10

15

- WO96/18166 [ T T TP PCT/IB95/00969

1

=Opttcal unit for opttcally scanning an mformanon surface, and opttcal scanmng arrangement
including the optxcal unjt. ' '

The invention relates to an optxcal unit for opncally scannmg a surface,

-whrch unit compnses a frame, a radratton source umt a rotatable mirror umt and means for

formmg a scanmng spot on the surface. _
The mvexmon further relates to an opncal scanmng arrangement including .

an optical unit for optically scanning a surface of a medium, pamcularly an information or
recordmg medium, which unit comprises a frame, a radiation source unit, a rotatable mirror

| , umt and means for formmg a scanning spot on the surface

- An opttcal unit and an arrangement meludmg such a umt are known from

B US 4,901,297. The known arrangement comprises a magneto-opttcal apparatus for recording
-a_nd reading information in/from a recording medijum in tape form. In order to form a

scanning spot the known apparatus comprises inter alia a laser oscillator, a focusing lens, a

'_“ polygon mirror which is rotatably supported in a frame, and a correction lensl.' The known
“arrangement further includes means for gene.r_ating a magnetic field during inforniation
recording. During recording the recording medium is moved relative to the optical unit and

recording tracks are formed on the recording mediut'n in tape form, which tracks are oriented
substantially transversely of the dn'ectxon of movement of this medium. The laser oscillator is
mounted on a plezoelectnc actuator unit for adjusung the direction of an emitted laser beam '
so as to keep the scanning spot on a track to be scanned which i is generally referred to as

- tracking. From an opttcal point of view, the focusing lens i is situated between the laser
oscillator and the polygon mirror and i is coupled to an actuator umt for focusing the laser

-~ beam so as to form a scanning spot situated in a reoordmg or information layer of satd

" 25

) _ medium. Optu:ally, the correction lens is dtsposed between the polygon mirror and the

recordmg medium. o .
' ' Durmg use of the known arrangement the laser oscxllator is pivoted for

' 'the purpose of trackmg, pivoting being effected so as to vary the direction of the lrght beam
_ emergmg from the laser oscillator. A dtsadvantage of the known construction xs that the

pivoting range is comparatively small owing to the lirnited field size of th_e opttcal system
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used. As a result, tracking is possible only over a small range, so that only comparatively

‘small 'speed varia'tions of the recording medium can be corrected. In order to c'ompensate for
| the limited traclnng range the lmown arrangement requires an accurate speed control for the

- recording medium. The use of a capstan for thts purpose ts known per se..
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| _ that the objectrve system performs movements permrtted by the supportmg means. The laser o

-with said movements.

Another drsadvantage of the known arrangement is that dunng scanmng
of the recordmg medium both the laser source and the foeusmg lens have to be moved to
permit trackmg and focusrng The number of supportrng elements and actuators requrred for

 this purpose leads toa complex arrangement Moreover, the reqtnred movements of the laser '
source. and the focusing lens demand addttxonal space, whrch makes the arrangement rather

bulky. In addttton, the. movably arranged ‘laser source gtves rise to spectﬁc problems wrth '
respect to its shteldmg, its heat dtssrpatron and its electrtcal connectxons

It is an object of the invention 10 provnde an optical’ unit for optxcally

: scannmg a surface, whrch umt has provrsxons for moving a scanmng spot over a substantial
_drstance wrthout the opttcal unit rtself bemg moved. :

To this end the optxcal umt in accordance wrth the invention is

| charactertsed m that the means for formmg the scamnng spot mclude an obJecuve system |

havmg an: entrance puprl and an optxcal axxs, the rotatable - mlrror umt being sitated, from an
optxcal point of view, between the radratron source umt and the objecuve system suspensron

| means being provrded for movably supportmg thc ob]ecuve system relattve to the frame,
- which suspensxon means allow a longrtudmal movent of the objective system along the -

optxcal axis and a prvotal movement of the objectxve system about a pivot whrch at least

-substantrally cornctdes wrth the pomt of mtersectron of the: optical axis and the entrance .
pupil, and the actuatmg means bemg provrded for dnvmg the objecttve system in accordance '

For a def'mmon of entrance puptl and a def’mxtron of opttcal axis

, reference can be made for example, to "The opttcal mdustry & systems dtrectory 1972- .
1973, 10th Edrtron, The International Encyclopedta of Optical, Electro-opttcal and l.aser

Technology, p. 6-27 and 6-7 respecttvely (herewrth mcorporated by reference).
In the opncal unit m accordance with the mvonuon a scanning beam can

be focused to form the scannmg spot and the’ scannmg spot can- be moved over the surface in

source unit does not play any part in tlus respect and can sxmply be secured stationarily to:

_the frame The actuatmg means ensure that the obJectrve system is moved in dn'ecttons
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transverse to the surface to be scanned for focusing purpoSes and can perform pivotal'

: movements for the purpose of moving the scanmng spot over said surface. Ptvoung about the _

pivot defined above precludes loss of light and image dtsturbance _
The objective system may comprtse one or more lenses An unportant

advantage of the opncal unit in accordance with the invention is that only a small central |

'poruon of the field of the lens or lenses has to be used, so that hardly any distortion occurs

" in the image field on the medium to be scanned. Tlus enables a well-defined scanmng patlt to

.10..
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be obtamed . _
'I'he constructional measures used in the opttcal unit in accordance wnh

'the invention can be implemented simply and require only a limited space. As a result of
, tlns a compact construction is possrble

Tt is to be noted that the mirror unit used in the opttcal umt in accordance
thh the invention may be a mirror unit which is known per se. A suitable mirror unit is
known from EP 0,459, 585 (PHN 13.343; herewith incorporated by reference) and is
consn-ucted as a polygon mirror, which is suspended elecn'omagneucally and which can be

. driven about an axis of rotation by electromagnetic driving forces. The polygon mirror has a .

20

plurality of, for example six, mirror faces exmnding parallel to the axis of rotation or at an
angle of 45° relative to this axis. From an optical point view, the polygon mirror in the unit

‘in accordance with the mvcntton is situated between the radiation source and the objecuve

system. As the polygon mirror rotates the mirror faces reﬂect a llght beam emrtted by a laser

soutce $o as to deflect it to the objective system
~An embodtment of the opttcal unit in accordance with the mventton is .

- characterised in that the suspension means include a first suspension unit situated near the
‘entrance pupil, a second suspension unit which, viewed along the optical axis, is remote from

the entrance pupil 'which suspension units connect the objective system to the frame and
allow the longitudinal movement of the objecttve system and a pivotal movement of the -

g objecuve system about a pivotal axis disposed t.ransversely of the opucal axis and at least

30

substantially in the entrance pupil. The suspensron units preferably compnse htnge elements,
such as blade sprtngs, resilient wires or xntegral hinge units, which extend between the
obJecuve system and the frame. Suspension units comprising such elements are of simple
constructton, relxable and accurate As an altemattve the suspension unit dtsposed near the

‘entrance pupil may comprtse a sliding/pivoting suspension element :

An embodnnent of the unit m accordance thh the tnventlon ts

charactensed in that the actuatmg means are electromagnetxc means comprtstng an electnc
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cotl unit and a permanent magnet nit, one of sald umts being secured to the obJecttve |
system and the other one of said umts being secured t0 the frame. In order to minimise the
movable mass it is preferred to secure rhagnets to the frame and coils to the objective
system, which coils in operatton cooperate 'with said magnets to provide a well-deﬁned

movement of the obJecttve system. - . . .
" “Itis another object of the mvenuon to sxmpltfy the arrangement of the )

| type deﬁned above and to make it better usable.

To this end the opttcal arrangement in accordance with the mventton is

charactensed in that the means for formmg the scanning spot on the surface to be scanned
include an obJecttve system havmg an entrance pupil and. an optical axts, the rotatable. mrrror
unit bemg sttuated from an opttcal point of vxew, between the radtatton source umt and the

obJectxve system, suspensxon means betng provxded for movably supporttng the objecttve

system relattve to the frame, which suspension means allow a longttudmal movement of the

_ obJecuve system along the opttcal axis and a pivotal movement of the objecttve system. about
a pivot whtch at least substanttally coincides thh the point of tntersectton of the optical axis -
'.and the entrance pupil, actuatmg means being provxded for drtvmg the objecttve system- m _

" accordance with said movements, and means being provided for movmg the surface to be o

scanned and the opttcal unit relattve to. one another. _ _ _
The arrangement in accordance with the tnventton has the same

advantages as mentioned wrth reference to the optical unit in accordance with the mventton

_The invention aims at providing a scanmng arrangement of the type

def'med above whtch has provxsrons to ensure that even in the case of substanttal vanattons |

in the speed of movement of the medium to be scanned a- sattsfactory tracktng is achteved.
| The opttcal scanning arrangement in accordance with the mventxon is

_ charactertsed in that the means for formmg the scanning spot- tnclude an objecttve system

havmg an entrance pupil and an optical axts, the rotatable. mtrror unit being situated, from an
opttcal pomt of view, between the radiation source unit and the- objecttve system ‘suspension
means being’ prov1ded for movably suppomng the objecttve system relative to the frame,
which suspenston ‘means allow a longttudmal movement of the objective system along the
opttcal axis and a pivotal movement of the: objecuve system about a pivot whxch at least |
substanttally comctdes with the pomt of intersection of the opncal axis and the entrance |

pupil, and the actuatmg means being: provxded for dnvmg the objecuve system. in accordance _
with satd movements the suspenSton means including a ﬁrst suspcnston unit situated near the _ '
: entrance pupll a second suspenston umt whtch viewed along the opttcal axis, is remote from_ '
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the entrance pupil, which suspension units connect the obj'ecti_ve system to the frame and

allow the longitudinal moveméiit of the objective system and 4 pivotal movement of: the

ohjective system about a pivotal axis disposed transversely of the optical axis and at least
suhétantially in the entrance pupil, a c'ape drive unit being provided for moving an optical
tape comprising the information surface past the objective system, a part of the optical tape
which faces the objective system baving a tape transport direction which extends at least

substanttally perpendicularly to the pivotal axis of the ob;ecnve system.
The scanning arrangement in accordance with the invention has the same

advantages as set forth with reference to the optxcal unit in accordance with the xnvennon As

‘a result, the scanmng arrangement is capable of maintaining a constant dxfference in speed,

viewed in the tape direction, between the scanning spot and the optical tape. This may be

attended by substantial excursions of the scanning si)ot; A further important advantage is that

the effective tracking which is possible allows the use of a capstanless drive for the optical

‘ tape. Moreover, this embodiment permits a well-defined linear excursion of the scanning spot

on the scanning surface of the optical tape, which excu_tsion is oriented substantially

perpendicularly to the direction of movement of the tape.

The optical scanning arrangement in accordance with the mvennon can
be used for recording and/or reading information in digital form in/from an optu:al recordmg
tape, for example a cassette tape. For. this purpose, the tape or tape-hke medium may be '
provxded with a thin coating of a crystalhne amorphous material (phase change matenal),
whose stt_'uc_ture is influenced by means of a laser source during r_ecordmg, information thus
being stored in a- surfacc, the information or recording surface. The polygon mirror known

- . from EP 0,459,585 is #ery suitable for this purpose. Owing to its electromagnetic suspension

30

the polygon mirror, which has a plurality of mirror faces, can rotate very rapidly, for '
example with a few thousands of revolutions per second, so that the mirror each time reflects
the radiation beam from the laser source unit at a different angle. The scanning arrangement

'1s capable of recording mformatxon tracks, having for example a length of 1 mm, in a
* direction transverse to the direction of movement of the storage medium. Since in the |
" scanning arrangement in accordance ‘with the invention the optical tape and the opucal unit
~ are moved relative to one another during recording it is possible to form rows of paraliel ‘

information tracks oriented transversely of the tape, which rows extend in the I_ongit_udinal
direction of the tape. Reading is effect in a similar way, the radiation reflected from the tape

- being detected and pi_'oeessed by detections means which are known per se.
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The scanmng arrangement in accordance with the invention can be used

for the dtgttal storage of picture and sound. The scanmng arrangement is also suitable for

data storage or for stormg, for example, medtcal information. At hrgh speeds of rotauon of

~ the mirror umt pamcularly said polygon mirror, htgh-densny mformanon storage is pOSSlble
in recordmg tracks whrch are oriented transversely of the drrectron of movement of the |

The Optrcal unit in accordance wrth the invention can be used not only in
the scanmng arrangement in accordance with the invention descrtbed herembefore but also in

- other opucal arrangements such as for example a scanmng mrcroscope

The mventron will now be described in more detatl by way of exarnple,

wrth reference to the drawmg, in whtch

The scanmng arrangement in accordance with the mventlon shown in the

thure mcludes an opttcal unit 1 in accordance with the invention and a tape dnve unit 3. .

The tape- dnve unit 3 comprrses a drive reel 5 and a further reel 7, the unit 3 servrng to
moveanopucaltapleromtherethothereelS 'I‘hetape91smovedpastatapegulde
11 at whose locanon the tape transport direction is y. In the present example both. reels 5 ,

‘and 7 are dnven in order to guarantee a tape tensron whtch is as constant as possible. - _
The optical unit 1 serves for optrcally scanning the tape 9, parucularly an

information surface situated in or on the tape 9. The opttcal unit 1 comprises a frame 13, a

- radiation source unit 15, which is fixedly secured to the frame 1 and wluch in particular,
25
about a shaft 17a and has mirror faces 17b and an ob_;ecttve system 19. The shaft 17a is

compnses a laser source; a mirror umt 17, particularly a polygon mtrror, which is rotatable

supported in the frame 13. The objective system 19 comprtses at least one objectrve lens and

serves, inter alza, for focustng a radtatton beam 21 produced by the radiation source umt s0

as to form a scanning spot 23 on the information surface of the tape 9. The objective system
19 has an optical axis 19a and an entrance pupil 17b Sittrated_on a mirror face 17b of the .

| The objectxve system 19 is movably supported relative to the frame 13 in
such a manner that vrewed ina system of orthogonal axes XYZ havmg its ongm O sttuated
both on the optrcal axis 19a and in the entrance puptl 19b and havmg an X axis comcrdent

o _ {
. _ the Flgure isa dragrammattc perspective view showmg an arrangement tn' B
_accordance with the mventton mcludmg an optrcal unit in accordance with the tnvennon '
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with the optical axis 19a, a piv0tal movement about the Z axis and a longitudinal movement

' along the X axis are possrble and other movements are inhibited. In such an arrangement the

. l' tape transport dxrectxon y is parallel to the Y axis. The permissible pivotal and longnudmal
' movements enable small and large speed variations and positional variations, respectwely, of

10

15 no

20 -

30

necessary for tracking. -

the optxcal tape to be corrected effectlvely

The permissible movements, i.e. the vaotal movements and the
longxtudmal movements, can be performed as a result of the presence of a first suspensron
umt ‘situated near the entrance puptl 19b and a second suspension unit sxtuated closer to the
tape guide 11 than to the entrance pupil. In the present example both snspensmn units
comprise two rod-shaped hinge elements 25a, 25b and 27a, 27b, respecttvely, secured to the

- frame 13 and to the objective system 19. The hmge elements 25a, 27a and 27b extend

parallel to the Z axis and the hinge elements 25b extends parallel to the Y axts The elongate

| hmge elements are comparatxvely flexible i in the transverse direction and stiff in the
longltudmal direction. As a result of this, the suspension means used effectxvely constratn

non-permissible movements of the objective system 19. _
In order to drive the objective system 19 for the purpose of tracking and =

focusing the optical unit 1 in accordance with the invention compr_iseé electromagnetic

actuating means. These actuating means include an electric coil unit secured to the objective
system 19 and comprising two flat electric coils 29a and 29b, and a permanent magnet unit
secured to the frame 13. The permanent magnet unit comprises two yoke sections 31a and
31b for magnetic cooperation with the coils 29a and 29b, respectively. Each of the yoke

~ sections 31.a and 31b comprises a permanent magnet 31al and 31bl, respectively. When the

coil 29a is energised the obJectrve system 19 is subjected to an actuating force which is

.' directed parallel to the X axis, which coincides with the optxcal axis l9a, and which

transiates the system 19 for focusing purposes. When the coil 29b is energised the objective

- system 19 is subjected to an actuating force which is directed parallel to the Y axis and

which pivots the system 19 about the Z axis for tracking purposes. Since the tape speed is
comparatively low the distance between the objective lens and the tape varies only slowly, |

- enabling the bandwxdth for focusmg control to be small. A slightly larger bandwidth is

In addition to the laser source the afore-mentioned unit 15 may mclude a

signal detector for detecting the information sxgnals pment in the radiation beam reflected -
~ from the optical tape 9. Moreover, a detector may be provided for the detection of error
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s1gnals for the purpose of dnvmg the electric coils 29 and 29b The umt 15 may further

' compnse optical elements such as a collimator lens, a dwrdtng mtrror ora gratmg

10.

| provide information about the posttton and tilt of the polygon mirror.. A processmg umt _

dtselosed herexn Pamcularly the suspension means and the acmattng means may be

" The opucal unit 1 eompnses a detectton system for detecnng the posmon

and/or ortentatton of the polygon mirror 17. This detectton system, whtch 1s not shown in

the Figure, is preferably the opttcal detectton system dtsclosed in EP 0 459 586 (PHN |
13.344, herewrth incorporated by reference) ‘The detection system comprises radiation-
sensitive detecnon elements whtch converts radtatton spots into electnc signals whtch _

analyses this mfonnatton, after whtch correcttng output s1gnals are applted to the

electromagnetic suspensron for the polygon mirror 17. _ _
It is to be noted that the tnventton is not limited to the embodtment

' tmplemented in another manner than shown.
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1. .l  An optical unit for optieally scanmng a surface, which unit comprises a
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frame, a radiation source unit, a rotatable mirror unit, and means for forming a scanning

spot on the surface, characterised in that the means for forming the scanning spot include an
objective system having an entrance pupil and an optical axis, the rotatable mirror unit being
situated, from an optical point of view, between the radiation source unit and the objective

. system, suspension means being provided for movably supporting the objective system
relative to the frame, which suspension means allow a longitudinal movement of the
 objective system along the optical axis and a pivotal movement of the objective system about

a pivot which at least substantially coincides with the point of intersection of the optical axis
and the entrance pupil, and the actuating means being provided for driving the objective
system in accordance with said movements. - ' ' :

2, " An optical unit as claimed in Claim 1, characterised in that the

Suspension means include a first suspension unit situated near the entrance pupil, a second -
suspensron unit which, viewed along the optical axis, is remote from the entrance pupil,
which suspension units connect the objective system to the frame and allow the longitudinal

'movemen_t of the objective system and a pivotal movement of the objecuve system about a

pivotal axis disposed transversely of the optical axis and at least substantially in the entrance

- pupil.

3. | An optical unit as claimed in Claim 1 or 2, characterised in that the

actuating means are eleetromagneuc means comprxsmg an electric coil unit and a permanent
magnet unit, one of said units being secured to the objecuve system and the other one of said

'umts bemg secured to the frame.

4. - An optical unit as claimed in Clatm 3, charactensed in that the
electromagneuc means are spaced from the entrance pupil. '
S. ' An opucal arrangement including the optical unit as claimed in any one

~ of the precedmg Claims and further mcludtng means for moving the surface to be scanned

- and the optical unit relative to one another

6. An opttcal scanning arrangement including the optical unit as claimed i in
Clann 2 and further meludmg a tape dnve unit for moving an optical tape past the ob;eeuve
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syetem of t.he opncal unit, whxch tape comprises an mformanon surface formmg said surface,
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a part of the Optxcal tape which ‘faces the ob)ectxve system having a tape transport dxrecuon
which extends at least substantiaily perpendlcularly to the plvotal axis of the objective

system
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