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T TLE-:-;&.)‘T HE | NVENTI ON METHOD AND APPARATUS FOR RECORDI NG AN | NFORMATI ON
SEGNAL ON"A DI SK- SHAPED RECORDI NG MEDI UM BACKGROUND: OF THE. | NVENTI ON 5 -
Field of the Invention Thi s d‘nvention relates to a nethod of recording an
i nf or-ma&t-i-on- si gnal on a di sk-shaped recording nmedium This invention also
relates;to an appa‘rat us for recording an information signal on a disk-
shaped recoridi ng medium Furthernore, this _i.pyention relates toa 10

di sk-shaped {r ecordi ng medi um such as an optical disk or a nmagneto-optical
di sk. Descrisption of the Prior Art Japanese published exam ned patent
applicati on¥3:52148 di scl oses a system for recording an information signal

on a disk- 15 shaped recordi ng TELEUQF ITHENENVENHONf Japanese
application 3- 52148, the -recording nedium has a coat of photosensitive

mat eri al, and a MESEOD §NDRABRARAIIS (RAR REQQBDPING: ANINFQRMATION

information signal is focused into a spot on the recording nedium The

light-reflective char ACNALQNARISHSHABED REGCORRING MEDIIM;  act i on
of the recordi ng medi um ChangiéﬁGh%sﬁﬁBS%ﬁorﬁgeIMﬁqu

5 Field of the Invention
This invention relates to a method of recording an information
signal on a disk-shaped recording medium. This invention also
relates to an apparatus for recording an information éignal on a disk-
shaped recording medium. Furthermore, this invention relates to a

10 disk-shaped recording medium such as an optical disk or a

magneto-optical disk.
D n Prior Art

Japanese published examined patent application 3-52148
discloses a system for recording an information signal on a disk-

15 shaped recording medium. In the system of Japanese application 5-
52148, the recording mediﬁfn__has a coat of photosensitive material,
and a laser light beam modulated in accordance with the
information signal is focused into a spot on the recording medium.
The light-reflective characteristics of the light-spot receiving

20 fraction of the recording medium change in response to the present
time segment of the information sign-al. This means the recording
of the present time segment of the information signal on the
fraction of the recording medium.

In the system of Japanese application 3-52148, during the

25 recording of the information signal, ﬂflé recording medium is

rotated about its center while being exposed to the light spot. At



tinme _seg'rren,t of the information 'si'g'héll. Thi.'s means the recording of the -
preseft tinme segnent of the information signal on-the fraction of the:
recording medium In the system of Japanese application 3-52148, during the
25 re€ording of the information signal, the recording nediumis rotated
about its center while being exposed to the light spot. At -2- the sane
time, the center of the recordi ng mediumi s# I nearly noved relative to the
position of the light spot along a directiof such that the |ight spot will
nove radially with respect to the recording nedium As a result, the
recording mediumis scanned 5 by the light spot along a spiral line. The
spiral |ine cothesgaméstime, dhepcentertofathe aécorglingi meditm is fimesatdy on
signal is recorded. The spiral recording track nay be replaced by an array
of concentric @iIWfFCbs‘elﬁh\feeththeerSiﬁank@f the: light spott along adivection
application 3- 52148 durl n% the 1 recording_of the information signal on
an inner regi OﬁuG ght spot Wl].l move radially with respect to the
recording medium. As a result, the recording medium is scanned
5 by the light spot along a spiral line. The spiral line corresponds to a
spiral track along which the information signal is recorded. The
spiral recording track may be replaced by an array of concentric
circles of recording tracks. .
In the system of Japanese application 3-52148, during the
10 recording of the information signal on an inner region of the
recording medium, the rotation of the recording medium is
controlled so that the light spot will continue to move relative to the
recording medium at a constant linear velocity. On the other hand,
during the recording of the information signal on an outer region of
15 the recording medium, the recording medium remains rotated at a
constant angular velocity. The boundary between the inner region
and the outer region of the recording medium is chosen to
correspond to a given radius of curvature of the recording track.
Japanese published unexamined patent application 5-303746
20 discloses a disk-shaped recording medium which has a spiral
recording track. In one example of the recording medium
disclosed by Japanese application 5-303746, the pitch between
neighboring track segmehts decreases as a fractional region
including the track segments radially moves toward an outer edge of
25 the recording medium. In another example of the recording

medium disclosed by Japanese application 5-303746, the pitch



recor di ng nmedium the rotation of the recordi ng nmediumis cont rolled so
that the light spot will continue to nove relative to the recording nedium
at a constant |inear velocity. On the other hand, duri ng the recording of
t he i nformati on signal on an outer region of 1 5 the recordi ng nmedium the
‘recording mediumrenains rotated at a constant angular velocity. The
boundary between the inner region and the ouéer regi on of the recording
mediumis chosen to correspond to a given radius of curvature of the
recordi ng track. Japanese published unexani ned patent application 5-303746
20 discloses a disk-shaped recordi ng medi um whi ch has a spiral recording
track. In one evetwsen aeighloringdrdckgsegments diesr¢asesdany themriaceeases
application 5-303746, theaj)l tch between nei ghboring track s glments
decreases as a a9 acfrastion gggi@m inaluding dhe Hrack segmenftiseradiallyimaves
noves toward an outer edge of the recordi ng medium In anot her exanple
of the recordi npWakd am euten 6@% of \thearecesding medisymi on 5- 303746, the
itch - 3-
P Generally, the performances of the recording and
5 reproduction of an information signal on and from an outer portion
of a disk-shaped recording medium tend to be lowered by various
factors such as a swing of a disk plane or an eccentricity of a center
hole of the recording medium. |
SUMMARY OF THE INVENTION
10 It is a first object of this invention to provide an improved
method of recording an information signal on a disk-shaped
recording medium. '
It is a second object of this invention to provide an improved
apparatus for recording an information signal on a disk-shaped
15 recording medium.
It is a third object of this invention to provide an improved
disk-shaped recording medium.
A first aspect of this invention provides a method comprising
the steps of recording a test signal on a first recording disk
20 according to a constant linear velocity technique; reproducing the
test signal from the first recording disk; evaluating a quality of the
reproduced test signal as a function of a position on the first
recording disk; recording an information signal on a second
recording disk having first and second areas, wherein a degree of
25 deterioration in record quality in the first area is greater than a

degree of deterioration in record quality in the second area;



bet weeh nei ghboring track segnents decreases and then increases as a
fractional region including the track sedgnents radially noves toward an
outer edge of the recording nedium GCenerally, the performances of the
recording and 5 reproduction of an information signal on and froman outer
portion of a disk-shaped recording nmediumtend to be |lowered by various
factors such as a swing of a disk plane or an eccentricity of a center hole
of the recording nmedium SUVMARY OF THE I NVENTION 1 0O It is a first

obj ect of this invention to provide an inproved nmethod of recording an

I nformati on signal on a disk-shaped recording nedium It is a second object

of this inventidecteasing\a adecordingpdensity anpdierreording' 6 gtiéliiAfordAation
i nformati on signal on a disk-shaped 1 5 recording nmedium It is a third

obj ect of this signaitonithedirstariedsbelow apreroeding densitypird the aecdiding of
medium A first aspect of this invention provides a nmethod conprising the
steps of recor dihgyinformatien gignabenahie senondagneai;i anddelsangihg acdegrdersf t o
a constant |1 negarlidvglegrcéa:[s éeﬂclgnli'e%g?c:ﬁnrgeg{er?g#;Iar;gatfrlgction of a position on

5 the second recording disk in response to the evaluated quality.

A second aspect of this invention provides a method
comprising the steps of recording a test signal on a recording area
of a first recbrding disk according to a constant linear velocity
technique; reproducing the test signal from the recording area of

10 the first recording disk; evaluating a quality 6f the reproduced test
signal as a function of a radial position on the first recording disk;
recording an information signal on a recording area of a second
recording disk having an inner portion and an outer portion,
wherein a degree of deterioration in record quality in the outer

15 portion is greater than a degree of deterioration in record quality in
the inner portion, and wherein the inner portion occupies about
80% of a radial dimension of the recording area while the outer
portion occupies about 20% of the radial dimension of the recording
area; executing the recording of the information signal on the inner

20 portion according to a constant linear velocity technique during the
recording of the information signal on the recording area of the
second recording disk; decreasing a recording density in the
recording of the information signal on the outer portion below a
recording density in the recording of the information signal on the

25 inner portion; and changing a degree of said decreasing the

recording ‘density as a function of a position on the second



" _test si gnal fromthe first -'recor.di ng disk: eval tjati ng a quality of the
reproduced test signal as a function of & position on the first recording
di sk; recording an information signal on a second recordi ng di sk havi ng
first and second areas, wherein a degree of 25 deterioration in record
quality-in the first area’'is greater than a degree of deterioration in
record quality in the second area; -4 - _dﬁgreasi ng a recording density
in the recording of the information signal on the first area bel ow a
recording density in the recording of the information signal on the second
area; and changing a degree of said decreasing the recording density as a -
function of a precording dislS intiespensertd thecevaluagedi qkalifly. r esponse to the
eval uated quality. A second aspect of this invention provides a nethod
conprising the stepsAdhir¢@aspech@f thisinventjon| provides eacmathod eemprising
first recording disk according to a constant |inear velocity technique,;
reproduci ng t hethesteps ghaecerdingta éestesigngl an & Bestorecprding ilisk; r st
di di sk; | uat i lit f th dyced test
recording @is agc\:/oardlfxellglt%gaaco%uset‘axllt )fin%ar ve ox[:iet?rt%cﬁ%?que;e f'eproducing the
5 test signal from the first recording disk; evaluating a quality of the
reproduced test signal as a function of a position on the first
recording disk; recording an information signal on a second
recording disk having first and second areas, wherein a degree of
deterioration in record quality in the first area is greater than a
10 degree of deterioration in record quality in the second area;
executing the recording of the information signal on the first area
according to a constant angular velocity technique during the
recording of the information signal on the second recording disk;
decreasing a recording density in the recording of the information
15 signal on the first area below a recording density in the recording of
the information signal on the second area; and changing a degree of
said decreasing the recording density as a function of a position on
the second recording disk in response to the evaluated quality.
A fourth aspect of this invention provides a disk-shaped
20 information recording medium on which an information signal is
- recorded by a method comprising the steps of: recording a test
signal on a first recording disk according to a constant linear
velocity technique; reproducing the test signal from the first
recording disk; evaluating a quality of the reproduced test signal as a
25 function of a position on the first recording disk; recording an

information signal on a second recording disk having first and



signal®as a function of a radial -position on the first recordi ng disk;
recording an information signal on a recording area of a second .recording ..
di sk -having an inner portion and an outer portion, wherein a degree of
deterioration in record quality in the outer 1 5 portion is greater than a
degree of deterioration in record quality in the inner portion, and wherein
the i nner portion occupies about 80%of a rad{al dinmension of the recording
area while the outer portion occupies about “20% of the radi al dinension of
the recording area; executing the recording of the information signal on
the inner 2 0 portion according to a constant linear velocity techni que

during the recosecogdodrease whéreined idegree @faletefiorhioncrrretoal iRty int he
second recordi ng disk; decreasing a recording density in the recordi ng of

t he infornationtBedinst aneat isegreater thant aadedret ®f detetivradionyinaeedtd i n
the recording of the information signal on the 2 5 ‘inner portion; and
changi ng a degr 8813ty dni theiseeend argat idecreasingi agederdingydewssidy finnthé on of
a position on t r11gcc§red(i1(:)xgdof the 15riformation signal on the first area below a
5 recording density in the recording of the information signal on the
second area; and changing a degree of said decreasing the recording
density as a function of a position on the second recording disk in
response to the evaluated quality. |
A fifth aspect of this invention provides a disk-shaped
10  information recording medium on which an information signal is
recorded by a method comprising the steps of: recording a test
signal on a recording area of a first recording disk according to a
constant linear velocity technique; reproducing the test signal from
the recording area of the first recording disk; evaluating a quality of
15  the reproduced test signal as a fuﬁction of a radial position on the
first recording disk; recording an information signal on a recording
area of a second recording disk having an inner portion and an outer
portion, wherein a degree of deterioration in record quality in the
outer portion is greater than a degree of deterioration in record
20 quality in the inner portion, and wherein the inner portion occupies
about 80% of a radial dimension of the recording area while the
outer portion occupies about 20% of the radial dimension of the
recording area; exécuting the recording of the information signal on
the inner portion according to a constant linear velocity technique

25 during the recording of the information signal on the recording area

of the second recording disk; decreasing a recording density in the



recording disk in response to the evaluated quality. A third aspect of this
i Avention provides a-nmethod conprising the steps of recording a test signal
on a first recording disk according to a constant |inear velocity

techni que; reproducing the 5 test signal fromthe first recording disk;
evaluating a quality of the reproduced test signal as a function of a
position on the first recordi ng disk; recorg}gg an information signal on a
second recording disk having first and second areas, wherein a degree of
deterioration in record quality in the first area is greater than a 1 0
degree of deterioration in record quality in the second area; executing the
recordi ng of trecondingref ithe infgmmation sigaal ions theuoesen portivm belowaa
constant angul ar velocity technique during the recording of the information
signal on the sweeonding ityolnd the redendingsofthe infemnation sigmalton ithet he
recording of the information 15 signal on the first area bel ow a recording
density in the InBes PORIPWT andchangingea idegree ¢f faid degreasingtbear ea; and
changi ng a degree of sai.d decreasing the cording density as a_ function of

a position on tuegotding density an afumction ;??laeE 124 secendat ed
lity. A t h t,.Qf . this i ti ' [,sk-sh d20
f or mat | oDt edSEOFHIE Bigl, in deSehfee o e Praltiabed i °'e"°

A sixth aspect of this invention provides a method comprising

the steps of recording a test signal on a first recording disk
according to a constant linear velocity technique; rebroducing the
test signal from the first recording disk; generating a tracking

10 signal related to the first recording disk during the reproduction of
the test signal from the first recording disk; evaluating a quality of
the generated tracking signal as a function of a position on the first
recording disk; recording an information signal on a second
recording disk having first and second areas, wherein a degree of

15 deterioration in record quality in the first area is greater than a
degree of deterioration in record quality in the second area;
decreasing a recording density in the recording of the information
signal on the first area below a recording density in the recording of
the information signal on the second area; and changing a degree of

'20 said decreasing the recording density as a function of a position on
the second recording disk in response to the evaluated quality.

A seventh aspect of this invention provides a method
comprising the steps of recording a test signal on a recording area
of a first recording disk according to a constant linear velocity

25 technique; reproducing the test signal from the recording area of
the first recording disk: generating a tracking signal related to the



recorded by a method conprising the steps of: recording a test signal on a
~ first -recording disk according to a constant |inear velocity technique; -
reproduci ng'the test signal fromthe first recording disk; evaluating a
quality of the reproduced test signal as a 2 5 function of a position on
the first recording disk; recording an information signal on a second
recordi ng di sk having first and - 6- secopg_areas, wherein a degree of
deterioration in record quality in the first area is greater than a degree
of deterioration in record quality in the second area; decreasing a :
recording density in the recording of the information signal on the first
area bel ow a 5 recerding ageal efstheyfirst réeondingrdiskgdufing the nfeproduiction of
signal on the second area; and changi ng a degree of said decreasing the
recordi ng densithe testasignal fram the zegordingoareanof e finssrrecordingidigkdi sk
In response to the evaluated_ quality. Afifth aspect of this invenfion

y . .
provi des a di skevalupting® quality ofdhe genesating trgcking amafunptien o
i nfornation sig}n%ai’s : . .
adial position on the first recording disk; recording an information

5 signal on a recording area of a second recording disk having an
inner portion and an outer portion, wherein a degree of
deterioration in record quality in the outer portion is greater than a
degree of deterioration in record quality in the inner portion, and
wherein the inner portion occupies about 80% of a radial dimension

10 of the recording area while the outer portion occupies about 20% of
the radial dimension of the recording area; executing the recording
of the information signal on the inner portion according to a
constant linear velocity technique during the recording of the
information signal on the recording area of the second recording

15 disk; decreasing a recording density in the recording of the
information signal on the outer portion below a recording density in
the recording of the information signal on the inner portion; and
changing a degree of said decreasing the recording density as a
function of a position on the second recordihg disk in response to

20 the evaluated quality.

An eighth aspect of this invention provides a method
comprising the steps of recording a test signal on a first recording
disk according to a constant linear velocity technique; reproducing
the test signal from the first recording disk; generating a tracking

25 signal related to the ﬁrst recording disk during the reproduction of
the test signal from the first recording disk; evaluating a quality of



recorded by a nethod conprising the steps of: recording a test signal on a
recording area of a first recording disk according to a constant |inear _
vel ocity technique; reproducing the test signal fromthe recordi ng area of
the fitst recording disk; evaluating a quality of 1 5 the reproduced test
signal as a function of a radial position on the first recording disk;
recording an information signal on a recordigg area of a second recording
di sk having an inner portion and an outer poftion, wherein a degree of
deterioration in record quality in the outer portion is greater than a
degree of deterioration in record 2 0 quality in the inner portion, and
wher ei n t he i nrthe generaded drackingssighaliasad functibnoof agpasitionnemtherfirst t he
recording area while the outer portion occupies about 20% of the radial

di mensi on of t recordingidisk:arecording en: informasione stgnfilnen ¢ segentnf or mat i on
signal on the inner portiaon according to a constant |inear velocit

techni que 2 5 J&EP fk&]giﬁl‘éé’@m&@rﬁg aneseennd Areasnwhessin aoﬁeg#{& of
recording area ol erbrabion i record quatity in the first area 1% greater thanda <" 'Y
5 dégree of deterioration in record qualify in.the second area;
executing the recording of the information signal on the first area
according to a constant angular velocity technique during the
recording of the information signal on the second re'cording disk;
decreasing a recording density in the recording of the information
10 signal on the first area below a recording density in the recording of
the information signal on the second area; and changing a degree of
said decreasing the recording density as a function of a position on
the second recording disk in response to the evaluated quality.
A ninth aspect of this invention provides an apparatus
15 comprising means for recording a test signal on a first recording.
disk according to a constant linear velocity technique; means for
reproducing the test signal from the first recording disk; means for
detecting a quality of the reproduced test signal as a function of a
position on the first recording disk; means for recording an
20 information signal on a second recording disk at an adjustable linear
velocity; and means for controlling the adjustable linear velocity as a
function of a position on the second recording disk in response to
the evaluated quality during the recording of the information signal
on the second recording disk.
25 A tenth aspect of this invention provides an apparatus

comprising means for recording a test signal on a first recording



recording of the information signal on the outer portion below a.recording
density in the recording of the information signal on the inner portion;
and changi ng a degree of said decreasing the recording density as a
functi 6n of a position on the second 5 recording disk in response to the
eval uated quality. A sixth aspect of this invention provides a nethod
conprising the steps of recording a test sigpral on a first recording disk
according to a constant. |inear velocity technique; reproducing the test
signal fromthe first recording disk; generating a tracking 1 0 signal
related to the first recording disk during the reproduction of the test

si gnal from t hdisk rmccording th agcohnstantdinéanvelogity tpcinigueomeansdeoner at ed
tracking signal as a function of a position on the first recording disk;
recordi ng an i néproducing thetest signal Seonnthe dinst dieegrding disk: means for and
second areas, wherein a degree of 1 5 deterioration in record quality in
the first areaevalupting a-qaality ef therepragucest test signabas ianfurelden ofuml ity
in the second area; decreasi a recgrdi density in the recording of the
i nformati on si PRSILSRA qKahe; ng &?ﬁlﬁr meastforgrecording an ¢ he

eares of B o BrarmhhPR el bHOE selfnb R oSROR ofiE HayBRY REOAY

position on  gecond areas, wherein a degree of deterioration in record quality in

the first area is greater than a degree of deterioration in record
quality in the second area; means for decreasing a récording density
in the recording of the information signal on the first area below a
10 recording dénsity in the recording of the information signal on the
second area; and means for changing a degree of said decreasing the
recording density as a function of a position on the second
recording disk in response to the evaluated quality.
BRIEF DESCRIPTION OF THE DRAWINGS
15 Fig. 1 is a perspective diagram of a part of an optical disk in an
embodiment of this invention.
Fig. 2 is a block diagram of a cutting machine in the
embodiment of this invention. _
Fig. 3 is a diagram of the relation between the degree of
20 birefringence and a radial distance in an optical disk.
Fig. 4 is a diagram of the relation between a recording linear
| density and a radial distance in an optical disk.
Fig. 5 is a diagram of the relation between a linear velocity and
a radial distance with regard to an optical disk.
25 Fig. 6 is a diagram of a multiplier and a radial distance in an

optical disk in the embodiment of this invention.



t ke second recording disk in response to the evaluated quality. A seventh
aspect of this invention provides a metHod conprising the steps of
recording a test signal on a recording area of a first recording disk
accordrng to a constant linear velocity 2 5 technique; reproducing the test
signal fromthe recording area of the first recording disk; generating a
tracking signal related to the -8 - rec_oi]gi_ng area of the first

recordi ng disk during the reproduction of t test signal fromthe
recording area of the first recording disk; evaluating a quality of the
generating tracking as a function of a radial position on the first

recordi ng di sk; recdiigi @dsaa flow diagramofa sequente @f processeslexgcatethimf a

second recordi ng di sk having an inner portion and an outer portion, wherein
a degree of dettBei embodiment ofcthisdnyentiony in the outer portion is greater
than a degree of deterigratign in record.quality in the inner portion, and
wherein the inner pdtgi 8niscr oy diagnesnofgnsequence of progesseserecyted in
of the recordi ré%o%%? eV\Ig' logirhgrelt% t,‘_%ris rglt_)nr’éljlggnf)ccupi es about 20% of
5 Fig. 9 is a diagram of the relation among a recording-capacity
decrease, a pit-length increase, an amount of recorded information
per turn of a recording track, and a radial distance in optical disks.
DESCRIPTION OF THE PREFERRED EMBODIMENTS
With reference to Fig. 1, an optical disk D has a hole CH at its
10 center. The hole CH is referred to as the center hole. The optical
disk D has an annular clamping area CA extending concentrically
outward of the center hole CH. The opticél disk D has an annular
recording region RR extending concentrically outward of the
clamping area CA.
16 The recording region RR is formed with a spiral recording
track. An innermiost track segment (An innermost turn of the
track) T1 extends along the inner edge of the recording region RR.
An outermost track segment (An outermost turn of the track) Tn
extends along the outer edge of the recording region RR. In Fig. 1,
20 the characters Ta and Tb denote two of intermediate track '
segments between the innermost frack segment T1 and the
outermost track segment Tn. The intermediate track segments Ta
and Tb are closer to the outermost track segment Tn than the
"innermost track segment T1. The intermediate track segment Ta
25 is located between the innermost track segment T1 and the

intermediate track segment Tb.



the radi al dinension of the recording area; executing the recording of the .
i nfformati on signal on the inner portion according to a constant |inear

vel ocity technique during the recording of the information signal on the
recordi'ng area of the second recording 1 5 disk: decreasing a recording
density-in the recording of the information signal on the outer portion
bel ow a recording density in the recording gf the information signal on the
i nner portion; and changing a degree of sai %ﬁmreasing t he recording
density as a function of a position on the second recording disk in .
response to 20 the evaluated quality. An eighth aspect of this invention
provi des a method coAjtersativelyhéhe treperding regioni RR mayebe forgred withaan
first recording disk according to a constant linear velocity technique;

repr oduci ng t hearaytofsconaéninio eindles fof recording tracksdi sk; generating a
tracking 2 5 signal_related to the first recording_ disk during the

reproduction of the IneFig.sl.gthe blackdots oni the curved dines xepnesent & spatial a
lit f -9 -
auattty o period of the recorded state of an information signal. In the case

5 where the information signal agrees with digital data, the black dots
denote the boundaries between data blocks. In another case, the
black dots denote positions in the optical disk D at which sync
components of an information signal are recorded. .

In Fig. 1, the characters /1, /2, and /3 denote lengths along

10 the recording track which correspond to the previously-indicated
spatial period of the recorded state of the information signal.
Specifically, the period lengths /1, /2, and /3 are defined between
the adjacent black dots along the recording track. The period
length /1 along the innermost track segment T1 or the first

15 intermediate track segment Ta is smaller than the period length /2
along the second intermediate track segment Tb and the period

"length /3 along the outermost track segment Tn. According to this
arrangement, a recording linear density related to the recording
track in an outer region of the optical disk D is smaller than

20 recording linear densities related to the recording track in inner
and intermediate regions of the optical disk D. -

Fig. 2 shows a cutting machine for recording an information
signal on an optical disk (not shown in the drawing) which can be
used as an original disk or a production optical disk. With reference

25 to Fig. 2, the cutting machine includes a laser 14 emitting a light
beam toward an E/O (electrical-to-optical) converter 15. The light



the generated tracking signal as a function of a position on the first.
recording disk; recording an information signal on a second recordi ng di sk
having first and second areas, wherein a degree of deterioration in record
guality in the first area is greater than a 5 degree of deterioration in
record quality in the second area; executing the recording of the

I nformation signal on the first area accorg#?q to a constant angul ar

vel ocity technique during the recordi ng of e information signal on the
second recordi ng disk; decreasing a recording density in the recording of
the information 1 O signal on the first area below a recording density in
t he recordi ng ddearheentersthet®E 0 cinyerterobSt hdn daputdrdoraationdsigmaidiong a
degree of said decreasing the recording density as a function of a position
on the second rheseenndeddissRpplied doparmedudatdrel 2y beinrg sonyerntad gherehy nt h

aspect of this invenéi on provides an apparatus 1 5 _con?risi ng_neans for

v
recording a t edBtadghinagnhinformation, i(@adi-levek signal} suited forarecard: ant
| i near velocity techni que; ns. for repyoduci the test _signal fromthe
first recordi n®® ?;‘W%&?Aéﬂggr é‘&‘?‘&“ tardﬂgumﬁ ﬁ?%ﬁ?%ﬁ(oduced t est
signal as funciion af a .positi he first recording disk; neans for
recording an 2 °‘i’ﬂ?ﬁPﬂa§‘E&ﬁj§?3ﬁ§?§6 ﬁog\é?%ﬁﬁlgecordi ng di sk at an

adjustable linear 1ye g/0 converter 15 selectively transmits and blocks the

light beam in response to the binary information signal.
Accordingly, the light beam outputted from the E/O converter 15 is
modulated in accordance with the binary information signal. The
10 light beam is propagated from the E/O converter 15 to a fixed
mirror 18 before being reflected thereby toward a condenser lens
19 within a recording head (a write head). The light beam enters
the condenser lens 19. The light beam is focused by the condenser
lens 19 into a spot on the optical disk concentrically supported on a
15 turn table 13.

The light-reflective characteristics of the light-spot receiving
fraction of the optiéal disk change in response to the present time
segment of the binary information signal. This means the recording
of the present time segment of the binary information signal on the

20 fraction of the optical disk. O

A spindle servo circuit 11 outputs a drive signal to a spindle
motor 12. The spindle motor 12 rotates the turn table 13 about its
center in response to the drive signal outputted from the spindle
servo circuit 11. The spindle motor 12 is provided with a sensor

25 which detects rotating conditions of the spindle motor 12. The

sensor output signal representing the rotating conditions of the



-vel ocity; and nmeans for controlling the adjustable |inear velocity as a
functi‘on of a position on the second recdrding disk in response to the

eval uatied quality during the recording of the information signal on the
second recording disk. 2 5 A tenth aspect of this invention provides
an apparatus conprising neans for recording a test signal on a first

recordi ng -1 0- disk according to a conqugE | i near vel ocity techni que;
means for reproducing the test signal fromthe first recording disk; means
for evaluating a quality of the reproduced test signal as a function of a
position on the first recording disk; neans for recording an 5 information
signal on a secspindlegootomd2dissfechtwvithg $pinsile sedve etrouit &k asThetdries n a
degree of deterioration_in record quality in the first area is greater than
a degree of det8ignagl ipithe spindle anatoquilidepends bn the sedsor emtpmtsignahr

decreasing a re orw enti_ity in _the recording of the infornmation signal
on the first ar@§C ¥ theyspindlsrmoter dénis sybjectedcta &eesdhrely controk

| nformation si ggsleci?ﬂ:ahgr,e the spindle servo circuit 11 generates the drive signal
5 in response to the output signal of a first variable-frequency signal
generator 20 and the sensor output signal.
A carriage servo circuit 22 outputs a drive signal to a carriage
motor 23. The output shaft of the carriage motor 23 is coupled with
a carriage mechanism for linearly moving the center of the turn
10 table 13 relative to the position of the light spot on the optical disk.
Specifically, the carriage mechanism serves to vary the distance
between the center of the optical disk and the position of the light
spot. The carriage motor 23 drives the carriage mechanism,
thereby varying the distance between the center of the optical disk
15 and the position of the light spot. The carriage motor 23 is
provided with a sensor which detects rotating conditions of the
carriage motor 23. The sensor output signal representing the
rotating conditions of the carriage motor 23 is fed to the carriage
servo circuit 22. The drive signal to the carriage motor 23 depends
20 on the sensor output signal. Accordingly, the carriage motor 23 is
| subjected to feedback control. Specifically, the carriage servo
circuit 22 generates the drive signal in response to the output signal
of a second variable-frequency signal generator 21 and the sensor
output signal.
25 A recording position sensor 24 éssociated with the turn table

13 detects a position related to linear movement of the turn table



second area; and nmeans for changing a degree of said decreasing the

recording density..as a function of a position on the second recording disk

in response to the evaluated quality. BRI EF DESCRI PTION OF THE DRAWNGS 1 5.

Ftg. 1 is a perspective diagramof a part of an optical disk in an

enbodi nent of this invention. Fig. 2 is a block diagramof a cutting

machi ne in the enbodi nent of this inventiongqglg. 3 is a diagramof the

rel ati on between the degree of 2 0 birefringence and a radial distance in

an optical disk. Fig. 4 is a diagramof the relation between a recording

| i near density and a radial_distance in an optical disk. Fig. 5is a

di agram of t he ¥®mehichhis sefeeead %o |asnadineast scaley Specifiqallyl, dhejresarding

with regard to an optical disk. 25 Fig. 6 is a diagramaof a

mul tiplier and ROSH@NaSeR$QK aﬁcéemtﬁrthspmﬁgipmpg khe rearier Qfpthe epticalf

roout oy O™ e g e bhSitch 3BT i s5SF6R e SpufRel SR 1n

other words, the recording position sensor 24 detects the position

5 of the light spot relative to the center of the optical disk or the

radial distance between the position of the light spot and the center

of the optical disk. The recording position sensor 24 outputs a
signal representing the det_ec_:ted positional information or the
detected distance information.

10 A control circuit 25 receives the output signal from the
recording position sensor 24. The control circuit 25 receives the
output signal of the sensor within the spindle motor 12. The output
signal of the sensor within the spindle motor 12 represents the
rotational speed of the optical disk. The control circuit 25 receives

15 information from an input device 26 including a keyboard or a
floppy disk drive. The control circuit 25 generates control signals
in response to the received signals and the received information,
and output the generated control signals to the first and second
variable-frequency signal generators 20 and 21 respectively.

20 The control circuit 25 includes a microcomputer, a digital
signal processor, or a similar device which has a combination of a
CPU, a RAM, a ROM, and an interface unit. The control ¢ircuit 25
operates in accordance with a program stored in the ROM. .

The first variable-frequency signal generator 20 adjusts the

25 ' frequency of the output signal to the spindle servo circuit 11 in

response to the control signal fed from the control circuit 25.



t he enbodi ment of this invention. Fig. 8 is a flow diagram of a sequence of
processes executed in another énbodi nent”of this invention. 5 . Fig. 9

is a diagramof the relation anmong a recordi ng-capacity decrease, a
pit-length increase, an anount of recorded information per turn of a
recording track, and a radial distance in optical disks. DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS Wth reference to Figé#% an optical disk D has a

hole CHat its 1 O center. The hole CHis r "rred to as the center hole.

The optical disk D has an annul ar cl anpi ng area CA extending concentrically
outward of the center hole CH The optical disk D has an annul ar recording
regi on RR ext enicecardinghye nthei spiridle anoverr d 20fs cbatmmlkbimgespeas€ito the

The recording region RRis forned with a spiral recording track. An

i nner nost  t r ackcandgobsignalgenerated oy the contralheircuitc®y, andethe rotatibnng
the inner edge of the recording region RR An outernost track segnent (An
out er nost turn Qﬁthm@pncaé@lslrgs @Cﬁ@ﬁtﬁd in sagponse datthe eemtrobrsignal

recording region RRIn Fig. . 1, 2 0 the characters Ta and T note two of

b
i nter medi at e t réfaerateddn the contedl eiseuit\3a, vbhe second ¥ e-frequeRcy he
5 signal generator 21 adjusts the frequency of the output signal to the

carriage servo circuit 22 in response to the control signal fed from
the control circuit 25. Accordingly, the carriage motor 23 is
controlled in response to the control signal generated by the
control circuit 25, and the linear movement of the optical disk
10 relative to the light spot is adjusted in response to the control signal
generated by the control circuit 25.
The control of the spindle motor 12 and the carriage motor
23 is designed so that the optical disk is rotated about its center
while the center of the optical disk is linearly moved relative to the
15 position of the light spot on the optical disk. Therefore, the
recording region RR of the optical disk is scanned by the light spot
along, for example, a spiral line. The spiral line corresponds to a
spiral track along which the binary information signal is recorded.
The spiral recording track may be replaced by an array of
20 concentric circles of recording tracks.
Experiments were performed as follows. An information
signal was recorded on an exclusive playback optical disk at a
recording density equal to four times the recording density in a
normal compact disk (CD). The resultant optical disk was subjected
25 to a playback process by a player (not shown). During the playback
process, birefringence at a surface of the optical disk with respect



~outernost track segnent Tn. The internediate track segnents Ta and Tb are
cl-oser to the outernost track segnent Tn~than the innernbst track segnent
T1. The internediate track segnent Ta 2 5 is | ocated between the innernost
track segnment T1 and the internediate track segnent Tb. -1 2 -

Al ternatively, the recording region RR may be formed with an array of
concentric circles of recording tracks. In ﬁhg. 1, the black dots on the
curved lines represent a spatial period of thé recorded state of an
“information signal. In the case 5 where the information signal agrees with
digital data, the black dots denote the boundaries between data bl ocks. In

anot her case, tteadighkbdanswasnobservedi dndmmeasuidibwiiile tlaé radidd @isthnce
whi ch sync conponents of an information signal are recorded. In Fig. 1, the

characters /1, betwegnthe eemier of ithegoptical disk and the postitoxliofoa tsputkof
e o pePrrthe Behl Sm mitie ‘optical disk wes vaned. The degres of o %
birefringence was expressed by a distance corresponding to an
5 advance or a retardation of the wavefront of the light beam.

Fig. 3 shows the experimentally provided relation between the
degree of birefringence and the radial distance R between the
center of the optical disk and. the position of the lighf spot. In the
case of a normal CD, an annular recording region corresponds to the

10 radial distance R in the range of 25 mm (or 23 mm) to 58 mm.
Accordingly, in Fig. 3, the radial distance R was varied between 25
mm (or 23 mm) and 58 mm. The degree of birefringence was
denoted by a mean value for every rotation of the optical disk.

As shown in Fig. 3, the degree of birefringence was equal to

15 40 nm or more and thus corresponded to a considerable
deterioration when the radial distance R was in the range of 56 mm
to 58 mm. The degree of birefringence peaked to 60 nm. The light
beam had a wavelength of 670 nm. Generally, during the
reproduction of a signal from an optical disk by an optical pickup

20 head within a player, the degree of birefringence causes a
deterioration in the amplitude of the reproduced signal as
expressed by the following equation.

L = cos2(neB/1) (1)
where L denotes the deterioration, and B denotes the birefringence

25 degree (nm) and A denotes the light wavelength. In the case where

the light wavelength was equal to 670 nm and the birefringence



Speci fically, the period lengths /1, /2, and /3 are defined between the -
adj acent bl ack dots along the recording track, The period length /.1 along
the innernost track segnent T1 or the first 15 internediate track segnent
Ta is smaller than the period length /2 al ong the second internediate track
segnment “Tb and the period length /3 along the outernost track segment Tn.
According to this arrangenent, a recording Lignear density related to the
recording track in an outer region of the ogtlcal disk Dis smaller than 2
O recording linear densities related to the recording track in inner and

i nternmedi ate regions of the optical disk D. Fig. 2 shows a cutting nmachine
for recording alegreewasiequal $o3@nmr(the pepk valuedirs Fig.nd}, titeown in the
drawi ng) which can be used as an original disk or a production opti cal

di sk. Wth ref dletarioration: b was) equal ith0.92: accoyding tonthe eguadian £1). aser 14
emtting a light beamtoward an E/O (el ectrical -to-optical) converter

The i ght - {Thus, the anpiitde of therepredueed signal was detesiorated rb%éﬂ on

i |t
sighal 1o factor of 0.92 in comparison with a normally-available amplitude.

5 The following fact was experimentally confirmed. In order to
compensate for the amplitude deterioration in a tracihg direction
(that is, a recording linear density direction or a track linear
direction), it was good to decrease the track linear density (the
recording linear density) by a factor of 0.92 as compared with an
10 original density. Accordingly, the decreased track linear density
was equal to 0.92 times the original density.
In view of the results of the previously-indicated experiments,
it is preferable that the recording density of a region of an optical
disk which corresponds to the radial distance R in the range of 56
15 mm to 58 mm is lower than the recording density of other regions
of the optical disk. Fig. 4 shows an example of such an uneven
distribution of the recording linear density. Preferably, the relation
between the decrease in the track linear density and the
deterioration in the amplitude is chosen to depend on the
20 recording density of the optical disk and the operating
characteristics of the optical pickup head.
In order to provide the uneven distribution of the recording
linear density (Fig. 4), a linear velocity is varied in accordance with
the radial distance R as shown in Fig. 5. The linear velocity means a
25 relative speed between the optical disk and the light spot along a
" line or a track. Actually, in order to provide the uneven distribution



berrecorded is applied to a nodulator 17, being converted thereby into a
binary information signal (a bi-level signal) suited for record on the .
optical di sk. The nodul ator 17 outputs the binary 5 information signal to
the E/ O converter 15. The E/ O converter 15 selectively transnits and bl ocks
the Iight beamin response to the binary information signal. Accordingly,
the Iight beamoutputted fromthe E/ O converf&r 15 is nodul ated in
accordance with the binary information signalY The 1 0 |ight beamis
propagated fromthe E/ O converter 15 to a fixed mrror 18 before being
reflected thereby toward a condenser lens 19 within a recording head (a
wite head). Thef thelrecordimgelineas demsityo (Fign€}s the rotdfonahepeedhéf Beam i s
focused by the condenser lens 19 into a spot on the optical disk
concentrical | y Spisiemoton 12 and theurotatioral speediof thegtarriagd enotore23
characteristics of the |light-spot receiving fraction of the optical disk
change i n respoRE® cPEreated dncaesardance withnthe radiahdistamgeyRi by ceferring)
signal. This nmeans th orgding of the present tinme segnent of the binary
i nformati on si gttaR H}Mf@' cngGnC%mﬂWht@ (&PﬁndSAOthhell e

servo circugl 1 g4l Bliine R a4t Th 1. 8.5P "Y' ©

With reference to Fig. 7, during a first step S1, a test
information signal is recorded on a test optical disk by the cutting
machine of Fig. 2. Specifically, the recording of the test information
signal is executed according to a CLV (coristant linear velocity)

10 technique. Accordingly, during the recording of the test
information signal, a light spot continues to rotate relative to the
test optical disk at a constant linear velocity. Thus, a recording
linear density of the resultant test optical disk is independent of the
radial distance R (the distance between the center of the test

15 optical disk and the position of a light spot).

During a step S2 following the step S1, a player (not shown)
subjects the test optical disk to a playback process so that the test
information signal is reproduced from the test optical disk.

During a step S3 subsequent to the step S2, by using a suitable

20 device, the amplitude of the reproduced test information signal is
detected in connection with the radial distance R to evaluate the
quality of the reproduced test information signal. Data is generated
which represents the relation between the amplitude of the
reproduced test information signal and the radial distance R. The

25 generated data is stored into a memory. In evaluating the quality of

the reproduced test information signal, jitter components of the



met or:12. The spindle nmotor 12 rotates the turn table 13 about its center
in response to the drive signal outputtéd fromthe spindle servo circuit
11. The spindle notor 12 is provided with a sensor 25 which detects
rotating conditions of the spindle notor 12. The sensor output signal
representing the rotating conditions of the -1 4- spindle notor 12 is

fed to the spindle servo circuit 11. The d[% e signal to the spindle notor
12 depends on the sensor output signal. Accordingly, the spindle notor 12
is subjected to feedback control. Specifically, the spindle servo circuit
11 generates the drive signal 5 in response to the output signal of a first
vari abl e- f r equeapyoducerd itesie heformatialD signalt maysbesdeteoted dinsteagh af thea
carriage servo circuit 22 outputs a drive si%gal to a carriagg mot or 23.
The out put shafmphtude thareafagBheualityof a tracigngisignah (ar dherqugldties
mechani sm f or Iinearkﬁlnnvigﬂ the center of the turn 1 0 table éﬁ relative
to the positioRfdraeking signalshaensrated.dapngcthe geprodusdens oL Ehe frest he
carriage mCha%fo%gﬁgrelssiéI?alvg{a\ér {)Q %vd éat.t?aaci% addition to the evaluation of
5  the quality of the reproduced test information signal. The evaluation
of the quality of the reproduced test information signal may be
replaced by the evaluation of the quality of the tracking signal.
During a step S4 following the step S3, by using a suitable
device, a multiplier (a corrective coefficient) depending on the
10 radial distance R is determined in response to the result of the
evaluation of the quality of the reproduced test information signal
which is given in the step S3. The determined multiplier is
designed to compensate for the previously-indicated deterioration
of a reproduced information signal. Specifically, the determined
15 multiplier is designed to provide an uneven distribution of the
recording linear density such as shown in Fig. 4. Fig. 6 shows an
example of the relation between the determined multiplier and the
.radial distance R which enables the uneven distribution of the
recording linear density. According to the example shown in Fig. 6,
20 the multiplier (the corrective coefficient) remains 1 when the radial
distance R varies in the range of 25 mm (or 23 mm) to 56 mm.  In
addition, the multiplier (the corrective coefficient) increases from 1
and than decreases toward 1 as the radial distance R increases from
56 mm to 58 mm. In this way, data is generated which represents
25 the relation between the multiplier (the corrective coefficient) and

the radial distance R.



bet ween t.he center of the optical disk and the position of the light spot. .
The carriage notor 23 drives the carriage nechanism thereby varying the

di stance between the center of the optical disk 1 5 and the position of the.
light spot. The carriage nmotor 23 is provided with a sensor which detects
rotating conditions of the carriage notor 23. The sensor output signal
representing the rotating conditions of thgzqqyriage notor 23 is fed to the
carriage servo circuit 22. The drive signal “to the carriage notor 23
depends 2 0 on the sensor output signal. Accordingly, the carriage notor
23 is subjected to feedback control. Specifically, the carriage servo
circuit 22 generat edDuningiaistep SGsubsequent poithe steptSd, the giatasi gnal of a
second vari abl e-frequency signal generator 21 and the sensor output signal.
25 A r edepaeseniing the ﬁewgmrb@m the amadtiplier the eorrective e 13
detects a positio?ﬁrel ted tqQ linear povenment of the turn table -1 5- 13

whi ch is ref er ogfiigiend) and the radial|distapes R is stoxed vithe dppwtrdevice
26 into the RAM within the control circuit 25 of the cutting

5 machine of Fig. 2.
The steps S1-S5 provide preliminary operation which is
followed by the recording of a source information signal on a
production optical disk. _ |
During a step S6 following the step S5, a source information

10 signal is re'corded on a production optical disk by the cutting
machine of Fig. 2. During the recording of the source information
signal, the spindle motor 12 and the carriage motor 23 are
controlled in response to the multiplier (the corrective coefficient)
and the radial distance R by referrmg.to the data representing the

15 relation between the multiplier (the corrective coefficient) and the
radial distance R. According to the example shown in Fig. 6, the
multiplier (the corrective coefficient) remains 1 and hence the
recording of the source information signal keeps executed in a CLV
(constant linear velocity) technique when the radial distance R

20 varies in the range of 25 mm (or 23 mm) to 56 mm. On the other
hand, the multiplier (the corrective coefficient) varies above 1 and
thus the recording of the source information signal moves out of the
CLV control when the radial distance R increases from 56 mm to 58
mm. Accordingly, the recording linear density is decreased from

25 the normal value when the radial distance R is in the range of 56

mm to 58 mm.



posi tiron sensor 24 detects the position of the center of the optical disk:
relative to the position of the light spot on the optical disk. In other
words, the recording position sensor 24 detects the position.5 of the

| i ght spot relative to the center of the optical disk or the radial

di stance between the position of the |light spot and the center of the

optical disk. The recordi ng position sensor »o2¢ outputs a signal
representing the detected positional information or the detected distance
information. 1 0 A control circuit 25 receives the output signal from

the recording position sensor 24. The control circuit 25 receives the
out put signal of theAsgresioudly descrineds pthedtentrol wirausit 2% avithinpdhesi gnal
of the sensor within the spindle notor 12 represents the rotational speed

of the optical GHNE Mackine ¢lFig:i3 operates mrasrordance With & PEOEEHMDS r om
circut zgeé;ﬁ%té?sé T5cihc Bretnah e Re Srosaht inflhilect oFoin ToRgRR s
he 175t ana” conbSt BRid Bkort SyBrdines The Eiedn Foutane bas 4 148k for
ol tal S oer TroRdEsne B R SR A Seodnd W ERHER IO %1 2

selection signal fed via the input device 26. The first sub routine is

designed to enable the operation of the cutting machine which
occurs during the step S1. The second sub routine is designed to
enable the operation of the cutting machine which occurs during
10 the step S6. |
The first sub routine has a known sequence of blocks for
implementing CLV control. In the first sub routine, the block
sequence is periodically reiterated.
The second sub routine has a sequence of blocks which is |
15 periodically reiterated. Specifically, a first block in the second sub
routine derives the current value of the radial distance R from the
output signal of the recording position senso.r 24. A second block
following the first block calculates or determines a value of the
multiplier in response to the current value of the radial distance R
20 by referring to the data representing the relation between the
multiplier (the corrective coefficient) and the radial distance R. A
third block subsequent to the second block generates control
| signals for the first and second variable-frequency signal generators
20 and 21 in response to the value of the multiplier, the current
25 value of the radial distance R, and the output signél of the sensor
within the spindle motor 12. A fourth block following the third



CRU, a RAM a ROM and an interface unit. The control circuit 25 operates
in accordance with a programstored in the ROM The first _ '
vari abl e-frequency signal generator 20 adjusts the 2 5 frequency of the
out put *signal to the spindle servo circuit 1 1 in response to the control
"signal fed fromthe control circuit 25. -1 6 - Accordingly, the spindle
notor 12 is controlled in response to the gg@uwﬂ signal generated by the
control circuit 25, and the rotation of the optical disk is adjusted in
response to the control signal generated by the control circuit 25. The
second vari abl e-frequency 5 signal generator 21 adjusts the frequency of
t he out put si grizliockooutputsathe comtrobsignalstouihie fiesti andesgrorgt vaviabie-
control signal fed fromthe control circuit 25. Accordingly, the carriage
notor 23 is corfregueney isignalsgenerators 20cand 2 k.o/The gantrolesignale @y t he
control circuit 25, and the |inear novenent of the optical disk 1 0

rel ative to t helesigned §oothatkthe predugtion epideal disk sanrotats ang movgat

ted by th trol ci it 20
generated by thg Santiany 5  delited hinear velocity relative to the position of the

5 light spot which depends on the radial distance R. After the fourth
block, the first block is executed again.
In order to record a source information signal on a second

production optical disk, it is sufficient to execute oniy the step S6
by the cutting machine of Fig. 2.

10 According to another example, the recording region RR of the
optical disk D is divided into an inner portion and an outer portion.
The outer portion has a radial dimension (a radial width) equal to
about 20% of the radial dimension of the recording region RR. The
inner portion has a radial dimension (a radial width) equal to about

15 80% of the radial dimension of the recording region RR. The
recording of an information signal on the inner portion of the
recording region RR is executed according to a CLV (constant linear
velocity) technique. The recording of the information signal on the
outer portion of the recording region RR is executed in a manner

20 different from a CLV (constant linear velocity) technique. The
recording linear density in the outer portion is lower than the
recording linear density in the inner portion. As suggested from
Fig. 4, "20%" corresponding to the boundary between the outer
portion and the inner portion is a critical value or a threshold value

25 for providing unexpected results. The recording of the information
signal on the outer portion of the recording region RR may be



The control of the spindle nmotor 12 and the carriage notor 23 'is designed -
so that the optical disk is rotated about its center while the center of
the optical disk is linearly noved relative to the 1 5 position of the
i ght spot on the optical disk. Therefore, the recording region RR of the
optical ‘disk is scanned by the Iight spot along, for exanple, a spiral
line. The spiral line corresponds to a spi r_?e track al ong which the binary
i nformation signal is recorded. The spiral %(')rdi ng track nmay be repl aced
by an array of 20 concentric circles of recording tracks. Experinents were
performed as follows. An information signal was recorded on an excl usive
pl ayback opti catxefiutedaaceondingrioi aCAN Heongtamiahgtitar velocity)techhique.
recording density in a nornmal conpact disk (CD). The resultant optical disk
was subj ect ed 2i5this gase..q aaximum yelue of the regerdinglineanwdensiBuin thet he
pl ayback process, birefringence at a_surface of the optical disk with
r espect -1 7outey portigniisyunallen thapsthe secendingdinear densityein fther adi al

di st ance
inner portion.

5 Fig. 8 shows an example which may replace the example in
Fig. 7. According to the example in Fig. 8, steps S1-S3 are similar
to those in Fig. 7, and the step S3 is followed by a step S14.

During the step S14, by .using a suitable device,- a boundary
radial distance is determined in response to the result of the
10 evaluation of the qﬁality of the reproduced test information signal
which is given in the step S3. In addition, a desired angular velocity
for CAV control is determined in response to the result of the
evaluation of the quality of the reproduced test information signal
which is given in the step S3. The desired angular velocity for CAV
15 control may use a predetermined constant value. In this way, data is
generated which represents the boundary radial distance and the
desired angular velocity for CAV control.
During a step S15 subsequent to the step S14, the data
representing the boundary radial distance and the desired angular
20 velocity for CAV control is stored via the input device 26 into the
RAM within the control circuit 25 of the cutting machine of Fig. 2.
The steps Sl-Sé. S14, and S15 provide preliminary operation
which is followed by the recording of a source information signal on
a production optical disk. |
25 During a step S16 following the step S15, a source
information signal is recorded on a production optical disk by ﬂ'le



between the center of the optical disk and the position of a spot of .the
| ight beamon the optical disk was varied. The degree of birefringence was
expressed by a distance corresponding to an 5 advance or a retardation of
the wavéfront of the light beam Fig. 3 shows the experinentally provided
rel.ation between the degree of birefringence and the radial distance R

bet ween the center of the optical disk and %Be position of the |ight spot.
In the case of a normal CD, an annul ar recor@®ng regi on corresponds to the
1 0 radial distance Rin the range of 25 nm (or 23 mm to 58 mm
Accordingly, in Fig. 3, the radial distance R was vari ed between 25 nm (or

23 mm) and 58 meutting naghive of Kigr 2f r Dugeng theaecoedivigedf bhie sommee val ue

for every rotatlon of the optical disk. As shown in Fig. 3, the degree of
bi refringence winformationsignal, the spindlermotomi® ahdsthecandipgededtor 28
consi derabl e deterioration when the radial distance R was in the range of
56 mmto 58 nm aTﬁé‘Q!'E!j?lé@ddn ngspense getheeradiak slistan@oRanThehdata ght beam
had a wavel ength of 67 erally, dur| ng the reproduction of a signal

froman opti cal g%r@dWc staace andihe desiragangular
?gg[ ggugg db é(iefoggﬂf for CAVYs § use in the %E)In%rnollor}" f&'xe spﬂ:f)élletl%%%oxg f12t g%d
the carriage motor 23. The recording of the source information
signal keeps executed in a CLV (constant linear velocity) technique
when the radial distance R varies in the range of 25 mm (or 23 mm)
to the boundary radial distance. In other words, the recording of
10 the source information signal on an inner portion of the recording
region RR is executed according to a CLV (constant linear velocity)
technique. On the other hand, the recording of the source
information signal keeps executed in a CAV (constant angular
velocity) technique when the radial distance R varies in the range
15 greater than the boundary radial distance. In other words, the
recording of the source information signal on an outer portion of the
recording region RR is executed according to a CAV (constant
angular velocity) technique. During the CAV control, the actual
angular velocity is maintained substantially at the desired angular
20 velocity. |
With regard to the example shown in Fig. 8, the program for
operating the control circuit 25 within the cutting machine of Fig. 2
is modified as follows. The program includes a main routine, and
first and second sub routines. The main routine has a block for

25 selecting one of the first and second sub routines in response to a

selection signal fed via the input device 26. The first sub routine is



expressed by the followi ng equation. L = [err] ~...(1) where L denotes .
the deterioration, and B denotes the biréfringence.2 5 degree (nn) and X
denotes the |ight wavel ength. In the case where the |ight wavel ength was
equal to 670 nmand the bi refringence -1 8- degree was equal to 60 nm
(the peak value in Fig. 3), the deterioration L was equal to 0.92 according
to the equation (1). Thus, the anplitude of %Hg repr oduced si gnal was

deteriorated by a factor of 0.92 in conparis

anplitude. 5

with a normal | y-avail abl e
The follow ng fact was experinentally confirmed. In

order to conpensate for the anplitude deterioration in a tracing direction
(that is, a recdedigned toenable thit yperation bﬁrthercﬁtﬂrﬁdg%abhﬁﬁeaﬁnhich

direction), it was good to decrease the track linear

ensity (the recording

linear density)opgues dawing the stepShs Thesecendvsulh reatinediv degigiiid to
density. Accordi ng{) , fhe decreased track linear density was equal to 0.92

times the origi f8

10

15

20

25

tBetqperation of the cutting machine which occurs during
the step S16. |

The first sub routine has a known sequence of blocks for
implementing CLV control. In the first sub routine, the block
sequence is periodically reiterated.

The second sub routine has a sequence of blocks which is
periodically reiterated. Specifically, a first block in the second sub
routine derives the current value of the radial distance R from the
output signal of the recording position sensor 24. A second block
following the first block compares the current value of the radial
distance R with the boundary radial distance. When the current
value of the radial distance R is equal to or smaller than the
boundary radial distance, a third block for implementing CLV
control is executed. On the other hand, when the current value of
the radial distance R is greater than the boundary radial distance, a
fourth block for implementing CAV control is executed. In the
fourth block, a control parameter of the CAV control is determined
by the desired angular velocity. After the third and fourth blocks,
the first block is executed again.

It should be noted that decreasing the recording linear
density may be replaced by decreasing a track density in the radial
direction. Furthermore, decreasing the recording linear density
may be replaced by decreasing both the recording linear density and
a track density in the radial direction.

N



I ne vi ew of t.he r"_esu'l ts.of the previously-indicated experinents, it is :
preferable that the recording density of a region of an optical -di sk which
corresponds to the radial distance Rin'the range of 56 1 5 mmto 58 mMmmis
| ower t’han the recording density of other regions of the optical disk. Fig.
4 shows -an exanpl e of such an uneven distribution of the recording |inear
density. Preferably, the relation between t_%?_decrease in the track linear -
density and the deterioration in the anplitdde is chosen to depend on the 2
0 recording density of the optical disk and the operating characteristics
of the optical pickup head. In order to provide the uneven distribution of
the recordi ng | i nearAsgreviguslyidesctibeds thenrerordinig tinteari density dn an
accordance with the radial distance R as shown in Fig. 5. The linear
vel oci ty means eupey po@iamioieﬂzq)zée@prdéngg@glqmmgsugmreassd relativacto thydit
spot along a line or,_a érack. Actual ly, in order to proyide the uneven
distribution Tecordingineasr densityilnganiinasr RRion \of (the reegrdipgeregion
rotational SpeeﬂR(.)f ’IJhrt]aedecrease in the recording linear density in the outer
5 portion of the recording region RR is implemented by executing, for
example, CAV control. The recording region RR corresponds to the
radial distance R in the range of 23 mm (or 25 mm) to 58 mm,
while the outer portion of the recording region RR cbrresponds to
the radial distance R in the range of, for example, 56 mm to 58 mm.
10 The outer portion of the recording region RR may correspond to
the radial distance R in the range of 53 mm to 58 mm, in the range
of 54 mm to 58 mm, or in the range of 556 mm to 58 mm.
A consideration will now be given of the case where the
amount of information per turn of the recording track in the outer
15 portion of the recording region RR is constant while the decrease in
the recording linear density in the outer portion of the recording
region RR is implemented by executing CAV control. In this case,
the resultant decrease Drc in the recording capacity of the optical
disk D relative to the recording capacity of a reference optical disk
20 exclusive of a density-decreased area is given as follows.
Drc = (1/2835) x (58 - r)2 ~(2)
where "r" denotes the boundary radial distance corresponding to
the boundary between the inner portion and the outer portion of the
recording region RR. As denoted by the curve "aa" in Fig. 9, the
25 recording-capacity decrease Drc varies in accordance with the

boundary radial distance. In addition, the resultant increase Ip in



spi ndke notor 12 and the rotational speed of the carriage notor 23 are
corrected in accordance with the radial distance R by referring to a

mul tiplier (a corrective coefficient) which depends on the 5 radial
distance R as shown in Fig. 6. Wth reference to Fig. 7, during a first
step S1; a test information signal is recorded on a test optical disk by
the cutting machine of Fig. 2. Specifically2 t he recording of the test
informati on signal is executed according to g CLV (constant |inear
velocity) 1 0 technique. Accordingly, during the recording of the test
information signal, a light spot continues to rotate relative to the test
opti cal disk atthe pitrlength dt themoutetmost yrack segmentexrslativadol the pit
density of the resultant test optical disk is independent of the radial

di stance R (thdength abdbekaurdary radiet distance istg@venas folowspt i cal di sk
and the position of a light spot). During a step S2 follow ng the step S1,
a player (not shomnﬂpsﬁ rd)ihe test ‘opti cal di'sk3}o a pl ayback process.

i sk. During At 8508ted bt e s nbelpilensth upoiRastom Gnedin o 20
dovice. LN 2Tcbideott i S SHR%SEH, L S3la LOAAEL.| eBbARS e R0t o'
that a sequence of pits forms the recording track in the optical disk.

With reference to Fig. 9, when the boundary radial distance is
equal to 53 mm, the recording-capacity decrease Drc is equal to
0.88% (the point "al" in the drawing) while the pit-length increase

10 Ip is equal to 9.4% (the point bl in the drawing). When the
boundary radial distance is equal to 54 mm, the recording-capacity
decrease Drc is equal to 0.56% (the point "a2" in the drawing) while
the pit-length increase Ipis equal to 7.4% (the point b2 in the
drawing). When the boundary radial distance is equal to 55 mm, the

15 recording-capacity decrease Drc is equal to 0.32% (the point "a3" in
the drawing) while the pit-length increase Ip is equal to 5.5% (the
point b3 in the drawing). When the boundary radial distance is
equal to 56 mm, the recording-capacity decrease Drc is equal to
0.14% (the point "a4" in the drawing) while the pit-length increase

20 1Ip is equal to 3.6% (the point b4 in the drawing).

In the case where an information signal is recorded on the
whole part of the recording region RR of an optical disk according
to a CLV technique, the amount of recorded information per turn ‘of
the recording track increases in proportion to the radial distance to

25 the related turn as denoted by the line "cc" in Fig. 9.

A consideration will now be given of the case where an



gqual ity of the reproduced test information signal. Data is generated which
-represents-the relation between the anplitude of the reproduced test
information signal and the radial ‘distance R The 2 5 generated data is
stored’into a menory. In evaluating the quality of the reproduced test
information signal, jitter conponents of the -2 0 - reproduced test
I nformati on signal may be detected instead_?f the anplitude thereof. The
quality of a tracking signal (or the qualit é% of tracking signals)
generated during the reproduction of the test information signal my be
evaluated in addition to the evaluation of 5 the quality of the reproduced
test informati dnfemmation Signalis|resorded on ancinpert poytion ofhthe aecording
test informati'on signal may be replaced by the evaluation of the quality of
the tracki ng sirggion RRrafrap opticad diskfagcording, te lae CiVe tecimique Egiilﬂgthe
suitable device, a nmultiplier (a corrective coefficient) depending on the
10 radial di stinfeEnation gignal is regorded opanseuter paELeRRf therecording

evaluation of theich Rk 'decdraing to SPCA fechnique. ' T Fhis case, whR the
5 outer portion of the recording region RR corresponds to the radial
distance in the range of 53 mm to 58 mm, the amount of recorded
information per turn of the recording track remains constant in the
outer portion of the recording region RR as denoted by the line
"dd1" in Fig. 9. When the outer portion of the recording region RR
10 corresponds to the radial distance in the range of 54 mm to 58 mm,
the. amount of recorded information per turn of the recording track
remains constant in the outer portion of the recording region RR as
denoted by the line "dd2" in Fig. 9. When the outer portion of the
recording region RR corresponds to the radial distance in the range
15 of 55 mm to 58 mm, the amount of recorded information per turn
of the recording track remains constant in the outer portion of thé
recording region RR as denoted by the line "dd3" in Fig. 9. When
the outer portion of the recording region RR corresponds to the
radial distance in the raﬁge of 56 mm to 58 mm, the amount of
20 recorded information per turn of the recording track remains
constant in the outer portion of the recording region RR as denoted

by the line "dd4" in Fig. 9.



“whi-ch-is given in the step S3. The deter+ined nultipli e“TdESTgned-t—er—~
.conmpensate for the previously-indicated deterioration of

Jnformation signal. Specifically, the determined 1 5 rmlﬁ"lﬂﬂ ﬂﬂuj”m/
desi gned to provide an uneven distribution of the recordirmyg I¢nears

such as showmn in Fig. 4. Fig. 6 shows an exanple of the rel ation between
the determined nulti'plier and the radial dir8tnce R whi ch enabl es the
uneven distribution of the recording linear density. According to the
exanpl e shown in Fig. 6, 20 the multiplier (the corrective coefficient)

remains 1 \Ahenlﬁrbr%-fqgiq aﬂi@@se R varies in the range of 25 mm (or 23
mm to 56 mm | tiplier (the corrective coefficient)
increases from 1l and than decreases toward 1 as the radial distance R
increases from56 mMmto 58 mMm In thIS way, data is generated which

Coor 1 cient) and the Fag el & s e ol L ng & step S5
subsequent to the stigeofding hetegdtitsignal on a first recording disk according to a
5 constant linear velocity technique;
reproducing the test signal from the first recording disk;
evaluating a quality of the reproduced test signal as a function
of a position on the first recordmg disk;
recording an information sighal on a second recording disk
10 having first and second areas, wherein a degree of deterioration in
record quality in the first area is greater than a degree of
deterioration in record quality in the second area;
decreasing a recording density in the recording of the
information signal on the first area below a recording density in the
15 recording of the information signal on the second area; and
changing a degree of said decreasing the recording density as
a function of a position on the second recording disk in response to

the evaluated quality.

20 2. A method comprising the steps of:
recording a test signal on a recording area of a first recording
disk according to a constant linear velocity technique;
reproducing the test signal from the recording area of the
first recording disk;
25 evaluating a quality of the reproduced test signal as a function
 of a radial position on the first recording disk;



'representing the relation between the mttiplier (the corrective

.coefficient) and the radial distance Ris stored via the||j '

into the RAMwithin the control circuit. 25 of the cutti nummmnml“ammﬂlg
2.. The steps S1-S5 provide prelimnary operation which is*fofldwed by the
recording of a source information signal on _a production optical disk.
During a step S6 following the step S5, a s&utce information 10 signal is
recorded on a production optical disk by the cutting nachine of Fig. 2.
During the recording of the source information signal, the spindle notor 12

and the carriage notQeo ﬁncﬁﬁﬁflﬁlati%gll g%ag?g%gbsleecbg?gga@étdfpéi er (the

corrective coefficient) and the radi a y re Ing to the data

representing thgchndl rééth@ihg iSR! N@ARg AR ithlet PortRin Gl afiobtt&t p¥etion,

coefficient) and the radial distance R According to the exanple shown in

Fig. 6, the mulwheréigr a(dégreecsf detericrativai ihaleeoid queatitynin thengut@nce the
recording of the source information signal keeps executed in a CLV

(constant |i negportidmds tgreaterctinan e delgeee of aeterioration dhanecord quality dni es
in the range of 25 mm (or 23 mm) to 56 mMm On the other hand, the
mul tiplier $t hetheoinren postionefand whergiv thednneropertiometcupies about

80% of a radial dimension of the recording area while the outer

portion occupies about 20% of the radial dimension of the recording
area; _ | |
executing the recording of the iﬁformaﬂon signal on the inner
10 portion according to a constant linear velocity technique during the
recording of the information signal on the recording area of the
second recording disk;
decreasing a recording density in the recording of the
information signal on the outer portion below a recording density in
15 the recording of the information signal on the inner portion; and
changing a degree of said decreasing the recording density as
a function of a position on the second recording disk in response to

the evaluated quality.

20 3. A method comprising the steps of:
recording a test signal on a ﬁ}st recording disk according to a
constant linear velocity technique;
reproducing the test signal from the first recording disk;
evaluating a quality of the reproduced test signal as a function
25 of a position on the first recording disk;

recording an information signal on a second recording disk



thus the recording of the source infornmation signal noves out of the AV
_control when the radial distance Rincreases from56 nmmto 58 mm
JAccordingly, the recording linear density is decreased m““u“mﬂllrm“lal
value when the radial distance Ris in the range of 56 : 22-
As previously described, the control circuit 25 within tHe &uttiny nhchine
of Fig. 2 operates in accordance with a pregm stored in the internal ROM
The programincludes a nmain routine, and first and second sub routines. The
mai n routine has a block for 5 selecting one of the first and second sub
routines inre I ' | V] [ ' The
first sub rout ﬁg%a?lg ggsst?%ﬁgdﬁghﬁgﬁ%]t gEg%gr%ﬁéggggfdﬁ%tegﬁqaﬁﬁég%

machine whi ch Oeeidrd dlikiioir] Be TrP afla 18enrboRtaa W degiid Be. | s desi gned

to enable the operati the cutting mac occuPs during 1 0 the
step S6. The fidéferforBtionUin RecHRP quallitp\h H85148868d4real; ocks for

executing the recording of the information signal on the first

5 area according to a constant angular velocity technique during the
recording of the information signal on the secohd recording disk;
decreasing a recording density in the recording of the
information signal on the first area below a recording density in the
recording of the information signal on the sécond area; and
10 changing a degree of said decreasing the recording density as
a function of a position on the second recording disk in response to

the evaluated quality.

4. A disk-shaped information recording medium on which an

15 information signal is recorded by a method comprising the steps of:
recording a test signal on a first recording disk according to a
constant linear velocity technique: reproducing the test signal from
the first recording disk; evaluating a quality of the reproduced test
signal as a function of a position on the first recording disk;

20 recording an information signal on a second recording disk having
first and second areas, wherein a degree of deterioration in record
quality in the first area is greater than a degree of deterioration in
record quality in the second area; decreasing a recording density in
the recording of the information signal on the first area below a

25 recording density in the recording of the information signal on the

second area; and changing a degree of said decreasing the recording



i mpl ementing CLV control. In the first sdb routine, W@Hee—‘rs
periodically reiterated. The second sub routine has quence of bl
which is 1 5 periodically reiterated. Specifically, a fi ““w ﬁ“ﬁ
second sub routine derives the current value of the rad “‘“ om
t he output signal of the recording position sensor 24. *seéonbl bl ock
following the first block cal cul ates or det-&3%nes a value of the

multiplier in response to the current value of the radial distance R 20 by
referring to the data representing the relation between the nultiplier (the

f
fo the second. @%@#ﬁgt e?;i‘?gsﬁ‘?ghﬁféaﬁ%ﬁqgﬁéaéﬁﬁa@ sl Feqolfife SRR
i abl e-f L, d 21 to th I f
{he. mul t1 pl i or Fepotiel L e BRAREEE RS el "ol stance R and the
out put signal of the sensor within the spindle notor 12. A fourth bl ock
followng the third -23- block outputs the control signals to the first

and second vari®Bpl e-A disk-shaped information recording medium on which an

5 information signal is recorded by a method comprising the steps of:
recording a test signal on a recording area of a first recording disk
according to a constant linear velocity technique; reproducing the
test signal from the recording area of the first recording disk;
evaluating a quality of the reproduced test signal as a function of a

10 radial position on the first recording disk; recording an information
signal on a recording area of a second recording disk having an
inner portion and an outer pdrtion, wherein a degree of
deterioration in record quality in the outer portion is greater than a
degree of deterioration in record quality in the inner portion, and

15 wherein the inner portion occupies about 80% of a radial dimension
of the recording area while the outer portion occupies about 20% of
the radial dimension of the recording area; executing the recording
of the information signal on the inner portion according to a
constant linear velocity technique during the recording of the

20 information signal on the recording area of the second recording
disk; decreasing a recording density in the recording of the
information signal on the outer portion below a recording density in
the recording of the information signal on the inner portion; and
changing a degree of said decreasing the recording density as a

25 function of a position on the second recording disk in response to

the evaluated quality.



“frequency signal generators 20 and 21. The control signals are designed so
that the production optical disk can rotate and nove at substantia

desired linear velocity relative to the position of the ] s N
depends®on the radial distance R After the fourth bl ockﬁmmm'"ﬂm)n“mm
is executed again. In order to record a source informatioh st gral monsa '«
second production optical disk, it is suffi-d4nt to execute only the step
S6 by the cutting nachine of Fig. 2. 1 0 Accordi ng to anot her exanpl e,
the recording region RR of the optical disk Dis divided into an inner
portion and an outer portion. The outer portion has a radial dinension (a
radi.al w dth) equal to about 20% of the radial dinmension of the recording

region RR. The gnner APRieth6d dtifiprising ithe gjePgr\@fi;on (a radial w dth) equal
to about 1 5 80% of the radial dinension of The recording region RR The

recording of an inforesordong o text!signal ba arfet reeoidiong afsk hecordiagitiong
region RR is executed according to a CLV (constant |inear velocity)

techni que. The cemstatitniinear tvietocity dechahiqure;si gnal on the outer portion of
the recording region RRis executed in a manner 2 0 different froma CLV
(constant | Bnear vel meprogudngthegtest sigaal doamdthe) firisteeconting diskin t he
outer portion is | Omgénérg%]ngt rultetracking signal related to the first recording disk
during the reproduction of the test signal from the first recording
disk; - |
evaluating a quality of the generated tracking signal as a
10 function of a position on the first recording disk;
recording an information signal on a second recording disk
having first and second areas, wherein a degree of deterioration in
record quality in the first area is greater than a degree of
deterioration in record quality in the second' area,

15 decreasing a recording density in the recording of the
information signal on the first area below a recdrding density in the
recording of the information signal on the second area; and

changing a degree of said decreasing the recording density as
a function of a position on the second recording disk in response to

20 the evaluated quality.

7. A method comprising the steps of:
recording a test signal on a recording area of a first recording
disk according to a constant linear velocity technique;
25 reproducing the test signal from the recording area of the

first recording disk;



“recordi ng linear density in the inner poftion. As suggested fromFig. 4,

."20% corresponding to the boundary between the outer pﬂ l.on _and the inner
c

Jportionis a critical value or a threshold value 2 5 fo ggm,mm
S

unexpected results. The recording of the information si

portion of the recording region RR may be -24- executed according to a
CAV (constant angul ar vel ocity) technique.’&51rns case, a nmaxi num val ue of
the recording linear density in the outer portion is snaller than the
recording linear density in the'inner portion. 5 Fig. 8 shows an

exanpl e which may r ' j [ " |l e
i ?(1 EFg. 8, | st epsy81- géﬁa'rae |?ﬁ#§§ﬂfr% té%{dégl}eglgtigfigf&ghég‘%go%ﬂg{é?ggé S
fol l owed by a &mpﬁféﬂredatakﬁdg diBR @hAAgSHe réprothiction oTuHe bbst dpidge. a

boundary radial distance is determned I'n response to the result of the 1 0
eval uati on of tfhenntheiregopdirighare® ofathecfidst ae(toridmfl?rdtskton si gnal which

Is given in the step S3. In addition, a desired angular velocity
evaluating a quality of the generating tracking as a function of a
5 radial position.on the first recording disk;
recording an information signal on a recording area of a
second recording disk having an inner portion and an outer portion,
wherein a degree of deterioration in record quality in the outer
portion is greater than a degree of deterioration in record quality in
10 the inner portion, and wherein the inner portion occupies about
80% of a radial dimension of the recording area while the outer
portion occupies about 20% of the radial dimension of the recoxiding
area;
executing the recording of the information signal on the inner
15 portion according to a constant linear velocity technique during the
recording of the information signal on the recording area of the
second recording disk;
decreasing a recording density in the recording of the
information signal on the outer portion below a recording density in
20 the recording of the information signal on the inner portion; and
changing a degree of said decreasing the recording density as
a function of a position on the second recording disk in response to

the evaluated quality.

25 8. A method comprising the steps of:

recording a test signal on a first recording disk according to a



for CAV control is determned in response to the resulm
:of the quality of the reproduced test information signalcl m”'| ' | n
s he step S3. The desired angular velocity for CAV1 5 ¢ I ”’m”muﬁﬂ,}
predet ef mi ned constant value. In this way, data is generat ed which s
represents the boundary radial distance and the desired angular velocity

¥ or CAV control. During a step S15 subseque86-to0 the step S14, the data

representing the boundary radial distance and the desired angul ar 20
velocity for CAV control is stored via the input device 26 into the RAM

wi thin the con ' égrzg I.pg machine of Fig. 2. The steps
S1-S3, S14, an%@f&%ﬁgﬁ e p?@ﬁ%h%g?’yﬁ@%% ation which is followed by the
recording of a sourggptk ﬁaﬁ%' k@ Nfrdn® " tdtOFecOttigd! qidksk. 25
During a step S16 fg‘I%Po‘\?\nang t gﬁgttg%gg%?ﬂaﬁ?ourtggulﬁn%tg&mtiongsi gnal is
recorded on a produgernetatibg &aragkitlg Sigridlerelated?fo thelfitstretoeting disk

Fig. 2. During the recording of the source
during the reproduction of the test signal from the first recording
5 disk;
evaluating a quality of the generated tracking signal as a
function of a position on the first recording disk;
recording an information signal on a second récording disk
having first and second areas, wherein a degree of deterioration in
10 record quality in the first area is greater than a degree of
deterioration in record quality in the second area;
executing the recording of the information 'signal on the first
area according to a constant angular velocity technique during the
recording of the information signal on the second recording disk;
15 decreasing a recording density in the recording of the
information signal on the first area below a recording density in the
recording of the information signal on the second area; and
changing a degree of said decreasing the recording density as
a function of a position on the second recording disk in response to
20 the evaluated quality.

9. An apparatus comprising:
means for recording a test signal on a first recording disk
according to a constant linear velocity technique;
25 means for reproducing the test signal from the first recording
disk;



information signal, the spindle notor 12 and the carriage notor 23 are
controlled in response to the radial distance R The data representing the
foundary radial distance and the desired angular 5 ve”mmmmmu)mm
used i'n“the control of the spindle notor 12 and the caf® The
recordi ng of the source information signal keeps executed In a v Ot

% constant |inear velocity) technique when t8&radial distance R varies in
the range of 25 mm (or 23 nm) to the boundary radial distance. In other
words, the recording of 1 0O the source information signal on an inner

hear vel oci 1)t acheanaor Srieras o BRaRt) O (RIehEoBicha thsf slenaoas o
i nformation si %ﬁbﬁ%ﬁ@@faegsﬁwohnﬂfk first f-é&}ﬂ%ﬁgtdigggul ar velocity)

techni que when the radial distance Rvaries in therange 1 5 greater than
the boundary radi al reghsToe rebOrdingein Yaisimatibs Sigaal dnd steoklee sour ce
I nformation signal on an outer portion of the recording region RRis
execut ed accor deogrdiagediskvat eanadpmstabllihear veloeityt; gnd echni que. During
the CAV control, the actual angular velocity is maintained substantially at
t he desireddangul ar rMiéans dbo congrollingithrecgdjustable lineax yejdaitysbsvm i n Fi g.
8, the program for

Prog function of a position on the second recording disk in response to

the evaluated quality during the recording of the information signal

on the second recording disk.

10 10. An apparatus comprising:
means for recording a test signal on a first recording disk
according to a constant linear velocity technique;
means for reproducing the test signal from the first recording
disk; _
15 means for evaluating a qﬁality of the reproduced test signal as
a function of a position on the first recording disk;
means for recording an information signal on a second
recording disk having first and second areas, wherein a degree of
deterioration in record quality in the first area is greater than a
20 degree of deterioration 1n record quality in the second area;
means for decreasing a recording density in the recording of
the information signal on the first area béibw a recording density in
the recording of the information signal on the second area; and
means for changing a degree of said decreasing the recording
25 density as a function of a position on the second recording disk in

response to the evaluated quality.



operating the control circuit 25 within the cutting machi ndl dHSBYEEDHAS BEEN
modified as:follows. The programincludes a main routine, gphd fi LARED :
second sub routines. The nmain routine has a block for 2 5 _Sélrecting one of
the fi'f$t and second sub routines in response to a selection signal fed via

the input device 26. The first sub routine is -2 6 - deSign&Het Gas B HeBlaced
the operation of the cutting nmachine which occurs during the HERIH

second sub routine is designed to enable theg operation of thEmﬁtMlmil
machi ne whi ch occurs during the step S16. 5 The first v

has a known sequence of blocks for inplenenting CLV control. In the first
sub routine, the block sequence is periodically reiterated. The second sub
routi ne has a sequence of blocks which is periodically reiterated.
Specifically, a first block in the second sub 1 0 routine derives the

current 'value of the radial distance R fromthe output signal of the
recordi ng position sensor 24. A second bl ock

F1lg.|

pomrmmassbumtend




following the first block conpares the current val ue of t}j Tm%l%&g FhiG
al

R wth the boundary radial distance. \Wen the current val of 1

em———

distance Ris equal to or snmaller than the 15 "boundary rad‘al dlstance
thi*rd bl ock for inplenmenting CLV control is executed. On t Q@anlmxd
when the current value of the radial distance Ris greater
“boundary radial distance, a fourth block for inplenenting;CA
executed. In the fourth block, a control paf@meter of the CA
determined 2 0O by the deS|red angul ar veIOC|ty After the thlrd and fourth
bl ocks, the first block is executed again. It shoul d be noted that
decreasing the recording |inear density nmay be replaced by decreasing a
track density in the radial direction. &urthernore, decreasing the
recording linear density 2 5 may be reépNageq,by decreasing both the

recording linear density and a track densfd the radial direction.
' ' ' ear density in an

<
P
3
A Y
S
Q
l—~ o
. 0 ~
~ >4
Q
N
73] O
N N
1 { !
a
J
O - w
X 255 | <3 =y
o) SEW Vv o3
g2 2% &Q
oW QO 2a
awv uY
» m, © \v
~ ~{ wu [}
g - o e
A wil | - E‘a
u:é Lo -
Ty D <
2.-5«& =2
SN 3 B
~{ = A
.o
o
g 5
- Q
TIL S
BFEE: |
o 3295
sV




outer pdrti on of the recording region RRis decreased rel

THIS SHEETHAS BEEN
srecording linear density in an-inner pofrtion of the recor g r E_Q :

mmmm——r

The decrease in the recording linear density in the outer tromof—The
recordi'ng region RR is inplenented by executing, for exanple, CAV contral.

The recording region RR corresponds to tbe/ gadi al di stance 'aced
of 23 mm (or 25 nm to 58 n’mg’hhad uter portion of the I‘ I
ieSt

region RR corresponds to the nce Rin the range o

exanpl e, 56 pEpge@ 22 ™M 1 O The outer portion-of the recording region RR
may correqunde,t.,gmk%ecéadi al distance Rin the range of 53 mMmto 58 mm in
the range of 54 mm or in the range of 55 nmto 58 nm A

consi derati on (Wm)| now be given of the case where the anount of information
per turn of th&0rkcording track in the outer 1 5 poOition of the recording
region RR is cdRfsfant V\/mIe the decrease in the r @2 di ng linear density in
the outer port# e . by executi ng
CAV control. Lpptdis case, the resurtarnt uce.mse Drc in tRe (M8YJor di ng
capacity of thagobtical disk D relative.to.the recording dRidil \METANCE
reference optical2sdi sk X 0 excl ugiOve of a &&nsi ty dec®hsed area is given
as follows. Drc = (1/2835). x (58 - r)[err] .(2)
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region-RR. As denoted by the curve "aa" in Fig. 9,

where "r" denotes the boundary radial distance correspondi i
boundary between the inner -portion and tHRe outer portion o:‘n Fﬁ% i%%é%@@ﬁ&EEN
the 25 :

recordi ng-capacity decrease Drc varies in accordance with the Eounaary
radi al distance. In addition, the resultam figicrease Ip in _  -28-_t |

length at the outernpbst track segnent relative to the pit |e BT ¥
boundary radial distance is @eghagroll . Ilp =(58 - r)lr IJ II -
bb", epit-|

&eh tilaCéd
3) As denoted by the line " ngth increase Ip va | ||H|
accordance wth the boundary radial distance. It should be noted that a
sequence of pits forns the recording track in the optical disk. Wth
reference to Fig. 9, when the boundary radi al distance is equal to 53 mm

t he recordi ng-capacity e | I 6t he point "al" in
the drawi ng) while the p?gf%@ﬁgt@%c%c‘f’é%eléﬂ p ool o 9. 4% (t he
point bl in the draw ng)8YWehW¥ he boundary radial distance is equal to 54
nm the recording-capag¢ily

\
REPRODUCE TEST SIGMAL FRoM

PISK
-

EVALUATE REPRODUCED TEST SIGNALY—S 3
DETERMINE CORRECTIVE COEFFILIENT

(Muz.nruez) IN ACCORDANCE WITH ~S¢
RESULT of EVALVATION

! S5
STORE DATA OF CoRRECTIVE COEFFICIENT
(MULTIPLIER) INTO CUTTING MACHINE

RECORD SouRCE SlgnaL ON DISK ~ 54

BY CoMwTRoL RESPONSIVE TO CORRECTIVE
COEFFICIENT

/




- decrease Drc is equal to 0.56% (the point "a2" in the draw{L@fSﬁHﬁ%H%eBEEN
pit-length increase Ip is equal to 7.4% (the point b2 in the dr RERMACEDMen || .
the boundary radi al distance is equal to 55 nm- the 1 5 recorarng-capacity _
detrease Drc is equal to 0.32% (the point "a3" in the draw ng) whllethm

pit-length increase Ip is equal to 5. 5% (§ e6p0| nt b3 in thBigihas
t he boundary radial distance is equal to 5 t he recordi ng{iqdibE
decrease Drc is equal to 0.14% (the poi nt a4 in the draw ng
pit-length increase 2 0 Ip Hs-,eq;:al ?6%(the poi nt b4 in the draw ng).
In the case where an informat{oh le iS recorded on the whole part of
the recording region RR of an optical disk according to a CLV technique,

t he ambunt of recorded information per turn of the recording track

i ncreases in proportion to the radial distance to 2 5 the related turn as
denoted by the line "cc" in Fig. 9. A consideration will now be given of

the case where an 2 ——TrorTaetTon s gnal cor ded on an i nner
portion of the recor ;%ZRD TEST SIGNAL D}?k ?‘?
BY ¢cLV

\

REPRODUCE TEST SIGNAL F’?OMJ\ o
PISK |

L

EVALUATE REPRODVCED TEST SIGNALY~S3

Y

DETERMINE BOUNDPARY RADIAL <14
DISTANCE 1IN ACCORDANCE WITH
RESULT oF EVALUATION

/2
STORE DATA OF BouNDARY RADIAL 1"5'15

DISTANCE INTO CUTTING MACHINE

RECoRD SouRCE SI4NAL ON DISKk
BY CoNTRoL CHANGED BETWEEN [~ SI€
CLV AMD CAV IN RESPoNSE TO
BounDARY RADIAL DISTANCE




region RR of an optical disk accordfng'to a CLV technique rmﬂSBHéETHASBEEN
t nformation signal .is recorded on an outér portion of the rigcordi Hon

RR acgogpding to a CAV technique. In this case, when the 5 I aTame
thé recording region RR corresponds to the radial distance in the range of _
53 mmt'o 58 mm the anount of recorded information per turn s $h8& Has Been Replaced
recordi ng track remains constant in the og'ltfr portion of the jm"&mmu}“(ﬁ“
region RR as denoted by the line "dd1" in |§. 9. Wen the out i

the recording region RR 1 0 corresponds to the radial distan e

range of 54 nmto 58 nm the anmobunt of recorded information per turn of the
recording track remains constant in the outer portion of the recording
region RR as denoted by the Iine "dd2" in Fig. 9. Wen the outer portion of
the recording region RR corresponds to the radial distance in the range 1 5
of 55 mmto 58 nm the anmount of recorded information per turn of the
recordi ng track renai ns const ant Brpyywlwerhﬁcbmaqn-q_f, he recordi ng
region RR as denoted by the linex"dd3"1in Fig.'9. Wen the outer portion of
the recording region RR correspRbdy tgjthe,radial distance in the range of
56 M to 58 nmm the anount of 2% “rew®pidad i nf®r nation per turn of the
recording track remains constantin theé oqﬁer mﬁrti@ﬁ of the recording
region RR as denot ed LI gt X R .
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by the |¥ne~'dd4" in Fig. 9. - -3 0 - WHAT IS CLAIMED I S: 1. A nmethod -
conprising the steps of: recording astést signal -on a first recording disk
~according to a 5 constant linear velocity technique; reproducing the test
signaf fromthe first recording disk; evaluating a quality of the
reproduced test signal as a function of a position on the first recording
di sk; recording an information signal on a second recording disk 1 0 having
first and second areas, whereiin a degree of deterioration in record quality
inthe first area is greater.than a degree of deterioration in record
quality in the second area; decreasing a recording density in the recording
of the infor mt#m%%éﬁﬁsﬂ bel ow a recordi ng déRig.t7) i n
the 1 5 recordi On sty on the second area; and

changi ng a degree of ‘said decreasing the recording density as

METHOD AND APPARATUS FOR RECORDING AN INFORMATION
SIGNAL ON A DISK-SHAPED RECORDING MEDIUM

A test signal is recorded on a first recording disk according to
a constant linear velocity technique. The test signal is reproduced
from the first recording disk. A quality of the reproduced test
5 signal is evaluated as a function of a position on the first recording
disk. An information signal is recorded on a second recording disk
having first and second areas. A degree of deterioration in record
: ql.{ality in the first area is greater than a degree of deterioration in
record quality in the second area. A recording density in the
10 recording of the information signal on the first area is decreased
| below a recording density in the recording of the information signal
on the second area. A degree of the decrease in the recording
density is changed as a function of a position on the second

recording disk in response to the evaluatgd quality.



a-function of a position on the second ﬂgi i 'd{ik u  RFRLACEMENTSHEET -
eval uated quality. 20. 2. . A nethod co#p: :§§ﬁ ‘hﬁiéﬁééijy: re }
test .signal on a recording ariea of a first recording disk afd®i-ng-to-g

K

of the reproduced test signal as a'functi ; position off the
first recording disk; -31 - recording an rnformation signal on a
recording area of a second recordi.ng di sk having an inner portion and an
outer portion, wherein a degree of detébioration iRerkasemeptlfhgeth the
outer portion is greater than a degree of deterioraffofePruaetolPuality
in 5 the inner portion, and wherein the inner portion occupies about 80% of
a radial dinmension of the recording area while the outer portion occupies
about 20% of the radial dinension of the recording

constant linear velocity technique; repr JtisSherHat BenReddcedsi gnal 11 om { he
recerding area of the first recording di Sﬁ!llﬂ‘amlu - mal uating GAIaFEBQQQB ‘

FIG. 1




| near

area; executing thﬂ“srsggepﬂgymﬁ.mﬁi@he |

portion according t
recording of the in
recordi.ng disk; dec recordlng
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enS|ty in the recor

i nfermation si gnal on the outer portiozydel ow a (R&§S14kegerlenshdet ) rg],{‘ 5FEB 1995
h

the recording of the informatigg s

n the i mwrrgoriann; 1996 C

ngi n

a degree of said decreasing th&[dgagrdi nd density as a function of a
position on the second recording ditgk in{response to the evaluated quality.
20 3. A d conprising the sEpsgeff: - recording a test signal on a
first recordlng di sk according to farco@tfant |inear veIOC|ty t echni que;
reproduci ng thgetest signal fron1tﬁ§ fEL S eval uating a
quality of t eproduced test sigmal-lasja function 2 5 of |a position on
the first rewi ng di sk; recordi a;-: %rformation signal ¢n Ssecond
recordi ng di <S8l |
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REPLAGEMENT SHEET

-3 2- .having fi rﬁg aseaem emm QHQEﬂﬁﬂg%Eﬂf deteriorajgi
record quality |n Q*Tsigr_aterﬁgw@npgndegred
.in record quallty 'ea; SoErg—tRe—eeor di

nformation si gna |rst 5 agpa accor d(ﬁ@l&mmﬂs&l&r&thngul k 1995
veloci'ty technique dur| ng the recording of the |MCﬂ'éMuawy519ﬁﬁl Qn t B
second recording di sk; decreasin cor y Ng density in the recording of
the information signal onthef|F7 | ow a recording density in the

recordi ng_of the |nf ormation signal on the second area; and 1 0
changi ngﬁ Fof _said decreasi ng the recording density as a function of
a positi EN@ §hd recordi ng disk in response to the eval uated"

quality. 4. nmk ﬁl sk-shaped information recording medi umon which an 1 5
i nformation is recorded by a nmethod conprisjRg the steps of:
recording a #8st signal on a first recording diskfadcording to a constant
linear vel oc t echni que; reprodum ng -t he test/si grgl f;omthe first
recordi ng di i of Lhe r ofir oduced teﬁ ehﬁ,{)al as a

function of_ sition on the first recordi ng di sk;

RADIAL
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2 0 recording an. |nf orénatk hosi gnal |oiiHis SHEBHHAB &EENd (| ng| BERKAREVENY SHEET
fiirst and secofus Shegals o n a deg|ee oﬁE@éﬂ@ﬁporati nin rece

in the first ar “ han a degree of deteriorati dp e récdrd™ > b
quality in the s creasing a recording density In the%?q

of .the information signal on the first area below a 2 5 recording sity
in the recording of the information signal on the second area; and changi ng

a degree of said decreasing the recayding - 3r3pia¢enehty Sagea)f unction
of a position on the second recording disk in r edpGebeubayt A996val uat ed
quality. 5. A di sk-shaped i nformation recordi ng medi umon which an 5

I nformation signal is recorded by a nethod conprising the steps of:
recording a test signal on a recording area of a first recording disk
according to a constant linear velocity technique; reproducing the test
signal fromthe recording area 4(2; fi"pst recording disk; evaluating a-
quality of the reproduced test #si a function of a 10 radi a
position on the first recording disk; recording an information

RECORD TEST SIGNAL

ON DISK BY CLV St
REPRODUCE TEST SIGNAL C ac
FROM DISK - S2
EVALUATE REPRODUCED _ S3

TEST SIGNAL

Y

DETERMINE CORRECTIVE COEFFICIENT |-_ g4
.(MULTIPLIER) IN ACCORDANCE
WITH RESULT OF EVALUATION

Y

STORE DATA OF CORRECTIVE
COEFFICIENT (MULTIPLIER) INTO [~ S5
CUTTING MACHINE

Y

RECORD SOURCE SIGNAL ON DISK
BY CONTROL RESPONSIVE TO ~— S6
CORRECTIVE COEFFICIENT




i @E&Wﬁwgw SHEET

oria

si gnal* on a recor. @h ng gr ea__of a secoBdnmschgﬂjTrrgasﬁssg\m

a:

Tt

portion and afhigbheet dacedvher ei degePeACED det er
quality in the islgrea e bt mraﬂhn T

record, quality | ortion, and 15 wherein the inner p@r&i PaB
occupi es about 80% of a radial di mensi on of the recording area while the
outer portion occupies about 20% of the radi al dlnenS|on of the recordi ng
area; executing the recording of the gfornatlon ?ﬁ
portion according to a constant LinefSvelocity f %%% ?% e
recording of the 20 information signal on the rec rd| the second
recordi ng di sk; decreasing a recording density in the recordlng of the

i nformation.signal on the outer portlon bel ow a recording density in the
recording of the information si n the inner portion; and changing a
degree of said decreasing the Hgﬂ?(gingggkn5|ty as a 2 5 function of a
position on the second recordi response to the evaluatéd quality.
-34-

RECORD TEST SIGNAL

ON DISK BY CLV - S1
REPRODUCE TEST SIGNAL -
FROM DISK - S2

'EVALUATE REPRODUCED = | s3
TEST SIGNAL

DETERMINE BOUNDARY RADIAL ~_ S14

DISTANCE IN ACCORDANCE
WITH RESULT OF EVALUATION

Y

STORE DATA OF BOUNDARY RADIAL - S15
DISTANCE INTO CUTTING MACHINE

Y

RECORD SOURCE SIGNAL ON DISK
BY CONTROL CHANGED BETWEEN 316
CLV AND CAV IN RESPONSE TO
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6. - A nethod CONpr 151 Ng the st eps onsnfgggkgﬁakgﬁég§t£sigﬁEFLﬁﬁEMEFTﬁﬁﬁET-

recordi ng di sk acc{ﬁﬁ?h“itbnﬁﬂc nst a edihni qu
r eproduci ng t he'™s '

tr-ackt ng si gnal first recording disk during the reproduciron
of the test sign rst recording disk; evaluating a q_flt.i tBEBoEQB
the generated tracking signal as a 1 0 function of a position onthe first
recording disk; recording an information signal on a second recordi ng di sk
having first and second areas, whereigyga degree of(gleheidetedid Fhddt ) ecord
quality-in the first area is greatéer than a degree xf r@irRf=Q Algod i N
record quality in the second area; 1 5 decreasing a recording density
in the recording of the information signal on the first area bel ow a
recording density in the recording of the information signal on the second
area; and changing a degree of said decreasing the recording density as a

funFtion of a position on the se corgding disk in response to 2 0 the
eval uated quality. 7. A nethod7@g §i the steps of:
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recording a test signal on a recording area of a first r econidipgL ACSUENT SHEET

according to a constant l|inear velocity technique;, 2 5 _ repraddjc“ﬁgw
the test signal fromthe recording area of the first recordingatdi:s¥;

- generating a tracking signal related to the recording ared=ef=t

recording disk during the reproduction offyghe test si ; e

recording area of the first recording disﬁ; evaluatiﬁnghH&%ﬁ?1y ofs?ﬁ%se
generating tracking as a function of a 5 radial position on the first,#!b”?
recordi ng disk; recording an information signal on a recording area of a .
second recording di sk having an inner portion and an outer portion. wherein
a degree of deterioration in record quality in the outer portion is greater
than a degree of deterioration in record quality in 1 0 the inner portion,
and wherein the inner portion occupies about 80% of a radial dinension of
the recording area while the outer portion occupies about 20% of the
~radial dinmension of the recording

FIG. 1




area; executing the recording of the information signal o) RERLAGEMENTLSBEET
‘portion according to a constant |inear velocity technique_durigg tgzxp*'
recording of the information signal on the recordi ng areal|dbat¢ $13 ﬁEBgn"
.recording disk; decreasing a recording density in the rect¥Fe ' '
informati on signal on the outer portion2pgl ow a rec8ubstitutd Sivdety 305206
the recording of the information signal on the inner portion; and changi ng

a degree of said decreasing the reco ensity as a function of a
position on the second recordi ngdi gkgyi n r¢sponse to the evaluated quality.
25 8. A method conprising the st™g8 of: jrecording a test signal on a
first recordi UGKS{SK according to a ﬂ:_ 3‘9 - constant |inear velocity
t echni que; reprodtcing the test signak fcpl:the first recording disk
generating a tr@i ng signal related L_'e',o gm i —Rg—di sk
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during the reproduction of the test signal fromthe first eﬂﬁﬁ%ﬁQﬁygﬂTSHEET‘
~di sk; evaluating a quality of the generated tracking signaj as a N
of. a position on the first recording disk; recording an in o?"ﬁ%tlatcrg QM
.on a second recording disk having first and second areas, Wherern a degree
of 'deterioration in 1 0 record quality3je the fi rs$ubstm|teshge'ea13é}5t9&n a
degree of deterioration in record quality in the second area; executing the
recording of the information signal on the first area according to a
constant angul ar velocity techniqui:qﬂtgrg e recording of the information
signal on the second recording dis 1Ny = decreasing a recording
density in -qb@ ng of the information signal on the first area bel ow .
ﬁﬂl e recording of the information signal on the

ging a degree of said decreasing the recording density

posi tion on the second recording disk in response to 2 0

A ——————

the eval uated o¢~llty 9. - An apparatus conprising; ans for recording a
- rst recordi ng disk accordlng t o/fa nstant |i near
vel ocity techni — : e g
20 7 R (mm)
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25 means for reproducing the test signal fromthe filf REPLRCLKMENTEHEET
di sk; -37- means for detecting a quality of the reproduded test signal
as-a frunction of a position on the first recording disk; ' ngtef;gﬁ_ﬂ_}_?ﬂ" A

recording an information signal on a second recording di sk

l'inear velocity; and 5 means for ggntrolling gmtglg%éégﬁlagigﬁhlg%

velocity as a function of a position on the second recor

response to the evaluated quality during the recording of the information
signal on the second recording disk. 10 10. An apparatus conprising: neans
for recording a test signal on a first recording disk according to a
constant linear velocity technique; neans for reproducing the test signal
fromthe first recording disk; 1 means for evaluating a quality of

5
the reproduced test signal as
FIG. 7
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an information signal on a second recordi ng di sk having f

a-function of a position on the first recording disk; nmeanf.
i
areas, wherein a degree of deterioration in record quality

L AGEVENS RHEET ||

n, th Qi '
area is: greater than-a 20 degree of deterioration iin rec at(’?tl‘ar?'i- ym'%e

—_—

second area; neans for decreasing a recagg ng densi ty, i Q. T t
the information signal on the first ar e?@el ow a rec%?%%}ﬁg?%ghggfy‘#d]ngt%

recording of the information signal on the second area; and nmeans for
changing a degree of said decreasing the recording 2 5 density as a
function of a position on the second recording disk in response to the

eval uated quality.
FiG. 8
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