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Optical beam-splitting element.

The invention relates to an- opucal beam-sphtung element havmg a first

surface which is prov1ded w:th a gratmg for generatmg d sub-beam havmg a second direction

fromarad:atlonbeammcldentonthe ﬁrst surface and havmgaﬁrstdxrecnon The invention
alsorelatestoaradlanonsourceumtcompnsmg suchanelementandtoanophcalseannmg

unit comprising such a radiation source. umt

~ The dxrecnon of a’beam is deﬁned as the direction of the chief ray of the
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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 lens to a scanning spot on annpﬁcal'record' carrier The heam-splitting element,

N _whtchlstraverwdbytheradlauonbeamfromasecondsurfacetoaﬁrstsurface xsarrangcd _
15

between the radlatton 'source and the objecuve lens. The radiation reﬂected by the record

‘carrier traverses the same path as the radlauon beam from the radxatton source and forms the

above-menuoned beam having a first du'ecﬁon and being mcxdent on the beam-sphttmg

~ element. A gratmg on the first surface of the beam-sphttmg element sphts a part of the

radiation of the incident beam in the form of a sub-beam having a second direction. The sub-
beam converges ona detecuon system arranged next to the radiation - source, whtch detection
system generates, inter alia a S1gnal from the incident radlatton whmh signal represents the
stored information. - _
' A drawback of the known beam-splitting element is the small angle
between said first and second directions, which necessitates a relatively small dlstance
between the radlauon source and the detection system. If the radiation source and the

N detectlon system are two scparate components it is difficult to arrange them in the scanmng _

unit at such a short distance from each other.
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lt is an obJect of the present mvennon to provxde a beam-sphttmg element

| whrch meets the above-menttoned drawback, and to provrde a radratron source unit which is
. flexible enough for said components to be arranged

Accordrng to the mvennon, this object is achreved by a beam-splitting
element as described in the opemng paragraph and is charactenzed in that it further

- eompnsesamrrrorforchangrngtheduecuonofthesub-beamfromtheseconddtrecnontoa

tlurddrrectlon,theanglebetweentheﬁrstandtheseconddrrecnonbemgsmallerthanthe
anglebetweentheﬁrstandthetlurddtrectlon ' A

o Anrncreaseofthedeﬂecuonanglebetweentheﬁrstandthesecond
direction by means of reductng the period of the gratmg lines of the grating could be -

 considered as a possibility of i increasing the dxstanee between the radiation source and the
_dctectton system. The mventton is based on the recogmnon that this has its drawbacks Frrst |
~ the reqmrements imposed on the granng rnerease w1th an rncreasmg deflection angle so that

the grating is more dlfﬁcult to reahse Secondly, the cross-secuon of the sub-beam becomes
spot formed on the detectton System hence the quahty of the srgnals generated by the

system. Thrrdly, ‘with an mcreasrng deﬂectlon angle, the tolerances for arranging the grating
with respect to the radiation source and thedetecnon system will be narrower so thatrtwrll |
be more drfﬁcult to arrange the components ‘while a greater -mechanical stablhty is reqmred .
The mirror accordmg to the invention iricreases the angle between the sub-beam and the

' rncrdent beam without the three drawbacks mentioned above. -
- ‘A very suttable embodrment of the beam-sphttmg element accordmg to the

mventron is charactenzedrnthat it has an exit surfacemthepathofthe sub-beam and in that
thennrrorrsloeatedmthepathofthesub—beambetweentheﬁrstsurfaeeandtheexrt

-surface. Themtrrorthenformsanmtegrawd component of the elementsothat the first -
_surface theexrtsurfaceandthemtrrorcanbemademasmgleprocessstep,forexampleby

" means of plastic thectmn mouldrng

30

The mrrror is preferably mtemally reﬂectmg so that it is not necessary to

" provide a reﬂectrve layer on a part of the. beam-splitting element.

‘The angle between the first and the third dtrectton is preferably |
approxtmately 90°. The radratton source and the detectton system then have a relatively large

" mutual dlstance, ‘while nevertheless a compact arrangement havmg a satrsfactory mechanical

stablhty is obtained. _ .
In addition to its functton of sphttmg a part of the radratton of the incident -
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' beam the grating on the ﬁrst surface preferably also has the funcuon of forming the sub- .

‘beam in such a way that it is. suttable for generating signals compnsmg information about

: traclnng and focus error of the scanmng spot on the record carner To thls end the grating

may compnse, for example sub-gratmgs at both s1des of a d1v1d1ng line, or overlappmg sub-

* gratings.

A particular embodrment of the beam-sphtnng element according to the

' mvenuonhasasecondsurfacelocatedmthepathofthemcrdentbeam which surface is
' provrdedwrthagtannghavmgparallelgraunghnesforfonmngtwofurthersub-beamsfrom

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

In an advantageous embodrment of the beam—sphttmg element according to
the mvenuon, at least one of the surfaces has optical power. In this way the beam-splitting
element also acquires the function.of a colhmator lens for the radiation beam or a beam
The properttes of the beam-spltttmg element are opnmally used when the
element is arranged in a radiation source unit which further comprises a radiation source and
-a detection system. This radlauon source unit not ‘only has a compact construcnon and great
mechanical stability but also thegreat advantage that it is sunable for mcorporatmg different
types of radiation sources and detection systems. -

The invention further relates to an op'aeal scanmng device for scannmg an
mformauon plane, which device compnses such a radrauon source - umt and an objecuve

- _system for focusmg the radiation beam supplled by this unit to form a seanmng spot on the

mformauon plane, and i m whlch thedetecuon system is arranged in the radiation source unit

_ for converung radratlon in the sub-beam from the information plane into an electric srgnal

representmg mformatlon stored in-the- mformanon plane. --

. These and other aspects of the invention w1ll be apparent from and
elucldated with reference to the embodxments described heremafter '
. In the drawings . :
Frg 1 shows an opt1cal scanmng umt accordmg to the mventlon, including

Flgs 2a, b c show some gratmgs arranged on beam-splitting elements

accordmg to the invention,

F1g 3 shows a three-beam gratmg arranged on the beam-sphttmg elements
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diode laser.
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accordmgtothemvenuon - - . . S
Fig. 4showsanopt1calscannmgumtaccordmgtothemvcnuon,and .

. Fig. 1 shows dnagrammattcally a device for optically scanning an
mfonnauonplaneofanopucalrecordcamerl Scanmnglsheremunderstoodtomean .
scannmgforboﬂtwnnngandreadmgmformatton Themformauonplanemaybea
prerecorded layer or'a layer which can beprov:ded entu'ely orpartly with information. The
record carrier 1, a part of whrch is shown in a radial cross-secnon in Fig. 1, comprises a

. transparent s! substrate 2, a reﬂectmg information plane 3 and a coatmg 4, The information

planersdmdedmtoalargenumberoftmckssmwluchmformauonrsrecordedorcanbe

mscnbed in the form of information- areas (not shown) whlch are. optrcally distinguished from

their surroundings.
The scannmg device compnscs a radlatton source umt 6 whxch accordmg '

10 the invention, 1s provrded thh a housmg v accommodatmg a diode laser- 7 a beam

shaper 8 for changlng the shape of the cross-section of the radratton beam which is incident

~on the beam shaper. and a housrng 9 accommodatmg a detectlon system 9. The diode laser .
'and the detection systemare sepaxatecomponentssothatrtrseasy toreplaceoneofthe

components by a component of another type, while the other component can remain

~ unchanged. The e_lhpncal cross_-sectton of the beam coming from the diode laser is mamly :
~ rendered circular by the beam shaper, This radiation source unit then supplies a beam 10

having a stable wavefront and an itltensity which represents a large part of the inténsity

‘produced by the dtode laser. The radiation source unit is thus very suitable fora writing

device with which mformatton can be written, for example ablatively, by surface deformatlon

orbya magneto—opncal proccss Durmg writing the. beam 10 is modulated for example by

means of an acousto-opncal modulator or by modulatmg the electric current through the

aperture that it optimally fills an objecuve system 12 via a foldmg mirror 11, so that this
system forms a diffraction-limited scanning spot 13 on the information ‘plane. An information

track can be scanned by rotatmg the record carrier. All mformanon tracks can be scanned by ‘
- movmg the record carrier 1 with respect to the scanning spot 13 in the radial direction. |
The mfonnatlon plane reﬂccts the radiation in a beam 14 which traverses

Fxg 5 shows an opucal scanmng unit accordmg to the mventxon, mcludmg L
 two detectton systems ' '

" ‘The radlatlon beam 10 havmg a crrcular cross-section has such an angular -
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' the o’b_)ectrve system agam and is mcldent as ’oeam 14’ -on-a ﬁrstsuffaee 15 of the beam

shaper 8. To separate this returnmg beam 14 spatrally from the on-gomg radiation beam 10,

“the ﬁrst surface is provided wrthi-‘a separating gratmg 16 Wthh deﬂects a part of the incidént "
~ 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-beaim has a second direction. The angle between these diz‘ecﬁons
cannot be chosen to_be too. large because the penod of the gratlng lines of the separatmg_ e
- gratmg 16 will become. very ‘small wlth an increasing deﬂectton angle so that the grating is-
_ dlfﬁcult to realise, while the position tolerances of the gratmg will become small. For these

reasons the angle preferably ranges ‘between 20° ‘aiid 35°. Oni ‘the other hand, ‘the arngle must”
be as large as possible so as to have a reasonable dlstance between the radiauon source 7 and

the detection’ system9 50 that their’ housxngs 7‘ and 9’ are not in each Gther’s way and there
' is sufficient space to ahgn cach component separately Accordmg to the mvenuon, tlus

problem is solved by guiding the sub-beam 17 towards the detection system 9 vig a mirror

18 ‘The mirror changes the sub-beam 17 havmg the second direction into a sub-beam 17*
havmg a third direction. The magniﬁcauon of the angle between the sub-beam 17’ and the
incident beam 14’ by the mlrror does not lead to the above-mentioned drawbacks. The mirror
18 may bea separate component of the beam shaper 8. However, the mirror 18 preferably -
fonnsanmtegxalpartofthebwnshaper% lnthatcasethemmorrsanangedmtheoptml
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 inci'dence'on the mirror -

and of the refractwe index of the matenal of the beam shaper, the mirror is totally internally

-reﬂecung so that it is not necessary to provide the mirror surface with a reflective coatmg

" The compact. arrangement of the radiation source 7, the beam shaper 8

- with the separaung gratmg 16 and’ the detecnon system 9 ensures a great posmon stabrhty

The angle between the ﬁrst and the th1rd dlrectton is preferably 90° s0 that the housmgs 7’ -

- and 9’ are perpendlcular to each other.

: Dunng reading, a parameter of the reflected beam, for example the
intensity or the dtrectlon of polanmtxon, is modulated in accordance w1th the information -
stored in the succession of information areas. The detection system 9 converts this

| modulauon into an electric signal. The detection system generally comprises a plurality of

detector elements so that it supplies a plurality of output signals which are processed in a
sxgnal processmg circuit 20 to an mformatlon s1gna1 S;,a trackmg error signal S and a focus
_error srgnal Sf for a trackmg servosystem and a focus servosystem '
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For furtber‘detaﬂs ofthe scannmg devme reference is madetothe article

o —— - m——————

'_‘""'Het syste‘ém ’Compact])tsc ngltal Audlo"'by M. G. Carasso, J.B.H. Peek and J. P. SanOIl o

in Plnhps Techmsch TlescﬁnfMO pp 267272, 1981-82 10. 9. .
- The separahng grating 16 may have dlfferent shapes, dependent on the

slgnalsaredenvedﬁomﬂleoutputmgnalsofﬂtedetectors Theseparahnggabngmy _
comprise two sub-gratings 24, 25atbothmdes*of admdmgitne 26 whdethegratmg lines -

i) eadrsobagratmg'have:themepmod andeand—at*equal but oppostte angles to-the

10

dividing line, asxsshowanxg 2a, Thmgrahngxssmtableforfomnngthefocusenor |
slgnal by means of the slngle or double-l'-‘oueault method and the ‘tracking error signal by .
meansofthetwo-beammethodorthetwoorthree-beampush-punmemods Thegraungand

~ the assoelated detector oonﬁguranon are known, inter alia from Umted States Patent no.:

15
B European Patent Application no. 0 583 036 A third embodiment of the separating grating

-4,924,079. Another embodlment of the separating grating 16’ i 1s shown in Fig. 2b. This

grating also oompnses two sub-gratings 24°, 25' at both sides of a dividing line 26’, but the
grating lines in the sub-grattngs have different penods, as is lmown from, for example -

16", shown in Flg 2¢, oompnses two overlapping or interleaving. sub-gratmgs which have
exther equal or dxffetent optical powers, wlnle the grating lmes mutually extend at an angle

" of between 0° and 90°. Suchagxatmgxssmtablefordetermmmgthefocuserrorbymeans

of the beam size method as is. known from Japanese Patent Appheanon no. 1-35 737 (A). By

' varymg the period of the gratmg lines of the sub-gratmgs across the sub-graungs, the sub- .

_ ~ gratings acquire opucalpowersothatthevergenoeofthesub-bwnsformeddlffersfrom the
-+ . beam from which they have been formed WIﬂ'l a special vananon of the period and possibly

30

~ a curvature of the grating lmes, 1t is posslble to introduce astlgmausm into the sub-beams so
 that the focus error mgnal can be formed by means of the astlgmatlc method whxch is. known,

inter alla from United States Patent no. 4,358,200. .
In the seanmng device shown in Flg 1 the beam of the diode laser 7 is

 incident on a second surface 30 of the beam shaper. This second surface may be provided

with a graung 31 for generating two sub-beams 32 and 33, only a small part of which is
shown for the sake of clarity. These two sub-beams supply two side spots at both sides of the
scanning spot 13 on the mformanon plane 3 ‘The radiation reflected therefrom can be -

_detected in the detection system 9 for generating the tracking signal S, in aocordance thh the
k three-beam method known from, inter alia Umted States Patent no. 3, 376 842. The gratmg

- 3lisknownasa three-beam gratmg as shown in Fig. 3 and has substannally stralght

. emﬁgmmofﬂaedewm m—thedeteetion system 9-and on. the way-in-which the different
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paralle] grating lines. To avoid vignetting of the sub-beams 32 and 33 through the objective
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- ~in the'YZ-plane C, = -0.020 mm’1

syetern 12, the distance between the diode laser 7 and the three-beam grating 31 should not
be too small. A distance of 1162 mm only yrelds a small vrgnetung, while the posmonmg 3
stabmtyofthegraungwxﬂlrespectwmeradlanon source 1sw1thmtherequ1red tolerance = -

The beam shaper 8 is used for reducmg the elhpncrty of the cross-secuon

ofﬂaexadxauonbeamfromthedlodelaser7 Thesecond surfaee300fthebeamshaper1s -

provided with a mamly cylindrical portion havmg a oylmdneal axis. This portion has an’
angular magmﬁeanon ‘of the order of ny/n, in a trangversal plane (YZ-plane) and an angular
magmﬁeanon of the order of nzln, ina lateral. ‘plane (XZ-plane), in which the transversal

| plane and the lateral plane are perpendlcular to each other and intersect each other along the

opneal axx_s (Z-a:_us) of the bearn ahaper and the cylindrical axis is located in the transversal

 plane. The parameters ni, and n, are the refractive indices of the element material and the
| surrounding medium, respectively. The first surface 15 is toroidal. 'The beam shaper is

entirely made of the syntheuc material polyearbonate (PC) and has the followmg parameter
values: '
dlstanee to- the dlode laser Z;- ——2 0 mm;- moludmg a 0l25 mm thick. .
eoatmgglasswnthn = 1514forthelaser
. | curvature of the second surfaoe30 -
- " inthe XZ-plane C;, = -2.032 mm and slightly asphencal s
thickness D = 2.70 mm, e it

. curvature of the first surface 15:- -~ T '
- - mtheXZ-planeCZX—-0434mm .
- " in the YZ-plane C; , = -0.166 mm-! and shghtly asphenml
The beam shaper shapes a beam w1th NAs of 0.10 and 0. 20 in two- mutually perpendlcular
directions so as to obtam an exit beam havmg a crrcularly symmetncal cross-section and a
NA of 0.15. Other embodlments 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 1n the embodxment described above, it may also funcnon asa

collimator lens so that the beam shaper gives the beam from the dlode laser a circular cross-
section and collimates as well. '

~ In the scanmng devroe shown in Fig. 1 the functions of the beam-sphmng

element and the beam shaper are united in a single component. However, it is possible to use .
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the beam-sphtung element aeeordmg to the mventton w1thout the function ot' a beam shaper .
Fxg 4 shows a scannmg devxce aceordmg to the mvenuon, meludmg such a beam-sphttmg
element 40. 'Iheelementhasaﬁrstﬂatsurface4l thhaseparatmggratmg423ndasecond -
snmlarly ﬂatsurfaee43 w1thathree-beamgratmg44 Anurror45accordmgtothe
invention is arranged in the path of a sub-beam 46 formed by the separaung gratmg 42. The
mtrror is mtegmted with the beam-sphttmg element o

th Sshowsaseanmngdmeeaccordmgtothemvmuonmwhxcha
secondsub-bea.m48 fonnedbythesepmtmggraungﬁlsgmdedtowardsaseoond
detecttonsystem50waaseeondnurror49mthesamewayasthesub—beam46 The
direction of this second sub-beam extends at an equal but oppostte angle to the direction of
the beam 10 as compared with the direction of the sub-beam 46. An mformanon signal S;’, _
which may be used to improve the signal quality of the mformatton signal S of the detection
system 9, can be derived from the output s:gnals of the second detectton system vig a signal
processing circuit 51. Since the scanning spot formed by the sub-beam 48 on the detection |
system 50 has a less sausfactory quality than that of the sub-beam 46 on the detecuon system
9, the servosignals S, and S; are preferably derived from the: output signals of the detection
system 9. The gratings 42 and 44 may be 1mplemented in the same way as the graung 16and

31, respectively, described above.

It will be evxdent from the foregomg that the beam-sphmng element may
also include the function of a planoeonvex or bxeonvex colhmator lens. The beam—sphttmg
‘element: may not only be used in opttcal scanmng devices for reeor?l Gatfiers, bu if all —

optical devmes such as, for example faser prmters ifi Which' a part of an on-gomg bwn must
be spllt mter alza for detectmg the mtens1ty in the oﬂ-gomg bwn SR
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with & gratmg for generatmg a sub-beam havmg a second direction from a radiation beam -
“incident on the first surface and havmg a first dxrectton, characterized ‘in that the beam-

splitting element compnses a mirror for changing the direction of the siib-beam from the
second direction to a third direction, the angle between: the first and the second direction
being smaller than the angle between the first and the third direction.

2. An optical bearn-splitting element as claimed 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.

10

15

3. ‘An optical beam-sphtung element as claimed in ‘Claim 1 or 2,

| .charactenzed in that the ‘mirror is totatly mtemally reflecting. -
- 4, _ An opncal beam-sphttmg element as claimed in Claim 1, 2 or 3,
; eharactenzed in that the-angle between the first and the thxrd direction is substanually 90°.

5. - “An optlcal bea:m-sphthng element as clalmed in- Claxm l 2 3or4,
charactenzed in that the prating compnses two sub-gratings. -
6. - " An optical beam-splitting element as claimed in Claim 1, charactenzed in

_that 1t has a second surface locawd in the path of the mcldent beam, and in that the second
 surface is prov1ded with a grating havmg parallel grating lines. .
7. - An optlcal beam-sphttmg element as-claimed m'Cla'irn 1, characterized in
20

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 opncal 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 optlcal axis and in that the

. second surface is provxded with a substantially cyhndncal portion having a cylindrical axis,

which pomon has an angular magm_ﬁcauon of the_order of_n1/n2 in a transversal plane and
an angular magnification of the order of n2/n1 in a lateral plane, in which the transversal -

: plane and the lateral plane are perpendlcular to each other and 1ntersect each other along the
- optical axis, and the cylmdncal axis is located in the transversal plane, and in which n, and
) n, are the refractive indices of the element matenal and. the surroundmg medium,
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