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· . · Oprlcal unit· for optically scanning an information· surface, and optical scannin~ arrangement 

· including the· optical unit. 

The invention relates .to an opticil unit for optically scanning a surface, 

. whic~ Unit comprises a frame, a radiatio11 source unit, a rotatable mirror unit, and means for 

forming a scanning· spot on the surface. 

The invention further relates to an optical sc3nning amngement including . 

an optical unit for optically scanning a sudace of a medium, particularly· an uiformation or 

recording medium, which unit comprises a frame, a radiation source unit, a rotatable mirror 

. unit, and means for forming a scanning spot on the surface.·· 

Ail optical unit and an arrangement iDcluding such a unit are known from 

·US 4,901,297. The· known arrangement comprises a magneto-optical. apparatuS for recording 

·and reading information in/froni a recording .medium in tape form •. In order to forni 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 lens. The known 

15 · amngement further includes means for generating a magnetic field duriDg information 
. . 

recording. During recording the recording medium is moved relative to the (?ptical unit and . 

recording irackS are formed o~ the recoRling medimil in tape fo~. which tracks· are oriented 

silbstantially transversely of the direction of movement of this medium. The laser oscillator is 

mounted on a piezoelectric actuator unit for adjusting the direction of an emitted laser beam 

20 so as to keep the scanning spot on a track to be scaniied, which is generally referred to as 

, tracking. From an optical point of view, the focusing lens is situated between.the laser · 

oscillator and the polygon mirror and is ·coupled to an actuator unit for focusing the laser 
. . 

· beam so as to form a scanning . spot situated in a recording or information layer of said 

medium. Optically, the correction lens is disposed between the polygon mirror and the 

25 reeording medium. 

. Dllring use of the known arrangement the laser oscillator is pivoted for 

·the purpose of tracking, pivoting being effected so as. to vary the direction of the light beam 

. emerging from the laser oscillator. A di$advantage ·of the known consttuction is that the 

pivoting range is comparatively small o~g to the limited field size of the optical system 
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used. As a result, tracking is possible only over a small :railge, so that' only comparatively 

small speed variations of the recordm~ medium can be corrected. In order to comPc:nsate _for 

the limited tracking range the known ~gement requires an accurate speed control for the 

recording medium. ·The use of a capstan for this purpose .~ known per se. 

s Another disadvantage of the known arrangement is that during scanning 

of the recording mediwp b~th ·the laser -somce and ·the 'focusing lens have to be ·moved to 

permit tracking· and focusing. The· nlimber of supparting elements and actuators required for 

this purpose leads to a complex ~gement .. Moreover, .the required movements of the laser 
. . . . . 

somce. and the focusing lens demand Wtditional space, which rnws·the irrang~t rather 
. . ~ .. ' . . . . 

10 bulky. In ~ddition, the movably ~ged "laser source gives rise to specific problems with 
. . . . 

respect to its .shielding, its heat dissipation and its electrical connections. · .. 

It is an object of the invention t<> provide an optical unit for optic8Ily .· . 

scanmng a surface, which unit' has provisions for moving a scanning spot over a substantial 
. : . . . . . . . . 

15 . distance without the optical unit itselflJeing moved. . .· · · · . 

. To this end the oi>tical Unit in accOrdance with the invention is 

characterised in that the mean& for fo~g tile scanning spot include. an objeeuve system ' 

having an.entrance ·pupil and an optical axis, ilie rotatable JDhTor unit being situated, frOm an 

optical point: of view, between the ·tadiatio~ solirce unit· and tlle· objective systeni, suspension 

20 means being provided for movably slipportinl the obj~ve system ~tative. to the frame,... . 

· .which suspe~io~ means allow a longitudmat movement ·of the objective system alo~g 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 emmnce . 

pupil, and the actuating means_ being· provided for· driving the objective system m accordance 

25 with said movements. 
. . . . 

For a ~efmition of entrance ·pupil. and a ·definition of optical. axis 
. . : .: 

' reference cari be made, for example, to "The optical industry &: systemS directOry". 1972-
, ' ' 

. 1973, 10th Edition; The Intematioilal · EncycloIJedia of Optical, Electro-0ptica1 and Laser. 
' ' ' 

Technology, p. 6-27 and 6-7, respectively (herewith incorporated. by reference). 

30 . In the optical unit in accordance with the invention a scinning beaui can 

be f~cused io form the ~canning spot ~:·the scanning spot can be· moved over the surface in 
. . . . . . . .· . 

that the objective system performs. movements permitted by· the supporting means. The laser . . - . . . . . . . . 

source unit ·d~es. not play· any pan· hi ~s respect and can simply be secured stationarity to · 

the frame. The acmating means enslire thai the objective system "is' movCd in directions 
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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 scanning spot over said surface. Pivoting about the. 

pivot def med above precludes loss. of light and image disturbance •. 

The objective system may comprise one or more lenses. An important 

. S advantage of the optical unit in accordance with the invention is ~t only a small centtal 

portion of the field of the lens or leuses has to. be used, so· that hardly any distortion occurs. 

in the image field on the medium to be scanned. This enables a well-defmed scanning path to. 

be obtained. 

The constructional measures used in the optical unit in accordance with 
.. . . 

10· ·the invention can be implemented simply and require only a limited space. As a result of 

. this, a compact construction is possible. 

·n is to be noted that the mirror unit used in the optical unit in accordance · 

with the invention may be a mirror unit which is known per se. A s1litable. mirror unit is 

known from EP 0,459,585 (PHN 13.343; herewith incorporated by reference) and is 

15. COnSttucted as a polygon mirror, which. is suspended electromagnetically 8.nd Which can be. 

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

pluiality of, for example six, mirror faces extending parallel to the axis of rotation or at an 

angle of 45 ° relative to this axiS. From an optical point vie~, the polygon mirror in the unit 
. . . 

· in accordance with the invention is situated between the radiation source and the o~jective 

20 system. As the polygon mirror rotates the mirror faces reflect a light beam emitted by a lasCr 

source so as to deflect it to the objective system. 

An embodiment of the optical unit in accordance with the invention is 

. characterised in that the suspension means iDclude a first suspension unit situated near the 

entrance pupil, a second suspension unit which, viewed along me optical axis, is remote ffom 

25 the entrance pupil,· which s1Jspension units connect. the objective. system to the frame _and 

allow the longitudinal movement of the objective system and a pivotal movement of the 
objective system about a pivotal axis· disposed transversely of the optical axis _and at least 

substantially in the entrance pupil. The suspension units preferably comprise hinge elements, 

such as blade springs, resilient wires or integral hinge units, which extend between the 

30 objective system ai1d the frame. Suspension units comprising such elements are of simple 

construction, reliable and accurate. As an alternative, the suspension unit disposed· near the 

·entrance pupil may comprise a sliding/pivoting suspension element. 

Ari embOdiment of the unit in accordance with ·the invention is · 
. . 

. characterised in that the acniating means are electromagnetic means comprising an elecnic 
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coil unit and a permanent magliet unit, one of said units being secured. tQ the obj~ctive 

systeni and the other one of said _units bemg secured to the frame .. In Qrder to minimise the 

movable mass it is preferred to seeure magnets to the frame: ·and coUs to the objective 

system, which coils fu operation cooperate with said D'.l8gnets to provide a well-defined 

S movement of the objective sysiem. 

·It is another object of the invention to simplify the arrangement of the 

type ·defined above and to•inake. it better usable. 
. . 

To this end .the opJical anEgemem in accordance with the uivention is . 
. .. . 

characteriSecl· in that· the means for forming the scanning spot on the surface to .be scanned 

10 include an objective system havmg Iii en~e pupil and an optical axis,· the rotatable mmor 

unit being simated, from ari optical point of view, betWeen "the radiation source unit· and the 

objective system. suspension µieanS being provided for movably supporting the objectjve· 

syste~ relative to the ftanie, which :su5pension means allo\\' a longitudinal movement of the 

objective system· along the optical axis and a pivotal movement of the. objective syste~ .about 

15 a pivot whicli at least substaritially comeides with the point of intersection of the optical ~is 

.and the entrance· pupil •. acmatingmean5 being provided far.driving the objective system.in. 
• ' • • ', I • 

. · accordance with said movements, and n_ieanS being provided for moving the ~ace to be 

scanned ai1d the optical unit relative to. one another •. 

The _arrangement in accordance with the ·invention bas the same 

20 advantages as mentioned wiih reference to the optical unit in accordance with the invention. 

The invention aims at ptoviQing a scanning arrangement of the type 

defined above, which bas provisions to ensure that even in .the case of substantial variations 

in the· speed .. of movemeiit_ of the medium to be sc8nned a. satisfactory tracking is ac~ved. 
. . 

.·· The· optical_ ·Scanning arrangement in accord.ance with the invention is · 

25 Characterised in that the means for forming. the scarining spot· include an objective system 

havmg an entranee pupil and an optical axis, the rotatable. mirror unit being situated, from an 

optical point of view, betweeri ·the· r:adiation · sOlirce unit and the· objective system, ·suspension 

means being· provided for movably supporting the objective system relative to the. franie, 

which suspension mearis ailow a longitudinal ~vement of the objective system along the . 

pupil, arid the actuating means. being provided for driving ·~ objective system in accordance 
. . 

with said· movements, the· slispen8ion meallS including a first· supnsion unit simated near the· 

. entrance pupil, a second suspemion unit which, viewed aloq. the optical axis, is remote fri>m . 

., 
4 
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the entrance pupil, which suspension units connect the objective system to the frame .and 

allow the longirudinal movenient of the objective system and a pivotil movement of the 

objeetive system about a pivotal axis disposed transVersely of the optical axis and at least 

substantially in the entrance pupil, a tape drive unit being provided for moving an optical 

S tape comprising the fuformation surface past the objective system, a part of the optical tape 

which faces the objective system having a tape transpOrt direction which extends at least 

substantially perpendicularly to the pivotal axis of the objective system. 

. The scanning arrangement in accordance with the invention has the same 

advantages as set forth with reference to the optical unit in accordance with the invention. As 

10 a remit, the scanning arrangement is capable of maintaining a constant difference· in speed, 

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

attended by substantial excursions of the scanning spot. 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 spat 
15 on the scanning surface of the optical tape, which excursion is oriented substantially 

perpendicularly to the direction of movement of the tape. 

The optical scanning arrangement in accordance· with the invention can 

be used. for recording and/or reading information in digital form in/from an optical recording 

tape, for example a cas5ette tape. For. this purpose, the tape or tape-IikC medium may be . 

20 provided with a thin coating of a crystalline amorphous material (phase ~e material), 

whose structure is influenced by means of a laser source during recording, information th11s 
being stored in a· surface, the information or recording surface •. The polygon mirrOr known 

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

the polygon mirror, which has a plurality of mirror faces,· can rotate very rapidly, for 

25. example with a few thousands of revolutions per second, so that me mirror each time reflects 
. .. 

me radiation beam from the laser source unit at a different angle. The scanning arrangement 

is capable of recording information 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 amngement in accordance with the invention the optical tape and. the optical unit 

30 are. moved relative to one anothet during recording it is. possible to form rows of parallel 

information tracks oriented transversely of the tape, which rows extend in the longitudinal 

direction· of the tape. Reading is effect in a similar way., the radiation reflected from the tape 

· being detected amt processed by detections means which are known per se. 
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. The scanning ammgement in accordance with the invention can b~ used 

for the digital storage of picture and sound. The scanning arrangement is also suitable for 

data storage or for storing, for examJ)le; · ~edical information. At high speeds of rotation of 

the mirror unit, particularly said.polygon mirror, high-density information storage is possible 
. . 

s in recording tracks which -~ oriented _traDSVetsely of the direction of movement .of the 

. 10 

15 

information medilim. 

The optical unit in accordance with·the invention can be used not ·only. in 

the. scanning· arrangenient in accordance with ·the. invention described. hefeinbefore. but. also· in 

other optic81 · amngemeJltS, su~ as for example a scanning microscope . 

The invention will now ·be·described·in more detail, by way of example, 

with reference to the drawing~ m which 

the Figure is a diagrammatic perspective view showirig an arrangement in 

accordance with die mvention · in~luding an. optical Unit in accor4ance with· the invention~ 

The scanning arrangement in accordance with the invention shown in the 

Figure includes an optical unit 1· in aecordance with.the invention and a tape dri\re unit 3 •. 

The tape drive unit 3 comprises a drive reel 5 and a further reel 7, the unit 3 serving to 
move· an optical tape 9 from the_ red 7 to :the reel S. ·The tape 9 is moved past a tape guide · 

20 11 at whose location the tape transport direction is y. In the pre~ example both. reeJ.S 5 

and 7 are ~riven in" order. to guarimtee a tape tension which is as constant as possible. . 

·-The optical unit 1 serves for optically scanning the tape 9, panicularly an 
. . 

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

· radiation source unit 15, which is fixedly secured to the fra111e 1 and which, in panicular, 
. . 

· 25 comprises a laser soUl'ce; a mirror uriit 17, particularly a polygon mirror, which is rotatable 

· about a shaft 17a and bas mirror faces lTh and an objective system 19. The shaft 17a is 
. . 

siipponed in the frame 13. The objective system 19 coinprises at least one objective lens ·and 
. . 

serves, inter alia. for focusing a· radiatjon beam 21 · produced by the radiation source unit so 

as to form a scanning spot 23 ·on the information surface. of the tape. 9. The objective 5y~ 

30 19 bas an optical axis 19a and an entlance pupil l 7b situated on a min'or face 17b of the . 

niirror unit 17. 
. . 

The objective system ·19 is movably supported relative to the frame 13 in 

such a manner that, viewed· in a· system of orthogonal m. XYZ having its origin 0 situated· 
. . . . .. 

both on the optical axis 19a and in the e11ttance pup.ii 19b and having an X axis coincident 
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with the optical axis 19a, a pivotal movement about the Z axis and a longitudinal movement 

· along the X axis are possible and other movements are inhibited. In such an arrangement the 

tape transpon direction y is parallel to the Y axis. The permissible pivotal and longitUdinal 

movements enable small and large speed variations and positional variations, respectively, of 

5 the· optical tape to be corrected effectively. 

The permissible movements, i.e. the pivotal movements and the· 

longitudinal movements, can be performed as a result of ~ presence of a first suspCnsion 

unit· situated near the enttance pupil 19b and a second suspension unit situated closer to the 

tape guide ·11 than to the enttarice pupil. In the present example both suspension units 

10 comprise iwo rod-shaped binge elements 2Sa, 2Sb and 27a, 27b, respectively, Secured to the 

frame 13 and to the objective system 19. The hinge elements 2Sa, 27a and 27b extend 
. . 

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

hinge elements are comparatively flexibie in the ~verse direction and stiff in the 

longitudinal direction. As a result of this, the suspension means used effectively constrain 

15 · non-permissible movements of the objective system .19 . 

. In order to drive the objective system 19 for the purpose of tracking and 

focusing th~ optical unit 1 in accordance with the invention comprises electromagnetic 

actuating means. These actuating means include an electtic coil unit secured to the objective 

system 19 and comprising.two flat electric coils 29a and 29b, and a permanent magnet unit 

20 . secured to the frame 13. The permanent mag1let unit comprises two yoke sections 31a and 

31b for magnetic cooperation with the coils 29a and 29b, respectively. Each of the yoke 

sections 3la and 31b comprises a permanent magnet 3lal and 31bl, respectively. When the 

coil 29a is energised the obj~tive system 19 is subjected to an actuating force which is 

directed parallel to the X axis, which coincides with the.optical axis 19a, and which 

2S translates the system 19 for foeusing purposes. When the coil 29b is energised the objective 

system 19 is subjected to an actuating force which is directed.parallel to they axis and 

which pivots the system 19 about the Z axis for tracking pwposes. Since the tape speed is 

comparatively low the distance between the objective lens and the tape varies only slowly, 

enabling the bandwidth for focusing control to be small. A slightly larger bandwidth is 

30 -necessary for tracking .. 

In addition to the laser s~ the afore-mentioned unit 15 ~)' inelude a 

signal detecior for detecting the information signals present 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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sigDals for the purpose of driving the· electric.coils 29a·and 29b. The unit l5_may furthe~ 
. . . 

· comprise optical elements slich ·as a collimator lens, a divi.Qing mirror or a gratin~. • 

•. The optical unii 1 ·compriseS a detection system .for·.dete_cting.·the p0sition 

and/or orientation of the polygon mirror 17. This detectio~· system, Which is nc;>t sho\YJl in 

5 the Figure, is preferably the optical detection system disclosed. in EP 0,459,586 (PHN 

13 .344, herewith incorporated by reference). The detection system. comprises radiation- · · 

sensitive detection elements, which converts radiation.spots inro electric signals which 

provide information about the position-and'tilt of the polygon mirror .. A processing Unit 

analyses this information, •after which correcting output.signals are applied. to tJte· 

10. electromagnetic suspension for the polygon mirror 17. :. 

It is to be noted that the invention is not -limited to the embodiment 

disclosed herein. PartiCularly the sUspc:nsion means and ihe actuating means may be 

implemented in another manner trum• shown~ 

_, 
4 
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THIS SHEET HAS BEEN 
REPLACED .· 

1. An optical unit for optiCally scanning a surface, which unit comprises a 

frame, a radiation source unit, a rotatable mirror unit, and means for forming a scanning 

spot on the swface, 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 umt being 

· S situated, from an optical point of view,· between the radiation source unit and the objective 

. system, suspension mearui being provided for movably supporting the objective system 

~lative to the frame, which suspension means allow a longitudinal movement ofthe 

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 inters~tion of the optical axis 

.10 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 iii Claim 1, 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, 

15 which suspension units connect the objective system to the frame and allow the longitudinal 

movement of the objective ·system and a pivotal niovement of the· objective 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 

20 actuating means are electromagnetic means comprising an electric coil unit and a pennanent 

magnet unit, one of said units being secured to the objective system and the other one of said 

units being secured to the fralne. 

4. An optical unit as claimed in Claim 3, characterised in that the 

electromagnetic means are spaced from the entrance pupil. 

25 S. An optical arrangement including the optical unit as claimed in any one 

of the preceding Claims and further including means for moving the surface to be scanned 

and the optical unit relative to one another. 

6. An optical scanning arrangement including the optical unit as claimed m 
Claim 2 and further including a tape drive unit for moving an optical tape past the objective 

... 
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system· of ihe opti~al Unit. which tape comprises an infonnation surface foJ'.Dling said surf~e. 
a part of the optical taPe which. faces the objective system having a tape ttansPort direction 
which extends at least substantially perpendicularly to. the pivotal aXis of the objective 

system. 
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