle between the separating strips is
20 substantially 22°.
With this choice of the angle the adjustnént range is
"sufficlently large and the ‘slope of the fdcusing—efror
characteristic remains large even when the detector has
limited dimensions. -
.25 In apparatus for reading .and/or recording information in
a track on a radiation-reflecting information surface of a
record carrier, which apparatus comprises a focusing—-error
F detection device in accordance with the invention, the

‘detection device may comprise four separate detectors,

- ' 30 ' beanrspiittiﬁg caking place in a plane which is effectively
transverse to the track direction, and the electromic circuit
may comprise means for deriving a signal which provides an
indication of the trﬁnsverse position, relative to the

information track, of the radiation spot formed 1in
35



30 vbeamspl itting taking place in a plane which is effectively
transverse to the track direction, and the electronic circuit nmay conprise
means for deriving-a signal which provides an indication of the transverge
pesition, rel ative to the information track, of the radiation spot
formed in 35 the plane of the informati@n surface. The invention wll
now bé described in nore detail, by way of exanple, with reference to the
dra fig, in which: Figure 1 shows an enbodi nent of an appar atus provi ded

5 the preséit FGERTnEiRAPEITREIRL FPEiPBevi ce, Figure 2 shows the
sep? teddetﬂgcg ors amd Lrhﬁneigac«binnh& géommmdm mdbé tdethi QUBE v&ySEOWS a
preferred enbodi nent of the _detection deyic and 10 Figure 4 shows a
further enbodi r’r@%? ’fﬁ“p{ ”a‘é'%é”f ISR B %ﬁ?’&&?’e P efisRE a small part of
a di sk-shaped recor digere ileshosi an eaichdimenty o sars epparekus previded with
radi ati on-regl e%ér&egg,tip_rfgg}glgg_e}%yqe%& bﬁ Mpgsed on the upper side of

the record carrier ‘and conpriseS a multit i nflor mati on areas, not
shown, arranged 15 Q’-GH‘@? |2nf’?9f"ﬁa?’190ﬁefﬁ’5‘é$<é’eiect?ﬁé At Bien8LeHoRYG uct ure i s
scanned by a readodsing pradiged by a radiation source 3, for exanple a

seni conduct or - di ode Fji%:ee Adens ZotQL Egt;npﬁdﬂn @H‘}' B %2@526-_19}, 4elice

parall el beam of such cross sectl on an obj ectlve sSystem
5is filled adeqi}étely Thi s objective 20 systemthen forms a radiation

spot V-of nim nal dirgisd QNshowd 4 FAr EHYrOLMBYLL AdhtSEE WhE edeactiRA d8Adepeam i s
reflected by the |nf I’ITB.tIO tructu e and, _as h]? recﬁ{)d carrler noves

relative to. the read S‘é'%ﬁr} S MRtk 885 HeAnt U =FTI0RPHD JEFR% . T T e
conformity with 1t e dagial medssoRe@ioni offbe radistiensfdeckiogrinfermatiinnor der

to separate the jppeilal ad BEQRELLL A tleufif@ M &0 BI-' he Ddedobs daHid bAA

source a beam splitter
comprises a multitude of information areas, not shown, arranged

18 along information tracks 2. The information structure is scanned
by a read beam b produced by a radiation source 3, for example
a sémicbnductqr—diode laser. A lens 4 forms the diverging beam
into a parallel beam of such a cross-section that the pupil of
an objecti.ve system 5 is filled adequately. This objective
20 system then forms a radiation spot V of minimal dimensions on the
- information structure. | _
The read beam is reflected by the information structure and,
as the record carrier moves relative to the read beam, the
. reflected beam is time-modulated in conformity with the information
stored in the record carrier. In order to separate the modulated
- beam from the beam ernittéd by the radiation_ source a beam~splitter

25

prism & is arranged between the radiation source and the objective
system. This prism may comprise two prismatic elements 7 and 8,
between which a beam-splitting layer 9 is disposed. The entrance
30 face and the exit face of the prism 6 are designated 10 and 11
réspectively. The layer 9 may be a semitransparent layer. In
order to mipimise the loss of radiation in the read unit a
polarization—sensifive beam-splitting layer may be used.
A A\/4 plate 12, A being the wavelength of the read beam b, should

3 then be arranged between the objective system and the prism 6.
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pri smé~is arranged between the radiation source and the objective system
This prismnmay conprise two prismatic elements 7 and 8, between which a
beamspllttl ng | ayer 9 is disposed. The entrance 30 face and the exit face
of_the prism6 are designated 10 and 11 respectively. The layer 9 may be a
semtransparent layer. In order to mnimsesthe |oss of radiation in the
read unit.—a pol ari zation-sensitive beamsplitting | ayer may be used. A

¢

[errNé4 plate 12, [err] being the wavel ength of the read beam b, shoul d C

t hen be arrangetridepnismnis keavsyjsed ttiwiee dysthmmreast] bedre apdiirates the $akode

prismds traversedoi wiceen bHSnisardahadFbag obdt at%&hembas&moémted
pol arization of_ this beamthrough 900 in total he beam enjtted by th

radi-ation sour Y it8e (Fgh>tiry £t &8 *é’l‘%'s"ta"csﬂhﬁeé‘t 2imeshyropRletsly Y the
wher eas t-he nnd;nmamedvhbeeaa the mofitixtte (bean NS refierped tadinystS complat ey a

radiation-. nsw s detaqt g?&-%XEél%E]ré%etJ@flors tsmyp%gsfsx@t gnal

whi ¢ch is nod Iate I N accordance tion store e record

carrier. |n ordePpiiegéntimeb wichdgspedlatedhin sogredangivdfhpievi des an

I ndi cation of t{FokmeiiohUstdraddnt fiee dééda-atd;amaaﬁ. a deviation 10 ‘between the
pl ane of focusing of_t objective s i em and the lan he OI’ITB.tIOI’l
L Fucture a roof pr i i Spit i b T fugh eglacd

beam spl i tter pani- $neig-adien pﬁethﬁamqmlt@iﬂ aa@r%lﬁtdxrsctmle@,f iofedhatieonm 13 -
conpfises, fur waaEeh ¢helfdhe r&dkéédsﬂﬂg Seneid bﬂfec@@&é‘%&@ién aﬁd '%hE';ﬂ‘éﬁé 2
whi*ch |IIustrat he 15 focusi tg‘ierror detectjon EI’I nmﬁp hese
detectors are itbﬁ 8“?6&‘”17’ Ghune f Fect ?ﬁ?‘%" A aé‘gﬁd\ﬂneW%f the
detectors takenesdltofimret b dfi tiee bean-kplitteFimise slana'ruaerddiaticm‘e edge 15

of the prism 14 tﬁf‘e BN #erag%&éng? %&ﬁ%ﬁ?)ﬁﬁ xQ@?lé nfg‘%gure 1, of _

the read unit. mever pre own in t he roof

prismis arr ang'&?iPhi%éwsétﬂéﬁ/dF OF$re “FRFLGERS de WhdgR iGW%“‘FF&?@V@rse to -
the opti cal ﬁXI&&Qing-eﬂ%r‘Sdeﬁb%bi&Spﬁiﬂd’i@w REesd B@tectbgdlaket O be derived -~ ©

fromthe detectol; 3408/ Bs, 17, 18 and 19. This Figure is a view of the | B
deteci_:ors taken along the line II-II' in Figure 1. The refractiiie
edge 15 of the prism 14 may be parallel to the optical axis, '

_ 00' in Figure 1, of the read unit. However, preferably, as :
20 is shown in Figure 1, the roof prism is arranged in such a way that -
the refractive edge 5 is transverse to the optical axis 00'.. This
‘enables a tracking-error signal to be derived from the detector
signals. : |
-The. roof prism splits the beam b into ‘two subbeams bl and b2
25 which cooperate with the detectors- 16, 17 and the detectors 18,
19 respectively. _ :
- Pigures 1 and 2 show the situation in which the read beam is
| focused exactly in the plane of the information structure. The

- ' read unit may be constructed so that the focus of the éflecte&

30 beam is disposed ‘exactly in the plane of the detectors. In the =
case of correct focusing the subbeams bl and b2 are symmetrically
_ inci.dent on their associated detectors 16, 17 and 18, 19. respectively._
In the case of a focusing error -the energy distr:.pp_t;o_n within -
the subbeams bl and b, respectively relative to _their associated

2
35 detectors changes, which may be regarded as a displacement of the



(N
The roof prism spllts the beamb into two subbeans [err] and b 25 which
cooperate with the detectors-16, 17 and the detectors 18, 19 respectively.
Fi-gurres 1 and 2 show the 'situation in which the read beamis focused
exacCtly in the .pl ane of the information structure. The read unit nmay be
constructed so that the focus of the reflected 30 beamis di sposed exactly
I n the__;pl ane of the detectors. |In the case of correct focusing the
subbeans [err] and [err] are synnetrically incident on their associated
det ec{oys 16, 17radihtign spots &pent Vyefoymed byt the evkheans rgladigestndgherror

the energy distrisBetdt@BsV thl@x@tf&ue%mﬁgﬁoeam éiHi@téh byeeeeséaﬂseidh relative
to their associ ated 35 det.ectors chang_‘es whi ch ‘r’? etﬁard d as a
e[Br OF R}

di spl acement of -FA¥C® 1f L4FRPFGN NGt afitl P&r 8% 5335“? S
subbeans rel ati vehéooetalne tjedmt bgrare Mvddhhzxiaodsrandftuehéeﬂmamsa&ﬁtar@dlﬁ)y t he

radiati on soupce dhseleePascrh ARt Lherdyl il ehe UBEdBLENTRLLOR0S ! HUCt Ure.

t he beans [er ]an err are noved | nwar he detectors 16 and 5

recei ve | ess raditheifosue s tRe rRah PepR ed‘é?’%%’tﬁl’sthi?raéﬁﬂtiﬂ? SQYEce ks focus of
the read beam enigikgsbebYbd1bR® trR0bTeneOSE LRGN REctBatibs msﬁﬁtubelw idverpe ane

of the informati structure t r h ens t s 1
18 receive a Iesg1 PR &;ﬁg%r%g tof% Fﬂ%age ec?ggris ?% é%f&fg 'Asenzzr'ﬁnvm
in Figure 2, by &ppfll)hhﬁgdel:@ctqmelélagﬂal% fApshovreindtigure s Oy 2ppiying to a

first adder 2@ andetions d Epoh tthe aie&e&trerﬁw Jaﬁd aRded & EDrst s&sRNgo adder 21

and applying the signals fromthese adder | fferentjal I fier
a focusi ng- error BigHre £ Y5t AF45E rsTFrg t?(?ﬁc%'?dgﬁgﬂl g?icaﬁ‘ﬁ be

obt ai ned by rreansappiyiagtmer dicpalierfraa, thabeeﬁdemattbsa digferentiminenglddiem t he
adders 20 and 21. D F8Ea0 -ééroﬂk‘igﬁé}ﬁ@a'fs %taeqd.s Tﬁéqgrx Yon 8581

respectively. Ei tzhér as | gure 1, or t refracCtive
edge 15 of the r &gf < Pgrﬁbﬂl’}?éybib@eéﬁ‘%ﬁgs%dmbw Fﬁ%e‘ek’?t whage iﬂ“tﬁ)a%f t he
beam splitter upr icohhectErtd bige 20baG! eul alnarge vra&useqﬁntme the signals S_ and

S, are given by: S, = (515 + 5,9)=(S) + $)5) and 5,=5, (s, 5, 45,

respectively.
_ Either the base, as is shown in Figqure 1, or the refractive
edge 15 of the roof prism 14 may be disposed on the exit face 11
zn_'of tﬁe‘beam—splitter prisme. For the selected large value of the

apex angle of the roof prism, for example approximately 170°,_the
pﬁism 14 will have substantially the same effect in either case.
The apex angle is selected to be as 1arge as possible in order to
ensure that the detection elements can #e erranged as close as

4 ' 25 possible to each other and can be constructed as one integrated’
detectore.

" The focusiﬁg—error signal is determined by the position of the
centre pf the ;adiation spots’V1 and V2 relative to the separating
strip of the detectors 16 and 17 and to the separating strip of the

30 detectors 18 and 19 respectively. Care must be taken that when the
beam bl is correctly focused the distance between the centres of the
radiation spots is equal to the distance between the separating strips.
Because of.tolerahces in- the optical elements of the focusing-error
detection device deviations in the distance between the radiation

3  spots may cccur. If the distance between the radiation spots is too



apex ang¥e of the roof prism for exanple approximately 170[err], the prism
14 will .have. substantially'the sane effect in either case. The apex angle
Is sel.ected to be as | arge as possible in order to ensure that the
detection el ements .can be arranged as close as 25 possible to each other
and can be constructed as one integrated detdctor. The focusing-error
signal -i s .deternined by the position of the centre of the radiation spots

[err]™and [err] ReladicHfs tQ4 {h&oé%gaeé\ng@g Bt g\klpngi otdteeudﬁt £OL-Y % 1§ and 17

and to-the separatihg strip o etectors 19 res ect ively.
Car e \wist be takéf® %&F‘:Wfénc‘ﬁ‘?e-’béamc["é?r']f FS"(?GH%’GPF’;P%OE%§ &t the
di st ance bet V\,een“bhﬂ:mni"l’c&Sr(ﬁ etlte ERghadtyion spaisplisdequdl tHeodidt@nce

di stance bet vveenbg,?(;? S aLiNg: st RS, aBego%US_?. 19f 2 4Rl Q{?&C?dscu.&é.lé@mr

optical elenents cu3| ng-error detectron devi eviatirons in the
di st ance bet ween Sﬂ-w@lr‘a{!al}]a??oﬂ“s’s"’"spots may occur. -If the distance .

bﬁt }Neeg t he ragl ati FrInS@-Q'Ie& tS ::E.Qﬁit the7 dl~ a&g@ewdeé@aiea&éne&scaetﬁew 'l be
shi fted outwar SI’ tlvetot ete vn . correct

focusing, so that® 8§|th' dch3| ﬁ‘@ g? eb §Pa%e |'°C°DZ‘E§ Jﬁﬁ%?’&? betupen
t he di stance bet weerr:etnhees a8 el mdlshmns sp@:St évlggaasseablregﬁthh@edevice -

f ocUsi ng-error S thb GRAbtd Ey&%nsf@%ﬁ@t@ncééa (274 CL%Bwﬁ Q.npﬁfgdﬁ}:é {.,hemgli st ance
bet weent he entres of the detector pairs 16, to be adapted to

t he di stance Met \ﬂ@E?FtPﬁe?%‘eﬁt?résn‘bf“W@’ PERANGE? é’ﬁréﬂ?Ps’%I&FF*hé’ Be%e 'fy of
t he device the dehesicmres-;agt&ratl £he @ABAratDiE dtHiD. $§Cﬁﬂnthéld5tg:tbﬂsa_6 ankhe 10

det ector pairs an a0 r e u n such a
way” t hat the separ%a n g?%&& g‘%’f% theQéa% % ang‘tl 7 28 e%héan acute
angle wth the s’eﬁ%’f@ﬁrﬂ@ QM i1pe 1Znofiqure déb%(ﬁﬂer%'“d}.stiemds@s Ynapigure 3

the two radiatiorw LS8 $hdlm2 B4 hlavire;' ] mfhi@HidSartaVd Rihiah Bk bddpoids kance d

uni oh gggffggsnd%hgodé Al dLSLaNGE Belveen ! e, St alino, UL s, JRasur e

i through the centre of the detector system. "If the distance
between the radiation spots V. and v, is greater than d, the subbeams

1 2

b1 and b2 should be shifted in such a way that the radiation spots

Vl-and V2 a:e:moved to the right until the centres of the
20 radiation spots are disposed exactly on the separating strips.
. If the disteﬁce between the centres of the radiation spots is too
small they should be shifted to the left.
" Por adjustment of the read unit during assembly for correct focus
the positions of the radiation spots V1 and vz relative to the
. 25 detectors are determined by measuring the detector signals., By means
of this measurement the positions of the radiation spots may be
_ corrected, for example, by displacing and/or by tilting the
T prism §, in such a way that the centres of the radiation spots are
R | disposed on the separating strips 11 and 12. .
) 30 The sensitivity of the focusing error detection device is
' optimal if the strips 11 and 12 extend in the x—direction, i.e.
extend transversely of the direction y in which the radiation spots
VI and Vz move in the case of focusing errors. If_aane o2 is of the
order of 22° then, although the dimensions of the detectors are limited,

35  the distance between the separating strips can be adapted satisfactorily

@
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[err] through the centre of the detector system |If the distance between @

the radiation spots V and V is greater than d the subbeans 1 2
_ b, and b2 should be shifted in such a way that the radiation spots V an
V “dre noved to the right until the centres of the 1 2 20 radiation

spots are disposed exactly on the separating strips. If the distance
bet ween the._centres of the radiation spots Bs too snmall they should be-
shifted to the left. For adjustment of the read unit during assenbly for

correct, focus the sitdons o he radi ati.on. spats, V. Yy oI ive to
t he %'/ 2 25 d%lt[{g'gt%lrs%%cree{’ﬁe egxr‘m&ﬁeﬁaéﬁ;‘?g’fr%'gga?ﬁ'sngl %&g %{é't ‘é’%][%trt gl'l’eg_nal S.-
By neans of t hi ssensasividien fotusipgsenrioonsrepdinshagreadenaighn spots may be

corrected, for exanphg,adp¥ngtl ?pi&ck@ﬂ'a_éwéjédtfé’lg'd‘.’t Ry g_&hgn A&l §nEverisd
such a way that the centres of the radiation spots are disposed on the
separating stripk° [@Bf]onAe*Y &3 B 25 is mhewdpdiidgetly Bie fREFDIMsi ng
error detectipn el»g:;wtiscw&1 jagd mf@ | shiftdchfelpiti v¢ 2o lesrhdothereitt andidertidre

x-direction, |. el E0LLLASUES IeLeRld S Gl EEIckOBLALEdn. | NedRhed Lhe
radi ati on spots Yerr an nove 1n the case of focusing errors. If angle
a i s of the ordefasst 1pdiscpegsibhe e dgniNeuyfiond whimbneiyhdes ot HelladhieBt or s
are | :c m t ed, | 35 bheandi ﬁisﬁ.ﬁﬁgx_ bﬁtﬁfﬁefbédh%&eﬂaéeahi:ﬁg; €6 !’ﬁhﬁsc:éiﬂﬂeb[f adapted
satisfactorily . 8 to t i st ance hetween.the radiatio ts_[errl, a
Cort] Cwhi 1 st the Poohed Frt ohE i Putn. PRETA By oSS, Ben deEBFe Bl 1Y)
arrangi ng t helor efndid®s ve-setiyshdd df Rigured, sthisdsiqrahsiar t& obbatried Mt i cal

axi.s Q0, as is sgOWRihd th WilRalls £H&E the HerbitsO16 aA@AStd & Llmmifg hevesd |
are shifted relativée to each other .in a direction is, effectiv

el _ on,_ whi ch ely
transverse to th&*tPAcKOseriFor tie detarters 48 adel? 59 8 FBEUIGARE %geraf’eé’ya
si gnal whi-ch pr owpslysngirthensligoats dnorofthe hmmpirgy tievicesf td hediffadersial

relative to the centkea0bed hAfduently, the signal S is given by: |
: 15 :
If the detection system 13 is not used for generating a
-tracking signal S c this system may comprise only three detectors,
20 as is shown in Figure 4. The strip 11 separating the detectors
31 and 30 and the strip 1, separating the detectors 32 and 30 again
make an acute angle with each other. The focusing error signal

Sf is given by:

25 . .Sf = (53l + 332) .-'530-
The invention has been described for use in conjunction with
an optical read unit, but may alternatively be employed in a write
unit or in a combined read-write unit. The write unit is of a
30 . construction similar to the read unif described, For the recording
of information, for e;:ample by melting pits into a metallic layer,
more energy is required than for reading and, moreover, the write
_'beam must be time-modulated ih accorda_ncé with the information to
' be recorded. As radiation source in the write unit a gas 1aser‘,'
35  such as- Helle 1_aser3, may be used, togethe__r with a modulétor‘, such



to be read fromthe S|gnals supplled by the four detectors 16, 17, 18 10

and 19. . As is shown in Figure 2, this signal [err], is obtained by
pl ying, tthe signals fromthe detectors 16 and 17 to a summi ng device 24

an tthose fromthe*detectors 18 and 19 to a summ ng device 25 and by

appl y| ng the signals fromthe sunm ng device$ to a differential anplifier

26. nsequently the signal S is given by 15 [err] If the det ection

syste 13*i's not used for g?tgerau ng a tra gg i gﬁa his s terr%hnay
corrpka?e only t hPEe HELETEBTYPiFab G J2°oM8 %‘F?B 4 n ﬁ?°é"4ar‘?ﬁ% i pe
separating the de@ﬁtpérﬁiﬂﬂr%b%‘-an'dltﬁﬁeatéﬁ'ﬂb 3 diodp =ser ﬁ&YtIPﬁeuse ’

detectors 32 .and+gQ aqeb rbeaﬁlﬁlﬁ@ rRaui e} aming &eclauﬁteaerthrérm tReusi ng
error ‘signal Sf is %ven The |ncyent| on has

been described f&toMRsé? F‘?F’cﬁ?u‘gﬁ‘éﬂ o SRR W%’p%tl PR s r%qa& Ui t, but nay
al ternativel ysbe enplthygegbcupirg-errdredetrctiay device QMLMWGOWP@mm t.
The wite unit ig 8%1.& DQP%fHF%Q%p%&QAl' %fé:%a%{b% LAt brdRSehd bed.

For therecordln rmat i on, for exanple by nelting pits into a
metal lic |ayer, rﬁb‘F@cén@? ghich itetitPRe £PGHFefor TPE ALK FEIHIFeBBE d5vEIRt t he
wite beam nust heitiswersmdul ahadatenanFoeciange WDhé £ cchei rignéarorpdétentian be

recorded. As rad| on n_the Wit as
HeNe | aser, tﬁlav{]%eg oge?éné'? bvﬁ P d 18 %r}?}) saa&?z&a %?&13@@3@&&9@

el eéctro-opti caﬂ mmx@eommgsnﬁml&umlﬁ wmwgza&omﬁ-t he path of the
wite beam Alternatively, a diode |aser may be used, the wite beam being
nodul at ed by varying the current through the diode |aser, so that no
separate nodul ator is required. 5 The focusing-error detection device
descri bed does not enpl oy special properties of -the optical information
structure or of the surface on-which it is to be focused. The only

reqw rement is that
15

20
2
30

35



this su\fece is radiation-reflecting. The focusing-error detection device
may therefore be used in various apparatus which require 10 very accurate
focusi-ng,- for exanple in mcroscopes, 15 20 25 30 35 10 CLAIMS: 1. An
opto-el ectroni ¢ focusing-error detection device for detecting a deviation
betmeen a first radiation-reflecting surface;gnd a plane of focusing of an
5 ' obj ective systemin optical imaging apparatus, which

focugxﬁg error detection device conprises a beamsplitter arranged in the
path of a radiation beasmMsef! ected by the first surface to formtwo

subb®afs, a radi ati on-sensi,tive det ec lon s stem rra ei ve said
subbeans and 10 cSipris ﬁrg".ﬁ prEeats £9¢ 8fod£eg Vmﬁﬂ?h are
separat ed from each odeeicebforstdeteting ia Sevmaoméemnse;ﬁratl ng strips

bei ng associ ated one ggikotbdlhesfidtsap ISR RRF aDRLM bAEbbiAdg s 3 acute

angle to one another, and an electronic circult connected to recCei ve the
detector 15 § sPBirgtive, aystep iR opsicak dpaging anvarafussi WHsh i s deri ved
fromthe detector siggatsing-erdor cmtectﬂlo&cdmae @ohpeises N -besd Gpliieect i ON

device as clained in ?‘_@r nlmlgleé &tolgea%gkﬁilgg ggﬁpﬁﬁgf&%p?%%l Ryl

strips is substanti al readi ng
and/ or recording infofkeat ehrﬂaﬁeatq £ornk twe sybbeansstd gadiatipureenattiyver f ace

of a record carrier, u@te&%xa&mae&ws:ﬁamI@ese&ﬁ@%iamsémraslrat ection

device as cl a{! med in CI al }ng a plurality of detectors which are separated

- from each other by strips, first and second separating
‘strips being assoclated one each with said subbeams and
being inclined at an acute angle to one another, and an
electronic circuit connected to receive the detector

B . signals and in which a focusing~error signal is derived

| from the detector signals. '
. 2. . An opto—electronic. focusing—~error detection
~ device as claimed in Claim 1, wherein the angle between
the separating strips is substantially 22°.

20 3.  Apparatus for reading and/or recording
information 1n a track on a8 radiation-reflecting surface
of a record carrier, which apparatus comprises a
focusing-error detection device as claimed in Claim 1 or
2, wherein the detection device comprises four separate

. 25 detectors, beam—splitting takes place in a plane which is

. ' _ . effectively transverse to the track direction, and the
electfonic circuit comprises means for deriving a signal
which provides an indication of the transverse position,
relative to the information track, of the radiation spot

30 ' formed in the plane of the information surface.

35
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2, V\/ner e| n the det ectl on deV| ce conprises four separate 25

det ector-s, beamsplitti ng takes place in a plane which is effectively
trg;§verse to the track direction, and the electronic circuit conprises
means for derivinga signal which provides an indication of the transverse
position, relative to the i nf or mation track, 10f the radiation spot 30
formgd ,i n tthe plane of the information surface 35 4. An opto-electronic
f ocusi ng-error detection device substantially as described with reference
to Fhgyres 1, 2 and 3-ofAn prtozelestpamin ferusingrergor Sletegtigntdevitect r oni c
focusing-error deﬁmiaharudﬁvas:aeénséwﬁan%ﬂ:}eﬁoa&odsf@&b ¥4 drid

reference to Fig and 4 of he .acconpanyi ng draw ng. 6. Apparatus
for reading and/g"’fé‘%ﬁ waﬁﬂiﬁ‘ﬁlnatrack on a

radi ation-refl ecting SSurmacmtoeéle;t:eﬁm foaming-@ryrors deteatipn rdeviise conpri si ng

a focusing ergor cgetan agﬂfgé\zlgg%% %Qu@:&&%&@%eﬂd?&egﬁt g&d iL0gsdevice

as cl ai med |n Cam4.
the accompanying drawing.

6. Apparatus for reading and/or redording information in
a track on a radiation-reflecting surface of a record carrier,
. said apparatus comprising a focusing error detection device and
. 0 a tracking error detection device as claimed in Claim 4.
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