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to radiation 5 beam geonetry eval uation, and finds application in
optical recording and playback systens. In particular, the present
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8sed to read information stored on the disk.  Subsequent

to passing back through the objective lens, a portion of

the reflected beam is typically directed to an apparatus

designed to gauge the focus of the illuminating beam on

20  the disk. Information extracted from the reflected beam

by this apparatus may then be used to adjust the focus of

the illuminating beam by altering the position of a
movable objective lens relative to the disk.

A number of techniques for detecting the focus of ‘an

W 25 illuminating optical beam are known. For example, U.S.

Pat. No. 4,423,495, U.S. Pat. No. 4,425,636 and U.S. Pat.

No. 4,453,239 employ what has been termed the "critical

- angle prism" method of determining beam focus. In this

method an illuminating beam reflected from a storage disk

30 is made incident upon a detection prism surface which is

set very close to a critical angle with respect to the

reflected illuminating beam. When the _focus of the

illuminating beam on the surface of the disk deviates from

a desired state, the variation in the amount of optical

35 energy reflected by the detection prism surface may be

used to derive a focus error signal used to adjust the

focus of the illuminating beam.
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-2- The critical angle prismiethod generally requires ‘that the orientation
of the detection prismsurface relative to the reflected illum nating beam
be precisely adjusted. This requirement arises as a result of 5
discontinuities in the reflectivity characteristic of the detection pri 's},m-- g
i n the nei ghborhood of the critical 'ér?gl‘e and naekes focus error detectio
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(offsets) to occur.. Also, the critical angle technique

15 is inherently unsuitable for use in differential focus
sensing systems.

Differential systems are increasingly 1mportarit
because they allow cancellation of certain types of noise
that can occur in optical disk drives. The critical angle

20 method is unsuited to differential operation for two
reasons. First, the transmitted beam produced by the
sensing prism is compressed along one axis, making it
unsymmetrical with the reflected beam. - Symmetry of the
two beams is ~preferred in a differentiel system to

25 optimize the noise-cancellation properties in varied " -’
environments. Second, at the. point on the reflectivity
curve of a critical angle prism where the intensities of
the two beams are balanced,  the slope is far too low to
‘produce a useful differential focus error signal.

30 A focus detecting apparatus which requires somewhat
less precise adjustment of the optical surface on which
the reflected illuminating beam is incident, when compared
to the critical angle technique, is discleosed in U.S.;
Patent No. 4,862,442. In particular, the optical surface

35 described therein cemprises a - dielectric 'multilayer
coating having a  reflectivity which varies contlnuously
with respect to the angle of. 1nc1dence of the reflected



the refliected illum nating beamis incident, when conpared to the critical
angl e technique, is disclosed in U S. Patent No. 4,862, 442. I n
particular, the optical surface 35 described therein conprises a
dielectric nultilayer coatjng having a reflectivity which varies

comf nuously with respect to the angle of incidence of the reflected
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in t£§ art_exists arrangenent c aracteﬂ
ref| t|V|h9vEpgfppéyWﬁ,éhmlted degree of sensitivity. For example,

Figure 2 of US Pat. No. 4,862,442 shows a particular refl-
ectivity characteristic for a layered dielectric reflect-
ing surface, with the slope of the reflectivity character-
_ istic being proportional to the sengitivity of the focus
20  error signal; The disclosed reflected intensity ranges in
value from approximately 0.75 to 0.05 over angles of
incidence extending from 42 to 48 degrees. This reflect-
_ivity change of approximately 10% per degree produces a
focus error signal of relatively low sensitivity.
25 - Accordingly, a need in the art exists for an optical
— . arrangement characterized by a reflectivity profile which
allows generation of a highly sensitive focus_efrdr_signal
relatively immune to changes in altitude and to chromatic
aberration, and which is capable of use in differential
30 . systems. '

- The invention provides a focus sensing apparatus for
determining the focus of an illuminating beam, said
épparatus comprising; a source of radiation energy; means
for focusing radiation from the radiation .energy source

35 upon an object; means for separating at least a portion
of radiation reflected by said object into
frénémitted and reflected beams, said separating means
including a separation layer which varies in reflectivity



all ows generation of a highly sensitive focus error sidgnal relatively

Tmmuune to changes in altitude and to chromatic aberration; and which is
capable of use in differential 30 systems. The invention provides a
focus sensing apparatus for determ ning the focus of an illum nating beant,

sai d apparatus conprising: a source of radiation energy; neans for focuﬁ$ﬁb
radiation fromthe radiati on energy 4ource 35 upon an object; neans for
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a”9U|arup¥ﬁ|Hﬁ oBjdct? a"Bibm separation module for separating at
15 least a portion of light reflected by said object into
transmitted and reflected beams when said portion of said
reflected light impinges on said beam .separation module at -
an angle of incidence having an angular value within a
se;éqted_.continuous range of angular values between a
. 20 critical angle”_of a first angular value and a next
adjacent angle of minimum reflectance having a -second
angular value wherein said second angular value is less -
than said first angular value, said separation module -
including a separation layer which varies in reflectivity
25 in response to the angle of incidence of said reflected e
light; beamsplittiﬁg means for directing at 1least a
portion of said reflected light to said beam separation
module;' and a photodetector arrangement for detecting the
intensities of said transmitted and reflected beams which '
30 intensities vary with the angle of incidence and thus with
the degree of focus of the illuminating beam. ' :

Further, the invention provides a focus sensor for
determining the focus of an illuminating beam, said sensor
comprising: a light source; means for focusing light

35 from the light source as said illuminating beam upon an
object; means for separating at least a portion of light -
reflected by the object into-a transmitted beam of a first
intensity distribution and a reflected beam of a second .



adj acent, angl e of mininum reflectance having a second angular value
wherein said second angul ar value is less than said first angul ar val ue,
sai d separation nodul e including a separation |layer which varies in
reflectivity 25 in response to the angle of incidence of said reflected
i ¢t ; beanmsplitting neans for directing at |east a portion of said
reflected light to said bean1separath0n5nﬂdule and a photodetector
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15 providing an 1nd1catlon of the spatial 1nten51ty varlatlon
varies with' the 'angle of incidence and thus w1th the

degree of focus of the illuminating beam. ' l

Further, the invention provides a focus sensor for

) determining the focus of an illuminating beam, said sensor
20 comprising: a light source for producing an optieal beam;

an objective lens arrangement for focusing the beam esJ'

said illuminating beam upon an object, said arrangemenfl'
including a polarization beamsplitter and an objective

lens; a beam separation module for separating at least a _

25 portion of - light reflected by the object into "a:
transmitted beam of a first intensity dlstrlbutlon ‘and af
reflected beam as a second intensity distribution which
both vary with the angle of incidence at which said |
reflected light impinges on said beam separation module,
30 the angle of incidence having an angular value within a
selected continuous range of angular values between ‘a
critical angle of ‘a first angular value and a next
adjacent angle of minimum reflectance of a Ssecond angular
value,; wherein said second angular value is less than said

35 first angular value, said ‘separating. means being
conflgured such. that said transmitted and reflected beams
are of a substantially similar intensity distribution when

the illuminating beam is in' focus on the object, and such
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15 provi ding an indication of thé spatial intensity variation varies
with the angle of incidence and thus with the degree of focus of the
iIlum nating beam Further, the invention provides a focus sensor for
determ ning the focus of an iIIuninating beam said sensor 20 conpri si,
a light source for producing an optlﬁg beam an objective |ens arrangen
for focusing the beamas said illum ¥ating beam upon an object, said
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providin s |nd|cat|ve varlatloh in the
|Aﬁens|b§am|sby|b@pt@ﬁtlng characterlstlcs of transmitted and-

reflected beams, sa1d_apparatus_comprlslng.'_a radiation
source;  an optical member for focusing radiation from the

- radiation source upon an object; a frustrated total
reflection prism for receiving radiation reflected from

20 the object and for providing a reflected radiation beam
and 'a transmitted <radiation beam, said transmitted
radiation beam being produced - by frustrated total
reflection of a'portion'of said radiation reflected from

said object when said reflected radiation impinges on said

25 separation layer at an angle of incidence with an angular

O

value within a selected continuous range of angular values
between a critical angle of a first angular value and a
next adjacent 'angle of minimum reflectance of a second
angular value, wherein said second angular value is less
30 than said first angular value; and means for detecting a
characteristic of one of the reflected and transmitted
beaﬁs, which varies with the angle of incidence and hence
with the degree of focus of the illuminating beam. .
_ Further, the invention provides a method of sénsing
35 focus between a radiation source and an object by
detééting- characteristics of transmitted and reflected
means, said method comprising the steps of: positioning a
frustrated total. reflection prism at a location so as to



10 of ithe transmtted and refl ected beans which intensity distribution
varies wth the angle of incidence and thus with the degree of focus of the
i I lum nating beam Further, the invention provides a focus sensing

apf')'{irat us for determning the focus of an. illumnating 15 beam by
det®eting characteristics of transmtfled and reflected beans, said
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separ gig on e?%ﬁrer, of which may be used to produce a focus error
signal, and which also may be used together to produce a
differential focus error signal. Moreover, certain
physical parameters of the beam separation module may be
varied to adjust the dynamic range of the apparatus and
20 its _sensitiirity to changes in the focus of an illuminating
beam. o
Thus the preferred apparatus’ comprises: - . a
substantially monochromatic light source, and an optical
focusing arrangement including an objective lens, a beam
s 25 separation module, and a photodetective element. In one
preferred embodiment of the present invention, the  light
source generates a substantially linearly polarized beam
which is collimated by a collimating lens. The collimated
beam is directed by an optical beamsplitting arrangement
30 to an objective lens, which then converges the beam onto
the surface of the optical disk. The disk reflects. the
beam focused thereon back through the objective lens. to
the beamsplitting arrangement. A portion of the optical
energy incident on the beamsplitting arrangement is then
35 redirected to form a servo beam, with the beam separation’
module being positioned to intercept . the. servo beam. The
beam ~separation module is operative to separate the servo



having a thickness which is larger than,one half of the 5 wavel engt h of
said reflected radiation incident thereon, wherein said transnitted
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These and other objects and features of the present

20 invention will become more fully apparent from the

following description and appended claims taken in
conjunction with the accompanying drawings.

Brief Description of the Drawings

Figure 1 is a block diagrammatiC'representation of a ~
25 preferred embodiment of the beam focus sensing apparatus A
of the present invention. -
. Figure 2 is a magnified top cross-sectional view of a
differential version of the inventive beam separation
module (FTR prism).
30 Figure 3 is an illustrative front view of the first -
and second quad detectors included within the inventive
focus sensing apparatus.
Figure 4 is a graph showing the reflect1v1ty of the
FTR prism as a function of the angle of incidence of the
35  servo beam. |
Figure 5 is a graph of the value of a differential
focus error signal generated by a preferred eﬁbodiment.Of



beaminto transmtted and refl ected beanms of preferably simlar shape and
intensity. Electrical signals produced by photodetective elenments in
response to variations in the intensity profiles of the transmtted and
refTected 5 beans may then be used to_differentially generate a focus
err®s” signal. In a particul ar: preferred Brbodi ment:.of the present invention
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FTR p'ri smas a function of the angle of .inci dence of the 35 servo beam
Figure 5 is a graph of the val ue of differential focus error signal
generated by a preferred enbodi nent t he apparatus of the present
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10 includes an“optical arrangement 12 for providing a servo beam S
i ndi caPP¥8%of the focus of an illuninati ng beam 1 10 upon an opti cal
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liothelepki c2h. ar miegedellimbied beam is then converged by the '
objective lens 24 onto the surface of the optical disk 14.
The optical disk may, for example, coixi;’irise a compact disk,_
video disk, or optical memory disk. The disk 14 reflects
the illuminating beam ' focused thereon back through the W/
15 objective lens 24 to beamsplitting arrangemen‘i: 20. Those
skilled in the art will appreciate that the beamsplitting
arrangement 20 may include a first beamsplitter ( not shown)
to redirect a first portion of the reflected illuminating
beam in order to fbrm the servo beam S. ' The beamsplitting
20 arrangement 20 will  also generally include a second
beamsplitter (not shown) to redirect a second portion of
the reflected illuminating beam to create a data beam.
Such a data beam carries information stored on the optical
disk 14. The servo beam S is intercepted by the FTR 'prism
25 30, the design and construction of which is discussed more
fully hereinafter.
_ As is also described more fully below, the servo beam
S is divided into a transmitted beam T and a reflected beam
R- by the FTR prism 30. In the embodiment of Figure 1 the
30 transmitted and reflected beams T,R are of substantially
equal cross section and intensity. The transmitted beam T
is incident on: a first quad detector 32, while the
reflected beam R is incident on a second quad detector 34.
Electrical signals produced by the quad detectors 32, 34 in
35 response to the intensity distributions of the transmitted
and reflected beams T, R are utilized by a control unit 37
to generate a differential focus error signal (DFES)
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includes, a laser source 16 which geherates a linearly polarized beam
B. ° The beam B is collimted by jfa collimating Iens 18, and the
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separation layer 38 is composed of a solid such as either.
magnesium fluoride (MgF;) or fused silica (Si0y) having
indices of refraction of 1.38 and 1.48, respectively.. The

20 separation layer 38 need not consist of a solid, and may be
realized from a liquid or air provided that the optical

members 35, 36 are of a larger index of refraction.

| . A brief decription of the physics of the interaction

of the light in beam S with layer 38 is as follows. If-

|25 laYer 38. and optical member 35 are not present, the well-
_ known phenomenon of total internal reflection takes place
g,, at the hypotenuse face of optical member 36, sending all of
- beam S in' the direction of beam R. However, some light
energy exists behind the hypotenuse face of optical member

30 36 in the form of "evanescent . waves", which do . not:
propagate. When optical member 35 is brought close enough

to optical member 36, this energy is coupled without 1loss

into member 35 and propagates in the direction of beanm T.

This phenomenon is Xknown as frustrated total: reflection -

35 (FTR). = In. this condition, if the FTR prism is disposed
with respéct to beam S such that.the incidence angle A of

beam S at seperation layer 38 is close to the .region of



i*ndi cative of the focus of the illum nating beam | on the disk 14. One - -
preferred enbodi nent of a control upit 37 and associ ated nethod for
generating the DFES is discussed ei nafter. The focus error signal
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ices o? P regractlon in such a’
geometry that the transmitted and reflected beams T and R
20 are of substantially equal cross-section.
As shown in the illustrative front view of Figure 3,
the first quad detector 32 includes first, second, third
and. fourth photodetective -elements' 40, 42, 44, 46,
res_pectively,. which produce electrical signals hereinafter
25 referred to. as Tl, T2, T3, and T4 in response to the
intensity of the transmitted beam T impinging thereon. -
Similarly, the second quad detector 34 includes fifth,
sixth, seventh and eighth photodetective elements 50, 52,
54, 56, respectively, which provide electrical signals
30 hereinafter referred to as Rl, R2, R3 and R4 in response to
incidence of the reflected beam R. The photodetective
elements may be realized by PIN diodes, wherein the level
of the electrical output from each diode is proportional to
the optical energy received thereby.
35 . . When the objective 1lens 24 (Figure 1) is situated
relative to the disk 14 such that the illuminating beam I
is properly focused, the rays included within the servo



\;vith respect 'to beam S such that the |nci dence angle A of beam S at -
seperation layer 38 is close to the reg)on of 12 frustrated total
reflection the transm ssion and ref iectlon curves will have very steep

sl opes  (gaqyl Ay geQanhi Wdd Bilueea T So7 | MGG LERY pAlaAT o) At

senajtive s sensIng s _
refl ecti oareur thereforeuc aléeatenvbaéﬂ'd% oﬁwmlpr ilayse @8l | abe a

rel ativel wybagamtileiMeg tﬁdéx@@l&@fllehwfé" 2f shBeml 'ﬁ-htFiQ beam o
- conpared to the,curves of .a nultilayér structure. . er§r|sm30r,ra

fabri cat ey tRiPet ‘ﬂ%%%sﬁth"hg@ﬂ@ jve slﬁ&?at?ﬁn e |n°tonf99‘t‘ﬁerth%f
~the opticdllnmuiarting abeamvdmnt i theal plahien oddlipied c®ini €hes surfabiee of

I r i cal er__nmm then be.affixed to _the.ex d.syrface of.
the separ tey EFbk e, FHE TR cORPEPEiRs | hY A8RkR” KR o wad T, be
ref raclt : omi@%aﬂlﬂtusllnnd:?margbrupt oraldilwiazrtlyengberz BS, faal‘::;dsl 0't:haty
. gehera n | He |
_ gl so be g ect%% fﬁtpﬁ‘e p?gkerrgggvg n%gghmeﬁt i?fi 9‘%?5'& e éhsg%lg%d
optical nmeeparatiare laEeri 38 Akd the sFuhstantiably rsasuﬁ;haaggeormmqny
t hat yphe wmimé\eﬂniesbsﬁtqd Psagnitably Redlused! ewfirsulalyantopl Iy -

n the illustrafive front, view of Fi'gure 3,

I
?ﬂgaf i ?;?%thi’dg%%?%’e?ofcaﬁ% udBgles QT ipedAgnce, Yill adasess, the
phot odet esleparatlimreitayeid), 381 Avhed, tHé, beampEctisveut, ofhifdoysoduce

| Na. A d T4
esponse to t e BELER)XS s VeatEnpl FhaR.TRY nbbrg e ars oY
Si & ar | y anghetsanemissinttyeodcitre 3deparatidon fliayer 3$Bxiils extusemélwnnd
e| ghﬁ.B phge@fl%.tﬁ% V€o e{:ﬁg‘e%]_@ ab2uwhith oPfricd£SBREkLYC!Ds i &dnt

provid el ectri cal g
on the separa 1on layer 38. Thus, the spatial distribution

" in the intensity of the transmitted and reflected beams T,

R will vary as the focus position of the illuminating beam

I varies relative to the sufface of the disk 14. That is,

20 an illuminating beam I which is properly focused gives-’risé'
to a well collimated servo beam S such- that all the rays
thereof experience the same degree of reflection by the
separation layer 38. Accordingly, the transmitted and
reflected beams T, R will be of sﬁbstantially un:_i.fbi:'m'

25 intensity when the illuminating beam I is appropriately
. focused. Conversely, a convergent or divergent servo beam
St S will engender transmitted and reflected beams T, R of
nonuniform spatial intensity distributions since the rays
within the servo beam S will be subject to a variety of

30 degrees of reflection by the separation layer 38. "By
detecting these spatial variations in the intensity of the
transmitted and reflected beams the photodetectors 32, 34
produce electrical signals which may be utilized to'prbduce'

a DFES indicative of the focus pos:.t:.on of "the lllumlnatlng'

35 beam.I. ' |
. The - manner 'in which a DFES may be synthesized in
response to the degree of collimation of the servo beam S



er ei to incidence
30 hereinafter referred to as R, Rz, R3 and R4 in response
of the reflected beamR The photo gtectlve el ements may be realized by
PI N di odes, wherein the |evel of the électrical output fromeach diode is
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worklng p01nt P the prlsm 30 is: pos:.tloned such that an
_1llum1nat1ng beam I properly focused on  the disk 14
engenders a well collimated servo béam S having rays which
20 impinge on the separation layer 38 at the angle Aj. Since
the reflectivity of the prism 30 is approximately 0.5 at
the operating point P, the transmitted and reflected beanms
produced by the module 30 are of substantially identical
average intensity. . _ : o
25 When the separation between the objective lens 24 and
the disk 14 varies such that the servo beam S decollimates o
in eJ.ther a convergent or divergent manner, a first portion
thereof w1ll impinge on the separation layer 38 at an angle-
of incidence larger than the angle Aj. For example, at an-
30 angle of- 1nc1dence of Ay (Fig. 4) a corresponding portion
of the servo beanm will experience a reflectivity of
approximately 0.7. Since the first servo beam portion is
subject to a reflectivity of only 0.5 when the servo beam S
is well collimated, the. regions of the . detectors 32, 34
35 which receive the parts of the reflected and transmitted
beams R, T derived from the first servo beam portion will
collect more and less optical energy, respectively, than



25 intensity when the illuninating ‘bearh | is appropriately focused.

Conversely, a convergent or divergent g/rvo beam S wi I | engender

transmtted and reflected beans T, R o nonuni formspatial intensity
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rays whi cff incidence of a portlon of the servo beam S is mirrored
by an equal, .oppositely directed variation in the magnitude
of the part of the reflected beam R engendered by the'
J.dentlcal servo beam portion. '
20 Non-differential error signals may Dbe generatéd
independently from either the transmitted or reflected
beam, using the equations: o

. FES(transmitted) = (T1 + T2)-(T3 + T4) [1)]
25 FES(reflected) = (Rl + R2)-(R3 + R4) 123
St In the differential system, the differential focus error

signal (DFES) is generated by the control unit 37 1n'
accordance with the following expression: ' T

30 . , . . . .
DFES = (R1 + R2 +-T3 + T4)-(T1 + T2 + R3 + R4) [3]

The control unit 37 includes circuitry suitable for

_ carrying out the. arithmetic operations of equation [3] and
35 for generating a DFES based on these operations.
Preamplifiers (not shown) are included to amplify the
electrical signals from the photodetectors 32, 34 prior to



.+ 20 |rrp| nge on the separation |ayer 38 at the angl e Al. " Since rhe .
reflectivity of. the prism30 is apgé ximately 0.5 at the operating point P
, the transmtted, and reflected bedns produced by the nodule 30 are of
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the pargsneé Tahelbeéiﬁﬁé&d Stk dd=s@s iht sk beﬁﬁ’énalti; def | ¢he fsrmd he

respechtoll 5 PRELAAG el ‘o torhh Frmein foehf iid il ety
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second e servo be separation |ayer
38 at Ofarith%mgﬂ%ES ofiuencteerkke APrrespondingt WCQW@tMI ahimh  wil |

be |Ilggbg§gegnbye@%%l@}p[|r $ps optical energy, respectively, than-in a
condition of proper f ocus He DEES.is produced in _response to

el ectri cal -A8 gentdonad eHEJeFE& Backdgnaundy of  Rae o 4ay ﬁ'1684 -
i ndi catbeasial éjf&ﬁemﬁ patdrd genemalldyn iyl-aghlipped! cbsi tmpilaién'but | onu

ofs! 1o b B, FELEE, SUAUIEP dendie ARASEIER BT ipldl il
nonabs®B bk ngInvmmfmlam tehefeattere i of the present invention lies
in the ability of the FTR prism 30 to prov:Lde transmitted
and reflected beams of substantially similar cross section
and intensity such that both may effectively contribute to
20 the synthesis of a DFES. ' '
 In addition to providing a DFES for maintaining the
focus of the illuminating beam I in the direction normal to
the surface of the disk 14, the electrical outputs from the
photodetectors 32, 34 may also be used by the controll unit
25 37 to generate a tracking error signal (TES). ' The TES is
indicative of the radial position of the illuminating beam
I relative to the conventional spiral or concentric guiding
tracks (not shown) imprinted on the surface of the disk 14.
The TES enables the beam I to follow the guiding tracks’
30 despite "eccentricities therein by controlling a mechanical
arrangement (not shown) operative to adjust the radial
position of the objective lens 24 relative to the disk 14.
The TES is calculated by the control unit 37 on the basis
of electrical outputs from the photodetectors 32, 34 in
35 accordance with the following equation: ' '

TES = (T1 + T3 + R3 + R1)-(T2 + T4 + R2 + R4) - [4]



15 the transmtted beam T arising.froma change in the angle of °

I nci-dence of a portion of the servo bms Is mrrored by an equal,
.oppositely directed variation in the itude of the part of the refl ected
beam R engendered by the identical ser vo beam por t:i-on. 20 _
Nomsdi fferential error signals generat ed | ndependent I y from

ei ther thgain;arkhs tmagneyr in théG * béEﬁFKEQQnQrﬂ%' esignabngay be

FES(t ransgbii6dd ~f£ebm +the - (r-@.l.a"tiréﬂshl?f eekil‘tgﬁ betweenS( 'sdterd £d)

= + R? R3 R4 tial t t
di 1£ f er ent F-)HF(ePﬁéGé’ eh’&“gﬁsgglég (Bres) seF¥°;g£§%‘§t eﬁ}/‘a v r{ﬁﬂ'ﬁ#’cﬂg uni t

37 lnsaCCpriﬂﬁ.enW ok thﬁefoiimmaemgesxseam b2 Im:naéaﬁ Hirp +£dB8 +
T4)- (Tl +_ T2 + 4) The {oﬂ%og ynlt 37 includes circuitry . .

sui tabl e Fﬁf‘m@éﬁ'yl ﬁg og ar1t é operations of equation [3] and 35
for generatingn apms ba'ehd gajoridye obersystems PppsygitiiMer sto (not
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photodetectors prior to processi ng by cont uni t
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sensitivi 0, cer ea I ons, no nauce I naccur CJ es in
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a substan I a manner, such reas 0€s no
value of enbopBirentse o6 th@ @resentndnventdsre| dinclosehi beredsurkave

equai50n fdbn described with reference to quad photodetectors.
However, it is also known that a focus error signal may be
derived on. the basis of electrical signals produced by
photodetectors having only two independent photosensitive
regions (bicell detectors). Accordingly, in applications
20 requiring only the generation of a foé¢us error signal- a
single photodetective element could be substituted for the
first and second elements 40, 42 of the photodetector 32, '
ah_d_ a single photodetective element could replace the third
‘and fourth elements 44, 46. Similarly, a single
- 25 photodetéctive element could be used in lieu of the fifth
) and sixth elements 50, 52 of the photodetector 34, and a
At single. element could be substituted for the seventh and
eighth elements 54, 56. ' -
The slope of the reflectivity profile of Figure 4
30 about  the working point P  is proportional to the
sensitivity of the DFES generated by the apparatus 10. "
Specifically, the sensitivity of the apparatus 10 to -
changes in the focus of the illuminating - beam I is
augmented by increases .in the slope of the reflectivity
35 profile. Accordingly, it is an object of the present
invention to provide a prism 30 characterized by a
reflectivity profile which is as steep as practically



As mentioned in the Background of the Invention, prior focusing systens
were generally ill-equipped to inplegent 15 the differential focus
sensing schene described by equatiod® 3]. In particular, a feature of the
prese&‘g %g%gggl on lies in the ability of the FTR prism 30 to provide
transm?T nd reflected beams of substantially simlar cross section aw
intensity sTba tshapeotdf mthef ixeflectivitnt ipmefileo 96 Figuwreym hesis
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rel ati exl [ b | +Of: Servo
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for ex@nel shapes, S, oPathenoreflecvivaty Brofidnpf tHe DRESD: Oy may o

Sy§t eNBe %‘iﬁ@d an Hi-d“é%“%@' a@j%é‘@%ﬁeoéeﬁ&ﬂth'vlﬁywéf NgneeyPpeEgl ati ve
to an optlcal it_.wll be desired generate bot'h track| ng
reasonab e slope can be obt alne for example, by use of
a separatlo_n_ layer having a thickness that is greater than

one half of the wavelength of the illuminating beam I.

- The value of the critical anglé A, may be adjusted by

20 varYimj_ the index df refraction of the separation layer 38
relative to that of the glass members 35, -36. ° Thus,
adjustment of the séparation layer thickness in conjunction
with manipulation - of the indices of refraction of" the

' separation layer and surrounding glass members allows the

25 prism 30 to be fabricated in accordance with a desired

refléctivity profile. '

Figure 5 is a graph of the value of a normalized DFES

(NDFES) generated by the apparatus 10 as a function of the
deviation from the desired displacement of the objective

30 lens 24 relative to the disk 14. NDFES is mathematically
represented as follows:. '

NDFES = _ DFES (5]
(T1+T2+T3+T4+R1+R2+R3+R4) .

35
Again, the data in f‘igure 5 was obtained by ﬁtilizing_ a
prism 30 having ‘a separation layer of index of refraction
1.38 and thickness 4.5 microns sandwiched between glass



10 and focus error si gnals in 'r"es_pons‘e to the electrical outputs of the
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.error signals is known to generally rez ire at |east one quad
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Simlarl yaisplasenght Fetwdr o@abecbbgacehe@enleﬁaulahdne disml barkaee of
the fifth and sixth ele ntsgg %é" the hotgdgtector gndasmge
el enent ¢S ?ﬁ'bgﬁ png Fhat, £ 15ﬁ %t?f'%?%‘?re PEUBANTxg
The sl opea®f meretiaiédctabave, prdfe | DFES Fmgyr ebée aﬂlsedahzmt conterolnworki ng .

Pﬁlaq'tappara% g{)gggpecl‘%(gﬁnf&t Rg‘)g:% wx\{ ﬁi@@&%ﬁ%ﬂ apparat us %teg &
changes swarhblono@@&we@n e obumﬁm.hgnswmamd ithea et 84 -by
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I s an object of’ the Eresent I nvention grOV|de rls 30 characterized

by a ref | 3RPFOXigatglys0.d6 mqun pﬁ%ﬂ‘-cgﬁﬁgrne by
pd§§| bl e.o Theesbppaisk ahepna&éﬁ@ht\u ty pr of i I e of Figure 4 about the
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to be substantially collimated when incident on the
separation layer 38, the present invention is not limited
to configurations giving rise to collimated servo beanms.
When a convergent or divergent servo beam is utilized,

20 inaccuracies in the focus position of the illuminating beam
will alter the degree of convergence or divergence ther'e'_o'fll.- '
Those skilled in the art will appreciate that the focus
sensing apparatus of the present invention may be utilized
to generate a DFES in response to such changes in

25 convergence or divergence. '

The inventive focus sensing apparatus has thus been
shown to overcome the disadvantages inherent in other focus
detection systems by providing reflected and transmittéd
beams of substantially similar shape and intensity from
30 which a high precision, altitude insensitive focus error

signal may be ‘differentially derived. The focus sensing

technique disclosed herein nonetheless retains features
present in certain related focus detection systems such as
low sensitivity to mechanical vibration, decreased

35 sensitivity to disk tilt, and increased thermal stability. -

Although the invention has been described herein as
used in 'particular applications associated with focus
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(Tl +T2+T3+T4+RI +R2+R3+R4) Again, the data i.n Figure 5 was obtained by o/
utilizing a prism 30 having a separati on layer of index of refraction 1.38
and thickness 4.5 nicrons sandw ched between glass '



‘menbers, of index of refraction 1.55, th the prism 30 bein
illuninated by a servo beam of vvavel ength 0.78 mcrogmllrmg“ Uﬂﬁﬁw
in Figure 5, the value of the DFES is preferably zero

di spl acenent exists 5 bet ween the objective Ilens 24 and the disk 14.
Thg<sign (+ or -) of the DFES is thus indicative of whether the

di spl acement between the objective | e@lg and di sk surface exceeds or is |ess
than that required for proper focusing. As nentioned above, the DFES may- -
be used tCLAIMSrol a 10 mechani cal arrangenment (not shown) disposed to
adj ust the separation between the objective lens 24 and the disk 14. It may
be appredt at edd t facus heepsipg olpparatidFESorn sdeperninimgelthe). figcus
mcron-[ERR] at the working point defined by O (zero) disk displacenent. 15
Al t hough @he afer kélymanatings beam.r epﬁééen@@ﬂalﬁé‘ﬁ%n eempeisipgtandial | y
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foc error signal may be differentially derived. The focus sensing
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rel ated focus detection systens such as |low sensitivity to nmechanical

vi brati onlayecrkasing 35 thieknessvmiy dlo ib skarger, thad iomer deskd ofier nal

Stablllty-l;.he wavelength of said reflected radiation incident
thereon; and photodetector means for detecting the

15 intensities of'éaid transmitted and reflected beams which
intensities vary with the angle of incidence and thus Qith.
the degree of focus of the illuminating beam.
2, The focus sensing apparatus of Claim 1 wherein said
beam separation means includes first and second optical

20 members, said optical members being arranged so as to
sandwich said separation layer.
3. The focus sensing apparatus of Claim 2 wherein said
first and second optical members are of a first index of
refraction, and wherein said separation layer is of a

25 second index of refraction less than said first index of

- refraction.

4. The focus sensing apparatus of Claim 2 wherein said

first and second optical members are of first and third



AIthou h the invention has been descri bed herein as used in partlcul ar

ﬂmm mu'nﬁllﬂ Ij'ﬁl ated with focus sensing, the invention applies to the
of beam geonetry eval uati on. ‘It is not intended that

the scoge "of°* the invention be limited to .the speci fic enbodi enents:
described herein, since the invention finds 5 application in the et
eval uati on of radi ati on beamgeonetry é&neral |y, regardless of what defines
this beam geonetry. Wiile the above detailed description _has shown,
descri bedHeqidf ariiactieni uandneheseifo\arid caepreatipnt Haveweig i on
as applied to various enbodi ments it will be 10 under st ood  t hat vari ous
om ssi on®fand S€GHRG 11R9%Rs Of 2 FE (NG | AeFRe tAM &rd Hefarpt Andhe

devi ce il lust alf}fgl fl bé/those skilled in the art, w thout
departi nd:hf fs‘ﬁ/ 1Ee FrERe-130%ent i on. CLAIMS 1. A focus sensing
t f t h bea i d t
OB sl R AN S0RRA5D cBlpadhelly BELLEEL? ocudrgies
d t :
Caparat i g By ARG Mo e PGP HGT AR Mo (i Ce R,
transm ttﬁ%%ﬁﬂér?é:t 8¢ Wtrﬁﬁéﬂl’éﬁ@ﬁr aAd9 ARt BHERE, 2 ang

separation layer which 10 varies in reflectivity in response to fhe angl e

of inci dafe&retly Sprévitiehbedredinadiation. - &2 €oSUMNY abkOént AXQ WRVENY a
t hi ckness which is larger than one half of the wavelength of said reflected

radi at i orthencirgelifatiifoar edrom thied rplddlAdeirecieadtergipasourday et atdt ng
the 15 intensities of said transnitted and reflected beans mhlch L
10 focused on the ob]ect : . " o/
6. The focus. sensing apparatus of Claim 1, wherein .the
bgam separation means comprises a. . frﬁstrated_ total
reflection-prism.-- |
7. .The focus-sgnsing apparatus of Claim 1, wherein said
15 -.photpdetector;arréngement includes a first photodetector in
optical alignment with said transmitted beam, and a second
photodetector in optical alignment with said reflected beam.
8. The focus sensing apparatus of Claim 7, further
including a control unit, in electrical communication with
20 said first and second photodetectors, for generating a
differential focus error signal.
9. The focus sensing apparatus of Claim 1, wherein the
radiation energy comprisés light energy.
10. A focus sensing apparatus for determining the focus of
25 an illuminating beam, said apparatus -comprising: a 1light
source for genéfating a light beam; an objective lens for.
foﬁusing said-light beam upon an object;-.a beam separation

module for separating at least a portion of light reflected



intensities vary with the angle of inci dence and thus with the deﬂree of

focus of the illum nating beam 2. The focus sensing appaM!H " Eunﬂlsl’"l!ll

wherein said beam separati on nmeans includes first and secon
menbers, said optical nenbers be ing arranged so as to sandwi ch sard

sefat ation | ayer. 3. The focus sensi_ng apparatus of Claim2 wherein said
first and second optical nenbers are of 3 first index of refraction, and
wherein said separation layer is of a 25 secaend_index of refraction

| ess t han B%i 3G spbideex st q ctrapemdfited and aahlegteadnbeags R at us
of Caim2 wheRein said first, _and_.second _.optical nenbers are of first-
and t hi rd 5314 nBPEELOB OfeSadd llfﬁlff%?lﬂe&héf‘g SHRLNGESr 9B SRYdRears of

a second i ndex OL. r ef r%c‘tio'n ess thai said .fi r.sc.}ﬁ and third indi ces ](_)f
refracti onSeBaration modulie gt an angle,of incidenge hgving Jn,angular
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di strPbuti ons  of ransm ereb

rovi di n i-ndi.cat j 0 exteent i iation _f t he
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focus sensygga@erer ahHg18f EFai il himiher ST 1E HRAN hSEPRY ald ONsedBRAS
conpri ses a frustraied total reflection prism 7. The™ f ocus sensi ng

appar at us ghgéliarnvaluehgheraifiabdigheeedfide dmyuldyr argbEi@Nis | 16dsidesan
first photodetector in optical alignment with said transmtted beamy and a

second phosailét €ét¥et angaparcaeblakigsard sepdysaich rmédebe ethdbadindg. a
The focus sensing apparatus of Caim 7, further including a control
ubi«t ,16n ebeparatabncdapeni vhichnvartiles20n redfilectfivity dmdrespomse to
phot odet ectors, for generating a
the angle of incidence of said reflected 1light;
beamsplitting means for directing at least a portion of said
reflected light to said beam separation module; and a
photodetector arrangement for détecting the intensities of
15 said transmitted and reflected beams which intensities vary
with the angle of incidence and thus with the degree of
focus of the illuﬁlinating beam. .
11. The focus sensing apb'aratus of Claim 10, wherein said
‘beam- separation module includes first and second optiéal
20 members, said optical members being arranged so as to
sandwich said separation layer.
12. The focus_ sensing apparatus of Claim 11, wherein said
first and second optical members are of a first index of .
‘refraction, and wherein said separation layer is of a second
25 index of refraction less than said first index of
refraction. . |

13.  The focus sensing apparatus of Claim 12, wherein said

light beam includes optical energy of a first wavelength and



differential focus error signal. 9. ’ The focus sensing apparatus of Caim
1i “u m WLMH' ation energy conprises light energy. 10. A focus sensing
a S rmning the focus of 25 an illumnating beam said

apparatus conpri sing: a light source for generating a |ight beam an /=
objective lens for focusing said |ight,eam upon an object; a beam 3
separation nodule for separating at | t a portion of light reflected *

C L M S by said object .into_transpi.tted and refl ected beans when
sai d por¥fdf Sepanatian | Laver HisghPEi i ﬁgég BRSSs FEedke O3 aensn,
nodul e | e.qf cl.ncidence .havi an angul ar 5 value within a

sel ect egﬂégﬁt lgﬁgsﬁg'ar gﬁﬁgtof“’agﬁdﬁn:%t al ues get ween a critical angle of a

first ang&ul.ar.f[.ggl \l%cg%d ﬁ'gfﬁga-(gp%%%t@%f 13 M ﬁ’g‘ﬁlrgeggla?ﬁﬁﬁhaw ng

a second angu érernsard second angular val ue sai d

fi i;t ALl \Rpierati SRBARAL ONcBREKIBESNCIAd! T udcklred CPREELLON
| ayer which varies in reflectivity in response to the angle o

i nci dencgeflettionapeisml.efl ected light; beansplitting neans for
directing'at least a portion of said reflected Iight to said beam .
separ at i B, nDAUl Epcusandeasphot bt ecidetemmianggnehef orfgtaiectoéng the

i ntensities of 15 said transnitted and refl ected beans which intensities
vary withllbtminagingobeam¢i daide senbsdhusomptiisihg:degr ekighit f 9ouscefl t he
illumnating beam 11. The focus sensing apparatus of Caim 10, wherein

sai d beaneanparfey orfomuuiing i Adighdes fromst thad biglund septriaeal a30 safdnber s,

e

said optical  nenbers being arranged so as to sandw ch said separation
| ayey . 1P11uménpbing besdi MpUppaRaPbiest iCl aeans , faResERAmAINg | Akt and~’
second optical nmenbers are of g first deex of refraction, and wherein said
separ at i ‘ﬁaﬁgy@r pergion ofddght reflected by the object into a

transmitted beam of a first intensity distribution and a
reflected beam of a second intensity distribution, said
separating means being configured such that said transmitted
15 and reflected beams are each of an intensity which- varies
with the angle of incidence of the light from the object
onto the separat.ing' means, and are of a substantially
similar intensity distribution when the light is in focus on
the object, and .. such that the spatial variation in the S
20 j,nte_nsity of the transmitted beam "is mirrored by a
substantially equal and opposite spatial variation in the
intensity of the reflected beam when the focus of the light
dev_i'ates from the'object,_ said means for separating having a
thickness which is largei: than one half of the .wavelength
25 of said reflected radiation incident thereon; and means for
-proyiding an indication of the. spatiai intensity variation
whi_ch_ spatial intensity variation varies with. tl;le -angle of

i_nci_den_ce - and  thus wii__:h the degree of focus_ of the



25 index of Trefraction less than said first mdexW
13. The focus sensing apparatus of Cl ai m 12, wherei n sal d I| mﬂ“ ‘r\‘ “
includes optical energy of a first mavelength and ‘“

sal d separation layer is of a thickness greater than one half *of tsai"d |rst

wawet engt h. 14. The focus sensing apparatus of Claim 10, wherein the 5
beam separation nodule conprises aWrustrated total reflection prism

15. A focus _sensor for .determining the  focus of an illumnating
beam sai dld¥MESatdg%PeANg: a | i ght soUrce means for focusing Iight from
t he |ight jsource said 10 i1 lu g bea on an obj ect means for
separ at i ng®at IAeag?c‘é S pSENSGY ofS| i I &g ¢ %g'“t he? obj §iq othe

transmtted bea d| strihution,and a refl ected beam of

2 Second FipaTaRipa heds AMCHSAs ¢ Sebarabiny i batligtEonfo.Pba
such. that (Ral e anem Y0k o YR ST, DEATRSPERACRA g%gf?gs%e@he

I nt eﬁSI ty varies W th oT 1 ncldence O

obj ect onja, rshe ng_
simlar intensi tya | st rﬂ%ut [ on ennt he |egtﬁ£t |ls1g|I nlﬁocus on%r%e Obj ect -

and such thgliet & %ﬂdﬁnc‘éaﬁdfatﬂlﬁ‘ reEldtdd 1ignEensity of the
transmtted beam is mrrored by a substantially equal and opposite

spatial vari.at ponfédus heendioansaby Qfined r éhl ecl&imbers) Widieridia: f ebes of
the light deviates fromthe object, said neans for separating having a
t hi ckness sepadiatiing anemis t bempetsebal f af fiwswavoptdegilh Abmbeef cfi d
reflected radiation incident thereon; and neans for providing an
i Rgi tat i ofigitt Iselestad dndext efsingfnantinnpn ahsetosgacphlicait membey
variation varies with the angle of incidence and thus with the degree
of focus ©O&f a |gecond selected index of refraction; and a separation
layer positioned between the £first and second optical
members, wherein said separation layer is of an index of
refraction that is less than the first and second selected
15 indices of refraction.
18. A focus sensor as defined in Claim 17, wherein the
firstt and second selected indices of refraction are
substantially the same.
19. A focus sensor for determining the focus of an
20 illuminating beam, said sensor ¢ox_nprising: a light source
for producing an optical beam; an objective lens arrangement
for focusing the beam as said illuminating beam upon an
object, said arrangement including a polarization“
beamsplitter and an objective lens; a beam separation module
25 for separating at least a portion of light reflected by the
object into a transmitted beam of a first intensity

distribution and a reflected beam as a second intensity

distribution which both vary with the angle of incidence at



-

+++uﬁ%narrﬁ§—EEEETqi6. A focus sensor as defined in Claim15, wherein the
S | W““ncludes a separation |ayer which acts on 5 t he
r§mﬁm‘m“m 8 produce the transmitted and refl ected beans, and which
v e

s IR reflectivity in response to the angle of incidence of the ™
reflected light. 17. A focus sensor defined in daim16, wherein.the s
separating nmeans conprises: - a first¢«optical nenber of a 10 first

| d.i. f f t.i on; ., . d i ' d | d
nden. oRig sadie e Bl GueCRIngRY B LEIB etk BeRREHIIS S

d . , o . ! efveet L f
o oo RRIR CBheleaRETS, IF PSRRI A Ol Uiy " ALK 0
refract 'vﬁ.q:é'xijngg éﬁé&%@nmnﬁuy%ﬁgé b %gh&hyvamg%r Setwdyn first

and secon ecte of refraction re substantially the sane.
19.5 A Fog¥stis@nsoingier ofleter nivdE ddgulipcusal@é U 2% next

i1 1I'um nati ng beam said sensor conpri sing: a l'ight source for producing
an opti Galjdrars &ngbd| oft iWenimen sefdegtaide fof bocssemydt mdudam as
said illum nating beam upon an obj ect, sai'd ar r ahgenent dincluding. a

pol ari zatalore bedrmpdin t eaidndemondbjaojulear | eaipeailsedresepthahi gainbdul e
25 for separating at |least a portion of light reflected by the object

into a thimsmiangdaranmbicea saidt sepagraliing dreans bbeiog semfdigufddct ed
beam as a second intensity distribution _which both vary with the angle of

i nci denddight thabhishiGatgansmidded) pnghireflrekRe bSemeyi argedf 2

separation nodul e,. the angle of incidence havi.n anqul ar val ue =
%ﬂ substantially STHi ar intensity _dls%r§%u€1 n  when the A

illuminating beam is in focus on the dbject, and éuch that
the--ﬁériatioh in the intensity distribution of the
transmitted beam is mirrored by a_subsﬁantiéil?quual and
opposite .variation in the intensity distribution of the
15 refiécted beam when the focus of the beam deviates frdm.the
object; and first and second photodetectors in optical
alignment with said transmitted and reflected beamé}
respectively, for providing first and sécohd signals
indicative of the variation in the intensity distribution of
20 the transmitted and reflected. beams which intensity
distribution varies with the angle of incidence and thus
with the degree of focus of the illuminating beam.
20; A.focus sensing apparatus for determining the focus of
an illuminating beam by detecting. characteristics of
25. transmitted__ and - reflected beans, said apparatus

comprising: a radiation source; an optical member for



within a sel ected continuous range of;'angul ar val ues between 5 a critical
angle of a first angular value and a next adjacent ml wlf 1
refl ectance of a second angul ar val ue, wherein said second ﬁ ﬂ "mlm"mm
| ess. than said first angul ar val ue, sa%é separating nmeans bet ng cdnf fguf ed*
susir that said transmtted and reflect beans are of a 10 substantially
simlar !f‘ééﬁéiﬁg Phﬁi&h?&ﬁ' OfrofiNefhe t B2 8 4LTbAA 58Gr882MbSN | Nah OCUS
on the object, and such that:the variration 1n the 1ntensity. :

di stributiggjeef; thertuapsatbiedoR8aMreT 1M VL DPYsR £6HPEESRLvEhGY
equal and opposite variation in the intensity distribution of the 15

reflected pgainvhen weslferied ofréfic thearsshecat and roor t herovijdEely a and
first and second photodetectors 1in optical alignment with said transmtted
and refl ectefllbeted, radipeibnvberm had @ ddatiswittediradilastonndeamgnal s
indigative of the variation in the intensity distribution of 20  the
tranSmttesaidnd trarfdmictteel braddatilinch beamendieingli spridduciesh Vlayi es
with the -angle of incidence and thus with the degree of focus of the

i 11 um nat i fgupbuatedototals sefidestionn @fappdanticon »f Rabdnradhatian focus
of an illum nating _beam by detecting characteristics of 25 transmtted
and refFeflegted fxoms said sebjechpwhen (satdnpatdasted radiabienn

sour ce; an optical nenh M f ocusj radi ation from

r for F C.. L ng
the radi at¥Bh g@ﬁuPEesa&(éoﬁePSHaGBPé’ct]:aye&' Btuan AHLE oPhI 1RCHERRESON
rismfor receiving radiation reflected fromt he, ohj ect .and for providing a
Pa Dbt o0 PEERL A A S wSERTE, o Pl eErRd) hiudY, PaRge M
tkamgnitte radi.ation | r.od . f at ot ' .
reflecti onggf a %%ﬁooxagﬁggai%%%{)iaonagg?ﬁgg%iedgﬁ%% s&a\#d%ob?%lc?tv\hen

?ﬁi:?d;ﬁ‘;geﬁﬁﬁgléf‘di ?hhAR | GRENOES ARxTRI LERRAML | OndBYeroft APndRGhe of
reflectance of a second angular value, wherein said second
angular value is less fhan said first angular Vélue;. .ancl
means for detecting a characteristic of one of the
15 reflected and transmitted beams, which varies with the
angle of incidence and hence with the degree of focus of
‘the illuminating beam. |
21. A focus 'scnsing apparatus as defined in Claim 20,
g&/ further 'comprising means for .de'tecting a characteristic of.
20 the other of the reflected and transmitted beams. |
-22. A focus sensing appcratus as defined in Claim 2'1',
wherein the means for 'detecting' characterisfics of t’hc
reflected beam and the means for detecting characteristics
of the transmitted bcam 'comprise 'photode.t-:ec"c.ors fdr_
25 ‘detecting intensities of said reflected and transmitted

beams.

23. A focus sensing apparatus as defined in Claim 20,



' i val ue within a selected continuous range 10 of anguyl ar

mll mm) “mcritical angle of a first angular value and a next

adj acent wmngl e~ of mninmumreflectance of a second angul ar val ue, wherein
sai d second angular value is |less thad{gsaid first angular value; and neaps
for detecting a characteristic of one of the 15 reflected and "
transm t tfurtiesnscompr thingr meansi trlesponsivgl eomfthiencdeleecbingdnéanse with
t he degree of focus of the illum nating beam 21. A focus sensing apparatus
as defi netbr rpbuiding, ahuinddcatdopr ias rip neh@sektendette twinicky the
characteristic of 20 the other of the reflected and transmtted beans.
22. A foctadizbiengfappatheusadd agdom&Punece 4§ nnet, ferused emetheans for
detecting characteristics of the reflected beam and the neans for detecting
char act erf®3€@%- of the transmitted beam conprise photodetectors for 25

det ect i i nt i fi f i.d. reflected and t itted.b .23, Af _

sonsing dbar A uLOSURIoPPREANG, RPRRFALES as cdpfined] ingClHim ARy
i to t det ect. for . i di ng.
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source isg t T %ﬁ%&e &&hgp%ﬁjé:%% urg%:é%?ré A él%@i%fi‘ﬁ#}éras

defined i'n erein ed total refTection pris

conprisesgfiasi cROE BRIWREPONMA LR F7RERe @ NdeBoR@PBR i OM | BYGErs,

sandw ched between said first and second optical [ayers, and wherein said
frustrat eghd otitler&inh eddiad fRiisHPatied 18otaldi spg3edtiidn beipact ik0 the

radi ation reflected fromthe object such that the angle of I ncidence of
sailf radi aisposedfl wiehedebpentsaisl ti eghdiabtiand reflsctednitagethes
object such that the angle of incidence of said radiation
reflected from said object at said separation layer is
close to a region of total frustrated reflection.
25. A method of sensing focus between a radiation source
15 and an object by detecting_characteristics of transmitted
and reflected means, said method comprising the steps of:
positioning a frustrated total reflection prism at a
location so as to receive radiation reflected from the
object and to ptovide therefrom a reflécted radiation beam -
20 and a transmitted radiation beam, said prism including a
separation layer having a.thickness which is larger than
one half of the wavelength of said reflected radiation
incident thereon, wherein said transmitted radiation beam
is produced by frustrated total reflection of a pbrtion of
25 said radiation reflected from said object; and detecting
characteristics of one of the reflected and ttansmitted

beams, which vary with the angle of incidence of the



close to a region of total frustrated reflection. 25. Arrettﬂ ' ;
focus between a radi ation source 15 and an object by dete " mmllrﬂ'mmﬂ”m
characteristics of transmtted and refl ected neans, said nmethdd €onprivsi ng »
the steps of: positioning a frustrate?qtotal reflection prismat a

| oation so as to receive radiation refl'ected fromthe object and to

provi de t V%é&ié@f%ﬁ‘ fff)ﬁleﬁﬁédof)ggkﬂt bRATPIHE Hlpar bt 14/ B£ LEhle

radi ati on beam saird prism.nc INng a separation:id.ayer having a thickness
which is |grfgm ARAThEREeh@ithotnbhaeur el et BoblisSdid ¢ird | 4Lsk {841 ation
I nci dent t'hereon, wherein said transmtted radiation beamis produced by
frustrat edof Otlné éBjé@ﬁti on-of a portion of 25 - said radiation - reflected
fromsaid object; and detecting characteristics of one of the reflected
and transn26t eddbmethodvMofhseasing tfothe ayl definedci dencaadm td%,

radi gtion fromthe object onto the separation | ayer of the prismand hence
wi t h“t he dEgrekenfcémpuisdngt hber mtien i ofi detebting ectch@&tactéristiod of
sensing focus as defined in Caim25, further conprising the step of.

det ecti ng @f cHag aethersefcthe rrélectked emd rteraram:éz;te,% bgamsr ansnitted
beanms. 27. A nethod of sensing focus as defined_in Caim?26, wherein the
steps of d®fectdnBedheca@%erFenFindoffopus, &9 cfefdnefean £i@imge?@cting
characteristics., of . the 10 ragspitied beam conprise the_ step of
detect| ng WARESHR dilS « FR5r OFf (IeEPFELNgy SHATEFEREAPELER bRhmethos, A

0 SRR S e B S AL
U0 1 SEanonhLed (ke Cithestsel] OB scdf 0k WhcaLES e, 0

focused o -ect . of sensingfocus as aim
25, intensities of said reflected and transmitted beams. '

28. A method of sensing focus as defined in Claim'25,

further comprising the.step of providing, in response to

the detecting‘ step, an in_dication as to the extent to

15 ‘which the. radiation from the radiation source is not
focused on the object.

'29. A method of sensing focus as defined in Claim 25,

wherein the frpstrated total reflection prism comprises

kg first and éecénd optical members and.l a Separation layer

20 sandwiched between said first and second o§tica1 layers,

and wherein said positioﬁing step comprises the étep of

'disp_osing the frustrated reflection prism with respeCt to

the radiation reflected from the object such that the

ahgle of incidence of said radiation reflected from said

25 object at said separation layer is close to a region. of

total frustrated reflection.

30. Focus sensing apparatus, substantially as described



k)

close to a region of total

MAHE NI

ated total reflection prismconprises fi rst and secend

d a separation |ayer

20

sandwi ched between said first

| ayers and wherein said positioning step conprises the
step of disposing the frustrated reflgstion prismwith respect to the 3
radi ation reflected fromthe object such that the angle of incidence of ¥

sai d radipiyedn WEftEedefbddiye Seo tRSd accohpeanyinyg desawinggaration |ayer is

frustrated reflection. 30. Focus sensing

~ appar at ug1 .sulpstisedn aévxlaat fleacsiylsadm, sulistantiallp as SebscAbeet ei n
with reference to the acconpanying draw ngs. 31. A beam eval uation system
subst ant iheldei mwidds aré frbrioe et the hacebmpanyéngodrhwiagsenpanyi ng

dr awi ngs.

32. A nmethod of sensing focus,

substantially as descri bed herein

with ref &anca methnd aaf sensinggfdenss ngybstantiagdyhes deserdbest i ng
beagn geonetry, substantially as described herein with reference to the
conpanyiereidy mt’rgg:efmqrscezo’c95the accompanying drawings.
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33. A method of evaluating beam geometry, substantially

as described herein with reference to the .accompanying

drawings.
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