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Optical beam-splitting element.

The invention relates to anopncal beam-sphttmg element havmg a ﬁxst _
surface which mpmvndedmtha gratmg for generatmg a sub-beam havmg a second direction
from a radiation beam incident on the ﬁrst surface and havmg a first direction. The invention
alsorelatestoaradtattonsourceumtcompnsmg suchanelementandtoanopucal scanning

unit compnsmg such a radiation source- umt S
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An element of this type is known from European Patent Application no. 0
583 036 in which it has been described as a component of an optical scanning unit. A
radiation source in the scanning unit supplies a radiation beam which is focused by an
objective lenstoa scanmng spot on an optical’ record carrier. The beam-sp;_x_t_tmg element,

whchtsuaversedbytheradlauonbeamfromasecond surfacetoaﬁrstsurface s arranged .
between the radlauon 'source and the objecttve jens. The radiation reﬂected by the record .

carrier ttaverses the same path as the rad:auon beam from the radlanon source and forms the

above-mennoned bearn having a first dtrecfion and bemg incident on. the ‘beam-splitting

) element. A graung on the first surface of the beam-sphttmg element sphts a part of the
radiation of the mcldent beam in the form of a sub-benm having a second direction. The sub-

beam converges on a detccnon system ammged next to the radiation source, whlch detection
system generates, inter alia a stgna.l from the incident radlatlon, which signal represents the

'stored mformanon

| A drawback of the l_mou'm beam-splitting element is the small angle
between said first and second directions, which necessitates a relatively small distance
between the radiation source and the detection system. If the radiation source and the

- detection system are two separate components it is difficult to arrange them in the scanmng

unit at such a short distance from each other.
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It is an object of the present mvennon to prov;de a beam-sphmng element
wl lich meets the above-mentioned drawback, and to prov1de a radiation source unit which is
flexible enough for said components to be arranged. - '

According to the invention, this object is achieved by a beam-splitting
elcment as described in the opening paragraph and is characterized in that it further
co mprises a mirror for changing ‘the direction of the sub-beam from the second direction to a
third direction, theanglebetweentheﬁrstandmeseeond d:recnonbemg smaller than the

;lebetweentheﬁrstandthethnddlrecnon ' R :

Anmcreaseofﬂledeﬂecuonanglebetween theﬁrstand the second
direction by means of reducing the period of the grating lines of the grating could be
considered as a possibility of increasing the distance between the radiation source and the
deiection system. The invention is based on the recognition that this has its drawbacks Fust
the 'requirements imposed on the graung increase with an mereasmg deflection angle so that
the grating is more difficult to reo.hse Secondly, the cross-section of the sub-beam becomes
mcre elliptic with an mcms;ng deflection angle, which degrades the quality of the scanning
spct formed on the detection system, hence the quality of the signals generated by the.
system. Thirdly, with an increasing deflection angle, the tolerances for arranging the grating
with respect to the radiation source and the detection system will be narrower so that it will
be more difficult to arrange the components, while a'greater mechanical stability is required.
The: mirror according to the invention iricreases the angle between the sub-beam and the
inc dent beam without the three drawbacks mentioned above.

- A very suitable embodiment of the beam-splitting element according to the
xnvennon is charactenzed in that it has an exit surfaoe in the path of the sub-beam and in that
the mirror is located in the path of the sub-beam between the ﬁr_st-surfaceand the exit

surtace. The mirror then forms an integrated component of the element so that the first

suriace, the exit surface and the mirror can be made in a single process step, for example by
me:ns of plastic m]ectlon moulding. '

The mirror is preferably mtemally reﬂectmg 0. that it is not necessary to
proide a reflective layer on a part of the beam-splitting element. -

| The angle between the first and the third direction is preferably

appi'oximately 90°. The radiation source and the detection system’ then have a relatively large
mutual distance, while nevertheless a compact an'angement havmg a satlsfactory mechanical
stability is obtained. '

In addition to its funcuon of sphttmg a pa.rt of the radiation of the incident
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beam, the grating on the ﬁrst surface preferahly also has the function of formin'g the sub- .

: -traclnng and focus error of: the scannmg spot on the record earner “To tlus end the grating

may comprise, for example sub-gratmgs at both sides of a dmdmg line, or overlappmg sub-

_' gratings.

. A parueular embodnment of the beam-sphttmg element aceordmg to the .
mvennonhasaseeondsurfaceloeatedmthepathofthemc:dentbwn which surface is

' provxdedmﬂlagraunghavmgpamnelgmunghnesforfommgtwoﬁxrthersub-beamsfrom

the radiation beam emitted by the radiation souree, wlueh further sub-beams are used for
generating the trackmg signals. - '

ln an  advantageous embodxment of thebeam-sphtnng element according to
the mvenuon, at least one of the surfaces has optical power. In this way the beam~sphttmg
element also acquires the -funcnon-of a colhmator lens for the radiation beam or a beam
The properties of the beam-sphttmg element are opttmally used when the
element is ananged in a radiation source unit which further compnses a radlauon source and
a detection system. This xadtatton source unit not only has a eompact eonstrucnon and great
mechanical stability but also the _great advantage that it is sultable for mcorporanng different
types of radiation sources and detection systems.

'Ihemvennonfurtl':errelatestoan optual scannmgdevweforsearmmgan
mformatton plane, which device compnses such a radxauon source -unit and an objective -

) -system for focusing the radiation beam supphed by this umt to form a scannmg spot on the

30

mfonnatlon plane, and i m whlch thedetecuon system is arranged in the radiation souree unit
for convemng radtanon in the sub-beam from the mformanon plane mto an electric signal -
representing information stored i in the- _mfo_rmauon plane. -~ '

. These and other aspects of the invention will be apparent from and
elucxdated with referenee to the embodiments described hereinafter.
In the drawings '
Fig. 1 shows an optml scanmng umt aceordmg to the mventlon, including _'
a beam shaper, o S | |
Figs. 2a, b, ¢ show some gratmgs arranged on bwn-sphttmg elements

accordmg to the invention,

F1g 3 shows a three-beam gratmg ananged on the bum-sphttmg elements
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a:cording to. the invention,
- Fig. 4showsanopt1ealmnmngumtacoordmgtothemvmuon, and
Fig. 5 shows an optleal scanning unit wordmg to the invention, including
twvo detection systems. - -

Fig. 1 shows dlagrammaneally a device for optically scanning an
ufonnanonplaneofanophealrecordwner 1. Seanmng:sheremunderstoodtomem
scanning for both writing and readmg mformaoon The mformauon plane may be a
prerecorded layer or a layer which can be provxded entn'ely or partly with information. The
record carrier 1, apanofwhchrsshownmaradlalcross-secnoanrg 1, comprises a
trinsparent substrate 2, a reflecting information plane 3 and a coaung 4. The information
plane is divided into a large number of tracks Si m which mformanon is recorded or can be
inicribed in the form of information areas (not shown) wlnch are optically distinguished from
thir surroundings. __

The scanning device oomprisee a radi_ation souroeumt 6 which, aoeording
to the invention, is provided with a housing 7’ accommodating a diode laser 7, a beam
shaper 8 for changing the shape of the cross-section of the radiation beam which is incident

on the beam shaper and a housmg 9’ acoommodatmg a detection system 9. The diode laser

an the detection system are separate components so that it is easy to ‘replace one of the
co:nponents by a component of another type, while the other oomponent can remain .
unchanged. The elliptical cross-secnon of the beam coming from the diode laser is mainly

terdered circular by the beam shaper. This radiation source unit then supplies a beam 10

having a stable wavefront and an intensity which represents a large part of the intensity
prcduced by the diode laser. The radiation source unit is thus very suitable for-a writing
device with which information can be written, for example ablanvely, by surface deformation
Or >y a magneto-optical prooess Dunng writing the beam 10 is modulated for example by
meins of an acousto-optical modulator or by modulatmg the electric current through the
dioJe laser. . . _
The radiation beam 10 havi_ng a circular cross-section has such an angular
aperture that it optimally fills an objective system 12 via a folding mirror 11, so that this
sys.em forms a diffraction-limited Seanning spot 13 on the information plane. An information
track can be scanned by rotating the record carrier. All information tracks can be scanned by
mo'ing the record carrier 1 with respect to the scanning spot 13 in the radial direction. |
The information plane reflects the radiation in a beam 14 which traverses
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- the objecnve system agam and is mcrdent as beam 14’ -on-a ﬁrst«surfaee 15 of the beam
shaper 8. To separate this retunnng beam 14 spatnally from the on-gomg radiation beam 10, -
“the ﬁrst surface is provided with'a separatmg gratmg 16 whtch deﬂects a part of the incident” "

. beam 14* by way of diffraction in the form of a sub-beam 17 towards the detection system 9. _

 The beam shaper.thus has the function of a beam-splitting element. The incident beam hasa
first direction and the sub-beam has a second direction. The angle between these' directions -

eannotbechosentobetoolargebeeausethepenodofmegraunghnesofthesepamung

-gratmg 16w111beeomeverysmallw1ﬂ1anmcreasmg deﬂecuonanglesothatthegraungrs
 difficult to realise, while the position tolerances of the grating will become small. For these

reasons the ‘angle preferably ranges ‘between 20° asid 35°. Ori the other hand, the angle must
be as large as possible so as to have a msonable dlstanee between the raiﬁauon source 7and

the detection’ system9 50 that their housmgs T.and 9’ aré not in €4ch other’s way and there

' is sufficient space to ahgn each eomponent separately Aceordmg to the invention, this -
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| problem is solved by guiding the sub-beam 17 towards the detection system 9 via a mirror -

18. The mirror changes the sub-beam 17 havmg the seeond direction into a sub-beam 17°
having a third direction. The magmﬁeanon of the angle between the sub-beam 17’ and the .
incident beam 14’ by the mirror does not lead to the above-mennoned drawbacks. The mirror
18 may be.a separate component of the beam shaper 8. However, the mirror 18 preferably -
fonnsanmtegralpartofﬂlebeamshapers lnthatcasethemxrrorlsan'angedmmeopncal
path of the sub-beam 17 through the beam shaper between the first surface 15 and the exit

. surface 19 of the beam shaper. At a suitable choice of the angle of incidence on the mirror -

and of the refractive index of the material of the beam shaper, the mirror is totally internally

~reﬂectmg so that it is not necessary to provide the mirror surface with a reflective eoatmg

“The compact arrangement of the radiation source 7, the beam shaper 8-

- with the separatmg gratmg 16 and ‘the detecuon system 9 ensures a great posmon stablhty

The angle between the ﬁrst and the third: drrectxon is preferably 90° so that the housmgs 7 ’
and 9 are perpendicular to each other.

During reading, a parameter of the reﬂected beam, for example the
intensity or the direction of polarization, is modulated in _aecordance with the information -
stored in the.succession of information areas. The detection system 9 converts this
modulation into an electric signal. The detectio_n system generally comprises ,a'plurality of
detector elements so that it supplies a plurality of output signals which are processed in a |
signal processmg circuit 20 to an mformauon slgnal S;, a trackmg error sxgnal S and a focus
_error sxgnal S; for a txackmg servosystem and a focus servosystem.

S g A
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For further"detaﬂs of the scanmng devxce reference is made to ‘the article

in Philips Techmsch ledschnft40 p‘p"”267-272 1981-82 no 9. o

The separanng grating 16 may have dxfferent ‘shapes, dependent on the
emﬁgumnonof thedeteeto:s mﬂwdeteeﬁon system 9-andon theway in- wlnch the different
slgnals are denved from the output slgnals of the detectors ’lhe-sepamUnggraung may
conprise two sub-gratings 24, 2Satboths1desofadtv1dmgime26 whxlethegraunghnes

i mhsnbmhavethempmod and uwnd-at equal butoppostteangles to-the

dividing line, as is shown in Fig. 2a. This grating is suitable for forming the focus error
signal by means of the single or double-Foucault method and the tracking error signal by
means of the two-beam method or the two or three-beam push-pull methods. The gratmg and
the associated detector configuration are known, inter alia from Umned States Patent no.
4,524,079. Another embodiment of the separating grating 16’ i is shown in Fig. 2b. This
grating also eompnses two sub-gratings 24°, 25’ at both sides of a dividing line 26, but the
grating lines in the subcgratmgs have different penods, as 1s known from, for example
Ewopean Patent Application no. 0 583 036. A third embodiment of the separating grating
16’’, shown in Fig. 2c, compnses two overlappmg or interleaving--euh-gratings- which have
eitt er equal or different optical powers, ‘while the gr_atin_g. lines jmnmally_extend at an angle

* of letween 0° and 90°. Such a grating is suitable for determining the focus error by means

of the beam size method as is known from Japanese Patent Appheauon no. 1-35 737 (A). By
varring the period of the grating lines of the sub-gxatmgs across. the sub-gratmgs the sub-.
gralings acquire optical power so that the vergence of the sub-beams formed dlffers from the
bean from which they have been formed thh a special variation of the period and possibly
a ctrvature of the grating h_nes, it is possible to mtroduce..asugmansm into the sub-beams so
that the focus error signal can be formed by means of the asugmattc me_thod which is known,
inte - alia from United States Patent no. 4,358, 200.

In the scanning devxee shown in Flg 1 the. beam of the dlode laser 7 is
incilent on a second surface 30 of the beam shaper. This second surface may be provided
with a grating 31 for generating two sub-beams 32 and 33, only a small part of which is
shovn for the sake of clarity. These two sub-beams supply two side spots at both sides of the
scan!ning spot 13 on the information plane 3. The radiation reflected therefrom can be
deto:ted in the detection system 9 for generating the tracking signal S, in accordance with the
thre:-beam method known from, inter alia Umted States Patent no. 3,376,842. The grating
31 it known as a three-beam gratmg as shown in Fxg 3 and has substantlally strmght,

- — et ——

""'Het systéém CompactmsthgltalAudlo“'byMG .Carasso, JBH Peek and J.P. Sinjou
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 parallel grating lines. To avoid vignetting of the sub-beams 32 and 33 through the abjective

system 12, the distance between the diode laser 7 and the three-beam grating 31 should not
be too small. A distance of 1 to 2 mm only yields a small vignetting, while the positioning -
stability of the 'gratihg with mpect to the radiation source is within the required tolerance

" liﬂ_lits.'

The beam shaper 8 is used for meducmg the elhpncxty of the cross-section
oftheradlanonbeamfrommedmdelaser7 "The second surface300fthebwnshaper1s

| provided with a mamly cylindrical portion havmg a cyhndneal axis. This portion has an

angular magmﬁeatmn of the order of 1,/n, in a transversal plane (YZ-plane) and an angular
magnification of the order of nzlnl in a lateral plane (XZ-plane), in which the transversal
plane and the lateral plane are perpendlcular to each other and intersect each other along the
opheal aJus (Z-axxs) of the beam shaper and the cylindrical axis is located in the transversal

| plane. The parameters n, and n, are the refractive indices of the element material and the -

surrounding mediiun, respectively. The first surface 15 is toroidal. The beam shaper is

‘entirely made of the synthenc material polyearbonate (PC) and has the follomng pa.rameter

values:

~distance to- the diode-laser Zl =_2.0 mm,-including-a 0.25 mm thick. .- .
coatmgglassmthn—lsuforthelaser | | -

o _curvatureofthemondsurface% T
- " inthe’XZplane Cyy = -2.032 mm! and slightly asphencal\
- _mtheYZ-planeCly—-OOZOmm - L o
‘thickness D = 2. 70 mm. - T
" curvature of the first surface 15:- —— |

- o 'mthexz-pmcz,=-o434mm
- " in the YZ-plane C, , = 0.166 mm'l and slightly asphencal
The beam shaper shapes a beam with NAs__ of 0.10 and 0.20 in two mutually perpendicular
directions so as to obtain an exit beam having a circularly 'symm'en-ical cross-section and a
NA of 0.15. Other embodiments of the beam shaper are described in the non-prepublished
European Patent Application no. 93203681.7. If the first surface 15 of the beam shaper has
more optical power than in the embodiment described above, it rﬁay also function as a
collimator lens so that the beam shaper gives the beam from the diode laser a circular cross-
section and collimates as well. ' | . '

In the scanning device shown in Fig. 1 the functions of the beam-splitting

element and the beam shaper are united in a__Single component. However, it is possible to use



10

15

20

WO 95/34016.. . 5 | o | PCT/IB9S/00357

1 . 8 -

tlie beam-splitting element acoordmg to the mventxon thhout the funcnon of a beam shaper.
Fig. 4 shows a scanmng devwe according to the mvenuon, mcludmg such a beam-splitting
lement 40. Theelementhasaﬁrstﬂatsurface4l mthaseparanng granng42 and a second,
nnlarlyﬂatsurface43wxﬂxaﬂnee—bmgnung44 Ammor45accordmgtothe
ir'vention is arranged in the path of a sub-beam 46 formed- by the separating grating 42. The
nmorlsmtegratedmﬂlﬂlebwnsphmngelemmt _ .

Fig. 5 shows a scanning device accordmg 10 the mvenuon in which a
sdcond sub-beam 48 formed by the separating grating 42 is guided towards a second
ditection system S0 via a second mirror 49 in the same way as the sub-beam 46. The
direction of this second sub-beam extends at an equal but opposite angle to the direction of
the beam lOascomparedwuhthedxrecuon ofthesub-beam46 Anmformanonslgnals
which may be used to improve the sxgnal quality of the mformauon signal S of the detection
system 9, can be derived from the output sxgnals of the second detectxon sysnem viag a signal
priocessing circuit 51. Since the scanning spot formed by the: sub-bam 48 on the detection
system 50 has a less satisfactory quality than that of the sub-beam 46 on the detection éystem
9, the servosignals S, and S; are preferably derived from the output signals of the detection
sy stem 9. The gratings 42 and 44 may be implemented in the same way as the gratmg 16 and

1i, respectively, described above. ' :
_ It will be ev1dent from the foregomg that the beam-splitting element may
al!o include the function of a planoconvex or biconvex colhmator iens. The beam-sphmng
element may ‘not only be used in oi?iéﬂ scanmng a’e\"n'éés—for recor’d carfiers; buf i al —

e

belspht inter. alza for détectmg the mtens1ty in the on-gomg ‘beam
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with g grating for gerierating a sub-beam ‘having ‘a second diréction from a radiation beam -
“incident on the first siirface and having a first direction,” characterized in that the beam-

splitting element comprises a mirror for changing the direction of the sib-beam from the
second direction to a third dtrectlon, the angle between the first and the second direction
being smaller than the angle between thie first and the third direction. = =~

2. An optical beam-sphttmg element as claxmed in Claim 1, characterized in
that it has an exit surface in the path of the sub-beam and in that the mirror is located in the
path of the sub-beam between the first surface and the exit surface. |
3. o An optical beam-splitting element as clatmed in Claxm 1or2,

| -charactenzed in that the mirror is totally’ mtemally reflecting. -
4, _ An optical beam-sphttmg element as clatmed in Claim 1, 2 or 3,
. charactenzed in that the angle between the first and the thxrd dn'ectton is substantxa]ly 90°.

5.~ Anoptical beam-splitting element as claimed in’ Clatm 1, 2 3 or 4,
charactenzed in that the grating comprises two sub-gratings. A
6. ' *An optical beam-splitting element as clzumed in Claim 1, characterized in

_that 1t has a second surface located in the path ‘of the incident ‘beam, and in that the second

surface is prowded with a grating havmg parallel grating hnes -

T “An optml beam-sphmng element as claimed in Claim 1, characterized in
‘that it has a second ‘surface located in the path of the incident beam, and in that at least one

of the surfaces, first surface and second surface has optical power

8. An optical beam-splitting element as claimed in Claim 7, characterized in

that the first surface and the second surface have a common optical axis and in that the

o second surface is provided with a substantially cylindrical portion having.a cylindrical axis,
.25

which portion has an angular magnification of the order of .ny/n, in a transversal plane and
an angular magnification of the order of n2/nlina lateral plane, in which the t_ransversal
plane _and the lateral plane are perpendicular to each other and intersect each other along the

- optical axis, and the cylindrical axis is located in the transversal plane, and in which n, and

n, are the refractive indices of the element material and the surrounding medium,
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pectwely, and in that the first stirface i 'is"a toroidal surface.

9. " A radiation source umt compnsmg a dlode laser an opncal beam-sphttmg
element as claimed in any one of the precedmg Clalms and a radxauon—sensmve detecuon
sy'temarrangedmthepathofsaldsub-beam ' S T e T

5 10 7S An'optical’ 'wanmng device ‘for scannmg an mformanon plane, which
device comprises a radiation’ ‘souirée uhitas’ claimed in” CIaxm 9 and an ob;ecuve sys:em for -
focusing the Fadiation bum sﬁppheﬂ by ‘thi$ Whit to form ‘s smnnmg sporon “the’ information
plane, and’ in‘which ‘the iitettion Systa arranged in the radlanon source unit for
coriverting radiation in tiie' Siib=bean Fom the mformat:on plaﬂe mto ain elect:nc mgnaI

(T

10 representmg mfonnauorr’storeﬂ inthe mformanon‘plane AL EL 3
'j‘ Hllllll iy Illll i llll |



