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a nethod—%e#—ﬁnﬂ+%e++ﬂg~%he—focus condltlcn of { beam
i'ngi ng UPORy A Wi il e rfaege of a recordirg fpwb%% %n oPQ he
or#Art Systeﬁlﬁﬂm iﬁ ng the focus COI‘Mijﬁﬁbfn dahdht ! bg ébsdd‘ -

r epr oduci ng formati on from a{ygendlsc by a, vy deodi c """
plhyer are wel | or art, a colli mﬁ é?dl ng?x?‘?qg’h% 23099 a
| ager |ight source is directed through a divery NG @ﬁﬁﬂdoyééwmagmgzb
t beamto fully fill the entrance aperture g strrcir 03 Pagydc. .. th@%bébe

| ehs which, in turn, converges the beamto a ﬂeeussedAcnnf on the surface

offthe vi dggdidkoultb b@eﬁ:&ss&mﬂm the pits

Field of the Invention
'.l‘he present 1nvention relates ita—the—u-r-be*ag-}

-a récafding medium. '
is directed to a method €nd means for monitoring the

10 Description of the Prior Art
Systems for monitoring the focus condition of

a light beam- used in reproducing prerecorded information
Ifrom a videodisc by a videodisc player are well known.
_ 'Ih prior art, a collimated reading light beam from a
15 1laser light'source-isidirected through a diverging lens
employed to shape the beam to fully £ill the entrance
éperture.of a micrdscopic.objective_lens which, in turn,
convérges-the beam to a focussed spot on the surface of
the videodisc. As_the disc rotates, the pits or bumps
20 along the track of the disc cause intensity modulation
. of the reflected beam which progresses along a portion
. of the incident light beam path until it reaches a
polarizing cube which diverts the reflected beam out of
& the path of the incident beam and focusses it on a
i 25 photodetettor. As the intensity of the beam focussed
on the photodetector véries, the intelligence informa-
tion recorded on the videodisc is transformed into
electrical'impdlses which through a series of elec- A

txonxc processes produces the video and audio portlons
30 of a recorded program.




or bunps along the track of the disc cause intensity nDduIatlon of the

i ef | ect ed beam whi ch progresses along a portion of the incident |ight beam
math until it reaches a polarizing cube which diverts the reflected beam
out, of the path of the incident beam and focusses it on a photodetector. As
f he intensity of the beami@xnmsed on the photodetector. As the intensity

i the beamrhoeses g ayes! e iy eeh ) gt Vs Esinbde fpbel |l gence -

on t he vi deodi sc trans el ectrica

natl n.re g&ﬂ
%ﬁ |1éﬁ FPH & Qi e L meﬂé%t#mﬁ»éelptolmhﬁs produces the video

bdaﬁtuibu(thpﬁht a0 Fegiion? wHExd Jekle PiREidént mﬁn'f the replacenent sheet
2 .n the player r.angenent JUSt desgilbed e reflected light is split
SBAVerginga.” IR gq anfgr; the re ected beam entering

b the polarizing cube, placed in the dzverglng portion of
' the incident beam,'produces a converging light beam )
diverted to the photodetector. In analyzing the optics
| involved in such a system, the fact that a cone-shaped

i beam is produced by the diverging lens permits a pazr

f the photodetector. Thus, the light split off*5§ :
;fpolarlzlng cube forms a focussed spot on the p?fto-
§ detector which has correspondence to the focuséed spot
b on the disc. Of course, if the light beam is out of
focus as it impinges the disc, the, strength of the
t signal detected by the photodetector will be less.
‘Accordlngly, optimum focus and signal recovery can be
pgained by monitoring the signal level developed at the
;photodetector, adjusting the objective lens'focussing
| the beam on the disc until a maximum signal is recovered,
;and then adjusting the spacing between the polarlzlng
tcube and the photodetector until the signal is again
maxlmlzed At the optimum operating point, the con-
-Jugate points of the optical path will be in focus at
v%the surface of the disc and the photodetector simul-
ztaneously.
: In a player, the most common means of main-
‘taining proper focus is to continually monitor the
_istrength of the signal produced at the photodetector
fand, through a servo control loop, drive the 6bjective
lens along the axis of the reading beam until the
‘recovered signal is maximized. -
1 . Another means of monitoring and maintaining
focus in a videodisc player consists in passing the
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beanrpath in a region where the inci dent beamis diverging. In this manner}

R -

the refl'ected beamentering the polarizing cube, placed in the diverging |
portion of the incident beam produces a converging |ight beamdiverted fol !

t he phot odetector. In analyzing the optics involved in such a system t he
fact that a cone-shaped beam,is produced by the diverging lens permts a-
pair of conjugate points to Be devel oped, -one at .the surface of the

?/l dﬁtédll&&téﬁdbbhﬁi eth??;tbrhhazfvwgﬁeﬂ? n?nsm éﬂ&lgﬂat Odgt sctor. T[Hﬁs the
g om cu OI’ IT.S a r1ocusseq spot on e
phoPE® §gé 5’?‘59“\#} 3&%53 IRFRRARING Eh80t on the disc.

O "ddvezgence @lengi g-.hb basxli splmﬂe Mhifmlnsemn thei nges the disc, the

'strgggth of the S|%nal dete& S a t he phot o etqﬁ;or will, be | ess.

P - .

J135 the.cbjective lens as dictated by well known laws of

15 then, the beam profile at the detector changes from ' _ ;_

}20the objective lens to a position effective to cancel

_25response to the condition of the reflected reading beam

30 This is made possible by the use of a beam splitting

ergence in the sagit e unaltere e beam i
Sthen directed through a passageway surrounded by four

photosensors in quadrature, including a pair of verti-
cally aligned sensors and a pair of horizontally aligned
sensors. The beam thus illuminates the four sensors in
spatial quadrature with the senéor.artangement positioned

10 along the beam at a location where the beam is changing
from basal focus to sagital focus to define a circular
beam profile and cause equal outputs from the pairs of
horizontal and vertical sensors. Depending on the

-position of the conjugate point at the disc surface

horizontal ellipticai profile to vertical elliptical
profile. By electronically monitoring the difference
signal between the horizontal and vertical sensor
pairs, a focus error signal can be developed to return

out any difference and return the beam to a circular

profile. . _ _ '
All of the above-mentioned forms of main-

taining focus of a light beam do so by operating in

as it converges toward the photodetector.' Furtherﬁore,
most of the known electro-optlcal focus monitorlng and
control systems employed in player apparatuses are
placed 1n the long conjugate of the objective lens.

cube. The focus detectors and monitors of the prior
art work effectively by analyzing changes in the diver-
gence of the long conjugate of the objective lens
thereby'inferring the length of the short conjugate of

optics.
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brdi ngly, optinmum focus and signal recovery can be gai ned by nonitoring
.signal |evel developed at the photodetector, adjusting the objective

5 focussing the beamon the disc until a maxi num signal is recovered,

- then adjusting the spacing between the pol arizing cube and the
odetector until the signal is again maximzed. At the optinmum operating
t, the con- jugate points of the optical path will be in focus at the
face of the disc and the photbdetector simul - taneously. In a player,

] trrgfttﬁgmggpeméog ﬁﬂé nurquggg s t‘Qﬁ*&é}mto et ectlopuglnldy
pugRrTE FOGRS c‘gﬂY-'F%F‘W%o%ﬂddP‘PQéEPﬁé Sﬁjﬂéétﬁt\ﬁe Iigtdaxgehg t he axis of
i reegyﬂg, bﬁ@”th'étékréﬂeth of the signal recovered from the
B videodisc after 1mp1ngement by the readxng beam. The
- 5 pighly reflective metallized information-containing
" surface of the videodisc produces a high percentage of
reflected lzght with which the photodetector and
focussxng apparatuses can reliably operate. -
[ ' Since the present invention concerns the
10 monitoring of the focus condition of a writing, or
mastering, machine, there are several factors which
would discourage the use of a polarizing cube at the
same location along the beam path as in the d1sc
players described above. First, the writing apparatus
$15 involves the use of a higher powered light source, 100
milliwatt argon ion laser tubes being quite common, as
compared to the 1 milliwatt power capability of a
feading beam of a player. Accordingly, inserting a
polarizing cube and necessary quarter wave plate in the
diverging portion of the writing beam, i.e., just
before the objective lens, would introduce certain
optical abetrations and distortions, such as the spheri-
cal aberration that can be expected after passing a
light beam through any optical unit, aggravated by the
large numerical aperture required in videodisc mastering,
and would diminish the useful operating lifetime of the
record laser due to the transfer efficiency of the
polarizing cube. “

The disadvantage of the spherical aberration
0 introduced by placing a beam splitting cube in the
: divergent recording beam path has been recognizéd and
t overcome in the prior art by using objectives of '
t infinitely long conjugate rather than the far more
?common.160 or 180 mm long conjugate. Hoﬁever, in such
® an arrangement, more elements are ﬁsed, first to
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ecovered signal is maxi mzed. Another nmeans of nonitoring and naintaining}\
focus in a videodisc player consists in passing the 3 reflected beam of :
uni f orm di vergence with circular profile through a cylindrical lens, thus .
ngreasi ng the divergence glong the basal plane while |eaving the

i vergence in the sagital flane unaltered. The beamis then directed
brodbce a widengollimatedubeach o fmwfmaaem&rs i n quadrature,

EPSHEL08,0 a8 s har S L, chavahat e abveRged, Fatamlor L [ MO oMY
beam to the focus monitor device in convergxng form.

| . Furthermore, since the disc surface upon
which the writing beam is to impinge is not metallized
but rather coated with a substantially clear photo-
resist compound, the disc surface is substantially
transmissive, and making use of any possible reflected.
light energy is not readily apparent.

- Finally, and although cost is not necessarily
a large factor in the production'of mastering machines,
additional parts are necessary with the attendant
complexities, and additional time must be invested in
the assembly, alignment, and maintaining of the additional
joptical parts. '

| Because of the problems enumerated in the
previous paragraph, it has been common practice in the
prior art of'recording laser discs to periodically
determine optimum focussing position for the various
Yoptical elements affecting focus by producing a series
Pof test discs and playing back each disc or portion
%théréof corresponding to a particular combination of
settings for the various optical parameters, such as
power and focus, involved. Afterllocating a videodisc
rbr'portion thereof which has a high quality of reprodu-
cible signal therefrom, the log showing the various
fconditions and positidns of the optics producing such
high quality recorded program is’ referred to for returning
the optics to that set of conditions. In this manner,
Dalthough time consuming and not predictable, an accept-
fable focus condition is established. The empirically
lderived conditions necessary to produce acceptable
-focussing conditions,'hawever. are extremely cbstly due
to the labor time involved in setting up and deter-
§minihg the optimum focus conditions as well as in the

—>5a
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.pablal quadrature with the sensor arrangenent positioned al ong the bean1é;T]
h | ocation where the bea®is changlng from basal focus to sagital focus to
lefine a circular beamprofile and ‘cause equal outputs fromthe pairs of i
gorizontal and vertical sensors. Depending on the position of the conjugate i
boi nt, at the disc surface then, the beamprofile at the detector changes - ;
rom horizontal elliptical profile to vertical elliptical profile. By
el ectronically nmonitoring the difference signal between the horizontal and
ertical sensor pairs, a focus error signal can be devel oped to return the
bbj ective lens to a position effective to cancel out any difference and
Feturn the beamto a circular profile. Al of the above-nentioned forns of
ai n-

oss of videodisk production due to downtime of the mastering
- Chine L] -

ritish Patent Application GB 2 019 044 discloses an automatic
ontrol of focusing for a write beam of an optical recording
pparatus. The write beam is emitted by a laser and modulated
ccording to a signal source. Thereafter, the light beam '
cessively passes through a lens 17, a mirror 19 and a
ocusing lens 20 for diverging said modulated light beam and
or impinging it, in focused condition, on a writing surface

a disk. After reflection of the light beam from the writing
face of the disk, the reflected beam passes focusing lens
nd mirror in reverse direction and is diverted by a
alf-mirror to impinge on a light detector. A further
lylindrical lens is arranged between said half-mirror and said
ight detector.

2 light detector produces a signal representative of the
reading of the reflective beam resulting from any defocusing
§ the writing beam. The'signal controls the positioning of
gid focusing lens. Further, this British Patent Application
scloses its automatic focusing operation by the combination
| said cylindrical (astigmatic) lens and a light detector in
fhnection with US patent numbers 4059841 and 4051527. Such an
Ligmatic focusing beam is subject to the afore-mentloned | ; -
Brtcomings of the prior art. -

—>b
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taining focus of a |ight- beam do so by operating in response to the
condition of the reflected reading beamas it converges toward the

phot odet ect or. Furthernére, nost of the known el ectro-optical focus

moni tori ng and control 'systens enpl oyed in player apparatuses are placed in
the I ong conjugate of the objective lens. This is nhade possible by the use
of a beamsplitting cube. The focus detectors and nonitors of the prior art
wor k effectively by anal yzi'ng changes in the diver- gence of the |long
conjugate of the objective |lens thereby .inferring the Iength of the short

. conj ugate of the objective lens as dictated by well known |aws of optics.
)ccordingly, there is a need in the art to be able to quickly

et the focus optics to an optimum condition on repeated basis
nd to monitor the focus condition on a continucus basis.

his problem will be solved by the features of claiws 4 aud 2.

l‘—-€> 6a
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Anot her factor in the effecti,veness of prior art focus detectors . and !!l%
pDnitors consists, in largepart, in the strength of the signal recovered
rom t he videodi sc after i ngenent” by the readi ng beam -The highly’

ef Fective netallized information-containing surface of the videodisc

roduces a high percentage of reflected light with whi ch the phot odet ect or

nd focu35|ng apparatuses can reliably operate. Since the present invention
oncerns the nmonitoring of the focus condition of a witing, or mastering,
MMARY\ OF { TREcINVENSSQN al factors which woul d di scourage the use of a

ol ari zi ngn gUBEe Bbnt NI nAHt 1 85 2L 8R BRI d11e JERRPAL N as in the disc
ficiencies of the prior art procedures mentioned '
hve for effecting proper focus of a mastering machine
d avoids thé previously-mentioned disadvantages of '
serting a separate polarizing cube and'quartér wave
éte, in the diverging writing beam of the writer.
As was mentioned in connection with the
cription of the focus monitoriqg.systems of the
jor art disc players, the condition of focus can only
¥ monitored if the monitoring device is either at or
tween conjugate points of an optical system. That : @
| when a conically shaped optical beam is inter- '
Foted, the focus condition at one of the conjugate
':;nts can be monitored by observing the change in
ape and/or size of the intercepted portion of the
verging or converging light beam. If a light beam is
§ a collimated form, i.e., if the beam is from a
rallel-planar light source, then movement of any of
e optical elements in the optical path intercept the
me size and shape of light beam, and no information
& be derived therefrom. It is common knowlédge that
: 1i§ht beam from a laser source is éarallel and : o !
g@nar, and thus it would not be expected that any | "
fus condition of the beam after passing through a
lerging lens and objective lens twice downstream from
: power source whose collimated beam portion could |
0 provide a source fot focus 1n£ormatzon of the
brding beam spot. R .

—>%
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| ayers described above. First, the witing apparatus involves the use of a
i'gher powered |ight source, 100 mlliwatt argon ion | aser tubes being

uite conmon, as conpared to the 1 nmilliwatt power capability of a reading
eam of a player Accordingly, inserting a polarizing cube and necessary
liarter wave plate in the diverging portion of the witing beam i.e., just
lef ore the objective lens, would introduce certain optical aberrations and

i stortions, ﬁa\ as .t he spheri- cal _aberratjopn tphat can be expected after
assing a lig 4%%1 LB RF BFEERFEING PRt ed by the | arge

US| FdmAPST LT ﬁ}ﬁélluﬁﬁi:eah vwmﬁhse.eaapaw 69, the@tbels! d di m ni sh the
sef ul erating lifetjme of the ecor fser ue to the éransfer
A% DSERTeshaniAed 1 BripT ARt technology has resorte

to overcome the dx‘fzculty by placing relay lenses

after a diverting beam spliter, thereby aga;n converging
the beam and thus recreating the features of the objec-
tive long conjugate. -

The present invention operates on the recogni-
txon of the fact that, although for all practical
purposes a light beam from a laser device is collimated,
it, in fact, is very slightly diverqenp‘es it emerges
- from the laser resulting'}rom dl%fraction of the Gaussian
intensity profile plane wave that exists between the .
laser resonator mirrors at the beam waist and from
refraction as the output light traverses the thickness
of the output mirror. 'Accordingly; since the beam
exiting the laser tube is slightly divergent, the
reflected llqht from the videodisc, even though small
in 1ntenszty, 1s, converselv (provided the system is in
focus), conve;gent as it passes in reverse direction
through the dlveiglhg lens and on toward the output of
the laser device and beyond to the conjugate point
where it forms a real image of the source plane wave
(i.e., an image of the plane wave at the beam waist
. within the laser tube), thus eliminating the need for a
celay lens. The present. invention makes use of this
slight divergence and'convergence of the incident and
reflected beams, respectively, at the exit end of the
modulator to effect monitoring of the focﬁs condition
of the writing beam by monitoring the real image of the
source plane wave at the conjugate point. _ ;
5 Another object of the invention is to provide
| the focus monitoring characteristics described above
without adding additional optical elements in the
P writing beam path.

i :
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The dlsadvantage of the spherlcal aberration introduced by placing a beam '
spfitting cube in the divergent recording beam path has been recogni zed and
overconme in the prior art by using objectives of infinitely |ong conjugate
rather than the far nmore common 160-or 180 nm | ong conjugate. However, in
such an arrangenent, nore elenents are used, first to 5 produce a w de
‘col I'i mated beamto illumnate the objective, and second to converge the
diverted return beamto th8 focus nonitor device in converging form

Furt her nor grygenpEstREPIION O MG HRABINGS
_ The invention will now be described in detail
having reference to the accompanying drawings.in which:

Figure 1 is a schematic representation of the
implementation of the present invention, showing the
complete optical path between the laser light source

and a videodisc; '

Figure 2 is an illustration of the optics
incorporated in a prior art focussing mechanism asso-
ciated with a videodisc player:;

' Figures 3 and 3a are, fespectively, hemi-
spherical and con-focal laser cavity resonators illus-
trating the principle of operation of a laser light
source, and showing two possible locations for plane.
waves w1th1n the devices; '

Figure 4 illustrates the optical pr1nc1p1e
upon which the present invention is based to monitor
the focussing condition of a writing beam sensed at the
exit end of a light beam modulator; and o
Figure 5 shows a block diagram of the elec-
tronics which may be used to process the output of a _
photocell matrix for display on a video monitor. l

DESCRIPTION OF THE PREFERRED EMBODIHENTS

The diagram of Figure 1 shows, schematicaily,
the basxc elements anolved in the focus monitoring
system accordlng to the present invention. The length
of the portions.of the light beam path shown in Figure
1 do not necessarily represent corresponding lengths in
the actual light path in a videodisc mastering machine.
However, the principles involved with this invention

are appropriately illustrated, and any deviation from
actual scaled iengths and angles'of the optical paths
shown in the figures of this application are intentional
for ease df'descriptiqn and analysis.
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ich the witing beamis to inpinge is not nmetallized but rather coated

SN th a substantially clear photo- resist conpound, the disc surface is
substantially transm ssive, and maki ng use of any possible reflected |ight

genergy is not readily apparent. Finally, and although cost is not

@hecessarily a large factor in the production of mastering machines,

addi tional parts are necessary with the attendant conplexities, and

addi tional tinme nmust be invesged in the assenbly, alignnent, and

TG R R MR A = RS A e B
Jori am &tgod isholdseg Lissemplioged to penexdt@tdhe At ifge optinum
| OC i I qgsﬁééfglgoée&Eelxaghgué1an prism 20 make up a
light beam modulator 10 which modulates the laser beam
5 with video information defining the input modulating
signal on line 16. As is known, the Pockels cell 14
responds to the applied video signal by rotating the
plane of polarization of the light beam 18. Since a
linear polarizer transmits light only in a predeter-
10 mined polarization plane, a polarizer, in the form of
~ .Glan prism 20, is included in the writing beam path to
provide a modulated writing beam 26. As illustrated,
the light beam from laser 2 enters a port 12 of modulator 10
. and emerges from a port 24 to strike a first mirror 25
15 that-directs the writing beam 26 through a Quarter-wave
plate 30 which converts linearly polarized light into
circularly polarized light. The circular polarized
light beam 36 is then diverted by second mirror 32
toward a diverging lens 34. It should be appreciated
f20 that the light beam exiting laser source 2 is collimated
| and that none of the optical elements described to this
point have any effect on the collimated nature of the
beam. That is, if it is assumed that the light beam |
from laser 2 is substantially planar and parallel,
8§25 neither Pockels cell 14, Glan prism 20, mirrors 28
B and 32, or quarter-wave plate 30 affect the parallel or
.planar nature of the beam.

Diverting lens 34, hoﬁéver, alters the planar
nature of the beam and causes the beam so affected to
80 have a converging conical shaped portion 38, é.waist
i portion 41, and a diverging conical portion 39, 42, the
_ pdttion 42 being a redirected continuation of portion
é 39 caused by mirror 40. For optimum resolution, the
f;optiCal characteristics of diverting lens 34 and the
F length of the path'chosen are such that the writing T T T

This Sheet Has Been emlace

i

3 3 I )



iy
ppti-cal el enents affecting focus by producing a series of test discs and =~ H
pl ayi ng back each disc or portion thereof corresponding to a particul ar k
conbi nation of settings for the various optical paraneters, such as power
nd:focus, involved. After locating a videodisc or portion thereof which
as a high quality of reprodu- cible signal therefrom the |og show ng the
arious conditions and|MxAQions of the optics producing such high quality

beaR' dod sbatiaHEi £ 1P AT e dits sﬁe&nhgerf:tl%eoetf gh Lo that set of

condi ti ons. this manner, alth oug time _consumn ot predictable, an

abaesttwgbﬂ@qseaﬁsmt 44 compEising| ehigctine é#ﬂisr 48al |y deri ved
whieh! coea teec s Jaingd Qﬁmlﬁﬁx@éﬁ@ﬂﬁ?bbéaﬁoﬁb&%‘i&ﬁ qgndi tions, however,

30 8, focal point 47 on'ene fdcordlng suﬁ‘éakrév%'av%% " setting up and
'videodisc 50 mounted on a spindle 52.

As is commonly known in the art, in a videodisc
mastering machine, the writing beam is focussed to a
spot-on the order of 0.6 microns on a layer of photoresist
49. The light beam modulated by the input modulating
video signal in frequency modulated form is thus trans-
ferred to the surface of the videodisc by the modulated
light beam which directly exposes the photoresist in
correspondence to the modulated video signal, so that
later development of the photoresist layer produces
_uits at the exposed sitg, assuming positive photoresist
is used. However, since the transparent photoresist
layer :is substantially unaltered in its physical make-
up, only a small amount of the incident light beam is
reflected from the surface back through the objective
lens 45, throuéh diverting lens 34, quarter-
waveplate 30, and onto the prismatic surface 22 of Glan
priém_zo. Approximately 1% to 2% of the incident light
is reflected from the photoresist layer, and with a
100 miliwatt laser source 2, approximately 0.5 miliwatts
of light energy is available along path 54 exiting Glan
prism 20 through port 25 of modulator 10. The reflected
beam 54 is directed by mirror 56 tb transducer 60 which
produces output signals on cable 58, the use and
proce551ng of whlch will be detalled later in this
escription. -However, it can be noted from Figure 1
that the output of transducer 60 may be used in one or
oth of the two functional arrangements 66, 68 and 62
64. That is, the output of transducer 60 may be video
ncoded in encoder 66 for display on a video monitor
38, or the output of transducer 60 can be processed in
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ing the optimum focus conditions as well as in the 6 Loss of
leodi sc production due to downtown of the mastering nmachine. British

ent Application.GB 2 019 044 discloses an automatic control of focusing
:a wite beam of an optical recording apparatus. The wite beamis
tted by a | aser and nndula;gd according to a signal source. Thereafter,
b ['i ght beam successively passes through a lens 17, a mirror 19 and a

‘LtneqsIsasvaoampliﬂietrQEHGOSdtdvﬁD@w _f dgedis %Fﬁi?aggtor |nP:ng{ng
ocused,_condjtio a mwltln ace S er reflection
‘ltéﬁﬁY?ﬁhﬁgbﬁﬁn?V# Eﬁ&a%}VtPﬁ& fﬂi the reflected beam
b sersi  ingisbeam| ensthadphotoresis ti qungedsn a Ilght detector A further
ndrical | egg,l5af 6B0820aREbHEC A EL RAlde Efd? e 21 d 1T Nt

. ector.
p above descriptive analysis of Figure 1. Flrst, it

should be noted that the 51ngle ‘line representatlon of
beam portions 8, 18, 26, and 36 suggest that the light
beam along these portions of the path maintain the

. light beam in coherent collimated form, and through
reverse optical analysis, the reflected beam from the
surface of bideodisc 50 is also in collimated form in
the portion of the path 36, 26, 54. That is, since the
'light beam impinging the videodisc surface is perpen-
dicular to the disc, the diverging beam portion 38 of

b the reflected beam is returned to parallel rays through
diverging lens 34. Accordingly, the reflected light
beam reaching transducer 60 is, at least from an

o 0T O — — —-o il

idealized viewpoint, substantially planaf and parallel.
- As will be discussed in detail later, the particular
characteristics of the laser device alters the colli-
mated nature of the emerging beam, and the underlying
cohcept of the present invention is based upon this
slight deviation from the idealized laser model.

' It is also to be noted that in prior art
P mastering machines, the modulator 10 had only two
ports, an entry port 12 and an exit port 24. The small
amount of light energy returned to the modulator 10
along beam portion 26 was absorbed as belng useless, or
- totally ignored. An important advancement in the art
B attributed to the present invention involves a slight ;
t modification of existing modulators by simply providing
an additional aperture or exit port 25 so that the
reflected beam portion 54 can be rendered useful by a
 new technique utilizing the'collimated :efleCted light
 beam portion 26. 54 heretofore thought to be void of
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e I'ight detector produces a signal representatives of the spreading of [
e reflective beamresulting fromany defocusing of the witing beam The
gnal controls the positioning of the said focusing lens. Further, this

i tish Patent Application discloses its automatic:focusing operation by
e canbi nation of said cylindgigcal (astigmatic).lens and a |ight detector
) connection with_US patent nunbers 4059841 and 4051527. Such an

ti gMaYi EURGEAORAd Nadke-s Thateds « Finge dito A HhoughY short coni ngs of
e PEh&E Ghe. iAeg@editnand refleeted dewmpy dt) €N meduifedp abl e quickly

t the focu lcg to an i,qum condi tion on, repeat basis and to
i 185 enEOR3 ERe B PE OR R LISERTE ARARRARIS Sar L obl emw || be
)| vegx byathedf €abmr ed thlercithemintidaht? or reéflected beam

since no change in size, shape, or profile of the beam

was expected. The present invention, however, is
specifically designed to operate in response to changes
of beam portion 54, at the discovery that such changes
are representative of éhange of focus conditions of the
beam impinging the disc. ' '

| In'Fiéure 2, an in-line representation of the
optical'path of a modern videodisc player is shown. <

Hetait—in—the—afonementioned—t-S—appiicationNe—33+533}
In Figure 2, .a laser source 2 emits a substantially
collimated beam 8 which passes through diverging lens

70 to form a-diverging conical beam portion 72, a waist
73, and diverging conical beam portion 74. The later

' beam portion passes through polarizing beam splitter

cube 76 and quarter-wave 78 and is finally converged by
objective lens 80 to impinge the surface 48 of video-
disc 50 at a focussed point 86. The surface of a
prq:gcorded_yideodisc'is-a highly reflective metallized .
éﬁ:faée.;nich reflects the beam in reverse direction
along the same path as the incident beam until it
reaches the beam splitting cube 76 which diverts the
reflected beam in a continuihg convérging conical

- portion 88 to arrive at a focus point 90 at which a

photodetector is placed for purposes of signal recovery.
As explained earlier, additional elements can be placed
around the converging light beam portion 88 to produce
automatic focus servo control signals for moving the y
objective lens 80 along the optical path to return the : .
beam impinging the information surface of the videodisc
to a focus condition..
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FMVARY OF THE | NVENTI ON The present invention overcones all of the

£ i ci encies of the prior art procedures nentioned above for effecting

oper focus of a mastering machine and avoi ds the previously-nentioned
'sadvantages of inserting a separate polarizing cube and quarter wave
bate,. in the di vergi ng wri@3ng beam of -the mmiter As was nentioned in

jonnecti on th the ,description of, foc itoring .systens of the
i or art dmgﬁ BF&y@?§°°Pﬁ§ ed, sand %f % nl'y be nonitored if

mnbﬁngtiggdehecezsa.ethbeaime:ueﬂ)eaﬁ\ewe oconigel espapads of an opti cal
L Bren BratirBR aF BRY SPOLe kA AarEt bbbt SReeFEE oni tored by
tb&etresgohlddmgmgngandnas mentioned earlier in this
description, a cylindrical lens in combination wlth a
quadrature focus detector can serve to monitor and
correct for a non-circular cross section of the beam
'; being monitored. 1In all cases, the focus .changes
 detected are-a result of the fact that the point of |
{0 detection lies in a portion of the reflected beam. that
is either converging or diverging. In one embodiment,
the reflected beam is split off in the diverging portion
of the incident beam portion 74, i.e., it is placed at
position 43 of the diverging beam portion 39 as shown
in the overall system drawing of Figure 1. 1In this
way, the distance from 73 to 76 is ‘equal to the distance
from 76 to 90 when the system is in focus (Figure 2).
Although other optical devices would be required, it is
also possible to place the beam splitter 76 in the '
converging portion 72 of the beam shown in Figure 2.
It would not be expected that any focus error could be
detected by placing the beam splitter 76 in the collimated
.pcrtién of the beam 8 exiting laser 2 shown in Figure 2.
: Figure 3a shows a laser cavity. As pumplng
25 energy enters the confinement tube 3, the exc;ted atoms
' radiate. Surfacea of constant phase are drawn as shown
by leadlines 5 and 7 to show the curvature of the
standxng waves within the cavity. At the end plates 4,6
and 6, the surfaces of equal phase and the mirror
30 surface are coincident. At the pos1gzon where the beam
is minimum in cross section, the surfaces of equal
phase have become planar, i.e., at the beam waist 5.
Thus, a perfectly collimated beam exists only'at surface 5.
The intéﬁsity profile of surface 5 is defined in strict
accordance with the laws of diffraction, f.e., the

-

- g~
(5, I

(=]

[ ||I||l Illl
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i §f ormation of

ape and/or size of the intercepted portion of,the diverging or converging
ght beam |f a light beamis of a collimted form i.e., if the beamis
gom a parall el -planar |ight source, then nmovenent of any of the optical
ements in the optical path intercept the sane size and shape of I|ight

am ,and no information can be derived therefrom It is common know edge
jat the light beamfroma Iasqg source is parallel and planar, and thus it
uld not be expected that any focus condition of the beam after passing
roughrfagesecpfi sgnstantaphass koincidentithi the dirmer eam from t he power
BU" CEulases;Ohhia! SEANUQLLP LS ULHL dveR. prméeif?@ ggurce for focus

e recording beam'spot. This Is acenent sheet
the output light through the glass substrate of
output mirror 4 further diverges the beam accord‘ng to

5 the laws of refraction.

Stable laser cavity resonators range from
plane parallel mirrors to the confocal variety. In the
preferred embodiment, the laser cavity configuration is
of the hemispherical type (Figure 55 that consists of a [ &
10 flat maxreflector G'and,a curved output mirror 4 whose
radius of cutvature is equal to or greater then the
mirror spacing. In this case, the plane wave 5 and
beam waist is located at surface 6! Lines of equal
phase are also shown in Figure U T Ta
15 . With reference to Figures 1 and 3, a close
analysis of the construction of the type of argon ion
laser used to create the Qriting beam reveals that,

while the laser device 2 is of a parallel-planar laser
structure, the partially reflecting end plate 4 is
slightly concave inwardly, although the reflecting end
plate 6'is planar. Figure 3aillustrates this character-
istic of a laser device 2 in a tube 3 having the partially
reflecting end plate 4 at the left in Figure 3 and the
planar reflecting end plate 6'at the right side of _
F1gure_3a" As the pumping radiation enters the tube 3;
the excited atoms radiate light which bounces back and
forth between end plates 4 and 6'until it exits through
the partially reflecting end plate 4. 1In a tYpical
writing laser, the reflection coefficient of end plate
6' is close to 100%, while the reflection coefficient of
end plate 4 is close to 98%. To improve the efficiency
‘of the laser device ‘and maintain controlled'reflections
between the two end plates, end plate 4 is slightly
concave, as shown greatly magnified in Figure 3 for
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Whi'l e the difficulty of extracting focus information on the upstream

ol limated part of the beam has been recogni zed, prior art technol ogy has
esorted to overconme the difficulty by placing relay |enses after a
iverting beam spliter, thereby again converging the beam and thus
ecreating the features of the objec- tive | ong conjugate. The present
nvention operates on the r¥&ogni- tion of the fact that; al though for all

130 a éé Shtpdeaghé! eaaeohasgivéﬁvesmérw' limated, it, in
IS very di vergent as It ene

1n ‘this descript on, for all practical purposes. and '
from a purely theoretical viewpoint, the beam dxverges
from its axis at an angle of approximately 1 millira-
dian. As a result of the diverging beam 8, a theore-
tical conjugate focal point does indeed exist created
by the laser device itself as attributed to diffraction
and refraction, due to the non-infinite extent of the
plane wave_at 5 and the respective cufvature of end
plate 4. '

Reference is now made to Figuré_4 wherein the
components of importance for the purposes of describing
the invention are shown in-line, and the reference .
numerals used are the same as those found in the more
descriptive illustration of Figure 1. It will be noted
that no new optical elements have been added to the
optical path between the laser source 2 and the videodisc
50. However, an opening 25 in the modulator housing 10
(shown in Figure 1) is required to permit the beam
portion 54 to strike transducer 60. With the analysis
in mind from the description of Figure 3, it can be
appreciated that, since there is a theoretical conjugate
point created by the laser device 2, and since the beam
portion 54 reaching transducer 60 is a result of a
'% reflected beam from video&isc_so, any change in the ,
position or orientation of the optical elements affecting
focus of the light beam on the surface of videodisc 50
will also have an effect on the:shape_and/or size of -
the beam reachlng ‘transducer 60.

Note should be made of the fact that when the
system is in focus, due to the absence of the slightly
divergeht element 14 from the beam'portion 54, the
distance Rl from the plane wave 5 to the_pfismatic"

. surface 22 at the midpoint of the beam splitter 20 is
I5 longer than the distance R2 of the return beam 54 from
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fromthe |laser resulting fromdiffraction of the Gaussian intensity prof% L !
pl ane wave that exists between the. |aser resonator mrrors at the beam

wai st and fromrefraction as the output |ight traverses the thickness of :
the output mrror. Accordingly, since the beamexiting the |aser tube is-
stightly divergent, the refl gted light fromthe videodi sc, even though |
small in intensity, is; con sely (provided the systemis in focus), : Bk
corthe genismatic $n§£&£ﬁ|22reﬁetbe beamcspdAtterodghtohehei verging | ens and

O SHBREet "on Uk Do OF LRE pRafE #gyecs aed&sxgaﬁcsﬁl sge coni ugat e poi ot

wher or s urce ane wave ., an imge of the
pl- FRugavehen @iﬁﬁéﬂgﬂn5&|t$ hPFEEﬁ Pﬁesh9§§ﬁrtﬂbéﬁ thags elininating the

neqgh{ Ok §iv&kakhd GPsnidf PLERECEr! BHERLEER PRkAR Wageof this

5 image 61 when the system is set at optimum focus as
determined from a standard production record-develop-
playback calibration sequence, the.beam profile at
detector 60 increases in diameter due to the larger
circle of confusion of the light patches that make up

10 the plane wave image 61 of plane wave 5. Thaf change
in profile can be detected to determine any out-of~
focus condition of the writing beam. Typically, the
sharpest plane wave image 61 is on the order of 1 to 2
millimeters in diameter. :

15 In Figure 5, a three dimeqéional'moael of the
transducer 60 is shown. In use, tfansducer 60 is |
preferabiy comprised of a matrix of 256 by 256 photo-
cells, each photocell being square shaped and appro-
ximately .00l inches in length. Photocell matricies

20 of this nature are available in large scale integrated
circuit form from various manufacturers, and the basic
concept of intercepting a light beam with a photocell
matrix is not to be considered a part of this inven-
tion. _

25 In Figure 5, a preferred form of the invention
is shown wherein the output connectiahs from the photocell
matrix are combined in multipiexer 65 to form a continuous
‘and repeating train of pulses éach being of a magnitude
correspondin% to the intensity of light falling upon a

30 corresponding cell in the matrix of over 65,000 cells.

- Clocking of the pulses into shift register 67 is provided
by a video scanning generator 69 which receives the AT
pulse train on line 75 in synchronized order so as to
insert the different amplitudé levels corresponding to
each cell on the appropriate horizontal scanning line
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ht di vergence and convergence of the incident and refl ected beans,
pectively, at the exit end of the nodulator to effect nonitoring of the
us condition of the witing beam by nonitoring the real inmage of the
rce plane wave at the conjugate p0|nt Anot her object of the invention
to provide the focus nDnltorlné characteristics described above w thout

|ngp$€§§thngheog%u§$* Sbeggﬂpﬁvg&tﬁgﬁqxﬂdﬁﬂggN be. J@girl%é% ?nBELFZ|
line prior to being fed to a video monitor which then
indicates, :-by intensity modulating the scannzng beam,
the profile 61 of the 1ntercepted beam portion 54
5 sgtriking transducer 60.
. Although the angle of convergence of beam 54
is small, the cell structure and size as described
above are sufficient to permit detection of even small
out-of-focus conditions of the writing beam. Although
10 the.cross section of beam 54 impinging transducer 60 is
theoretically circular, in practice it is not neces-
sarily, and, after calibrating the mastering machine
for optimum focus by the empirical method described
earlier, the profile of the shafpest plane wave image 61
15 displayed on a video monitor is recorded as a reference

profile against which a comparison will be made each
time the focus condition of ;he mastering machine is to
be optimized. A sophisticated arrangement for recording
the reference profile is to use a computer to register

20 the value of each signal generated by the impingement
of light on each cell. A simpler and more practical'
.and direct méthod is to merely draw the shépe of the
reference profile with a grease pencil on the screen of
the video monitor. Periodical checks on the focus

25 condition can then be instantaneously monitored by
observing the deviation of the display on the video
monitor at any point in time relative to the reference

proflle previously drawn on the screen.
It can be appreciated that the system just
30 described does not operate to monitor directly the
focussed beam at the surface of the videodisc in an
absolute sense. Accordingly, an initial calibration of
the mastering machine is necessary in-order to bring
. the machine into optimum focus cOnditibn. and then the
35 reference profile is recorded for future reference.

Thﬁﬁliieit'iliilﬂileln i]T"l




having reference to the aéconpanying drawings in which: Figure 1 is a
schematic representation of the inplenentation of the present invention,
showi ng the conpl ete opti cal h between the laser |ight source and a
vi deodi sc; Figure 2 is an ill ration of the optics incorporated in a ;
pr i oCadibratdonsican m:h;linpﬂr‘]ﬁwbly crl]éniedvl:i\/\byg thevin?QgéPslc pl ayer; Figures :
3 and _3a_age,, respectively, hen - erical a con-foca aser cavity .
resoa§§8F§LFPI&§£iﬁ%ﬁi %hh?pﬁ?ﬂi?ﬁFQLBF'o_ngFggnaoFegiﬁﬁker l'i ght
sour of, optd callochanges Fxe ndde whikei acsubdlyprecerdings within the
devi - ElLour A1l uglrat L cal ~Rprinci . n which the present
e BB Hatek Hif oh PLEPBACR! of” G UaBabRE" W P
- recorded portions, optimum focus is found by noting

optimum playback characteristics of the videodisc on a

calibrated player. However, once a reference profile

is established, optimum focus of the mastering machine

can be effected by periodically bringing‘the monitored
10 beam sensed by transducer 60 into registration with the

reference profile previously recorded, and this is

presently done on a daily basis. It is estimated that

the use of ‘matching profiles according to this inven~

- tion saves approximately one hour of down time per day
15 for each mastering machine. Accordingly, the objects

set forth in the beginning of this description are met.

- - N O -~ -~ -t o - AL = =

.

shown and described with refererfce to a preferred
embodiment and alterations ereto, it should be

20 understood by those ski¥fed in the art that various
changes in form and-detail may be made therein without

e = o gr e e TWZ = - LTI = o - =

This Sheet Has Been Reﬂlaced

AR TRRWA




a Vi deo nonitor. DESCRI PTI ON OF

2. focussing condition of a witing beam sensed at the exit end of a-light

m nodul ator; and Figure 5 shows a bl ock diagram of the elec- tronics
ch may be used to process the ouﬂ?'ut of a photocell matrix for display

Figure 1 shows, schematically, the basic elenments involved in the focus

itoring systemaccording to the present invention. The |l ength of ‘the
tions of the light beam path shown in Figure 1 do not necessarily :
present corresponding lengths in the actual light path in a videodisc

E PREFERRED EMBODI MENTS The di agr am of

machi ne. However, the principles involved with this invention are

ely illustrated, and any deviation fromactual scaled | engths

1l es of the_ optical, pat hs

Apparatus for monitoring the focus condition of a wntmg light beam i 1mpmgmg upon a
. writing surface of a recording medium ¢50), comprising:

a. A laser (2) with focal resonator for formmg a slightly divergent incident writing
' beam;
b. means for further dlvergmg (34) said writing beam and for i 1mpmgmg the beam

~ in focused condition onto said writing surface (48) of said medxum (50);

c. Said means for diverging and xmpmgmg the wrmng beam being arranged to
receive said writing beam after reflection from said writing surface (48) of said
medium (50).

d. Said reflected beam lmvmg such means in reverse direction in a slightly
convergent condmon

e. Means for diverting (22) being located intermediate said laser and said means for

further diverging said writing beam;

f. Said means for diverting (22) said slightly convergent reflected light beam to
impinge on a light sensitive transducer (60) without passing said dlverted reflected
beam through any lens before said impingement; and

g. Said transducer produces an output signal varying in correspondence with the
focus condition of said wntmg beam at the surface (48) of said medium (50).

* c L | S *
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own in the figures of this application are intentional for ease of
scription and anal ysi s. 10 A high intensity light source 2, preferably
Argon ion |laser is enployed to generate the witing beam A Pockel s cel
and @ an prism 20 nmake up a light 2peam modul at or 10 whi ch nodul ates t he
ser »beamwi th video infornation defining the input nodul ating signal on
ine 16. As is known, the Pockels cell 14 responds to the applied video
‘gnal by rotating t he pl ane of polarization of the |ight beam 18. Since a

'near polarizer transmts light only in a predeter-

A method for monitoring the focus condmon of a wntmg light beam, comprising the
steps:

a. Providing a laser (2) to form a slightly divergent writing light beam (8);

b. Passing the writing beam through a diverging lens (34) and along an optical path
to impinge, in focused condition, incident upon a writing surface (48) of a
recording medium;

c. Directing said light beam reflected from said medium in a reverse direction back
through said diverging lens (34), said reflected light beam (54) emerging from
said diverging lens (34) in a slightly convergent condition; _

d. Diverting said slightly convergent reflected beam downstream with respect to said
diverging lens (34) to impinge a light sensitive transducer (60) without passing
said diverted reflected beam through any lens before said impingement;

e. Sensing an output signal of said transducér resulting from impingement of said
directed .reflected beam to monitor the focus condition of said writing beam at
said surface of said medium.

* c L ] s *
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/7
ned pol ari zation plane, a polarizer, in the formof Gan prism20, is (:)
cluded in the witing beam path to provide a nodulated witing beam 26.

illustrated, the |ight bean1fron1+aser 2. enters a port 12 of nodul-ator
and energes froma port 24 to sTrike a first mrror 28 that directs the
Witing beam 26 through a quarter-wave plate 30 which converts linearly
)| ari zed light into circularly polarized light. The circular polarized
gght beam 36 is then diverted by second nmirror 32 toward a diverging | ens
It should be appreciated that the light beamexiting |aser source 2 is
| l'imated and that none of the optical elenments described to this point -
ve any effect on. the collimted nature of the beam That is, if it is

sunﬁg Epg&tthe light beamfromlaser 2 is substantially planar and

‘To quickly set the focus optics to an optimum condition on a
repeated basis and to monitor the focus condition on a
continuous basis an apperatus and method for monitoring the
focus condition of a writing light beam comprises a laser
to form a slightly divergent writing light beam, whereby the
writing beam is passed along an optical path to impinge, in
focused condition, incident upon a writing surface of a
recording medium. Thé light beam reflected from said medium
is directed in a reverse direction back through the optical
path emerging from a diverging lens in a slightly convergent
condition. Then, this slightly convergent reflected beam is
diverted downstream with respect to said diverging lens and
impinges a light sensitive transducer which produces an
output signal varying in correspondence with the focus

condition of said writing beam at the surface of the
recording medium. '
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ei ther Pockel's cell 14, dan prism20, mrrors 28 and 32, or quarterrzéve
| ate 30 affect the parallel or planar nature of the beam Diverting |€ns
4, however, alters the planar nature of the beam and causes the beam so
ffécted to have a convergi ng conical shaped portion 38, a waist portion

1, and a diverging conical portion 39, 42, the portion 42 being a
redirected continuation of portion 39 caused by mrror 40. For optinmm
resolution, the optical characterjf3ics of diverting lens 34 and the |ength
of the path chosen are such that the witing beam 42 substantially fills
he entrance aperture of an :

FIG.1
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ective lens assenbly 44 conprising objective | ens 45 which creates a

tge angl e convergi ng beam portion 46 to a focal point 47 on the recording
face 48 of a videodisc 50 nounted on a spindle 52. As is comonly known
the art, in a videodisc nmastering machine, the witing beamis focussed
‘a .spot-on the order of 0.6 microns on a |layer of photoresist 49. The

ht beam nodul ated by the input nodul ating video signal in frequency
ulated formis thus trans- ferred to the surface of the videodisc by the
ul ated |ight beam which directly exposes the photoresist in

respondence to the nodul ated video signal, so that |ater devel opnent of
photoresi st |ayer produces pits at the exposed site, assum ng positive
t oresi st |s used However, since the transparent photoresi st
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r is substantially unaltered in its physical
nt of the incident light beamis reflected fromthe surface back

ugh the objective .lens 45, through diverting |lens 34, quarter-
plate 30, and onto the prismatic surface 22 of dan prism 20.
‘oxi“mately 1%to 2% of the incident light is reflected fromthe _
oresist layer,. and with a 100 mliwatt |aser source 2, approxinmately
mliwatts of |ight energy is available along path 54 exiting G an prism
| hr ough port 25 of nodul ator 10. The reflected beam 54 is directed by

make- up, only a snal

20

mrfor 56 to transducer 60 which pr £S—.out signal s on-gqgle 58, the
usef and processing Rf which will beé detailed Iatar In this description.
However, it can be Qot.ed from Fi guje 1 t fpet=t~p qut put of transducer 60 may
‘be jused in ongnor ' N
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both of the two functional arrangenents 66, 68 and 62, 64. That is, the
out put of transducer 60 may be video encoded in encoder 66 for display on a
video nonitor 68, or the output of transducer .60 can be processed in 12
focys servo anplifier 62 to drive an objective lens driver 64 to
automatically maintain focus of the witing beam on-the photoresist |ayer
49. Several observations can be made frémthe above descriptive anal ysis of

Figure 1. First, it shoul "LLdeN %ne representation of
beam portions 8, 18, 26, <

EKSEPLACENE%H‘SHEUTS d'q

BACKGROUND OF THEINVENTION | S0 B P55

| WBrDrawing(s) : paged N3 to paged 1 3

Field 6f the Invention ErAbstract  : paged®27to paged ...

| | DATE OF RECEPT...}2]214..
The present invention relates to an apparatus and a method for monitoring

the focus condition of a writing light beam impinging upon a writing surface of a

Description of the Prior Art

Systems for monitoring the focus condition of a light beam used in
reproducing prerecerded information from a videodisc by a videodisc player are well
known. In prior art, a collimated reading light beam from a laser light source is
directed through a diverging lens employed to shape the beam to fully fill the
entrance aperture of a microscopic objective lens which, in turn, converges the
beam to a focussed spot on the surface of the videodisc. As the disc rotates, the pits
or bumps along the track of the disc cause intensity modulation of the reflected
beam which progresses along a portion of the incident light beam path until it
reaches a polarizing cube which diverts the reflected beam out of the path of the
incident beam and focusses it on a photodetector. As the intensity of the beam

y focussed on the photodetector. As the intensity of the beam focussed on the
d photodetector varies, the intelligence information recorded on the videodisc is

transformed into electrical impulses which through a series of electronic processes
produces’' the video and audio portions of a recorded program.

This is the replacement sheoet
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beam al ong these portions of the path maintain the |ight beam.in coherent

~collimated form and through reverse optical analysis, the reflected beam
fromthe surface of videodisc 50 is also in collimated formin the portion
of, the path 36, 26, 54. That is, since the Iight beam i npinging the

vi deodi sc surface is per pen- dlcular to the disc, the divergi ng beam
portion 38 of the reflected beamis redurned to parallei rays through

di vergi ng Iens 34. Accaipdichg 15§g§rgﬁ}éﬂgéﬁbﬁtgfﬁséeéékéfﬁﬁgangthe

t ransducer i s, at |east fron1an i deal | zed vi ewpoi nt, _substanfially

pl anar and p§F§PF€FeQN§%ﬁqq ii% sRlidakfl fremcthe ipgident: highkrticul ar
characterlstbeampbakmBﬂnaaemeymunxwﬁéf@rghéhgnggaéht peamdisature of the
erer o n9_beagly MGy UHE S hASNSEP RL 10F180E88 be bR EREEREnGS P25ed
the polarizing cube, placed in the diverging portion of
the incident beam, produces a converging light beam
diverted to the photodetector. 1In analyzing the optics
" involved in such a system, the fact that a cone-shaped
beam is produced by the diverging lens permits a pair
of conjugate points to be developed, one at the surface
of the videodisc and the other at the focus point on
the photodetector. Thus, the light split off from the
polarizing cube forms a focussed spot on the photo-
detector which has correspondence to the focussed spot
on the disc. Of course, if the light beam is out of
focus as it impinges the disc, the strength of the
signal detected by the photodetector will be less.
Accordingly, optimum focus and signal recovery can be
gained by monitoring the signal level developed at the
- photodetector, adjusting the objective lens focussing
the beam on the disc until a maximum signal‘is recovered,
and then adjusting the-spacing.between the polarizing
cube and the photodetector until the signal is again
maximized. At the optimum operating point, the con-
jugate points of the optical path will be in focus at
the surface of the disc ahd'the_phoﬁodetector simul-
taneously. '
In a player, the most common means of main-
taining proper focus is to contlnually monitor the
- strength of the signal produced at the photodetector
and, through a servo control loop, drive the objective
lens along the axis of the reading beam until the
recovered signal is maximized.
Another means of monitoring and maintaining
focus in a videodisc player consists in passing the

This is the replacement shoet
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slight deviation fromthe idealized |aser nodel. It is also to be noted
that in prior art mastering nmachines, the nodul ator 10 had only two ports,
an entry port 12 and an exit port 24. The small anpbunt of |ight energy
returned to the nodul ator 10 al ong beam portion 26 was absorbed as being

usel ess, or totally ignored. An inportant advancement in the art attributed
to the present invention involves a slight nodification of existing

modul ators by sinply providing an additional aperture or exit port 25 so

that the rfé‘ff&éeédbsasmpan:t uRl feftnt AR AL O SE{ HbuPyr @ New

techni que utiljzi ng h %\c/) I mat %%rri%cal.leclteexgsl | gﬁ\tsblegg} gé%ontlzlg 54

heretoforé9¥95ﬁbﬁt PB B@ & §Ydi ’ g
divergence along the basal plane while leaving the

" divergence in the sagital plane unaltered. The beam is
then directed through a passageway surrounded by four
photosensors in qnadrature, including a pair of verti—
cally aligned sensors and a pair of horizontally aligned
sensors. The beam thus illuminates the four sensors in
spatial quadrature with the sensor .arrangement positioned
along the beam at a location where the beam is changing
from basal focus to sagital focus to define a circular
beam profile and cause equal outputs from the pairs of
horizontal and vertical sensors. Depending on the
position of the conjugate point at the disc surface
then, the beam profile at the detector changes from
horizontal elliptiéal profile to vertical elliptical
profile. By electronically monitoring éne difference
signal between the horizontal and vertical sensor
' pairs, a focus error signal can be developed to return

the objective lens to a position effective to cancel
out any difference and return the beam to a circular
proflle. :

All of the above-mentioned forms of main-
taining focus of a light beam do so by operating in
'response to the condition of the reflected neading-beam
as it converges toward the photodetector. Furthermore,
most of the known electro-optical focus monitoring and
control systems employéd in player apparatuses are
placed in the long conjugate of the objective lens.
This is made possible by the use of a beam splitting

cube. The focus detectors and monitors of the prior
art work effectively by analyzing chanées in the diver-
gence of the long conjugate of the objective lens
thereby inferring the length of the short conjugate of

- the objective lens as dictated by well known laws of
- optics.
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13 any functional value. That is, since it was thought that the incident
and reflected beans at the modul ator wer e collimated, no intelligence
i nformation could be extracted fromeither the incident or reflected beam

si;nce no change in size, shape, or profile of the beam was expected. The .
present invention, however, is specifically designed to operate in response
to changes of beam portion 54, at the discovery that such changes are
representative of change of focus Cdeitions of t he beam i npi ngi ng the

disc. In Figure 2, an in- I|ne re resent | the optical path_o
noder n vi deodi sc pIa9€P§n$§3 {hﬁ e%F+%§% s%oﬁ# §r§°5n1ts a

subst anti ablry focus detectors and monltors«eonsists, in large
part, in the strength of the signal recovered from the
videodisc after impingement by the reading beam. The
highly reflective metallized information-containing
surface of the videodisc produces a high percentage of
reflected light with which the photodetector and
focussing apparatuses can reliably operate.

| Since the present invention concerns the

monitoring of the focus condition of a writing, or
mastering, machine, there are several factors which
would discourage the use of a polarizing cube at the
same location along the beam path as in. the disc
players descrlbed above. First, the writing apparatus
involves the use of a higher powered light source, 100
milliwatt argon ion laser tubes being quite common, as
¢ompared to the 1 milliwatt power cépability of a
reading beam of a player. Accordingly, inserting a
polarizing cube and necessary guarter wave plate in the
diverging portion of the writihg beam, i.e., just
before the objective léhs, would intrqduce certain
optical aberrations and'distortions, such as the spheri-
cal aberration that can be expected after passing a
light beam through any optical unit, aggravated by the
large numerical aperture required in videodisc mastering,
and would diminish the useful operating lifetime of the
record laser due to the transfer'efficiency of the
polarizing cube.

The disadvantage of the-spherical aberration
introduced by placing a beam splitting cube in the
divergent recording beam path has been recognized and
dvercbme in the prior art by using objectives of
infinitely long conjugate rather than the far more
common 160 or 180 mm long conjugate. However, in such
an arrangement, more elements are used, fifst to
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collimated beam 8 whi ch passes through diverging lens 70 to forma

di ver gi ng coni cal beam portion 72, a waist 73, and.diverging conical beam
portion 74. The | ater beam portion passes through polarizing beamsplitter
cuhe 76 and quarter-wave 78 and is finally converged by objective | ens 80
to inpinge the surface 48 of video- disc 50 at.a focussed point 86. The
surface of a prerecorded videodisc is a highly reflective netallized

surface which reflects the beamin rgver se direction along the same path as

the incident heamuntil_it r hes‘i e bean1sgittt|n cu 76 which diverts
the refl ecPEQNEENR Wide GRY gFRgLLLHREBR S 0N 88 to arrive

at a focusopgectige aranmlsébmd)rm ogcheetrge 't:hepaamed'tfedr retureses of
si gnal reC%V%né’toA% XE I RGH LoF" aedTdb! 18" Bonte AN’ £oth.De Pl aced

Furthermore, since the disc surface upon

*which the writing beam is to- impinge_ is not metallized
but rather coated with a substantially clear photo-
resist compound, the disc surface is substantially
transmissive, and making use of any possible reflected
light energy is not readily apparent.

' Finally, and although cost is not necessarily
a large factor in the production of mastering machines,
additional parts are necessary with the attendant
complex1t1es, and additional time must be invested in
the assembly, alignment, and maintaining of the additional

i optical parts.

‘Because of the problems enumerated in the
previous paragraph, it has been common practice in the
prior art of recording.laser discs to periodically
determine optimum focussing positioh for the various
optical elements affecting focus by producing a series
of test discs and playing back each disc or portion
thereof cbfresponding to a particular combination of
settings for the Qarious opticallparameters, such as
power and focus, involved. After locating a videodisc
or portion thereof which has a high quality of reprodu-
cible signal therefrom, the log showing the various
conditions and positions of the optics producing such
"high quality recorded program is referred to for returning
the optics to that set of conditions. In this manner,
'although time consuming and not predictable, an accept-
able focus condition is- established. The empirically
derived conditions necessary to produce acceptable
focussing conditions, however, are extremely costly due
to the labor time involved in setting up and deter-
mining the optimum focus conditions as well as in the
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around the converging |ight beam portion 88 to produce automatic focus
servo control signals for noving the objective | ens 80 along the optical
path to return the beaminpinging the information surface of the videodi sc

to.a focus condition. 14 I n any defocussed condition of the beam
I mpi ngi ng the disc, the dianeterof the conical shaped beam portions at any
spatial point will be altered correspondingly, and as nentioned earlier in

this description, a cylindrical lens i n6conbi nation with a quadrature focus
detector can serve to nonitor and

—--

Loss of videodisc production due to downtown of the mastering machine.

British Patent Application GB 2 019 044 discloses an automatic control of focusing
for a write beam of an optical recording apparatus. The write beam is emitted by
a laser and modulated according to a signal source. Thereafter, the light beam
suoceSsively passes through a lens 17, a mirror 19 and a focusing lens 20 for
diverging said modulated light beam and or impinging it, in focused condition, on
a writing surface of a disk. After reflection of the light beam from the writing
surface of the disk, the reflected beam passes focusing lens and mirror to impinge
on a light detector. A further cylindrical lens is arranged between said half-mirror
and said light detector.

The light detector produces a signal representatives of the spreading of the reflective
beam resulting from any defocusing of the writing beam. The signal controls the
positioning of the said focusing lens. Further, this British Patent Application
discloses its automatic focusing operation by the combination of said cylindrical
~ (astigmatic) lens and a light detector in connection with US patent numbers 4059841
| and 4051527. Such an astigmatic focusing beam is subject to the afore-mentioned
shortcomings of the prior art.

. Accordingly, there is a need in the art to be able quickly set the focus optics to an
optimum condition on repeated basis and to monitor the focus condition on a

continuous basis.

This problem will be solved by the features of claims 1 and 2.
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correct for a non-circular cross section of the beam being nonitored. In
al I cases, the focus changes detected are-a result of the fact that the
poi nt of detection lies in a portion of the reflected beamthat is either
converging or diverging. In one enbodinent, the reflected beamis split off
in the diverging portion of the incident beamportion 74, i.e., it is

pl aced at position 43 of the diverging geam portion 39 as shown in the
overall systemdrawing of Figure 1. In this way, the distance from73 to 76
is equal to the distance from 76 to 90 when the systemis in focus (Figure
2). Al t houglsuMMRRY ODF | THE IRVEREEOMoul d be required, it is also possible
to place the beam spligfgr

shown in Figure 2. It moul%ZQ%%HBEB§§%§€¥§%g%ﬂgfegh%%?%%éé<%$P%gpcgﬁﬁg]be
deficiencies of the prior art procedures mentioned
above for effecting proper focus of a mastering machine
and avoids the previously-mentioned disadvantages of
inserting a separate polarizing cube and quarter wave

plate, in the diverging writing beam of the writer.

As was mentioned in connection with the
description of the focus monitoring.systéms of the
prior art disc players, the condition of focus can only
be monitored if the monitoring device is either at or
between conjugate points of an optical system. That
is, when a conically shaped optical beam is inter-
cepted, the focus condition at one of the conjugate
points can be monitored by observing the change in
shape and/or size of the intercepted portion of the
diverging or converging light beam. If a light beam is
of a collimated form, i.e., if the beam is from a °
parallel-planar light source, then movement of any of
the optical elements in the optical path intercept the
same size and shape of light beam, and no information
can be derived therefrom. It is common knowledge that
the light beam from a laser source is paréllel and
planar, and thus it would not be expected that any
focus condition of the beam after passing through a
diverging lens and objective lens twice downstream from
the power source whose collimated beam portion could
also provide a source for focus information of the
recording beam spot.
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detected by placing the beamsplitter 76 in the collimted portion of the
beam 8 exiting laser 2 shown in Figure 2. Figure 3a shows a | aser cavity.
As punpi ng energy enters the confinenment tube 3, the excited atons radiate.
Surfaces of constant phase are drawn as shown by leadlines 5 and 7 to show
the curvature of the standing waves witQin the cavity. At the end plates
4,6 and 6, the surfaces of equal phase and the mrror surface are
coincident. At the position where the beamis mnimumin cross section,

the surfaces of equal wi}ase Y QIEERIBLEY Wl extrlctinly EBEuBeam waist 5.
Thus, a perfectly callinmated beam exists ‘only at surface 5. The intensity

profile of dnfoxrmation qerthpdihstrean golkimated Baktt AL kbel BRamyt
diffracti onhds ®eer Heddtisizéd | HericP! @€ e8EhAOE6y has resorted

to overcome the difficulty by placing relay lenses

after a diverting beam spliter, thereby again converging
the beam and thus recreating the features of the objec-
tive long conjugate. - . ‘

. The present invention operates on the recogni-
tion of the fact that, although for all practical
purposes a light beam from a laser device is collimated,
it, in fact, is very slightly divergent as it emerges
from the laser resulting from diffraction of the Gaussian
intensity profile plane wave that exists between the .
laser resonator mirrors at the beam waist and from
refraction as the output light traverses the thickness
of the output mirror. Accordingly, since the beam
exiting the laser tube is slightly divergent, the
reflected light from the videodisc, even though small
in intensity, is;.converSely (provided the system is in
focus), convergent as it passes in reverse direction
through the diverging lens and on toward the output of
the laser device and beyond to the conjugate point
where it forms a real image of the source plane wave
(i.e., an image of the plane wave at the beam waist
within the laser tube), thus eliminating the need for a
relay lens. The present invention makes use of this
slight divergence and convergence of the incident and
reflected beams, respectively, at the.exit end of the
modulator to effect monitoring of the focus condition
of the writing beam by monitoring the real image of the
source plane wave at the conjugate point.

Another object of the invention is to provide
the focus monitoring characteristics described above

without adding additional optical elements in the
writing beam path.
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15 surfaces of constant phase coincide with the mrror surfaces, and a
stable cavity is achieved. Passage of the output light through the gl ass
substrate of the output mrror 4 further diverges the beam according to the
| aws of refraction. Stable |aser cavity resonators range from pl ane
parallel mrrors to the confocal variety. In the preferred enbodi nent, the
| aser cavity configuration is of the hem spherical type (Figure 3a)that
consists of a flat nmaxreflector 6 and% curved output nmirror 4 whose radius

of curvature is equappla 0L AteIpGTdN' Yk i prawINGS

The invention will now be described in detail
having reference to the accompanying drawings in which:

Figure 1 is a schematic representation of the
implementation of the present invention, showing the
complete optical path between the laser light source
and a videodisc;

Figure 2 is an illustration of the optics
incorporated in a prior art focussing mechanism asso-
ciated with a videodisc player: _

- Figures 3 and 3a are, respectively, hemi-
spherical - and cén-focal laser cavity resonators illus-
trating the principle of operation of a laser light .
source, and showing two possible locations for plane
waves within the devices;

"Figure 4 illustrates the optical principle
upon which the present invention is based to monitor
the focussing condition of a writing beam sensed at the
exit end of a light beam modulator; and
) Figure 5 shows a block diagram of the elec-
tronics which ﬁhy be used to proceés the output of a
photocell matrix for display on a video monitor.

DESCRIPTION OF THE'PREFERRED EMBODIMENTS

) The diagram of Figure 1 shows, schematically,
the basic elements involved in the focus monitoring
system according to the present invention. The length
of the portions of the light beam path shown in Figure
1 do not necessarily represent corresponding lengths in
the actual light path in a videodisc mastering machine.
However, the principles involved with this invention
are appropriately illustrated, and any deviation from
.actual scaled lengths and angles of the optical paths

shown in the figures of this application are intentional
for ease of description and analysis.
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mrror spacing. In this case, the plane wave 5 and beam wai st is | ocated at

surface 6. Lines of equal phase are also shown in Figure 3a. Wth reference
to Figures | and 3, a close analysis of the construction -of the type of
argon ion | aser used to create the witing beamreveals that, while the

| aser device 2 is of a parallel-planar |aser structure, the partially
reflecting end plate 4 is slightly concave inwardly, although the
reflecting end plate 6is planar. Figépe 3a illustrates this character-
istic of a |laser device 2 in a tube 3 having the partially reflecting end

The tight side of FAHSRARserety LERkCRRuerS: popERPeFERLRe t ube 3
the excit et Fmyon ricah Xasér ghd employddutoegeherktenthe writing
beam. A Pockels cell 14 and Glan prism 20 make up a-
light beam modulator 10 which modulates the laser beam

- with video information defining the input modulating
signal on line 16. As is known, the Pockels cell 14
responds to-the applied video signal by rotating the.

_piane of polarization of the light beam 18. Since a
linear polarizer transmits light only in a predeter-
mined pdlarization plane, a polarizer, in the form of
Glan prism 20, is included in the writing beam path to
provide a modulated writing beam 26. As illustrated,
the light beam from laser 2 enters a.port 12 of modulatar 10
and emerges from a port 24 to strike a first mirror 28
that directs the writing beam 26 thrbugh a guarter-wave
plate 30 which converts linearly polarized light into
circularly polarized light. The circular polarized
light beam 36 is then diverted by-second mirror 32
toward a diverging lens 34. It should be appreciated

- that the light béam exiting laser source 2 is collimated
and that none of the optical elements described to this
point have any effect on the collimated nature of the
beam. That is, if it is assumed that the light beam

" from laser 2 is éubstantial;y planar and parallel,
neither Pockels cell 14, Glan prism 20, mirrors 28
and 32, or guarter-wave plate 30 affect the parallel or
planar nature of the beam.

Diverting lens 34, however, alters the planar
nature of the beam and causes the beam so affected to
have a converging conical shaped portion 38, a waist
portion 41, and a diverging conical portion 39, 42, the .
portion 42 being a redirected continuation of portion )
39 caused by mirror 40. For optimum resolution, the
optica; characteristics of divérting lens 34 and the

- length of the path chosen are such that the writing
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forth between end plates 4 and 6 until it exits through the partially
reflecting end plate 4. In a typical witing laser, the reflection
“coefficient of end plate 6'is close to 100% while the reflection
coefficient of end plate 4 is close to 98% To inprove the efficiency of
the | aser device and maintain controlled reflections between the two end
plates, end plate 4 is slightly conddve, as shown greatly magnified in

Figure 3 for 16 illustration purposes. For the reasons given earlier in
this de

e SeSfd 4 ok BhaBLl B 90 kL 1s RUP U I QUEE E! st 0T ot cal
objective lens assembly 44 comprising gbjective lens 45
which creates a large angle converging beam portion 46
to a focal point 47 on the recording surface 48 of a
D} videodisc 50 mounted on a spindle 52.
As is commonly known in the art, in a videodisc
mastering machine, the writing beam is focussed to a
spot- on the order of 0.6 microns on a layer of photoresist
49. The light beam modulated by the input modulating
video signal in frequency modulated form is thus trans-
ferred to the sutfaqe-éf the videodisc by the modulated
light beam which directly exposes the photoresis£ in
correspondence to the modulated video signal, so that
later development of the photoresist layer produces
- pits at the exposed site, assuming positive photoresist
is used. However, since the transparent . photoresist
layer is substantially unaltered in its physical make-
up, only a small amount of the incident light beam is
reflected from the surface back through the objectivé
.lens 45, through diverting lens 34; quarter-
waveplate 30, and onto the prismatic surface 22 of Glan
=_brism.zo.' Approximately 1% to 2% of the incident light
is reflected from the photoresist layer, and with a
100 miliwatt laser source 2, approximately 0.5 miliwatts
" of light energy is available along path 54 exiting Glan
prism 20 through port 25 of modulator 10. The reflected
beam 54 is directed by mirror 56 to transducer 60 which
produces output signals on -cable 58, the use and
processing of which will be detailed later in this
. descripﬁion. . However, it can be noted from Figure 1
that the output of transducer 60 may be used in one or
both of the two functional arrangements 66, 68 and 62,
64. That is, the output of transducer 60 may be video
encoded in encoder 66 for display on a video monitor
68, or the output of transducer 60 cén be processed in
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fromits axis at an angle of approximately 1 mllira- dian. As a result of
the diverging beam$8, a theore- tical conjugate focal point does indeed
exi st created by the | aser device itself as attributed to diffraction and
refraction, due to the non-infinite extent of the plane wave at 5 and the
respective curvature of end plate 4. Reigrence is now nmade to Figure 4
wherei n the components of inportance -for the purposes of describing the

i nvention af&c&?ﬁﬂ@#&‘&hﬁfﬁfi‘@i‘_ 6Be £behRivRc an RIS wisadkmy e the same

as those found in the nore descriptive illustration of Figqure 1. It will be
noted that &elvexy &bt beaputrraticaliy madadpingfosus ahdhtical path

bet ween t hewt pEfiig SBEARCOR- 8RE photvirdedditsdaf@r Hpiever, an opening 25 in
the modul ator hOUSIngségeral observations can be made from the

above descriptive analysis of Figure 1. First, it
should be noted that the .single line representation of
beam portions 8, 18, 26, and 36 suggest that the light
beam along these portions of the path maintain the
light beam in coherent collimated form, and through

'~ reverse optical analysis, the reflected beam from the
surface of videodisc 50 is also in collimated form in
the'portion of the path 36, 26, 54. That is, since the
light beam impinging the videodiscjsurface is perpen-

 dicular to the disc, the diverging beam portion 38 of
the reflected beam is returned to parallel rays through

- diverging lens 34. Accordingly, the reflected light
beam reaching transducer 60 is, at least from an
idealized viewpoint, substantially planar and parallel.
As will be discussed in detail later, the particular
characteristics of the laser device alters the'qolli—
mated nature of the emeréing beam, and the underlying
concept of the present invention is based upon this

' slight deviation from the idealized laser model.

It is also to be noted that in prior art
mastering machines, the modulator 10 had only two
ports, an entry port 12 and an exit port 24. The small
amount of light energy returned to the modulator 10
along beam portion 26 was absorbed as being useless, or
totally ignored. An important advancement in the art
attributed to the present invention involves a slight
modification of existing modulatofs by simply pro#iding
an additional aperture or exit port 25 so that the
reflected beam portion 54 can be rendered useful by a
new technique utilizing the collimated reflected light
beam portion 26, 54 heretofore thought to be void of
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(shown in Figure 1) is required to permt the beamportion 54 to strike
t.ransducer 60. Wth the analysis in mnd fromthe description of Figure 3,
it can be appreciated that, since there is a theoretical conjugate point
created by the | aser device 2, and since the beam portion 54 reaching

ty ansducer 60 is a result of a reflected beam from vi deodi sc 50, any change
in the position or orientation of the optical elenents affecting focus of
the light beamon the surface of videodisc 50 will also have an effect on

t he shape and/or size of the beamreaching transducer 60. Note should be
made of the fact that when the syste

gﬁ:sir1focus, due to the absence of
the slightly divergent elenent 14 fr

the beam portion 54, the distance RL
from t he aplyaFaneétsonal ovabeepr i Thati ds, since it was thought

that the incident and reflected beams at the modu;ator
were collimated, no intelligence information could be
extracted from either the incident or reflected beam
since no change in size, shape, or profilg of the beam
was expected. The present invention, however, is
specifically designed to operate in response to changes
of beam pottion sS4, at the discovery that such changes
are representative of change of focus conditions of the
beam impinging the disc. -

 In'Figure 2, an in-line representation of the
optical path of a modern videodisc ?1ayer is shown.

In Figure 2, a laser source 2 emits a substantially
collimated beam 8 which passes through diverging lens
70 to form a-diverging conical beam portion 72, a waist
73, and diverging conical beam portion 74. The later
beam portion passes through ﬁolarizing beam splitter
cube 76 and guarter-wave 78 and is finally converged by

objective lens 80 to impinge the surface 48 of video-

disc 50 at.a focussed point 86. The surface-of a |

prerecorded videodisc is a highly reflective metallized
surface which reflects the beam in reverse direction
along the same path as the incident beam until it
reaches the beam splitting cube 76 which diverts the
_reflected beam in a continuing converging conical
portion 88 to arrive at a focus point 90 at which a
phdtodetector is placed for purposes of signal recovery.
. As explained earlier, additional elements can be placed .
around the converging light beam portion 88 to produce
automatic focus servo control signals for moving the

objective lens 80 along the optical path to return the

beam impinging the information surface of the videodisc
" to a focus condition.

This is the replacement sheet

pate: {2 SEP 1996



surface 22 at the mdpoint of the beamsplitter 20 is |onger than the _
di'stance R2 of the return beam 54 from 17 the prismatic surface 22 of
the beamsplitter 20 to the sharpest inmage 61 of the plane wave 5 at
transducer 60. Thus, when distance R2 is |onger or shorter than that which

gi ves the mini mum di aneter sharpest pl&ne wave i nage 61 when the systemis
set at optinmum focus as deternined froma standard production

Leoor - devel on: oy ke e R S o 'G5 DERE Beghl | € ot det ot
pat ches t himpimgdngp the disc, the diameter of the conical shaped

beam portions at any spatial point will be altered
correspondingly, and as mentioned earlier in this

description, a cylindrical lens in combination with a

guadrature focus detector can serve to monitor and

C

correct for a non-circular cross section of the beam
being monitored. 1In all cases, the focus changes
_detected are-a result of the fact that the point of
detection lies in a portion of the reflected beam that
is either converging or diverging. In one embodiment,
the reflected beam is split off in the diverging portion
of the incident beam portion 74, i.e., it is placed at
position 43 of the diverging beam portion 39 as shown

in the overall system drawing of Figure 1. In this

way, the distance from 73 to 76 is equal to the distance
from 76 to 90 when the system is in focus (Figure 2).
Although other optical devices would be required, it is
also possible to pléce'the beam splitter'76 in the
converging portion 72 of the beam shown in Figure 2.

It would not bé expected that any focus error could be
detected by placing the beam splitter 76 in the collimated
portion of the beam 8 exiting laser 2 shown in Figure 2.

Figure 3a shows a laser cavity. As pumping

energy enters the conflnement tube 3, the excited atoms
radiate. Surfaces of constant phase are drawn as shown
by leadlines 5 and 7 to show the curvature of the .
standing waves within the cavity. At the end plates 4,b
and 6, the surfaces of equal phase and the mirror
surface are coincident. At the position where the beam
is minimum in cross section, the surfaces of equal

phase have become planar, i.e., at the beam waist 5.
Thus, a perfectly collimated beam exists only at surface 5.
The intensity profile of surface 5 is defined in strict
accordance with the laws of diffraction, i.e., the
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t he pl ane wave i mage 61 of plane maveIS. That change in profile can be
detected to determ ne any out-of- focus condition of the witing beam
Typically, the sharpest plane wave inmage 61 is on the order of 1 to 2

mllimeters in dianeter. In Figure 5 a three dinensional nodel of the
trransducer 60 is shown. In use

, transducer 60 is preferably conprised of a
matrix of 256 by 256 photo- cells

, ﬁ%Ch phot ocel | being square shaped and
appro- ximately .001 inches in |eng Photocel |l matricies of this nature

are avai | gglgabsl atgeogeehae' gi\aa&a&sﬂn&me%eﬁoeﬂéf;n@ rious
manuf acturers,

and gt asl c nce g I nter tin [ beamwith a
phot ocel | SHEERACES|rs B8R °t5t59 oR&Vatycdsachieved. tH?!ﬁﬁ#ﬂRﬂ?fin on.

the output light through the glass substrate of the

output mirror 4 further diverges the beam according to

the laws of refraction.

Stable laser cavity resonators range from
plane parallel mirrors to the confocal variety. In the
preferred embodiment, the laser cavity configuration is
of the hemispherical type (Figure 3a)that consists of a
flat maxreflector 6 and a curved output mirror 4 whose
radius of curvature is equal to or greater than the
mirror spacing. In this case, the plane wave 5 and
béam waist is located at surface 6. Lines of equal

. phase are also shown in Figure 3a. ' -

. With reference to .Figures 1 and 3, a close
analysis of the construction of the type of argon ion
laser used to create the writing beam reveals that,
while the laser device 2 is of a parallel-planar laser
structure, the partially reflecting end plate 4 is
slightly concave inwardly, although the refleeting end
plate 6 is planar. Figure 3aillustrates this character-
istic of a laser device 2 in a tube 3 having the partially
reflecting end plate 4 at the left in Figure 3 and the
planar reflecting end plate 6 at the right side of
Figure 3a., As the pumping radiation enters the tube 3,
the excited atoms radiate light which bounces back and
forth between end plates 4 and 6 until it exits through
the partially reflecting end. plate 4. In a typical
writing laser, the reflection coefficient of end plate
6' is close to 100%, while the reflection coefficient of
end plate 4 is close to 98%. To improve the effieiency
of the laser device ‘and maintain controlled reflections
between the .two end plates, end plate 4 is slightly
concave, as shown greatly magnified in Figure 3 for
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In Figure 5, a preferred formof the invention is showm wherein the output
connections fromthe photocell matrix are conbined in nmultiplexer 65 to
forma continuous and repeating train of pulses each being of a magnitude
corresponding to the intensity of light falling upon a corresponding cel

in the matrix of ~over 65,000 cells. Chgcking of the pulses into shift
register 67 is provided by a video scanning generator 69-which receives the
pul se train on line 75 in synchroni zed order so as to insert the different
anpl i tude | fy2usteatienppodipogesc efor dld measdres apivepreatkidéori zont a

scanni ng Iigg Iﬂ&i hﬁSEQQPEQBEQE@@?ﬂaf¥“3¥actical purposes, and
from a purely theoretical viewpdiﬁt, the beam diverges
from its axis at an angle of approximately 1 millira-
dian. As a result of the diverging beam 8, a theor;;
tical conjugate focal point does indeed exist created
by the 1asé; device itself as attributed to diffraction
and refraction, due to the non~infinite extent of the

plane wave at 5 and the respective curvature of end
~ plate 4. '

WM

Reference is now made to Figure 4 wherein the
components of importance for the purposes of describing
the invention are shown in-line, and the reference
numerals used are the same as those found in the more
descriptive illustration of Figure 1. It will be noted
that no new optical elements have been added to the
optical path between the laser source 2 and the videodisc
50. However, an opening 25 in the modulator housing 10
(shown in Figure l) is required to permit the beam
portion 54 t6 strike transducer 60. With the analysis
in mind from the description of Figure 3, it can be
appreciated that, since there is a theoretical conjugate
point created by the laser device 2, and since the beam

~ portion 54 reaching transducer 60 is a result of a
reflected beam from videodisc 50, any change in the _
positidn or orientation of the optical elements affecting
focus of the light beam on the surface of videodisc 50
will also have an effect on the shape and/or size of
the beam reaching transducer 60.

-2

Note should be made of the fact that when the
system is in focus, due to the absence of the slightly
divergent element 14 from the beam portion 54, the
distance Rl from the plane wave 5 to the prismatic
surface 22 at the midpoint of the beam splitter 20 is
longer than the distance R2 of the return beam 54 from
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18 and at the proper |ocation on such horizontal scanning line prior to
being fed to a video nonitor which then indicates,

. by intensity nodul ating
the scanning beam the profile 61 of the intercepted beam portion 54

striking transducer 60. Although the angle of convergence of beam 54 is
sral |,

the cell structure and size as descri bed above are sufficient to
permt detection of even small

out-of -focus conditions of the witing beam
Al t hough the cross section of beam 547

_ i npi ngi ng transducer 60 is
theoretically circular, in practice it is not nec

s- sarily, d, after .
cal i br at the Prdsmadder isvr fageidd 9brthpheam $B%§§t‘5§ %ﬂez‘én’ﬁaﬁﬁ cal method
descri bednadiddsty inddife BOdE e plenéhaavess atateansdacerngo.cl

' Thus, when distance R2 is longer or shorter than that
which gives the minimum diameter sharpest plane wave
image 61 when the system is set at optimum focus as
determined from a standard prbduction-record—develop-
playback calibration sequence, the beam profile at
detector 60 increases in diameter due to the larger
circle of confusion of the light patches that make up
the plane wave image 61 of plane wave 5. That change
in profile can be detected to determine any out-of-

focus condition of the writing beam. Typically, the

sharpest plane wave image 61 is on the order of 1 to 2
nillimeters in diameter.

In Figure 5, a three dimensional model of the

transducer 60 is shown. 1In use, transducer 60 is

preferably comprised of a matrix of 256 by 256 photo-

cells, each photocell being square shaped and appro-

ximately .001 inches in 1éngth. Photocell matricies

of this nature are available in large scale integrated
circuit form from various manufacturers, and the basic
concept of intexcepting a light beam with a photocell

matrix is not to be considered a part of this inven-
tion. '

In Figure 5, a preferred form of the invention
is shown wherein the output connections from the photocell
matrix are combined in multiplexer 65 to form a continuous
and repeating train of pulses each being of a magnitude
corresponding to the intensity of light falling'upon a
corresponding cell in the matrix of over 65,000 cells.
Clocking of the pulses into shift register 67 is provided
by a video scanning generator 69 which receives the
pulse train on line 75 in synchronized order so as to
insert the different amplitude levels corresponding to
each cell on the appropriate horizontal scanning line
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di spl ayed on a video nonitor is recorded as a reference profile against
which a conparison will be nmade each tinme the focus condition of the
mastering machine is to be optim zed. A sophisticated arrangenent for :
recording the reference profile is to use a conputer to register the val ue

of each signal generated by the inpingﬁg$nt of light on each cell. A
sinpler and nore practical and direct hod is to nerely draw t he shape of

the referen raof i A g s Rencll t of \i deo

moni tor | portis A s bt eedr L GR2F10A 6k s4Rn BR-TRCHRAN addinitiy”

i nst ant aneoukine rppienrtd beingséedi kg ahyviden mondtast whichiithemy on the

video moni t i caBys PobY! ihBehbiey! foaliuting e 'SlaONRe BuAl] e

previously drawn -on_the Screen. It~ can be appreciated that tThe system just
the profile 61 of the intercepted beam portion 54

striking transducer 60.

Although the angle of convergence of beam 54
is small, the cell structure and size as described
above are sufficient to permit detection of even small
out-of-focus conditions of the writing beam. Although
the cross section of beam 54 impinging transducer 60 is
theoretically circular, in practice it is not neces-
sarily, and, after calibrating the mastering machine
for optimum focus by the empirical method described
earlier, the profile of the éharpest plane wave image 61
displayed on a video monitor is recorded as a reference
profile against which a comparison will be made each
time the focus condition of the mastering machine is to
be optimized. A sophisticated arrangement for recording
the reference profile is to use é'computer to register
the value of each signal generated by the impingement
of light on each éell. A simpler and more practical
and direct method is to merely draw the shape of the
reference profile with a grease pencil on the screen of
the video monitor. Periodical checks on the focus
condition can then be instantaneously monitored by
observing the deviation of the display on the video
monitor at any point in time relative to the reference
profile previously drawn on the screen.

It can be appreciated that the system just
described does not operate to monitor directly the
focussed beam at the surface of the videodisc in an
absolute sense. Accordingly, an initial calibration of
the mastering machine is necessary in order to bring
the machine into optimum focus condition, and then the
reference profile is recorded for future reference.
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descri bed does not operate to nonitor directly the focussed beam at the
surface of the videodisc in an absol ute sense. Accordingly, an initial

calibration of the nastering nachine is necessary in order to bring the
machi ne into opti mum focus condition, and then the reference profile is

recorded for future reference. 19 Cglgi bration can be enpirically derived
by the net hod described earlier in thi's application, whereby a series of

optical chafgdibuationdeaphbee empiricaliy dexivedpbpgthe natbhedal , and
ggginngl aybagksatibld war1der GF Ui 41511 O8€ion Pl UREERbYCHS skEibauUNd by

of optical changes are made while actually recording

program material, and upon playback of the various

recorded portions, optimum focus is found by noting

optimum playback characteristics of the videodisc on a

calibrated player. However, once a reference profile
is established, optimum focus of the mastering machine
can be effected by periodically bringing the monitored
" beam sensed by transducer 60 into registration with the
reference profile previously recorded, and this is
presently done on a daily basis. It is estimated that
the use of matching profiles according to this inven-
tion saves approximately_one hour of down time per day
_for each mastering machine. Accdrdingly, the objects

set forth in the beginning of this description are met.
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opti mum pl ayback characteristics of the videodisc on a calibrated pl ayer.
However, once a reference profile is established, optinumfocus of the
mast eri ng machi ne can be effected by periodically bringing the nonitored
beam sensed by transducer 60 into registration with the reference profile
previously recorded, and this is presently done on a daily basis. It is
estimated that the use of matching profiles according to this inven- tion
saves approxi mately one hour of down tige per day for each mastering

machi ne. Accordingly, the objects set forth in the beginning of this
description are net. 20

CLAIMS:

Apparatus for monitoring the focus condition of a writing light beam impinging upon a
writing surface of a recording medium (50), comprising:

a. A laser (2) with focal resonator for forming a slightly divergent incident writing
beam;

b. means for further diverging (34) said writing beam and for impinging the beam
" in focused condition onto said writing surface (48) of said medium (50);

c. Said means for diverging and xmpmgxhg the writing beam being arranged to
receive said writing beam after reflection from said writing surface (48) of said
medium (50).

d. Said reflected beam leavmg such means in reverse direction in a slightly
convergent condition;

e. Means for diverting (22) being located intermediate said laser and said means for
further diverging said writing beam;

f. Said means for diverting (22) said slightly convergent reflected light beam to
impinge on a light sensitive transducer (60) without passing said dwerted reflected
b&m through any lens before said 1mp1ngement, and

g. Said transducer produces an output signal varying in correspondence with the
focus condition of said writing beam at the surface (48) of said medium (50).

e
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CLALMS: Apparatus for nmonitoring the focus condition of a witing |ight
beam i npi ngi ng upon a witing surface of a recordi ng nedi um (50),

conpri sing: a. A laser (2) with focal resonator for formng a slightly
di vergent incident witing beam b. means for further diverging (34)
said witing beamand for inpinging the beamin focused condition onto said
writing surface (48) of said nmedium (50); c. Sai d neans for diverging
and inpinging the witing beam bei ng ari2dnged to receive said witing beam
after reflection fromsaid witing surface (48) of said medium (50). d.
Said reflected beam | eaving such nmeans in reverse direction in a slightly

convergent condition; e. Means for diverting (22) being |ocated
internedi ate said |l aser and said neans for further diverging said witing
beam f. Said neans for diverting (22) said slightly convergent

reflected |light beamto

A method for monitoring the focus condition of a writing light beam, comprising the
steps:

a. Providing a laser (2) to form a slightly divergent writing light beam (8);

b. Passing the writ'mg beam through a diverging lens (34) and along an optical path
to impinge, in focused condition, incident upon a writing surface (48) of a
recording medium;

c. Directing said light beam reflected from said medium in a reverse direction back
through said diverging fens (34), said reflected light beam (54) emesging from
said diverging lens (34) in a slightly convergent condition;

d Diverting said slightly convergent reflected beam downstream with respect to said
diverging lens (34) to impinge a light sensitive transducer (60) without passing
said diverted reflected beam through any lens before said impingement;

e. Sensing an output signal of said transducer resulting from uﬁpmgement of said
directed .reflected beam to monitor the focus condition of said writing beam at
said surface of said medium.

T .
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I npi nge on a light sensitive transducer (60) w thout passing said diverted
refl ected beam through any | ens before said inpingenent; and |
t ransducer produces an output signal varying in corresponden

#¥eHAS BEEN

fecus condition of said witing beam at the surface (48) of UACED
(50). 21 A nethod for nonitoring the focus condition of a ot

beam conprising the steps: a. Providing a laser (2)-to forma slightly
di vergent writing Iight beam (8); b. Passing the witing beamthrough a

di verging lens (34) and al ong an opticsl path to inpinge, in focused

condi tion, incident upon a witjing sur 2ce (48) of a recording nmedium c.
Directing said |light beamreflected fromsatd mediumin a reverse direction
back

WRITING BEAM FOCUS MONITOR

ABSTRACT

To quickly set the focus optics to an optimum condition on a
repeated basis and to monitor the focus condition on a
continuous basis an apperatus and method for monitoring the
focus condition of a writing light beam comprises a laser
to form a slightly divergent writing light beam, whereby the
writing beam is passed along an optical path to impinge, in
focused condition, incident upon a writing surface of a
recording medium. The light beam reflec_ted from said medium
is directed in a reverse direction back through the optical
path emerging from a diverging lens in a slightly convergent
condition. Then, this slightly convergent reflected beam is
diverted downstream with respect to said diverging lens and
jmpinges a light sensitive transducer which produces an
output signal varying in correspondence with the focus
condition of said writing beam at the surface of the
recording medium. '

FIG 1
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t hrough said diverging lens (34), said reflected |ight beam (54) energing
fromsaid diverging lens (34) in a slightly convergent condition; d.
Diwverting said slightly convergent reflected beam downstream w th respect
to said diverging lens (34) to inpinge a |light sensitive transducer (60)
wi.t hout passing said diverted reflected beamthrough any | ens before said
| npi ngenent; e. . Sensing an output signal of said transducer resulting
from i npingenent of said directed reflected beamto nonitor the focus
condition of said witing beamat said Ju/3face of said medium 12 SEP H9

FIG. 1
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/ p " SEARCH REPORT Appncaﬁpnxo.'9603_294__1 T

TEXT OF THE ABSTRACT :

WRITING BEAM FOCUS MONITOR -

To quickly set the focus optics to an optimum condition on a repeated basis and to monitor the
focus condition on a continuous basis and apparatus and method for monitoring the focus
condition of a writing light beam.comprises a laser (2) to form a slightly dlvergent writing
light beam, whereby the writing beam is passed along an optical path to impinge, in focused
condition, incident upon a writing surface (48) of a recording medium (50). The light beam
reflected from said medium is directed in a reverse direction back through the optical path
emerging from a diverging lens (34) in a slightly convergent condition. Then, this slightly
convergent reflected beam is diverted downstream with a respect to said diverging lens and
impinges a light sensitive transducer (60) which produces an output signal varying in
correspondence w1fh the focus condition of said writing beam at the surface of the recordmg
(> medium. :
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