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 PTI ON OF THE RELATED
ART For optical disks on which data can be recorded,
opti mum recording power of |aser light in recording

is different due to characteristics of optical disk
makersi S0 Grahel @ek@bkShhaSrédotditg Wheeakelt $4§ - method
Therefore, disk drive devices which record data on

opti cal disks should determ ne optimum recordi ng power
forthe optical disks before recording data (for

BAex@mmm orefgie taveENapenese Patent Lai d-open No.
e optimum recordi ng power setting

FIPLD OSS STHES Imﬁgmmgﬁ to as Optinmum Power Contr ol
(OPC). Tn the OPC, a disk drive device records test
dat arii® drveatibfdielatds alb APIEieR! adisk @dvLed tald a
recordi ng power and then reads the test data. Then,
retdidine\Hover ebtaing astkePldridide @wakupl ofpyeide &f a disk
a reproduced RF signal of this tine based on a peak

drired Udeair@: EoROkbostriahdgeard Adprolluction on/from an optical

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
characteristiecs 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 recording power setting process is referred to
as Optimum Power Control (OPC). In the OPC, a disk drive device
recoxrds test data in a test region of an optical disk at certain
recoxrding 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
recordi ng 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
times at different power. However, since optical disk
durapility has a limt, recording test data at higher
r?%%%?ﬁ?ﬂdxiéﬁﬁPaheteriorates quality of a recording

| ayer_.and.t hus changes a refl ectance and optinmm
r ecorT&enngEV\é?l.verﬁ%’vé‘F@r ESPYRYA s‘ﬁ?C&FFi\}%gd%‘ﬁ‘ dgading of test
f.or the OPC. at_recordi ower | qwer than .

A R oS ETRR T UST G SakerThiNy SReCAF Ragording pover
b9PLa BIM-LBE O 0 0% AONEY 1885661 QUL an obtal ned anpli t ude

eval uati o val ue. wever, using the | ow recording

power results in a small anplitude of a reproduced RF

signal and thus a Phase Locked Loop (PPL) cannot be
staeked drorgehenteprasiuced RF signal and an anplitude

eval uation value may not be obtained. Exanple

enbodisnestSrivRyl RHOVd dand dbG kel ¥8s AHEQi AR h @A test data in

recordi ng power setting nmethod capable of setting
tioptHestnregietobdi Ny qpawes]l bii sGoplecdll ¥ ipbt addidigferent power.

anplitude information of reproduced signal even at
Hpwawerecoimiengplical disk durability has a limit, recording test

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

Therefore, a disk drive 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
evaluation value may not be obtained.

Example embodiments may provide a disk drive device and a

recdrding power setting method capable of setting optimum
recording power by correctly obtaining amplitude information of

- reproduced signal even at low recording




power, with a sinple construction. In accordance with
a first aspect of the invention, there is provided a
di sk drive device for recording and reproduci ng data
on/from an optical disk, conprising: Viterbi decoding
means for performng Viterbi decoding on a reproduced
signal reproduced froman optical disk to decode the
data and creating status data representing a status
transition in the Viterbi decoding; and quality index
Pefat MR re&iEPEorcwslEvtEcong a differential val ue
between an anplitude reference value and a reproduced
si gndl™ ¢EFUEAING ¥R AdTSh ARSCEL 9T i Hgetnyanion, there is
representin uality of the reproduced signal based
PR i 47 BheT Ry e e cth RECGHBING: db TLBrBrungY data
arresponding to the.status, transitio
O%@%%gnﬁgéﬁt Fgﬁffs§'s?%FH§Slagtaﬂﬁ¥ﬁ%%%eﬁ?%%ﬁ6@dmeans for
pec'x_li%llﬁh_néf %ftf‘er%'&eé‘%@&hl% gl'lgsl E:Jeékrgnguée%e i LERf Q Ez%gguced from an
signal, "wherein the quality index crea ion means

ohlcah Ngi st he Qualdd ¥nkndexy uak u@ré’&tt:i.ﬁgt %/lt%[t%gp!ié{éj %gg}:es enting

reference value fixed to a prescribe alue Irn o
a tsragteat @A taspl i wde emalyat kahMabveand eRLESENS 1iRbex
an anplitude of the reproduced signal. In accordance
cadatthon meesndoaspachlgfiddia HIFeIHn®Ral t-hake béSieen an
provi ded a recordi ng power setting nmethod conprising:a
anfilientdé redeceodtaigradiiepanf apeeposdiceg M denbivatesotidngreating
on a reproduced signal reproduced froman optica
a divgkindircesara hp statesendatg quapresenttihrg rapsddtces signal
transition in the Viterbi decoding; and a
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.

In accordance with a seccond aspect of the invention, there

~ is provided 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 a status transition in the Viterbi decoding; and a
quality index creation step of calculating a differential value
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qual ity index creation step of calculating a
differential value 3 between an anplitude reference
val ue and a reproduced signal value and creating a
quality index value representing quality of the
reproduced signal based on the differential value, the
anplitude reference value 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
DHTREY iPHe@™R 5} e medraence gadieared oh teppbibogé signal value
eyal uation val ue . representing an anplitude of the
a?%p‘"rroe&‘l}&é‘a 8 PrAtitYanB9eht YIHR TeREEPEN WD owed ifgrof the
based on the anplitude

rthecﬂpthpaL di é}is set ) ,
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be correctly recogni zed. Tn exanple nment’s er

digi ArA%GdeHe ardRCRLELAYs ; POVEr SetL %?gﬁﬁ@%l&g%t index value

recording test data on the optical _ _ I ng
i SHAPLNEYM e o BEpPOVEYe L UrhBRcoPtdiGal rdisk based

on the
prescribed value in order to create an amplitude evaluation value
representing an amplitude of the reproduced signal, and optimum
recording power for the optical disk is set based on the amplitude
evaluation value.

Therefore, in example embodiments, even when a PPL cannot be
locked for the reproduced signal because the amplitude of the
reproduced signal is small, the amplitude of the reproduced signal
can be correctly recognized.

In example embodiments, there is provided a recording

power setting means for recording test data on the optical disk

and setting
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anpl i tude eval uation val ue of the reproduced signa
obtai ned by reading the test data. Therefore, even
when the PPL cannot be | ocked for the reproduced
signal because the anplitude of the reproduced signa
is small, the anplitude of the reproduced signal is
recogni zed and the opti mumrecordi ng power for the
optical disk can be set <correctly. Furthernore, the
Otgst data is,.recorded on the optical disk at
P&CBMBi WP PSP ROERT | tilertich Rt Al ot mipmsedcerdi gy
Therefore, the recording | ayer of the optica
BBLEEass, RS EEn e G bk ofonidiioeg augteb optained by

iibg . Qf t data. In exanple embodinents, even
I&%en % PPLt%gﬁﬁ%t e locked for a reproduced signal

becausg {16 raNMPLI L Hde, ftt?}gr 81, oduced %Ieg_lr]gJ:]I(ec%l zfor the

small, the anplitude o reproduced si gha

repeognéZedigndl VoL BENHRCaRdl DG, pover har a0, ORtd %a%ignal
di sk can be set correctly. As a result, |lowrecordi ng

ipowesl Canhkearselt ff dreshe dad@r Ritdedt BEgH£CAAIRYognized and
| ayer of the optical disk can be prevented from

ttlet eptonat iregoddendg poMdrt ifag Ohe tdi ilc@st ddakacad R set
nature, principle and utility of exanple enbodi nents
corfectdgcone nore apparent fromthe follow ng detail ed
description when read in conjunction with the
acconpariiepgo e awi tigs tertwhach id irkeorded 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.
In example embodiments, 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
deteriorating due to writing of the test data.
The nature, principle and utility of example embodiments
will become more apparent from the following detailed description

when read in conjunction with the accompanying drawings in which

like -



4 parts are designated by like reference nunerals or
characters. BRI EF DESCRI PTION OF THE DRAWNGS In the
acconmpanying drawings: Fig. | is a block diagram
showi ng an entire construction of a disk drive
device; Fig. 2 is a characteristic curve graph
expl aining anplitude reference values and reproduced
signal values; Fig. 3 is a flowhart showi ng an OPC
procedure; and Fig. 4 is a view explaining
cal cul ation of target power. DETAILED DESCRI PTI ON OF
patth SNBIANMNE RS [ ¢he e?@@éjfm e rbAlS o NUEML Al .
will be described with reference to the accoirpanyr ng
drawi ngs: (1) Entire construction of disk drive device
Referring to Fig. 1, reference nuneral 1 shows a disk

BREEF Vens @i ROWRROTEENSRARNIY S [ nvention, and a CPU 2
entiTery con ' ive device 1 via a disk
contapl adcohBadgdhyi @hwidig . di sk drive device 1
records and reproduces data on/froman optical disk

100 @iy I SR@NSELE Ok AU & LY € i
hostJ@ﬁevice 200. %he op icallgﬁggggg% Fgeg*%c§° %ﬁ?@fﬁlon of

a didp dabklee geRiieh;i s not  shown. In accessing
(recording and reproducing) data, the optica

Fig. 2 is a characteristic curve graph explaining amplitude
reference values 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/write commands received from a host
device 200.

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

shown. In accessing (recording and reproducing) 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 G oove (AD P)

i nformati on being recording in a wobbl ed groove are
read out. The optical pickup 5 has a | aser diode 10
serving as a laser |ight source, a photo detector 11
for detecting reflected light, a biaxial actuator 12
for hol ding objective ens which is an output end of

ashEoep LS oo MO T RSt o) o Wl
ol oS oBELGIL A SR 4 L s,

dafRi BEihY Srd RN GO Bgtié 1 rﬂé]@(\ito%df%xﬁggﬁggé?%tﬂ? Pre

photo detector 11. The biaxial actuator e

crO8IECtANED) SN oiha®dohOplEn r?@@ﬂ%é}% ih 5;@8%%?%% groove are

direction and a focus direction. er,

'regaiyﬁ@g unit 14 noves the optical pickup 5 in a disk
radi ati on direction under the control of the servo

dri vimg it pidRup THenahof 0 ARLEG 1088 -
pIuraJiti?(iz phggo gPodes. Each photodFodg %%??%ﬁ%n?s a lasex

11@@@@&:@&4; L gHRRKeRSLOBL P TLTEGCIRA NG rLPEELVESH 1ignt, a
romthe optical disk 100, and creates a réeceived

bibkO4 actuator 12 for holding objective lens which is an output
end of laser 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
radiaﬁion direction under the control of the servo driving circuit
15.

The photo detector 11 has a plurality of photo diodes. Each
photodiode performs photoelectric 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.



o,

signal according to the |ight anbunt of the received
light and gives it to an anal og signal processor 16.
6 A read channel front end 17 of the anal og signa
processor 16 creates a reproduced RF signal fromthe
received |light signal and gives it to an

anal og/digital converter 20. A matrix anplifier 18, on
t he other hand, performs matrix cal culation of the
received |ight signal received fromeach photodi ode to
create a focus error signal FE and a tracking error

si 9@l el fansBhi VProfONiA®! 1 ANSE %h@uﬁgéEHgl s§%ﬂ§flp:%%essor

whi ch 1s wobbl ed groove ". infornmation

16t Bpssdd d %p‘i‘@ﬁh@gédkﬁ'i &p@&%& Qe ZQEceévE&Lu%gé signal

19 generates a read cloc fromthe reproduced

andi 0@ g ﬂawecoaraal aaé%gyafg,l@@fveaﬁﬁrtéﬁ} gpgi tzi a%scxt]%e

r epr oduced signal’; the focus error signal FE,

ambl BEI NG £ rOer tﬁbgeé‘he;ﬁman@n%é%xﬁ%s%ggkk shobd aton or

and gives ‘the resultants to a digital signal

the’ SE&SSAId A1 gnthei hgit@écéiwlfﬂahp%%ﬁ%hgéo@féd@ to create
wite pul se generator 22, a servo signal processor

a EScus NI @ighaNake PARE S SOFadd i drrdk Bfaﬁé.ﬂnf”é for servo
processor 25. The wobbl e signal processor decodes
cohf€o PUSIH RUIusB/BARL signal PP which is wobbled groove
information, and gives these to the analog/digital converter 20.
A PLL unit 19 generates a read clock RCK from the reproduced RF

signal.

The analog/digital converter 20 digitizes the reproduced RF

-signal, the focus error signal FE, the tracking error gignal TE,

and the push/pull signal 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 processor 25.

The wobble signal processor 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 signal FE and the tracking error signal TE, and



PP, extracts ADI P 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 signal FE

and the tracking error signal TE, and 7 gives themto

the servo driving circuit 15 via the digital/anal og

converter 27. The servo signal processor 23 gives a

servo drive signal instructing to perform operation
gi P& Nerasn R ¥heS8REGH, drivASK 4N 5568k Ble §0qi

servo drivingecirCU|t ES'ﬁ%%ef'thé' contr ol o? tﬁ% %g;janalog
- corvedthe S VOorEs i ¥dReh, & 'ric,‘Héilt dELyPSa 3 hes vl axi i

actuator 12, the slidel riviﬁ%égn%t 14 an Y e sﬁ%%gPedrlve
51§84 DridfktaceRh AN 8ot Bei-ASrm AP MAiione sﬁbgntals- Eggﬁs Riearch,

ata by

signal processor 25 obtains reproduced

trdek f AP RSdVisbakDhgdecoding Qi-Jd e eRhgdHs
rsigﬁgﬁﬁiead from ?ﬁe opti cal disk iOO.QTﬁg?g?Q? %F undex ?he

con el Rir dgeoget; 25A @fe té%@:vBFdrijvgiiiil cPrASRSSY #ives the

sequentially selects the maxi mumlikelihood status

bidkiLlh dctuagsued, begeds DIua Htiating LhaBSihi 9Ra Pald &dindle
based on the val ue (reproduced signal value) of a

motf EPrOERFIRhg 6bUFRE bk nad @t segelitimng
specified by a read clock RCK. Then the Viterb

decadey R25A1§heal BFodHE Ut dniat as RELPASELQD adthe by

sequentially selected status data and gives the data
peifbdnlitig 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 gsequentially selects the maximum likelihood
status which is assumed based on a status transition pattexrn,
based on the value (reproduced signal value) of a reproduced RF
signal obtained at each timing specified 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
éignal processor 24 obtains 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



di sk controller 3. At this tine, a quality index
creation unit 24B of the RF signal processor 24
obtai ns an anplitude reference value acxxx which is a
.l ogical value of an ideal reproduced RF signal wthout
anpl i tude variation, based on the maxi mum i 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

bet ween a reproduced signal val ue cxxx and the

valii®h i d pde dRIEHRNGRKALUBAFSNICA] A JrBRr Qfggﬁgdcgﬁf ;and the

signal at a sanpling tinme. This average value o

i ' t ditf
ampi{f@ientd f@lre leu%lﬁE ]acxﬁﬁréfséquaé%t%&g%c@d k%oghnﬁ%faat a

etween an i deal waveform and an wav e

sahgPiglucas RF signal and represents quality of the
reproduced RF signal. The quality index creation unit

24B TiQlY RileTalRevAYREAGE MRk US B Rngdahi LY1hBgeX ]
value CQ representing the quality of the reproduced

coRFeSh&HtR] -t dDEFEREACe e SR dr 1He81 Fav¥BEPnidfl an

anplitudé reference values at sanpling tines t-3,

actul wavkfdrm of a kégrodied IR AlRalakan dappEfOPis quality

acool, acdl, aclll, acl10, aclOO"and ac000 i ndi cated
of byhé HHARIhdeldn@FaBdghhe, I apcoguatde§i INddx IS ordlinit 248
these tines are taken as c000, cool, coil, clll, cllQ

ou€hi¥ aimd average value as a quality index value CQ representing
the quality of the reproduced RF signal.

For example, as shown in Fig. 2, when the amplitﬁde
reference values at sampling times t-3, t-2, t-1, t, t+l, t+2, and
t+3 are taken as ac000, ac00l, ac0ll, aclll, acli0, aclQ0 and
ac000 indicated by a dotted line and the reproduced signal values
at these times are taken as ¢000, ¢c001, c011l, cll1l1, cl110, cl00 and
c000, the differential values at the sampling times are e[t-
3]=ac000-c000, elt-2]=ac001-¢001, el[t-1l1=ac0l1-c01ll, el[t]l=acllil-
cl1ll, el[t+ll=acll0-cl10, e[t+2]=acl00-c100, el[t+31ac000-c000
indicated by a thick line. The quality index creation unit 24B
calculates a quality index value CQ by using the following

eguation.

CQ=(e[t-3]+[t-2]+[t-11+e[t]l+elt+1]+elt+2] +2[t+3])/7.



c000, the differential values at the sanpling tines
are e[t- 3]=ac000-c000, e[t-2]=ac001-c001,

e[t-1]=acA Il -coll, e[t]=aclll- clil,

e[t+l]=acll Ocll O e[t+2]=acl 00-cl oo, e[t+3]ac000-c000
indicated by a thick line. The quality index creation
unit 24B calculates a quality index value CQ by using
the following equation. CQ=(e [t-3] +[t-2] +[t-i]+e
[tl+e [t+l]+e [t+2]+2 [t+3]) /7. (1) 9 The disk
controller 3 has an encodi ng/ decodi ng unit 31, an
Error Correcting Code (ECC) processing unit 32, and a
host interface 33. In reproduction, in the disk

conted Iﬁrsﬁ,co&ﬂ%omefoﬁlmd&@%ﬁi{é&ﬁ%@éFeééaﬁﬁg%m 31, an

t he reproduced data received from si gna

ErPbPCESHE ctibhg et BQCE%%M& Qurih 5232 ngen FpLLs
error correction and transfers the resultant to fhe

inextefaalzhost device 200 (for exanple, persona
conmputer) via the host interface 33. In addition, the

encogi ngdemdicAaninih Sde ofi e dlitslo1160n8r obher 3

extracts sub code i nformati on, address information,

en8BARES R Hod i LA 9f é@@béﬁgﬂGﬂéﬂﬁgpfoﬂﬁgéHaEAQQ fééﬁﬁved

i nformati on obtained by the decodi ng process, and
£r@h VEite tRIE S Jrdfl0pBEESSOE 026, and the ECC processing unit 32
performs error correction and transfers the resultant to the
external host device 200 (for example, perscnal 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, the CPU 2 performs recording on the optical
disk 100 in résponse to a write command received from the host
device 200,

That is, in recording, in the disk controller 3, the ECC
processing 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
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the CPU 2. In addition, the CPU 2 perforns recording
on the optical disk 100 in response to a wite
conmand received fromthe host device 200. That is,
in recording, in the disk controller 3, the ECC
processing unit 32 adds an error correction code to
recording data received fromthe host device 200, and
t he encodi ng/ decoding unit 31 perforns an Run Length
Limted (RLL) encoding on the recording data to
create an RLL(1l, 7) code and gives this to the wite

geﬁekaeoéozﬂ%@rﬂ&rdlatgﬁ Elﬂgngggb{@ée§é&‘§1 processor

The write pul se™generat creates laser

”Ddufﬁé'&Eﬁﬂguﬁﬁlégygﬁgéggﬁg}nﬁbV@Q@gﬁgénl %Eﬁ%&hfgt%gh data

t he recordi ng data gives this to t he Al

bylBerf88mii W&%é%ﬁfm %%ngh¥€§o%h§hléﬁgﬂre%yfﬁgﬁglgata and gives

based on t | aser ulation data to wi
%\%ie laser

tht BeroOphé Cﬁéc 354 5Q0 1 3( 2) e PE Y Qagsw1ef 14 éﬁgé

device In addition to the above configuration, be

dibhestoVhadd D bn étfﬂeerlaggg ﬁ@&ufﬂ:léjﬁ Sci(at]aOQd %r@k:@cﬁgta on the

the di sk drive device perfornms the OPC to set

op@REL M Siecoidli ng pomer for the optical disk 100. At
this time, the disk drive device 1 perforns the OPC

(2t OIRE YPrddREsPewes i B Cliiri-AWfeiiikan opti mum recordi ng
power with a

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 disk drive device 1 performs the OPC
at recording power much lower than optimum recording power with a
technique called «-OPC, in order 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 signal is
small and the PPL cannot be locked, the disk drive device 1 uses
the above-described quality index creation unit 25B to recognize
the amplitude and correctly perform the OPC at low recording power.

In performing the OPC, the quality index creation unit 25B
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techni que called k-OPC, in order to prevent the
recording |layer of the optical disk 100 from
deteriorating. If |ow recording power is used, the
anplitude of the reproduced RF signal is also snal
and the PLL cannot be | ocked for a reproduced RF
signal, with the result that the anplitude of the
reproduced signal nmay not be recogni zed. According to
this invention, even when the anplitude of a
reproduced RF signal is small and the PPL cannot be
£l epkedisit e dieskiedi e 1deYh 681 dr &S ANty i 1
° above-a%scrfbed gué!ity ?%gex crea??éﬁIunFy iggefova ue €Q
witBCRANASL 1 de QERLILHAR 9RPuCOLEEL ot ey far MhUe PGy
at low recording power. In performng the C,Etae_
gual thy et creabkofa bt cgs ge"s dshedLskyugr b¥ean.
cadevice 1 calcgfgtes a aualitg %%fen<éﬁ5 ue 8Q W th an

contREt 8 0ea TRIL 8N G r¥BkHEuaLs XXi driad HRed 10he éé;;écmu%ed RF
case, the quality index val ue corresponds to sum

sig§hafDis GD iRd c4al Hegnl Bat&PrRYLed 3k gRa! Iy EN the

the reproduced RF signhal is a periddical sign ase

801 By extdd0ed1udl €8, ikhen gHEbdEiddadeX ¥Rl Uhe b Bilhe of
quprgg%rtional Wi th ?hé an%lltude Jf thelreproguce%:hF ©°

théi g8gtodudi®l efr0kegnhY . WiHdiiF Jr@St bgalRi t Ih@ test data in a
prescri bed pattern in the OPC, the anplitude of the

préePr skt @bt rnSh gnehe COPC Per 1Y alat:@dalY o ¥SERY fgﬁro%;ced RF
quality index value CQ A quality index val ue obtal ne
sighdD adn Plevhudateef ByeRseng the quality index value CQ.
A quality 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 the amplitude evaluation value
AMP,

The OPC procedure using the above-described amplitude
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
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val ue acxxx fixed to 110" is referred to as an
anpl i tude evaluation value AVP. The anplitude

eval uation value AMP is a value in proportional with
the anplitude of a reproduced RF signal even while
the PLL is not |ocked. Therefore, even when the OPCis
perfornmed at | ow recordi ng power, the anplitude of the
reproduced RF signal can be eval uated by using the
anpl i tude eval uation value AMP. The OPC procedure
usi ng the above-described anplitude evaluation value

. . i . h
0 AR \fﬁela ( QE?QQWQ&{S rérEZdJC%”U{@e rfl.;(.e.rc%.%%ﬁ:o 1t3 e%%i %léen moves

fl owChar Fig. 3. serving as a'réc

onp@@eﬁe,g@tgﬂ'éi;g dp2ans enters start step of the_ (J_DC_
routi ne RT1 and noves on to step SP1 to set initia

val ues feP@PNRLBES CP A halROWRMP IR 1 cBEWBE ckup 5 seek th
coef fi ci gr?? 12 p and peak/aerase rat@%lge) \Aiﬁnct‘ﬁ% APSCee e

orCi F&4idn bk t3Rd pheBaTDESK Db | Al MovelkeBnSEL- sl%p SE3 to
step SP2, the CPU 2 makes the optical pickup 5 see

erh8€ A4RC AR PnRfinliBAsOPt REGrdirK UHIQ RABEKEOPYRSEON of the

to step SP3 to erase data from conti nuous 6 Recordi ng

ortntég 0 WeF rRURS) t 8hgt Best Gz d e HD tPRHOmSvEL T &b N next
test data, and then noves on to next step SP4. At

stépeppfSP4, the CPU 2 records the test data in the
central
At step SP4, the CPU 2 records 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 fe, cool power CP = Omw).

At the most inner circumference of the disk where the OPC
.region is provided, one track corresponds to 2 RUBg 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 sides 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 SP5, 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

13
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2 RUBs of the 6 RUBs at nornalization recordi ng power
(Peak power PP = p X Pind, erase power EP = PP X Ee,
cool power CP = Omw) At the nost inner circunference
of the disk where the OPC ,region is provided, one
track corresponds to 2 RUBs or a little Iess 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 has
2 RoRgabar adEl dlWis RUBR G@r Begl r APk Qe r ISk gwsgt. That is,
nex

wi t hout influences of the nei ghboring tacks. "A

a pbeer Eserthei LtUad Headsatt B segd1@lad o fdnP ™ . lahe ?gﬁb.OB steps,

regi on, obtains a normalization anplitude eval uat

andatHe ANRDRLi nPfid RleSrbi-Ba @0oh Yedle o&%tre@PSEGan X Pind,

re-erase data fromthe 6 RUBs subjected to the

er858Spbwe OfEBILDESES, ; 8NdahACHIDSSAD P NGy, Step
SP7.§§Q step SP7, thg CP% 2 recordsiﬁﬂe tes?ﬁgomer in

the menieal stk 2rBUBEheutrEf2 thands RUBStakt8data from the opc
di fferent recording power. That is, a power

regbef famd ebitaihd 8 a0bllioue VébaRsmdidMA1835 ApOn 03t this
steps, and the recording is perfornmed with peak power

till sndrehért Mbvesebaseoppurt fRp 923 X kel sgddl ©99) the cpu 2
power CP = OMN At next step SP8, the CPU 2 reads the

caleslattd @ fricomallieatPbn pegOvANLOPRibagel 8APLRS Wle

eval uati on val ues AMPan of this
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 .. (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 Pthri is a
value of an intersectiﬁg point between an approximate line of 5

normalization power values Pm having lower power coefficients an

and a power axis. The threshold power value Pthr2 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.

14



time and then, noves on to next step SP9. At step SP9,
the CPU 2 calculates 8 nornmalizati on power val ues Pm
based on the 8 anplitude eval uation val ues AMPan and
the normalization anplitude evaluation value AMPnor
with the follow 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 val ues
Pthrl and Pthr2 fromthe cal cul ated 8 normalization
power values Pm As shown in Fig. 4, the threshold

povest Valdie JEr,i the apuVal 881 Ol Afkd T &i88¢! LR9gRP! Plwer
bet ween an approximate line of 5 nornalization powe

vaVakUBSa et ia\dd o @uRbnRAOVErg&0eidlst SR 11eABLaldtd From the
power axis. The threshold power ‘value Pthr2 is a val ue

th@bshdld | S &l1RE PRhPL BREVBEHAN/ARPIIE FB18cliA§ equation,
of 5 normalization power values Pm having hi gher

anfO¥Rén CRSFdd WrefeS nake 3PEpt&srpover axis. 14 At step
SP11, the CPU 2 calculates a first target power value

Ptargetl and a second target power value Ptarget2 from
the threshold power values Pthrl and Pthr2 with the

pehokbowM Ngc estUadkLeR, and then noves on to next step
SP12. Ptargetl =is X Pthrl Ptarget2 = at X Pthr2

Ptarget2 £3) X Pthr2

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 eguation 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 Pind ..., (4}

At step SP13, the CPU 2 determines whether the calculated
target power value Ptarget is within a target range (Pfitl <
Ptarget < Pfit2). If it is determined at step SP13 that the
target power value Ptarget is out of the target range, this means

that an appropriate target power value Ptarget cannot be obtained.
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At step SP12, the CPU 2 cal cul ates a target power
value Ptarget fromthe first target power val ue
Ptargetl and the second target power value Ptarget 2
with the follow ng equation and then nobves 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 determ nes whether the cal cul at ed
target power value Ptarget is within a target range

In(Phiki csse PO @Pu<aoPhbiél- ohftbdlsish 4859 BhReHeBbrmines based
step SP13 that the target power value Ptarget Is out

onOk &bént @ GAIIULARI]int Bl §1 HaDSe 4 hat o 2ARBE 0P L8hfter
target power value Ptarget cannot be obtained. 15 In

whbBhér Case minkRCBY 2iRBYess Ofet fy YR bPa0d legss than 5
deternmi nes based on a counter value N (initial value

tikhdf11l) of a retry counter whether the number of tines
of retry of the OPCis less than 5 tinmes. If it is

det ermnted AldetbeRiSbd 4at Nated NpIRREE hel hORSePfof times of
retry is less than 5 tinmes, the CPU 2 noves on to step

rebPp B eddNARASES ti R8s §OURE efpy &l U W sObnt B8 é@é}[éysps and

counter by 11111, and then returns back to step SP3
intPeRXEE W1 TYRPEePPIalle HISE dHe idetry counter by "in, 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 SP16 to confirm that the
OPC process has been failed (OPC timeout), 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 obtained. 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 SPi8.

At step SP18, the CPU 2 sets the write power PWO to PWO = p
x Ptarget, and then moves on to step SP19 to complete this OPC
procedure.

(3) Operation and Effects
According to the above configuration, in normal data

reproduction, the quality index creation unit 24B of the disk

16
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is determned at step SP15 that the nunber of tines of
retry is 5 times 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 determned at step SP13
that the target power value Ptarget is within the
target range, this neans that an appropriate target
val ue Ptarget can be obtained. In this case the CPU 2
noves on to step SP17 to erase data fromthe 6 RUBs

oo, ReLien kot WP S fgfhegiethe

quBi gt geds ANEJRRRTRVREF 80ghe %féjéds%gpége%?gggﬁgg between an

this OPC procedure. (3) eration an

amPEeondd N dd-drite %QQ%%_BQEE&E%H@Hidetiflf@i&ﬂ@éi%@%%tus

reproduction, the quality index creation unit

detBer &l e dfiit\é‘i‘:_bquEGSd:l.n§ NEe S8 QU khY irgﬁf&\(duced

val ue representing quality of a reproduced

sighglabaRased ehed dpibahengerPeingen an  anplitude

reference val ue based on a nost 17 kelihood status

det ent ediditibhe Y taLE fecad REbUFL 244 égéiégf disk 100,

reproduced signal value of the reproduced RF signa
théngagdity amde thescibh tRec Pn fleaRe ARt hegh 1 dhek

100,
evaluation value AMP representing the amplitude of the reproduced
RF signal, 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 proportional
with thé 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 ofrthe reproduced RF signal isg obtained.

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

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

17
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the quality index creation unit 24B creates an
anplitude i evaluation value AMP 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 AVP indicates a value in
proportional wth the anplitude of the reproduced RF
signal even if the PLL cannot be |ocked for the
reproduced RF signal because |low recording power is

coHEEBuEO16LC AL HRR! adabaqapfohle SIdhdl Aspﬁ:'gyeistsﬁﬁﬁ Qéﬁ%uit, and

the reproduced RF signal is obtained. a resu

théi kc dgdy Eodl Q3 19 rhe@@B t CPEESLEL Yy IEGAANESH §BGer th
anpl i tude ofq¥%e fégroduced RF si%nal base% on tﬁg an

op8ith t He®or@Ma) YRkie@ val ue AMP and perform the OPC at
recordi ng power nuch |ower than optinmum recording

POWeAccdriadflidd @he hBEvEAUSHHENGUNAS L @Rk aﬂﬂ% index
24B creates an anplitude eval uation value AVP wth an

cradgpl o uglei tf efay aree crahtengfd Xx@ehi12 IHRICKENEE o is used to
val ue. Therefore, the anplitude of a reproduced RF

créatadn Caip b (Y koal bt i68 OgH L AMY tRRetkAPify dife
construction, wthout an additional signal proceSsing

amplitudd ol rdpiedGBedCRR begmerl f onged BbhECOMHNDrC can be
power much | ower than optinmmrecordi ng power.

pef@ffméﬂrﬁktXbﬁ|r%cabﬂﬂﬁgC§@&éQLWfﬁﬂ(HlsﬂﬂﬁieQH@hgﬁyuction,
théigszlbeing 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 embodiment has described a cage where
test data is recorded 8 times at different recording 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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creation unit 24B for creating a quality index val ue
COis used to create an anplitude eval uati on val ue
AMP representing the anplitude of a reproduced RF
signal. As a result, the OPC can be perforned at |ow
recording power with a sinple construction, thereby
bei ng capabl e of preventing the recording |ayer of the
optical disk 100 fromdeteriorating. (4) O her
enbodi nents The above enbodi ment has described a case
where this invention is applied to the disk drive
red6¥d g Ardfoddc@denhdbAghnT 6PF DEWTCI4 QY ON an opti cal
di sk. This invention, however, is not [imted to this
and widld el had beeRt AscHidg 91 IokRindeyh 88Swih Chhe
performthe Viterbi decoding on reproduced RF signals
prébepbédi dnbiRlineateecdrdaha. imdhtdn, tite wdhAVBe obvious to
enbodi ment has described a case where test data is
tho8€ OsKIETh & timBheabrdi thet er i AP HAMGROWBA h8difications
performthe OPC. This invention, however, is not
maVyibdtethdd, tthexefomd,t €56t cehdda GarHee apdadcanohdes11 such
nunber of times to perform the OPC. This invention
changedeapplddad icatdofll SKs EAVE whadHiGe ther trd8 spirit and scope
recordi ng/ reproduction on an optical disk. Wile there
of hielse bixererdsiser.i bed in connection with the
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preferred. enbodi ments of the invention, it will be
obvious to those skilled in the art that various
changes and nodifications nay be ained, 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
waamgngl cr.epuesiuced fromthe optical disk to decode the
data, and creating status data representing a status
1.trana i8R Rivd eeMdErdr Q%ee@aﬂﬂ? 204 Péﬁ%d&dcj{ﬂ&d%éta
ferentital ~ val ue

creation neans for calculating a di
onPEreResn Abp eIl i tdi@.@c,r%foﬁmb%rﬂsﬁngla! ue and a reproduced

signal value and creating a quality index value
repreﬁﬁﬁﬁﬁiwhéﬂﬁﬁﬂnbymﬁﬁnstBSrr§$¥fB¥M¥%¥SVﬂQQQEibaésgding on a
on the differential value, the anplitude reference

rep@biecEar  RHRONHetdaRckhe rebat tife ISANIL1 @ sk to, decode the
Fecognized fron1f%g.status dat a, théﬁ?éproduced S|gna?

datal, Ugnd Ce e teithdd s tdit@ist HatAdré feé@rmi(?@%egtgtggaltﬁansition in
wherein the quality index creation neans obtains the

theudl téybi nilodiv’y;uany th the anplitude reference
value fixed to a prescribed

quality index creation means for 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 reproduced signal, wherein

the quality index creation means obtainsg the quality 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 means 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 in order to create an anplitude eval uati on val ue
representing an anplitude of the reproduced signal. 2.
The di sk drive device according to claim1l, conprising
recordi ng power setting nmeans for recording test data
on the optical disk and setting optinmumrecording
power for the optical disk, based on the anplitude
eval uati on val ue of the reproduced 20 signal obtained
by reading the test data. 3. The disk drive device
according to claim2, wherein the recordi ng power

sigﬁéii6&5@%@%%%@§nbh€hée§%sga&§c n the optical

i sk at recordi'ng poweif nmuch [ower than the optimm
recordi ng power. 4. A recording power setting nethod
conprising: a Viterbi decoding step of performng

3.Viterl HRGOHAGORPict CREOMMERT T0Rak i HeRT ogHced: »

froman optical disk and creating status dafa

r eprese ddiddngt Bbitsrt £80Sidd QRbdry txj%%oyligeE?-ja test data on
decodi ng; and a quality index creation step o

theabstd @il i <k Gicf HBEBPEIAY piRdHenRel \&%%raEhQHpkliéé U8 i mum

reference val ue and a reproduced signal value an

reSéedndowegual i ty index val ue representing quality of
t he reproduced signal based on the differential val ue,

the anplitude reference val ue corresponding to the
status transition

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 a status transition in the Viterbi
décoding; 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 reproduced signal, wherein

the quality index value 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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recogni zed fromthe status data, the reproduced signa
value created by digitizing the reproduced signal,
wherein the quality index value is obtained with the
anplitude reference value fixed to a prescribed val ue
in order to create an anplitude eval uati on val ue
representing an anplitude of the reproduced signal,
and optimum recordi ng power for the optical 21 disk is
set based on the anplitude eval uation value. 5. The
recordi ng power setting nmethod according to claimd4,
dieRNPEi 560 dbasd®Fn 42l APk HiB%ev4 BlaOf od &AM NY
test data on the optical disk, wherein the optinum
recordi ng power is set based on the anplitude
eval uation val ue of the reproduced signal obtained by
5.reading tdordiosf pdaked sBrrihe ﬁé%ﬁ&&“d&bd%ﬂ%%% gStEiéﬁh 4,
met hod according to claimb5, wherein the tes ata s
cofpedsiheg on the optical disk at recording power nuch
| ower than the optimumrecordi ng power. 22

a test data recording step of recording test data on the
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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