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(54) Test system for optical disks

(57) The test systém comprises a motor 2--
for rotating an optical disk 1 at constant
speed; an encoder 21 for generating a pulse

output corresponding to an angle of rotation. -~ y
of the motor spindle; a measuring head 3 |
containing a detector 37 for optically 2~

*%

31 driven by focus and tracking servo

mechanisms for causing a laser beam to . 21/
follow the guide groove of the disk; a feed :
mechanism for moving the measuring. head

radially of the disk; a controller 5 for

controlling the motor, servo mechanisms,

and feed mechanism; an A/D converter 6 for

converting an output signal from the

lens displacement at a timing according to
the pulsetoutput of the encoder; and a -
computer 7 for commanding the controller -

and comauting the output of the AD
converter to determine the shape of the

optical disk, whereby displacement of the

focusing lens.is directly controlled by the - -
optical detector . The optical displacement
detector may comptrise an apertured plate
{871, Fig 3 not shown) attached to the ,
focusing lers and interposed betweena. -
light source {373) and a quadrant
photo-detector (374).
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TEST SYSTEM FOR OPTICAL DISKS

The preéent invention relates to an optical.disk

‘test system for measuring the mechanical characteristics

of opﬁical disks.

Generally sp:earkirn:g, the mechanical
characteristicé of ah optical disk concern its shape such
as axial runout or ccncentricity and are associated with
how effective focusing and tracking servos are. As to the
focus servo, the thickness of a substrate is important in

relation to aberration, and the axial runout and its high

frequency component (i.e., acceleration) is important from

the aspect of controllability. As the tracking servo. on
the other hand, not only the tilt and the concentricity
but also radial acceleration (i.e.,. circularity) are

important factors.

~The present invention has an object to realize with
a simplified construction an optical disk test systen

which cén eliminatévthe drawbacks of the system of the

o

: At A
. S2.0W,

prior art described with reference o

b IR e
2 -gu*_"

(1

detect'the displaceménts*of the focusing lens accurately
in the focuéing and tracking directions and measure the
mechanical'characteristics of an optical disk accurately.
Acdnﬁing to the present invention, <there :is
pro?ided a test system,for optical disks, comprising: a
spihdle motor for holding and rotating an optical disk at’
a constant speed; an encoder for generating a pulse output

corresponding to the angle of rotation of said spindle
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motcr; a measuring head, including focus servo and

tracking servo mechanisms for causing the focal point of
a laser beam irradiating said optical disk to follow the
guide groove of said optical disk, and a displacement
detector for optically detecting the displacement of a
focusing lens driven by said servo mechanisms, said
measuring head being operative to generate an output
signal proportional to the displacement of said focusing
lens; a feed mechanism for moving said measuring head in
the radial direction of said optical disk; a controller
for controlling the operations of said spindie motor, the
focus servo and tracking servo mechanisms of said
measuring head, and said feed mechanism; an analog/digital
converter for analog-to~digital converting the output of

said measuring head at a timing according to the pulse

[¢]]

Y s < N
oulzut ci sal

enccder; and a2 computer for commanding said

s

controlling and for computing the output of said
analog/digital converter to determine the shape of said
or*tical dis¥, Accordinglyv, +the Aisplacement of the
focusing lens of said measuring head are directly detected
by means of said displacement detector of the optical

type.

3

- X . .
n order thatz The 1

'wwention may be clearly

.

understood and readily carried into effect, test systems
in accordance therewith will now be described, by way of

exanmple, in relation to a prior art system and with

reference to the accompanying drawings, in which:
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Figure 1 is a diagram showing one example of an

optical disk test SYStem according to the prior art;

s a diagram showing one embediment of an

Figure 2
optical disk test system according to thé present

5 invention; ‘

-Figure 3 is a diagram showing one embodiment of a
displacement detector to be used in the optical diékhtest

- system of Figure 2;

'Figure 4 is a diagram showing the incident state of

10 a beam spot on a multi-divided sensor of the system of
Figure 3;

Eﬁgure 5 is a diagram showing the structure of
another embodiment of the displacement detector shown in
Figﬁre S;

15 Figures 6(a), Gfb), and 6(c) are diagrams showing
therchanges:in the amount of incident light on a multi-
:divided sens¢r of thé systenm of Figuré 5;

Figure 7 is a diagfam,shoﬁing the structure of one
embodiment of an axnial runout and concentricity measuring

20 'systen;

| Fignéva ié.é'diégram showing a principle for
measuring tilt;

Figures 9 and 10 are explanatory diagrams showin
the géoﬁeéric,shape,of an optical disk for explaining the

25 qperation.qf computing the tilt in fhé system of Figﬁre 8;

Figure 11 is'a diagram showing the structure of one

embodiment of a correction method of correcting a vertical
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axis error of a spindle motor;

Figures 12(a), 12(b), 12(c) are graphs for
exnlaining %he operations o©f the correction methond of
Figure 11;

Figure 13 is a diagram showing the structure of
another embodiment of the method of correcting the
vertical axis error;

Figure 14 is a diagram showing the structure of one
embodiment of a principle for measuring a substrate
thickness;

Figures 15 to 18 are explanatory diagrams showing
measuring operations of the system of Figure 14;

Figure 19 is a diagram showing one embodiment of a
protecting mechanism for protecting a feed mechanism
during a calibrating operation; and

Figure 20 is a diagram showing tne structure of one
embodiment of a limiter mechanism of a slide portion of
the feed mechanism.
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optical disk test system according to the prior art.

In Fiéure 1 reference numeral 1 denotes an optical
disk; numera. 2 a spindle motor optical disk 1 on which
the optical disk is clamped and rctated at a ccnstant

speed; and numeral 3 a measuring head including focus

servo and tracking servo mechanisms for causing the focal

th

point 0f a laser beam irradiating the optical disk 1 to

follow the guide groove of the disk 1, and a displacement
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detector for'optically detecting the displacement of a
focusing lens 31 drivénrby those servo mechanisms. The

measuring head 3 generates an output signal proportional

to the displacement of the focusing 1lens 31. Numeral 4

indicates a feed mechanism for moving the measuring head 3.
in the radial direction of the optical disk 1. The

optical disk test syétem basically has a function similar

to that of a reproducing system, and the focusing lens 31

is subjected to the servo control in a focusing direction

F and in a tracking direction T so that the position (in:
the reproducing state} of the guide groove of the optical

disk 1 may be irradiated with the laser bean. 1f,

therefore, ‘the displacements in the two directions Fand T
of the focusing lens 31 at this time are detected it is

possible to measure the magnitudes of the axial runout and

t

cencentricity cf the optical disk 1. Noting the

displacement in the focusing direction, for example, it is

possible to measure the axial runout, the runout
acceleraticn, the +il%t znd the csubstrzte thickness,

Noting thé di3placement in fhe tracking direction,
moreover, i% is possible to measure the concentricity and
radial'acceleration (i.e., roundness). "For detecting
those displacements of'therfocusing lens 31, on the other
hand, thé'drive current of a lens actuator for displacing

therfocusingrlens 31 is utilized, or a differential

transformer or a capacity type displacement sensor is

used. In case, howéver, the displacement of the focusing
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lens 31 is detected by making use of the drive current as
above, the detection is affected by the fregquency
characteristics, hvsterisis and frictional force of the
lens actuator so that the displacement of the focusing
lens 31 cannot be accurately detected. Since the
differential transformer or the capacity type displacement
sensor is a detector detecting a one-dimensional
displacement, on the other hand, two independent detectors
nave 1o be used for detecting the displacements of the
focusing lens 31 in the focusing direction F and in the
tracking direction T. Since, moreover, interference
occurs between the servo mechanism for the focusing and
tracking directions F and T, the outputs of the individual
detectors have to be corrected so as to eliminate those
influences.

Figure 2 is a diagram showing the structure of one

embodiment of the optical disk test system according to

the present Invention. In Figure 2, the components
similar t2 %“hose ¢f Figure 1 are denoted by common
reference numerals. Numeral 21 denotes an encoder for

generatimg‘a pulse output according to the angle of
rotation of the spindle mo*or 2. The measuring head 8 is
composed of the focusing lens 21, a laser beam source 32,
a lens actuator 33, a beam splitter 34, a A /4 plate 35, a
light receiving element 36 and a displacement detector .37.

In this measuring head 3, the focal state on the optical

disk 1 is detected by the light receiving element 36 to
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generate feedback signéls for the focusing and tracking
servo mechanisms, and the displacement of the focusing
lens 31 is detected byrthe displacement detector737 to
generate an oufput signal proportional to the displacement
Qf the focusing lensrai. The displécement detector 37 isl
one éf'the optical type for converting the displacement of
the focuéing lens 31 into changes in an amount of,lighf.

Numeral 5 denotes»a'controller for driving the lens

actuator 33 in accordance with the output of the light

receivihg element 36 to operate the focus servo mechgnism
and fhe tracking servo mechanism and controls the
operations of the spihdle motor 2 aﬁd the feed mechanism
4.' Numeralrs denétes én'analog/digital converter (which
will be abbreviatedrto "A/D converter") for analog-to-

digital converting the output signal of the measuring head.

3 at a timing according to the pulse output of the

encoder 21. Numeral 7 denotes a computer for commanding
the controller 5 and for computing the output of the A/D
converter 6 to determine the shape of the optical disk 1.

In the optical disk test system thus constructed, the

operation sequences of the individual portions are

selected in response to the commands of the computer 7,
and;a variétyrof‘mechanical characteristiﬁs of the
optical disk 1 such asithe axial runout or concentricity
are measured on the'basis of those commands.

Figure 3 is a diagrém showihg the structure qf one

embodiment of the displacement detector to be used in the
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optical disk test system of the present invention. In
Figure 3, the parts similar to those of Figure 2 are
dencted by the commen numerals. Numeral 371 denctes a
shielding plate having a rectangular aperture 372 and
fixed on the focusing lens 31. Numeral 373 denotes a
light source for irradiating the shielding plate 371 with
a parallel beam having a spot diameter 1larger than the
moving range of the aperture 372. Numeral 374 denotes a
multi-divided sensor made receptive of a beam spot 375
having passed through the aperture 372 of the shielding
plate 371 for locating the position thereof. The sensor
374 is exemplified by a four-divided sensor. On the other
hand, the shielding plate 371 is arranged in a plane
containing the two displacing directions F and T of the
focusing lens 31 and is displaced two-dimensionally with
the displacement of the forcusing lens 31.

As a result, if the focusing lens 31 is displaced in
the focusing direction F and the tracking direction T by
the servo mechanisms, the shielding plate 371 is also
displaced in the directions F and T so that the position
of incidenée of the beam spot 375 on the multi-divided
sensor 374 is accordingly shifted.

Here, this multil (or four)-divided sensor 374 Iis
formed with four light receiving faces or gquadrants (a to
d) for generating output signals Sa to Sd proportional to
the amount of light of the beam incident upon the

individual guadrants. As a result, if the beam spot 375
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chaﬁges its inéidence‘position in accordance with the
diéplacément éf thershielding plate 371, the magnitudes of
(or the balance amohé) those four output signals Sa to Sd
will change. Thus., by arithmétically processing these

output signals Sa to Sd, the displacements of the

- shielding plate 371, i.e., the focusing lens 31 in the two

directions F and T éan'be simultaneously determined.

Specifically, the displacement Vf of the focusing
lens 31 in the focusing direction‘F is expressed by the
followihg equation:

VE = Sa + éb - Sc - s4.

Likewise, the displacement Vt in the tracking direction T
is expressedrby the following equation:

Vt.= Sa - Sb - Sc +-8d4.

Figufe 4 shows an examplé of the incident state of
the beam'spét 375 on the multi-divided sensor 374. Since
the beam spot 375 inéidént upon the multi-divided sensor
374 isrretangular, asrshown, the amounts (or areas) of
light of <the beamrspot 375 incident upon the light
receiving faces a to 4 of the individual guadrants are .
proportionai to the diéélacement of the shielding plate
371 so'that‘a higﬁ ligéarity can be attained.
Incidentally, the reason whay the beam spot 375 (or the
apperhné"372)>is made rectangular is to provide
sensitivity in therdisplacement directions F and T. If
fhe'éideé perpendicuiarrﬁo the direction T are made the

longer, the sensitivity to the displacement in the
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direction T can be enhanced. This means that the
sensitivities in the directions F and T can be egqualised
if the shave of the beam spot 375 (or the averture 372) is
made sqguare.

Thus, if the shielding plate 371 is fixed on the
focusing lens 31 so that its motions may be detected by
the multi-divided sensor 374, the two-directional
displacements of the focusing lens 31 can be converted as
they are into the two-dimensional motions of the shielding
plate 371 so that the displacements of the focusing lens
3., i.e., the concentricity and axial runout of the
optical disk 1 can be accurately measured by the single
detector (e.g., the multi-divided sensor 374). Since,
moreover the displacements in the focusing direction F and
the tracking direction T are simultaneously measured, the
influences due to the interferences between the two servo
mechanisms can be eliminated.

Incidentally, in the foregoing description. the
individual sides o0of the aperture 372 of the shielding
plate 371 and the dividing axes of the light receiving
faces a to a of the multi-divided sensor 374 are oriented
in parallel with the directions of displacement F and T of
the focusing lens 31 (or the shielding plate 371), as best
desired. In case these relations are broken due to the
mounting errors of the individual elements so that errors
occur in the measurements, the errors are corrected in an

arithmetic circuit.
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. Figure 5 1is a-diééram showing anotherrembodiment of
the displécement detector shown in Figure 3. The shown
svstem realizes fhé"displacement detector which detects
the total sum of thé output,signéls boming from the
individual light receiving faces of the multi-divided-
sensor and controls the emission of the light source so
that the total sum may;alwaYS be constant, to compensate
the reduction in the linearity due to the intensity

distribution of the light without any span change due 10

aging. In Figure 5: refereﬁce numeral 3731 denotes a

light source driver for driving the light source -373;
numeral'376 photpeleétric converters for converting the
amounts ofrlight,ofrﬁhé individual light receiving faces
of the multi-divided sensor 374 into the electric signals
Sa =and Sb{ numefal 377 a'meaéurer for processing the

output signals Sa and Sb of the photoelectric converters

376 to Jgenerate an'output Sp corresponding to the

displacement of the shielding pléte 371; numeral 378 an
adder for determining the total sum of the output signals
Sa and Sb; and numeral 379 a differential amplifier for

comparing tﬁe output Ss of the adder 378 with a constant

threshold level Vs to feed back a differential signal Sf

to the light éoﬁréerdriver 3731. Incidentally, for
simp;icityrof discussion, fhe shielding élate 371 is made
movablg only in the direction of one axis, and the multi-
divided sehsor 374 is a two—divided one.

In the displacement detector thus constructed, as
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has been described above, the balance in the amount of

incident light on the multi-divided sensor 374 will change

1N

LET- T - iat Al T4 - 27 3 - - H e
if the shlelding plate 37! disglaces in zccordance with

f
[\
(§]
[
w

the displacement of the focusing lens 31. This makes a
difference between the output signals Sa and Sb of the two
photoelectric converters 376. Since this difference
between the output signal Sa and Sb is proportional to the
displacement of the shielding plate 371, the output Sp

obtained from the measurer 377 is proportional to thne

()

displacement of the shielding plate 371, i.e., the
focusing lens 31. On the other hand, the adder 378 and
the differential amplifier 379 constitute together a
feedback circuit for detecting the total sum of the output
signals Sa and Sb of the respective light receiving faces
of the multi-divided sensor 374 to control the emission of
light of the light source 373 such that the tectal sum may
always take a constant value. As a result, in case the
light emitted from the light source 373 has an intensity
distribution so that the amount of licht incident upon the
multi-divided sensor 374 changes in accordance with the
displacemen% 0f the shielding plate 371, the emission of
*he light source 373 is sc controlied that the amount of
incident li1ight may be constant.

Here, the actions of the feedback circuit will be
described in the following. Figures 6(a), 6{(b), 6(c) are
dizgrams showing the changes in the amount of incident

light in the multi-divicded sensor 374. First of all, if
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the 1nten51ty dlstrlbutlon P of llght is even in the

direction of movement x of the shielding plate 371 as

- shown in Fi gure 6(a), +he amounts of incident light upon

the respective'light receiving faces are proportional to
areas SI and S2, if these areas S1 and Ss2 are thoserof!
bean spots incident upon the respectlve light receiving
faces of the multi%divided sensor 374, so that the output
signal Sp,dbtained from the measurer 377 is proportional
to the disélaeement of the shieiding plate 371.
In'ease,'however, the intensity distribution P 1is
not even,ras shown in Figﬁre 6(b), the outputs (Sa, Sb) of

the multi-divided sensor 374 are proportional to the area

- below the curve P so that their difference is not

propbrtionalrto the displacement, even if the shielding
plate'371 iS'disﬁlaced; to have a non-linear error
according to an area S3. |

| If, the}efo:e, the feedback is made so that the
total sum Ss of the ouﬁput signals Sa and Sb coming from
the respective light receiving faces of the multi-divided

sensor 374 takes a constant value, the intensity P

changes, as shown in Figure 6(c), to reduce the area S3.

Ae a result, the output Sp of thermeasurer 377 approaches
a value proportional to therdisplacement cf-thenshielding
plate7371 so that it is highly linear irrespective of the
intensity distfibution ef,the light. |

It the 1nteﬂ31ty dlstrlbutlon P can be approximated

by the following equatlon, for examnle, its linearity can
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be improved at a ratio of about 43%:

P = - 0.1 82+ 1.

If this feedback is made, morecver, *he amount of
emission can be maintained constant so that no measurement
span will change, even in case the emission efficiency
drops due to the aging of the light source 373.

The individual measurement items will be described
in the following in connection with their principle and
operations.

The axial runout 1is measured in terms of the
displacement of the focusing lens 31 in the focusing
direction and is differentiated twice or subjected to a
Fourier transformation and is expanded on the freguency
axis to determine the axial acceleration. On the other
hand, the tilt is calculated from the axial runouts at the
four points arcund the measurement point.

The concentricity is the difference between the
center of the guide groove of the optical disk 1 and the
center of rotation of the spindle motor 2 and is measured
in terms of the displacement of the focusing lens 31 in
the track&ng direction. The concentricity 1is
differentiated twice or subjected to a Fourier
transformation and expanded on the freguency axis to
determine its radial acceleration. On the other hand,
the circularity is determined in terms of difference
between *the inscribed and circumscribed circles of the

measured concentricity values.
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Figure 7 is a diagram showing the structure of one

embodiment of the measuring system for measuring the axial

‘»unout and concentricity. In the shown system, the guide

groove of the_optiCal disk 1 is subjected to the focusing
and tracking servos to measure the‘axial.runout,and-
éoncentriéity, Then, ﬁhermeasﬁrements aré condu&ted with
the optical disk 1 being rotated at a speed lower than
the fated'séeed; At the same time, the output of the A/D
converter 6 is tempofarily stored in aczcordance with the

pulse signai of a fregquency proportibnal to the rotating

speed so that the data are read out, if their analog

signal proéeséing,is réquired,rin accordance with the
pﬁlse signal of the freguency proportional to the rated
rbtating'speed gnfil théy are subjected to thé digital-to-
analég,éonvérsion (which will be abbreviated to therD/A'
conyersion)} , 7

Thus, if the optical disk 1 is rotated at the low

speed, the ordinary servo mechanisms are enabled to

follow, even in case the characteristics (e.g., the runout

acceleration) of the optical disk 1 are too bad for the

servo mechénisms_to foilow, =Ye} thatrthe characteristics
can be7méésured. Incidentally, in case the number of
zbtaﬂonsris iow, the Qutput of the encoder 2! Is
prdpbrtional'to the éngle of rotation of the optical disk
1.. Since the correspondence between the output (at the
nmasuremeﬁt point) of the encoder 21 and the measured

output is unbhangéd;rthe arithmetic processing of the
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measured data by the computer 7 is not troubled.
In Figure 7, reference numeral 22 denotes a

~hangeover switch for changing over the rotating speed of

0]

the spindle motor 2; numeral 81 a shift register; numeral
82 an oscillator for generating a pulse signal having a
frequency proportional to the rated rotating speed:
numeral 83 a second change-over switch; numeral 84 a
correcting arithmetic block; numeral 85 a digital-to-
anaiog converter (which will be abbreviated to the D,/ A
converter); and numeral 86 an analog meter such as a
spectrum analyzer.

First of all, in a measurement state, the output
signal of the A/D converter 6 having been A/D converted at
a timing according to the pulse output of the encoder 21
is inputted to the computer 7 and read in the shift
register 8.1 in response to the clock of the pulse output
of the encoder 21. Here, in case the measurement signal
corresponding to the axial runout is to be analogly
processed, the data stored in the shift register 81 are
read out in response to the clock of the output pulse
signal of the oscillator 82 and inputted to the correcting
arithmetic block 84, This correcting arithmetic block é4

correc*s the

'

ositional error of the measuring head 3 in
the axial direction, the tilt error of the optical disk
mounting head and deformation coming from the rotations of
the optical disk 1. If, therefore, these corrected

outputs are fed to the analog meter 86 after they have
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been subjected to the D/A conversion, it is possible to
obtain fhe measurement signal havingrthe same time axis as
that when tﬁe optical disk 1 is rotated at the rated speed
so thaf analog frequency analysis can be performed.

Figure 8 is é diagrém showing the principle of
measuriqg the tilt. InvFiéure 8, reférence numeral 711
denotes a memory for storing a measurement signal VD
cofrespoﬁdihg to the axial runout § ., which is obtained by

the measuring head 3 (i.e., the displacement detector 37;j.

"as well as the information of the measurement point, which

concerns the angle of rotation # determined from the

output pulse of the encoder 21 and the distance of the

measuring head Brfrom the centerrof rotation 0 of the
optical'disk 1. Numerai 712 denotes tilt computing means
for computing the runout; i.e., the tilt of the optical
disk 1 by using the measured informationd’, ¢ and r stored
in the memory 711. Incidentally, these functions are
iﬁclusi?e in the computer 7.

Figuresrg and 107are explanatory diagrams showing
the geometric,shape of the optical disk 1 for explaining
the/operations of the arithmetic means 712. On the
optical disk 1, thére is imagined as located in a lattice
a point P (ri, ej), of which the ordinates r;, ty, - - -
r. 1} r énd rj,q are assigned in the radial direction
whereas the ordinates 61,722, - - -, ej—l' ej and ej+1 are .
assignéd in the direction of rotation,

In a manner to correspond to the lattice located
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point P(r:, o4), the axial runoutcp (r;, 85;) is measured

<4
o -

in accordance with the rotations of the optical disk 1

and the naovement oI the measuring head $ and is sent o

the memory 711. Next, the tilt € at each point P (r;,

5 0;) is determined by the tilt computing means 712. The
o

tilt ® is decomposed in the radial direction ey and in the

direction of the angle of rotation e, and determined by

the following equations:

Ti+1, 9P 3) — 8 (ri-t, 3
Ga(-‘., ¢;)=6( ) ( ) )

r - r
i+ -1
10

]
]
joN

5 (I‘g,{f) j+l) - 5 (ri7¢ J—l) (2)
Fi(8 yei— 8 o)

60(‘-xy¢ J‘)

Moreover, the absolute value [el is determined by the

15 following ecuation

’ 6 (-, )| = A 8,0 )+ 8 ,°(ri,0 ) @)

Incidentally, the tilt can be determined not by

using the runout d’ (r:

:, ©:) directly but making an

N

20 ecuation of a curved surface which can sult the best

pcints around the point P (r.

i

, ej), sc as to reduce

Now, in case the axial runout or the like is to be

measurec as above, 1t is necessary to correct the vertical

25 axis errcr of the spindle moter 2 holding the optical disk
1.

Figure 11 is a diagram showing the structure of one
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embodiment of the correction method of_correcting the
ve:titaliaxis error of the spindle motor 2. In Figure 11l:
reference numeral 91 denotes a staticizer for expressing
the pulse signal, which is outputtedrfrom the encoder 21,
iﬁra spacially determined state; numeral 92 an error
eraser for outputting a signal corresponding to the
vertical axis error of the optical disk 1 in accordance
with thé’angle §f rotation @ of the optical disk 1 stored
by the staticizer 91, and numerali 93 a differential

ampiifier for determining a difference between the output-

- V1 of the measuring head 3 and the output V2 of the error

eraser 92.

Figures 12(a), 12(b), 12(c) are graphs for

_explaining the operations of the system of Figure 11. The

axial runout errorcpe (6) due to the vertical axis error

€ is given by the following eguation (4):

5 () =rp6 s1on(é + ¢ ) O

Here: o designates the angle of rotation (degs) of the

roptical,disk'l; r designates the gap from the measuring

head 3 to the center of rotation;j’ des;gnates a
numerical véiue haQing a valu 57.2967(degs/rad\'for
converting the degréé véiue into a radial value; and 3
designates the phase angle inrthe difference between the
start position of the encddef 21 and the angle of the

vertical axis.
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Next, the axial runout(5>D(q) of the optical disk 1
is expressed with a Fourier coefficient by using the angle

referring to the first mounting state:

S .sn 1(¢ + ¢ ) )

=1

™8

§ o(9) =

[=)

Then, the output V1 of the measuring head 3 is given by
the following equation with the signal shown in Figure
12(a):
Vi(e ) =38 o050 )™ 3 c(9) {6
10
As a result, the output of the signal shown in Figure
12(b) to be given by the following equation is outputted

from the error eraser 92:

R 8 . oy )
o

Vi(e ) =6 (9 )=
15

If the difference hetween the signals of the
egquations (6) and (7) is made by the differential
amplifier 93, it is possible to determine the axial runout

ptical disk 1 to be determined, as shown in

|9
[\Y
o
Hh
t
VY
1Y
O

20 Figure 12(c). Incidentally, the vertical axis error 8
indispensabie for the error eraser 92 and the direction
eg on the turntable are measured by using the reference
disk having a rotating face of excellent flatness.

Figure 13 is a diagram showing the structure of

25 another embodiment for the method of correcting the
vertical axis error. As shown, the output of the error

eraser 92 is connected with the focal position adjustor
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(i.e., the lens'actuator 33) built in the measuring head
3.

Since *he signal correspending to the vertical axis

erroré?:(a)'is introduced into the focal position

adjustor, thé outpdt of the méasuring head 3 is freed from
the influence of the verticalfaxis error.

In éaserthe whole surface of the optical disk 1 is
scanned, on the other hang, tbe vertical axis -error
¢9§? (@) may be determined at a specified distance R, and
the signal corresponding to the vertical axis error
&Ef(e).%ﬁR) in proportion to the distance rrof the
measuring ﬁead 3‘may be outputted from the error eraser
92. | 7

The'substrafé thickness is measured from the
difference'in the displacement outputs when the surface
and backrii.e.,,reCOrding face) of the optical disk 1 ére
'sequehfially_sﬁbjected to the focusing servo. Here, a

focus error detecting system for the surface is added to

i
it

18

the opticail svyste

h

F=4 % = m e ¥ e e = v -~ S
n- cf the focusing ssrvo so tnel

measurements may be reliable within the moving range of +

.

1 mm of the focusing lens 31.

Figure 14 is a diagram showing the structure of one

~ empodiment 0f the measuring principle for the substrate

thickness. In Figure 14: reference numeral 341 denotes 2

half-mirror: numeral 361 a first focal state detector

composed of the aforementioned light receiving element 26

or the like; numeral 362 a second focal state detector;
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and numeral 363 a change-over switch for feeding the
outputs of the first and second focal state detectors 361
and 362 selectivelv to the controller 5 (i.e., the servo
amplifier). The first focal state detector 361 is
constructed to have a zero output when the recording face
of the optical disk 1 is focused. On the other hand. the
second focal state detector 362 is constructed to have a
sensitivity only to the reflected beam coming from the
transparent surface of the disk, if the optical disxk Ig
used has known reflectively ngy and thickness tg, and is
focused on its recording face, and to have a zero output.
As a result, the sensitivity characteristics of the first
and second focal state detectors 361 and 362 at this time
are plotted in Figure 16. In the focal position Pl in
which the recording face is focused, more specifically,

both “he first and second focal state detectors 361 and

e}

362 are zero so that the focus error is generated around
that focal position Pi.

7 2 - -
Now., In he =

T -
[ ORI

n)

2 “2 thickness measuring sveten
thus constructecd, the measuring operations are as follows,
if the optiéal disk 1 measured has a reflectivity n and a
thickness t. First of all, the change-over switch 363 is
cemnected with the first focal state detector 361, and the
recording face of the optical disk 1 is focused, as shown
in Figure 17, by making use of the output of the first

focal state detector 3€1. In case, at this time, the

reflectivity n and thickness t of the optical disk 1 are
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different fromrrthe reflectivity ny and thickness ty of the
aforementioned optical disk 15, the output of the second
focal state detector 362 is not zero even if the output
(ife{,thevfocusrerrof)of thé first focal state detector
Séi,is zero. This béhavior is shown in Figure 18. 1In
Figures 17 and 18, fhé'poinf'Pl presehts a point in which
fhe recording'filﬁ is focused.

Nékt, the change-over switch 363 is changed to the

“second focal state detector 362 so that the position of

the focusing lens 31 ié,displaced~to reduce the output of
the second focal state detector 362 to zero. The position
(i.e.,:the,focal'positidn) in which the second focal
state detector 362 takes the zero output is designated at
P2. |

'If the displacement of the focusing lens 31 at this

time is designated at x, the thickness t of the optical

disk 1 is determined from the following eguation.

t = (te/ne+ x) n==ton/0¢+x *n

Here,'fdr n = ng and t =‘t0, the displacement x at this
fimé ié far sméllef than the thickness t of the optical
disk 1 so that the thickness t of the optical disk 1 can
be measured by the focusing lens 31 having a small stroke
and the diéplacemeht detector 37. Since the necessary
sfrokeris_small, moréqver, the actuator of the focusing
lens 31 and the displacement detector 37 can be used in

the vicinity of the neutral point in which the



O

15

20

25

24

controllability is the best.

Thus, in the optical disk test system of the present
invention, the displacement of the focusing lens 31 of the
measuring head 3 is directly detected by the displacement
detector 37 of optical type. As a result, the simple
structure can realize the optical disk test system which
can detect the displacements of the focusing lens 31
accurately in the focusing and tracking directions thereby
to measure the mechanical characteristics of the optical
disk accurately.

Next, a protecting system of the optical disk test
system of the present invention will be described in the
following.

Figure 19 is a diagram showing one embodiment of the
protecting mechanism for preventing a calibrating member
from being broken by errors of the feed mechanism or the
like when the displacement detector 37 1is to be
n Figure 19, reference numeral 10 denotes a
czlibrating member which is set on the feed mechanism 4
for calibrating the displacement detector 37. This
calibrating member 10 has a disk member to be positioned
on the measuring head 3, for example, for calibrating
the displacement detector 37 by moving up and down the
disk member in a suitable manner and by measuring the
displacement of the disk member at this time with a scale.
Numeral 41 denotes a drive motor of the feed mechanism.4;

numeral 42 adrive circuit for driving the drive motor 41
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in response to the command of the controller 5 or the

like; numeral 43 a detector having a micro-switch or a

:brox4m1ty switch for detect1ng that the calibrating member

10 is set on the feed mechanlsm and numeral 44 a sw1tch
inserted into a portion of the drive circuit 42 for

interrupting the drive circuit 42 in response to the

‘detected output of the detector 43. The switch 44 can

make use of the contact output of the detector 43.

Moreover, the pcsition of insertion of the switch
44 should not be llmlted to the input side of the drive
circuit 42 but may be located at the power line of the
drive motor 41.

In the protectiﬁg mechanism thus constructed, the
sﬁitch'44 is always off so that the drive circuit 42 is
interru@tea, with the calibrating member 10 being set on
the feedrmechaniém 4. Even in case the drive command of
the feedrmecﬁaniSmris generated by causes such as the
defects or errors of the system, the drive (power) signal
is notrapplied to the dri&e motor 41 sc that the errors of
the feed mechanism'4i:can.be'prevented. As a result, the
calibratingrmembér 10 can be prevented from impinging upon

the spindle'motor 2 or the like due to errors of the feed

" mechanism so tha*t it can be protected without fail.

‘Figure 20 is a diagram shbwing one embodiment of a

limiter mechanism for limiting the moving range of the

slide of the feedlﬁechanisn14 so that the measuring head 3

or the like carried on the feed mechanism 4 may be
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prevented from impinging upon the spindle motor 2
therearound and from being broken. In Figure 18,
reference numeral 45 denotes a stationary portion, and
numeral 46 denotes a slide portion. The measuring head 3
or the like is carried on the slide portion 46 so that the
irradiating (or measuring) position of the laser beam is
moved in the radial direction of the optical disk 1 as the
slide portion 46 slides. Moreover, numerals 47 and 48
denote detectors macde of micrc-switches or proximity
switches for detecting the passage of the end 461 of the
slide portion 46.

In the limiter mechanism thus constructed, the
moving velocity of the slide portion 46 is decelerated in
accordance with the output of the detector 47 to halt the
slide portion 46. This makes it possible to accelerate
the moving velocity of the slide portion 46 until the
limit position is reached and to halt the slide portion
reliably with little overshcot. As a result, the
measuring head 3 carried on the slide portion 46 can be
reliably protected against any damage.

As has been described hereinbefore, the optical disk
test system according to the present invention comprises:
z spindle motor for holding and rotating an optical disk
at a constant speed; an encoder for generating a pulse
output corresponding to the angle of rotation of the
spindle motor: a measuring head, including focus servo and

tracking servo mechanisms for causing the focal pointof a
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laser beam irradiating the optical disk to follow the
guide groove of the optical disk, and a displacement
detector for'opticélly detecting the displacement of a

focusing lens driven by the servo mechanisms, the

- measuring head being operative to generate an output

signal proportional to the displacement of the focusing
lens: a feed mechanism for moving tne measuring head in
the radial direction of the optical disk: a controller for

contfolling the operations of the spindle motor, the'fécus

servo and. tracking servo mechanisms of the measuring head

" and the feed mechanism; an analog/digital converter for

analog-to-digital coﬁverting the output of the measuring
head at a timing according to the pulse output of the
encoder; and a computer for commanding the controller and

for computing the output of the analog/digital converter

to determine the shape of the optical disk. As a result,

it is possible withrthe simple structure to realize the
opﬂcai disk test system which can detect the
displacements of the focusing lens accurately in the
focu51ng and tracking directions thereby to measure the

mecnan;cal cnaracter’stlcs of the optical disk accurately
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CLAIMS:
1. A test system for optical disks, comprising:

a2 spindle motor for holding and rotating an optical
disk at a constant speed;

an encoder for generating a pulse output
corresponding to the angle of rotation of said spindle
motor;

a measuring head, including focus servo and tracking
servo mechanisms for causing the focal point of a laser
beam irradiating said optical disk to follow the guide
groove of said optical disk, and a displacement detector
for optically detecting the displacement of a focusing
lens driven by said servo mechanisms, said measuring head
being operative to generate an output signal proportional
to the displacement of said focusing lens;

a feed mechanism for moving said measuring head in
the radial direction of said optical disk;

a controller fcr controlling the operations of said
spindle motor, the focus servo and tracking servo
mechanisms o0f said measuring heads, and said feed
mechanism:

an analog/digital converter for analog-to-digital
converting the output of said measuring head at a timing
according to the pulse output of said encoder; and

a computer for commanding said controller and for
computing the output of said analog/digital converter to

determine the shape of said optical disk.
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2. An optical disk'fest system according to Claim 1,
whefein.saidrmeasufimg head includes; a shielding plate
having a rectangular,a?ertﬁrerand arranged in a plane
contahﬁmg,focusing'and tracking directions of said
focuéimg_lene while being fixed relative to said focusing
lene:'a,light source for irmadiating seid shielding plate

with a parallel beam having a spot diameter larger than

~the range of movement of sald aperture; and a multi-

. divided sensor for detecting the light having passed

through the aperture of said shielding plate, and wherein
said displecement detector detects the displacement of
said focusing lens by making use of the output signals of
said multi- lelded sensor.

3. An- opt1cal disk test system accordlng to Claim 2,

wherein said displacement deteCtor has a feedback circuit
for detecting the total sum of the outputrsignals of seid
1mﬂxi—dhﬁded sensors coming from respective 1light
receiving faces to control the amount of emission of said
light source'such thet said total sum may always take a
constant valiue.

4, B An op%icel disk.test system according to Claim 1,
wherein eaid controller includes means for rotating said
spindle motor at a speed lower than a rated speed of
rotation. |

5. Am optieal'disk test system according to Claim 1
whereinrseid computer includes a memory for storing the

oufput signal of said measuring head corresponding to the
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axial runout of said optical disk 1 together with data of
the point of measurement so that a tilt may be computed
from the axial runout of said optical disk.

6. An optical disk test system according to Claim 1,
wherein said controller includes an error eraser for
generating a signal corresponding to error in the
vertical axis of said spindle motor, which has been
measured in advance by making use of a reference disk, in
accorfarnce wi*th the pulise output of said encoder so that
the output signal of said measuring head may be corrected
in accordance with the output cf said error eraser.

7. An optical disk test system according to Claim 1,
wherein said measuring head includes: a first focal state
detector for detecting whether or not the recording fiim
0f said cptical disk is focused; a second focal state
detector made receptive of the reflected beam shared with
sajd first focal state detector; and a change-over switch
for feeding back the outputs of said first and second
focal state detectors selectively to said controller when
a plate thickness is measured, and wherein said second
focal state detector is made sensitive only to the
reflected beam coming from the surface of the transparent
side of an optical disk having known reflectivity and
thickness to generate a zero output when the recording

face of said known optical disk is focused.



8. A test system for optical disks substantially as
hereinbefore described with reference to Figures 2 to 20

of the accompanying drawings.
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