]
5
E
:
E

D sk drive device and recordi ng power setting nethod
BACKGROUND OF THE | NVENTI ON FI ELD OF THE | NVENTI ON
This invention relates to a disk drive device and a
recordi ng power setting. nethod and is suitably
applied to a disk drive device for recording and
reproduction on/froman optical disk. DESCRI PTION OF
THE RELATED ART For optical disks on which data can be
recorded, optinum recording power of laser light in
recording is different due to characteristics of
- optical disk makers and characteristics of the
opt i dulskdidaiye dREied sl rgicoRddngveowRY | ¥edd ing mRthod |
record data on optical disks should determ ne optinum o
recordi ng power for the optical disks before |
recordi ng data exanple, refer to Japanese Patent |
BAGKFROWE: FNEHEQ ENﬁﬁﬁﬁﬁ) The optinmum recordi ng
ower settlgg Brocess is referred to as Optinmum Power
QDI THEOBRBYENTEON he OPC, a di sk drive device
records test data in a test region of an optical disk
at EEFFhPHVGPE%%?d??k?ﬁﬁﬁM§P &n 1Fhe%r%%%uﬂ$VFﬁé frdta
data. Then, this device_ obtains an anplitu
reqREA IR POifeFaPaEt HRI R AT 45 REUSFIal aé’PllFﬁl Eo a disk

time based on a peak, val ue and a _bott{om vaJue of the 1
drive device for recording and reproduction on/from an optlcal

disk.

DESCRIPTION OF THE RELATED ART

For optical disks on which data can be recorded, optimum
recording power of laser light in recording is different due to
characteristics of optical disk makers and characteristics of the
optical disks. Therefore, disk drive devices which record data on
optical disks should determine optimum recording power for-the
optical disks before recording data (for example, refer to
Japanese Patent Laid-open No. 2003-168216).

The optimum recdrding power setting process is referred to
as Optimum éower Control (OPC). In the OPC, a disk drive device
records test data in a test region of an opticél disk at certain
recording power and then reads the test data. Then, this device
obtains an amplitude evaluation value of a reproduced RF signal of

this time based on a peak value and a bottom value of the



reproduced RF signal. The disk drive device repeats
recording and reading of test data plural tines in
order to determ ne optinmumrecordi ng power based on
anpl i tude eval uati on val ues. SUMVARY OF THE | NVENTI ON
As descri bed above, the OPC requires recording of test
data in the test region of an optical disk plura
tinmes at different power. However, since optical disk
durability has a limt, recording test data at higher
recordi ng power deteriorates quality of a recording
| ayer and thys changes a refl ectance and opti mum
re?E%%?%ﬁ#kfﬂxﬁhgpélTherefore, a disk drive device
perfarms .the OPC at recordin power | ower than _,
expected 65t FRERT r 6T ighsaRer TaRa- e Afithgsading of test
optijjum._recordin oyer based on.an -obtai ned anpl.itude
Sagg PRI o 168 08, SR ARTSFRERePY Y GGraige Dower
b go r_res LES in qﬁﬁ |] amplitude of a reproduced RF
a ?%ﬁ%ﬂ RS EHIE Y PHRE MR SFoop (PPL) cannot be
| ocked for the reproduced RF signal and an anplitude
- eval uation value may not be obtained. In view of
' gbject _of this invention is to propose
SU%Q%?%E&%%;@@Q@E ?Lléund a recordi ng power setting
met hod . capabl f settin fimumrecordi ng.power
cor:hesctqef cgﬁggﬁnq% ve’a%qgto%g:erﬁﬁf%’rﬁ?\%ﬁeﬁ?r%fl §"8k Blat data

in" €0 qge%q:edre%'igrqaclaf & nopattic!aqwdr:i.% Oﬁ 1'1:[:91 times at different

power. However, since optical disk durability has a limit,

T

recording test data at higher recording power deteriorates quality
of a recording layer and thus changes a reflectance and optimum
recording powery. |

Therefore, a disk driﬁe device performs the OPC at recording
power lower than expected optimum recording power and determines
optimum recording power based on an obtained amplitude evaluation
value. However, using the low recording power results in a small
' amplitude of a reproduced RF signal and thus a Phase Locked Loop
(PPL) cannot be locked for the reproduced RF signal and an
amplitude evalﬁation value may not be obtaiﬁed.

In view of foregoing, an object of this invention is to
propose a disk drive deviée and a recording power setting method
capable of setting optimum recording power by correctly obtaining

amplitude information of reproduced signal even at low recording



2 power, with a sinple construction. To solve the
above problem this invention provides a disk drive
device for recording and reproduci ng data on/from an
optical disk, with: a Viterbi decodi ng neans for
performng Viterbi decoding on a reproduced signa
reproduced froman optical disk to decode data and
creating status data representing a status transition
in the Viterbi decoding; and a quality index creation
means for calculating a differential value between an
anplitude reference value and a reproduced signa

POVEY &g 3c FATHPT A CLSTRIEE P i ndex val ue representing
qual ity of the reproduced_signal K based qon the )
di f 7&r ERLVEI 9% OVE RERASTY t HabS rigfvandicd papytdes a disk

to the status transitjon recogni,zed from

drf‘?ér%s‘ﬁggg %anf%?°¥¢ﬂ@q EFPodGRERIST fhIdaFa 78/ Eremt 8y optical
a2 DS, cepraduced SLOTAl TN el s o
o SSERERERHIAL Bl LU Sl S RO e o
e Sl S S SESIEY e, et o 8 lsacrl et val e
oSSR Bhapl e g R R S creation
medrid’ rf%q:u <& cfcifl.gg 91"19 Ca‘? ndi ecr%;:trcggi | 1¥a11.{ee%()e%we%e%d an amplitude
reference value and a reproduced signal value énd creating a
gquality index value representing quality of the reproduced signal
- based on the differential value, the amplitude reference value
corresponding to the status transition recognized from the status
‘data, the reproduced signal value created by digitizing the
reproduced signal. The guality index creation means creates an
amplitude evaluation value represehting the amplitude of the
reproduced signal by obtaining the gquality index value with the
amplitude reference value fixed to a prescribed value.

Therefore, even when a PPL cannot be locked for the
reproduced signal.because the amplitude of the reproduced signal
ig small, the amplitude of the reproduced sigﬁal can be correctly
recognized.

This invention further provides a recording power setting

means for recording test data on the optical disk and setting .



This invention further provides a recordi ng power
setting neans for recording test data on the optica
di sk and setting. 3 optinmmrecordi ng power for the
opti cal disk based on the anplitude eval uation val ue
of the reproduced signal obtained by reading the test
data. Therefore, even when the PPL cannot be | ocked
for the reproduced signal because the anplitude of
the reproduced signal is small, the anplitude of the
reproduced signal is recognized and the optinmm

recordi n I%QMBr for the optical ,disk_can be set
OPLUIR A E0Pt RRYSHr &L | ’-Jr%et ﬁP&lFﬂ%e%%rPaste}‘Fe opekpe

fajs re orded on _the optical k at recordin
am %@5 RIRBhErn Yatie ot She: RERTOTERSH  WpaloRgRained by
1%VF the .recording |ayer of the optical disk can
1m%r eitEd ??BﬁTdeterloratlng due to mxltlng of the
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for test .data and the r cord n a of _t
théI éﬁﬁi rgﬁoggln%épower ot t e opé g%i 1sk dan ge get

correctly.

Furthermore, in this invention, the test data is recorded on
the optical disk at recording power much lower than the optimum
recording power. |

Therefore, the recording layer of the optical disk can be
prevented from deteriorating due to writing of the test data.

According to this invention, even when a PPL cannot be
locked for a reproduced signal because the amplitude of a
reproduced signal is small, the amplitude of the reproduced signal
is recognized and optimum recording power for an optical disk can
be set correctly. As a result, low recording power can be used
for test data and the recording layer of the optical disk can be
prevented from deteriérating due to writing of the test data.

The nature, principle and utility of the invention will
become more apparent from the following detailed description when

read in conjunction with the accompanying drawings in which like



prevented fromdeteriorating due to witing of the
test data. The nature, principle and utility of the
invention will becone nore apparent fromthe
foll ow ng detail ed description when read in
conjunction wth the acconpanyi ng draw ngs in which
li ke parts are designated by |like reference nunerals
or characters. BRI EF DESCRI PTION OF THE DRAWNGS In
the acconpanying drawings: Fig. 1 is a block diagram
showi ng an entire construction of a disk drive
device; Fig. 2 is a characteristic curve graph

_Pa¥§ﬁﬂ%ﬁQN4%§15ﬁBFP@U@% liker epépEenyal HEReHE CepFBateerers .

signal values; Fig. 3 is a flowhart showi ng an OPC
procedur e; and Fig. 4 is a view explaining calculation
of tar get ovver DETAI LED DESCRI PTI ON OF THE

R} F =L A siu| nts of this invention
will be described wth reference to the acconpanying
dr adithg&e PTFO‘EH%?Y@Q:&@P’F-GEE on of disk drive device
Referring to Fi , reference nuneral | shows a disk
dri veé9-d vF@eaag%QEQMQﬁngémtﬁP@WFﬂﬁe@H|Qﬂ?1¥§n&°ﬁsﬁﬁﬁF%F°n of
éigﬁrely controls the disk drive device | via a disk

a (B1ivEr 8ViFR7 addition, the disk drive device 1
records and reproduces data on/froman o

pti
100 39 r &s pBnd eRIF FEEF AR Ce CRERRRHERPY 39&81?‘9 offRLitude

nil

reggrence valuesg and reproduced signal values;

Fig. 3 is a flowchart showing an OPC procedure; and

Fig. 4 is a view explaining calculation of target power.

DETAILED DESCRIPTION OF THE EMBODIMENT

Preferred embodiments of this invention will be described

with reference to the accompanying drawings:
(1} Entire construction of disk drive device

Referring to Fig. 1, reference numeral 1 shows a disk drive
device according to.this'invention, and a CPU 2 entirely controls
the disk drive device 1 via a disk controller 3. In addition, the
disk drive device 1 records and reproduces data on/from an optical
disk 100 in response to read/writé commands received from a host
device 200.

The optical digk 100 is placed on a turn table which is not

shown. In accessing (recording and reproducing)} data, the optical



devi ce 200. The optical disk 100 is placed on a turn

table which is not shown. In accessing (recording and

reproduci ng) data, the optical 5 disk 100 is rotated

by a spindle notor 4 serving as a driving neans.

Then, by an optical pickup 5 serving as an access

nmeans, data being recorded on the optical disk 100

and Address In Pre Goove (ADI P) information being

recording in a wobbl ed groove are read out. The

opti cal pickup 5 has a laser diode 10 serving as a

.|l .ase ht sourc a phofo detector 11 for detecting
dlfléfjri%t Hrared Y 3 SHIRALeaBOLa of STVIOR S a lg Vins

e lens which i 1 output end of |aser ht ,

me%\‘h bi‘ﬁﬁtu BY PP rBFLCl%}E@C‘i RITCHS 2E3201 6?‘33 5 means,

°°”°"'” iR %%%h%e AT é%%ﬁ?f?i%rafﬁ%gr%%'af Sk Pre

surface with a the tive
Gr?%v Q‘}#ﬁ’du.l&ﬁﬁammow BIER GaoPrgind £ 1 HEBRGRosToove are
reqﬁte or 11. The biaxial actuator 12 holds the
jective lens so as to be novable in a tracking

direct d.a f t F
G i BT GPORE § HESopt Teart el 1 et g @ 1aser

%ﬁ%ﬂﬁg%fa% ?LLgﬁtﬁ déggggbélyi %8gtég£e§§1&§“%é%iecged light, a
b1ax1a1 actuator 12 for holding objective lens which is an output
end of lager light, an Automatic Power Control (APC) circuit 13
for controlling output of the laser diode 10, and optical systems,
which are not shown, for irradiating a disk recording surface with
laser light via the objective lens and guiding its reflected light
to the photo detector 11.

The biaxial actuator 12 holds the objective lens so as to be
movable in a tracking direction and a focus direction. Further, a
slide driving unit 14 moves the optical pickup 5 in a disk
radiation direction under the control of the servo driving circuit
15,

The photo detector 11 has a plurality of photo diodes. Each
‘photodiode performs photoeléctric conversion on reflected light
received from the optical disk 100, and creates a received light

signal according to the light amount of the received light and

gives it to an analog signal processor 16.



The photo detector 11 has a plurality of photo diodes.

Each phot odi ode perfornms photoel ectric conversion on

reflected light received fromthe optical disk 100,

and creates a received light signal according to the

light anount of the received |light and gives it to an

anal og signal processor 16. A read channel front end

17 of the anal og signal processor 16 creates a

reproduced RF signal fromthe received |ight signa

and gives it to an analog/digital converter 20. A

mat r 1 n t and, _perfaqrns

mat rﬂi‘ x)&eiaar%) hfﬁhﬁlé%)ng% ch IeEe rgc ?v‘ég I?%o%lsdﬁgﬁl processor
16r8ﬁ§é _% r g&S&@Qe&’hﬁ-‘o I%%%. tf%or%r ﬁée c?ed.fv% ﬁ.\:}gyc gignal

racklng ror “srgn
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S|gna us error Ssigna acki
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gl ves t tants to a OCESS

cortbroll N0 ?%@h/ﬁuﬂfaélﬁ{a‘ic%%s%lgﬁ {‘Q%ognéz\’féad‘ %Org)g'lvg €

gener at or a servo S|gnal-processor

infbARA 1, 0688585 veé Blke a1 %ﬁeshﬂgfégpc{i%ci%%ﬁ.orco%@erter 20.

A PLL unit 19 generates a read clock RCK from the reproduced RF

gsignal.

The analog/digital converter 20 digitizes the reproduced RF
signal, the focus error signal FE, the tracking error signal TE,
and the push/pull gignal PP and gives the resultants to a digital
signal processor 21.

The digital signal processor 21 has a write pulse generator
22, a servo signal processor 23, a wobble signal processor 24 and
an RF signal procéssor 25,

The wobble éignal processgor 24 decodes the push/pull signal
PP, extracts ADIP information including an address and physical
format information, and gives it to the CPU 2.

.The servo signal processor 23 creates various kinds of servo
drive signals including focus, tracking, slide and spindle, based

on the focus error gignal FE and the tracking error signal TE, and



The wobbl e signal processor 24 decodes the push/pul
signal PP, extracts ADIP information including an
address and physical format information, and gives it
to the CPU 2. The servo signal processor 23 creates
vari ous kinds of servo drive signals including focus,
tracking, slide and spindle, based on the focus error
signal FE and the tracking error signal TE, and 7
gives themto the servo driving circuit 15 via the
digital/analog converter 27. The servo signa

SSO ives a servo drive nal ryctin
91\9 %Eiﬁffbm End Seren Bamitgsct bou vl e TRy ﬁaﬁlf%ﬁnalog
seeE ng,..to the servo driving circuit,15 under th
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E [ uat or the sl.i %rlv g
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rvio driv a ocessar
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b1 Sa% aggstg tte B B ieiRa PRl TY BNE, cop ppinate
moégxaras' 304885 €5 e DRSS an;Lhe, yalue (reproduce

naI a’‘reproduce obt ai ned at

eaC ﬂkngl %%&%%Sg%tfa geggt 0! O§k§pg é% @att,g'

ter dec Creat es reproduce ase
pef%brmlng Viterbi decoding on the reproduced RF signal read from

the optical disk 100. That is, a Viterbi decoder 25A of the RF

signal processor 25 sequentially selects the maximum likelihood
status which is assumed based on a status transition pattern,
based on the value (reproduced signal value) of a reproduced RF
signal obtained at each timing speéified by a read clock RCK.
Then the Viterbi decoder 25A creates reproduced data RD based on
the sequentially selected status data and gives the data to the
disk controller 3.

At this time, a quality index creation unit 24B of the RF

signal processor 24 obtaing an amplitude reference value acxxx

which is a logical value of an ideal reproduced RF signal without

'amplitude variation, based on the maximum likelihood status

selected by the Viterbi decoder 24A. Further, the quality index

creation unit 24B calculates an average value of differential



the sequentially selected status data and gives the
data to the disk controller At this tinme, a quality

i ndex creation unit 24B of the RF signal processor 24
obtains an anplitude reference value acxxx which is a
'l ogi cal value of an ideal reproduced RF signal w thout
anplitude variation, based on the nmaxi numli kel i hood
status selected by the Viterbi decoder 24A. Further,
the quality index «creation unit 24B cal cul ates an
average value of differential 8 values e[t] each

et ween .a reproduced signal val ue cxxx and the
valiiof 1% Lide SPEPePERKEST 7 JFBROMREST! S 0Puhrithito gt and the

sjgnal at sanpl i tinme. This average value qof the
a3 e Hararepa el (355 P panEo el g edbehicat =

bet ween .an i deal waveform and an actual waveform of a
SR +Qﬁﬂhﬁ§f‘RF signal and represents quality of the

ARt R 9ol e sl by Luder ol on
colfhifn) LERLERTEEL Mol 18 QUL . Phed I AR ERY an
scfB) tarhel 1 E"FEOMES 2 SRR A B e quanicy
ot S PR o B CARE LS B 2
outputs the average value as a quality index value CQ representing
the guality of the reproduced RF signal.

For example, as shown in Fig. 2, when the amplitude
reference values at sampling times t-3, t-2, t-1, t, t+l, t+2, and
t+3 are taken as ac000, ac00l1, ac0ll, acill, acllQ, acl00 and
ac000 indicated by a dotted line and the reproduced signal values
-at these times are taken as c000, <001, c0l1ll, c¢lil, ¢l110, ¢l00 and
c000, the differential values at the sampling times are elt-
3]=ac000-c000, e[t-2]=ac001l-c00l, el[t-1]=ac0ll-¢01ll1l, elt]l=aclll-
¢lll, elt+1l]l=acll0-¢l110, el[t+2]=acl00-¢100, e[t+3]ac000-c000
indicated by a thick line. The guality index creation unit 24B

calculates a guality index value CQ by using the following .

eguation.

CQ=(e[t-31+[t-21+[t-1]+e[t]l+e[t+1l]l+e[t+2] +2[t+3]} /7.



at these tinmes are taken as c000, c001, cO11, cl111,

c110, c100 and <c¢c000, the differential values at the

sanpling times are e[t- 31=ac000-c000,

e[t-2]=ac001-c001, e[t-1]=ac011-c011, e[t]=aclll-

cl1l, e[t+1]=ac110-c110, e[t+2] =acl00-c100,

e[t +3] ac000-c000 indicated by a thick line. The

quality index creation unit 24B calculates a quality

i ndex value CQ by using the follow ng equation.

C(e[t-3]+[t-2]+[t-1] +e[t] te[t+1] +te[t+2] +2[t +3])/ 7.

..... (1) 9 The disk controller 3 has an

encodi ng/ decoding unit 31, an Error Correcting Code

( ECC roc SSIn it 32, and a hos Pterface 33, In

repr %r? HitsRagofPr BRPRFing/dageding unit 31, an

encadi n /decodln u 31 decodes the, re rod ed data
Erfgk ISR LiRgntote HOQ: Sareprongs Lot EniSEbe

rocessing unit 32 perforns error correction and
1n$:%%§ Pg 't he resul tant to the ext ernal host device
200 (for ex vij a the. . host

i nter §§€r§§ng#ﬁéré’dd'lnt : g%%%%‘?ﬁg%rdéwa}“ﬁg uni t
ené% 1%q4§%c8%1ngd8$§€t %r#%ﬁé%&ﬁ' ga%%§ﬂ§§£ Co%ata received
fréégéﬁ'"ﬂf %Eg%g gaditional, d nformpLl o A LM e csing unit 32
performs error correction and transfers the resultant to the
.external host device 200 (for example, personal computer) via the
host interface 33.

In addition, the encoding/decoding unit 31 of the disk
controller 3 extracts sub code information, address information,
management information and additional information from information
- obtained by the decoding process, and gives these information to
the CPU 2.

In addition, Ehe CPU 2 performs recording on the optical
disk 100 in response to a write command received from the host
device 200.

That is, in recording, in the disk controller 3, the ECC
procéssing unit 32 adds an error correction code to recording data
received from the host device 200, and the encoding/decoding unit

31 performs an Run Length Limited (RLL) encoding on the recording

data to create an RLL(1, 7) code and gives this to the write pulse

10



obt ai ned by the decodi ng process, and gives these
information to the CPU 2. In addition, the CPU 2
perfornms recording on the optical disk 100 in
response to a wite comuand received fromthe host
device 200. That is, in recording, in the disk
controller 3, the ECG processing unit 32 adds an
error correction code to recording data received from
t he host device 200, and the encodi ng/ decodi ng unit
31 perfornms an Run Length Limted (RLL) encodi ng on
t he recaqrdi ng dq&a fo create_an RLL(1, 7). code and
IERTTALE 1% Lot PReM TR SUIDEL1BTGERRTM AL 22 of the
di gital si.gnal processor 21. The wite pul se ner at or
22 t"‘g%%faag‘é SHotffteHAten dat Sre%‘iﬁ%é‘afs&rnf“??g“ ation data
wave orn1refo%%£tion o) the.recordiqg data and

by  RHEE T VABEL OFP LT 1T PR ORPERR TR LPY HrFgeand gives
i3 AFaCORCthe Topt FORI Atk 00T 19) depres RS dacer
A T BPREroRT DAY Gl P e FEEP L PR (it TG oparEare the
OB IR 108 “ont§ mum recor di ng. pover for the. opti cal

(2%;? g}%%b?éégt .Sﬁfgfn%ri%gedg#fgedrive device

In addition to the above configuration, before first writing
after the optical disk 100 is placed, the disk drive device 1
performs the OPC to set optimum recording power for the optical
disk 100. At this time, the disgk drive device 1 performs the OPC
at recording power much lower than optimum recordiné power with a
technique called k -OPC, in 6rdér to prevent the recording layer
of the optical disk 100 from deteriorating.

If low recording power is used, the amplitude of the
reproduced RF signal is also small and the PLL cannot be locked
for a reproduced RF signal, with the result that the amplitude of
the‘reproduced signal may not be recognized. According to this
invention, even when the amplitude of a reproduced RF sgignal is
small and the PPL cannot be locked, the disk drive device 1 uses
.the above-described guality index creation unit 25B to recognize

the amplitude and correctly perform the OPC at low recording power.

In performing the OPC, the guality index creation unit 25B

11



at recording power nuch |ower than optinmumrecording
power with a technique called ic-OPC, in order to
prevent the recording |ayer of the optical disk 100
fromdeteriorating. If | ow recording power is used,
the anplitude of the reproduced RF signal is also
small and the PLL cannot be | ocked for a reproduced
RF signal, with the result that the anplitude of the
reproduced signal may not be recogni zed. According to
this invention, even when the anplitude of a
reproduced RF signal is small and the PPL cannot be
of cH sk fE1YPsASH S e FRficidatefsasIuady index value CQ

. above-desqri hbed quality index creation unit 25B to

Witl Ay APEItEAR BADPTERtRe VAYScBFFEE t FiX g5 0 't helobELs

at |l ow recordin ower.. In performng the OPC, the
Cagfual l'&'tey %“ﬁ&ié‘ch?’ég?’F OFR 5 Qz%BrﬁS%‘?gn‘Hw &ifs g P AD-

ol TR S TR B Y0 o
G Bl S O S SRR, 0132 e
olfd SRR L P A e o
enBlGROAIRR! ALt SHRLILHIE Oy L0 28T AN T 1n «
orfLERGHPRA P 0 LD L% O A DAY L8 01 hoauces wr
sié:l'lflaa]! Icta.¥1 !bgdgﬁ)i('a &‘l‘aé’leed%?i using the quality index value CQ.

A guality index value obtained with an amplitude reference
value acxxx fixed to "0" is referred to as an amplitude evaluation
value AMP. The'amplitude evaluation value AMP is a value in
proportional with the amplitude of a reproduced RF signal even
while the PLL is not locked. Therefore, even when the OPC is
performed at low recording power, the amplitude of the reproduced
RF signal can be evaluated by using tﬁe amplitude evaluation value
AMP,

The OPC procedure using the above-described émplitude
evaluation value AMP will be now described with reference to the
flowchart of Fig. 3.

The CPU 2 serving as a recording power setting means enters

start step of the OPC routine RT1 and moves on to step SP1 to set

initial values of parameters (start power Pind, power coefficient

12



A quality index value obtained with an anplitude
reference value acxxx fixed to 110" is referred to as
an anplitude eval uation value AVMP. The anplitude
eval uation value AWP is a value in proportional wth
the anplitude of a reproduced RF signal even while
the PLL is not |ocked. Therefore, even when the OPCis
performed at | ow recording power, the anplitude of the
reproduced RF signal can be evaluated by using the
anpl i tude eval uation val ue AMP. The OPC procedure
using the above-described anplitude evaluation val ue
o AV wepk/praspwraldst rd Pedimnithe PECeFdReRit gt3hand then moves
flowchart of Fig. 3. The CPU 2 serving as a recording
OnpbAereE ety Seans enters start step of the OPC
routine RT1 and npves on to _step SP1 to set , initia
val ffs Bt &Famet8f s tamekssnehe pPREL CHbeckup 5 seek the
oeffjcient 12 p and peak/erase ratio Ee) in the APC
°P§i¥%Q&?n - t35d OPhdR? 90t 8HeRPVEE PP $92 StRP SP3 to
step,SP2,_the CPU 2 nakes the qptical  pickup 5 seek
eRHE AR SR GRTBORAES g R PGk U166, SO oIgBshnof the

o_ste ?E% to erase data f onlconéinuous 6 Recordin
orlyreafin B oRUBE} E009 (4Rt @98%r ogrtntBER PSR (0 f et
tesé gata, and then noves on to next step SP4.
step SP4.
At step SP4, the CPU 2 reccords the test data in the central
2 RUBs of the 6 RUBs at normalization recording power (Peak power
PP = p X Pind, erase power EP = PP X e, cool power CP = Omw).

At the most inner circumference of the disk where the OPC

.region is provided, one track corresponds to 2 RUBs or a little

less and the 6 RUBs from which the data has been erased

~corresponds to three tracks or a little more.’ Therefore, the

tacks existing on both sidés of the tack (2 RUBs) for recording
the test data thereon has no data and thus, the correct OPC can be
performed without influences of the neighboring tacks.

At next step SPS, the CPU 2 reads the test data from the OPC
region, obtains a normalization amplitude evaluation value AMPnor
of this time, and at next step SP6, re-erase data from the 6 RUBs
subjected to the erasure of step SP3, and then moves on to next
step SP7.

At step SP7, the CPU 2 records the test power in the central
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At step SP4, the CPU 2 records the test data in the
central 2 RUBs of the 6 RUBs at normalization
recordi ng power (Peak power PP = p X Pind, erase
power EP = PP X E e, cool power CP Omw). At the npst
i nner circunference of the disk where the OPC ,region
is provided, one track corresponds to 2 RUBs or a
little less and the 6 RUBs from which the data has
been erased corresponds to three tracks or a little
nore. Therefore, the tacks existing on both sides of
the tack (2 RUBs) for recording the test data thereon )
2 FES R dfatARdOt RURS athd ddffeeenireeequflisg power. That is,
erforned w thout influences of the neighboring tacks.
a lg\?“’%)&toeﬁféﬁlgp‘i,a’ﬂh’eg A 5 ayslvne tEt G892 Pyofr 03 steps,
the OPC region, obtains a normalization anplitude .
and e RGO I RIuES ANERHGITMESE WiRRSPERAERORY FR =n@®t X Pind,
step SP6, re-erase data fromthe 6 RUBs subjected to
eraffe RAGIUEE of PBt &p ¢3p3,ArghdOPheRONBY €SP 6n AW -next
ste 7. At st e%J?SPZ the CPU 2 records the test

SondhC FESERBCERATES S STHUBSTRES ot e MRS GFOR the OFC
redish 10 GRESAR®| & L Aoe FARGBETH PR T LEes Apep, BS chis
it DR R RS PRSP SOt SERP =SB x o SURRECRpIEhe CPU 2
_caﬁéﬁﬁhﬁéfgnggﬁ%}ﬁ%ﬁ{gag ﬁgﬁ%@ §§§ﬁe;h5ﬁ(%§éé% %%?gﬁetge
amplitude evaluation values AMPan and the normalization amplitude

evaluation value AMPnor with the following equation, and then

moves on to next step SP10.

Pm = an X AMPan / AMPnor e {2}

At step SP10, the CPU 2 calculates threshold power values
Pthrl and Pthr2 from the calculated 8 normalization power values
Pm. As shown in Fig. 4, the threshold power value Pthrl is a
value of an intersecting point between an approximate line of 5
normalization power values Pm having lower power coefficients an
and a power axis. The threshold power value Ptﬁrz is a value of
an intersecting point between an approximate line of 5
normalization power values Pm having higher power coefficients an

and the power axis.
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region and obtains 8 anplitude eval uati on val ues AMPan
of this tine and then, noves on to next step SP9. At
step SP9, the CPU 2 calculates 8 normalization power
val ues Pm based on the 8 anplitude eval uation val ues
AMPan and the normalization anplitude evaluation
val ue AMPnor with the foll ow ng equation, and then
noves on to next step SP10. Pm = an X AMPan / AMPnor
..... (2) At step SP10, the CPU 2 cal cul ates threshold
power values Pthrl and Pthr2 fromthe cal cul at ed 8
normal i zation power values " Pm_As shown in Fig.
t he AhPESRoFBL bovidie VEPUE PRAFVLZEES 2 Firas Bﬁr%t Power
i ntersecting point between an approxi mate |ine of
valis rP&lalrﬁsFFoﬁn‘?ao%\eﬁe%%&rﬁﬁF hBYY%g Y2dwer PhaRERT2 from the
- coefficients an wer. axis.- The threshold, ,
Eﬁﬁﬁéﬁldvé’PHSrPYﬁ‘?eﬁf spténsmaaé BEDTZ Wit &hSe SOLAGVHBE ngquation,
qtjetween an approximate line of 5 normalization power
and, HRFEs PRV N MGHeSts8WEF 1 Roef ficients an and the
power axis. 14 At step SP11l, the CPU 2 calculates a
first target power . value Ptargetl and a second
e%é; powe* val ue Ptarget2 fromthe threshold power
BifFPthr2 with the fol | owi ng equatlon

and t hen rm>¥es on to next step SP12. Ptargetl = % X
Ptagget2 = « X Pthr2 ~ — © oL, (3)

At step SP12, the CPU 2 calculates a target power value
Ptarget from the first target power value Ptargetl and the second
target power value Ptarget 2 with the following equation and then

moves on to next step SP13.

Ptarget = (Ptarget2 x Pfitl - Ptargetl x Pfit2) / ((Ptarget2
~ Ptargetl) - (Pfit2 - Pfitl))
Pfitl = 1.045 x Pind
pfit2 = 0.955 x pinda ..., {4)

At step SP13, the CPU 2 determines whether the calculated
target powér value Ptarget is within a target rénge (Pfitl <«
Ptarget < Pfif2). If it is determined at step SP13 that the
target power value Ptarget is out of the tafget range, this means

that an appropriate target power value Ptarget cannot be obtained.
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Ptarget2 = ,c X Pthr2 ...... (3) At step SP12, the CPU
2 calculates a target power value Ptarget fromthe
first target power value Ptargetl and the second
target power value Ptarget 2 with the follow ng
equation and then noves on to next step SP13. Ptarget
= (Ptarget2 x Pfitl - Ptargetl x Pfit2) / ((Ptarget2
- Ptargetl) - (Pfit2 - Pfitl)) Pfitl =1.045 x Pind
Pfit2 = 0.955 x Pind ..... (4) At step SP13, the CPU 2
deternines whet her the cal cul ated target power val ue
rget is wthin a target range (Pfitl Ptarget < .
InFiFIFJtSZ)"aSIef' Fiej Pt é‘i‘ciﬁer?eﬁ’na{:os?%?i’ Rt 3Rsk ophgrmines based
target power value Ptarget is out of the target rang ,
Ot i H%’é?&ﬁs"aiLH%t aiHiprdpMeate {aryett foksttyargenter
Pt.arget cannot be_obtained. 15 In this case, the CPU 2
wh Re PHmQ?EpO%ﬁi%“%ﬁ]&fdé’FEm AbstIQHF ignigss than 5
.counter value N (initial value "0") of a retry counter -
et her the nunber of tines of retry of the OPCis

f' | es n ti nes it is determ.ned at step SP14
thafI# r’rg ﬁﬁnﬂ%\:e’af?“ﬁ‘{r@st §FePr gbty Fhay ég’ge ﬁﬁes 52 times of
L tinmes, .the 2_noyves on.to SP5 and .increas

| relTE Wb dREE: AP S RIS 1 hBe GEPy S TRy O FEBRGEES and

increases the counter value N of the retry counter by "1", and

then returns back to step SP3 to execute steps SP3 to SP13. If it

is determined at‘step SP15 that the number of times of retry is 5
times or more, the CPU 2 moves on to step SP1lé to confirm that the
OPC process has been failed (OPC timeocut), and moves on to step 19
to complete this OPC procedure. |

If it is determined at step SP13 that the target power value
Ptarget is within the target range, this means that an appropriate
target value Ptarget can be cobtained. In this case the CPU 2
moves on to step SP17 to erase data from the 6 RUBs being used,
and then moves to next step SP18.

At step SP18, the CPU 2 sets the write power PWO to PWO = p
x Ptarget, and.then moves on to sﬁep SP19 to complete this OPC
procédure.
(3) Operation and Effects

According to the above configuration, in normal data

reproduction, the quality index creation unit 24B of the disk
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then returns back to step SP3 to execute steps SP3 to
SP13. If it is determned at step SP15 that the
nunber of times of retry is 5 tinmes or nore, the CPU
2 noves on to step SP16 to confirmthat the OPC
process has been failed (OPC tineout), and noves on to
step 19 to conplete this OPC procedure. If it is
determined at step SP13 that the target power val ue
Ptarget is within the target range, this nmeans that an
appropriate target value Ptarget can be obtained. In
this case the CPU 2 noves .on to step SP17 to erase

drijgg AFHGH thETE2RRBs? BB tys dBISX Fft i 1R FsPEesppting
next step SP18. At step SP18, the CPU 2 sets the wijte

HEF D EEPPARICSG 15, BERAgePASSH IOk ferf rARIETSR Pptween an
anghERud Ge teRaOErT Bel G ARSHAG P2, Boshol HifAihood status
aefRR P ae Ve e e Pl B 2ER et Siher g agrpguced
sigiR) AP s OF FoR CoRrairded SFoRiriahecd on o oo

s dF BACTAGE! To1 Waindon CeebhE Foib U G thyadngisk 100,

o T 07 CRACFOBFOBLRY R tar dharreates o anpilcidd

evalﬁation value AMP representing the amplitude of the reproducéd
RF gignal, instead of the quality'index value CQ, with the
amplitude reference value fixed to a prescribed value "0". This
amplitude evaluation value AMP indicates a value in propo:tional
with the amplitude of the reproduced RF signal even if the PLL
cannot be locked for the reproduced RF signal because low
recording power is used to record test data and the small
amplitude of the reproduced RF signal is obtained.

As a result, the disk drive device 1 can cor;ectly recognize
the amplitude of the.reproduced RF gignal based on the amplitude
evaluation value AMP and perform'the OPC at recording power much
lower than optimum.recording poﬁer.

In addition, the quality index creation unit 24B creates an
amplitude evaluation value AMP with an amplitude reference value
fixed to a prescribed value. Therefore, the amplitude of a

reproduced RF signal can be correctly recognized with a simple
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In addition to this, in the OPC for the optical disk
100, the quality index creation unit 24B creates an
anpl i tude evaluation value AVP representing the
anpl i tude of the reproduced RF signal, instead of the
quality index value CQ wth the anplitude reference
value fixed to a prescribed value 11011. This
anpl i tude eval uation value AMP indicates a value in
proportional with the anplitude of the reproduced RF
signal even if the PLL cannot be |ocked for the

repr oduced RF signal because | ow  recording paower

c°%§%¥P?§§‘Fbc&PHhPEEta%kﬂ@?%%%?“ﬁﬁeséﬁﬁ?} P%Rﬁﬂ%ﬁ?&ﬂechcult and
the reproduced RF signal is obtained. As a result, the
th%iu%’%c d-}r)%rb@edé’@i‘fger‘ie‘geﬁ CEREEE Y P@E%’@rﬂ“k‘@ loer than
litude of the reproduced RF signal based on the
095 W (RRCTIEPEI BIYEBn val ue AMP and perform the OPC at
recordin wer nuch _ | ower than optimum_recor
povvenrccqrgi g‘QdFPu bt %Weqﬁé’ﬁfwuﬁge%ncr% iR aﬁ?t index
24B, creat.es anpl i tude evalua i,on val ue Al
cx %’r?’i‘ G 8-2& EﬁEe"%ﬁ’i}élg fi &8 %BYal ‘%‘ae’%c‘ﬁ'\@?dm 18 used to
| ue. Therefore nplitu repr oduced RE
créghm g lﬁadso? afian o8 Hﬁzéﬂg SRS T
uct i out addi ti,on naI ro
am%ﬁ%aé% 52, 30 rePradeged B Bompert a1t Lﬁlgcolgﬁ RPE can ve

pePPdfle ugh oW L0 hg P I LR 8L A% LU st ruction,

thereby being capable of preventing the recording layer of the
optical disk 100 from deteriorating.
(4} Other embodiments

The above embodiment has described a case where this
invention is applied to the disk drive device 1 for
recording/reproduction on an optical disk. This invention,
however, is not limited to this and can be applied to other disk
drive devises which perform the Viterbi decoding on reproduced RF
signals to obtain reproduced data.

Further, the above embodimeﬁt has described a case where
test data is recorded 8 times at different recordihg power to
perform the OPC. This invention, however, is not limited to this
and test data can be recorded another number of times to perform
the OPC.

This invention can be applied to a disk drive device for
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According to the above configuration, the quality
index <creation unit 24B for creating a quality index
value CQis used to create an anplitude eval uation
val ue AMVP representing the anplitude of a reproduced
RF signal. As a result, the OPC can be perforned at
| ow recording power with a sinple construction,
t hereby bei ng capabl e of preventing the recording
. layer of the optical disk 100 fromdeteriorating. (4)
O her enbodi nrents The above enbodi nent has described a
case where this _invention is applied to the disk
TeRTVRH FAPERIFCE HPn GTe Gy &Pﬁ@ﬁﬁip%%cti on on an
opti_cal. disk. This invention, however, is not |imted
to tHildeafBeEand® iR degorabednt?r thectdppywith the

devi ses which performthe Viterbi decoding on . .
pry %ﬁ‘iﬁfﬁ @@&OﬁFmggF@n%ﬁ £h% 158ERFACRepth SgapRvious to
ST AR T R .
e SR A8 D24t eb S 3 ST T SR BT v
cnd S5 RS a RS e RE kP Bl e, SBEFE G scome

offéﬁe:E%JQ% ggg[ng/reproductlon on an optical disk.
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Wil e there has been described in connection with the
preferred enbodi nents of the invention, it wll be
obvious to those skilled in the art that various
changes and nodi fications nmay be ainmed, therefore, to
cover in the appended clains all such changes and
nodi fications as fall within the true spirit and scope
of the invention. 19 WHAT IS CLAIMED I'S: 1. A disk
drive device for recording and reproduci ng data
on/from an optical disk, conprising: viterbi decoding

means for_performng Viterbi decoding on a reproduced
ﬂﬂéigﬁéﬁﬂﬁﬂﬁﬁghaééd fromthe optical disk to decode the
data, and creatin% status data representing a_ status
I-trardi4sh 4uive d B1GH t i TROESd P Hg 2R AntERARAYGpg data
igdex creation_neans for cglgulating a differentia
oD XM b QREdHAAnEFH | IUWRF P Grence val ue and a
repr oduced giﬁngl val ue and creﬁtin a_gual ity indgx
val B SETe SERORTRS qREAT ¢ O6r P Rer PR dduesR i fgHafing on a
based on the differenti val ue, the ., anplj.tude
TP L & SRR TR TSR Fen Ehet MetLPaT ik TosAepgde the
ecognj zed fromthe stQ{us data, the,reproduced signal._ . .
aa{gy H EREaraRBL S R A g eeResPBR i AE R i kg R RSt tion in
mh@rei .tﬁ% ality index creation nmeans obtains the
th%]uajrtﬁ]{;ﬂi ggglng, ané]
quality index creation means for calculating a differential
value between an amplitude reference value and a reproduced signal
value and creating a quélity index value representing quality of
the reproduced signal based on the differential value, the
amplitude reference value corresponding to the status transition
recognized from the status data, the reproduced signal value
created by digitizing the reproduced signal, wherein
the quality index creation means obtains the guality index
value with the amplitude reference value fixed to a prescribed

value in order to create an amplitude evaluation value

representing an amplitude of the reproduced signal.

2. The disk drive device according to claim 1, comprising
recording power setting meang for recording test data on the
optical disk and setting optimum recording power for the optical

disk, based on the amplitude evaluation value of the reproduced
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value with the anplitude reference value fixed to a
prescribed value in order to create an anplitude
eval uation value representing an anplitude of the
reproduced signal. 2. The di sk drive device according
to claim1, conprising recording power setting nmeans
for recording test data on the optical disk and
setting optinumrecordi ng power for the optical disk,
based on the anplitude eval uati on value of the
reproduced 20 signal obtained by reading the test
_data. 3. The disk drive device according to claim 2,
Sigielr ahtaipedr b ofeRrdHg D iher teekt iR neans records the
test data on the optical disk at recording power nuch
| ower than the optimum recording power. 4. A
recordi ng power setting nethod conprising: a Viterb
3. decddiengiskepriye pEHsenPR§OVELRY bio Fd@dd Ry wherein
reproduced signal reproduced froman optical disk and
cr edienFECF ALY RENEK SESLATENPEMES aresioadss thrpahert i dFa on
in the Viterbi decoding; and a quality index creation,
theoRFigrlc kI 3t | FREQF NS @P¥AT APk OWRE FoeReEhRe apptimum
anpl,jtude reference value and a reproduced signa
re%égaﬁ?ﬂaWSWEFeating a quality index value representing
guality of the reproduced signal based on the
differential value, the

4. A recording power setting method comprising:

a Viterbi decoding step of performing Viterbi decoding on a
reproduced signal reproduced from an optical disk and creating
status data representing é status transition in the Viterbi
decoding; and

a quality index creation step of calculating a differential
value between an amplitude reference value and a reproduced signal
value and creating a quality index value representing quality of
the reproduced signal based on the differential value, the
amplitude reference value corresponding to the status transition
recognized from the status data, the reproduced signal value
created by digitizing the reprbduced signal, wherein

the quality.index valﬁe is obtained with the amplitude
reference value fixed to a prescribed value in order to create an
~amplitude evaluation value representing an amplitude of the

reproduced signal, and optimum recording power for the optical
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anpl i tude reference val ue corresponding to the status
transition recognized fromthe status data, the
reproduced signal value created by digitizing the
reproduced signal, wherein the quality index value is
obtained with the anplitude reference value fixed to
a prescribed value in order to create an anplitude
eval uation val ue representing an anplitude of the
reproduced signal, and optimumrecordi ng power for the
optical 21 disk is set based on the anplitude
.eval uation value. 5. The recqrding. power setting

Aiet Ho P O8FEANGD t bhe | aEhikude ¥R HRTIR: F21¥6t dat a
recording step of recording test data on the optica
di sk, wherein the optimumrecording power is set based
on the anplitude evaluatiqn value of the reproduced,

5. si gride 36CFAERT BPYTadiaty irAeme R FRAFIIFT FReCIaIM 4,
recordi ng power setting nethod according to claimb5,

COWerEil¥ the test data is recorded on the optical disk

at re -%r gi ag o&gr rgji%h ls%\é/ero£hfa'gcct>xh ino ttieré%mdata on the
recdt &R r g step
optical disk, wherein
the optimum recording power is set based on the amplitude
evaluation value of the reproduced signal obtained by reading the .

test data.

6. The recording power setting method according to claim 5,
wherein
the test data is recorded on the optical disk at recording

power much lower than the optimum recording power.
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