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tracki ng control arrangenents for optical diQ%-ﬁT@MéSé{}bge %}rticularly
this invention relates to an i nproved servo control which extends the
-operating range of a closed | oop nobde of operati ofi;of ta tracking servo to a
plurality of information tracks on a disc. rioptical disc drives
wherein information is stored in a plurality of spiral or concentric
‘information tracks, a lock of a recordjng or reproduci ng beamon an

i nformation track of interest is conmonly naintained by a tracking servo,
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froma first nerticghdiserdrivesckhareinainfosmation isnstoradhin arplunelitykof spiral or
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 a tracking error signal V, derived from the intensity of a
reflected light beam returning from the optical disk medium and is given by the equation:

v, = Asin(Zn—;-:-) )
where
A is a constant;
x is beam displacement from the track center; and
p is the track pitch.

It is often necessary to rapidly move the recording or reproducing beam rapidly in
the radial direction of the disc from a first information track to a second information track.
While this can be done by opening the servo loop, this is undesirable for reasons of
impaired stability of the tracking system, and because time is lost in reacquiring a lock
on the new information track. '

Consequently the Art has attempted to find ways of maintaining closed loop
operation of a servo while displacing a light beam from a first region of interest to a
second region of interest. '

Suzuki et al., U.S. Patent No. 5,327,407 proposes apparatus for changing a
tracking error signal having a sinusoidal characteristic representing a relative position
of a light beam to a sawtooth waveform representing the relative position.

In Chow et al., U.S. Patent No. 5,257,251 it is proposed to perform track seeking
utilizing a single servo loop, wherein the dynamic range of the position error signal is
changed and processed by means for receiving the altered error signal and generating
a servo drive signal.

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.

Kuwabara, U.S. Patent No. 5,079,756, proposes another approach to switching
tracks on a disc medium using closed loop servo operation, wherein a plurality of signals
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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 tracks. The ramp
waveform is adjusted according to memorized tracking error information from previous
microjumps between tracks.-

It is a primary object of the present invention to extend the operating range of a
tracking servo, operating in a closed loop mode, beyond the conventional one quarter
to one half track range.

It is another object of the invention to improve the tracking servo's performance
and response to disc defects, noise, shock and vibration.

These and other objects of the present invention are attained in an optical disc
drive by providing an optical pickup having a plurality of outputs for producing an etror
signal that supplies a servo loop. The error signal also supplies a local feedback loop,
which includes a plurality of sine function generators to modify the outputs of the optical
pickup, such that the tracking error signal, plotted against the radial position of the read
beam, is transformed from a sinusoidal waveform into a substantially linear ramp. The
operating range of the ramp extends over two or more information tracks on the disc.
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
function generator inputs.

The invention provides an apparatus for control of a beam of radiant energy,
wherein a detector of the beam has first and second outputs responsive to a position of
the beam. A circuit is coupled to the outputs of the detector for producing an error
signal representing a displacement of the beam from a predetermined position, wherein
the error signal has a periodic characteristic relative to the displacement. A servo
responsive to the error signal restores the displaced beam to the predetermined
position.- A local feedback loop is coupled to the outputs of the detector, and includes



varying in phase are successively swtched into a tracking device circuit
to effect a track junp. Kobayashi et al, U S. Patent No. 4,853,918,
proposes an arrangenent where signals fromtracking pits offset from each
-ot her about the center of a track are provided to sanple-and-hold circuits,
and are conpared with one another to yield a sawmooth signal tracking
signal having discontinuities mdway between tracks. I n Burroughs,
U S. Patent No. 4,779,251 an arrange t is disclosed wherein a circuit
generates a ranmp waveformthat is used to introduce a controlled offset
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the beam; producing an error signal representing a displacement of the beam from a
predetermined position, wherein the error signal has a periodic characteristic relative to
the displacement; restoring the displaced beam to the predetermined position in
response to the error signal; and generating first and second periodic signals. The
second periodic signal differs from the first periodic signal by a phase angle which is
preferably 90 degrees. The error signal is produced by multiplying the first detection
signal by the first periodic signal to yield a first product signal, muitiplying the second
detection signal by the second periodic signal to yield a second product signal, and
determining the difference between the first product signal and the second product
signal.
In a tracking control apparatus for an optical disc system, a source directs a beam
of radiant energy toward a selected track of an optical disc. There are means for
imparting relative rotational motion between the beam and the disc about an axis of
rotation, a beam steering means for displacing the beam in a generally radial direction
relative the disc, such that the beam follows the selected information track. A detector
is responsive to radiant energy returning from the selected information track and has a
first output signal and a second output signal, wherein the first output signal differs in
phase from the second output signal according to a displacement of the beam from the
selected track. A first multiplier has a first input electrically coupled to the first output
signal of the detector. A second multiplier has a first input electrically coupled to the



The invention provides an apparatus for control of a beam of radi ant

ener gy, wherein a detector of the beamhas first and second out puts
responsive to a position of the beam A circuit is coupled to the outputs
of the detector for producing an error signal representing a displacenent
of the beamfroma predeterm ned position, wherein the error signal has a
periodic characteristic relative to the displacenent. A servo responsi ve
to the error signal restores the dlsQIaced beamto the predeterm ned
position. A local feedback loop is coupled to the outputs of the detector,
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of the difference summing amplifier generating an amplified error signal A feedback loop
compensation circuit coupled to the loop gain amplifier provides phase gain compensa-
tion for the amplified error signal. There is a phase shifter coupled to the loop
compensation circuit and coupled to either the first periodic function generator or the
second periodic function generator, wherein the phase shifter provides a predetermined
voltage offset to the error signal.
The invention provides a method for tracking control in an optical disc system. [t
is performed by directing a beam of radiant energy toward a selected one of a plurality
of information tracks of an optical disc, imparting relative rotational motion between the
beam and the disc about an axis of rotation, displacing the beam in a generally radial
direction relative the disc to follow the selected information track, and detecting radiant
energy returning from the selected information track. A first output signat and a second
output signal are generated, wherein the first output signal differs in phase from the
second output signal according to a displacement of the beam from the selected track.
The method further includes multiplying the first output sighal by a first periodic function
of an error signal to yield a first product, multiplying the second output signal by a
second periodic function of the error signal to yield a second product, subtracting the
first product from the second product to produce the error signal, and steering the beam
toward the selected information track in accordance with the error signal,
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:
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.

Fig. 4 is a diagram illustrating further details of the subsystem shown in Fig. 3;



Preferably the first and second outputs of the detector have an approxi mte
nmut ual quadrature relationship with respect to the displacenent of the
beam and the phase angle is approximately ninety degrees. The phase angle
can be in a range of approximtely 60 degrees to approximately 120 degrees.
The detector may include an interferoneter. The invention provides a
met hod for controlling of a beam of radiant energy. It is perfornmed by
generating first and second detection_signals responsive to a position of
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signal of t electrically
coupl ed t BerEiAs an optlcal |sc is shown i |n Flg 1. The optical system 10 inbludes 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 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 displace-
ment means, indicated symbalically by inductor 52. In practice the inductor 50 is
controlled by a tracking servo 94.

An enlarged portion.of the optical disc 26 is shown in Fig. 2. The optical disc 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 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 information bearing surface 70 of the
optical disc 26, one of which is in the radial direction as indicated by the double headed
arrow 82.

The read beam 22 generated by the laser 18 first passes through the first lens 28,
which is employed for shaping the read beam 22 to have a size which fully fills the
entrance aperture 58 of the objective lens 54. After the read beam 22 is properly



4 second output signal of the detector. A difference sunmng anplifier has
a first input coupled to an output of the first nmultiplier and a second

i nput coupled to an output of the second multiplier for generating an error
signal. A first periodic function generator has an input coupled to an

out put of the difference summ ng anplifier and an output coupled to a
second input of the first nmultiplier, A second periodic function generator
has an input coupled to an output of the difference summi ng anplifier and
an output coupled to a second input of the second multiplier. A servois
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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 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 lens 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.

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-
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 potrtion of the read beam. The reflected beam 96
retraces the same path previously explained by impinging in sequence upon the mirror
42, and the quarterwave plate 38, which provides an additional forty five degree
polarization shift resulting in a cumulative total of one hundred eighty degrees in shift
of polarization. The reflected read beam 96 then impinges upon the beam splitting



out put signal are generated, wherein the first output signal differs in
phase fromthe second output signal according to a displacenent of the
beam fromthe selected track. The nmethod further includes multiplying the
first output signal by a first periodic function of an error signal to

yield a first product, multiplying the second output signal by a second
periodic function of the error signal to yield a second product,

subtracting the first product fromthfe second product to produce the error
signal, and steering the beam toward the selected information track in
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stored on the disc 26 and is provided to a signal processing subsystem (not shown).

A first type of control signal generated by the signal recovery subsystem 104 is a

differential focus error signal which is provided to a focus servo subsystem (not shown).

A second type of control signal generated by the signhal 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 a

diode 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 preampilifier 128, a first focus preamplifier

132, a second focus preamplifier 136, a first differential amplifier 140 and a second

differential amplifier 144. The first and second fracking preamplifiers 124 and 128,

together with the first differential amplifier 140, comprise a tracking 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 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 electrically

connected to an input 172 of the first focus preamplifier 132 and the fourth output 160

is electrically connected to an input 176 of the second focus preamplifier 136. The first

tracking preamplifier 124 has an output 180 which is electrically connected to a first

input 182 of the first differential amplifier 140 while the second tracking preamplifier 128

has an output 184 which is electrically connected to a second input 186 of the first

differential amplifier 140. The first focus preamplifier 132 has an output 188 which is

electrically connected to a first input 190 of the second differential amplifier 144 while



Fig. 7 is a block diagramof a sine function generator; Figs. 8 and 9
are electrical waveforns which are hel pful in understanding the invention;

Figs. 10 and 11 are schenmatic diagranms illustrating a particul ar enbodi nent
~of the invention; Fig. 12 illustrates a ring detector for use in the
enbodi mrent of Figs. 10 and 11, Fig. 13 is an electrical schematic of a
preferred enbodi nent of the invention; Fig. 14 is a detailed

‘el ectrical schematic illustrating thegfunction generator shown in the
schematic of Fig. 13; and Fig. 15 is a detailed electrical schematic
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signal which is applied to a focus servo system (not shown). Although the mventlon of
the present application is described with reference to the signal recovery subsystem 104
just described, it can also be used with other signal recovery subsystems known in the
art.

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 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 subsystem 94 is
sometimes referred to as the radial tracking servo because the departures from the
information track 66 most often occur in the radial direction upon the disc surface 70.
The radial tracking servo 94 is generally continuously operable in the normal play mode
of the optical disc player. The tracking servo subsystem 94 is shown in further detail
in Fig. 4 and includes a loop interrupt switch 200 and an ampilifier 202 for driving the
inductor 52. The loop interrupt switch 200 receives the tracking error signal from the
signal recovery subsystem 104 at a first input 204 and receives a loop interrupt signal
at a second input 206. When the loop interrupt is not active, the tracking error signal is
provided at its output 208. The amplifier 202 receives the tracking error signal at its



arrow 82. The read beam 22 generated by the laser 18 first passes
through the first lens 28, which is enployed for shaping the read beam 22

‘to have a size which fully fills the entrance aperture 58 of the objective
| ens 54. After the read beam 22 is properly

6 shaped by the first lens 28, it passes through the diffraction grating 30
which splits the read beam 22 into three separate beans (not shown). Two of
the beans are enployed for devel opingga radial tracking error signal and

the other is used for devel oping both a focus error signal and an
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I Mpi ngeméht thae 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 operation, an interrupt signal is
provided at the second input 206 of the interrupt switch 200 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 signals, as they would tend to
unsettle 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 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
plurality of intertrack regions 224. The intertrack regions 224 are similar to the light
reflective regions 74, shown in Fig. 2. The lengths of the lines indicated at 228 and 232
show the center to center spacing between a center track 236 and an adjacent first track
240 and the center track 236 and an adjacent second track 244, respectively. A point
indicated at 248 in the line 228 and a point indicated at 252 in the line 232 represent the
crossover points between the central track 236 the adjacent tracks 240 and 244,
respectively. The crossover points 248 and 252 are each exactly halfway between the
central track 236 and the first and second tracks 240 and 244. A point indicated at 256
on the line 228 represents the center of the first information track 240, while a point
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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 inpingenent of the read
beam 22 is directed to a desired position in a radial 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 g reflected fromthe mrror 42 as
reflected beam 96, it inpinges upon the entrance aperture 58 of the
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signals provided from the first an segond trackmg 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. :

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 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 the first information
track 240 and the crossover point 248, and a fourth maximum tracking error is shown
at a point indicated at 280 which is intermediate the center of the second information
track 244 and the crossover point 252. Minimum tracking errors are shown at points
indicated at 284, 288 and 292 corresponding to the center of the information tracks 240,
236 and 244 respectively. Minimum tracking errors are also shown at points indicated
at 296 and 298 corresponding to the crossover points 248 and 252 respectively.

A tracking signal processing portion 300 of the signal processing subsystem 104
of the present invention is shown in Fig. 6. The tracking signal processing portion 300
receives tracking error signals from both a first tracking photodetector 304 and a second
tracking photodetector 308 of a diode array 312 similar to the diode array 108 described



7 prism 34 which diverts a portion of the reflected read beam 98 to i npi nge
upon a portion of a signal recovery subsystem 104, which is shown in Fig.

3. Fig. 3 shows a schematic bl ock diagramof a portion of the signal
recovery subsystem 104. The signal recovery subsystems04 receives the beam
98 and generates a plurality of informational, signals. These signals are
then provided to various portions of the optical disc player. These
informational signals fall generally iyato two types, an information signal
itself which represents stored information and a control signal derived
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104. has a positive first input 400 which is electrically connected to the output 380 of the

second preamplifier 320, a negative second input 404 which is 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 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 of the phase shifter 356,

and has an output 440, while the second sine function generator 364 has an input 444

which is electrically connected to the output 424 of the phase compensation network

352, and has an output 448.

The first analog multiplier 332 has a first input 452 which is electrically connected

to the output 396 of the first operational amplifier 324, a second input 456 which is

electrically connected to the output 440 of the first sine function generator 360, and an

output 460. The second analog multiplier 336 has a first input 464 which is electrically

connected to the output 408 of the second operational amplifier 328, a second input 468

which is electrically connected to the output 448 of the second sine function generator

364, and an output 472. The summing amplifier 340 has a first input 476 which is

electrically connected to the output 460 of the first analog muitiplier 332, a second input

480 which is electrically connected to the output 472 of the second analog multiplier



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 the first tracking preanplifier 124, the second output 152
is electrically connected to an input 168 of the second tracking
preanplifier 128, the third output 156 is electrically connected to an

I nput 172 of the first focus preanplifier 132 and the fourth output 160 1is
el ectrically connected to an-input 17 0f the second focus preanplifier

136. The first tracking preanplifier 124 has an output 180 which is
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from the first preamplifier 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 and receives
a positive voitage at its negative input 404, 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 408.

The first multiplier 332 muiltiplies the tracking signal received from the output 396
of the first operational amplifier 324 with a feedback signal received from the 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 multiplier 336 muiltiplies the
tracking signal received from the output 408 of the second operational amplifier 328 with
a feedback signal received from the output 448 of the second sine function generator
364. The resulting modified tracking signal is provided at the output 472 of the multtiplier
336.

The summing ampilifier 340 receives the modified tracking signals from the first and
second multipliers 332 and 336 at its first and second inputs 476 and 480 respectively.
Upon receiving these signals, the summing amplifier 340 adds them algebraically to
generate a differential tracking error signal representing the phase difference between
the two modified tracking signals. The differential tracking error signal is provided at the
output 484 of the amplifier 340. The tracking error signal is then provided to the
interrupt switch 200 of the tracking servo subsystem 94 (Figs. 1, 4) as well as to the
feedback portion 344 of the tracking signal processing portion 300.

The feedback portion 344 of the tracking signal processing portion 300 receives
the differential tracking error signal at the first input 412 of the third operational or



first output 148 of the diode detector array 108. The signal produced by
the second tracki ng photodetector 116 is provided to the second tracking
preanplifier 128 via the second output 152 of the diode array 108. The
signal produced by the inner portion 122 of the concentric ring detector
120 is provided to the first focus preanplifier 132 via the third out put
156 of the diode array 108 while the signal produced by the outer portion
123 of the concentric ring detector 59 is provided to the second focus
preanplifier 136 via the fourth output™160 of the diode array 108.
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phase difference of the signals at the outputs 440, 448 is too large, the system may
become unreliable.

Both the first and second sine function generators 360 and 364 can be imple-
mented in a variety of ways well known in the art. One such implementation is shown
in Fig. 7, which shows a sine function generator comprising an analog-to-digital
converter 488, a Read Only Memory look-up table 490 having a plurality of stored sine
values, and a digital-to-analog converter 492. The signal provided at the input of the
sine function generator is first converted to a digital signal by the converter 488, the
Read Only Memory 490 receives this digital signal at its input 494 and generates a
corresponding sine function value at its output 496. The sine function value is converted
into an analog signal by the converter 492 and is provided at the output of the sine
function generator.

The signal recovery subsystem 104 (Fig. 3), when operating with the tracking
signal processing portion 300 of the present invention, continues to provide a tracking
error signal to the tracking servo subsystem 94 (Figs. 1, 4). The tracking servo
subsystem 94 utilizes the tracking error signal to control the radial position of the read
beam 22 by driving the inductor 52 in the same manner as described above. Thus, the



e e e S T

9 input 210 and generates a tracking A signal for the inductor 52 at a
first output 212 and a tracking B signal for the inductor 52 at a second
out put 214. Together, the tracking A and tracking B signals control the
radi al displacenent of the read beam 22. \When the tracking error signal is
received at the input 210 of the anplifier 202, the two tracking signals
control the current through the inductor 52 such that the readi ng beam 22
“inmpinging thereupon is nmoved in the radial direction and beconmes centered
on the information track illum nated t he read beam 22. The direction and
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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 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 as can be seen in Fig. 9, which shows

the value of the signal 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 the disc 26. However, when the tracking signal

processing portion 300 is used, each period of the tracking error signal can be made to

represent any number of information tracks 66.

The number of information tracks 66 represented in each period of the tracking

error signal 516 is determined by the gain of the feedback amplifier 348. There are

advantages to “linearizing” a large number of tracks 66. For example, after the local

feedback loop 344 operates to linearize the tracking error transfer characteristics over

several tracks, a noise pulse with a magnitude greater than one track is still within the

operating range of the negative slope of the linearized error signal, which allows a

normal response by the tracking error subsystem 84 to such a noise pulse. However,

because the amplitude of the signal 516 is finite, the greater the number of tracks 66

represented in each period, the smaller the difference in voltage between each of the

tracks 66. If the voltage difference between adjacent tracks 66 is too small, it may

become difficult to distinguish between the tracks 66, and tracking errors might resuit.

There is therefore a tradeoff in performance that must be made in choosing the number

of tracks to be represented by each period of the tracking error signal 516.
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anplifier 202 does not provide tracking A and tracking B signals, as they
woul d tend to unsettle the radial beam defl ecting nmeans synbolized by the
i nductor 52, and require a longer period of tine for the radial tracking
servo subsystem 94 to reacquire proper tracking of the next adjacent

i nformation track. Generally, in a node of operation where the tracking
error signal is renoved fromthe anplifier 202, a substitute pulse is
‘generated for giving a clean unanbi guo signal to the anplifier 202 to
di spl ace the read beam 22 to its next si gned | ocati on.
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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 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 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.
The signals provided by the first and second tracking photodetectors 304 and 308
are both periodic and are approximately ninety degrees out of phase. They can be
represented by the functions sine and cosine.
For the purposes of the following discussion the photodetector is assumed to have
two signal outputs in quadrature. The signal provided by the first tracking photodetector
304 to the first preamplifier 316 is defined as sin(x) and the signal provided by the
second tracking photodetector 308 to the second preamplifier 320 is defined as
sin(x+90) or cos(x), where x is the relative radial position of the read beam 22. The
signal provided at the second input 468 of the second muitiplier 336 is defined as sin(y)
and the signal provided at the second input 456 of the first multiplier 332 is defined as
sin(y+80) or cos(y), where y is the value of the relative radial feedback signal. Given
these definitions, the signal at the output 460 of the first multiplier 332 is sin(x)cos(y)
and the signal at the output 472 of the second multiplier 336 is cos(x)sin(y). Thus, the
signal at the output 484 of the summing amplifier 340 is:

a[sin(x) cos(y) -cos(x)sin(y)] = asin(x-y) = a(x-y) (2)
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I ndicated at 260 on the line 232 represents the center of the second
I nformation track 244. A point indicated at 264 represents the center of
the center information track 236. A typical optical disc contains

- approxi mately el even thousand information tracks per inch. The distance
fromthe center of one information track to the next adjacent information
track is in the range of 1.6 mcrons while the information indicia aligned
in a particular information track is g&proxin&tely 0.5 microns in wdth.
This | eaves approximately one mcron enpty and open space between the
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crossover Ing errors are
rmge patterns transmltted in the beam 538 are measured by a quadrature

photodetector 546, which can be a ring photodetector, and which is typically disposed
within the receiver/analyzer 542. The analog outputs 548, 550 of the photodetector 546
are then presented to the preamplifiers 316, 320 (Fig. 6).

" Referring again to Figs. 1 and 3, it has been disclosed hereinabove that the
embodiments disclosed above result in an error signal for a servo circuit; however in
certain applications, wherein it is only desired to measure the position or other
characteristic of an object, the error signal produced by the signal processing portion
146 need not be provided to a servo circuit, but can be connected to another user of the
information, for example a computer, or a measurement indicator. In this case the
tracking servo 94 and the beam deflecting means symbolized by the inductor 52 can be
omitted.

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 signals 548, 550 and an




I ndi cated at 284, 288 and 292 corresponding to the center of the information
tracks 240, 236 and 244 respectively. Mninmumtracking errors are al so
shown at points indicated at 296 and 298 corresponding to the crossover

poi nts 248 and 252 respectively. A tracking signal processing
portion 300 of the signal processing subsystem 104 of the present

I nvention is shown in Fig. 6. The tracking signal processing portion 300
‘receives tracking error signals fron1q9th a first tracking photodetector
304 and a second tracki ng phot odet ector 308 of a diode array 312 sim|lar

h i ' . . .
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coul d recam’g i §§ﬁ| %’&F r"ERUt"S?g'H%\'ﬁB"q’?é ape, ap {ngtw ¥Y-phot odet ect or s
such as a duaf fghcticodgenetator 558 Ipcoduces la capine funatiorp outpat Sb0gambat sime 300
i ncl udes  fyrictié® buPESER Hidtire3éspecive SSIE iMILRSBPhE Mtfipidrdss42 55@!@
operatlonalla |11 ééf a, second oper %@pnq{ aggzézlsé 328, a first
anal og nu Isi‘mmr'];]foge?m@‘g'rff @Ewﬁﬂﬁﬁrﬂ{tﬁgs FP& iMyiiRiie 208 andQRAerHes
anpl i fi er a3rekingsignal &6tk The trackingsigpal©664s couplexbbadkdn tixdoptical piblaip viacl udes
a | ocal fgedhAckol SEBYPSefONTHId B SivatradkrgloS The tiaekiad s@ﬁﬂ'éﬁ&ﬁ@%{sg“& a
f eedback. I ogﬁ ﬁgmgen?a Jdon, ci ?éw 'FB’ ’C",Sﬁ@sé Eg@g hi fatpgrI 356,. ak_nd br st and
second si FRUPIEALR A pRtainEetar 570, whigh 2 d béﬁ‘?l? 1'00P 3R FIRAdBeshi £t er
356 provi gotentiometer §E9, thetracking sigral 56@ isidangectad 4o plcampessation creditgZd) t he
out puts Ofthd BarpdsE 8f WHithlid Rpra@Be pRESE ancPESin c3Rfbensation in order to maintain
loop stability. The function generator 558 receives a first input 574 from the compensa-
tion 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 5§74, 576 (Fig.13), and
supplies two structurally identical units, generally referenced 585, 595. The unit 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 programmable
memory 582. In this embodiment the analog-to-digital converter 580 has a higher bit
resolution than is required, and the least significant bit position 586 is therefore
grounded. The outputs 583 thus provide a vector into the erasable programmable
memory 582, and a corresponding sine value is output on data lines 588. The sine
value represented by the signal on lines 588 is then converted to an analog signal in a
digital-to-analog converter 580, which can be an AD767KN. The four least significant
positions 592 of the digital-to-analog converter 590 are grounded, as it has a higher
resolution than is required. The analog output 593 is coupled to a filter circuit 594, the
purpose of which is to attenuate the signal in order to eliminate aliasing.
The unit 595 differs from the unit 585 only in that a different data set is stored in
its erasable programmable memory 586, in order to generate a cosine function.
Preferably the data is programmed such that when zero volts are input to the units 585,
595 by the analog-to-digital converter 580, the outputs 597, 598 have voltages of equal
magnitude, preferably 0.7 volts.
in programming the erasable programmable memories 582, 597, it is necessary
to compensate for the fact that the analog-to-digital converter 580 generates two's
complementary signals, which are not sequential or linear as seen by the erasable
programmable memories 582, 597. Adjustment of the data in the memories is therefore
necessary in order to generate true sine and cosine functions. The computer programs



The first preanplifier 316 has an input 368 and an output 372, and the
second preanplifier 320 has an input 376 and an output 380. The first
operational anplifier 324 has a positive first input 384 which is

el ectrically connected to the output 372 of the first preanplifier 316, a
negati ve second input 388 which is electrically connected to a positive

vol tage source 392, and an out put 396. The second operational anplifier 328
has a positive first input 400 which Hé el ectrically connected to the

out put 380 of the second preanplifier 320, a negative second input 404
which is mlggé i 1G&tirig¥ 1CEHU2EAPHe bRedul 0QréRER SURHBIEYalPidr pRIGFarAminut PUT

408. eedbac o] on 344 of the tracking signal
pr ocessi nt&e&gﬁqb&p%g@mmgﬁg '?W?rl?sgiﬁgr éél ‘onal anplifier 348 has an i nput

412, and an deenentidna tmtrhg;sugtnls eequiredfrtbe funstion of theiintegmedciccuits in nput
gsgr ‘2{1: g EFn Sgi&éniélﬁ‘éré\h&é& i ﬁn%ﬁlg%cﬁggb%ﬁﬂﬁs‘?lﬂisﬁ%d in ﬂzﬁﬁeﬁﬁeténﬂﬁﬂid; psg 56 has
an i nput s\lﬁ ﬂh‘ﬁg’ %1?‘1 4 olh '%30‘{ eq tﬁ@ ‘dﬁ'{‘ﬁ&’iﬂh'ﬂ? %3he phase
conpensat bea 74HCAO60J. Ikaing algdals devatopedthydhe Hack 600Haclade 3 chip selectfsignat i on

gener at of 6@ chighdhabP4inat 888, Uil ehabi€ BRAIE 102bh 2 CORIRSIR Enblelsighabut pu
432 of th ﬁhase shifter 356, has an out put whil e the second sine
function Eé erator 364 has an |nput 444 which is electrlcally connected to
t he out put 424 of the phase conpensdSirtNGAet work 352, and has an out put
448. _Thﬂ_I.Lle_auaJ.o.g_nm_u_pJ_J.ﬂ_Baz_ha$af|rst i nput 452 which is
el ectri cal, onnected to fhe out ut t t operational
anplifier EZ%FC%P@S@&H%S‘?’Y%{JW Q§ ﬁgmaggpg&({l {9% | ylconnected to the
out put 440] d?rogtamwmtenbyl.ndwig@nshkwskgener ator 360, and an output 460.
The SeCO”dL%ﬂﬁ}B Pé'rﬂ rbt%& S?\?@arﬁlf‘éoélné Hét%tfor‘ AEEPROM WRhChy 1S

el ectrical nd perat I onal

t he out 0
" anplifier 2’2?“({33 8&5}1 %Fp‘iﬂmﬂi%@ ﬁtﬁ/ﬁ‘?rﬂ}? f@"ee?‘gelft agaal I yPconnect ed to the
out put 448|ositabhlatemmmmﬂhallydayfthaaddmasgﬁheIEERROM:mttgthand an out put 472.

The sunmmin o’t'ﬁ’@h”férh@tu'éiﬂ m;éﬁge”&tbl dotWutgf6 which is electrically
connect ed ? e out put ﬁ the first analfhog.hrmltrpl I er 332, a second
I nput 480 *WTTHTS ereciricalry connected to the output 472 of the second

anal og nulDEQLARE SUB SaveData (n AS INTEGER)
DIM SHARED n AS INTEGER ' total number of memory locations

DiM SHARED Cy! ' total Number of Cycles
DIM SHARED Cstep! ' value of each step
DIM SHARED Degree!

DIM SHARED PROM% ‘the word width of the output prom
DIM SHARED chksum AS LONG  ‘chksum for binary data file
CONST sine=1,cose=2

CONST Pl = 3.141592654#

Degreel = Pi/ 180 ‘Scales to one Degree from radiance

' user selectable parameters

Cyl =32
PROM% =8 '8 bit wide prom
PromSize% = 13 ‘Number of address lines 13 for 8K PROM

end

n =2 * PromSize% 'total number of address locations
ByScale% = (2 * PROM%) / 2

SizeScale=n/2 ‘offset calculation for bipolar output
Cstep! = ((Cy! * 360) / n) * Degree! ' cycles per step address
offset! = Degree! * 45 'with zero volts in make the sine = cosine




12 336, and to an output 484 which is electrically connected to both the

I nput 412 of the third operational anplifier 348 and the tracking error
subsystem 94. The first preanplifier 316 receives a tracking signa
output fromthe first tracking photodetector 304 at its input 368 while the
second preanplifier 320 receives a tracking signal output fromthe second
tracking detector 308 at its input 376. Both tracking signals are periodic
'signals when plotted as a function of, radial position along the surface of
the disc 26 and the two signals are éﬁproxinately 90 degrees out of phase.

The trackg Sﬁipg(%ij +Hr the two tracking detectors 304 and 308 are
each arrpijkgzged and ar ?“{llﬁg% Bfg)r\;ni ded at the outputs 372 and 380 of the
first an cond preanplifiers 316 and 320 respectively. The first

oper at i onRangepliNT{neg2)324, whi ch receives the anplified tracking signal
fromthe §idsaiy Ppeanplifier 316 at its positive input 384 and receives a
positive voltage at ,its negative input 388, renoves the comobn node vol tage

of the trackrmgstgfate file ol Proer Bef-arger—propor ti on of the signal
cor r esponBRINT hpRahge, iI0stapd Degreel; Gyl BySoale%attesttparameters 396. The second
operati ongpyafp! i fier 328, which receives the anplified tracking signal

fromthe secondlgorear?l ifier 320 at _its positive input 400 and receives a
positive VQPlEé?b REMp §'ahé:é%ﬁgygpllﬁf)ﬁ§#304, renoves the common node voltage
of the traPRING #2, t(FEPROMIdata SVDATES, T IMESgof Revigiont | on of the signal

correspondj t Cigl kror signal at its output 408. The
PRiVE 2! CORS{AC S0

first rrultuo | ] I'es' 't he tracking signal received fromthe
out put 396 thgfor nrxt jqopds netRiibic Arden the agdresp ot TeaMirgd: h a f eedback si gnal
recei ved f rinedddesssisigraicodddin two's complement and the output data is

' 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.
K=-1
FOR i% = 1 - Range TO Range ' low and High order address combined
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)
' 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$(Acosine%)
chksum = chksum + Asine%
' PRINT #2, HEX$(addr), HEX$(Asine%)
IF (K MOD 128) = 0 THEN PRINT #2,
IF Asine% < 16 THEN PRINT #2, HEX$(0);
PRINT #2, HEX$(Asine%); " *;
NEXT i%
PRINT K; " = TOTAL MEMORY LOCATIONS"
PRINT #2,
PRINT #2, CHR$(3); "$S"; HEX$(chksum); *."
PRINT #2,
CLOSE #2 _
' test file for vissim
OPEN "PROMO1.TXT" FOR OUTPUT AS #2




of the first sine function generator 360. The resulting nodified tracking
signal is provided at the output 460 of the nmultiplier 332. The second
multiplier 336 nmultiplies the tracking signal received fromthe output 408
of the second operational anplifier 328 with a feedback signal received
fromthe output 448 of the second sine function generator 364. The
resulting nodified tracking signal is provided at the output 472 of the

‘multiplier 336. The summ ng a%I ifier 340 receives the nodified

tracking signals fromthe first and cond nmultipliers 332 and 336 at its

158,20, SRRl PR BoASRy IRSEL Y Bhynkor, T ecel Vi ng Lhese

signal s, the sunmm’'ng anp aically to generate a
di fferenti &RINT#2i ng error signal representing the phase difference
bet ween t IFOR WS =®UOfKed tracking signals. The differential tracking error

signal is pr@ﬂlﬂ?q%abRHw, gg)gg?%}t@w%&f/gé S nplifier 340. The tracking

error signal is theh I’OV{O ) ' rru switch 200 of the tracking
servo subsysFENG #2 Po.AROM%(ifp, sireBROM(IYo0ce38d f eedback portion 344 of
the tracki ngeXT@mal processing portion 300. The feedback portion 344
of the trac‘lrg'i_(ﬁg y’zgnal processi ng portion 300 receives the differential
tracking ertfo Ei gnal at the first input 412 of the third operational or

13 feedbacdkNBhplifier 348. The feedback anplifier 348 anplifies the

tracki ng ersaveDutg(s!

SUB SaveData (n AS INTEGER)

DEFINT A-Z

‘SaveData:

' Save the PROM data in a file PROMO1.dat" data file.
OPEN "PROMO1.dat" FOR OUTPUT AS #2

‘h PRINT #2, "EEPROM data "; date; " of Revision"
FORa=1TOn
' PRINT #2, account(a).Title

NEXT a
CLOSE #2

END SUB

_ LISTING 2

LN o+
L] L)

'l 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. ]
‘| COSINE OUTPUT |
DECLARE SUB SaveData (n AS INTEGER) _
DIM SHARED n AS INTEGER ' total number of memory locations
DIM SHARED Cy! ' total Number of Cycles
DiM SHARED Cstep! ‘ value of each step
DIM SHARED Degree!




using a predeterm ned | oop gain and provides the anplified signal to the

i nput 420 of the feedback | oop conpensation circuit 352. The feedback | oop
conpensation circuit 352 provides phase gain conpensation for the anplified
tracking error signal and provides the signal to both the input 444 of the
second sine generator 364 and the input 436 of the phase shifter 356.

The phase shifter 356 provides a predeterm ned 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 fufidtion generator 360 differs fromthe
si gnal pr gy hpput 4 ' unction generator 364
by a prede Iyrj%ﬁﬁggdvg??ygg Tﬁéevoh&v@h Bﬁﬁgggtpﬁlhprﬁw}juced by the phase

age o
shifter 352IM SHARER:-eksUAS LOAG v&‘hgi“"ﬂ fatbinagy data flhe out put of the two
si ne functCONSTaes atipesse3d® and 364 to be ninety degrees out of phase. The

ef fect of i as j wp that the signal provided at the output 440 of
the first élahle%-rﬁﬂnc?'i“gﬂéégéggg?ator 360 is the sane as what woul d be provided

by a cosi neegfepkt Bl 6180 1 [Scalgste ope Degraeifram ffiante si gnal provi ded at the

out put 424 of-t-he-phaser suiutibie palapietaret-work -352..Thus, the signals output
fromthe f?{ns;taimd second sine function generators 360 and 364 are 90
of

degrees ou %phase. Wii | e a phase difference of substantially 90 degrees
i s preferrBBOM%RE 8 nvent i SbicwieEOBr acticed with ot her phase differences

as wel |, WPidmSizé%r=a1ge of 'Nupibepsf address/linte 1d4or SIKPROWME phase angl e can
thus be in.a range of approxinmately 60 degrees to approximtely 120
degrees. |f the phase différence of the signals at the outputs 440, 448 is
t oo | ar ge, Prhe” Byameizetay etabrymberrofiaddiass locations  Both the first and
second si nByStHIe% (2 YPROM%GPFS 360 and 364 can be inple- nented in a

variety of 2 NOW ¢l ; ppl ementation is shown in
Fig. 7, Wmsc S '\(%ﬁj/shégsi Y]@ﬁ%ﬁ}ﬁt@&ﬁ%ﬁa gor{t(aar'bgbt@o#&gbod ri sing an
anal og- t o- §istapt F1((Cyd 5366} 4 )" Deggeely é@@@ﬁs@ﬁfﬁt €8S ook-up table 490
havi ng a pbffsetl £ Degade! UG ith Zérb Yolty/ il sk thakthea= oging al - t 0- anal og
converter ﬁ?ﬁ-snﬂﬁeé‘rﬂi@hvgéq"i d at the input of the sine function

is T nvert td

gener at or Irst Cco digital signal by the converter 488, the

Read Only lQéiﬁ)ry 490 receives this digital signal at its input 494 and

generates at{angg_rﬁlm]g@nﬁj ng si ne function val ue at its output 496. The sine

function V%“H@’JPS' d:onverted into an anal og signal by the converter 492 and
a

i's provide he out put of the sine
- data file for prom programmer.

PRINT n, Range, Cstep!, Degreel, Cy!, ByScale% ' test parameters
PRINT
OPEN "PROMO01.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
' the address's are coded in two's complement and the output data is
' 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.
K=-1
FOR i% = 1 - Range TO Range ' low and High order address combined
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)
' compute two's complement addressing mode for the PROM
IF i% < 0 THEN addr = ABS(i%) + SizeScale ELSE addr = (%)
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functi on generator. The signal recovery subsystem 104 (Fig. 3), when
operating with the tracking signal processing portion 300 of the present
i nvention, continues to provide a tracking error signal to the tracking
servo subsystem 94 (Figs. 1, 4). The tracking servo subsystem 94 utilizes
the tracking error signal to control the radial position of the read beam
22 by driving the inductor 52 in the sanme manner as descri bed above. Thus,

t he 2 14 tracking servo
subsystem 94 operates to naintain the %ead beam 22 centered on an

f[ Rf or mat | gndPR@M%@@sine) =AsWé!°/$:€PFfdﬂ_ﬂ°/J(Ka€d%ie§19 A%%EM@‘V#%‘E&M%?E& 94 U]Ei ![ihzes

e provided, [ror nal. i me. mgnner regardl ess o e
tracki ng si gngﬁﬁb?&gﬁd@mgﬂ"%)e 1 ?&F‘f@"lq)énal recovery subsystem
104, the usecbksunme chkshrposingtal processing portion 300 results in a
SUbsyst 6m 94 R A S IE Y v ded when the tracki ng. oi gnal
processi ng pé’?&&éégégl'@gﬁw{@ﬁﬁﬁgg periodic, but the use of the portion
300 causes edchAcpsinetcc H6 THEN PRINIIFHHENHQX signal to represent a greater

range of | ocHRINTHO MEXIEACRIHe)! " di sCc 26. Fig. 8 shows a conparison
of the tragg'%g.ggﬁrror signals, each of which is a function of radial

posi tion, portion of the disc 26. A signal 512 is the tracking error
si gnal PRINT K; " = TOTAL MEMORY LOCATIONS"
) PRINT #2,
PRINT #2, CHR$(3); "$S"; HEX$(chksum); ","
PRINT #2,
CLOSE #2

test file for vissim
OPEN "PROMO1.TXT" FOR OUTPUT AS #2
'PRINT #2, "EEPROM data "; DATES$; TIMES$; " of Revision"
PRINT #2,
FORi%=0TOK
PRINT i%, PROM%(i%, sine), PROM%(i%, cose)
PRINT #2, i%, PROM%(i%, sine), PROM%(i%, cose)
NEXT i%
CLOSE #2
END:
SaveData (n)
SUB SaveData (n AS INTEGER)
DEFINT A-Z
‘SaveData:
' Save the PROM data in a file PROMO01.dat" data file.
OPEN "PROMO1.dat" FOR OUTPUT AS #2
PRINT #2, "EEPROM data "; date; " of Revision"
FORa=1TOn
' PRINT #2, account(a).Title
NEXT a
CLOSE #2
END SUB




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 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 extrenes, it can be
said that the tracking signal processjng portion 300 "linearizes" the
tracking error signal. However, the sTtTgnal 516 does renain periodic as can

be seen in FV%llthls W\}bﬁﬁb Vl%ehr& eﬁ%f?lf refé?@nc%' 181Re stalduR\didciRedr €at er

portion of the n rocessi grtion 146 is
Coed. eadkraiid s aotmontned e (PR %9‘3?9;%“ e srplBaRgs Bteriiel o paver

i nf or mat ianm rmmhﬁclatnﬁras arid chranges as nkiy. cornwititin thenstopetdf thet folmking glairmsgnal
processing portion 300 is used, each period of the tracking error signal
can be nade to represent any nunber of information tracks 66. The
nunber of information tracks 66 represented in each period of the tracking
error signal 516 is determined by the gain of the feedback anplifier 348.
There are advantages to "linearizing" a |arge nunber of tracks 66. For
exanpl e, after the |ocal feedback |oop 344 operates to linearize the
tracking error transfer characteristics over several tracks, a noise pul se
with a magni tude greater than one track is still within the operating
range of the negative slope of the linearized error signal, which allows a
normal response by the tracking error subsystem 94 to such a noi se pul se.
However, because the anplitude of the signal 516 is finite, the greater

t he nunber of tracks 66 represented in each period, the smaller the
difference in voltage between each of the tracks 66. If the voltage

di fference between adjacent tracks 66 is too snmall, it nay becone
difficult to distinguish between the tracks 66, and tracking errors m ght
result. There is therefore a tradeoff in performance that nmust be made in
choosing the nunber of tracks to be represented by each period of the
tracking error signal 516.



15 The tracking servo 94 nust operate within the negative feedback
sl ope of the tracking error signal 516. This is because if a positive

tra were provided, the tracking servo 94 mould drive the
| ndazlmllmumlmﬁtmdl splace the beam 22 in a direction _cg Re
trackt ng enrom te increase. The tracking error woul-g ‘gog};ggmueﬂa’:ﬂﬁu | d,
causing a mal function. This is also true of the trhc mgmsgggmq respnse to
the tracking error signal 512. Wthin_i{he feedback|{pg

tracki ng signal processing portion 306*however, the use of p03|t|ve

f eedback @ggfgnot create any such probl ens. Thi s 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 regardl ess of

whet her a. plis apparatusdferidetedtingi s atljedt tisingia bein uf ratiant eelgy, compriding: val ues

of the ! TA&kirBA xR, BN Pt bt adBBlesEcond T racki ng

phot odet ect or S&ht a relative radial
posi ti on dfieteqter pksgid bramhaving, first and qgcged QQPUﬂSG?QR‘PéPWe e positiancofsridt he
si gnal provi dednt eldtive theolsibetck portion 344 of the tracking si gnal

0) [ Th
oo of tnd bl Wpitd d SBCGRRNS, dt 49 Aduyar Bt Hoallis S uBLORHE ", o Les
of these two fgprgﬁamtg\s wwawns pisaid bepn frgm:a predelesrinedpositian; whereoo,
t hrough the usaid efrortdignal haslhpekiodio charatteridit reiztive §ald dispRieément; t he

t Ki |

i al | ol qealieRHEAR lobfUAiled B g Buthfe 4 shiderdidt & "‘*ﬁ’s%r\‘i’%@"aﬁi ystem
94 to st abil i&brst priqdicfungliongenerater respensive to$aidryeas 1apddesi r ed

i nf ormat i on ta sedondperiodic funclidregeriegatod t%swmiuedeéaid}ertdnelghar shidsegormecond

tracking phoﬁ{%ﬁﬁ%ﬂéﬁn gﬁerﬁﬁqu\ﬁﬁg a@B&gBﬂff% cﬁl%ré 99 a&l@ptﬁ‘o?sm first by the

appr oxi mat el netfy ﬁ) resen
functions si rkenodie yagqqqegenerator by a phase angle;

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

a second multiplier for multiplying said second output of said detector by said output of
said second periodic function generator;

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

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

3. The apparatus according to claim 1, wherein said first and second outputs of said
detector have an approximate mutual quadrature relationship with respect to said
displacement of said beam and said phase angle is approximately ninety degrees.

4. The apparatus according to claim 1, wherein said first and second detection signals

have an approximate mutual quadrature relationship with respect to said displacement
of said beam.

5. The apparatus according to claim 4, wherein said phase angle is in a range of
approximately 60 degrees to approximately 120 degrees.
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For the purposes of the follow ng discussion the photodetector is assunmed

ve two Sj outputs in quadrature. The signal provided by the first
lwﬂ’nmg' HE“ tlﬁtor 304 to the first preanplifier 316 is defi ned as

provi ded by the second tr qKLn ,Php emgg\ili1 308 to

.the second preanpllfler 320 is defined as sin(xi ere x is

Dl

the relative radial position of the read beam 22. The ‘% pr.avi ded at

t he second input 468 of the second nmultiplier 336 is defined as sin(y) and
t he signal provided at the second in 456 of the first nultiplier 332 is

def d
o ol f & JpS SpPUTEN pcordifz o daim S iterdinisBid sk Bl €apbldRimeTR
460 of t He9reesst rTLI|tI plier 332 is si n(x)cos(y) and the signal at the

output 472 of the second nultiplier 336 is cos(x)sin(y). Thus, the signal

ZE 5|t E?X?;‘%g‘zﬁ @éraﬂfs)éc%r(ﬁﬁé]qmcﬁﬁn ?%érgfj\%aldscfbg %ﬁ‘r comlses an interferome-

16 whereitgfa is a constant gain factor. As is known in the art, for values
of x-y near zero, sin(x-y) is approximately x-y. Therefore, for val ues of

X-y near gepQ, S substantiall

i near. T% Aﬁealpé%]’%é) fﬁ?&rﬂ%l Sféaﬁéa@ o@&?ﬁ%ﬁgﬂggsﬁﬁ isgig a given appli %:lat I on
by appr op® detestos ef samegamhawn@ﬁ@band gscond, eutpu despansiyefe a ppeitiorpafsaid I'n
a specific ergeagi;ment of the present invention, the second sine function

a circuit coupled to said outputs of said detector for producing an error signal
representing a displacement of said beam from a predetermined position, wherein
said error signal has a periodic characteristic relative to said displacement;

a servo responsive to said error signal for restoring said displaced beam to said
predetermined position;

a local feedback loop coupled to said outputs of said detector, said loop comprising:
a first periodic function generator responsive to said error signal; and
a second periodic function generator responsive to said error signal, said second
periodic function generator having an output that differs from an output of said first
periodic function generator by a phase angle;

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

a second multiplier for multiplying said second output of said detector by said output of
said second periodic function generator;

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

9. The apparatus according to claim 8, wherein said periodic characteristic is
substantially sinusoidal, and said first periodic function generator and said second
periodic function generator are sine generators.

10. The apparatus according to claim 8, wherein said first and second outputs of said
detector have an approximate mutual quadrature relationship with respect to said
displacement of said beam and said phase angle is approximately ninety degrees.

11. The apparatus according to claim 8, wherein said first and second detection signals

have an approximate mutual quadrature relationship with respect to said displacement
of said beam.
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generator 364 can be replaced by a cosine function generator, which
receives the signal provided at the output 424 of the phase conpensation

netmw } The use of a cosine function generator in this enbodi nent

el W or the use of the phase shi Referring

. now te "g” ! Hm and 12, in a specific enbﬁ"rﬁrén F’?%Bﬁmention,
the inputs to thé pfeanplifiers 316, 320 are de ope&E WAGER opti ¢al pickup

link which includes an optical subsyséﬁm here represented by prirsm 520. A
source beam 524 is passed through a | s 526, and is received by a

ti i _ : ] :
Convent | SOAl el 8 BELtin] 38l A0 uhellbfe el BhoSTER SRR AC
r espect | VRAPFOXIMAtehHEO dagreos toarpraximataly 120 degree® i nterferometer 528 are
novabl e relative to one another in the directions indicated by the

the 111 not e EpRs RS Eep@ihodo BRitT 12 At RaichEed Ahgl i oriRinAB AF 00

beans rec@8@ee® as beam 538, which i.s collimated by a | ens 540. The beam
538 then reaches a receiver/anal yzer 542. The fringe patterns transmtted

in the be u ] l,.ch can
be a i ng S SRBPEIERR (iieln® B baly fulSs B EEEEE ai erefolhy

recei ver/ 84kl yzer 542. The anal og outputs 548, 550 of the photodetector 546
are then presented to the preamplifiers 316, 320 (Fig. 6). Referring
again to Ek0s%. L | e t ¢ he

enbodi men'ltf g gﬁ"sf%ﬁhggg%f%é’f}%@ﬁ@é? g?’?&%@%“%?‘?&yhgérgh%%? gég%e?fw circuit;
however i @enerating fisst apghsecondidstection gignals fesnonsive ¢y apogitian pbepid BedBasur e t he
posi tion @roduchgran efér sigriad raprédenting alispltieatint of duid besimfrom g prédesroduced

by the si I ' ' . t__be .. ' .
oy L0 " e o RBE B oy SeR B MR e,
exanpl e a conprifd displasementieasur enent indicator. In this case the tracking

servo 94 agstorirfirsditdispldedd bednm rosaipredeteitnined ipositloin rebgorisedoiehidrerim? can be
omtted. i néﬁahc’f’pl enentation of the circuitry illustrated in Fig. 6 is
di scl osed w tﬁg.re erence to Fig. 13. Tracking signals 544, 546 received
from t he geoewiingadirehperigdicsigngbiespansive fgisald grrerisighaliad@di n a general |y
quadr at ur gyehetdtingoasectnd pBeodic Sighah Fespbasivé o isaRUERoDEignaldishidesevvndal

AL er s 94 Berigl sgRaidng Hof sl hrst WoAUS sBhal'tya Bhdde it 2
wherein said step of producing an error signal is performed by the steps of:
multiplying said first detection signal by said first periodic signal to vield a first
product signal;
multiplying said second detection signal by said second periodic signal to yield a
second product signal; and
determining a difference between said first product signal and said second product

signal.

16. The method according to claim 15, wherein said first and second detection signals,
and said first and second periodic signals are substantially sinusoidal.

17. A tracking control apparatus for an optical disc system, comprising:

a source for directing a beam of radiant energy toward a selected one of a plurality of
information tracks of an optical disc;

means for imparting relative rotational motion between said beam and said disc about
an axis of rotation;

a beam steering means for displacing the beam in a generally radial direction relative
said disc to follow said selected information track;
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548, 550 represent respective differences between their input signals 548,
550 and an 17 of fset
whi ch is produced by a voltage divider 552. The outputs of the
d?”@il% i ers 548, 550 are inputs of nultipk~eLs.nh4 _and 556
. resp 'lm A function generator 558 produces avchﬁsSHEtﬁ HnStBE%N
~out put 56 0,” artd a sine function output 562, which are respe econJ
inputs of the nultipliers 554, 556. umm ng anplifier<56 rnn qu i fje
outputs of the nmultipliers 554, 556, “and generates a tracking signal 566.

The traclg d&eébﬂ@@bor@% toTadianidrR ?gpbr%ﬁlfmh frbh?sé?@%élﬁﬁbd WfﬁMloKit%cEI g

connector 568 S serv ckin 0 e tr

si gnal 566 |§"‘§;\F‘§8‘“gcﬁj rst Wﬂpé'gﬂ?}tm?éﬁ‘é?’éo‘g?ﬁt “g%’f‘?ci ‘ﬁh%ﬁ]"u g%‘ﬁ‘ie | ocal

f eedback | ooputpat signl diffetshiny phisenfrom reaice second, outpet sigral lkdcogrdinggteal 566 i s
connect ed togg fé@%@ﬁﬁéﬁs‘aﬂfb&dn’i FrH tsaW@ele&th?trle{ pose of which is to provide

hase and In e atl er, to nmal stability. The
1I‘D unction agfgg‘ép'éﬁme @Qﬁy@g ret; inpyt CPWHE% t‘?ﬁﬂd ? FEHFWHES'SWHQ'Q tion

circuit 572, defedtas;, second grounded i nput 576. Fig. 14 illustrates the
functi on HeRBRMiI éﬁelé& icHilg A fifs? | pfEtoid Qscdhg | ighyier ter
580, preferabt%/ g Ipﬁ n ?e%\gﬁ gs@wg%ﬁ%uts 5%3&%%%111?'@}@%%9@0%(1
supplies two® (‘,’P 1 y | dentical units, generally referenced 585, 595.

The unit @& Bifferpncersuimesing agiplifert hawirg arﬁrstdnrpixttcbepledlittb ab Dhitpyd 0f saiidfissta cosi ne
Function. | n g lipiePbRs %sgeceﬁd p%YS&lé}le(PfH 3n blputBf daid Secoifd! rhulfiiied §Cr 1 bed.

The outputs 583 of. the anal og
generatlng an error signhal;

a first periodic function generator having an input coupled to an output of said difference
summing amplifier and an output coupled to a second input of said first multiplier;

a second periodic function generator having an input coupled to an output of said
difference summing amplifier and an output coupled to a second input of said
second multiplier; and

a servo responsive to said output of said difference summing amplifier for operating said
beam steering means.

18. The apparatus according to claim 17, wherein said first output signal and said
second output signal differ in phase by a range of approximately 60 degrees to
approximately 120 degrees.

19. The apparatus according to claim 18, wherein said first output signal and said
second output signal differ in phase by approximately 90 degrees.

20. The apparatus according to claim 17, further comprising:

a loop gain amplifier coupled to said output of said difference summing amplifier
génerating an ampilified error signal; and

a feedback loop compensation circuit coupled to said loop gain amplifier that provides
phase gain compensation for said amplified error signal.

21. The apparatus according to claim 20, further comprising a phase shifter coupled to
said loop compensation circuit and coupled to one of said first periodic function
generator and said second periodic function generator, wherein said phase shifter
provides a predetermined voltage offset to said error signal.
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converter 580 are connected to the address |lines 587 of an erasable
programebl e menmory 582. In this enbodi ment the anal og-to-digital converter

as a higher bit resolution than is required, ang3he-least significant
t{m@j ﬂmmg s therefore grounded. The outputs } é”& mggpr oy
, 7" asabl e programmabl e menory 582, anfl a cq;Er s
val ue is o'htpsut *on data lines 588. The sine val ue represented tH t he i gnal
"on lines 588 is then converted to an %gal og signal in a digital- .
converter 590, which can be an AD767KN” The four |east significant

posi ti ons;BYRe@pp a&a&sdé&bidmgtb%raaﬂ@|1owha%@na fifst PO BinSiAiRFhto@S 1t
has a hi gheJiq‘ssol u

lre ana out put 3 1's coupled
to a fil t éﬁ?‘f“dé?ﬁ“’d'tcﬁﬁmﬁ'ﬁp g@'afﬂr%?@ﬁ gege{agcg'ét tenuate the signal in
order to elimnate aliasing. The unit 595 differs fromthe unit 585
onl n that gymabl
y | @@Th@ %Péfaﬁseiﬁcoﬂﬁﬁgalo%%m'ﬁ ﬁl}\@lreﬁfsér@f Ts})hénﬂ?%ﬂgdr'&wg%e at aei .

menory 586, .1 n t e | ne
b 0" arme <A SpFHd ReToRiCInopseneraliare SREENBNE. uni s 585, 595 by
t he anal og-to-digital converter 580, the outputs 597, 598 have vol t ages of

equal mag@l tngeaderé’tBEré&hbﬂug; fo Vd?élﬁ'us 17, wherein 'd&ld%@&%ﬁiﬁ‘éd?ﬁbﬁs@? &f asabl e

pr ogr ammabl e mem){l es 58 'S necessary to compensate for the
fact that '“f?fg"rﬁ'ﬁﬁe&g t o- di gi t al converter 580 generates two's
conpl ementary signals, which are not sequential or linear as seen by the

erasabl e 25PRGMEMR Eg?tg‘tﬁacﬁﬁ hﬁél u'i’%ﬁogﬁ% distSysehTeGhp F?éméﬁfeéi@éé‘oﬁ n the

menories 1I,S there ssar r to,generat nd cosi ne
functi ons dsqﬁgl towa a selected One ofapuraf"ty of mforma?'

tracks of an optical disc;

imparting relative rotational motion between said beam and said disc about an axis of
rotation;

displacing the beam in a generally radial direction relative said disc to follow said
selected information track;

detecting radiant energy returning from said selected information track and generating
a first output signal and a second output signal, wherein said first output signal
differs in phase from said second output signal according to a displacement of said
beam from said selected track;

multiplying said first output signal by a first periodic function of an error signal to yield
a first product;

multiplying said second output signal by a second periodic function of said error signal
to yield a second product;

subtracting said first product from said second product to produce said error signal; and

steering said beam toward said selected information track in accordance with said error
signal;

26. The method according to claim 25, wherein said first output signal and said second
output signal differ in phase by a range of approximately 60 degrees to approximately
120 degrees.

27. The method according to claim 26, wherein said first output signal and said second
output signal differ in phase by approximately 90 degrees.
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"Tim ng signals devel oped by the bl ock

18 listings in Listings 1 and 2 can be executed to produce suitable data
the erasabl e programmabl e nmenories 582, 597.
UH’ iﬂ"wim ﬁg signals required for the function of the integrated
4 are provided by a timng block

_|Ilustrated in further detail in Fig. 15. A crystal 6?5@1 HekToHAB OBE ‘c@erates
J

at 24 nHz, and is coupled to a counter 604, which chn be REPTAGEDN060

2 00 include a chip Serect blgnu| 606,
chip enabl e signal 608, output enabl e“Signal 610, and a conversion enable

5' gnal 6128 The method accordin éo claim 25 whe \}em said first p r%ﬁ'id\{@'nét on | afi SSSt si

' Il ht S reseryv I.on socr a Pr ogram
Wi tten b?“‘f PeRedic “'3/" lsasecondssrne ' qfl*ngs'" BE’ azrséﬁ - Si ne
and Cosi ne data for an EEPRO\/Iwrth "| input values in the 2 s conpl enent s

EEPROM wi t Qr mat UuslI ng nary fset ar out put.
| DECLARRAIASR e H jo8 i$ AERBIAR) DI M SHARED n AS INTEGER’ t ot al
nunber of nenory | ocations DI M SHARED Cyl "total Nunber of Cycles

DI M SHARERG Gphé e hod X@éo'rkﬁn io ééﬁhzét\ﬁﬁérem@am BEEEBE fi rst@h uPHARED

PROW/% the wo out put r om LO\IG
" chksum farsnﬁransia/swa uf SShesagprseh pssyring 41 Bldkiencs Aot
3.1415926548m. Degreel = PI /180 'Scales to one Degree from radr ance

format. Eﬁ ?ﬁé c‘zg/hdaaéc@ordtng' t? cfaﬁn% %Jh%ﬂsﬁ Yhnrt bgr#cldfc Qx?ﬁtﬁﬁ% %ﬂf s of the
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user sel ectable paraneters Cy! = 32 PROWAO = 8 '8

bit wide prom Prontize% = 13 "Nunber of address lines 13 for 8K PROMV
end n =2 " Prontize% 'total nunber of address | ocations ByScal e% =
(2~ PRO\/PA) /2 SizeScale = n /2 offset cal cul ation for bipol ar output

‘Cst ept ((Q/I * 360)/ n) * Degreel es per step address of fsetl =
Degreel * 45 "with zero volts in nake t gé’

19 DI M SHARED PROW4 rFRACKING GONTHQYY s‘#‘ﬁ"(sn Aﬁ‘ﬁ’sz) Zhosum = 0 data file

for prom programrer PRINT n, Range, Cstepl, Degreel, Cyl, ByScal e% 'test
par anet e ABSTRAGT OF THE DISCLOSURE

An apparatus is disclosed for control of a beam of radiant energy, wherein a
detector of the beam has first and second outputs responsive to a position of the beam.
A circuit is coupled to the outputs of the detector for producing an error signal
representing a displacement of the beam from a predetermined position, wherein the
error signal has a periodic characteristic relative to the displacement. A servo
responsive to the error signal restores the displaced beam to the predetermined
position. A local feedback loop is coupled to the outputs of the detector, and includes
first and second 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
multiplies the first output of the detector by the output of the first periodic function
generator. A second multiplier multiplies the second output of the detector by the output
of the second periodic function generator, wherein the outputs of the first and second
multipliers are provided as inputs of the circuit to modify the error signal.

Figure 6 -



OPEN "PROMO 1 .dat" FOR QUTPUT AS #2 ' PRI NT #2, "EEPROM data "; DATES;
TIME$; " of Revision" PRINT #2, CHR$(2); "$A0000,"; 'the for next loop is
not split to order the address' not required ' the address's are coded in
two's conplenment and the output data is '"is coded in binary of fset because
the AD779 A/D output is two's conplenment ' and the AD767 D/A is binary

of fset. Not binary offset but output offset. K= -1 FORi1%= 1 - Range TO
Range' |ow and H gh order address conpi ned K= K+ 1 "the 1.72 is a
fine adj. to nmake the sine and the d¢slithe same Asi ne% = ByScal e% +
SIN(offset! + ((i%- 1) * Cstep)) * (ByScale%- 1) Acosi ne% = ByScal e%
+ COS(of fsetl + ((i%- 1) * Cstep)) * (ByScale%- 1) " conpute two's
conpl emrent addressi ng node for the PROM IF i%< 0 THEN addr = ABS(i% +
Si zeScal e ELSE addr = (i % PROWA K, sine) = Asine% PROVMAK, cose) =
Acosi ne% ' store val ues "PRINT HEX$(addr), HEX$(Asine%, HEX$(Acosine¥
chksum = chksum + Asi ne% "PRINT #2, HEX$(addr), HEX$(Asi ne% IF (K
MOD 128) = 0 THEN PRI NT #2, | F Asine% < 16 THEN PRI NT #2, HEX$(O);

PRI NT #2, HEXSTASTHER ;"™ NEXT 1% — "PRINT K;" = TOTAL MEMORY

LOCATI ONS" | PRHM#2, PRI NT #2, CHR$(3):l "$S"; HEX$(chksum); ",

PRI NT #2, dLOifJ_E#a: ------------ test file fort vissim-------------------
OPEN " PROVD 1 T)Q ?CR QUTPUT AS #2

n
l l
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i |
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| l
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20 'PRINT #2, "EEPROM data "; DATE$; TIME$; " of Revision" PRLNT. #2,
FORi %= O TO K PRINT i % PROMAI % sine), PROWAI % cose) PRI NT #2,
i % PROVMAI % sine),. PROWAI % cose) NEXT i% CLOSE #2 END. SaveData
(n) SUB SaveData (n AS I NTEGER) DEFINT A-Z ' SaveData: Save the PROM data in
a file PROW1.dat" data file. OPEN "PROMOL .dat" FOR OQUTPUT AS #2 PRI NT
#2, "EEPROM data "; date; " of Revision" FORa= 1 TOn " PRI NT #2,
account(a).Title NEXT a
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CLOSE #2 END SUB LI STI NG 2 1 A

copyrights reserved by D scoVision Associates 3/08/ 1996 '| Programwitten

by Ludwi g Ceshkovsky. | '| This program generates Sine and Cosine
data for an EEPROMwi th '| input values in the 2's conplenents format. The

output data '| is tabul ated sequentifl Lé by the address of the EEPROM wit h
the '| output format using binary of /é for bipolar output. '| COSINE
QUTPUT ' +

+ DECLARE SUB
SaveData (n AS INTEGER) DI M SHARED n AS | NTREER total nunber of menmory

| ocati ons DI M SHARED C% 'total Nunber of,&ycles DI M SHARED Cst epl
"val ue of each step DIO§—|ARED Degr eel §§
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21 DI M SHARED PROWAo "the word width of the output prom DI M SHARED chksum
AS LONG 'chksumfor binary data file CONST sine = 1, cose = 2 CONST PI =
3.141592654# Degree! = PI/ 180 'Scales to one Degree fromradi ance '
user sel ectable paraneters Cyl = 32 PROWo = 8 "8 bit wide prom
Pronti ze% = 13 " Nunber of address lines 13 for 8K PROM
end n =2 ~ ProntSi ze% 'total rrgI 1 of address |ocations ByScale%= (2 ~
PRC]VP/() 12 SizeScale = n /2 offs aI cul ation for bipolar output Cstep!
((Cyl * 360) / n) * Degree! c¥cles per step addr. S of fset! = Degree! *
45 Wth zero volts in make the sijne 24gasiygy DI M BHMARED PROMgN + 1, 2) CLS
Range = INT(n / 2) chksum— 0 datiaghgle QI promjprog z%ﬁer PRINT n, Range,
Cstepl, Degree!, By Scal e% t% panarn " PROMOL. dat "
FOR QUTPUT AS #2 @éﬂ“ EREK R : '. Tlri$; "of Revision"
PRI NT #2, CHR$(2); t foP 1i s rot it to order
t he address not req CT'O{“he a%ﬁ%es s jar e deld | w%morrpl ement
and the output data iQF TRAGKScoddd Lo Dasy, 4 5 o/ 1 he AD779 AID
output is tw's conpl enent A
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" and the AD767 D)A is binary offset.Not binary offset but output offset.
K=-1 FOR 1% = 1 - Range TO Range'l ow and Hi gh order address conbi ned

K= K+ 1 "the 1.72 is a fine adj. to make 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)
‘conmpute two's conpl enent addressi ng node for the PROV IF i1%< 0 THEN
addr = ABS(i% + SizeScale ELSE addr = (i %

22 PROWA K, sine) = Asine% PROMAK, cose) = Acosine%'store val ues

" PRINT HEX$(addr), HEX$(Asine%, HEX${/Agosi ne%) chksum = chksum +
Acosine% ' PRINT #2, HEX$(addr), HEX$(Acosine® I|F (K MOD 128) = 0 THEN

PRINT #2, |F Acosine%< 16 THEN PRI NT 2,
HEX$( Acosine%);"";  NEXT i% PRINT K™= Y _LOCATI ONS"
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PRI NT #2, PRI NT #2, CHR$(3); "$S"; HEX$(chksum); "," PRI NT #2, CLOSE #2
- test file for vissim OPEN "PROW1 . TXT" FOR OQUTPUT AS #2 'PRINT #2,
"EEPROM data "; DATES$; TIME$; " of Revision™ PRINT #2, FORi% =0 TO K
PRINT i % PROVMAI % sine), PROVMAI % cose) PRI NT #2, i% PROVMAI %
sine), PROVMAI % cose) NEXT i% CLOSE #2 END: SaveData (n) SUB SaveDat a
(nAS | NTEGER) DEFINT A-Z ' SaveDat&/1®ave the PROM data in a file

PROWD1. dat" data file. CPEE P 1 .dat" FOR QUTPUT AS #2 PRI NT #2,
"EEPROM data "; date; " of é@l siton ORa=1TOn " PRINT #2,

account(a).Title NEXT a CLOSET#2 END SUB
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23 VWhile this invention has been explained wth reference to the
structure disclosed herein, it is not confined to the details set forth and
this application is intended to cover any nodifications and changes as nay
come within the scope of the follow ng clains: CLAI M5 1. An
apparatus for detecting an object using a beam of radiant energy,
conprising: a source for directing-ﬁ/gﬁan1of radi ant energy onto an object;

a detector of said beam having first d second outputs responsive to a
position of said beam r el ati~ve—to-the—oblect—a '

to- ect—a—eireui-t—eoupled to said

outputs of said detector fior producing g® error signal representing a
di spl acenent of said beagffroma predetenn%ged position, whe¢rein said
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error signal has a periodic characteristic relative to said displacenent; a
| ocal feedback | oop coupled to said outputs of said detector, said |oop

conpri si ng: a first periodic function generator responsive to said
error signal; and a second periodic function generator responsive to
said error signal, sai d secon éeriodic function generator having an
output that differs froman out put aid first periodic function

generator by a phase angle; a first nultiplier for nultiplying said first
out put of said detect®bVby124i d out put of s%&gyfl rst periodic function
i

generatgj- and awéecong]quliipller f orggul t galyd second out put of
sai d defLut or /bY/ %, 38yd se d5H871 odi n gener at or ;
and whele 55 ggﬂél of00s 1‘1’540 §§§ o € 58}2 are provi ded
as i npupx DA wh8ndi 5 Nl s nd signal s
have an“app OX|nat uaI tuﬂrJ_ € ' hAp with r éct to|said
di spl acene | gSbeam anB3gai-d-eg A in a g%{
apprOX|n£¢er 60 dngrees to appr 19 g y ees. rat us
according to 58+nd 1, vvherelnBm i odic cH%rﬂBteristi 1§ supgt antial |y
si nusoi dal, and sa "d first peiidd@1lc Nincti on &n%ﬁator arttt [sadh blecond
peri odi ' Iﬁng er at or agg gne\gener at org Aﬁ3. The tus
accordi cla rein | st and coRd out pUy gard-
detectog§§§§£ an a)ggggpﬁate Bt Sy%AVationer1J1 tl—respect to
said di acement ¢PCsai d beaB it-et phasezfﬂgﬁe I s appriox ni nety
degr ees. irerN 2106 21| A3 —
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4. The apparatus according to claim1l, wherein said phase angle is

approxi mately 90 degrees. 5. The apparatus according to claim1, wherein
_said detector conprises an interferome- ter. 6. An apparatus for
control of a beam of radiant energy, conprising: a detector of said beam
having first and second out puts resgzqﬁive to a position of said beam a
circuit coupled to said outputs of detector for producing an error
signal representing a displacement of 339\ m from a gpedet er m ned

posi tion, wherein sai d er“)% | gnal i odi ¢0Khar dcteristic relative
to said di spl acenen 0 8esp i dg j gnal for restoring

sai d dlsplacgg bea 13) 4 ed ilo a |l ocal feedback |oop
coupled to sa¥d oufpyy4 d Bp é‘gpg ¥§Q g]or,‘ Sar , oYine @gomgp a first
periodic function Yewr r respon3|v31t \sas ' ; and a second
peri odi ¢ function fegjer BB3r r e IDYBBAN said € ik F sai d second
periodic f gpn gereABBIr haviDV§PAN put tha er. froman out put of
sai d fiﬁsﬁgzgiLgdLs—- qon gener at-of by a phasg a afirst multiplier
for mul Li | ' Lingfs out put of <§|d det ect fl of said
first periodic functi®n er at REFO&RA second Q8N ti plying
sai d second out put oﬁOs%&ﬁ?detector by sgi d out
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of said second periodic function generator;

wherein said outputs of said

first and second nultipliers are provided as inputs of said circuit;
wherein said first and second out puts of said detector

nmut ual

subst anti al

26

and second

rel ati onship
00

have an approxi nate

gquadrature relationship with respect to said displacenent of said

beam and sai d phase angle is approxﬁgﬁquy ni nety degrees.
. apparatus according to claim6, wher

LY¥si nusoi dal ,

7. The

nsaid periodic characteristic is
and said first periodic function generator and
sai d secondgpsLiodic function generator are sine generators.

C L

The apparatus according to claim®6, wherein '"said first

ction signals

have an approxi mate nutual

th respect to said displacenent

quadrature
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9 Th gnmarat us according to claim@8, wherein said phase angle is in a

range umﬂ Hﬂl tely 60 degrees to approximately 120 degrees.

10°. T rding to claim9 , wherein said phase angle is

appr oxi mat eI y *degr ees. 134. The apparatus according to claim®6,
wherein said det ector conprises an interferom eter. 12. A met hod

for controlling a beam of radiant energy, conprising the steps of:
gener at | 8d-HMSst and second detection signals responsive to a position of

said beam AR'QEING RP &ibihgShANHed CRife W delth B dhiRhe of
said beamfroma predeter- m néd. position, erern said ror
si gnal hacs)mpqsmg OdIC characteristic relative to sai d

di spl acengnt aced beamta al d predeterm ned

posi tion $ ROYES [S%rncéreecigg 33%&%?&85‘3“?‘3““93’ on ﬂhgtl” and generating a
first pera a@teﬁtosogmdl beéan paviag Ast had Sedofld ©Utpaits iebEuIaive taaghosition gesd at i ng a
second per| od| g[PgL spf‘)nsi ve to said error signal, said second

peri odi c e ?ﬁg‘eF omsaid first periodic signal by a phase angl e;
wher ei n S@Id&cmt %@uplfedprooeaial OGp@e 6F 5418 &dtenal fdrSplaudiag et eapr tdighatt eps

of : said first detection signal by said first

peri odi ¢ rgp@srgpthq)a &séﬁaa mepy gf spid beam from apredetem%; tiogy, yhgrem said

nul ti plyidiebrsidrfal ﬁ@@@rﬁén@afc%hwe@wP@étn\@wo%alddd:wééah%merI odic signal to

yield a - second product signal; and det ermi ni ng a
di f f er encelogakigedbpckdpep Foynied mméutpwaaa«dame@tan Gaisleep goppasing:
signal . a first periodic function generator responsive to said error signal; and

a second periodic function generator responsive to said error signal,

said second periodic function generator having an output that differs from an
output of said first periodic function generator by a phase angle;
a first multiplier for multiplying said first output of said detector by said output of said
first periodic function generator; and
a second muitiplier for muitiplying said second output of said detector by said output
of said second periodic function generator; and
wherein said outputs of said first and second multipliers are provided as inputs of said
circuit.
wherein said first and second detection signals have an approximate mutual quadrature
relationship with respect to said displacement of said beam, and said phase angle is

in a range of approximately 60 degrees to approximately 120 degrees.

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

3. The apparatus according to claim 1, wherein said first and second outputs of said
detector have an approximate mutual quadrature relationship with respect to said
displacement of said beam and said phase angle is approximately ninety degrees.
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13. The nethod according to claim 12, wherein said first and second

det ect i ' S and said first and second periodic signals are
subsgw&[mﬂm Eﬂ dal . 14. ' A tracking control apparatus for
an o ) m conprising: a segrce for directing a beam of

radi ant energy toward a selected one of a plurality of I nformati on
tracks of an optical disc; neans for inparting relative rotational notion
bet ween said beam and said disc about- an axis of rotation;. a beam
steering nmeans for displacing the beamin a generally radial direction
relative ..said disc to follow said selected information track; a

det ect ' ' i, d
i or mat | G e aparath abaifito BRERIY WhEldH Bl eSS FRRI apbrodiasteln 0
out put si dﬂ’é’lfeeﬁr\her ein said first out put signal differs in phase from

sai d second output signal according to a di spl acenent of said beam

fromsalds I trical.l having a first
i nput coup|’ gh%%sggiﬁ& i rsq'r?%%tépaﬁ ”'U@ epdgig{e or comprizfis AHigrieromesecond

mul tiplier*electrically having a first input coupled to said second out put
si gnal of said detector; a difference sunm.ng anplifier having a
first inpét couji appdratuarforoeantrot ofcd beamf radistt energy, comprising:

a detector of said beam having first and second outputs responsive to a position of said
beam; . '

a circuit coupled to said outputs of said detector for producing an etror signal
representing a displacement of said beam from a predetermined position, wherein said
emor signal has a periodic characteristic relative to said displacement;

a servo responsive to said error signal for restoring said displaced beam to said
predetermined position;

a local feedback loop coupled to said outputs of said detector, said loop comprising:
a first pertiodic function generator responsive to said error signal; and

a second periodic function generator responsive to said error signal,

said second pertiodic function generator having an output that differs from an output of
said first periodic function generator by a phase angle;

a first muttiplier for multiplying said first output of said detector by said oufput of said
first periodic function generator; and

a second multiplier for multiplying said second output of said detector by said output
of said second periodic function generator;

wherein said outputs of said first and second multipliers are provided as inputs of said
circuit;

wherein said first and second outputs of said detector have an approximate mutual
quadrature relationship with respect o said displacement of said beam and said phase

angle is approximately ninety degrees.

7. The apparatus according to claim. 6, wherein said perodic characteristic is
substantially sinusoidal, and said ficst pedodic function generator and said second
periodic function generator are sine generators.
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mul tiplier and a second input coupled to an output of said second

liwrmdl 1 generating an error signal; a first periodic

m"‘m“Hmmmﬂumm“ havi ng an input coupled to an output of said difference
sunmm g anplMiffer*and an output coupled to a second input of said first
mul tiplier; a second periodic funct i8N generator having an i nput coupl ed
to an output of said difference sunm ng anplifier and an out put
coupled to a second i nput of said second multiplier; and a servo
responsive to said output of said difference sunming anplifier for
operating said beam st eeri ng neans. 15. The apparatus according
to claim14 wherein said first output signal and said second out put
signal differ in phase by a range of approximately 60 degrees to
appr oxi magelmhelppatitgs aesrding talGainThevimpgasaidisstand sedrmgdetectvnaignalsl 5
,wherein said first. . ' hakhi cRtiodtlid 8is hWifer in
phase by ’}fgﬁ%SX‘%"ﬁgt"é’ﬂ5&%&‘325%??‘%%%%&%%@%g‘ggr?’at us accor g?ﬁgmt@gt claim
14 furt hé?fsémﬂé-i ng: a loop gain anplifier coupled to said output of
said difference summ ng anplifier _generating an anplified error
si gnal ; &ndThe appesdisaakcdrdiop tc eigiran Samtereiaisatliphaseoangleds inoa saige boop
gai n anmpljfd | . ' onpensation for said
iy egbé(‘ro?grr\étg%sr]g{lé’&bg?&) approximabdl?$80 YBL LS

10 .The apparatus according to claim 9, wherein said phase angle is approximately 90

degrees.

11.The apparatus according to claim ¢, wherein said detector comprises an interferom-
eter.

12. A method for controlling a beam of radiant energy, comprising the steps of:
generating first and second detection signals responsive to a position of said beam;
producing gn error signal representing a displacement of said beam from a predeter-
mined position, wherein said error signal has a periodic characteristic relative to
said displacement;
restoring said displaced beam to said predetermined position in response to said error
signal; and
generating a first periodic signal responsive to said error signal; and
generating a second periodic signal responsive fo said error signal, said second
penodic signal differing from said first periodic signal by a phase angle;
wherein said step of producing an ecror signal is performed by the steps of:
multiplying said first detection signal by said first periodic signal to yield a first
product signal;
multiplying said second detection signal by said second periodic signal to yield a
second product signal; and _ |
detemining a difference between said first product signal and said second product
signal.

13 .The method according to claim 12, wherein said first and second detection signals,
and said first and second periodic signals are substantially sinusoidal.
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28 18 . according to claim17, further conprising a phase
shifter m@%@(ﬂu E op conpensation circuit and coupled to one of
said first on generator and said second periodic function
generator. wherein sai d phase shifter pzpvides a predeterm ned voltage

offset to said error signal. 19.. The apparatus according to claim 18,

wher ei n 3134dAfﬁé&dngQ&fdu%%ﬁpérHﬁﬁtbeéhSBG&rlafse 8, %aln;a fgond periodic

f uncti on generat rdar$t 6%“ Z ors ¥ accord| ng to
claim 142 SRHEFSCHLS ﬁ‘gfaf § & %f?ce“F[ﬂthPwéﬁi Séﬁ f‘eaﬁ’fdal Biyrafitselond
peri odi cf uncth&(ﬂ\g@ﬁerﬁr@p& oﬁamoshqaedgenerat ors. The appar at us

accor di ng means lf&d & | § er.
22. A net hod nfor lii‘ir;ﬂa “Ig\ggggg%ﬁ%@rﬁlqgﬁgggﬁ\%ai gligggéfy?ﬁgn%&cgg%%raﬁglﬁ%g t he

steps of: di r%'é??‘ﬁ ™ of radiant energy toward a sel ected one of a
pl urali tyadieaﬂmfs@eﬂag inegans for displaciog sth@beam ioptgenetaligtiradial diragtian réfagive

relative rot agaignfidc BUbICH sH8 8RR FRldINAgSM@BE sai d disc about an axis of
rotation; displacing the beamin a generally radial direction relative

sai d disc § gefe@lok ?é‘%p%?\lsf@e to radtatﬁeééx%&bﬁgtt%rﬂﬁa i EQ(H sle{e%&%ﬁ inf %gﬁcﬁ'ﬁ &

radi ant energy ret ur, ni ng rmation
generat i ng and having & ‘fﬁh‘t"ﬁ&t’t gﬂ@#a?“daﬁéeﬁo@e%%t éﬁﬂﬁhwf@!'@ﬂaﬂald Gisstr ei n

said first outqnutnutsslgu‘aaldtffers in ghidskefiemi shiPBasend batUE sigialb 866GIng Ub Rt
si gnal accordi é&rﬁe (ife%ﬁ{]fror?\ sai@ééle tra eam from said sel ected
ﬁ | rst_ou

track; nulti sal ‘g 'first periodic function
of an erro®f r§ er&l@q&gq:qjly having afgstﬂmp pogplg@@gald first output signal of said
detector

a second multiplier electrically having a first input coupled to said second output signal
of said detector;

a difference summing amplifier having a first input coupled to an output of said first
multiplier and a second input coupled to an output of said second multiplier for
generating an error signal;

a first periodic function generator having an input coupled to an output of said difference
summing amplifier and an output coupled to a second input of said first multiplier;

a second periodic function generator having an input coupled to an output of said
difference summing amplifier and an output coupled to a second input of said
second multiplier; and

a servo responsive to said output of said difference summing ampliﬁer for operating said
beam steering means.

15. The apparatus according to claim 14 wherein said first output signal and said

second output signal differ in phase by a range of approximately 60 degrees to
approximately 120 degrees.

16. The apparatus according to claim 15 ,wherein said first output signal and said
second output signal differ in phase by approximately 90 degrees.

17. The apparatus according to claim 14 further comprising:

a loop gain amplifier coupled to said output of said difference summing amplifier
generating an amplified emor signal; and

a feedback loop compensation circuit coupled to said loop gain amplifier that provides
phase gain compensation for said amplified error signal.
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mul tiplyi j t put signal by a second periodic function of said
error si Jm’"ﬁ"m!nm’igﬂmgl d a second product; subtracting said first
product fromesak roduct to produce said error signal; and

steering said beamtoward said sel ect edzérnf ormation track in accordance
with said error si gnal ; - 23 “The nmethod according to claim 22

V\ﬂer ej B 381 el applaratus posordingriaklabnd BRitesengiiing Dpigse tsh&’je@ aah;i(ga% er in
ase H [,e£S te . -

Fogr ces, S2id B8P oBinoBRRARH BRA! Yod bipRiPE°ohd AR Ml olic fdfchion pur
si gnal arfifreger E‘@gcﬁ?ﬂfl se@ﬁﬂ"pﬁ?“%‘ﬁﬁg‘éﬂd‘ﬂﬂfife@ﬁfﬁ@f- Mresein spich ppasxishifieel y 90

degr ees. . provides a predetermined voltage offset to said error signal. 29 25. The
met hod according to claim2 2 wherein said first periodic function is a

A . - < wWhet aitir o S er o
bhase 11 ooy S0 aPPalGEEORRRTI ASf 1 MBfErb el el PERAREALA SodeSlanld |
sai d fir@ndsaiqd seeend penadiclyncliongenaalonare siae geaardifi® periodic function is

a cosi ne.

20 . The apparatus according to ciaim,lei,' wherein said first petiodic function generator
and said second periodic function generator are sine generators.

21. The apparafus according to claim 14, wherein said detector comprises an
interferometer.

22. A method for tracking control in an optical disc system, comprising the steps of:

directing a beam of radiant energy toward a selected one of a plurality of information
tracks of an optical disc;

imparting relative rotational motion between said beam and said disc about an axis of
rotation;

displacing the beam in a generally radial direction relative said disc to follow said
selected information track;

detecting radiant energy retuming from said selected information track and generating
a first oufput signal and a second output signal, wherein said first output signal
differs in phase from said second output signal according to a displacement of said
beam from said selected track;

multiplying said first output signal by a first petiodic function of an error signal to yield
a first product; .

multiplying said second output signal by a second periodic function of said error signal
to yield a second product;

subtracting said first product from said second product to produce said error signal; and

steering said beam toward said selected information track in accordance with said error
signal;

23 .The method according to claim 22 wherein said first output signat and said second

output signal differ in phase by a range of approximately 60 degrees to approximately
120 degrees.

24 .The method according fo claim 23 wherein said first output signal and said second
oulput signal differ in phase by approximately 80 degrees.
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27,. The ' to claim?22 wherein said step of generating a
first out m',ﬁ ,’Emﬁ kﬁlﬂ"second out put signal conprises measuring an
i nterference patter ls e beam
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25 . The method according to claim 22 wherein said first periodic function is a first sine
and sald second periodic function is a second sine differing in phase from said first sine.

26. The method according to claim 22 wherein said first periodic function is a sine and
said second pedodic function is a cosine.

27.. The method according to claim 22 wherein said step of generating a ficst output

signal and a second output signal comprises measuring an interference pattem in the
beam.
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