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RECORDING INFORMATION ON AN OPTICAL DISC
. WITHOUT USING PRE-MANUFACTURED TRACKS

Information stored on an optical disc commonly appears as a spiral track
known as an information track. The spiral information track of an optical disc is similar
in appearance to the spiral grove of a vinyl record. There are varying types of optical
discs that can be used for recording information. One type is a blank optical disc with
no pre-manufactured tracks. Another type is an optical disc containing pre-manufactured
information tracks for recording information. The method for recording information on
each of these types of optical discs depends on the type of disc being used.

Recordable optical discs with pre-manufactured information tracks are, by
necessity, the end result of some initial mastering process as described above. While
mass producing recordable optical discs in this manner is commeréially profitable, it is
anticipated that more economical methods for mass producing recordable optlcal discs
will be pursued.

One possible solution for reducing the cost of mass prbducing recordable
optical discs is by manufacturing discs with no tracks on the disc. Eliminating tracks on
the disc allows a manufacturer the possibility to reduce disc production costs by
eliminating the mastering step. One method of manufacturing trackless discs without
mastering is to stamp or cut discs out of a sheet of recordable media in the same
fashion that a cookie cutter is used to cut cookies from a sheet of cookie dough. This
method also allows a manufacturer to cut disc production costs by the nature of the
increased speed at which discs can be manufactured.

- A problem associated with recording information on a portion of an optlcal disc
that does not have pre-manufactured tracks is that there is nothing on the recordmg
surface of the disc to allow the optical head of a recorder to track or move across the
disc during the recording process. This is essentially the same problem that occurs in
optical disc mastering described above. As previously discussed, the methods employed
by mastering such as using a precision machined lead screw or a precision calibrated
interferometer are not very cost effective for mass producing affordable optical disc
recorders. Therefore, it is an objective of the present invention to develop a more
economical way to record information on a portion of an optical disc that does not have
pre-manufactured tracks for recordlng information.

FIG. 1 is a schematic representation in block diagram form showmg one
embodiment of the optical disc apparatus accordmg to the invention;

FIG. 2 is a schematic representation‘in block diagram form showing a second
embodiment of the optical disc apparaius according to the invention whereby optical
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disc tracking and optical reference scale tracking use a common tracklng servo and a
common trackmg actuator.

FIG. 3 is a pictorial representation viewed from a convenient perspective,
showing one embodiment of an optical disc, optical head housing and optical reference
scale configuration.

FIG. 4 is a side elevation of the optical disc, optical head housing and opﬁcal
reference scale configuration shown in FIG. 3.

FIG. 5 is a schematic drawing showing a second optical head configuration for

use W|th the optical disc apparatus according to the invention.
' FIG. 6 is a schematic drawing showing a third optical head configuration using
a prism for creating two tracking beams for tracking a reference scale.
- FIG. 7 is a detail view of the two optical tracking beams impinging the
reference scale shown in FIG. 6.

The present invention is for an improved method an apparatus for controlling
the spacing between information tracks while recording information on an optical disc
that does not have pre-manufactured fracks for recording information.

The invention employs a precision reference scale to guide the position of
information tracks recorded on an optical disc. The reference scale is a linear strip with
spaced optical tick marks. The spacing of the optical tick marks on the reference scale
difectly correlates to track pitch between information tracks recorded on the optical disc.

The invention utilizes a first optical system for reading-from and writing-to an
optical disc. A second optical system is used for detecting optica! tick marks on the
reference scale. The first optical system and the second optical system share common
optical components. Optical components in common to both the first and second optical
systems include a light source, a diffraction grating, a field lens, and a beam splitter. The
configuration of these common optical components causes a portion of the overall
optical beam path to be common to bioth optical systems. Components unique to each
optical system includes an objective lens and a field lens for the first optical system and
a beam splitter, objective lens and field lens for the second optical system.

The first optical system operétes in direct correlation with the second optical
system dunng the recording process. When recording, a beam of radiant energy formed
by the second optical system advances across the length of the reflective surface of the
reference scale. Following the lead of the second optical system, the beam of radiant
energy formed by the first optical system radially advances across the surface of a
rotating optical disc in direct correspondence with the movement of the beam of radiant

energy formed by the second optical system across the iength of the reference scale.
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The second optical system is disabled during the information retrieval process
and tracking is handled solely by the first optical system following the information tracks
formed on the optical disc during the recording process.

Referring to FIG. 1, there is shown an apparatus 10 for recdrding information
on a portion of an optical disc that does not have pre-manufactured tracks. Apparatus
10 has an optical head configuration 11 comprising a first optical system 12 and a
second optical system 16. First optical system 12 is used during the processes of
recording information on and retrieving recorded information from an optical disc 14.

Second optical system 16 is used exclusively in cooperation with first optical system 12
" during the process of recording information on an optical disc. During the recording
process, second optical system 16 tracks a precision optical reference scale 18 to
control the pitch between information tracks recorded on optical disc 14 with first optical
system 12. First optical system 12 follows the lead of second optical system 16 when
recording information on optical disc 14.

First optical system 12 and second optical system 16 each share optical
components that are common to both systems as well as utilizing separate optical
components that are unique to each system. Optical components common to both first
optical system 12 and second optical system 16 include a radiation source 20 for
emitting a beam of radiant energy 22, a diffraction grating 24 for splitting beam of radiant
energy 22 into two or more beams, a field lens 26, and a first beam splitter 28
(sometimes referred to as a partial mirror). Diffraction grating 24 may be either omitted
or replaced with a collimating lens in a system utilizing a single beam of radiant energy.

Radiation source 20 can be any radiation source known to those skilled in the
art that is suitable for creating a beam of radiant energy for retrieving information from
and recording information to an optical disc. For example, radiation source 20 can be
any laser diode that is commonly used in optical disc players and recorders.

Optlcal components unique to first optical system 12 include a first objective
’Iens 30 and a first field lens 32. Optical components unique to second optical system
16 include a second beam splitter 34 a second objective lens 36, and a second field
lens 38.

Beam of radiant energy 22 follows a first path 40 formed by the components
of first optical system 12 as follows: radiation source 20 emits beam of radiant energy
22 so that it is transmitted through diffraction grating 24 and field lens 26, partially
reflected by first beam splitter 28, transmitted through first objective lens 30 so that it
impinges opticél disc 14, reflected by optical disc 14, transmitted back through first
objective lens 30, transmitted through first beam splitter 28, and transmitted through first
field lens 32 so that it impinges photodetector array 42.
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Beam of radiant energy 22 follows a second path 44 formed by the compo- _
nents of second optical system 16 as follows: radiation source 20 emits beam of radiant
energy 22 so that it is transmitted through diffraction grating 24 and field lens 26,
partially transmitted by first beam splitter 28, partially reflected by second beam splitter
34, transmitted through second objective lens 36 so that it impinges reference scale 18,
reflected by reference scale 18, transmitted back through second objective lens 36,
transmitted through second beam splitter 34, and transmitted through second field lens
38 so that it impinges photodetector array 46. ' '

_ The function and operation of first optical system 12 and first optical system
16 can be switched by interchanging optical disc 14 and reference scale 18 to achieve
a slightly different optical head configuration which operates functionally the same as
optical head configuration 11.

Photodetector arrays 42 and 46 can be any common photodetector array

configuration known by those skilled in the art for use with bptical disc tracking and
focus systems.

' Reference scale 18 has a reflective surface 48 for reflecting beam of radiant

ehergy 22 during the recording process. Reflective surface 48 has successively spaced

reflective indicia 50 for allowing beam of radiant energy 22 to track along the length of

reference scale 18. The spacing between reflective indicia 50 directly correlates with the

spacing between information tracks recorded on optical disc 14.

Reflective surface 48 can be made of any suitable reflective material capable
of having successively spaced reflective indicia 50 that can be identified by beam of
radiant energy 22. One possible method of achieving the appropriate characteristics for
reflective surface 48 is to use the same technology that is used by optical disc
technology. Reflective indicia 50 on reflective surface 48 can be represented by spaced
optical tick marks that are technologically the same as information fracks on the
reflective surface of an optical disc. This technology is well known in the art and need
not be discussed in detail here. It should be noted that the spacing between reflective
indicia 50 does not have to be uniform. _

Apparatus 10 has a first tracking system 52 for tracking already recorded
information tracks on optical disc 14 during the information retrieval process. Apparatus
10 has a second tracking system 54 for tracking reflective indicia 50 on reference scale
18 during the recording process. Apparatus 10 has a first focus system 56 for focussing
beam of radiant energy 22 on optical disc 14 during either the information retrieval or
recording process. Apparatus 10 has a second focus system 58 for focusing beam of

radiant energy 22 on reflective surface 48 of reference scale 18 during the recording
process.
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Photodetector array 42 outputs a first tracking information signal 60 to first
tracking system 52. First tracking system 52 comprises a first tracking error detector 62,
a first tracking servo 64, a first control 66, a first tracking driver 68, a first tracking

‘actuator 70, a carriage control system 72 and a track position control 74. Note that
carriage control system 72 and track position control 74 are common to both first
tracking system 52 and second tracking system 54.
~ First tracking error detector 62 reads first tracking information signal 60 and
determines whether beam of radiant energy 22 is properly tracking an information track
on optical disc 14 or whether beam of radiant energy 22 is drifting off an information
* track on optical disc 14. If beam of radiant energy 22 is drifting off an information track
on optical disc 14, first tracking error detector 62 determines the distance and direction
in which beam of radiant energy 22 has drifted off of the information track. This
information is output by first tracking error detector 62 as a first tracking error signal 76
to first tracking servo 64. '

First tracking servo 64 reads first tracking error signal 76 and provides the
required phase and gain compensation, if any, that should be used to properly align
beam of radiant energy 22 with the information track being tracked. This information is
output by first tracking servo 64 as a first tracking compensation signal 78 to the first
control 66. _

The operation of first control 66 is controlled by a read-write control 80. Read-
write control 80 controls whether apparatus 10 is recording information on optical disc
14 or whether it is retrieving information from optical disc 14. Read-write control 80
outputs a first read-write control signal 82 to first control 60. First read-write control
signal 82 specifies whether apparatus 10 is retrieving information from or recording
information to optical disc 14. First.control 60 transmits first tracking compensation
signal 78 as a first control signal 84 to carriage control system 72 and first tracking driver
68, when first control 66 receives information from read-write control 80,.via first read-
wnte control signal 82, that apparatus 10 is retrieving information from optical disc 14.

Carriage control system 72 reads first control signal 84 to control a carriage
motor (not shown) for adjusting coarse positioning of a carriage sled (not shown) during
the information retrieval process. The carriage sled carries an optlcal head housmg 290, -
shown in FIGS. 3 and 4.

Referring back to FIG. 1, track position control 74 outputs a ﬂrst track position
control signal 86 to first tracking driver 68. First tracking driver 68 combines first control
signal 84 and first trackﬁpo'siﬁon control signal 86 to generate a first tracking driver signal

. 88 to control first tracking actuator 70 during the information retrfeval process. First
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tracking actuator 70 controls fine track positioning of first objective lens 30 during the
information retrieval process. |

First control 66 does not transmlt first tracking compensation signal 78 when
first control 66 receives information from read-write control 80, via first read-write control
signal 82, that apparatus 10 is recording information to optical disc 14. First tracking
system 52 only transmits first tracking compensation signal 78 during the information
retrieval process and not during the recording procéss. -

Photodetector array 42 outputs a first focus information signal 90 to first focus
'system 56. First focus system 56 comprises a first focus error detector 92, a first focus
servo 94, a first focus driver 96, and a first focus actuator 98.

First focus error detector 92 reads first focus information signal 90 and
determines whether beam of radiant energy 22 is properly focused on optical disc 14.
First focus error detector 92 determines the degree that beam of radiant energy 22 is
out of focus as it impinges optical disc 14, if it is out-of focus at all. This information is
output by first focus error detector 92 as a first focus error signal 100 to a first focus
servo 94. _

First focus servo 94 reads first focus error signal 100 and provides the required
phase and gain compensation, if any, to properly focus beam of radiant energy 22 on
optical disc 14. This information is output by first focus servo 94 as a first focus
compensation signal 102 to a first focus driver 96. First focus driver 96 can be any
electrical component or components suitable for insuring the integrity of first focus
compensation signal 102. One possibility is to use an operational amplifier for first focus
driver 96 to amplify first focus compensation signal 102.

First focus driver 96 transmits first focus compensation signal 102 as a first
focus driver signal 104 to control first focus actuator 98. First focus actuator 98 responds
to first focus driver signal 104 to control the spacial distance of first objective lens 30
from optical disc 14 to properly focus beam of radiant energy 22 on optical disc 14.

Photodetector array 46 outputs a second tracking information signal 106 to
second tracking system 54. Second tracking system 54 comprises a second tracking
error detector 108, a second tracking servo 110, a buffer amplifier 112, a second control
114, a second tracking driver 116, a second tracking actuator 118, carriage control
system 72 and track position control 74.

Second tracking error detector 108 reads second tracking mformatlon signal
106 and determines whether beam of radiant energy 22 is properly tracking reflective
indicia 50 on referenss scale 18. If beam of radiant energy 22 is not properly tracking
reference scale 18, second trackin'g error detector 108 determines the distance and .
" direction in which beam of radiant energy 22 is off track. This information is output by
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second tracking error detector 108 as a second tracking error signal 120 to a second
tracking servo 110.

Second tracking servo 110 reads second tracking error signal 120 and
provides the required phase and gain compensation, if any, to properly align beam of
radiant energy 22 with reference scale 18. This information is output by second tracking
servo 110 as a second tracking compensation signal 122 to buffer amplifier 112.

Buffer amplifier 112 transmits second tracking compensatioh signal 122 as an
- intermediate second tracking compensation signal 124 to second control 114. Buffer
amplifier 112 can be any electrical component or components suitable for insuring the
integrity of second tracking compensation signal 122. One possibility is to use an
©operational. amplifier for buffer amplifier 112 to amplify second tracking compensation
signal 122.

The operation of second control 114 is controlled by a read-write control 80.
Read-write control 80 controls whether apparatus 10 is recording information on optical
disc 14 or whether it is retrieving information from optical disc 14. Read-write control 80
outputs a second read-write control signal 126 to second control 114. Second read-write
control signal 126 specifies whether apparatus 11 is retrieving information from or
recording information to optical disc 14. Second control 114 transmits intermediate
second tracking compensation signal 124 as a second control signal 128 to carriage
control system 72 and second tracking driver 116, when second control 114 receives
information from read-write control 80, via second read-write control signél 126, that
apparatus 10 is recording information on optical disc 14.

Carriage control system 72 reads second control signal 128 to control the
carriage motor (not shown) for adjustmg coarse positioning of the carriage sled (not
shown) during the recording process. : _

Track pos:tlor_l control 74 outputs a second track position control signal 130 to
~ second tracking driver 116. Second tracking driver 116 combines second control signal

128 and second track position control signal 130 to generate a second tracking driver
signal 132 to control second tracking actuator 118 during the recording process. Second
tracking actuator 118 controls fine track positioning of beam of radiant energy 22 dunng
the recordlng process. '
Second control 114 does not transmit intermediate second compensa’non
signal 124 when second control 114 receives information from read-write control 80, via
- second read-write control signal 126, that apparatus 10 is retrieving information from
optical disc 14. Second tracking system 54 is only active during the recording process
and is essentially dise_ngaged during the information retrieval process.
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Photodetector array 46 outputs a second focus information signal 134 to .
second focus system 58. Second focus system 58 comprises a second focus error
detector 136, a second focus servo 138, a second focus driver 140, and a second focus
actuator 142. _ _

- Second focus error detector 136 reads second focus information signal 134
and determines whether beam of radiant energy 22 is properly focused on reflective
surface 48 of reference scale 18. Second focus error detector 136 determines the
degree that beam of radiant-energy 22 is out of focus as it impinges reference scale 18,
if itis out of focus at all. This information is output by second focus error detector 136
as a second focus error signal 144 to a second focus servo 138.

Second focus servo 138 reads second focus error signal 144 and provides the
required phase and gain compensation, if any, to properly focus beam of radiant energy
22 on reflective surface 48 of reference scale 18. This information is output by second
focus servo 138 as a second focus compensation signal 146 to a second focus driver
140. Second focus driver 140 can be any electrical component or components suitable
for insuring the integrity of second focus compensation signal 146. One possibility is to
use an operational amplifier for second focus driver 140 to amplify second focus
compensation signal 146. |

Second focus driver 140 transmits second focus compensation signal 146 as
a second focus driver signal 148 to control second focus actuator 142. Second focus
actuator 142 responds to second focus driver signal 148 to control the spacial distance
of second objective lens 36 from reflective surface 48 of reference scale 18 to properly
focus beam of radiant energy 22 on reflective scale 18.

~ Read-write control 80 generates radiation source control signal 150 to control
the intensity of beam of radiant energy 22 emitted by radiation source 20. Beam of
radiant energy 22 has a greater level of intensity during the recordmg process and a
smaller level of intensity during the information process.

During the recording process, read-write control 80 causes radiation source
20 to emit beam of radiant energy 22 at an intensity of sufficient level to record
information on optical disc 14. Beam of radiant energy 22 follows first path 40 formed
by first optical system 12 causing optical disc 14 to be impinged by beam of radiant
energy 22 and causing photodetector array 42 to be impinged by beam of radiant
energy 22 reflected by optical disc 14. Beam of radiant energy 22 also follows second
path 44 formed by second optical system 16 causing reflective surface 48 of reference
scale 14 to be impinged by beam of radiant energy 22 and causing photodetector array
46 to be impinged by beam of radiant energy 22 reflected by reference sc_ale 14.
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Read-write control 80 activates second tracking system 54 and deactivates
first trackihg system 52 during the recording process by sending appropriate control
signals to first control 66 and second control 114. - .

Second tracking system 54 operating in cooperation with second optical
system 16 causes beam of radiant energy 22 to advance along the length of reflective

surface 48 of reference scale 18 by tracking successive reflective indicia 50 on reflective
" surface 48. First optical system 12 follows the lead of second optical system 16 working
in cooperation with second tracking system 54, by radially advancing beam of radiant
energy 22 across the surface of rotatmg optical disc 14 in direct correspondence with
the movement of beam of radiant energy 22, formed by second optical system 54,
across the length. of reference scale 18.

During the information retrieval process, read-write control 80 causes radiation
source 20 to emit beam of radiant energy 22 at an intensity level sufficient to allow the
retrieval of information from optical disc 14, while at the same time limiting the intensity
so that the information already recorded on optical disc 14 is not recorded over and lost.
Read-write control 80 activates first tracking system 52 and deactivates second tracking
system 54 during the recording process by sending appropriate control signals to first
control 66 and second control 114.

First optical system 12 operates in cooperation with first tracking system 52
in much the same fashion that conventional optical disc playback machines operate
when retrieving information from an optical disc. First optical system 12 operating in
- cooperation with first tracking system 52 causes beam of radiant energy 22 to follow
information tracks formed on optical disc 14 during a prior recording process.

Both first focus system 56 and second focus system 58 are used during the
recording process. First focus system 56 ensures that beam of radiant energy 22
acquires focus on optical disc 14. Second focus system 58 ensures that beam of radiant
energy 22 acquires focus on reflective surface 48 of reference scale 18. Only first focus
system 56 is relied upon during the information retrieval process.

Referring to FIG. 2, there is shown a second embodiment of the apparatus
according to the invention whereby optical disc tracking and optical reference scale
tracking use a common tracking servo 152 and a common tracking actuator 154.

Apparatus 156 has an optical head configuration 157 comprising a first optical
system 168 and a second optiCaI system 162. First opﬁcal system 158 is used during
the processes of recording information to and retrieving recorded. information from an
optical disc 160. Second optical system 162 is used exclusively in cooperation with first
optical system 158 during the process of recording information on an optical disc. During
the reco}ding process, second optical system 162 tracks a precision optical reference
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scale 164 to control the pitch between information tracks recorded on optical disc 160 .
with first optical system 158. First optical system 158 follows the lead of second optical
system 162 when recording information on optical disc 160.

First optical system 158 and second optical system 162 each share optical
components that are .common to both systems as well as utilizing separate optical
components that are unique to each system. Optical components common to both first
optical system 158 and second optical system 162 include a radiation source 166 for
emitting a beam of radiant energy 168, a diffraction grating 170 for splitting beam of
radiant energy 168 into two or more beams, a field lens 172, and a first beam splitter
~ 174. Diffraction grating 170 may be either omitted or replaced with a collimating lens in
a system utilizing a single beam of radiant energy.

Radiation source 166 can be any radiation source known to those skilled in the
art that is suitable for creating a beam of radiant energy for retrieving information from
and recording information t6 an optical disc. For example, radiation source 166 can be
any laser diode that is commonly used in optical disc players and recorders.

Optical components unique to first optical system 158 include an first objective
lens 176 and a first field lens 178. Optical components unique to second opticél system
162 include a second beam splitter 180, an second objective lens 182, and a second
field lens 184.

Beam of radiant energy 168 follows a first path 186 formed by the components
of first optical system 158 as follows: radiation source 166 emits beam of radiant energy
168 so that it is transmitted through diffraction grating 170 and field lens 172, partially
reflected by first beam splitter 174, transmitted through first objective lens 176 so that
it impinges optical disc 160, reflected by optical disc 160, transmitted back thfough first
objective lens 176, transmitted through first beam splitter 174, and transmitted through
first field lens 178 so that it impinges photodetector array 188.

Beam of radiant energy 168 follows a second path 190 formed by the
components of second optical system 162 as follows: radiation source 166 emits beam
of radiant 'energy 168 so that it is transmitted through diffraction grating 170 and field
lens 172, partially transmitted by first beam splitter 174, partially reflected by second
beam splitter 180, transmitted through second objective lens 182 so that it impinges
reference scale 164, reflected by reference scale 164, transmittqd back through
objective lens 82, transmitted through second beam splitter 180, and transmitted
through second field lens 184 so that it impinges photodetector array 192.

The function and operation of first optical system 158 and second optical
system 162 can be switched by interchanging optical disc 160 and reference scale 1 64
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to achieve a shghtly different optical head conﬂguratlon which operates functionally the
same as optical head configuration 157.

Photodetector arrays 188 and 192 can be any common photodetector array
configuration known by those skilled in the art for use with optical disc tracking and
focus systems.

Reference scale 164 has a reflective surface 194 for reflecting beam of radiant
energy 168 during the recording process. Reflective surface 194 has successively
spaced reflective indicia 196 for allowmg beam of radiant energy 168 to track along the
length of reference scale 164. The spacing between reflective indicia' 196 directly
correlates to the spacing between information tracks recorded on optlcal disc 160.

Reflective surface 194 can be made of any suitable reflective material capable
of having successively spaced reflective indicia 196 that can be identified by beam of
radiant energy 168. One possible method of achieving the appropriate characteristics
for reﬂective surface 194 is to use the same technology that is used by optical disc
technology. Reflective indicia 196 on reflective surface 194 can be represented by
spaced optical tick marks that are technologically the same as information tracks on the
reflective surface of an optical disc. This technology is well known in the art and need
not be discussed in detail here. It should be noted that the spacing between reflective
indicia 196 does not have to be uniform.

Apparatus 156 has a first tracking system 198 for tracking already recorded
information tracks on optical disc 160 during the information retrieval process and a
second fracking system 200 for tracking reflective indicia 196 on reference scale 164
during the recording process. Both fi rst tracking system 198 and second tracking system
200 each share common tracking servo 152, a common tracking driver 202, and
common tracklng actuator 154. Apparatus 156 has a first.focus system 208 for
focussing beam of radiant energy 168 on optical disc 160 during either the information
retrieval or recording process. Apparatus 156 has a second focus s{/stem 210 for
focusing beam of radiant energy 168 on reflective surface 194 of reference scale 164
during the recording process. _ - _

Photodetector array 188 outputs a first tracking information signal 212 to first
tracking system 198. First tracking system 198 comprises a first tracking error detector
214, a first tracking servo 2186, a first control 218, common tracking servo 152, common
tracking driver 202, common tracking actuator 154, a carriage control system 204 and
a track position control 206. Note that carriage control system 204 and track position

contro'l 206 are also common to both first tracking system 198 and second trackihg
system 200.
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First tracking error detector 214 reads first tracking information signal 212 and
determines whether beam of radiant energy 168 is properly tracking an information track
- on optical disc 160 or whether beam of radiant energy 168 is drifting off an information
track on optical disc 160. If beam of radiant energy 168 is drifting off an information track
on optical disc- 160, first tracking error detector 214 determines the distance and
direction in which beam of radiant energy 168 has drifted off of the information track.
This information is output by first tracking error detector 214 as a first tracking error
signal 220 to a first tracking servo 216.

_ First tracking servo 216 reads first tracking error signal 220 and provides the
' requiréd phase and gain compensation, if any, that should be used to properly align
beam of radiant energy 168 with the information track being tracked. This information
is ouiput by first tracking servo 216 as a first fracking compensation signal 222 to the
first control 218. . ' _
' The operation of first control 218 is controlled by a read-write control 224.
Read-write control 224 controls whether apparatus 156 is recording'information on
-optical disc 160 or whether it is retrieving information from optical disc 160. Read-write
control 224 outputs a first read-write control signal 226 to first control 218. First read-
write control signal 226 specifies whether apparatus 156 is retrieving information from
or recording information to optical disc 160. First control 218 transmits first tracking
compensation signal 222 as a first control signal 228 to common tracking servo 152
when first contro| 218 receives information from read-write control 224, via first read-
write control signal 226, that apparatus 156 is retrieving information from optical disc
160.

Common tracking servo 152 processes first control signal 228 and generates
common tracking servo signal 230. '

Carriage control system 204 reads common tracking servo signal 230 to
control a carriage motor (not shown) for adjusting coarse positioning of a carriage sled
(not shown) during the information retrieval process. The carriage sled carries 'optical
head housing 290, shown in FIGS. 3 and 4. |

Referring back to FIG. 2, track position control 206 outputs a track position
~control signal 232 to common tracking driver 202. Common tracking driver 202
combines common tracking servo signal 230 and track position control signal 232 to
generate a common tracking driver signal 234 to control common tracking actuator 154
during the information retrieval process. Common tracking actuator 154 controls fine
track positioning of beam of radiant energy 168 during the information retrieval process.

First control 218 does not transmit first tracking compensation signal 222 when
first control 218 receives information from read-write control 224, via first read-write
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control signal 226, that apparatus 156 is recording information to optical disc 160. First
tracking system 198 only transmits first tracking compensation signal 222 during the
information retrieval process and not during the recording process.

Photodetector array 188 outputs a first focus information signal 236 to first
focus system 208. First focus system 208 comprises a first focus error detector 238, a
first focus servo 240, a first focus driver 242, and a first focus actuator 244.

First focus error detector 238 reads first focus information signal 236 and
determines whether beam of radiant energy 168 is properly focused on optical disc 160.
First focus error detector 238 determines the degree that beam of radiant energy 168
is out of focus as it impinges optical disc 160, if it is out of focus at all. This information
is output by first focus error detector 238 as a first focus error signal 246 to first focus
servo 240. ,

First focus servo 240 reads first focus error signal 246 and provides the
required phase and gain compensation, if any, to properly focus beam of radiant energy
168 on optical disc 160. This information is output by first focus servo 240 as a first
focus compensation signal 248 to first focus driver 242, First focus driver 242 can be
any electrical compbnent or components suitable for insuring the integrity of first focus
compensatlon signal 248. One possibility is to use an operational amplifier for fi rst focus
driver 242 to amplify first focus compensation signal 248.

First focus driver 242 transmits first focus compensation signal 248 as a first
focus driver signal 250 to control first focus actuator 244. First focus actuator 244
responds to first focus driver signal 250 to control the spacial distance of first objective
lens 176 from optical dISC 160 to properly focus beam of radiant energy 168 on optical
disc 160.

Photodetector array 192 outputs a second tracking information signal 252 to
second tracking system-200. Second tracking system 200 comprises a second tracking
error detector 254, a second trécking servo 256, a second control 258, common tracking

servo 152, common tracking driver 202, common tracking actuator 154, carriage control
" system 204 and track position control 206.

Second tracking error detector 254 reads second tracking information signal

252 and determines whether beam of radiant energy 168 is properly tracking reflective
indicia 196 on reference scale 164. If beam of radiant energy 168 is not properly

| tracking reference scale 164, second tracking error detector 254 determines the

distance and direction in which beam of radiant energy 168 is off track. This information

is output by second tracking error detector 254 as a second tracking error signal 260 to
a second tracking servo 256.
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Second tracking servo 256 reads second tracking error 'signal 260 and
provides the required phase and gain compensation, if any, that should be used to
properly align beam of radiant energy 168 with reference scale 164. This information is |
output by second tracking servo 256 as a second trackmg compensation signal 262 to
second control 258. :

The operation of second control 258 is controlled by a read-write control 224.
Read-write control 224 controls whether apparatus 156 is recording information on
optical disc 160 or whether it is retrieving information from optical disc 160. Read-write
control 224 outputs a second read-write control signal 264 to second control 258.
Second read-write control signal 264 specifies whether apparatus 166 is retrieving
information from or recording information to optical disc 160. Second control 258
transmits second tracking compensation signal 262 as a second control signal 266 to
common tracking servo 152, when second control 258 receives information from read-
write control 224, via second read-write control signal 264, that apparatus 156 is
recording information on optlcal disc 160.

Common tracking servo 152 processes second control signal 266 and
.generates common tracking servo signal 230. ' :

Carriage control system 204 reads common tracking servo signal 230 to
control the 6arriage motor (not shown) for adjusting coarse positioning of the carriage
sled (not shown) during the recording process.

Track position control 206 outputs frack position control signal 232 to common
- tracking driver 202. Common tracking driver 202 combines track position control signal
232 and common tracking servo signal 230 to generate a common tracking driver signal
234 to control common tracking actuator 154 during the recording prodess. Common
tracking actuator 154 controls fine track positioning of beam of radiant energy 168
'during the recording process.

Second control 258 does not transmit second compensation signal 262 when
second control 258 receives information from read-write control 224, via second read-
write control signal 264, that apparatus 156 is retrieving information from optical disc
160. Second tracking system 200 is only active during the recording process and is
essentially disengaged during the information retrieval process.

Photodetector array 192 outputs a second focus information signal 268 to
second focus system 210. Second focus system 210 comprises a second focus error
detector 270, a second focus servo 272, a second focus driver 274, and a second focus
actuator 276. N

Second focus error detector 270 reads second focus information signal 268
 and determineé whether beam of radiant ehe_rgy 168 is properly focused on reflective
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surface 194 of reference scale 164. Second focus error detector 270 determines the
degree that beam of radiant energy 168 is out of focus as it impinges reference scale
164, if it is out of focus at all. This information is output by second focus error detector
.270 as a second focus error signal 278 to a second focus servo 272.

Second focus servo 272 reads first focus error signal 278 and provides the
required .phase and gain compensation, if any, to properly focus beam of radiant energy
168 on reflective surface 194 of reference scalé 164. This information is output by -
second focus servo 272 as a second focus compensation signal 280 to a second focus
driver 274. Second focus driver 274 can be any electfical component or components
suitable for insuring the integrity of second focus compensation signal 280. One
possibility is to use an operational amplifier for second focus driver 274 to amplify
second focus compensation signal 280.

Second focus driver 274 transmits second compensation signal 280 as a
second focus driver signal 282 to control second focus actuator 276. Second focus
actuator 276 responds to second focus driver signal 282 to control the spacial distance
of second objective lens 182 from reflective surface 194 of reference scale 164 to
properly focus beam of radiant energy 168 on reference scale 164.

Read-write control 224 generates radiation source control signal 284 to control
the intensity of beam of radiant energy 168 emitted by radiation source 166. Beam of
radiant energy 168 has a greater level of intensity during the recording process and a
smaller level of intensity during the information process. .

During the recording process, read-write control 224 causes radiation source
166 to emit beam of radiant energy 168 at an intensity of sufficient level to record
information on optical disc 160. Beam of radiant energy 168 follows first path 186
formed by first optical system 158 causing optical disc 160 to be impinged by beam of -
radiant energy 168 and causing photodetector array 188 to be im'pinged by beam of
radiant energy 168 reflected by optical disc 160. Beam of rédiant energy 168 also
follows second path 190 formed by second optical system 162 causing reflective surface
194 of reference scale 164 to be impinged by beam of radiant energy 168 and causing
photodetector array 192 to be lmpmged by beam of radiant energy 168 reflected by
reference scale 164.

Read-write control 224 activates second tracking system 200 and deactivates
first tracking system 198 during the recording process by sending appropriate control
signals to first control 218 and second control 258.

Second tracking system 200 operating in cooperation with second optical
system 162 causes beam of radiant energy 168 to advance along the length of reflective
surface 194 of reference scale 164 by tracking successive reflective indicia 196 on
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reflective surface 194. First optical system 158 follows the lead of second optical system

working in cooperation with second tracking system 200, by radially advanbing beam

of radiant energy 168 across the surface of rotating optical disc 160 in direct correspon-

- dence with the movement of beam of radiant energy 168, formed by second optical
system 162, across the length of reference scale 164. '

During the information retrieval process, read-write control 224 causes
radiation source 166 to emit beam of radiant energy 168 at an intensity level sufficient
to allow the retrieval of information from optical disc 160, while at the same time Iimiting'
the intensity so that the information already recorded on optical disc 160 is not recorded
over and lost. Read-write control 224 activates first tracking system 198 and deactivates
. second tracking system 200 during the recording process by sending appropriate control
signals to first control 218 and second control 258.

First optical system 158 operates in cooperation with first tracking system 198
in much the same fashion that conventional optical disc playback machines operate
when retrieving information from an optical disc. First optical system 158 operating in
cooperation with first tracking system 198 causes beam of radiant energy 168 to follow
information tracks formed on optical disc 160 during a prior recording process.

Both first focus system 208 and second focus system 210 are used during the
recording process. First focus system 208 ensures that beam of radiant energy 168
acquires focus on optical disc 160. Second focus system ensures that beam of radiant
energy 168 acquires focus on reflective surface 194 of reference scale 164. Only first
focus system 208 is relied upon during the information retrieval process.

Referring to FIGS. 3 and 4, there is shown an optical disc 286, a reference
scale and an optical head housing 290. Optical head housing 290 has a first objective
lens 292 and a second objective lens 294. First objective lens 292 is used for directing
a beam of radiant energy 296 towards optical disc 286, focusing beam of radiant energy
296 upon the surface of optical disc 286, recording information tracks on optical disc.
286 during the recording process, and tracking information tracks on optical disc 286
during the information retrieval-process.

Second objective lens 294 is used for directing beam of radiant energy 298
towards reference scale 288, focusing beam of radiant energy 298 upon a reflective
surface 300 of reference scale 288, and for tracking reflective indicia 302 on reflective
surface 300 along the length of reference scale 288 during the recording process.

Optical head housing 290 should generally run along a radial axis parallel to
optical disc 286 with first objective lens 292 facing the surface of optical disc 286. The
longitudinal axis of reference scale 288 should be positioned-pafallel to the radial axis
of optical disc 286 along which optical head housing 290 runs, as shown by arrow 304.
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Reference scale 288 should also be positioned such that reflective surface 300 bearing
reflective indicia 302 faces second objective lens 294.

The angle formed by beams of radiant energy 296 and 298 emanating from
first objective lens 296 and second objective lens 298 can be any number of angles
provided second objective lens 294 and reflective surface 300 of reference scale 288
face each other. One possible configuration as depicted in FIGS. 3 and 4 is to have
beam of radiant energy 296 emanating from first objective lens 292 and to beam of

radiant energy 298 emanating from second objective lens 294 such that the two beams
forma 90 degree angle. In this configuration, the width of reference scale 288 would be
posmoned at a 90 degree angle with the surface of optical disc 286.

During the recording process, optical head housing 280 moves radially across
the surface of rotating optical disc 286 by tracking across reflective indicia 302 on
reflective surface 300 of reference scale 288. Reference scale 288 is tracked by
impinging beam of radiant energy 298 upon reflective indicia 302 on reflective surface
300 through second objective lens 294 of optical head housing 290. As optical head
housing 290 tracks reference scale 288, beam of radiant energy 296 is transmitted
through'ﬁrst'objective lens 292 so as to impinge optical disc 286 and record information
thereon, causing information tracks to be formed on optical disc 286.

Referring to FIG. 5, there is shown a second optical head configuration 306
having a first optical system 308 and a second optical system 310. First optical system
308 and a second optical system 310 may be used in place of first optical system 12
and second optical system 16 in apparatus 10 shown in FIG. 1, or in place of first optical
system 158 and second optical system 162 in apparatus 156 shown in FIG. 2.

Referring back to FIG. 5, first optical system 308 is used during the processes
of recording information to and retrieving recorded information from an optical disc 312.
Second optical system 310 is used eXcIusiver in cooperation with first optical system
308 during the process of recording information on an opﬁcal disc. During the recording
process, second optical system 310 tracks a precision optical reference scale 314 to
control the pitch between information tracks recorded on optical disc 312 with first
optical system 308. First optical system 308 follows the lead of second optical system
310 when recording information on optical disc 312.

First optical system 308 and second optical system 310 each share optical
components that are common to both Systems as well as utilizing separate optical
components that'are uhique to each system. Optical components common to both first
optical system 308 and second optical system 310 include a radiation source 316 for
_emitting a beam of radiant energy 318, a diffraction grating 320 for splitting beam of
radiant energy 318 into two or more beams, and a second beam splitter 322. Diffraction
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grating 320 may be either omitted or replaced with a collimating lens in a system utilizing
a single beam of radiant energy. '

Radiation source 316 has the same characteristics as radiation source 20 in
apparatus 10 shown in FIG. 1 and radiation source 166 in apparaius 156 shown in FIG.
2 | _ _

. “Referring back to FIG. 5, optical components unique to first optical system 308
include a first beam splitter 330, a first objective lens 324, a first field lens 328, and a-
first auxiliafy field lens 326. Optical components unique to second optical system 310

include a second objective lens 332 a second field lens 336, and a second auxiliary

field lens 334. ,

Beam of radiant energy 318 follows a first path 338 formed by the components
of first optical system 308 as follows: radiation source 316 emits beam of radiant energy
318 so that it is transmitted through diffraction grating 320, second beam splitter 322,
first beam splitter 330, first auxiliary field lens 326, and first objective lens 324 so that
it impinges optical disc 312, reflected by optical disc 312, transmitted back through first
~ objective lens 324 and first auxiliary field lens 326, partially reflected first beam splitter

330, and transmitted through first field lens 328 so that it impinges photodetector array
340. ' '

Beam of radiant energy 318 follows a second path 342 formed by the
components of second optical system 310 as follows: radiation source 316 emits beam
of radiant energy 318 so that it is transmitted through diffraction grating 320, partially -
reflected by second beam splitter 322, transmitted through second auxiliary field lens
334, transmitted through second objective lens 332 so that it impinges reference scale
314, reﬂeéted by reference scale 314, transmitted back through second objective lens
332, transmitted through second auxiliary field lens 334, transmitted through second
beam splitter 322, and transmitted through second field lens 336 so that it impinges

photodetector array 344.
' . The function and operatlon of first optlcal system 308 and second optical
system 310 can be switched by interchanging optical disc 312 and reference scale 314
. to achieve a slightly different optical head configuration which operates functionally the
 same as optical head configuration 306.

Photodetector arrays 340 and 344 have the same characteristics as .
photodetector arrays 42 and 46 in apparatus 10 shown in FIG. 1 and photodetector
arrays 188 and 192 in apparatus 156 shown in FIG. 2.

Reference scale 314 has the same characteristics as reference seale 18 in

apparatus 10 shown in FIG. 1 and reference scale 164 in apparatus 156 shown in FIG.
5 _ ..
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In operation, first optical system 308 and a second optical system 310 operate
in the same manner as first optical system 12 and second optical system 16 in
apparatus 10 operate, shown in FIG. 1, and in the same manner as optical system 158
and second optical system 162 in apparatus 156 operate, shown in FIG.
2. Referring to FIGS. 6 and 7, there is shown a third optical head configuration
346 having a first optical system 348 and a second optical system 350. First optical
system 348 and a second optical system 350 may be used in place of first optical
system 12 and second optical system 16 in apparatus 10 shown in FIG. 1, or in place
of first c_)ptical system 158 and second optical system 162 in apparatus 156 shown in
FIG. 2. '

Referring back to FIGS. 6 and 7, first optical system 348 is used during the
processes of recording information to and retrieving' recorded information from an optical
disc 352. Second optical system 350 is used exclusively in cooperation with first optical
system 348 during the process of recording information on an optical disc. During the
recording process, second optical system 350 tracks a precision optical reference scale
354 to control the pitch between information tracks recorded on optical disc 352 with first
optical system 348. First optical system 348 follows the lead of second optical system
350 when recording information on optical disc 352.

First optical system 348 and second optical system 350 each share optical
components that are common to both Systems as well as utilizing separate optical
components that are unique to each system. Optical components common to both first
optical system 348 and second optical system 350 include a radiation source 356 for
emitting a beam of radiant energy 358, a field lens 360, and a first beam splitter 362.

Radiation source 356 has the same characteristics as radiation source 20 in
apparatus 10 shown in FIG. 1 and radiation source 166 in apparatus 156 shown in FIG.
2. | -

Referring back to FIGS. 6 and 7, optical components unique to first optical
system 348 include a first objective lens 364 and a first: field lens 368. Optical
components unique to second optical system 350 include a second beam splitter 370,
a prism 374, a second objective lens 372, and a second field lens 376.

Beam of radiant energy 358 follows a first path 378 formed by the components
of first optical system 348 as follows: radiation source 356 emits beam of radiant energy
358 so that it is transmitted through field lens 360, partially reflected by first beam splitter
362, transmitted through first objective lens 364 so that it impinges optical disc 352,
reflected by optical disc 352, transmitted back through first objective lens 364,

transmitted through first beam splitter 362, and transmitted through first field lens 368
so that it impinges photodetector array 380. ‘
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Beam of radiant energy 358 follows a second path 382 formed by the
co_mpbnents of second optical system 350 as follows: radiation source 356 emits beam
of radiant energy 358 so that it is transmitted through field lens 360, transmitted by first
beam spilitter 362, transmitted by second beam splitter 370, transmitted through prism
374 so that beam of radiant energy 358 is split into a first beam of radiant energy 358a
and a second beam radiant energy 358b, both first beam of radiant energy 358a and
second beam of radiant energy 358b are transmitted through second objective lens 372
so as to impinge reference scale 354, both first beam of radiant energy 358a and

~second beam of radiant energy 358b are reflected by reference scale 354, both first
beam of radiant energy 358a and second beam of radiant energy 358b are transmitted
back through prism 374 as a beam of radiant energy 358 which is partially reflected by
second beam splitter 370, and transmitted through second field lens 376 so that it
impinges photodetector array 384.

Photodetector arrays 380 and 384 have the same characteristics as
photodetector arrays 42 and 46 in apparatus 10 shown in FIG. 1 and photodetector
arrays 188 and 192 in apparatus 156 shown in FIG. 2.

Reference scale 354 has the same characteristics as reference scale 18 in
apparatus 10 shown in FIG. 1 and reference scale 164 in apparatus 156 shown in FIG.
2. i

Referring to FIG. 7, there is shown first beam of radiant energy 358a and

- second beam of radiant energy 358b impinging reflective surface 388 of reflective scale -

354. First beam of radiant energy 358a and second beam of radiant energy 358b can

be positioned such that the centers of the beams are sequentially aligned with the

longitudinal axis of reference scale 354. This allows first beam of radiant energy 358a
and second beam of radiant energy 358b to straddle reflective indica 386 as shown in

FIG. 7 and achieve smoother and more accurate tracking of reference scalé 354 during

the recording process. _ ' '

~ In operation, first optical system 348 and a second optical system 350 operate

* in the same manner as first optical system 12 and second optical system 16 in

apparatus 10 operate, shown in FIG. 1, and in the same manner as optical system 158

and second optical system 162 in.apparatus 156 operate, shown in FIG. 2.
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Claims

1. An apparatus for recording information on a portion of an optical disc that
does not have pré-manufactured tracks for recording information comprising:

a radiation source (166) for emitting a beam of radiant energy (168);

a first optical system (158) for creating a first path (186) for said beam of
radiant energy (168) to follow; :

_ asecond optical system (162) for creating a second path (190) for said beam

of radiant energy (168) to follow;

CHARACTERIZED IN THAT:

a reference scale (164) for controlling the spacing between information tracks

formed on an optical disc (160) during a recording process, wherein a spacing of indicia '
(196) on the reference scale (164) represents a pitch between information tracks being

~ recorded on the optical disc (160); |

a movable carriage for coarse positioning of said second path (190) on said
reference scale (164); ' '

a first tracking means (198) for causing said beam of radiant energy (168)
formed by said first path (186) to radially advance across said optical disc (160) in direct
correspondence with advancing beam of radiant energy (168) formed by said second
path (190) during said recording process; and | '

a second trackihg means (200) for fine positioning of said beam of radiant
energy (168) formed by said second path (190) relative to an indicium (1 96) of said
reference scale (164) during said recording process.

2. An apparatus for recording information on a portion of an optical disc (160)
. that does not have. pre-manufactured information tracks, having an optical- head
configuration

CHARACTERIZED IN THAT:

a first optical system (158) for recording information on the optical disc (160);
d second optical system (162) for tracking a reference scale (164) to finely
position said first optical system (158) during a recording procéss; |
a carriage sled carrying said first optical system (158) and said second optical
system (162); : '

means for coarsely positioning said carriage sled with respect to said reference
scale (164) and the optical disc (160});
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said first optical system (158) and said second optical system (162) each
having a common set of optical components common to both of said optical systems
(158, 162);

said first optical system (158) having a first set of optical compdnents uhique
to said first optical system (158); and

said second optical system (162) having a second set of optical components
‘unique to said second optical system (162).

22
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3. A method for recording information on a portion of an optical disc that
does not have pre-manufactured information tracks, comprising the steps of:

emitting a beam of radiant energy (168) from a radiation source (166);

forming a first path (186) for said beam of radiant energy (168) with a first
optical system (158) extending from said radiation source (166) to the optical disc (160);

forming a second path (190) for said beam of radiant energy (168) with a
second optical system (162) extending from said radiation source (166) to a reference
scale (164), wherein a portion of said second path (190) of said beam of radiant energy
(168) is in common with a portion of said first path (186) of said beam of radiant energy
(168); S |

tracking said reference scale (164) with said second optical system (162) for
coarsely positioning said first optical system (158) with respect to the optical disc (160);

thereupon tracking said reference scale (164) with said second optical system
. (162) for finely positioning said first optical system (158) with respect to the optical disk;
and C '

_ irrédiating the optical disc (160) through said second optical system (162) to
record information thereon.



