WD 97/ 37347

PCT/ US97/ 04731 1
CLCOSED LOOP SERVO OPERATI ON FOR FOCUS CC]\IT RC]_ BACKGROUND OF THE
| NVENTI ON 1. Field of the Invention. Thi s i nvention

relates to a Gaphdaserarrangenents for optical disc drives. Mpeeusinnarsi
particularly this invention relates to an_i nproved servo control which -
extends the operating range of a cl ased | oop node of operation of a

focus or tracking Sgj wadd) Bop SERV BPERAMION FORFOLOSCORTROL SC.

2. Description of t I n optical disc drives

wher ei n i nf BAGKGROUND;OFHE |N1V5NHQNaI ity of spiral or 10 concentric
i nformation traq«;:,,eﬁ df3hRE Ientionecor di ng or reproduci ng beam on an

For example | This jnueBian Gips by § SRR araTBRBEAISIGF opioaf sk RFEESIMERE T, |
4,332, 028. Tdsnrtld:ulaldydhmglnventlon relatesotoransimniaved serMe ﬁpmqléﬂfmh extepds theynal

Verr] deriy fi %?BE of Bttﬂ‘ébi#dtlﬁop)ﬁ\oaerﬁb eRitiof of a focud arghickingpservetaiani ng
fromthe optlca an |s gi ven by the equation: 15
[err] Fye°f post lons o adis¢.s 3 constant : X is beam
di spl apement f rmnnmrmtmmfdhamlatedrkﬂzo pis the track pitch.
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18 concentric information tracks, a lock of a recording or reproducing beam on an
information track of interest is commonly maintained by a tracking servo, for example
the servo disclosed in Ceshkovsky et al., U.S. Patent No. 4,332,022. The tracking
servo responds to minimize an error signal V, derived from the intensity of a reflected
light beam returning from the optical disk medium and is given by the equation:
15 ' X
Vp = Asin(Zn;) 1)
where
A is a constant;
x is beam displacement from the track center; and
20 p is the track pitch.

Terashi, U.S. Patent No. 5,177,725, discloses a servo apparatus for expanding
the pull-in range using a velocity detector for detecting the velocity of a driven
element.

25 Kobayashi et al, U.S. Patent No. 4,853,918, proposes an arrangement where

signals from tracking pits offset from each other about the center of a track are
provided to sample-and-hold circuits, and are compared with one another to yield a
sawtooth signal tracking signal having discontinuities midway between tracks.
in Burroughs, U.S. Patent No. 4,779,251 an arrangement is disclosed wherem
30 a circuit generates a ramp waveform that is used to introduce a controlied offset into
a tracking servo. The servo error signal, which is derived from pre-formatted fine
tracking features, is inverted in phase when the read beam is moving between
fracks. The ramp waveform is adjusted according to memorized tracking error
information from previous microjumps between tracks.
35 In focus control applications, the focus servo operates in the negative feedback
region of the focus error "S curve". Conventionally a special sequence is required,
using open loop operation, to place the servo into a negative region which is sur-
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back loop, which includes a plurality of sine function generators to modify the outputs
of the optical pickup, such that the focus error signal, plotted against the position of
the read beam, is transformed from a sinusoidal waveform into a substantially linear
15 ramp. The local feedback loop is independent of the main tracking servo loop,
although it may be designed to share some components.

In addition to the sine function generators, the local feedback loop comprises
two multipliers, a difference summing amplifier, a local loop gain element, a phase
compensator, and a summing circuit to add a phase shift value to one of the two sine

20 function generator inputs.

The invention provides an apparatus for controlling a focused beam of radiant
energy, which includes an optical element for directing the focused beam, an
actuator operative on the optical element for displacing the focal point of the focused
beam in a direction of a predetermined position, and a detector receiving light from

25 the beam. The detector is responsive to a displacement of the focal point of the
beam from the predetermined position. A circuit coupled to the outputs of the
detector produces an error signal representing the displacement of the focal point of
the beam from the predetermined position. A servo is coupled to the actuator and to
the error signal, and the actuator is responsive to the servo to displace the focal point

30 ofthe beam onto the predetermined position.

' According to the invention a local feedback loop circuit is coupled to the outputs
of the detector. The loop includes a first periodic function generator responsive to the
error signal, and a second periadic function generator responsive to the error signal.
The second periodic function generator has an output that differs from an output of

35 the first periodic function generator by a phase angle. The loop includes a first
multiplier for multiplying the first output of the detector by the output of the first
periodic function generator, and a second multiplier for multiplying the second output
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signal to yield a second product signal, and determining a difference between the

first product signal and the second product signal. Preferably the first and second

detection signals, and the first and second periodic signals are substantially sinusoi-

25 dal
BRIEF DESCRIPTION OF THE DRAWING
For a better understanding of these and other objects of the present invention,
reference is made to the detailed description of the invention, by way of example,
which is to be read in conjunction with the following drawings, wherein:

30 Fig. 1 is a schematic diagram of an apparatus in accordance with the invention;
Fig. 2 is a fragmentary view of the surface of a tracked optical recording
medium;
Fig. 3 is a block diagram of a signal recovery subsystem in the apparatus of
Fig. 1; :
35 Fig. 4 is a diagram illustrating further details of the subsystem shown in Fig. 3;

Fig. 5 is a spatial plot of a signal waveform carresponding to tracks on an
optical medium,;
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generating a first g_.eé %‘c signal responsive to the efror signal, and
gener -  Cifcuitry,ghown In Eige ddd peri odi ¢ signal responsive to the error signal,
wher ei n t he Figeotii- 18 are waveforms which produced by the embodiment of Fig. 13;

Fig. 19 is an electrical schematic of an alternate embodiment of the invention;
16  and - '
Fig. 20-.compares the aperating characteristics of the embodiment of Fig. 19
with a conventional focus control system.
DESCRIPTION OF THE PREFERRED EMBODIMENT :
"~ Anoptical system 10 of a disc player for information media such as video discs,
20 magneto-optical discs, audio discs, and computer data discs, collectively referred to
" herein as an "optical disc”, is shown in Fig. 1. The optical system 10 includes a
laser 18, employed for generating a read beam 22 which is used for reading an
encoded signal stored on an optical disc 26, a first lens 28, a diffraction grating 30, a
beam splitting prism 34 and a quarter wave plate 38. The optical system 10 further
25 includes a mirror 42, and an objective lens 54 having an entrance aperture 58. The
beam reaching the optical disc 26 is movable in a radial direction by known beam
displacement means, indicated symbolically by inductor 62. In practice the inductor
50 is controlied by a tracking servo 94.
An enlarged portion of the optical disc 26 is shown in Fig. 2. The optical disc
30 26 includes a plurality of information tracks 66 formed on an information bearing
surface 70. Each information track 66 comprises a succession of light reflective
regions 74 and light non-reflective regions 78. The light reflective regions 74 have
generally planar, highly polished surfaces, such as a thin aluminum layer. The light
non-reflective regions 78 are generally light scattering surfaces and appear as
35 bumps or elevations above the planar surface representing the light reflective regions
74. The read beam 22 has one or more degrees of movement with respect to the



periodic signal differs fromthe first periodic signal by a phase angle.
The error signal 20 is produced by nultiplying the first detection signal
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Fig. 1; are collectively referred to as the read beam 22. The output of the diffraction grating
30 is applied to the beam spilitting prism 34. The axis of the prism 34 is slightly offset
from the path of the read beam 22, the reasons for which are explained more fully in
U.S. Patent Re. 32,709, issued on July 5, 1988, the entire text of which is hereby

15  incorporated by reference.

The transmitted portion of the read beam.22 is applied through the quarter
wave plate 38 which provides a forty-five degree shift in polarization of the light
forming the read beam 22. The read beam 22 next impinges upon the mirror 42

“which redirects the read beam 22 to the objective lens 54. y
20 It is the function of the servo subsystem 94 to direct the point of impingement of
the read beam 22 on the information bearing surface 70 of the optical disc 26 so as
to radially track the information carrying indicia on the surface 70 of the optical disc
26. This is done by driving the inductor 52 to respond to an error signal, so that the
point of impingement of the read beam 22 is directed to a desired position in a radial
25  direction over the surface 70 of the optical disc 26 as indicated by the arrow 86
shown in Fig. 2.

After the read beam 22 is reflected from the mirror 42 as reflected beam 96, it
impinges upon the entrance aperture 58 of the objective lens 54 and is focused to a
spot upon one of the information bearing tracks 66 of the optical disc 26 by the iens

30 54. The objective lens 54 is used to shape the read beam 22 into a spot of light
having a desired size at the point at which the read beam 22 impinges upon the
information bearing surface 70 of the optical disc 26. It is desirable to have the read
beam 22 completely fill the entrance aperture 58 as this results in a high light
intensity at the point of impingement with the disc 26.

35 The optical system 10 thus directs the read beam 22 to the optical disc 26 and
focuses the read beam 22 down to a spot at its point of impingement with the optical
disc 26. In normal playing mode, the focused read beam 22 impinges upon succes-
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refl ect ,(ogt shawnin & gat type of control sngnal generated by the signal recovety subsys-

tem 104 is a differential focus error signal which is provided to a focus servo subsys-
20 tem (not shown). A second type of contral sighal generated by the signal recovery
subsystem 104 is a differential tracking error signal. The differential tracking error
signal is provided to the tracking servo subsystem 94 for driving the inductor 52 to
radially displace the read beam 22.
To receive the reflected beam 98, the signal recovery subsystem 104 includes
25 adiode detector array 108 including a first tracking photodetector 112, a second
tracking photodetector 116 and a concentric ring detector 120 having both an inner -
portion 122 and an outer portion 123. The signal recovery subsystem 104 further
includes a first tracking preamplifier 124, a second tracking preamplifier 128, a first
focus preamplifier 132, a second focus preamplifier 136, a first differential amplifier
30 140 and a second differential amplifier 144. The first and second tracking preamplifi-
ers 124 and 128, together with the first differential amplifier 140, comprise a trackung
signal processing portion 146 of the signal recovery subsystem 104. :
The diode detector array 108 has first, second, third and fourth outputs 148,
152, 156 and 160. The first output 148 is electrically connected to an input 164 of
35 the first tracking preamplifier 124, the second output 152 is electrically connected to
an input 168 of the second tracking preamplifier 128, the third output 156 is electri-
cally connected to an input 172 of the first focus preamplifier 132 and the fourth
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produced by the second tracking photodetector 116 is provided to the second '
tracking preamplifier 128 via the second output 152 of the diode array 108. The
signal praduced by the inner portion 122 of the concentric ring detector 120 is
~ provided to the first focus preamplifier 132 via the third output 156 of the diode array-
20 108 while the signal produced by the outer portion 123 of the concentric ring detector
120 is provided to the second focus preamplifier 136 via the fourth output 160 of the
diode array 108.
The output from the first differential amplifier 140 is a differential tracking error
signal which is applied to the tracking servo system 94 which is described in more
25  detail below. The output from the second differential amplifier 144 is a differential
focus error signal which is applied to a focus servo system (not shown). Although
the invention of the present application is described with reference to the signal
recovery subsystem 104 just described, it can also be used with other signal recov-
ery subsystems known in the art.
30 The function of the tracking servo subsystem 94 is to direct the impingement of
the read beam 22 so that it impacts directly upon the center of the information track
66. The read beam 22 is generally the same width as the information bearing
sequence of indicia which form the information track 66. Maximum signal recovery is
thus achieved when the read beam 22 is caused to travel such that all or most of the
35 beam 22 impinges upon the successively positioned light reflective and light non-
reflective regions 74 and 78 of the information track 66. The tracking servo subsys-
tem 94 is sometimes referred to as the radial tracking servo because the departures
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have t he gg@ahld input 206. PR th I6sBterhuptis Adtldctivdlahe FatRING BridPSighaie 58 as

¢ e il gt ol 208, T apifer S st eha s S
bean®2 tnputi240and ganerates @ trgkingoA signal for thedioduetor 52 at a fivsd oitpat 222 down t o
a spot atanh,tastraéﬂw(ijﬁ B%fi%d \riHE TRftictopsat i Se.ceRl bbifut 214, Toﬂeﬂbﬁ Gheb- 1N
normel PLatling A'aed tracking B Signals control th mdidl dispibeensent of the read beam
VO 97/ 373%kin g Bsig P e ea
PCT/ US97 224 W¥hen the tracking error signal is received at the input 210 of the amplifier 202,
the two tracking signals control the current through the inductor 52 such that the
15  reading beam 22 impinging thereupon is - moved in the radial direction and becomes
centered on the information track illuminated by the read beam 22. The direction
and the amount of movement depends on the polarity and the amplitude of the
tracking error signal.
In certain modes of operation, the tracking servo subsystem 94 is interrupted
20 such that the tracking error signal generated from the signal recovery subsystem 104
is not provided to the amplifier 202. One such mode of operation is a search
operation, when it is desired to have focused read beam 22 radially traverse a
portion of the information bearing portion of the disc 26. In such a mode of opera-
tion, an interrupt signal is provided at the second input 206 of the interrupt switch 200
25 and the tracking servo system 94, causing the switch 200 to prevent the tracking
error signal from being provided at its output 208. In addition, in a jump-back mode
of operation wherein the focused read beam 22 is caused to jump from one track to
an adjacent track, the tracking error signal is not provided to the amplifier 202. In the
jump-back mode the amplifier 202 does not provide tracking A and tracking B
30 signals, as they would tend to unsettie the radial beam deflecting means symbolized
by the inductor 52, and require a longer period of time for the radial tracking servo
subsystem 94 to reacquire proper tracking of the next adjacent information track.
Generally, in a mode of operation where the tracking error signal is removed from the
amplifier 202, a substitute pulse is generated for giving a clean unambiguous signal
35 to the amplifier 202 to displace the read beam 22 to its next assigned location.
A cross-sectional view taken in a radial direction across the optical disc 26 is
shown in line A of Fig. 5, which shows both a plurality of information tracks 66 and a



sively positioned light reflective regions 74 and |light non-reflective

regions 78 representing the information stored on the disc 26. The
reflected light is gathered by the objective lens 54 to create a
reflected portion of the read beam The reflected beam 96 retraces
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i Fepen: | et piokbei BTG b o uul e P swtiiied Pemiserene
ers 124 andbyihe othggtacking phetadeteetor decreases indntensityal Winigh phidtedetédtor-
conprise a fgoailésizomore intense or less intense signal depends on the direction in which the
' read beam 22 strays from the center of the information track 66. The phase differ-
25  ence between the signals provided from the first and second tracking photodetectors
112 and 116 represents the tracking error signal. The tracking servo subsystem 94
receives signals from the first and second tracking photodetectors 112 and 116 and
acts to minimize the difference between them to thus keep the read beam 22 |
centered on the information track 66.
30 The differential tracking error signal generated in the first differential amplifier
140 is shown in line B of Fig. 5, and is a representation of the radial position of the
read beam 22 on the disc 26. The differential tracking error signal output has a first
maximum tracking error at a point indicated at 268 which is intermediate the center
of the center information track 236 and the crossover point 248, and a second
35  maximum tracking error at a point indicated at 272 which is intermediate the center
of the center information track 236 and the crossover point 252. A third maximum
tracking error is shown at a point indicated at 276 which is intermediate the center of



signal processing portion 146 of the signal recovery subsystem 104.
The di ode detector array 108 has first, second, third and fourth outputs

148, 152, 156 and 160. The first output 148 is electrically connected
to an input 164 of 35 the first tracking preanplifier 124, the second

out put 152 | rically connected to an input 168 cond

t racki ng prggﬁgkﬁg?er 128, the third output 156 is electri!é%n§gﬁﬂ§ 1y

connected to an input 172 of the first ¥ocus preanplifier 132 and the
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ing det edioge array 10 escribed with gefererice 18,Fid. 3. LYhit ot showr, fhe.piecagsing
phot odet epbrtion 30D douidreceivedrackingtdrmrisignals from okhierdypes of photodetectors.
such as a dual photodetector. The tracking signal processing portion 300 includes a
16  first preamp(iﬁer 316, a second preamplifier 320, a first operationai amplifier 324, a
| second operational amplifier 328, a first analog multiplier 332, a second analog
muitiplier 336 and a summiing amplifier 340. The tracking signal processing portion
300 further includes a local feedback loop 344 comprising a third operational
ambliﬂer 348, a feedback loop compensation circuit 352, a phase shifter 356, and
20 first and second sine function generators 360 and 364 respectively. The phase
shifter 356 provides an offset voltage that results in a phase shift between the
outputs of the sine function generators 360, 364.
The first preamplifier 316 has an input 368 and an output 372, and the second
preamplifier 320 has an input 376 and an output 380. The first operational amplifier .
25 324hasa positive first input 384 which is electrically connected to the output 372 of
the first preamplifier 316, a negative second input 388 which is electrically connected
to a positive voltage source 392, and an output 396. The second operational
amplifier 328 has a positive first input 400 which is electrically connected to the
output 380 of the second preampilifier 320, a negative second input 404 which is
30 electrically connected to the voltage source 392, and an output 408.
Referring to the feedback portion 344 of the tracking signal processing portion
300, the third operational amplifier 348 has an input 412, and an output 416. The
phase compensation circuit 352 has an input 420 which is electrically connected to
the output 416 of the third operational amplifier 348, and to an output 424. The
35 phase shifter 356 has an input 428 which is electrically connected to the output 424
of the phase compensation network 352, and to an output 432. The first sine
function generator has an input 436 which is electrically connected to the output 432



15 preanplifier 124 via the first output 148 of the di ode detector array
108. The signal produced by the second tracking photodetector 116 is
provi ded to the second tracking preanplifier 128 via the second

out put 152 of the diode array 108. The si gnal produced by the inner
portion 122 oWwotherepncentric ring detector 120 is pr oneTRESY7/04738 he
first focus preanplifier 132 via the thi q out put 156 of the diode array 20
108 while the signal produced by the outer portion 123 of the concentric
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- The first preamplifier 316 receives a tracking sugnal output from-the first tracking
photodetector 304 at its input 368 while the second preamplifier 320 receives a
tracking signal output from the second tracking detector 308 at its input 376. Both
tracking signals are periodic signals when plotted as a function of radial position
20 along the surface of the disc 26 and the two signals are approximately 90 degrees
out of phase. The tracking signals output from the two tracking detectors 304 and
308 are each amplified and are then provided at the outputs 372 and 380 of the first
and second preamplifiers 316 and 320 respectively.
The first operational amplifier 324, which receives the ampilified tracking signal
25  from the first preampilifier 316 at its positive input 384 and receives a positive voltage
at its negative input 388, removes the common mode voltage of the tracking signal,
and provides a larger proportion of the signal corresponding to the tracking error
signal at its output 396. The second operational amplifier 328, which receives the
amplified tracking signal from the second preamplifier 320 at its positive input 400
30 and receives a positive voltage at its negative input 404, removes the common mode
voltage of the tracking sighal and provides a larger proportion of the signal corre-
sponding to the tracking error signal at its output 408.
The first multiplier 332 multiplies the tracking signal received from the output
396 of the first operational amplifier 324 with a feedback signal received from the
35  output 440 of the first sine function generator 360. The resulting modified tracking
signal is provided at the output 460 of the multiplier 332. The second muitiplier 336
multiplies the tracking signal received from the output 408 of the second operational
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8 fromthe information track 66 nost often occur in the radi al

di rection upon the disc surface 70. The radial tracking servo 94 is
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In certabg m)des of operation, the tracking servo subsystem
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The phase shifter 356 provides a predetermined voltage offset to the tracking
error signal received at its input 428 so that the signal provided at the input 436 of
the first sine function.generator 360 differs from the signal provided at the input 444
of the second sine function generator 364 by a predetermined voltage. The voltage
25 offset introduced by the phase shifter 356 is selected to have a value that causes the
output of the two sine function generators 360 and 364 to be ninety degrees out of
phase. The effect of this phase shift is that the signal provided at the output 440 of
the first sine function generator 360 is the same as what would be provided by a
cosine generator if it were to operate on the signal provided at the output 424 of the
30 phase compensation network 352. Thus, the signals output from the first and
second sine function generators 360 and 364 are 90 degrees out of phase. While a
phase difference of substantially 90 degrees is preferred, the invention can be
practiced with other phase differences as well, within a range of approximately 30
degrees. The phase angle can thus be in a range of approximately 60 degrees to
35 approximately 120 degrees. If the phase difference of the signals at the outputs 440,
448 is too large, the system may become unreliable.



j unp-back node the anplifier 202 does not provide tracking A and tracking B
30 signals, as they would tend to unsettle the radial beam defl ecting

means synbol i zed by the inductor 52, and require a | onger period of
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- Thus, the tracking servo subsystem 94 operates to maintain the read beam 22
centered on an information track 66.
While the tracking servo subsystem 94 utilizes the provided trackmg error sugnal _
" in the same manner regardless-of the tracking signal processing portion used in the
20 signal recovery subsystem 104, the use of the tracking signal processing portion 300
results in a different tracking error signal being provided to the tracking servo
subsystem 94. The tracking error signal provided when the tracking signal process-
ing portion 300 is used remains periodic, but the use of the portion 300 causes each
period of the tracking error signal to represent a greater range of locations on the
25  optical disc 26.

Fig. 8 shows a comparison of the tracking error signals, each of which is a
function of radial position, over a portion of the disc 26. A signal 512 is the tracking
error signal generated by the signal recovery subsystem 104 using the prior art
tracking signal processing portion 146, while a signal 516 is the tracking error signal

30 generated by the signal recovery subsystem 104 using the tracking signal processing
portion 300 of the present invention. Because the tracking error signal 516 is
substantially linear in the region where its value is close to zero, that is halfway
between its extremes, it can be said that the tracking signal processing portion 300
"linearizes” the tracking error signal. However, the signal 516 does remain periodic

35 as can be seen in Fig. 9, which shows the value of the sighal 516 over a greater
portion of the disc 26. When the tracking signal processing portion 146 is used,
each period of the tracking error signal 512 represents one information track 66 of
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poi nt 25 chibdslrigr e mumben of tracks to bet repossented:by eacti periebokthe trackipgi nt
I ndi cat egﬂ,g; si6Z§| m ch is internediate the center of
‘The tracking servo 94 must operate within the negative feedback slope of the
"“tracking error signal 516. This is because if a positive tracking error signal were
20 provided, the tracking servo 94 would drive the inductor 52 so as to displace the
beam 22 in a direction causing the tracking error to increase. The tracking error
would continue to build, causing a malfunction. This is also true of the tracking servo
response to the tracking error signal 512. Within the feedback portion 344 of the
" tracking signal processing portion 300 however, the use of positive feedback does
25  not create any such problems. This is because the tracking signal processing portion
300 is self-correcting so that it always settles on the negative slope of the tracking
error signal 516 regardless of whether a positive feedback signal is initially provided.
The values of the tracking signals provided by the first and second tracking
photodetectors 304 and 308, taken together, represent a relative radial position of
30  the read beam 22 on the disc 26. Further, the value of the signal provided to the
feedback portion 344 of the tracking signal processing portion 300 represents a
relative radial feedback position. The use of the feedback portion 344 minimizes the-
difference between the values of these two signals. Thus the tracking signal
processing portion 300, through the use of the feedback portion 344, is able to
35 restore the tracking error signal toward zero, a value that represents a particular
radial position on the disc 26. This enables the tracking servo subsystem 94 to
stabilize the read beam 22 so that it impinges upon a desired information track 66.
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the first information track 240 and the crossover point 248, and a fourth
maxi mum tracking error is shown at a point indicated at 280 which is
I ntermedi at e t {@ HpMqer of the second i nformati on trackpgfdssdoshsi he
crossover point 252. M ni mum tracking errors are shown at points

i ndi cated at 284, 288 and 292 corresponding to the center 5 of the

i nf ti t

110 R e LR i BB 50

t he crossoveB0B&rebeth peﬂodlczami arecApproximatsiy pinetydsgrees out of phaseA f‘P\ééRi‘ ng
S:c g?ﬁl pr Ocebflreﬂ'eaeitsfedcuw the Guriitiohd einei aiitidosiieocessi ng subsyst em 104 -
0 e present ipyveption is.s sin
10 polrot i on 300" Pk @'& oﬁsq;aﬁﬁwggdngpﬁggdag sr?é:P’ Eih%rpﬁ {godé&&&rqgg %%?‘fgozkl ng
phot odet éct ohave two sigoal eutguts is quadraturea dioersignah praideddu the fisgtdracking di ode
|a:|r5 ay331\2M|S: bt%ae{éatér%4 tothemr‘i%ggf}?n%lﬁéb’ﬁ@% dtﬂ‘teﬁleglr?EBO (Sseycéorml tg%f dgfiice to
tracking err 8F°"é‘§ifﬁ%¥ Q‘efsf%ﬁf‘ﬂ ?’"gyb@g’dﬁeﬁé@é@tt’é%ﬁﬁ?@d preamp&ffgﬁztégs
dual phot odedefitexdt as Sin¢x+#30) ok cos(x); wiese X is theasiativg rarialtpositiod @ theweladdes a
15 fTirst preamilad! fhe Shfa r@oﬁﬁﬁ@'&f‘th‘ér SRRl s g%easéeopafmmafe?pbena'

|if
e pl 10 °S dchned ascsinyiand 81 Signal proided Bl the,seaerd ipit 456 ot e it

anplifier 34enuitioher Bszisl@lmedla;rﬁh( #90)CErTvs()), Wherei yois the value 3Pthe refdtiver

i ncl ud |
api 111161 3%35?%%8‘%?%‘?‘)9 el nESTRERTHR, The St BB Gl E@Q@iﬂ PP er
356, and 20 first mattiplinr332 isosin(x %@)fmnddhe(smngbatethatoutmlt 482 ohthe sEond -

respectivel YmuTﬁtﬂiepbgé% cos(x)smﬁbl f'ﬂhﬁ& theGigtiaput ﬂé%u%bt%ﬁsd?‘thé/ Shrhafiigy t hat

results { between the out puts of the sine function
gener at or's 388"’?@%'43%8 The first preanpl |f|er 316 has an i nput 368
‘and an out put 372, and the second preanplifier 320 has an input 376

and an output 380. The first operational anplifier 25 324 has a positive
first input 384 which pésinpeeas(ylcaesy) ez sin(xy)thaoudpuf2B72 of

the first preanplifier 316, a negative second input 388 which is

el ectri cal | ywhereieati®d constant gain factor. As is known in the art, for values of x-y near

20  zero, sin(x-y) is approximately x-y. Therefore, for values of x-y near zero, the
tracking error signal, a(sin(x-y)) is substantially linear. The relationship of x and y
can be adjusted for a given application by appropriate settings of the gain of the
feedback amplifier 348.

In a specific embodiment of the present invention, the second sine function

25  generator 364 can be replaced by a cosine function generator, which receives the
signal provided at the output 424 of the phase compensation network 352. The use
of a cosine function generator in this embodiment eliminates the need for the use of
the phase shifter 356.

Referring now to Figs. 6, 10, 11 and 12, in a specific embodiment of the

30 invention, the inputs to the preamplifiers 316, 320 are developed by an optical pickup
link which includes an optical subsystem, here represented by prism 520. A source
beam 524 is passed through a iens 526, and is received by a conventional interfer-
ometer 528 having a plate 529 for separating the source beam into two beams 530,
532, which reflect from mirrors 534, 536 respectively. The prism 520 and a portion of

35 the interferometer 528 are movable relative to one another in the directions indicated
by the double-headed arrow 522. As a consequence of the relative motion thereof,
the fringe patterns developed by the interferometer vary. The reflected beams



to a positive voltage source 392, and an output 396. The second operati onal
anplifier 328 has a positive first input 400 which is electrically

connected to the out put 380 of the second preanplifier 320, a
negative second input 404 which is 30 electrically connected to the

vol t age souwywee7384s and an out put 408. Referri

f eedback portion 344 of the tracking signal processing porl%}ig%ltr’]sgwaml 300,

the third operational anplifier 348 had®an i nput 412, and an output 416.
-(Ia-lhgct ri caﬁeﬁgﬁ%@neﬁ%gp%%ﬁ?g b?&hﬁ:hﬁ% gé"'@%?%ﬁf%i%gw ﬁbeﬁg%\,\%ﬁ\eg’f I onal
anpl i fi erregghes amecaiverianalyzepb42.4the frimpe patierns ftansmitted intthe baad 588saren

i nput  428mehégradiby #b@éﬂrﬁtﬁﬁ% gﬁtoﬁefjé&ﬁﬁtsﬁé, ﬁvﬁicﬁ%n%é’% gﬁétlordgectsqrgfe the

1 Eﬁi? i gg%ﬁ@ﬁiﬂ’ﬁ%&%@ﬁ@ﬁﬁ%ﬂ withig %i’%ifé}a@g&f’? g‘&%l Ine analpgevitpts o t he
out pub 43348, 550 of the photodetecitd598 /a8& theh presented to the preamplifiers 316, 320

PCT/ U_SQ?/@-@_@;} 11 of
shi

t he ph ter. 356, .and_has, an out put 440, while the second sine
function  Refgaing:again o358 Land . I hes bean disskied heceioahmerthatihey
co 3 nﬁct e erhbodifentydiscibsetdbove result !Ip érhfér_r@d lﬁgﬁal(f?ﬁ@%ﬁlétdirefrlit;e' Wﬁgzkiﬁgzé

. s s T LES ana nul L.l
sty eyt Biicafibhe, wherein tis ool QiRie 16 meddiie e dishiph artnst, ur 306 of
t he 19r stchapratetistisrafian-nhigts theerse signal preducet by thet sigadl processingtpartion s
el ect ri caldg/nést istBesrovidel 6 a®ehd Sircdiit Ob@canfle édrinelteds tB%r?lf?ﬁlﬁj'lsleg?f 236

Gen1ST 21 Ol ppgalRs 67 eI H BT 1 e It b s B 1ot
408 of t Hbe $racking sepsr 84 andhttie begrh ideflesting means3gnbalizee by tisk indpotor 428 whi ch
i's el ectrdagpid dmitfegnected to the output 448 of the
15 An implementation of the circuitry illustrated in Fig. 6 is disclosed with reference
to Fig. 13. Tracking signals 544, 546 received from the photodetectors of an optical
pickup link are in a generally quadrature relationship, and are connected to inputs of -
differential amplifiers 548, 550 respectively. The outputs of the differential amplifiers
548, 550 represent respective differences between their input signais 548, 550 and
20  an offset voltage which is produced by a voltage divider 552. The outputs of the
" differential amplifiers 548, 550 are inputs of multipliers 554 and 556 respectively.
A function generator 558 produces a cosine function output 560, and a sine
function output 562, which are respective second inputs of the multipliers 554, 556. A
summing amplifier 564 receives the outputs of the muiltipliers 554, 556, and gener-
25  ates a tracking signal 566. The tracking signal 566 is coupled back to the optical
pickup via a connector 568 for insertion into its servo tracking loop. The tracking
signal 566 is also coupled to a potentiometer 570, which adjusts the local feedback
loop gain. From the potentiometer 570, the tracking signal 566 is connected to a
compensation circuit 572, the purpose of which is to provide phase and gain com-
30 pensation in order to maintain loop stability. The function generator 558 receives a
first input 574 from the compensation circuit 572, and a second grounded input 576.
Fig. 14 illustrates the function generator 558 in greater detail. An analog-to-
digital converter 580, preferably an AD779KN, receives the inputs 574, 576 (Fig.13),
and supplies two structurally identical units, generally referenced 585, 595. The unit
35 585 generates a sine function, and the unit 595 generates a cosine function. In the
interest of brevity, only the unit 585 will be described. The outputs 583 of the analog-
to-digital converter 580 are connected to the address lines 587 of an erasable



10 second sine function generator 364, and an output 472. The summ ng
anplifier 340 has a first input 476 which is electrically connected
to the output 460 of the first anal og nmultiplier 332, a second input
480 which is electrically connected to the out put 472 of the second
anal og nul t wib 91373836, and to an output 484 which is PCRAUSITIAT3t Al | v
connected to both the input 412 of the 4ird operational anplifier 348 and
15 the tracking error subsystem 94. The first preanplifier 316

rﬁcte' \éets qat rég ﬁﬁhﬁéﬂe%cﬁﬁ Gry 580! nmtmé emﬁoahﬁeﬁtltﬁéhnénngt&umal converter 580

ot odet ect Or 1TSS, L.Nn CO

Pecei ves dias a fighertit faspistieR Sten Bsaatitnc: apd s RasCiieBhcaTBiseeign 388z, o
308 at it shénefore gidundeBoThe outputs 83 thusirgodde aalestaringo the erasablegirgnal s when
2'60; tn gdt A5ré mHayé i d?g Pgﬁ%,ﬂr% EBﬁé&dth ine FAI08% bipuBeN BaGE uﬁlésh; Qg d'Tﬁ ¢
trackithg S8§ndhe sg'\?t‘fﬁi"l M%’%eﬁ' |°Hj'"gﬁsgéﬂ%m§“ﬁ@v an 308
are each amalog signaldme cﬁgnﬁl—tchemlpg onnmresgoxwamlcapwammanmsme of the

fI'ih:as1E| rst f%%agg?t%mﬁ&ﬁn‘hﬁgﬁ%gré%éﬁ w%%?g)egélg 't“ﬂéﬂeéégb%h ed tracking
signal 25 grewnsad; me itthass higherreseiution thagiie reﬂumedsngnebg@utmﬁ@ 84 and

receives %oﬂﬁléuttb‘éeﬁltéﬁbﬁé\ﬂﬁsm the pavpobké of WRIBAS tbeattém!é!e théSsi dgﬁé?'iﬁ)ﬁﬂért he
como 208}1 §|'Of the tracki ng signal, and provides a |arger

pr opof g corresponding to the tracking error si gnal .
at its out put 'Rhemmt'ﬁaﬁ ditfers frpno ther unit S8&oniyimthat a diffegadt dald setis stared Vres t he

anpl i fied; r&s&m& m}nabr&ﬁbmsaf,{ 39@9% r‘i@ﬁ@hérfaté’é cﬁgiﬂe%ndtnbﬁ positive

I nput 400 recei.ves a eat Its negative I nput 404,
r enoves tr?é'ef?éﬂﬂ%ﬂ" 8 is progra B\epﬁ'& (#Fa t"'m? ZeRe NP a'ﬁ'gﬂ‘étl °5'PR1”E'F%V| des a
| ar ger pr &85; 595 by the ahalog-tapdigitacamverter 580, the polpdts 897, 598lhave valtagesy error

sign 8 The first nmultiplier 332 multiplies,
t he ?J'rack|°Egagi9§%g¢nl$uége?refec{ayyorg{’ge out put 396 of the first

oper ati onal affpPrograpmingithg;erasable Beqmama?!egmsmﬂe&éﬁ%e%ﬁ# itgsNEpRSSPY
out put 4460 ebmplensate fort theifact thatithé analogdodigitabcorivefter 388 generatds twg’'s1odi f i ed

oS GomplamARE i VLA S G Bl B ol e 1 b 2%
from t he ®Rgramraatie giemafiesfiZe 5870Mk’$m9@h gf the data in the memories is '
20 therefore necessary in order to generate true sine and cosine functions. The com-
puter programs listings in Listings 1 and 2 can be executed to produce suitable data
for programming the erasable programmable memories 582, 597.
Conventional timing signals required for the function of the integrated circuits in
Fig. 14 are provided by a timing block 600, which is illustrated in further detail in Fig.
25 15, A crystal oscillator 602 operates at 24 mHz, and is coupled to a counter 604,
which can be a 74HC4060J. Timing signals developed by the block 600 include a
chip select signal 606, chip enable signal 608, output enable signal 610, and a
conversion enable signal 612.
Listing 1
+

30 +
All copyrights reserved by DiscoVision Associates 3/08/1996 |
Program written by Ludwig Ceshkovsky. |

This program generates Sine and Cosine data for an EEPROM with |
input values in the 2's complements format. The output data
is tabulated sequentially by the address of the EEPROM with the |
output format using binary offset for bipolar output. |

|

35

+ +

DECLARE SUB SaveData (n AS INTEGER)

40
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anplifier 328 with a feedback signal received fromthe output 448 of the
second sine function generator 364. The resulting nodified tracking
signal is prwgiegdedsnt the out put 472 of the multipli eﬂcr@v 4731

The summ ng anplifier 340 receives the di fied tracking signals I?romthe
first 5 and second multipliers 332 and 336 at its first and second

i nputs 476 and 480 respectively. Upon receiving these signals, the
summ ng anphiiSHARED rPASINTESER ' total nﬁh%bbﬁhﬁﬁidn‘/ locatisignerate a
di fferenti aD|MISHARED GyIr or  statalNumber 6rCytlésng t he phase di fference

bet ween t heDIMSHAREDI Gsteplr ac kvalge of gach stepThe differential tracking error
si gnal 5i s pDIMISHARED Déweelut put 484 of the anplifier 340. The tracking
error si gnaDIMSHAREDRROMYvi d&be word width of ther aytputspriotnch 200 of t he
tracki ng sePM SHAREDchkswn ASLONG 1, 'chksum far binarydata files to t he feedback

portion 344CEONS F'"fr'a =§2 nal processing portion 300.

The fsgdbacg _hﬂ% g ,6 1‘@ {ir acki siﬁnal gr ocessing portion 300
recei Ves egreg), g Rl 180, entFalPs ?3@?%’@ YPrAdIBACSE at the first input
412 of the 't-nu-—qﬂﬂ-adéef%@fef@blﬁamﬁﬁ?&@ck anplifier 348. The feedback
anplifier 34& agplifies € tracking error signal using a

predet er m OMBR: gai N andg BiYidélprony he anplified signal to the input

420 ofist he pPRpEIRE% + 43P COMIGHBET dftitidiédsCities 1358r 8KIPRGMedback | oop
conpensa- ' id-on-clLoii-tendsS2—poni-des-phase..gai n conpensation for the

anplified tracking error signal and provides the signal to both the

i nput 444 of =thtPearoSize%si nctofjalmumbiesof addregs locations t he i nput 436 of the
phase _shi f tByScalek = (2 * PROM%)/2he phase shifter 356 provides a

pr ede@8r ni rRigeveale g/ ér 1 s Offsetealenlationsfog bipglar outputer r or si gnal received at

its input 4 . i anal i,ded at the input 436 of th
;‘if‘s![ “Ei”ne ﬁf@iﬂié@?&%ﬁé&g@ﬁig hﬁé}‘gﬁgﬁﬁﬁ%@éﬁj al p(r)ovi ded at te he |

I nput 444 pipg SHARED PROM%(n + 1, 2)

25
CLS
Range = INT(n / 2)
chksum=0
20 ! data file for prom programmer.

gg::g n, Range, Cstep!, Degreel, Cy!, ByScale% ' test parameters-

OPEN "PROMO1.dat" FOR OUTPUT AS #2
35 'PRINT #2, "EEPROM data ", DATES; TIMES; " of Revision”
PRINT #2, CHR$(2), "$A0000,";

' the for next loop is not split to order the address' not required
' the address's are coded in two's complement and the output data is

40 ' is coded in binary offset because the AD779 A/D output is two's complement
;(and the AD767 D/A is binary offset.Not binary offset but output offset.
=-1
FOR i"{z= 1 - Range TO Range ' low and High order address combined
K=K+1
45 ‘the 1.72 is a fine adj. to make the sine and the cosine same

Asine% = ByScale% + SIN(offset! + ((i% - 1) * Cstep)) * (ByScale% - 1)
Acosine% = ByScale% + COS(offset! + ((i% - 1) * Cstep)) * (ByScale% - 1)

' compute two's complement addressing made for the PROM
IF i% < 0 THEN addr = ABS(i%) + SizeScale ELSE addr = (%)
PROM%(K, sine) = Asine%: PROM%(K, cose) = Acosine% * store values

55 ' PRINT HEX$(addr), HEX$(Asine%), HEX$(Acosine%)
chksum = chksum + Asine%

50



of the second sine function generator 364 by a predeterm ned vol tage. The
vol tage 25 of fset introduced by the phase shifter 356 is selected to have
a val ue that causes the out put of the two sine function generators
360 and 364 to be ninety degrees out of phase. The effect of this
phase shift i swdwridae signal provided at the output 440 of pcruseThivd:
first sine function generator 360 is the s as what woul d be provided by
a cosine generator if it were to operate on the signal provided at

the output 424 ofphmpgg HERBE&RHANC HEXGRGheR) Network 352. Thus, the
m t

signals output fro e first an seconhd sine function generators 360
and 364 are 90 degesoDYRsPE OPIHER PRINTIHR, a phase difference of
substanti al |y 90iFagiheds<i16 THEN PRINT #2 REX$®Ent i on can be practiced
with ot he® phasePRINTdi2¢ HEXS(Asine®);|""; Wi thin a range of approximately 30
degrees. The phase angle can thus be in a range of approxinmately 60 degrees
to 35 appr oxi mat eloly 120 degrees. |If the phase difference of the signals

(+]

i i
at the out puts"lggiNTK; "=T64§‘m@{ﬁ%# ﬁégf,‘\-néng..system may become
unreliable. 3
pCr/ Uso7/84731 PR'”T#Z' . . 13
Both the first 5&’ ;%0%'":9 ﬁ)e *%r'l )s% t&hﬂi’g})at‘ors 360 and 364 can be
i mpl e- manteg in"a variety of ways well known in the art. One such
i mpl ement at i OQLOSE #2 shown in Fig. 7, which shows a sine function
gener at 015 conpLi-si-Rg—an--analtest-fil@for vissim--di-git-al—converter 488, a Read Only
Menory | ook- upOPEN PRONMONINTIFORQUFRUTAB#f 5 stored sine values, and
a digital -t o- aRRING #20'EEPROM data.", DATES; TIMES;Srof Revisibrdt t he i nput
of the sine fL@SW, #2 enerKator i's first converted to a digital signal by
th - ! Vet 49 [ this digital
e 01 s T RO el OV o3 oo ves i it

ROM%(i%, sine), PROM%(i%, cose)

NEXT i%
CLOSE #2

END:
SaveData (n) -
30 SUB SaveData (n AS INTEGER)

DEFINT A-Z
'SaveData;
' Save the PROM data in a file PROMO01.dat" data file.
35 OPEN "PROMO01.dat" FOR QUTPUT AS #2
PRINT #2, "EEPROM data "; date; " of Revision"

FORa=1TOn
' PRINT #2, account(a).Title
40 " NEXTa
CLOSE #2
END SuB

25

45 Listing 2

+ +
All copyrights reserved by DiscoVision Associates 3/08/1996 |
Program written by Ludwig Ceshkovsky. |

50 ° . |

"| This program generates Sine and Cosine data for an EEPROM with |
'| input values in the 2's complements format. The output data

'| is tabulated sequentially by the address of the EEPROM with the |

: output format using binary offset for bipolar output. }

COSINE OUTPUT
+ +

56




generates a correspondi ng sine function value at its output 496. The sine
function value is converted into an anal og signal by the converter
492 and is provided at the 10 out put of the sine function generator.
The signal recovery subsystem 104 (Fig. 3), when operating with the
tracki ng Wi hggpal processing portion 300 of the present invention,
conti nues toop9r7§z?(ge a tracking error signal to the F?'E(Uﬁﬁ”?@”%ervo
subsystem 94 (Figs. 1, 4). The tracking20 servo subsystem 94 utili zes

t he tracki Il . £0, radi al position of 15 the read
beam 22 by r%?ggs?%%%%%@rﬁéwm&%m same manner as descri bed above.
Thus, the DIRCSHARETEH WS INTEGER® oTaTts &‘VKE&} LN the read beam 22
centered omlmsHARemeplgson t'ﬁéﬁ%?Niﬁaﬁitrg'bi]rc:fcyr«ijllief.«-‘fﬁe'1I1 ! dgfoﬁﬁe tracking servo
subsyss em DIMSHAREECSfep! pr Owalebfldaghlstdy error signal in the sane
manner regdiM SHARED Dégreet acki ng si gnal processing portion used in the 20
si gnal rec&IMSHARED/BROM%04, ‘theavardavidth dfitke butpukpragn si gnal processi ng
porti on 300IM SHAREE:chksym ASAONGf er'chitsun fac binagy datadile si gnal bei ng

provi ged tg%%g$ﬁ§‘g{$£§%% subsystem 94. The tracking error
signal” pro MSIT: [ si gnal process- ing portion 300 is
used remai MO oot 184yt SR 5388”81%1?9{@&)58?1@9@@90 causes each

period of the trackin r ' epresent a greater range of
| ocati ons 1ERg 25 g%egtslregéaﬁm%éggg#a?é&e& Fig. 8 shows a

conpaf§ sonpREOM%E= B acki ”Q'B%trﬁﬂeﬁﬁm s, each of which is a’ function
of

of radial PesmSizem =aser a 'Nambep drésﬂlrf&ssw%@arﬁbﬁbwa' 512 is the
tracking 'e——et+-o--si-ghalemgbnerated-by.t-he.signal recovery subsystem 104

using the prior art tracki ng signal processing portion 146, while a
si gng| . 5162 ‘totalnunaberofiaddcess logationsit ed by t he si gnal
!

{ iRsomSize%h n

recovety sEB§§Féﬁr 1?3:&5 Wike tracki ng_ si gnal processing - portion
300 of the®FERSRIR™ Nident iYtvet erleulation fosbinolaiauts error signal 516 is
substanti ahly kL al he, fgaion . where, its value,js close to zero, that

i s hal fvvayobf?si%'t’,!: ! &55{. ggff‘%@si %cPscf@ﬁsf?@gdﬁfaS% hat the tracking.

. 1= I , e i . .
si gnals propd SHARED' %@Qp B,,.' 2 P MAKE NS se T RASING o ng error signal.
However, the signal 51 oes re’mgi n periodic 35 as can be seen in Fig. 9,
whi ch showeL8he val ue of the signal 516 over a greater portion of the
di sc 26. VRange RdNT(ratR) ng si gnal processing portion 146 is used,

each peri ophksumhé tracking error signal 512 represents one i nf or mati on
tracl@l%66 of data file for prom programmer.

gsm; n, Range, Cstep!, Degree!, Cy!, ByScale% ' test parameters

35 OPEN "PROMO1.dat" FOR OUTPUT AS #2
'PRINT #2, "EEPROM data "; DATES; TIMES$; " of Revision"
PRINT #2, CHR$(2); "$A0000,";

' the for next loop is not split to order the address' not required
40 'the address's are coded in two's compiement and the output data is
' is coded in binary offset because the AD779 A/D output is two's complement
'Kand 1the AD767 D/A is binary offset.Not binary offset but output offset.
FOR i% = 1 - Range TO Range ‘' low and High order address combined
45 K=K+1
'the 1.72 is a fine adj. to make the sine and the cosine same
Asine% = ByScale% + SIN(offset! + ((i% - 1) * Cstep)) * (ByScale% - 1)
Acosine% = ByScale% + COS(offset! + ((i% - 1) * Cstep)) * (ByScale% - 1) .

50 | ' compute two's complement addressing mode for the PROM
IF i% < 0 THEN addr = ABS(i%) + SizeScale ELSE addr = (i%)
PROM%(K, sine) = Asine%: PROM%(K, cose) = Acosine% ' store values
' PRINT HEX$(addr), HEX$(Asine%), HEX$(Acosine%)
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the disc 26. However, when the tracking signal processing portion 300 is
used, each period of the tracking error signal can be nade to
represent any wowrensof i nform- tion tracks 66. PCT/US97ldag31

number of information tracks 66 representeg in each period of the tracking
5 error signal 516 is deternmined by the gain of the feedback anplifier

348. There are ghksunfs CAKSLAIEAdORINERh Neari zi ng" a | arge number of tracks
66. For exanpl e,-p?;ﬁﬁ#lhﬁkﬂ@abr), HEXS$(AciHedsk | oop 344 operates to

| inearize the tracking error transfer characteristics over several
tracks, a noise FUKSMOD 128)= OdGIEN PRING#2at er than one track is still
within tHe operatﬁh&&i & 1 THEN PRI #2.HEX$OS of the |inearized error

si gnal, whi ch 10PRINT F3WBEXSHAsosie™®)esponse by the tracking error subsystem
94 to such a noise pul se. However, because the anplitude of the

signat 516 is {;jn ﬁ/ the greater the nunber of tracks 66 represented
in each riod, Rl i ' wl tage between each of
the trac 66. %ﬁ%’?cﬂ %DQWQ@\@E&?%& adj acent tracks 66 is too
small, it may b ! ﬁm ug - Chi=Sdey Lsh et ween the tracks 66, and
tracking 15 egﬁm-ﬁ#gitg: t re)téu Sf}‘.’ FhTI?ler:(gwléls"ﬁ.!?'hérefore a tradeoff in -

per formance that nust be nade i n choosing the nunber of tracks to be
represeni®d bgLOSEWPeriod of the tracking error signal 516.

The tracki ng 'se+v6-94-—-Fust e for wissim-n—the--regat+ve feedback sl ope of

t he t r acRPEN "BROMOLTXTAIFOR OUTRWEASH#HDhecause i f a positive tracking
error signal WERIND#2, "ERRRONdata BATESCKIMES:saf Revisionioul d drive the

i nduct or_ 52 sc{_’gg"ﬁﬁgafg ace the - beam 22 in a direction causing the
tracki ng®er o Bl L PRoMHAfod S8 ORI, cose)
PRINT #2, i%, PROM%(i%, sine), PROM%(i%, cose)

NEXTi% .
25 CLOSE #2

END:
SaveData (n)
SUB SaveData (n AS INTEGER)

DEFINT A-Z
‘SaveData:
35 ' Save the PROM data in a file PROMO1.dat" data file.
OPEN "PROMO1.dat" FOR QUTPUT AS #2
PRINT #2, "EEPROM data "; date; " of Revision"
FORa=1T0n
' PRINT #2, account(a).Title
40 NEXT a
CLOSE #2
END SUB

- 30

Figs. 16 - 18 illustrate the operation of the. embodiment shown in Fig. 13. In Fig.
45 16 a plurality of tracks 620 - 625 form a region of interest for an optical pickup which
moves along a course 626. The RF playback signal from the optical disk being read
is shown as waveform 628, wherein maxima represent track crossings, and minima
represent intertrack regions. Waveform 630 is a disturbance signal which forces the
optical head to deviate from its current track. Waveforms 632 and 634 represent the
50 output of the sine and cosine generators on lines 562 and 560 (Fig. 13) respectively.
Fig. 17 is similar to Fig. 16, and like waveforms are given like reference numerals.
Waveforms 636 and 638 represent the outputs of the amplifiers 548 and 550. Fig. 18



woul d continue to build, causing a malfunction. This is also true of the
tracki ng servo response to the tracking error signal 512. Wthin the
f eedback portion 344 of the tracki ng signal processing portion 300
however, the use of positive feedback does 25 not create any such
problens TRi, cause the tracking signal processin
Is self- correc?lng so that it al ways sett?es og t he neggtPsﬁ%gggﬁgme the
t racki ng error S|gnal 516 regardlggs of whether a p05|t|ve f eedback
' ' ues of e tracking

signal is n|t|aII rovid
St onal s priEtEAE 16 FRAFSN Ghthe SyStELID SRQNIBES A OTOND SRl BAZUBRSEL or s 304
and 308, tmusas ity optival pickep teesene agrassisaven tracksdofthe [aphcal idisk. Waveform he

read beam f vided to
the 0, ABreqbMc B RE BiayBch Al WTel s bal arid GacieBfdenblier 100 |
300 repres@ﬁp'étsé)fthe amplitigra 648 @andf90al f eedback position. The use of the
Iﬁedbatsk port IR’dléTeﬁ ﬁBvﬂ%dﬁFquﬂ 136, and 19, alfdduersijhae phredsing pbhfbnvﬁdw@fgogf
ese two signa roc n
e e Bb 3% probsBinh Hinkys 108 ol e Blesentuuq MR g AR PRG: 167 00
tracki ng eFhefocus gmlal progessing podion ds similaeintitsagonstrpctinretottbatofdbe trackingr
radi al po rienitd tem
04 1o %'é*é’?’ ‘ﬁf‘ﬁs'%‘z*@ Al S i 108 S e i iy ?@)"gﬂ"’é’“ﬁ“ﬁﬁ'ﬁ. red
i nf or mat i Aegivend g@amer erence num ers in\fig %gg&aject ive lens 54

PCT/ U$97/ (dti@éh by a focus drive 702 in a direction generally perpendicular to that of thé optical

The i gnal ge5svA BRSoRUIGCS 12 S knfb 6 A UshGaeH ifh ALUALIEKE AL 81,200

and rees 'out of

e
phase. The3ndig ﬁesponswede the BP@@%%thetng%e iw&‘t wm regpeet érﬁn 8@3!
For the puybssIgREneboibbidentakittoiNesairfdcs effie splichldis®De! THiEb@pUDSf the ass u_.rred

to photodetector 712 is connected to the first preamplifier 316 and the second pream-
15  plifier 320. The output 484 is provided to a focus error servo subsystem 794, which |
feeds back to the focus drive 702. Operation of the focus signal processing portion
700 is otherwise the same as that of the tracking signal processing portion 300, and
will not be repeated in the interest of brevity. : : |
Fig. 20 compares the operating characteristics of a system utilizing the embodi~
20 ment of Fig. 19 with a conventional focus control system. The magnitude of the focus
error signal is plotted against displacement of the focal point of a beam from a
desired plane, referenced by point 805. The sinusoidal curve described by the focus
error signal 804 of a conventional servo has a usable operating range shown as
dimension "A". The focus error signal 806 described by a controller in accordance
25 with the invention is substantially linear in an extended operating range indicated ~
dimension "B", which is larger than dimension "A". In practice dimension "B" will t '
at least twice as large as dimension "A”". Lines 808 and 810 respectively represent
the upper and lower limits of the focusing range of the conventional focus controt
system. Waveform 802 represents a time plot of the focus error signal in a typical
30 application. The excursions of waveform 802 exceed the limits defined by lines 808,
810, and the conventional system would lose focus lock. The operating range of the
focus control system according to the invention is defined by lines 812, 814, and the
waveform 802 remains well within the operating range of the inventive system.
While this invention has been explained with reference to the structure dis-
35 closed herein, it is not confined to the details set forth and this application is intended
to cover any modifications and changes as may come within the scope of the
following claims:



5 have two signal outputs in quadrature. The signal provided by the first

t racki ng phot odet ector 304 to the first preanplifier 316 is defined
as sin(x) and the signal provi ded by the second tracking
phot odet ector 308 to the second preanplifier 320 is defined as

sin(x+90) or oes¢ndraemhere x is the relative radial positionpefusimerszad
beam 22. The signal provided at the secong I nput 468 of the second

mul tiplier 336 10 . is defined as sin(y) ana t he signal provided at the
second input 456yRht ,g%,,fnbag mul t| pI ier 332 is defined as sin(y+90)
or cos(y e Is.th | ativ radi al feedback

ot gnat & v eh B abpatatys for cPolfd ot oo bam o rasians gopdh: Gempitng e

first nmuRti pan ept:thElermrMor(M)ectuﬁsalddmhsebd)eangnal at the output 472 of

the secogd an aﬁu%r%@)’dtﬁ% gﬁ%@ld eqfi%%l@r?ngf&)dlspm a fdal poRnaf sl the

out put 484 e su
a[s!on(x) os(y) - ée%l(%eﬂshmﬂad"a%tmn(%ereéetﬂmwﬁ pogitipn; wherein a is
a const aft gRUelettr roceiving |lgmﬁm@ua.dlb@aim§n@hav»n fifst WAl lseéona‘ odtplitshear 20

T I
ero, tre Y rEpBRNR o iBpiedits of Eiogalitcin e Seidet Bp R ad bR car
The rel afi onshi pmoedpoamgny can be adjusted for a given appl | cat | on
by approgri a srcifidoupid t@fsaid”'&ltﬁaisfbf%ﬁuf&lﬁector for p Fo‘iﬁ!&f?@sec«(?;vﬁ@l

In a spegific enbo | me unctlon
25 ggn rat or :?82 NS a ‘ﬁfé’??%%"%mé’& 5‘?%"%89!”59#?%Iﬁ&’??ﬁ‘r‘f‘%ﬁéldaﬂréﬂete!hm ch
recei ve$0t he mined ipgsitibn;pr ovi ded at the out put 424 of the phase

N1 S enppal e VGEpopiea f sataetifior and to it GEipdd, Wil il BERBIANT

356. regpansive; tﬂgar%%fv%f%"ge'a% saidfocal point of said bieﬁ“hO@pééld‘ ic
enbodi ntdit of t peediflermined positiom, the inputs to the._preamplifiers 316, 320

are devei Op%éﬁ‘m%ﬂeﬂﬂfn‘o@@ﬁne@i E&H*;"sesszo l'ink which includes an opti cal

subsyst here repr esente A source beam 524 i s passed |

t hr ough$% | énlecalfeedhack lpap M@%&Mﬁ oytpuls0fsaid detgrtor.raid logp-comprising:
ometer $@8 havi rdfirst periddic fﬁﬁ&ldmgerﬁiﬂaf %slpﬁﬁsﬁléﬁ: S84 'efRr BRARL BRHO two beans

530, 17 532, a@cﬁnd pSP.L& 8tfurtct|8Wg@n Fator resporisnveg’to saldS gr%:rt sllgneallly alJ he prism

520 and a portion
18 second periodic function generator having an output that differs from an output

19 of said first periodic function generator by a phase angle;

20  a first multiplier for multiplying said first output of said detector by said output of said
21 first periodic function generator; and

22  asecond multiplier for multiplying said second output of said detector by said output
23 of said second periodic function generator;

24  wherein said outputs of said first and second multipliers are provided as inputs of
25 said circuit.

1 2. The apparatus according to claim 1, wherein said periodic characteristic is
2 substantially sinusoidal, and said first periodic function generator and said second
3  periodic function generator are sine generators.

1 3. The apparatus according to claim 1, wherein said first and second outputs of said
2  detector have an approximate mutual quadrature relationship with respect to said
3  displacement of said beam and said phase angle is approximately ninety degrees.
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35 the interferoneter 528 are novable relative to one another in the

directions indicated by the doubl e-headed arrow 522. As a conseguence
of the relative notion thereof, the fringe patterns devel oped by the
interferoneter vary. The refl ected beans WO 97/ 37347

PCT/ US97/ 04 49137347 o PCT/USY74T31

reconbi ne as beam 538, which is colli ‘f.d by a Il ens 540. The beam 538 t hen
reaches a receiver/analyzer 542. The fr4hge patterns transmitted in the

bea . . whi
be s T ng toniheaenasalls esbiing b daifl S RlsPafa SebiHy ddlenatl| M1 °FF
recei va&r / sigpiajs bavesar? aptiosimata mujual uadraturegrelationship wth respedi o said

phot odgt ecg 'of shi esented to the preanplifiers 316, 320
(Fi g.d%).q'émaé%rﬂo S 'te}?ie%raﬁ ng again to Figs. 1 and 3, it has been

di scl osed herei nabove that the enbodi ments di scl osed above result in
an errpr %, Jhalapparatas aecordingito claim 4, ivresie saidrphase anglecistimamangspdf cat i ons, -
whereig it li;jg@ ldrégd) Or other 10

character iag#)?%ﬁ@%ié n OB%@%F,EQ?EE&?#I{%tEQ?‘QHa produced by the signal
processi ng portion 146 need not be provided to a servo circuit, but

can beq comqhkehphratad aéctrding 16 tlaith 5, whereih 8aidi pHase rangleois approximaielype a

conpu'ééar,é_]or a nmeasurenent indicator. In this case t he tracking servo
94 and?t h@S9ERR def | ecti ng neans synbol i zed by the inductor 52 can be
omtted. 15 An inmplenmentation of the circuitry illustrated in Fig. 6

Is di Sf'-osf?dA\“ﬁﬁﬁod r96&IRHHY a beam dffadinst et_i'e?g){.-abﬂﬁiﬂsﬂ@ thi @leplssof544, 546
received fromthe ot odet ectorF f _an Ofst" cal . 6%"% {éﬂ%ugro? in a
gener af | y agngeAtng fired ang sacopd dr eﬁﬁogﬁ@ng SRR o ﬁﬁﬁ -
differ®gntial »ajdbdamers 548, 550 respectively. The outputs of the
di ffergntigLaddRy bh frof signal representing a displacement of said focus from a predeter-

5 ~_ mined position, wherein said error sighal has a periodic characteristic relative to

" said displacement; '

restoring said displaced focus to said predetermined position in response to said
~ error signal; __ |
wherein the improvement comprises the steps of:
10  generating a first periodic signal responsive to said error signal, and
11 generating a second periodic signal responsive to said error signal, said second

O o N O

12 periodic signal differing from said first periodic signal by a phase angle;

13 wherein said step of producing an error signal is performed by the steps of:

14 multiplying said first detection signal by said first periodic signal to yield a first
15 product signal,

16 multiplying said second detection signal by said second periodic signal to yield
17 a second product signal; and

18 determining a difference between said first product signal and said second

19 product signal.

1 8. The method according to claim 7, wherein said first and second detection signals,
2  and said first and second periodic signals are substantially sinusoidal.

3 9. The method according to claim 7, wherein said first and second outputs of said
4  detector have an approximate mutual quadrature relationship with respect to said
5 displacement of said beam and said phase angle is approximately ninety degrees.
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548, 550 represent respective differences between their input signals 548,
550 and 20 an of fset voltage which is produced by a voltage divider 552.

The outputs of the differential anplifiers 548, 550 are inputs of
mul tipliers 554 and 556 respectively. A function generator 558
produces a cosi wodmhasgbi on out put 560, and a sine funct | per/OssiRkz1

562, which are respective second inputs of ,jthe nultipliers 554, 556. A

summi ng anplifier 564 receives the outputs the nmultipliers 554, 556, and
gener- 25 atgs i ks - Ac L P i pl ed
back to t h1e ogﬁ i -(I:-g? H&ﬁ& Q%?%i'ﬂg@élfgﬁggéﬁﬁreé& g@h@gsé gﬁﬁ@dg ﬁf?ir% elcéﬁjo its

servo tradki ngppisuimately5Q degreesip approximately J20legrees. 51 so coupled to a
potenti ometer 570, which adjusts the | ocal feedback | oop gain. From

Conpensat ion a1 T ey Soceh g et 3PTynSh ta BRASE BHG S Bpfroximately 20

com 30 dendegtess.in order to maintain |oop stability. The function

generator 558 receives a ~first input 574 fromthe conpensati on
circuit 572, and a second grounded i nput 576. Fig. 14
illustrates the function generator 558 in greater detail. An anal og-to-
digital converter 580, preferably an AD779KN, receives the inputs 574, 576
(Fig.13), and supplies two structurally identical units, generally
referenced 585, 595. The unit 35 585 generates a sine function, and the
unit 595 generates a cosine function. In the interest of brevity,

only the unit 585 will be described. The outputs 583 of the anal og-
to-digital converter 580 are connected to the address |ines 587 of an
erasabl e WO 97/ 37347

PCT/ US97/ 04731 17
programmabl e nenory 582. In this enbodi nent the anal og-to-digital converter
580

[
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has a higher bit resolution than
position 586 is
vector into the erasable pro-

correspondi ng sine value is output on data |ines
on lines 588 is then converted to arcr/use7/o4mdnal og
in a digital-to-anal og converter 590, which can be an AD767KN. The

represent ed bywigwsisgnal
si gnal

“four least significant positions
~are
anal og out put 593 is
which is to attenuate the signa

- The unit 595 differs fromthe uni
~stored in
~a cosine function.
zero volts are input to the units
. converter 580,
“preferably 0.7 vollis.
menories 582, 597, litw
the anal og-to-digifal \c
signal's, which arelnot se§uenti al
progr ammabl e nenorides 5B2
20 therefore nece$sary in order
functions. The coml @
be executed to prodluce |su
pr ogr ammabl e nenori es
required for the flinct
provided by a tim hg bl oC

5 jegessar

97.
t he

grounded, as it has a higher res
coupled to a filter circuit 594,

its erasabl e programmabl e nenory 586,
Preferably the data is programred such that when

t he TOUtPOT 5 5Y7,~ 598 Tave vortages Is of equal

ey ter 580 generates two's

97. Adjustnment of the dat

i puter prograns listings in L
& i"g:lble dat a for prograhmi

is required, and the least significant bit

therefore grounded. The outputs 583 thus provide a

granmabl e nenory 582, and a
5 588. The sine val ue

592 of the

o

digital -to-anal og converter 590
U®ion than is required. The

t he purpose of

in order 10 to elimnate aliasing.

t 585 only in that a different data set is
in order to generate

585, 595 by the anal og-to-digital

magni t ude,

I n programmng the ek asabl e pr ogr ammabl e

to conpensatb for the fact that
conpl enentary

t he erasabl e

in the nenories is

and cosi ne

i stings 1,3Ed 2 can

Fgg sabl e

y

or linear as seen b

to generate true sink

ing the
timng nal s
14 are

Convent i onhl
integrated cirgaits kn

600, which is illustidted in further detail in

Fig. 25 15. A crystal obkcillator 602 oper at es §3t 24 nHz, and is coupl ed
to a.counter 604, whi ch &n be a 74HCA060¢ Ti nk ng signal s devel oped
by the bl ock 600 ihclgﬂgiig;3;/ chip select signal 606, chip enabl e signal
608, out put enabl el si . and a convegsi ont enabl e signal 612.
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Thi s program generates Sine and Cosine data for an EEPROMw th 35 I nput

values in the 2's conplenents format. The out put data is tabul ated
sequentially by the address of the EEPROMwith the out put format

usi ng binary offset for bipolar output. 40 DECLARE SUB SaveData (n
AS | NTECER)  wo 97/37347 WD 97/ 37347 PCT/US97/04731

PCT/ US97/ 04731 18 Dl M
SHARED n AS | NTEGER 'total nunber of nenory, | ocati ons DI M SHARED Cy!
"total Nunber of Cycles DI M SHARED Qfﬂtsepl "val ue of each step 5
DI M SHARED Degr ee! DI M SHARED PROWAo "the word wi dth of the output
prom DI M SHARED chksum AS LONG ' chksum for binary data file

CONST si ne = 1, cose = 2 CONST PI = 3.141592654# 10 Degree! = PI
/ 180 'Scales to one Degr ee fromradi ance user sel ectable
paraneters Cyl 32 70

86
82
TRACKING ERROR s
FROM SIGNAL 212
RECOVERY INTERRUPT PUSH-PULL{ <

g A
2o 7| SWTCH N 5 510-7| AMPLIFIER

200 og0p 214
206 _

INTERRUPT SIGNAL

FG.4



PROWAO = 8 "8 bit wide prom15 ProntSi ze% = 13 " Nunber of

address lines 13 for 8K PROM end n=2" PronSi ze%
"total nunber of address |ocations ByScale% = (2 ~ PROWY / 2 20
SizeScale = n /2 "of fset cal culation for bipolar output Cstep! =
((Cyl* 360) /woprsnkegreel 'cycles per step address et 8aTit
Degree! * 45 "with zero volts in nake the sine = cosine DI M SHARED
PROWAN + 1, 2) 25 CLS Rangje = INT(n /2) chksum = 0
-data file for prom programrer- 30 /ﬁl@ NT n, Range, Cstepl, Degree!,
Cy!, ByScal e%'test paraneters PRI NT © ®FPEN "PROWD1. dat" FOR
OQUTPUT AS #2 35 "PRINT #2, "EEPROM data "; DATI§_§J;*—TI ME$; " of Revision"
PRI NT #2, CHR$(2); "$A0000,";= o "the for nextzzloop is not split to
order the address' not require 'the addréssbs are coded in two's
conpl ement and t he out put dat®qWs 40 "is coded?ith binary offset because
the AD779 A/D output is two' gsconpl ement 'ga;ad the AD767 DA is
bi nary of fset. Not binary offsn-'gt:but out put offset.&®a K=-1 FOR
i% =1 - Range TO Range' |owiarfd H gh order addregs Honbi ned K =
K+ 1 n - o
=20 z%
Q = o —
O N
el QO
=<
-
== —— 3
s | Ly
e I
{ |
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< o | : |
ol = |
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45 "the 1.72 is a fine adj. to nmake the sine and the cosine sane
Asi ne% = ByScal e% + SIN(offsetl + ((i%-1) * Cstep)) * (ByScale%- 1)
Acosi ne% = ByScal e% + COS(offset! + ((i%-1) * Cstep)) * (ByScale%- 1)

"conpute two's conpl enment addressing node for the PROM 50 IF i%<
0 THEN addr = AMSOBP4# Si zeScal e ELSE addr = (i % PO T3
sine) = Asine% PROMAK, cose) = Acosine%' store values 55 ' F%I NT
HEX$( addr), HEX$(Asi ne%, HEX$(Acosi ne® chksum = chksum + Asi ne%
WD 97/ 37347 4/15 PCT/ US97/ 04731
19 'PRINT #2, HEX$(addr), HEX$(Asine% | F (K MOD 128)
= 0 THEN PRI NT #2, . | F Asine% < 7 BYNT # 2§IEX$(0) 5
PRI NT #2, HEX$(Asine%; "'f; NEXT ﬁgkg\ 25’9_OTAL MEMORY
LOCATI ONS" 260
256
RADIAL | 3
CROSSECTION P
OF TRACKS 1
A
FIG.5A
DIFFERENTIAL

TRACKING ERROR
SIGNAL OUTPUT

TRACKING ERROR|
SUBSYSTEM
o4
.—l
|
j
!
| —344
2l FIG.6
R
A/D 0
/\ 40— | M| =1496 b/
488 ~ 490 492
FIG.7



10 " PRI NT #2, PRI NT #2, CHR$(3); "$S'; HEX$(chksum; ","

PRI NT #2, CLCSE #2 15 b eeee e test file for vissim--------
OPEN " PROMOL. TXT" FOR QUTPUT AS #2 "PRI NT #2, "EEPROM data "; DATES$;
TIMES; " of Revision" PRI NT#2, FORi %= 0 TO K_20 " PRI NT
i % PROMMi % sine), PROMAI% cose) PRINT #2, i %P CRREEYT Y,

si ne), PROVY®%3373¥se) NEXT i % CLCSE #2 25 END:
SaveData (n) 30 SUB SaveData (n AS INé’FGg.R) DEFI NT A-Z

' SaveDat a: Save the PROM data in 19l e PROWD1. dat" data file. 35

NEXT a CLCSE #2

OPEN " PROWD1. dat" FOR OUTPUT AS #2 PRI NT #2, " * date; '
" of Revision" FORa= 1 TOn - ., account(a). Title 40




END SUB 45 Listing 2 Al l

copyrights reserved by Di scoVision Associ ates 3/ 08/ 1996 Program
witten by Ludwi g Ceshkovsky. 50 Thi s program generates Sine and

Cosi ne data for an EEPROM wi t h i nput values in the 2's conpl enents
format. The outyybyiadra i s tabul ated sequentially by thePrelasyNd73af

the EEPROMw th the out put format using binary offset for bipolar

out put. 55 COSI NE QUTPUT WO 97/ 37347

PCT/ US97/ 04731 6/15 20 DECLARE
SUB SaveData (n AS | NTEGER) DI M SHARED n AS | NTEGER total nunber of
menory | ocations DI M SHARED %3% al Nunber of Cycles 5 DM

| M SHARED Degr ee! D M
5pyom 52891 M SHARED chksum
CONST ne = 1, cose = 2

530 ]/534

SHARED Cst ep! "val ue of each step
SHARED PROW/Ao "the word width of the o
AS LONG ' chksum for bi naryLdata file

o924
526

y—538

L2
; ! 540

542
T

548 OUTPUTS. 550

FIG.11

A I/\SZZ

FiG.12 246 !

—520

£1G.10 524

540—
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10 CONST PI = 3.141592654# Degree! = P 1/180 'Scales to one

Degree from radi ance : user sel ectable paraneters Cyl = 32 15
PROWA6 = 8 "8 bit wide prom Prontsi ze% = 13 " Nunber of
address lines 13 for 8K PROM - end- n =2 ~ Pronti ze%
"total nunber o§osfshisgss | ocati ons 20 ByScal e% = (2 » PROMHCT/NUZ97/04731
Si zeScale = n /2 "of fset cal cul ation for bipolar output Cstep! =
((Cy! * 360)/ n) * Degree! 'cycles per ste_}) addr ess of fset! =
Degree! * 45 "with zero volts in nake the s/fb5: cosi ne 25 DI M SHARED
PROMANn + 1, 2) CLS Range = INT(n /2) chksum = 0 30
----data file for promprogramer-f-------- o PRI NT n, Range,| Cstep!,
Degree!, Cy!, ByScal e%'test parg PRI 35 OPEN
"PROMD1. dat" FOR QUTPUT AS #2 © "EEPROM data "; DATES;
TIMVE$; " of Revision" " 't he
for next loop is not split to "the
address's are coded in two's tonpllenent and the ouj put
o
S 3
o
o
; |
. 28 . o e =
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"is coded in binary of fset because the AD779 A/D output is twd's conpl enent
and the AD767 D)A is binary offset.Not binary offset but output offset.

K=-1 FORi% =1 - Range TO Range' |ow and Hi gh order address

conbi ned 45 K=K+1 'the 1.72 is a fine adj. to make the
sine and the coghRgsRMTE Asi ne% = ByScal e% + S| N( of fegaidsyroaffai % -
1) * Cstep)) *O?ByScaI e%- 1) Acosi ne%— ByScal e% + COS(of fset! +
((i%- 1) * Cstep)) * (ByScale%- 1) 50 ' conput e tvvo s conpl enent
addressing node for the PROM | F8/b5% 0 THEN addr = ABS(i % +

Si zeScaI e ELSE addr = (1% +5V +12V PROMA K Si neg A5| ne% PROWA K,

cose) = Acosi nezo store val ue%?Sh
HEX$( Asi ne%) . HEX$B( Acpsd e § 53‘7
PCT/ US97/ 04731 6l . VCC VDD BO 85 1128/ 282
chksum = chksumGNDAGIS~ezpAIN BPR 2ia0) VOEXS(fiddsi ne?
| F (K MOD 128) E@gﬂgsipﬁlw[#z, B2 Al 112
12| 75 B3 o 81 a2 13
= B4 19 / A3 b2 15
- 6 D3
580—L B5 |20 16 -
71 5] Ad D4
OF ——3]0E___ B7 54— AB D58 |{-—
EOCEN — EOCEN B8 |23 « 3|47 078 ]|L—
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 B10 |2 241 4o __
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10{ BIPOFF 27 23
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5 | F Acosine% < 16 THEN PRI NT #2, HEX$(0); PRI NT #2,

HEX$( Acosi ne% ;" "; NEXTi % 10 PRI NT K;" TOTAL MEMORY
LOCATI ONS" PRI NT #2, PRI NT #2, CHR$(3); "$S";
HEX$( chksum); ", " PRINT #2, 15 CLOSE #2 ----test
f| le for vi SSI WO 97131347 - OPEN " PROMOL. TXT' FOR OQUTPUT $Errtige7/04731

"PRINT #2, EEPRO\/I dat a "; DATES$; TIMS$; "of Revision" PRI NT #2, 20
FOR % =0 TO K PRINT i % PROWAi % sine), PROVWAI % cose)
PRINT #2, i% PROMAI % sine), PROVKI % cOZap NEXT i%) 25 CLOSE
#2 END: SaveData, (g) 30 OBveDat g (n AS | NTEGER)
DEFI NT A-Z ' SaveData:, R 12 e ther ' fil ¢ PROWI. dat"
data file. — : UT Al K2

@ iS DBO +VCC VOUTHD -

y 0.001uF
p SpF

14 1pB1

19 1082 20VSPAN

, 5887083 1DVSPAN

18
1922 rerout}8
DB6
20
20 g7
DB8 | |
22 {oes | 8.2K \594
DB10
DB11 =
REFIN
TS
SUM JCT.
BIP OFF

AGND penp —vEE
AD767KN |12 po
= 1V

+12V 10K
594 [
o~ g SIK
o HEC vouT v R yed0.001uF
DB2 2DVSPAN +——]C<¢5pF

DB3  1DVSPAN Y,
DB4 ;

DB Rerourf 2| cosine our
DB6 i

ggg 4 LM741 598
8.2K

D83 -12V
DB10
DB11
REFIN

—=CS
¥———SUM JCT.

7
1~
3
4
Sl G.14B
DGND_—VEE
_E\D767KN 12 po
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o
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PRI NT #2, "EEPROM data "; date; " of Revision" FORa= 1 TO n
" PRINT #2, account(a) Title 40 NEXT a CLOSE #2 END SUB
Figs. 16 - 18 illustrate the operation of the enbodi nent shown in Fig. 13.
In Fig. 45 16 a plurality of tracks 620 - 625 forma region of interest
for an optical woskEmsnhi ch noves al ong a course 626. Thecthibsotrbaryback
signal fromthe optical disk being read i's shown as wavef orm 628,
wherei n nmaxi ma represent track crossings, and ninim repr esent
intertrack regions. veform 630 is a disti@phbhce signal which forces the
optical head to d&gicate fromits current track. Waveforns 632 and 634
represent the 50 S ont put of the sine and cosine generators on |lines 562
and 560 (Fig. 13) pectively. Fig. 17 is simlar to Fig. 16, and
| i ke waveforns are en |like reference nunerals. Waveforns 636 and
638 represent the oy p%ts of the anplifiers 548 and 550. Eg. 18 &
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5 Referri
portion 700 of

i nvention is shown in Fig. 19.

simlar

is 10 driven

to that of the optica

associated wth
position of the

pl ane coi ncident with the surface of the optical

phot odet ector 7
pream 15
subsystem 794,

t he focus signa
of the tracking
repeated in the
operating chara
Fig. 19 with a
f ocus err
of a beam from
si nusoi dal curvpe
conventional se
"A". The focus
wi th the invent
I ndi cat ed by
practice di nens
Li nes 808 and 8
of the focusing

Waveform 802 re
30 applicatié
by |ines 808,

The operating r
i nvention is de
well within the
this invention
cl osed herein,
application is

inits construction to that of the tracking
portion 300 shqys
given the sane re

1, 3, 6, and 19, a focus signal processing
processi ng subsystem 104 of the present

The focus signal processing portion is
si gnal processing
i35 9- 6, and conponents having |ike funct POmAsI704731 ar e
?erence nunbers in Fig. 19. The objective lens 54 (Fig. 1)
by a focus drive 702 in a direction generally perpendicul ar
disc 26. A phptptetector 712 of known type is
t he objective |ens 54, and is responsive to the
objective lens 54 with respect to an ideal focal
di sc 26. The output of the
12 is connected to the first preanplifier 316 and the second

ng now to Figs.
t he signal

plifier 320. The output 484 is provided to a focus error servo

whi ch
processi ng portion

si gnal processing por
| eSS

feeds back to the focus drive 702. Qperation of
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to cover any nodifications and changes as may cone within the scope of the
follow ng cl ai ns: WO 97/ 37347

PCT/ US97/ 04731 23

What is clainmed is: 1 1. An apparatus for control of a focused beam of
~radi ant energy“,cgggﬁgsing: 2 an optical elenent for direpcTusy784WH

- focused beam an actuator operative on said optical elenent for

di splacing a focal point of said 4 focused beamin a direction of
a predeterm ned position; 5 a detectot2/¢®eiving light fromsaid beam
and. having first and second outputs 6 responsive to a

di spl acenent of a focal point of said beamfrom said predeter- 7

m ned position; 8 a circuit coupled to said outputs of said detector
for producing an error signal repre- 9 senting a displacenent of
said focal point of said beamfromsaid predeter- 10 m ned
position; 11 a servo coupled to said actuator and to said error signal,
wherein said actuator is 12 responsive to said servo to displace
said focal point of said beamonto said 13 pr edet er mi ned position;
14 wherein the inprovenent conprises: 15 a |l ocal feedback |oop coupled
to said outputs of said detector, said | oop conprising: 16 a first
periodic function generator responsive to said error signal; and 17

a second periodi ¢ funpeti-op—generatpr—9sponp-re—t-o—sa-d ﬂrrerTsngjal, sai d

628
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18 second periodic function generator having an output that differs

froman output 19 of said first periodic function generator by a
phase angle; 20 a first multiplier for nultiplying said first output of
said detector by said output of said 21 first periodic function
generator; and aardyzsecond multiplier for nultiplying said perussdogst put
of said detector by said output 23 of said second periodic function
generator; 24 wherein said outputs of said first and second nultipliers
are provided as inputs of 25 sai d @3/¢yit. 1 2. The appar at us

according to claim1l, wherein said periodic characteristic is 2
substantially sinusoidal, and said first periodic function generator and
said second 3 periodic function generator are sine generators. 1 3.
The apparatus according to claim1l1, wherein said first and second outputs
of said 2 detector have an approxi mate nmutual quadrature relationship
wWth respect to said 3 di spl acenent of said beam and sai d phase angle is
approxi mately ninety degrees. WO 97/ 37347

- PCT/ US97/ 04731 24 1 4. The
apparatus according to claim1l, wherein said first and second detection 2
- signals have an approxi mate nmutual quadrature relationship with respect to
said 3 di spl acenent of said beam

640
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1 5. The apparatus according to claim4, wherein said phase angle is in a
range of 2 approxi mately 60 degrees to approximately 120 degrees. 1

6. The apparatus according to claim5, wherein said phase angle is
approximately 90 2 degrees. 1 7. A nethod for focusing a beam of

radi ant ener gy, wopenaiasi ng the steps of: 2 generating first ﬂ&ﬂn@ﬁﬁ%@g

detection signals responsive to a position of a focus of 3 sal
beam 4 produci ng an error signal representing a displacenent of said
focus froma predeter- 5 m ned posil#/46, wherein said error signa
has a periodic characteristic relative to 6 sai d di spl acenent; 7
restoring said displaced focus to said predeterm ned position in response
to said 8 error sig@g ;9 rwherein the inprovenent conprises the
steps of: 10 generating a rst pgeriodic signal responsive to said error

signal; and 11 generating & secor @Er igdic signal responsive to said
error signal, said second 1 idi ¢ signal differing fromsaid
first periodic signal by a phase—af wherein s@id step of producing
an error signal is perforneasby the of : 14 =~ multiplying said
first detection signal by sdtd firs riodic signal tjo yield a first 15

OCYSSER
ESYS

product signal; 16 il tipl yEng paid second_detkction signal by said
second periodic signal to yield 17 a sbcond prodect i gnal ; and 18
determ ning a difference between sa&&_first prpduct si gna &nd said second
19 product signal . QI8 The nkrhodz difdg to claim 7,
wherein said first and second d¢e ijon ®ignalk, 2 —=a id first and
second periodic signals are substagtiall éé nukoi dal} N9 The nethod
according to claim7, wherein sakd Zist/ ajiggsko@d uts ¢f said
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4 detector have an approxi mate nutual quadrature relationship with
respect to said 5 di spl acenent of said beam and said phase angle is
approxi mately ninety degrees. WO 97/ 37347

PCT/ US97/ 04731 25 1 10. The
met hod accordi %%ﬁgyainlg, wherein said phase angle is in apteogeneii 2
approxi matel y egrees to approximately 120 degrees. 1 11. The net hod
according to claim 10, wherein said phase a ?Ie i s approximately 90 2
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(S7) Abstract

A technique is disclosed for focus control of a beam of radiant energy, wherein a detector (712) of the beam has first (368) and second
(376) outputs responsive to a position of the focal point of the beam. A circuit is coupled to the outputs of the detector for producing an
eror signal representing a displacement of the focus from a predetermined position, wherein the error signal has a periodic characteristic
relative to the dnsplacemenl. A servo (700) responsive to the error signal restores the displaced beam to the predetermined position. A local

| feedback loop (344) is coupled to the outputs of the detector, and includes first (360) and second (364) periodic function generators, each

responsive to the error signal. The second periodic function generator has an output that differs from an output of the first periodic function
generator by a phase angle, preferably 90 degrees. A first multiplier (332) multiplies the first output of the detector by the output of the
first periodic function generator. A second multiplier (336) multiplies the second output of the detector by the output of the second penodlc
function generator, wherein thc outputs (460, 472) of the first and second multipliers are provided as inputs (476, 480) of the circuit to

modify the error signal.




