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1 RECORDI NG | NFORMATI ON ON AN OPTI CAL DI sC
\‘VWTHClJT USI NG PRE- MANUFACTURED TRACKS "Informati on stored on an

~optical -disc commenly appears as a spiral track known as an infornmation
track. The spiral information track of.gn optical disc is simlar in
appearance t.o the spiral grove of a vinyl record. There are varying types

of optical discs thage %kﬁm@mkwAleQﬂﬂﬁ ?p}f&ﬁeq]ga One type is a

bl ank optical disc W|t no 9_re manu er type is an
optical disc contai niVWhrHPUTHSNG PRE-MANUFACTHRED TRAGKS for recording

i nformation. k__The met hod for recording information on each of these types of
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wi th recomi'ﬂga?%tﬁﬁhFHPfeoW%wnac mqth%fﬁfefmsswdt@mg {ecatiableeptisabdisRot
have pre- wihbéasfrsuert]l tracks is that there is nothing on the recording

move acr oss 1 he. & PAEPRGRh BRpiRnY BREcBML FRFE e AR, e
sane pr oblopticaldiscsds by mnuiaajpmng:duscﬁwﬁh nodrecks on gw@ldrscr Eleinatibg tracks\on
previ ousl Mhé'&Eé‘_%‘ﬂ%@s & MRafBhORrsT BEPHESERSlity 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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optical disc. TheTFlgflr?\;eenrt'i%% ésnclgloys a precnlswn re%erence Igchle 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
directly 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 fo 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 both 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 length of the reference scale.
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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.
_ Optiéal components unique to first optical system 12 include a first objective
lens 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 optical 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.



Second optical system 16 is used exclusively in cooperation with first
soptical system 12 during the process of recording informati on on an opti cal
disc. During the recording process, second optical system 16 tracks a
preci sion optical reference scale 18 to gontrol the pitch between

i nformation tracks recorded on optical disc 14 with first optical system
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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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14 or whether it is retrieving information from optical disc 14. Read-write control 80
oufputs 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 carnage
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



10 has a second tracking system54 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 gor recording process. Apparatus 10
has a second focus system 58 for focusing beamof radiant energy 22 on .
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tracking cp fqya gsation signal 78 to the first control 66. The
operation o |rst control 66 is controlled by a read-wite control 80.
Read- First focus servo 94 reads first focus errorsignal 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



wite control 80 controls whether apparatus 10 is recording inforration on
.optical disc 14 or whether it is retrieving information fromoptical disc
14. Read-write control 80 outputs a first read-wite control signal 82 to
first control 60. First read-wite contkol signal 82 specifies whether
apparatus 1Q is retrieving information fromor recording infornmation to
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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 contro! 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 disengaged during the information retrieval process.



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
det erm nes whet her beam of radiant energy 22 is properly focused on optical
disc 14. First focus error detector 92 geternines the degree that beam of
radi ant ener-gy 22 is out of focus as it inpinges optical disc 14, if it is
out of focus at RhbtodBtéctor afray 48 batpuissamecond fosus infcsrtﬁamnSs@malcrrM to .
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radi ant ener 22 is per rackin lLve i cia on reterence
scale 18. ¥ %@aﬂ??ﬂat&%ﬁl efapbfeﬁg“‘{ g"‘f’fét f;s\f%pEW& F%cf"@nce
scal e 18, ssmpensdtioasigral 1G6r or detector 108 deternines the d! st ance and
dLrection Lo Wi c8odiiiToBls BArAAD tEASHAY sBordroBld obirbisatbh gldi a6 ' o
' a second focus driver sighal 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.



7 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
conpensation, if any, to properly aligngbeam of radiant energy 22 with
reference scale 18. This information is output by second tracking servo 110
as a second tracRead-witepentral 8®actbiafemsecodd tracking systerarfidl arid deactivates
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not transnivheh RéieViRG infoPmateR fdnt ARTOPAEALISY) 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 1568 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



Si Qnal 124 when second control 114 recei Ves information fromread-wite
.control 80, via second read-wite control signal 126, that apparatus 10 is
retrieving information from optical disc 14. Second tracking systemb54 is

only active during the recording proces$0 and is essentially di sengaged
during the imnformation retrieval process.
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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




of second objective lens 36 fromreflective surface 48 of reference scal é
<18 to properly focus beam of radiant energy 22 on reflective scale 18.
Read-wite control 80 generates radiation source control signal 150 to
control the intensity of beam of radiafy energy 22 emtted by radiation
source 20. Beam of . radi ant energy 22 has a greater level of intensity
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' 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 first tracking system 198 and second tracking system
200 each share common tracking servo 152, a common tracking driver 202, and
common tracking actuator 154. Appératus 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 216, 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 tracking
system 200.



across the length of reference scale 18. _ During the information
.retrieval process, read-wite control 80 causes radiation source 20 to em t
beam of radiant energy 22 at an intensity |level sufficient to allow the
retrieval of information fromoptical diggsc 14, while at the same tine
limting the-intensity so that the informati on already recorded on optical
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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
contro! 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



scale 164 to control the pitch between information tracks recorded on
.optical disc 160 wth first optical system 158. First optical system 158
follows the lLead of second optical system 162 when recording information on
optii cal disc 160. First opticalygsystem 158 and second optica
system 162 each share optical conponents that are comon to both systens as -

1] 5 et agnacun sheoi) MRS st e o Py
Sreond. opAckia SRER 18 Sl dihamit Hrsldiabiing: Samiensstion sTanel 285 crnadna
beg_m of rémfoanatimsqtgjgval@&cesstﬁrﬁfﬁdduﬁng tiyy mecording peodess. splitting beam of
radi ant ener e ' - . t
beam spl | %giylﬁﬁﬁiggﬁg F‘B'Iﬁyrﬁ?st ?ﬁ%i‘%sﬁ)ﬁ%ﬁi‘*@éﬁqaj‘;t‘?@'&%ﬁlﬁgﬁgfﬁ
repl aced & I rsigocussysiemZUs\compnses ia uray ingus espn of
Ladi ant etrfﬁélﬁfﬁcus servo 240, aﬁ&i fé&ti{@éti‘ri\fét?%Q?aH@tﬁ fﬁlélrfof&ﬁ’s é&ﬁafo‘ti‘_@hﬂ.t i on sour ](}e
Fadi ant ener gy st S0GH BTG ABIRCIA A EA0P stk 12w iNlCBREHGR,SHRLRE 20fon
; 0 gn oEt | detérmines whether beamiof eadianténatdyot68sie properiyGocused dneoptiosl dises 60.

i ode t hatg, | [
Ot cal ool SR nadiSad: 2 3s BBtcrfiles B GeBidtl il nBHM crFddRNCeeray 2p8
obj ect i ve i @ubofifosusag itimpinges optieal discet®, if ftds oapef foaus ebalh dinisinformatigne t o
second optis %iplﬁ@tfﬁ& fé@@s bRl H%F%rl%gﬁ%da ﬁ%gﬁﬂcﬁglér%%?g@g% o' firsE ftyf

obj ective | ens é and a second fle | ens eam of radi ant
ener gy 1685849 2 a first path 186 forned by the conponents . of first

opti cal %st em 158rstsfotas lsen 24@déa%é first S&L{]s(lérr?ﬁﬁigﬁﬁi P46 tw@npnivid?dih@n&

ener ; r [ O | | r |

fiel gyl ens'%ﬂgg?& Egé?% é’l"# §aﬁ“rcgﬂfpgé‘%%@'bif%f‘ﬁ@tpf%‘é%[h{@ﬁ? ?%]aéﬁ Oﬁéflﬁ’?a% engrg?/n

transni t t et68 pnoepficat disct166b|Thist infarmiating is a6tpsid by Hiwst focus senor2fdsas ptfirstal

di sc 160, : i i r ' t '

obj ective flrogtr{g %%grgﬁn??gﬁgﬂgﬁtﬁle%%t ﬁ?g%Sﬁ’cy % rd?? é‘ﬁ%?mﬁ???ﬁ’&“ﬁ%@%fﬁ?ﬁ%

transmi t t e8"¥ 8lesliigal campanent peeempenenty syitahle fordesyring; theiinigadty of Srsd desusct or

?r ray g 1E8 : %:%mpensation siditﬁiim%fOﬂi@ﬁés(”jﬁiﬁili i!setblglhée b‘ﬁ&)ﬁe@éll’cgg:%am?m‘}%? fatdirgtdbdus1 90
or ne e onents .0l ,.Secon 0 I gcal SYS as ol Il ows: . :

adi at i on Ol LRSI 6% G Smeciselicn BB EP 165 2o that it is

transm tted throuBisstdodus driver @42 dramsmity fitstJocusicdmpdrsatibeisignbl248 par firat | y

t i tt b rSte ' , Lalk |

Spi T eter 1S dVeE Sigtfd Do biitfol hfé: foBd blards 24, 19 Jhody apE adcam

i npi nges  FesPepds tafistiacys dever signal 280 dejcorirel éhe peacial distanes oblirst objective

transm tt eengalyis fidth @pacal dfdl 18Y to\ttop&lisfoBds beamrsiThadiftlendtyp e orespstieal
beam spli ttger 1&%0, -a‘r?g transmtte dt)hrough second field Iég%g 184 so that

it inpinge 'sﬁh odetector array 192. :
. 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.




fhé function and operation of first optical system 158 and second optical
.system 162 can be swi tched by interchanging optical disc 160 and reference

scal e 164 to achieve a slightly different optical head
configuration which operates functional I1y t he sane as optical head -
configuration 157. Phot odet ector arrays 188 and 192 can be any
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Carriage control system 204 reads common tracking servo signal 230 to
control the cérriage 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 determines whether beam of radiant ehe_rgy 168 is properly focused on reflective



common tracking 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 system 210 for focusing beam of di ant energy 168 on reflective
surface 194 of reference scale 164 during the recording process.
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a read- w i prepesy.focs beam of radlant 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 radlant energy 168 to advance along the length of reflective
surface 194 of reference scale 164 by tracking successive reflective indicia 196 on



Read-wite control 224 controls whether apparatus 156 is recording
dnformation on optical disc 160 or whether it is retrieving information
fromoptical di.sc 160. Read-wite control 224 outputs a first read-wite
control signal 226 to first control 218,4¢First read- wite control signal
226_specifies whether apparatus 156 is retrieving information from or

recording iﬁﬁcﬂw’e&ﬁ% {9y, st 6ﬁicap¢y%fen4%a fdﬁbwgtthé @ahrdvk?e”asrﬁn csrgt@aﬁ%

first trac ensat. on cont

conmon t r K| kwg '8 &P983r '9"\)0!‘1 qqngt ’%H‘tgrﬁﬂs eﬂ%opeE}éf Rgi Qﬁ?"ﬂ rom
read- writ f ﬁétﬁér'it@ne?é%ﬂi 68 acrobs thad surfaed of votatirgy Gpstitial disc 560 nﬂﬂlrﬂ Gorrédptin-

hron. 1 sEeagLL L@&%ﬁh@é@éﬁ@téﬁ%{aﬁ@%ﬁ%& i, SR 58 Serone enisal, e
common tr aaylstenmsz.raaross thedengthoof reference scaleC64.i age control system 204
reads comon tr agfiriy ¥ \foRhGfH rétfidybCprdBLl Madinfifd %gﬁﬂ@not %(%g

shown) for adjusting coarse positionin acarria
during t headiation sewrceSpde emit bgamof fadiant enesgy: 468 gge infensitydayelisufficignt; cal

r21ead hOES 118 @lleR Ine Fétheal oRinfdrfdation fidfitlogtical disc 160, whildtithe Eamltmhﬁlﬂggl gi
2, Lk RS teoaty s hoBhe Bralchally AR RS phH 05 B hotpten
tracking severand igptReB@ritezoninob224 pafiviatesdinstdrackingIsysiegnt98 @8Pdeactivates
actuator 1SEORINACkhESFE 20 g thoRBordifolobe Oy hafE SiRtbiaEERES
act uat or 1signaje o fi f@%f}oﬂﬁr‘?\'@ 18 angkreqandiqanyigl 2%6.0f beam of radi ant energy 168
during the infor mas aptict bysteinel SE6RFSES in cooperatlon w1t|Ffﬂ%§fraé¥6ﬂi§ §ydterd H9gdoes
not transmit first trac ensat i I control 218
Facei vos. | MTDHGA L% SEFPIRF IO d0a) DRl Sitesl A6 pIEVBRr mashingS gRerdte ~
13 cont r ol whés iéetrieRing, mtohaatlaptranaamepﬂm diss. Fiestoopticabsystém Hrﬁﬁtommaﬁng in

o cal o Siordt o oL 344 Rt Ao Bbitn o PAREN Shll T 6 R
during t heinfaroatidnipcks &’gp;d 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-paraliel to the radial axis
of optical disc 286 along which optical head housing 290 runs, as shown by arrow 304.




Phot odet ector array 188 outputs a first focus information signal 236 to
first focus system 208. First focus system 208 conprises a first focus
error detector 238, a first focus servo 240, a first focus driver 242, and
a first focus actuator 244. : Kt focus error detector 238 reads
first focus Lnformation signal 236 and Jetern1nes whet her beam of radi ant
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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 componenté 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



14 Second tracking servo 256 reads second tracking error signal
.260 and provides the required phase and gain conpensatiaon, if any, that
shoul d be used to properly align beam of radiant energy 168 with reference
scal e 164. This information is output bygsecond tracking servo 256 as a
second tracktng conmpensation signal 262 to second control 258. . The
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' : 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, reflected 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

apparafus 10 shown in FIG. 1 and reference scale 164 in apparatus 156 shown in FIG.
5 _ ..



second control 258 receives information fromread-wite control 224, via
".second read- wite control signal 264, that apparatus 156 is retrieving
i nformation fromoptical disc 160. Second tracking system 200 is only
active during the recording process and 4gs essentially disengaged during
the informati-on retrieval process. Phot odet ect or array -192
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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 inciude 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. ‘



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 enmtted by radiation
source 166. Beam of radiant energy 168 pas'a greater |level of intensity
during the recording process and a ,sna? er level of intensity during the
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S dq . ) . : , : : _
Syst om 162k aroulR REinegf SEATRLI ot ARfTap SSaNEA & meGANIERELEATY,
refl ecti vesecodrheam splifter,370.cand rapemisted) thraugh sgcqndofigdd d@%azeégsthag it
rlgﬂeC]E:VGi{ﬂﬁmtjesi:ﬂ}o’tQ@et?thrarFray3t84. tical .syst 8 foll the | ead of
reflective s C . Firs i c st em ollo e |lead o
second opti cal sﬁ'fog?ﬁ%ﬂarnﬁ"?w p@r“at ?g W‘fen]{g%c%"?{ﬂet %gﬁasg%taém
200, by r aphetbiigteatdr anrays gt 2oanir6fin eppatatus ¢0ahgwnliBsFIE: roasd phetosletdctore of
rotating o _éﬁa{sgjéﬁg1@?2%%?%??%%{%@%6%%@&%% wi th the novenent of

beam-of radiant energy second optical .
Referénce 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.

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.



syétem 162, across the length of reference scale 164. ' During the
.information retrieval process, read-wite control . 224 causes radiation

source 166 to emt beam of radi ant energy 168 at an- 1 ntensity—+tevel—

sufficient to allowthe retrieval of infzqrrrationfr ' ' 0,
while at the_sane tine limting the inténsity so thgglmgﬂmi!w”ﬂﬂlmﬁ
al ready recorded on optical disc 160 is not recorded *ovar andsl et
Read-write contrqgl 224 activates first tracking system 198 and deacti vates
second tracking s¥8f%m 200 during the recording process by sending

appropriate control signals to first control 218 and second control 258.
Fon™! ot ne” L AR B botdng BABAIAE B ¥ ol AfRBdBRSt o
machi nes ofeasanat haverpresnanufactuced tndeksifat tesording imfanmationi compriging: .  Fi r st
optical system 158 . opgfaldfcd ?&Eé ' b G ' stem 198
causes beam of rgcgf ant {ﬁ]é(adrlgglé ?‘ggﬁto 'ﬂﬁh,r%\r/\]?_%\%ﬁrgﬁté;&%ﬂf%ﬁétmgﬁmd on
optical disc 160 afifstiaptigalsystem (d68) tar fsegtingca disst path (186) for sgid,\beamaf
focus systediatii@narsy @espisfoliowts system 210 are used during the recording
Bequi res foous orf BRELAPIRCYSID (423 o ot sesreiar P B St petiarn
of radi ant ofnadiagy eh€R1yo(d68) tocfelibwrus on refl ective surface 194 of reference
scale 164. Only fbH M@F@ﬁll@ﬁil@%@ is relied upon during the '

information retrieéeval process. " Referring to FIGS., 3 and 4, there
i s shown an opti carefarencesgale (164)pecenimiingdhe spaciag hatwaen isfermatiemitraekssi ng

obj et ve [ ImeaZ AtpHcatdisy PISt Buing BirblodB procsss, Wharin R Spadiy o R
of radi ant (R PB)e iefeteiig seaiedtbiisprateats aalch bueer Riomatinareca el
ener gy 296reqooded be tiseioptieat disic (460);cal di sc 286, recording information

t k tical _di 8 -] t - di. t ' .

i or mat 1 on tr ack? VST FatinGe R Saed oY RESARRESad P (8N oBdaie
process. reference sc@de biflobj ective lens 294 is used for directing beam of

radi ant energy 29 i i i BNt
g o a8 e ffg?f‘f‘?‘?% hRl9108) ff 2bhsiA§Said BEYH SralRAMEREGYAEBE)

urface, 300 of Teference sc 2 and for
t racki ng r &mecby i ﬂfﬁ%E‘P @@é) tgmadighy Vta1"9%a°"sQ§§1s§l9e°§'Ggll Cﬁ%ﬁ%‘)l Weéj‘?e@ﬂgt h
ﬁf (rj eL er encorresporadeiied with adearichey béa:mro'd'rmﬂarrtrev@agysd_ I(168) formed byI Teﬁ?is'ecamd
ead housi ' r.al | ) a radial axis parallel to
‘optical di @%"@@@%@Wfﬁﬁﬁgﬁ}dﬂ {){égegl‘l@%&%% facing the surface of
“optical disc 286. aeconddragkingimeans 420Q) fof finepesitinoingsyaiaid beamseioarianbe
p'ots! ti Fnﬁd éd?éﬂg?\} gﬁés tfgrngé@ by %@icﬁéeé&ﬁdspatgfﬂ%)t ﬂe@a%glgztb% #afith Q196)Vé¥ Seid
optica e%eferg#cel sncale ?1 61{)%u§ihgas%idsre%mina/ p%rcgagg\./ '

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 obﬁcal disc (160);



17 Reference scal e 288 shoul d al so be posi tioned such that reflective
surface 300 bearing reflective indicia 302 faces seco “luﬁmmlmﬂmﬁm 294.
The angle formed by beans of radiant energy 296 and ZH

first objective lens 296 and second obj ive | ens 298*cah be &ny°nufber of
angl.es provi ded second objective lens 2 and reflective surface 300 of

reference scal e 2§a‘3ﬂf?§t®o;ﬁ®‘éhs%t@ﬁf(15@j\%nﬁoéh‘idl RkBos®D tuwr@htm (F82)deRitet ed

FIGS. 3, and 4 to di t f first
oby et ve P udaon o 50 BH0eR aleRahmihpor o B B A b sPRotns
obj ecti ve (15535152)4 such that the two beans forma 90 degree angl e. tn this

degr ec angl o wi t nSOTst gpfcal ST BhTI5E) TG oS K1 St Bpbice BapphERE S °°
recordi ng o saiddisst qmpathtemeﬁtﬁS)oaed ng 290 noves radially across the

surface of rotati af'{ﬁrl@ t i a
302 on reflecti veggég{%g%'g@b %?e?g%])t:ﬁe sca?geesﬁ@géteéf?rdgggleéds{%d%%S

i s trackedYpiAueds $RFand-LRt GF ?Véé?rﬂr‘i‘ 6&ner gy 298 upon reflective indicia
302 on reflective surface 300 through second objective |ens 294 of optical
head housi ng 290. As optical head housing 290 tracks reference scal e 288,
beam of radiant -energy 296 is transmtted through first objective | ens 292
so as.to inpinge optical disc 286 and record information thereon, causing
i-nformation tracks to be fornmed 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 froman optical disc
312. Second optical system 310 is used exclusively in cooperation with
first optical system 308 during the process of recording infarmation on an
optical disc. During the recording '



process, second optical system 310 tracks a precision optical reference
.scale 314 to control the pitch hetween information tracks recorded on
optical disc 312 with first optical system 308. Fi rﬁ“mm"lmlulmﬁﬂm 308
follows the | ead of second optical system 310 when tion on
optical disc 312. First optical system 308"and secdnd® opt| cal
system 310 each share optical conponentggthat are conmon to bot'h systens

as well as utilizing separate optical conponents that are uni que to each
system Optical cmponwnﬁﬂthwrfamcbmdgdhfmrmar@ton a[plortion of ansdpticaliise thatl

second opti o) tting a
beam of lroadlagé ﬁ%ﬁ%?@ ?’%%@Aﬁlﬁé&éﬁ@??ﬁéﬁﬁ%ﬂo ! akg'négr@ﬁﬁfgglpgséﬁqt i ng bgam of
radi ant energy 318&m TIQQhﬂamr"flﬁ@ﬁ'éntt%@fﬁy(qﬁﬁhff@!’n@@dmobéaﬂﬁcgﬁwﬁ)ier 322.
Di ff LaCt i ?E forming a first path (186) tfohr said beam of radiant energy (166% V\Gﬂhaé firg 320
may be ei W a I Nn.a.s

Gt 1121 g = CBIR PR (Freyieferding fioh el osihon's0tice e 9 e ahyBardlitn @Bl o
has the same char aformingsa iseconds patho(120) fon saistibeam 26 radiasipenargy (68} ovitthawn
in FIG 1 a@écdr@é;ﬁfch@?s&%‘g@ Efa@nﬂlﬂ HORPEA Yadiatish SR 1'6@ ) Qref@rence
Referring back t I onetsu e to st otl stem
308 incl gde Saklﬁ(f@{ ‘E%%(ﬁi’%% ?‘F’P%Pfg%@ eco H@@;J@(ﬁq'@éeq’gﬁg 5 ‘9 r st
field | ens 3268) isinccommon with atparﬁo:mf;saﬁfmﬁtcbaﬂeﬂﬁﬁﬁdﬁsammeamaf radm@eneugys

uni que to sg@@d optical system 310 include a second obj ecti ve | ens 332, a

second fi el ns 336, and a second auxili aré‘fl eld | ens
Beam of radi ant enBRgKingsad referenre sgalei(164) wi ??'@S%C(?f@r(?ﬁi'&a'tﬁysﬁeﬁé(wz) for

corrPongnt s fooafs!egeﬁosﬁibhln@éﬁaldsﬁ’rst Ws@m (1«58} WRits reslpaeh ta thedpticardise (160§,
emts beam of radi r

diffraction (gr at i nm%iﬁ%% tg%:gﬁﬁ%«%grﬁ* E%F 3?5(59% i‘é g%"‘a?ﬁng‘%qFYSt?msso
first auxil i(@83) for Q!y pesiiprgmpsaicficst opticat sy@tﬁr@(:‘tﬁ&ylth @espegm theyoptinal disk;

i npi nges” optamepl disc 312, reflected by optical disc 312, transmtted back

:)2; f :Jg”h' ;I ;Z]E | ggjt gﬁ'trqlcil :—r\etg}getﬁgﬂ?ﬁéﬁ s[c[(gbﬁ)sthrougﬁlsama sé’cofn'deolp ical system 862) to

record information thereon.




330, and transmitted through first field lens 328 so that it inpinges
.phot odet ect or array 340. Beam of radiant energy 318 follows a
second path 342 forned by the conponents of second optical system 310 as
foll ows: radiation source 316 emts be%m of radiant energy 318 so that it
is transmtted through diffraction gra 4ng 320, partially reflected by
second beaRECORDINGM IBPARMATION NONtAN OPTICAL BESONd auxiliary field |ens
334,- tr anSWITHOUT { S INGhPREcHMANU BACTERED eTREQKS 332 so that it inpinges
reference scale 314, reflected by reference scale 314, transmtted back
t hr ough se&ggid)ﬁ.gcti ve lens 332, transmtted through second auxiliary
field |l ens , nsmtted through second beamsplitter 322, and
transmitted thr ou@h appatatus fforCantraling B@csparinghbetwaen mformpdion tracks while
phot odet ec i o]

t<to c’ﬁ o?fﬁ‘?atlon on antopt«%h‘?il%dJ Rt g%é”wot gﬁvé‘ \&r&’ 'P?]Q{dﬁ%étﬁ?éd

opti cal system secon I'ca
i nter changmf@'rra&pnélac i e laz@tmm@m@mfer%ma@a@m pr@@sawme&rav@p the

slightly dpbénﬂwraf lrﬁbﬁhéﬁdn tragkt f0Bé irestrabd on dﬁ'bﬁﬂcﬂ&ﬁé@tvﬁﬁ‘erémns‘ﬁd bty

th f ti
T aye 340 ORGH ek Tnall on 10 knBriit Sis dtertiv. colates s HaEE Blsh Pefieery
42 and 46 |nfoamimratraskslfe®rdndmnrthElo®hcél disc Tie imeation tutifizesaa rfisgtsoptRal and”

192 in app i AR 4 .
t he sane c%gr aH"ts'e %%dﬁg’gﬁg@ érhgf‘*e'r&e HZt 2 al %ﬂhcalltﬁsc A@égn%ar akcﬁFﬁ)fgerﬁ #oﬁ%n
FIG 1 and fqraeée@m@pyedlt@k Tearks an élp@eefalte«nge s&ales waﬁfr)stropncaisystem and the
igstem 310 o era fc%léfb?emfshé?é mann eﬁ@ptlé&%iﬁ)ﬂﬁbﬁ@ﬁtsaﬁﬁd ars qﬁg.g érﬁg%rg:ond
optical sy rﬁ°fif | oA i SR aR GBS kP 18 ACIRATES IGERERR ot T aptpd Qi¥iot e
manner as optarding aryinformation temel thereond optical system 162 i n apparat us

156 operate, shown in FIG 2. Referring to FIGS. 6 and 7, there is
shown a third optical head configuration

Figure 1°



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

pl ace 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 shgyn 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
froman optical disc 352. Secongyoptical system 350 is used exclusively in
cooperation with first optical s®stem 348 during the process of recording

i nformati on on an op ond
optical system 350 tfacks a preC|S|on optical reference scale 354 to
control the pitch befween [fnformati oR [Tracks recordgd on optical [disc 352
with first optidal ~siysteml348. First @ptical systen] 348 follows tihe | ead of
second optical @3{em|35p whem recording i nformationh on optical disc 352.
First optical systém 348| an ¥cond optical system B50 each share opti cal
conponent s thaimﬁre ccnnDn 10 both systens as well &as @ilizing separate
optical conponefits Lt hd unugue to each system ;fbal conponent s
comon to both first ~ntfqal S¥stem 348 and se i cal system 350

i ncl ude @ radi atj,on /3& 356 for emtting a radi an w28, a
field | eng 360, @ang 'msplltter 362. Radi at i sur ce
356 has the same i€s as radiation s 20 m@ apparptus 10

shown in FIG 1 and acg,alon source 166 in appatatyis 56 shown ip FIG 2.
Referring back to FI{zSm6&land ﬁg ﬁtlcalqconpo nt sgunNiUESEP firpt optical

system 348 i ncl ude a e | eng 3P4 [o ST ST eI d I ens 368.
Optical conp@nents co_hLd_clp_t aF syst e300 Ne a %cond
X437 a sec objective NoAsS andpersecond

beam splitter=
field |l ens 376. WBea yrati‘ant! eger gf®-35&fof lows a f|rst path
378 formed Iff the corponent% ofR;wer optﬁczl s&t 3 ;
radi ati on SOQrcq beam of “radi ant, energy - 358 so that ityis
transmtted t ens 360, Rpr thQy | 3 r efebe
splitter 362, érou h f|¢s¢| obj ect i

i mpi nges optig efl d by at igal

t
362, and tr
photodetector : 80. <

ens 364 so that it
352 transmtted back
rst beamsplitter

it inpinges
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20 Beam of radiant energy 358 follows a second path 382 forned by
"t he conponents of second optical system 350 as follows: radiation source
356 enmts beam of radiant energy 358 so that it is transmtted through
field lens 360, transmtted by first beamsplitter 362, .transmtted by
second beam splitter 370, transmtted sy ough prism 374 so that beam of
radiant energy 358 is split into a first peam of radiant energy 358a and a
second beam radi ant energy 358b, both firgt beam of radiant energy 358a and
second beam of radiant ¢ ective
| ens 372 so as to inpinge reference scale 354, both first beam of radi ant
energy 358a and second beam ofTadranmt—egergy—358b—arejrefl ected by
‘reference scal e 3p4, i firbt bgam of r‘l\adl ant energy |358a and secopd beam
of radi ant energp‘368t arje frar ted b t hrough prijsm 374 as a bgam of
radi ant ener gy 38Y whilch Ji s partial ly ref€ected by secqnd beam splityer

- 370, and transmi tt@i-sthrdug s¢cond fiel'd | ens 376 go tihat @t inpinggsw
phot odet ect or arraw 384. 00 “Phot odet ect or ar rtays {380™Mnd 384 1v8the

sanme characteristics as to{:ectzgr arrays -42 andy46 |n'(appar LO; :
shown in FIG 1 an&) ph Bt gt or _arrays 188 and 19 n parat hown
in FIG 29 I Ras, A.’ 354 has the sane c rmcte tic ZZ

ref erence®scal e 18Nn appars 1@ shown in FIG 1 and &Y ere escae 164
in apparatug 156 shown | : Referrigg tjo thefe is
shown first ®™eam of radi neog;mS 8a,and gecond ear18) ,,_;, t emnergy
358b i npi ngi ng refle@@i rfa@ é gref&emlae 34— r st | beam
of radiant energy 35 ef gf élﬂnto’ener | @RI Can be

posi tioned such th h'e __a_[e_\seq_u ety abigned with
the | ongitudinal axfis of ﬁ%afer

radi ant energy 3584 and ond‘(}beam ONI’ adl ant eQer% aaratn

reflective indgca 386 as TTn ARGLR and chNav"e nof e
accurate tracl{{! ref egnck scal®|354 dl,lrl n_'[j #he 4 ecordi ng pr“dQes.;.

I n operation, fir opticali}s stgm 348 agd_‘a secondeal cal systenm 350
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in the sane manner as first optical system 12 and second optical system 16
-in. apparatus 10 operate, shown in FIG -1, and in the sanme nmanner as
optical system 158 and second optical system 162 in apparatus 156 operate,
shown in FIG 2. Cl ai nms I. An apparatus for
recording information on a portlon of 32 optical disc that does not have
pre- manufactured tracks for recording Por mat i on conpri si ng: a
radi ati on source (166) for emtting a beam of radi ant energy (168);

a first optical system (158) for creating a first path (186) for said beam
of radiant energy (168) to follow a second optical system (162)
for creating a second path (190) for sai d beam of radiant energy (168) to
foll ow, CHARACTE ef erence scal e (164)
for controlling the ing between information tracks d on an opti cal
di sc (160) durin recordi ng process, wherein a spacing of cia (196)
on the referen scale (164) represents a pitch between informti tracks
bei ng recorded on the optical disc (160); a novabl e carri
coarse posiftioning of said second path (190) on said reference scale
a first trfacking neans (198) for causing said beam of radi ant energy (N68)
formed byf{said first path (186) to radi all y™dvance across sai d opti cal
di sc (160} i i it 1= Anci ng beam of radi ant ener
(168) forned by said second path (190) ng said recording process;
a second tm™acking means (200) for fine positioning of said beam of rag/ant
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energy (168) fornmed by said second path (190) relative to an indicium (196)
"of said reference scale (164) during said recordi ng 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 . 4 RACTERI ZED | N THAT:" a
first optical system (158) for recordiﬁb informati on on the optical disc
(160); a second optical system (162) for tracking a reference
scale (164) to finely position said first optical system (158) during a
recordi ng process; a carriage sled carrying said first optica
system (158) and said second optical system (162);" nmeans for
coarsely positioning said carriage sled wth/respect to said reference
scale (164) and the optical disc (160); :
22 said first optical system (

first optical system (158) having
to said first optical system
system (162) having a second set of
d optical system (162).

optical systens (158, 162);
a first set of optical conponents unj
(158), and sai d second opt ytat;
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23 3. A nethod for recording information on a portion of an
‘optical disc that does not have pre-manufactured information tracks,
conprising the steps of: emtting a beam of radi ant energy (168)
froma radiation source (166); formng a first path (186) for said
beam of radiant energy (168) with a first optical system (158) extending
fromsaid radiati on source (166) to t-hé/®ptical disc (160);
form ng a second path (190) for said beam of radiant energy (168) with a
second optical system (162) extending fromsaid radiation source (166) to a
reference scale (164), whereéin a portion of said second path (190) of said
beam of radi ant energy (168) is in céA@on with a portion of said first path
(186) of said beam of radiant energy (168); 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 tragdi ng sai gggeference scale (164) with
sai'd second optical system (162) for finel sitioning said first optical
~system (158) with respect to ti calﬁ 358 i-rradiating
the optical disc (160) - throu%P skt gggon KcaLr7?5OEn1(l62) to record

informati on thereon. 382’
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