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PRIGQRAIBFhreading fromor witing to optical redSfTANERY TOH2Y6

fThé present invention relates to a devi ce far.reading4+emor witing to
: recording media, having a detectpTHISWBHEET :HAS BEBMt areas and onto
which there falls a |ight beam coning ffpomt heREopA grl redordi ng nedi um and
a phase detector, at whose inputs the sukmret+on—srgmats—of in each case two
of the areannm#raﬁus[ﬂun(ntadingomram91muaeenptaadlarewbudengucpurlersrack
error signal can be picked off. - A device ofrithis type is disclosed
in US 4,497,048. In this known device, there is prOV|S|on of a

phot odet ect or whTk@ PTegientdetnventdcdmurelates. tor ackdeyicar foratrerding

obt ai neds by CAARY BENUriREny $eAlobthcaT HeRoPIRY MR RNy S Mide

" optical

preamble of Claim 1.

A device of this type is disclosed in US 4,497,048. In
this known device, there is provision of a photodetector which
is divided into four areas. Tracking information is obtained by
combining the signals from two areas in each case to form a
summation signal and by ascertaining a phase difference between
the first and the second summation signal such that it is not
necessary to acquire the amplitude of the reproduced signal.
This device functions satisfactorily when the optical recording
medium to be read out has a well-defined and constant geometry
of the information-carrying layer. In particular, it is
necessary that the depressidns in the information-carrying layer
which serve for information storage, the so-called pits, have a
constant depth in relation to the wavelength of the light used
for the read-out operation.

What is disadvantageous with the known device is the
fact that only slight wvariations in the geometry of the pits are
tolerated, and that larger deviations lead to errors in the
formation of the tracking inforﬁation. The result of this is
that high error rates occur during.the read-out of the optical
recording medium or, in the extreme case, such a read-out
becomes completely impossible.

The object of the present invention is to improve the
known device to the extent that it can be used without any
problems even for optical recording media having a different pit
depth or pit geometry.

According to the invention, this is achieved by'virtue
of the fact that a delay element is assigned to at least one of
the areas of the photodetector. This has the advantage that the
areas of the photodetector can be temporally adjusted relative
to one another. Since the photodetector receives an interference
pattern which is caused by the pits arranged on the optical
recording medium and may vary depending on the disk geometry and
the track geometry (pit depth, etc.), on the type of disk and on
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sumtuanssogaarTand by ascertaining a phase di fference B€E‘\K§Eﬁ7t/ﬁé2f76rst
“anl the second sunmation signal such that j £ y to acquire
the anplitude of the repraoduced signal . THhi \ s
satisfactorily when the optical recordi%g{medi uRERIACER r out has a

wel | -defined and constant:geonetry of thel I on- carry| ng layer. In
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case thg%%(?rl l_%rer‘]"ttat;?gég&o? reglcglr%dlﬁ% ta%g’g‘%ﬂ%dr tél'%tg %gt&s{:%g%t ot ch,
of the areas. The: reatest flex1b111ty is made p0531ble if a

delay element is _a_s_,sig_ned to each of the areas. If a delay
element is assigne _'_-_o"-:all but one of the areas, then all of the
- :__.e_"lay' element can be adjusted to that area
without a delay "'e”_ meént. It is also possible to combine the
areas into groups',i":

areas provided with

assign a delay element to each group and
to adjust the gr relative to one another. If an area
consists of a plur l’i'ity of individual areas, then a delay
element can be as:

The delay:"_f'
during production

gned to each of these individual areas.
:I:!'i:ents': can be set externally, for example
the device or when a device service is
being carried out.’ '_
The inventi rovides for the presence of control means
for setting the del .
This has the advaﬁ_t{ :_é-f--that the delay elements can be adjusted
at any time. For-_'-.’e__.x ple, adjustment can be carried out after
each insertion of;_f .

- “time .of the delay element or elements.

new optical recording medium, at specific
time intervals, for example during brief interruptions in the

playback or writin'g op a____t_ibn of an optical recording medium, or

at intervals which: uitably defined in a different way. One

adjustment possibilit "3'_-_-cons1sts in setting fixed delay times
which are matched  ti the type of optical recording medium. The
type of recordingrl_.._.
depth or the pit ‘geometry, the track width or similar
characteristic proper"_les. What may be involved here are the
known audio CD or- "new ' optlcal recording media having a high
recording density (So-—called DVD). It is 1likewise possible to
vary the delay times 'in .a type of “try-and-error method” with

_:_e'zt"tirlq'-s and to_ retain the new value when

dlum l___’._.S: in this case defined by the pit

regard to the init:
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2 The object of the present inventi ona-s—to—-Aprove-the known
* device to the extent that it can be used wit HolhISSHEEpriAS 8EEN ¢ven for
optical recording media having a_differént pift depnappumglt gepnetry.
According to the invention, this is achi eved By viTtueof—tfre—f act that at
| east oneheftidekied alyeledaeimmt sbearmée et temdee dantinackinddaiiadvdisir
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t enpor al
setting.

Provision is furthermorg made for providing a phase
detection means for detecting the phase angle of the signals
emitted by the areas of the photqdetector. This has the
advantage that the adjustment is possible in an optimum manner
since the exact phase angle is determined'and, consequently, the
delay times of the delay elements can be set exactly.

A further refinement of the invention makes provision of
a circuit arrangement for applying a combination of the output
signals of the areas to a phase angle detector. This has the
advantage that the phase angles of the individual signals are
evaluated by a single phase angle detector in that the signals
of the individual areas of the photodetector are passed
successively to the phase angle detector via the circuit
arrangement. The circuit arrangement, for example a multiplexer,
is advantageously installed in the device, with the result that
the phase angle can be determined internally. Alternatively,
this is advantageous for external determination of the phase
angle since no unnecessarily high contact-making outlay is
required in this case.

The circuit arrangement is advantageously switched by a
control means, for example a microcontroller. According to the
invention, it is likewise possible for switching to be effected
according to a specific timing cycle or a clock triggered in a .
different way. i

An advantageous development of the invention consists in
the fact that the phase angle detector is the phase detector of
the device. This has the advantage that an additional component
is not necessary, and that functional groubs of the device which
are present in any case are optimally utilized.

In a development of the invention, provision is made for
using a microcontroller which ¢6f rols both the circuit
arrangement and the setting of the{ déiay time of the delay
elements. This has the advantage thaththé?éontrol is carried out
by means of a component which can be integrated in a cost-
effective manngE*ggg_gggMpg_qgggggd flggibly to changed boundary
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to; one: anBDA6PD4ASHTFbe t he phot odet ector receives an inter fRCEAERI PAOIZTE
which is caused by the pits arranged on the q fredi um and
*may vary dependi ng on the disk: geonmetry and thﬁﬂSﬁﬁEETgﬂﬁhﬁE (pit depth,
etc.), on the type of disk and on nmanuf ac urilng’ tohep@mmes andjal so on the
agei.ng of the laser scanner, the tenporal r ellat+onshrp—etween t he det ector

signal s aksadiatibas. The 1b@ma0r@ir@@1ustda@m albot hedete trdedusl YndeS used
relative to gne an the ssi bl e according to the invention
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~device service IS beirng-carri
; delay times 1s possible before the actual playback or recording

operation begins. Since the phase detector is in any case not
required for tracking during this time, a changeover between the
functions of tracking and phase adjustment of the delay elements
is also unnecessary.

The adjustment of delay elements of the device according

- to the invention which are able to be set is advantageously
carried out according to the method described in Claim 8. This
has the advantage that phase differences caused by component
properties are compensated for in a simple and cost-effective
manner. After the method has been carried out, the device is
provided with optimally adapted settings which are retained
until, if appropriate, renewed adjustment is necessary or
desirable. Not only can the method described be used during
production for the purpose of optimum setting of the device, but
it can also be employed for the purpose of adjustment during
operation of the said device. The latter case can be implemented
either manually, for example during servicing, or automatically,
for example at specific time intervals.

Provision is made for setting those delay elements which
are able to be set to a minimum delay time prior to the first
method step of the method according to the invention. This has
the advantage that the delay elements of the area with the
chronologically last éignal do not need to be altered, and that
the maximum possible ﬁargin is available for those of the other
delay elements.
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The |nvenPDBEOp4mVThes for the presence of control neans fBCTEBPEIAQ3RNE
del ay time of the delay element or elements. This has the advantage that

*the del ay el enents can be adjusted at any ti l$—(§ g—}(e‘.mgl gEEN) ust nent can
be carried out after each insertion of a hewjo ékPUﬁﬁBrd'ng medi um at
specific REPLACEENT SHEET 1999

3 The method according to invention <can also

advantageously be employed when no track is actually being
followed. In this case, the 1light pulses falling onto the
detector originate from randomly crosSed tracks. However, this
is unimportant for setting the delay times by the -method
according to the invention, since the chronological sequence of
the signals of the individual detector elements in the case of a
rotating recording medium, but with the track regulating circuit
still open, is wvirtually identical to that in the case of a
closed regulating circuit. Optimum adjustment of the delay times
can therefore be carried out by means of the method according to
the invention even before the closing of the track regulating
circuit, and this is something which significantly facilitates
the subsequent closing of the track regulating circuit since no
erroneous signals need be used for this'purpose.

Claim 10 describes an embodiment of the method according
to the invention which has the advantage of being particularly
simple to execute. The device according to the invention is used
as a playback or recording device for optical recording media
such as, for example, CD, CD-ROM, CD-I, CD-R, DVD, DVD-ROM, DVD-
R, etc.

The features cited in the individual claims can also
expediently be employed in combination with one another. Further
advantages of the device according td the invention and of the
method according to the invention can be inferred from the
following description.

In the figures: _ _

Fig. 1 shows a diagrammatic illustreﬁidn of a device according
to the invention, :

Fig. 2 shows a flow diagram relating to the method according to
the invention. _

Fig. 1 diagrammatically illustrates the device accbrding
to the invention. A 11ghtbsource 1 generates a light beam which
passes through a semi- tra'

r 2 and an objective lens
recordlng medlum 4, from where it is
reflected and passes through the objectlve lens 3 to the mirror
2, from where it is deflected onto the detector 5. The detector
~ 5 is jllustrated both in 51de view (on the left) and in a plan

3 to fall onto the optica
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tine i nt ePPEH04fidhexanpl e during brief interruptions in RCR/BPRTHIXT &I
writing operation of an optical recording medium—qr_at intervals which are
*suitably defined in a different way. One adj ust|EHi§ $HEEFi AS iBERN JONSi sts in
setting fixed delay times which are mat cHed to he YE-UREDOpt'CI
recording medium The type of recording medi um} fined by
the pit depew votathd phrougjeorﬁét°ry (ont hehe t raight)wi dThisorildusttration

char act er L3jeq 1 Qpe! L BYs DEchOYOLY o8 NBpGaLe Lle AN EUghg

CD or new optlcal recor ng ne avi n h™recordin
(so-calle®-DVD). It is |ikew se p055|ble to vary the del ay tlrres in a type

of "try-and-error prRl haski M1t hré@&ﬁéﬂnéomhaﬁumn'tlt'ﬁ é%éé@gioa%ﬁ'a& ebgi n

t he new val ue wh t he tracki ng behayi our becones hetter he tracking
behavi our M82SnOL RofOEOT MheD gé’P—”&?“?PﬁesSanéll?Qsﬁ%tSt oa¥ﬁeaEF%6€Iﬁin§n

Zet ting. a sp:LrafJPrtm(fcﬁi @n ithd htlipbthﬂlfdmrﬁeé@.dﬁl.l rgwrméﬂﬂm\ d4 noTIRE thStB§éct1ve
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areas of MRESRoCaTIER:Fr Fotn S0 12 b aReam: a8t T Har CPREIGAT LEERERELPY
possi bl e meddimmop#i. nuFormartiers smxx@dslee eiast gibstsan@englferoms dheer opbédal
f t {
- and, Cons‘?:%'é%ri'tdlliﬁg gﬁ@d)ﬂﬁl\ chIESHE a%ﬁ?ﬁ%é ‘y/eknférarﬁg so ap ReiSel 6. Ip .

: exactly I nenent -on es provision 0
circuit acrseFerht f@biloup;tlhﬂ fgrackonthabt Lon tof sate 5Grpdrheswglm®&)f ofhe

o areas to Frplkase 3@”9‘!1’% d&if@éﬁve Thésss has chﬂeb@d@%ﬁﬂ%ehh@y t{ike PRASGe 6

angl es Oftfm%ﬂg rghg%T égéggkf5§”81th regard to the optical recording
medium 4. A tracklng 'signal TS is applled to the drive 6 for
this purpose.

The output signals of the areas A,'B, C and D are fed to
delay elements 7, 8, 9 and 10, respectively. The delay elements
7, 8, 9 and 10 have delay times 1., 1Ts, 7c, and 7p, respectively,
which can be variably set. The delayed signals A’, B’, C’ and D’
are then present at ﬁhe output of the delay elements 7, 8, 9 and
10, respectively. The said signals are fed to a circuit
arrangement 11 whose two outputs 12 and 13 are fed to a phase
detector 14. |

The signals A’ and C’ are additionally fed to a first
summer 15, whose output signal is fed to the circuit arrangement
11. The signals B’ and D’ are correspondingly fed to a second
summer 16, whose output signal is likewise fed to the circuit
arrangement 11. Furthermore, the output signals of the first
summer 15 and of the second summer 16 are fed to a third summer
17, whose output signal represents the information signal HF.
The further processiﬂg of the signal HF is not described here in
greater detail since it is carried out in a manner which is

known to a person skilled in the art.

The high-frequency component «of the signal present at
the output 12 is fed via a capacitor 18 to a converter 19. This
converter 19 converts the analog input"signal into a square-wave
signal which has two possible states. This square-wave signal
essentially corresponds to the information “light is falling
onto the correspondi‘r____x:-:g areas of the photodetector” ~or “no light

'] hls Sheet Has Been Replaced..




~ The circuit arr

eval uat edPB968041#Fhe phase angl e detector in that the si gRETAEBP7{A3276
i ndi vi dual areas of the photodetector are passed successively to the phase
*angl e detector via the circuit, arrangement . L@ﬁ Bg@@ enent, for
exanpl e a nultiplexer, is advantageously T ndt ? 351 vice, with the
- result that the phase angl e can be determ ndgd |nt G rnatively,
: this is adsanfaybdng fontextEhaaé deteasi natthat oﬁstheophaag aegbenxnadéyno
~unnecessa ORbAGETRK] 1) e | ui ry
P e PReAds s R e b ot | SR Ry tdis 8PS Enis, tupe,

exanpl e aaﬁ?créééﬁtr6¢f%¥re¢cc6¢dlm@ tYﬂ%qﬁalﬁ¥A§#€ﬁon Thelssﬁmﬁewﬁ§§lles

possi bl e E@E:ré\ébbﬁah.ﬁalyo e ehéesigfal present at REREAGRENE SHEFTwhich

10 DEC 1s:.gnal passes through the capacitor 18’ and the converter 19’.

The digitized 51gna;hem1tted by the converters 19, 19’ is fed to
a phase comparator 20. If the phase angle of these input signals

is identical, then the output signal of the phase comparator is
0; if a phase shif?,is present, then the output signal of the
phase comparator Zoﬁdeviates from 0 in the positive or negative
direction, specific_a_._lly to a greater extent, the greater the
temporal phase shifi’of the input signals is. The output signal
of the phase compareﬁor 20 is filtered by means of a low-pass
filter 21, the cut¥6ff frequency of which is approximately 50
kHz in the exemplary:embodiment, and, having been amplified by
means of an amplifier 22, is output as track error signal TE.

The signalﬂTE is filtered in a further low-pass filter
23, the cut-off _f?equency of which is significantly lower,
approximately 10 Hz'in the exemplary embodiment, and is fed to a
microcontroller 24 $erving as control means. The microcontroller
24 controls both the circuit arrangement 11 via a line 25 and
the delay 'elements'_"_l to 10 via a line 26. In the exemplary
embodiment, the line525 is a three-bit data line, while the line
26 is designed as a serial data line which transmits a control
signal having the required resolution for each delay element 7,
8, 9 and 10. '

In the exemplary embodiment, the circuit arrangement 11
is embodied as a mﬂﬁtlplexer' which connects two times seven
inputs to two outpqt_g For the purpose of tracking, the inputs
A+C and B+D each”iliﬁStrated at the bottom in the drawing are
connected to the outputs 12 and 13, respectively.

A deviation of the light beam, which reads out the
optical recording @edium 4, from the track centre causes the
diffraction pattern 2

alling onto the detector 5 to assume an
ion, as a result of which the signals A+C
and B+D differ in. terms of their phase angle. The output signal
TE dev1ates from . 0 -to a greater extent, the greater the
deviation of the llght beam from the track centre and thus the

asymmetrical dlstrl_
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" This has the advantage that ian additional 8 onenBERLACEDt necpssary, and
that functional groups of the -device whi ch ale PTESENT T any case are

optimally
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An advant ageous devel opnent of sts in the
the phase angle detector is the ph §H|Sd§ﬁ§5f HASOBEEMWE devi ce.
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~filter at

a-'cost- effective manner and can be adapted

tterxln%oor%tl c;jusq:ecp eatdl(%rtee to one another. In this case, it is
favourable to ad;g-u_st the chronologically leading detector
signals to the res'pe__é_::tive chronologically last signal, with the
result that the rei;ajt_;ive phase shift with respect to one another
becomes 0°. The be_fs_'.t.signal source quality with the least noise
is then obtained for the track error signal TE. The method cited
for determining the track error signal TE is called the
“Differential Phas:'é:-Detection” method (DPD). Since the delays
that occur of the individual areas A to D of the detector
relative to one another depend on the track depth and the
geometry of the q_ptlcal recording medium as well as on the
linear scanning sﬁejed, which may vary for different types of
optical recording_f media 4, the delay elements 7 to 10 are
adjusted anew each, tf_ime the optical recording medium is changed.
Starting from the f_jex’i_.stent phase detector 14 for generating the
track error signal: TE by means of the DPD method from the
summation signals A+C and B+D, the phase detector 14 is likewise
used, with 1little outlay, for determining the order of the
detector signals 'thr_;j_t appear from the areas A to D and for
automatically adjuéting the delay elements.

The chrono:_';l}._q'gical order of the detector signals of the
areas A to D relat’iiie to one another is determined as follows:
the signals A, B, C and D are compared with one another in order
to be able to ascé_j;tain their phase angle with respect to one
another. Six combinations are necessary in order to be able
reliably to ascertain the signal appearing last in chronological
order. The combinations are A and B, A and C, A and D, B and C,
B and D and also C and D. The multiplexer of the circuit
arrangement 11 enables all of the said comparison combinations
to be switched to the inputs of the phase detector 14, depending
on the switch posi'gt__'iqn._ The average DC voltage component of the
output signal of the phase detector 14 can be determined with
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Thi s 'has RO%s cdbdsdThage t hat an averaged DC signal is enitPe@/ERS7/D3I20AY,
“thereby enabling automatic setting of the delay tine even if the |ight beam
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made, for example_, by means of a software comparator, the
comparison level of which is 0 volts. Since it is initially
intended to determine only the chronological order of the
detector signals of .the areas A to D by alternate interrogation,
the interrogation can be carried out.very rapidly. It is not
necessary to wait for the settling of the low-pass filter 23. It
is only necessary to identify the tendency (greater than or less
than 0). After the chronologically 1last signal has been
determined by means of alternate interrogation in a suitable
form, by software or by a state machine, in the microcontroller
24 in the exemplary embodiment, the actual adjustment of the
delay elements 7 to 10 is carried out.

This adjustment ©proceeds as follows: since the
chronologically last signal has already been determined, it is
easily possible, in three successive steps, to shift the other
three, leading sign.a_l_s to the chronologically last signal. The
criteria for successful shifting is oncé again the average DC
voltage component aﬁ the output of the phase detector 14. The
chronologically leaqiﬁg signals are comp._ared one after the other
with the chronologically last signal and the delay time t of the
respective leading signal is increasejd_ until the average DC
voltage component at the output of the 'f)hase detector 14 reaches
the value zero. This operation is carrled out with the aid of
the microcontroller 24, the voltager values being compared with a
software comparator at 0 volts. The delay times Ta, e, Tc, and Tp
of the delay elements 7 to 10 can in, this case be adjusted
continuously or in small steps by ‘the mlcrocontroller 24. When
all the signals have been shifted in such a way that their
relative phase angle_"coincides, the track error signal TE is

This Sneet Has Been: Rel;ilaced
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'purpose of optinmum setting of the device, b H—eaft-atso 1 enpl oyed for
* the purpose of adjustnent during operatlon chH!&e%%ﬂ@e\BF@% The latter

case can be inplemented either manual |l y1% orf examRERLADEDi ng servicing, or
automatically, for exanple at specific tine Thnrervars. Provision is
made forobeatined tfiose dilenyseamenmsit s thiei chignalablr #3 bandetBh+«D’a. nThiemum

delay ti h d no

mvent i ofehedie; Sdifbugt MELRGT BLER:Ainbie TR AREREMINAE ik,

t he chr oadvegiegel yqfastccsngetsﬁa@mq\otf@ﬂéedlnﬁlbenqeserea &he t femporal
relationship between the detector signals, which depends on the

disk geometry and the track geometry, the type of disk,
manufacturing tolerances of the laser scanner, that is to say of

the optical device (1 to 5), and also on the linear speed, that
is to say the speed of the optical recording medium at the
location where the light beam is currently situated.

Furthermore, it 1is possible, with 1little additional
outlay (delay elements 7 to 10, circuit arrangement 11 and low-
pass filter 23), with the inclusion of a logic circuit or, as
illustrated, a microcontroller 24, to determine the temporal
relationship between the detector signals of the areas A to D
and to shift the temporal relationship between the said signals
by means of the delay elements 7 to 10.

Fig. 2 shows a flow diagram of the method for
automatically adjusting the delay elements 7 to 10 which are
able to be set. After the start, all of the delay times <Ta, Ts,
Tc, and Tp are set to zero. The phase angles of the signals A and
B are subsequently compared with one another. The multiplexer is
in this case in the switch position represented. If the signal A
leads the signal B, then the left-hand branch 1is taken,
otherwise the right-hand branch is taken. In each case, the
lagging signal B and A, respectively, is then compared with the
signal C. This corresponds to the fourth and to the second
switch position, respectively, of the circuit arrangement 11
from the top. The signal which is determined to be a lagging one
in this second comparison step is subsequently compared with the
signal D.

After this third comparison, it is evident which signal
lies the furthest back in time. In three successive steps, the
delay times 1; of the delay elements of the other respective
signals are set. On the far left in Fig. 2, this is illustrated
for the case where signal D lags the furthest. 1, is first of
all adjusted until the 51gnals A"and D are in phase, then 1s
and, subsequently thereto, 1 are correspondingly adjusted. To
the right of this, the case where signal C lags the furthest is

Sheet. Has: Been Reﬂlaued
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the naxi FRAEPO4EFENe nargin is available for those of thPCEMRRIBAIZTE

"él ement s. The method according t?-——t-hé——-—-l—ﬂ-‘v‘Gﬁi-hﬁﬁ“ can also

= advant ageously be enpl oyed when no track_is |d¢i®iBHERT ti‘é’isnéEEN) 1 owed. In
this case, the light pulses falling ontdlthd deteRERIACEDI gi nale from
random y crossed tracks. However, this is. urmportant Tor setting the del ay
ti mes byilhestreahed.achwor divig t oasée iTayerti and stncarehecohrespdéndingly
sequence_qk si gnal i i n@i i I et QK enpnt. S. 4 of
a rotati %gSP%gggdi %3’ n%l I u]f-ﬁIL Et B\(/}vi ﬁ%}qtl%e ?’?%cggrgéega a{Efi nr!"g‘fscﬂlJ'Ir}act'fjgi}%3 @?‘?ﬁ
open, isS¥bRalaBl yaggebfhecinrtbeshadndn ehethastanfright ostlyereaseavhage
circuit. sQghhMUM adhyst M Phrihesee! a¥trmeg£anthber eyt PeespeEL £feOUL
by means .of the nethod ﬁcordhg% to the |plvent| on even bef g-re t he ¢l osing
of the tR8LRYr ddfiet i Fig RIYRUPECRaPYhi $hes P FaIHis¥gTwnPEn tigynFFERREly

facilitahepahfemerbsequentiscl osétlg 06 t hest r asH tebguipiding ot I oktiiclei s no
erroneousﬁil g@al% eed_be used fo-‘(rﬁthl S RUrpaose. . ghal m 10 desg{ll bes
an enbodfmeRtt6REHe nBfhod cor "ﬁegr"i.‘ he SWhFERt i oROFATER has1Phe the
advant ageepfebentgtpant i Conaelyenitiy, e the evmmatd onTfsd ghaadisc AEC candi BgDt o
- the invet.LoR LS +US éq'aeq.%q: r I i C tigal

recordi ngkrb}eglegg&cﬁﬂggiﬂégg Zcia .ed,a:r (}D@C%E}d%%ldg{é I?e%%?ng%,é B{/f}cﬁd\/l
DVD- R, ergor signal fife Bhg usettingcaPpratheni adi kheuaelan sherental o
expedi entbyibeignmphoxedonhpiaaehi,nati on with one anot her. Further
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'advahtagEBSGﬂOQIETMevice éccording to the invention and oPCTARPIHELG76
‘acCordlng L0~Lhe-4n¥ent+on~can be-inferred fromthe foll ow ng description.

" ém Ulmﬂll IHHHHI' Wil G 1 shove 20 agr o Eﬁ&saemgw&ﬁﬂ of &
evi ce acc

_ he i nvention, Fig. 2}showsREPLACEDV di agk am
relating to the nethod” di ng Patent c1aums | _cuLiun

1. Device for: readlng from or wrltlng to optical recording
media (4), hav1ng.a:getector (5), which has four areas (A, B, C,
D) and onto which :there falls a light beam coming from the
optical recording' medium (4), and a phase detector (14), at
whose inputs the sﬁmmation signals of in each case two of the
areas (A, B, C, Drldf'the photodetector (5) are present and at
whose output a track error signal (TE) can be picked off,
characterized in that a delay element (7, 8, 9, 10) is assigned
to at least one of the areas (A, B, C, D) of the photodetector
(5).

2. Device according to Claim 1, characterized in that a
control means (24) for setting the delay element or elements (7,
8, 9, 10) is present.

3. Device according to Claim 1, characterized in that a
phase detection means for detecting the phase angles of the
signals emitted by thg areas (A, B, C, D) of the photodetector
{5) is present.

4, Device according' to Claim i, characterized in that a
circuit arrangement (11) for applying a combination of the
output signals of the areas (A, B, C, D) of the photodetector
(5) to a phase angle detector is present.

5. Device according to Claim 4, characterized in that the
phase angle detector is the phase detector (14) of the device.

6. Device according to Claim..S, characterized in that a
microcontroller (24) is present, which controls the circuit
arrangement (11) and the setting of the delay elements (7, 8, 9,
10).

7. Device according to Claim 5, characterized in that a
low-pass filter (23) is arranged at the output of the phase
detector (14).

Thls Sheet Has Been Replaced
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Fig. 1 chmmom'mal ,i!a 'rat es the device according ncr/tnrmmme on.

“A light source 1 gen m whi ch-
m mgt i ve |eTisiSSHEETIHAS BERN g t he opti cal

r ecor di ng nedi um 4, fromwhere |t is retBect ed anckEP@N&@S t hr qugh the
objective lens 3 to the mxror 2, from wherelit—is—defteTred oOnto the

detectorg5. The Mietesd ofob. adj bt Lisy raé b@léméﬁtéSl dg \8,eve (orof hewh£EH )

d el h, 90 !
o T SR b Bhrkgt B, tod AL I e ng ang

D. to Tt o 1 c:aéccnm:mgimngdmdlmldhléel:apseliemmtrsatate aysivpaard b a
ot or 15@8{%?5' 85‘:%3' SO( al i?he i @gtlve ?ﬁéa fo%dét%csc%'xf ats raGK fx&‘ethe

optical recor ens us the

beam ont%e‘{#féeopﬂ-nca’ﬂ ﬁle@'cﬁr cﬂlﬁeh%dﬁﬁiﬁm thibrpl'@#ﬁ% Wb%s@f ithe &sqmb%

fromtheex@péwalwe@%dimwf&winéréﬁ bR, agj us] o) e IRR NSombafed!) | ¥4d 6-
I n order tofollowth _ |st say ,f-or the purpose of tracklng

t he obj et e SPERRY3 2 d9By2Yh&iBesvdTe T t fe rladilalof the
di recti aeddy helegantlst 7t hcs opz,l chd) r pedngi agt&eddumnénAtWea%ar@@@ﬂal

TS h th t put

3 12 OBt iRl B G die o0 PURRE B e onroH P pA S
respect weqilyal,'l'hendel’elyeséeradlttesreﬁ, del@yardnEd hémse de) aycc,tl rtes )T[hzen]xg
Tlerr], Jéf?éfz%\edaQQ @.Lﬂ@ze& dé%%éf&ég oit“’”ﬁﬁ@ &@6‘1@@ variably set. The

del ayed signals

9. Method accordlng to Claim 8, ;n.wh;ch the delay elements
(7, 8 9, 10) whl_ch.are able to be set are set to a minimum
delay time (1. = 0) prior to the first method step.

10. Method ac'cq'-;;dj_.ng to Claim 8, in which the phases of the
signals of the areé# ‘A and B are first of all compared in the
first method step and, if the phase of'A leads that of B, the
phases of the s:.gnals of the areas B and C are compared,
otherwise those of A and C are compared, if the phase of B and
A, respectlvely, leads that of C, then .the phase angles of C and
D are compared with'“ one another, otherwise the phase of B and A,
respectively, is co;_npared with that of D, the chronologically
last signal being ,_eﬁident at the end of these comparisons, the
other signals then .being set to the ‘phase;angle of the said
chronologically last signal by alteriﬁgg-; the delay time (Ta, Ta,
T, % ) of the delay elements (7, 8, 9,. 10) in accordance with
the second method step.

r e e S
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are theanBGﬁnnn*Tﬁ t he out put of the delay el ements 7, EBCTVEDHﬂ/n3276
”reSpectlver The said signals are fed to A% ¢ircuit arrangenent 11 whose

- two outputs 12 and 13 are fed to a phase detector 14. The signals A
and C are additionally fed to a first mer 15, whose output signal is
fed to the circuit arrangement 11. The signals B' and D are
~correspondingly fed to a second sunngﬁsﬁﬁthMOse output signal is |ikew se
.fed to the circuit u3g | ACMNT S1W ; L3O DE

Device for readlng from or writing to optlcal recording media

The present invention relates to a device for readlng
from or writing to optical recordlng media, which uses the
“Differential PhasefDetectlon Method” for tracking. This method
has deficiencies 1f¢opt1cal recording media (4) having different
pit depths are to be used. The object of the present invention
is to propose a dev1ce of this type which can also be used with
the said optical recordlng media (4). This object is achieved by
virtue of the fact that delay elements (7, 8, 9, 10) are
arranged between the photodetector (5) and the phase detector
(14). The device:j;ccordlng to the invention is used as a
playback or recordlng device for optical recording media such
as, for example, C‘_D__, CD-ROM, CD-I, CD-R, DVD, DVD-ROM, DVD-R,
etc. '

Fig. 1



7 . arrangeOPO18%  Furthernore, the output signals of thePEVEBRY¥03fmer 15
. and ‘of the second summer 16 are fed-to/atHitgssummer 17, whose out put
~ signal represents the information signal HF. The further processing of the
- signal HF is not described here E5 greater detaiysince it is carried out
, in a manner which is known to a rson skill ed—althe—art. The
, high-frequency conponent of the -{lrel lout put 12 is fed via
' a capacitor 18 to a converter.19. _'I'b_i_g,_(:on_\_/_erlt-er—jiﬁaggdnverta-the anal og

i gnal which Ras ['wo possi bf¥ states. This

- input signal into @ square-waye
squar e-wave signal ;essenti al N \goNr esponds to t he infornatioh "light 1is
f the phof@egtector  of I'no light is
it

falling onto the corresponding a3

falling onto these;areas”, t\hat e{kﬁ?say essqn‘Egﬁly correspohds to the
anal og i nput signak. Converter thijs type grig—arso r redfto as "data
slicers". The sanejapplies corre Rdingly t0|t<Qézign k: eseﬂt at the
out put 13, which sggnalf passes thnrougn.tnejcapaci Bor 1 d the converter
19'. The digitized}stgnal Zﬁ*fiﬁﬁrb§‘25k chnvdrters—t4—t9—=s' fed to a
phase conparator 2. ™Mt he phase angl e of [thdse input] s{gnals is
identical, then the¢ outjput signal of the plhasd conpargtof is O; if a phase
shift is present, then fthe output signal off tHe phase jcopparator 20

deviates fromO inithe posjtive or negafive dHrecti%Mg\§)ecifically to a
greater extent, thé greatef the o

ey
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tefrporal phase shift of the input signals is. The output si BAXEPY932%e
« phase comparator 20 is filtered by neans of a |lowpass filter 21, the
- cut-of f frequency of which is approxi A ely 50 kHz in the exenplary
. enbodi nent, and, having been anplified by neans of an anplifier 22, is
t output as track error signal TE The signal TE is filtered in a
~further lowpass filter 23, the cut-off frequency of which is significantly
| ower, approximately 10 Hz in the exenplary enbodinent, and is fed to a
m crocontrol l er 24 serving as control nmeans. The mcrocontroller 24
controls both the circuit arrangenent [ITT jvi eyl ifme=25 and the del ay
elenents 7 to 10 via a line 26. In the<gxem® ary «rnbodi nent, the |ine 25
is athree-bit data line, Tt 28] ilsdspgreg as a serial data

line which transmts a contrjol signal |H&vi ngQ 3_é reequi fed resol ution for
each delay elenent 7, 8, 9 72 10. » s REPL~cEMDEC 1999
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Tn fhe exenplary enbodl ment , ment 11 is enbodi ed a-sng e
"’rml ti pl exer whi.ch connects t wo ﬂlmzl ’ﬂg!mmu Es to two outputs. For the
purpose of tracki ng “the lnputs *A+C an | ustrated. at_the_bottom
in the drawi RB28P8%dBRnected to the outputs 12 and 13, reSpet?i vt 37

A deviation of: 'ght beam which reads out the optical recordi ng

nmedi um 4, from? mendedkctamaefoautbe pheliinihagyt inhepnationalal | ing onto
t he detector 5 - asynmet 4ibution, as a result of which
the signals A+C--and B+D"d-_ é&aﬁﬁm& S‘%1e| r phase angl e. The out put
signal TE deV| al if,0o a greater extent, the greater the deviation of -

;}_?ﬁbxceﬂéaalﬁad firtms ébewsmtﬁhgl td hepelese angl es

. of the 'signal s C.and Bffirel ativ one anot her gul ator, (not
i1l ustrated I‘?@F@)r égeﬁ‘*ﬁ__ \(ﬁl fe"ﬁi"é-ng des ?EﬁcF?ﬁcﬂﬁﬁg vk Basch is
1 _""t'-,B t g5 dpj van@ onto whisk &hle&yé eiaarmr\ts 7to

(14), at whose inputs the
(A,
are present and at
__Qtrack error signal (TE) can be picked

according to Claim 1, characterized in

=":evict-:?-- éccording to Claim 1, characterized in

(A, B,
(5) . to a phase angle

accordlng to Clalm 4, characterized in

6. "Devic':"e__ cording to Claim 5, characterized in
that a mlcro'_ ntroller (24) is present, which controls
the c1rcu1t :arrangement (11) and the setting of the
1, 8, 9, 10).

cording to Claim 5, characterized in
£ is arranged-—at—the--output.

REPLACEMENT SHEET,
29 APR 999

delay- elements

AMENDED SHEET




i
P

‘f't

enable the signals enilf

adjﬂsted rel

ative to:

wmﬁﬂ :u A, B, Cand Dto be tenporal
|s case, it is favourable to

the chronol adfhg ‘det ect or nals to the res

chr onol ogi cﬁ%éﬂég |gnal with the r sult- that the re t#’%elzbh%ge
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ph ses o afl the signals c01nc1de with that o%
chronologlcally ‘last signal, and these altered delay
times (1a, Tan.ﬁy W ) being retalned ‘as optlmlzed set
values of the device.

9. Methodzaccording to Claim 8, in which the delay
elements (7, 8;“9, 10) which are able to be set are set
to . a minimum delay time (13 = 0) prior to the first
method step. - ' .

10. Method according to Clalm 8, in which the
phases of the slgnals of the areas A and B are first of
all compared in the first method step-and, if the phase
of A leads that;of B, the'phases of the signals of the
areas B and Ciare compared, otherwise those of A and C
are compared; 1f the phase of B and A, respectively,
leads that of C, then the phase angles of C and D are
compared with one ‘another, otherwise the phase of B and
A, respectlvely, is compared with that of D, the
chronologlcally last signal being ev1dent at the end of
these comparlsons, the other 31gnal§zthen being set to
the phase angle of the said chronolé&ically last signal
by altering thé-delay time (Ta, tB,=f 1 )} of the delay
elements (7, 8, 9, 10) in accordaﬁ e with the second
method step. ' "

11. Device according to Claim Xy characterized in
that a delay element (7, 8, 9, 10)

least three of the four areas.

assigned to at
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9 " _The chronol ogi cal order of the det
Drelative to one another is determned as flp
D are conmpared with one another in order to
phase angle with respect to one another. 1Si x
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bé] Drawing(s) a-s i
Ebradbstracti o neP@e@ -n é‘l: B§g§gr Vi

&l%‘m(ﬁ he sﬁ’ g O

order to be able reliably to ascertain the sjgnal appearing |ast %ICI%

chr onol ogi cal

C, B and Darisd als C and.D. _The nul ti.

order. The conbinations are A gndDRTEAOHrRECEIP’,I.an

g (Qesgfp ion - spa§$d . to pagecé =

for readirig from or wrlglggﬂio optlcéi %eég%glng media

The present invention ?elates to a device for reading
from or writing to optical recording media, having a detector,
which has four areas and onto which there falls a light beam
coming from the optical recording medium and a phase detector,
at whose inputs the summation signals of in each case two of the
areas of the photodetector are present and at whose output a
track error signal can be picked off.

A device of this tyﬁe is disclosed in US 4,497,048. In
this known device, there is provision of a photodetector which
is divided into four areas. Tracking information is obtained by
combining the signals from two areas in each case to form a
summation signal and by ascertaining a phase difference between
the first and the second summation signal such that it is not
necessary to acquire the amplitude of the reproduced signal.
This device functions satisfactorily when the optical recording
medium to be read out has a well-defined and constant geometry
of the information-carrying 1layer. In particular, it is
necessary that the depressions in the information-carrying layer
which serve for information storage, the so-called pits,. have a
constant depth in relation to the wavelength of the light used
for the read-out operation.

What is disadvantageous with the known device is the
fact that only slight variations in the geometry of the pits are
tolerated, and that larger deviations 1lead to errors in the
formation of the tracking information. The result of this is
that high error rates occur during the read-out of the optical
recording medium or, in the extreme case, such a read-out
becomes completely impossible.

From US-A-4,785,441 there is known a similar device
which further exhibits delay elements, which are able to be set
and are assigned to two of the four areas. Here, too, it is
disadvantageous that problems may occur in case that different
types of recording media are to be scanned.
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arrangement 11 enables all of the said conparison conbinations to be
swtched to the inputs of the phase detector 14, depending on the switch
position. The average DC vol tage conponent of the output signal of the
phase detector 14 can be determined with the aid of an additional | ow pass
filter 23, which, for exanple, can al§9 be realized in the mcrocontroller
24, for exanple as an FIRfilter. Al “of the delay elenments 7 to 10 are
firstly set to the smallest possible delay, that is-tqQ say T[err]= T[err]
Lterr] S Do e a0 oFRpaE R s i, LRGSR Pr it SORBGE o o ar e

t hen passethowp dewiphate dbeeexbentdthatd ihecawvebagasBE wothewfe mnhponent
at the outfdbiltherseh EsSr BPRIYAErecdriOhd 3@RAidENAAlgNE 81 OFBreaE Opits

pr oduced ' | Sit] negati ve dependi ng on the phase angle. The
deci si on %ﬁggrélér?g%t héé%{tefg’ré angl e can be nmmde, for exanple, by nmeans of a

sof twar e conpar at?icoTehes clehpdis soereiR: dhighighackigyegfobysVirBisice it is
initially afnttbedésct tthatdetelaaste onenby théedelalyr eheh@giscaan bedset of the
dez ector tsi!raeeglsd&{clyh%faﬁ;ﬁgsoﬁgéx%.D Bhial fglaénea@t L itk ga&h&@,twet "
i nterrogation ca carri out ver ap : I 5.nof necessar 0 wWa
for 1 he S AERF ngE 0Pt Mt pagion o Pebkemigratal pdy ke SETRE RS

i dentify tUfeoReRAITSPT( gF EmtceFhe RIIPtefeteateon Hapeivps anpintarierprce

chronol ogipagkkyn WhSéh $& goahksedndsy tleenpiled earvvangdd bynnmeasas opti@dl er nat e

i nterrogati QR rhihd i bAU R fQy Radkly d%%éﬁd@{geoﬂrtk@’ ARl Y SnetBENLAE, INn the
m crocontrqller 24 in the e<<errp ary enpodi ment ththe actgaé. chjaugt nment of
the del ay ®CehERT'S SFOPEHP0 P4tcATRTed 6ht’ - on the type.of disk and on

manufacturing tolerances and also on the ageing of the laser
scanner, the temporal relationship between the detector signals
also varies. The temporal adjustment of the detector signals
relative to one another which is possible according to the
invention enables variations of this type to be compensated for.
The temporal adjustment can in this case be carried out by means
of a single delay element assigned to an area of the
photodetector. However, significantly better adjustment is
possible if a delay element is assigned to a plurality, or each,
of the areas. The greatest flexibility is made possible if a
- delay element is assigned to’ each of the areas. If a delay
element is assigned to all but one of the areas, then all of the
areas provided with a delay element can be adjusted to that area
without a delay element. It is also possible to combine the
areas into groups, to assign a delay element to each group and
to adjust the groups relative to one another. If an area
consists of a plurality of individual areas, then a delay
element can be assigned to each of these individual areas.

The delay elements can be set externally, for example
during production of the device or when a device service is
being carried out.

The invention provides for the presence of control means
for setting the delay Eime of the delay element or elements.
This has the advantage that the delay elements can be adjusted
at any time. For example, adjustmént can be carried out after

each insertion of a new optical recording medium, at specific
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This adj ust ment proceeds as follows: since - the chronol ogi cal |y
| ast signal has already been determned, it is easily possible, in three
successive steps, to shift the other three, leading signals to the

chronol ogically last signal. The criteria for successful shifting is once
again the average DC ' 10 DEC 1999

10 vol tage conponent at the output of he phase detector 14. The

chronol ogi cal Iy | eading si nal s are conpared one after the other
time intervals, for example during brief interruptions in the

playback or writing operation of an optical recording medium, or
at intervals which are:suitably defined in a different way. One
adjustment possibility' consists in setting fixed delay times
which are matched to fhe type of optical recording medium. The
type of recording medium is in this case defined by the pit
depth or the pit geometry, the track width or similar
characteristic properties. What may be involved here are the
known audio CD or new optical recording media having a high
recording density (so-called DVD). It is likewise possible  to
vary the delay times in a type of “try-and-error method” with
regard to the initial settings and to retain the new value when
the tracking behaviour becomes better. If the tracking behaviour
becomes worse, the delay times are reset to the preceding
setting.

Provision is furthermore made for providing a phase
detection means for detecting the phase angle of the signals
emitted by the areas of the photodetector. This has the
advantage that the adjustment is possible in an optimum manner
since the exact phase angle is determined and, consequently, the
delay times of the delay elements can be set exactly.

. A further refinement of the invention makes provisioneof

. é circuit arrangement for applying a combination of the output
signals of the areas to a phase angle detector. This has the
advanEage that the phase angles of the individual signals are
evaluated by a single'phase angle detector in that the signals
of the individual areas of the photodetector are passed
successively to the phase angle detector via the circuit
arrangement. The circuit arrangement, for example a multiplexer,
is advantageously installed in the device, with the result that
the phase angle can be determined internally. Alternatively,
this is advantageous for external determination of the phase
angle since no unnecessarily high contact-making outlay is
required in this case.

The circuit arrangement is advantageously switched by a
control means, for example a microcontroller. According to the
invention, it is likewise possible for switching to be effected

REPLACEMENT SHEET
10 DEC 1999




wrth the chronologically last signal and the delay time t of the respective
| eadi ng signal is increased until the average DC vol tage conponent at the
output of the phase detector 14 reaches the value zero. This operation is
carried out with the aid of the mcrocontroller 24, the voltage val ues
bei ng conpared with a software conparator at O volts The delay tines
T[err], T[err], T[err], and t[err of the delay elenents 7 to 10 can in this
case be adjusted continuously or in snmall steps by the m crocontrol | er 24.

Wien all the sjgnals have be hifted such_a r ative
phase angF.ﬁc%‘fﬂlgl@ §8s? Fﬂ%cﬁégc%@t’?%rcyscl §nal TECTS obt a%ﬂgpg ror{mealt he suns
of the sidgnéferefit+@y. and B' +D'. The automati c adj ustnent nethod accordi ng

to the inventionahasdavdift agdvastagelopmannpEnshe i myehoton fdngértesiron t he
t enpor al El aEacQ:n%lgtaQ Eﬁé V&%@et b& ﬂeetdpe%ggf,o:r.s'w%lhé pﬂ@éé: hiéi%ﬁﬁaﬂsoﬁ)n t he

di sk geone eonetry RE

manuf act uFPRGEEHIEr afede BAs (tRe PEEHT a@@aﬁﬁ%’? art tﬁj%é %O?%l scéjtt/“pS?e?rhe
optical dégiset (necees&ly, and thato fonctiendl Séavp%ﬁeﬂhet%lqeswbbc%ay t he
speed of Lbe QRidenal if &Ry ¢hBE éi%dbﬁﬁiﬁlﬂyh&thl)ﬁz’ﬁd on where the |ight beam

is currently si t;iat ed syelopment Fur %ﬁgrm%;eemll h, M%%R'fs gkhebittle

additional outla (ae ay SPENBAtS ar.ran ement 11, and | ow
pass filtesing), avm‘t‘jlfFItoﬁénFﬁb]I]t?é”l oMh&Fh 5 FIHEOLE| r}B‘Bﬁtt aSFFRst r at ed,
a n crocontrkahd@ten?4, and ocldet settiimg tdfe tlrenpdeldy rieime |@fnshh9 getagen t he

det ector $hgRahss OfrniBena @ds AuddhtRg@Nehdto thbi Eéndite Lenpardledr ehat i onshi p

bet ween the sai d signals
means  of a component which can be integrated in a cost-

effectlve manner and can be adapted flexibly to changed boundary
conditions. A logic circuit can also advantageously be used
instead of a microcontroller. '

An advantageous development of the invention consists in
arranging a low-pass filter at the output of the phase detector.
This has the advantage that an averaged DC signal is emitted in
this way, thereby enabling automatic setting of the delay time

: even if the light beam scanning the optical recording medium is
not following a track. The 1light pulses impinging on the

. . detector do not in this case have to originate from a data
track; they may equally well be the signals which occur during
random’%rossing of the tracks. In this way, rapid setting of the
delay times is possible before the actual playback or recording
operation begins. Since the phase detector is in any case not
required for tracking during this time, a changeover between the
functions of tracking and phase adjustment of the delay elements
is.also unnecessary.

The adjustment of delay elements of the device according
to the invention which are able to be set is advantageously
carried out according to the method described in Claim 8. This
has the advantage that phase differences caused by component
properties are compensated for in a simple and cost-effective
manner. After the method has been carried out, the device is
provided with optimally adapted settings which are retained
until, if appropriate, renewed adjustment is necessary or
desirable. Not only can the method described be used during
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by nmeans of the delay elenents 7 to 10. Fig. 2 shows a flow di agram
of the method for automatically adjusting the delay elenments 7 to 10 which
are able to be set. After the start, all of the delay tines T[err], T[err],
tc, and T[err] are set to zero. The phase angles of the signals A and B are
subsequent|ly conpared with one another. The nultiplexer is in this case in
the switch position represented. |If the signal Aleads the signal B,

then the left-hand branch is takefR, otherw se the right-hand branch is
taken. In each case, the lagging signal B and A respectively, is then
conpar ed v@Idduphéoeiﬁpnﬂthezpq#ﬁQ§ecefrQEﬁimqasS?%Fﬁﬂseogth%I@eXﬁGetcPRq1e
second it can also be employedOfBECth89Burpose of adjustment during

operation of the said device. The latter case can be implemented
either manually, for example during servicing, or automatically,
for example at specific time intervals.

Provision is made for setting those delay elements which
are able to be set to a minimum delay time prior to the first
method step of the method according to the invention. This has
the advantage that the delay elements of the area with the
chronologically last signal do not need to be altered, and that
the maximum possible margin is available for those of the other
delay elements.

The method according to the invention can also
advantageously be employed when no track is actually being
followed. In this case, the 1light pulses falling onto the
detector originate from randomly crossed tracks. However, this
is unimportant for setting the delay times by the method
according to the invention, since the chronological sequence of
the signals of the individual detector elements in the case of a
rotating recording medium, but with the track regulating circuit
still open, is virtually identical to that in the case of a

- closed regulating circuit. Optimum adjustment of the aélay times
can thgrefore be carried out by means of the method according to
the invention even before the closing of the track regulating
circuit, and this is something which significantly facilitates
the subsequent closing of the track regulating circuit since no
erroneous signals need be used for this purpose.

Claim 10 describes an ewbodiment of the method according
to the invention which has the advantage of being particularly
simple to execute. The device according to the invention is used
as a playback or recording device for optical recording media
such as, for example, CD, CD-ROM, CD-I, CD-R, DVD, DVD-ROM, DVD-
R, etc. '

The features cited in the individual claims can also
expediently be employed in combination with -one another. Further
advantages of the device according to the invention and of the
method according to the invention can be inferred from the
following description.
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switch-position, respectively, of the circuit arrangenent 11 fromthe top.
The signal which is determned to be a lagging one in this second

conpari son step is subsequently conpared with the signal D. After
this third conparison, it is evident which signal lies the furthest back in
time. In three successive steps, the delay tines ti of the delay elenents
of the other respective signals are set. On the far left in Fig. 2, this is
illustrated for thelcq%%eﬁﬂﬁge signal D lags the furthest. [err]Ais first

of all adjusted unt T S grr?é‘sl's A. and D are in phase, then [err]s and,

subsequent | Fishel et #hoWsepr Péagfam@sifedpbifirAGEP f POy icToredRFdipght of
this, the case whereo silgnahvéntiags the furthest is illustrated. In this

case, -[err] Aid enr | Bapdal £14d Ri85Lak A 1BPRENNGhY AL GdcodPiddNeor | ght
of this, the cCase IS}él Il ustrated where signal B lags the furthest "and, on

the far right, the THs&™ R8T %ignal A lags the furthest. After the other
three respective deFiy- tli Abaofammaficakly dlpustrates, thedavicei pteonsingf t he
circuit arranganrentintdntiionser 1igHt Boawké ch dameirht&h aMliighti Beam which
| passes through a semi-transparent mirror 2 and an objective lens

3 to fall onto the optical recording medium 4, from where it is

reflected and passes through the objective lens 3 to the mirror

2, from where it is deflected onto the detector 5. The detector

5 is illustrated both in side view {(on the left) and in a plan

view rotated through 90° (on the right). This illustration

reveals that the detector 5 consists of four areas A, B, C and

D.

The optical recording medium 4 is caused to rotate by
means of a motor M. Depressions, so-called pits, are arranged in
a spiral track on the optical recording medium 4. The dbjective
lens 3 serves to focus the light beam onto the optical recording
medium 4. For this purpose, its distance from the optical
recording medium 4 can be adjusted by wmeans of a drive 6. In
order to follow the track, that is to say for the purpose of
tracking, the objectiié"lens 3 can be displaced by the drive 6
in the radial direction with regard to the optical recording
medium 4. A tracking signal TS is applied to the drive 6 for
this purpose.

The output signals of the areas A, B, C and D are fed to
delay elements 7, 8, 9 and 10, respectively. The delay elewments
7, 8, 9 and 10 have delay times ta, 7ts, Tc, and Tp, respectively,

-which can be variably set. The delayed signals A’, B’, C’ and D’
are then present at the output of the delay elements 7, 8, 9 and
10, respectively. The said signals éfe fed to a circuit
arrangement 11 whose two outputs 12 and 13 are fed to a phase
detector 14.

The signals A’ and C' are additionally fed to a first
summer 15, whose output signal is fed to the circuit arrangement
11. The signals B’ and D’ are correspondingly fed to a second
summer 16, whose output signal is likgwﬁse fed to the circuit
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Il lustrated as t he | ower nost  switch position I n t he
representation. Consequently, the summation signals A+C and B+D are fed to
t he phase detector 14 in order to generate the-track error signal TE The
setting operation of the delay elenents 7 to 10 is thus concl uded.

[err] PD 960041PC 7 Th 19.11. 97 Amended cl ai ns
for the prelimnary international L exam nati on 1

Device for readipgefi¥ OM OF pibidd NOrL O ORET 6atpdtecoiiiing Wrdide( 4irshavi ng a
det ect or (5% which ha ‘%f%h ar eas (Ah B, C D ng%g ontotghlgh th%re falls
a light beRiESHiAG HY oih tHE CRITEaP FaRE R A5SnEeh (iR CafTEs SPBFErent s
(7, 8, 9, 19}, witvissh auteubbbégnal kepsesentrl the nfsirgaeton osiamelofiift-he f our
areas (A, Brh< fubther gibcasphasordehe€cdidmal (d#)is not dSaveaPhdS tihe

greater detail since it is carried out in a manner which is

known to a person skilled in the art.

The high-frequency component of the signal present at

‘the output 12 is fed via a capacitor 18 to a converter 19. This

converter 19 converts the analog input signal into a square-wave

signal which has two possible states. This square-wave signal

essentially corresponds to the information “light is falling

onto the corresponding areas of the photodetector” or "“no light

is falling onto these areas”, that is to say essentially

corresponds to the analog input signal. Converters of this type

are also referred to as *“data slicers”. The same applies

correspondingly to the signal present at the output 13, which

signal passes through the capacitor 18’ and the converter 19’.

The digitized signal emitted by the converters 19, 19’ is fed to

a phase comparator 20. If the phase angle of these input signals

is identical, then the output signal of the phase comparator is

0; if a phase shift is present, then the output signal of the

phase comparator 20 deviates from 0 in the positive or negative

direction, specifically to a greater extent, the greater the

temporal phase shift of the input signals is. The output signal

of the phase comparator 20 ‘is filtered by means of a low-pass

filter 21, the cut-off frequency of which is approximately 50

kHz in the exemplary embodiment, and, having been amplified by

means of an amplifier 22, is output as track error signal TE.

The signal TE is filtered in a fhrther low-pass filter

23, the cut-off frequency of which is significéntly lower,

approximately 10 Hz in the exemplary embodiment, and is fed to a

microcontroller 24 serving as control meqns. The microcontroller

24 controls both the circuit arrangemenﬁ.ll via a line 25 and

the delay elements 7 to 10 via a lin% 26. In the exemplary

embodiment, the line 25 is a three-bit d&talline, while the line

26 is designed as a serial data line whiéh transmits a control

signal having the required resolution for each delay element 7,

8, 9 and 10. o
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sunmati.on signals of in each case two of the areas (A B,C D) of the

phot odet ector (5) are present and at whose output a track error signal
(TE) can be picked off, Characterized in that at |east one of the del ay

el enents (7,.8, 9, 10) can be set independently of the others. 2.

Devi ce ‘according to Claim1, characterized in that a control nmeans (24) for
setting the delay el ement or elenments (7,8,9,10) is present. 3. Device

according to C ai mg, t%@aéé&gﬁr 'rg,eqmbsaﬂm eh@@ﬁ%u%t Sﬁérﬁjémgﬁé‘“ﬁfor
detecting the phas nase the areas (A C, D)
of the phot Ode(<ap0iot S5; & &égéﬂfe e CAeche c 4V 11 ED. EFUFIn 1
char act eri zddpihst frattwp ciutpuis. aﬁ’mart@@mnrp‘éqq.)off drraghpryi ridea ivantabl e
conbi nati onagt the BuMb pélatcrsi:grlalssrﬁéed het alRavotfomBin GHY dHawih§eare

phot odet ect @ Hu(:ééed 9 Fﬁep %ggtsa%gla%ddﬁgec){e%%eb%l‘per ent 5. Devi ce

according to ar act ase angl e detector is the
phase detector (14)* o?le‘fli?éuﬂévﬂﬁfe the lighfpebezmy a‘ﬁ]?:’tﬁhdlﬁ‘@adtso Qi FPS,
char act eri zegtinal ha¢cardingr oedintm ot} e£x¢R4%he stmcesem&ntrwhlc@hse@nthel s the

f{b ;cwt ar r gerEition( PhktedRdshBimetdrted e R debAYsek8MBLEShd o 9,

asymmetrical distribution, as a result of which the signals A+C
and B+D differ in terms of their phase angle. The output signal
TE deviates from 0 to a greater extent, the greater the
deviation of the light beam from the track centre and thus the
shift in the phase angles of the signals A+C and B+D relative to
one another. A regulator (not illustrated here) determines from
this a desired tracking value, which is forwarded as the signal
TS to the drive 6.

The delay elements 7 to 10 are provided in oxrder to
enable the signals emitted by the areas A, B, C and D to be
temporally adjusted relative to one another. In this case, it is
favourable to adjust the chronologically leading detector
signals to the respective chronologically last signal, with the
result that the relative phase shift with respect to one another
becomes 0°. The best signal source quality with the least noise
is then obtained for the track error signal TE. The method cited
for * determining the track error signal TE is called the
“Differential Phase Detection” method (DPD}. Since the delays
that occur of the individual areas A to D of the detector
relative to one another depend on the track depth and the
geometry of the optical recording medium as well as on the
linear scanning speed, which may varYffor different types of
optical recording media -4, the delay ?elements 7 to 10 are
adjusted anew each time the optical recording medium is changed.
Starting from the existent phase detector 14 for generating the
track error signal TE by means of the DPD method from the
summation signals A+C and B+D, the phase detector 14 is likewise
used; with 1little outlay, for determ;plng the order of the
detector signals that appear from the iareas A to D and for
automatically adjusting the delay elemenﬁsl
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7. +Device according to Caimb5, characterized in that a | ow pass
filter (23) is arrange the-output J[erer] AMEND SEMI
PD960041Pc - : - 2 - Th 19.11.97 8. Met hod for
adj usting delay elements (7, 8, 9, 10), which are.able to be set, of a
device for reading fromand/or witing to optical recording nedia, whi ch
del ay el errents ar e aSS|gned to speC|f|c areas (A, B, C D of the

phot odet ect or (5) th met hot t.he phas Ie of
the signals em tte%LBy Eﬁ%mlﬁ’&‘l %uafdeérr eozf; tOR, 98" effo%)sﬁgf“ﬁ gnf)alég

and in a seedvme rettod sedptive "cfél%we #ngehey tig detrpined @sbffoﬁtﬂaewsael ay
el enents (7th8,siynall)apai,ng ahd & etelbbiparidie wptiRsae ahothdr tihkeosagnal s

col 2;. de witf ppatypl {he,&de00) 0gheal |phas@ShngiNAMen RdLDeEE Gld ered

another. Six combinations are necessary in order to be able
;eliab;j.to ascertain the signal appearing last in chronological
order.ﬂrhe combinations are A and B, A and C, A and D, B and C,
B'-andf'Df and also C and D. The multiplexer of the circuit
'arrangément 11 enables all of the said comparison combinations
to be gwitched to the inputs of the phase detector 14, depending
on the switch position. The average DC voltage component of the
output'signal of the phase detector 14 can be determined with
theiaid-df an additional low-pass filter 23, which, for example,
éan also be realized in the microcontroller 24, for example as
an FIR filter. All of the delay elements 7 to 10 are firstly set
to the. smallest possible delay, that is to say ta = %8 = %c = Tp =
: O,_If twp_input signals having a different phase angle are then
ﬁgégéd} to the phase detector 14 and the average DC voltage
éoﬁﬁéﬁent at the output thereof is measured, a voltage deviating
from zero is produced which is positive or negative depending on
the phase angle. The decision concerning the phase angle can be
made, for example, by means of a software comparator, the
COmparison level of which is 0 wvolts. Since-“it is initially
1ntended to determine only the chronological order of the
detector signals of the areas A to D by alternate interrogation,
the interrogation can be carried out very rapidly. It is not
necesséry to wait for the settling of the low-pass filter 23. It
-is -only necessary to identify the tendency (greater than or less
than 0). After the chronologically last signal has been
determined by means of alternate interrogation in a suitable
form, by software or by a state machine, in the microcontroller
24 in the exemplary embodiment, the actual adjustment of the
delay elements 7 to 10 is carried out.

This adjustment proceeds as follows: since the
chronologically last signal has already been determined, it is
easily.bdssible, in three successive steps, to shift the other
three, leading signals to the chrohologically last signal. The
criteria for successful shifting is oncé again the average DC
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times (tA tB, tC, tD ) being retained as optim zed set val ues of the

device. 9. Met hod according to Caim8, in which the delay elenents (7,
8, 9, 10) which are able to be set are set to a mnimumdelay tinme (ti =
0) prior to'the first nmethod step. 10. Met hod according to Claim 8,
in which the phases of the signals of #he areas A and B are first of all
conpared in the first nethod step and IT the. phase of A | eads that of B,

t he phases of the SI nal s_.of: .t a apd ag.e.;co erw

those of A AR %It Car’ % 8%%‘? et h: puEasg 5 eBphaSc'ia reg%rec%‘?ve y, | eads

that of C, Fh@?ﬂqmslsﬁlals}@ 1&ﬁ6+'@;% %BnelarﬂrqacaweamaﬁeafWa frhgnethstot her,
ot herw se tWetiphare chtodlagdcdl 1y rnespesignedl ywnd tlse dedapatigt twof hthet hat

of D the,chyonglagicakhyg! §§%n§i gngl m@i»@agsea/l&@atl a¢nd Ngv&nide ofné hese
conpari sons; e ot her si nal S

hen bejin hase angle
sai d chronol 347398 IcﬁmP%& Pontte th}’fe ﬁg‘ tﬁléa?ﬁaldﬁge??% RS a‘fl'Esest c tD
) of the deth§ eakueerpeyo. (ThlﬁB ogeratdpni hsae@mMn@twhhthbes@%mf met hod
step. 11. thdavidiocatefsidierg24 0 tHeakBldagec RaALAES e&émgdcdxﬁpetﬁéat wacklel ay
element (7, ;8redirel QombSrA3% 9068 JA 8! 1E8He1bY" EEn&Y <L) dr BE-
of the delay elements 7 to 10 can in this case be adjusted
continuously or in small steps by the microcontroller 24. When
all the signals have been shifted in such a way that their
relative phase angle coincides, the track error signal TE is
obtained from the sumg of the signals A’+C’ and B’'+D’. The
automatic adjustment method according to the invention has the
advantage of compensating for influences on the temporal
relationship between the detector signals, which depends on the
disk geometry an'd__- the track geometry, the type of disk,
manufacturing tolerances of the laser scanner, that is to say of
the optical device (1 to 5), and also on the linear speed, that
is to say the spegd of the optical recording medium at the
location where the light beam is currently situated.

Furthermo_r'e,' it is possible, with 1little additional
outlay (delay elements 7 to 10, circuit arrangement 11 and low-
pass filter 23), with the inclusion of_a logic circuit or, as
illufstrated, a microcontroller 24, to determine the temporal
relationship between the detector signals of the areas A to D
and to shift the temporal relationship between the said signals
by means of the delay elements 7 to 10.

Fig. 2 shows a flow diagram of the wmethod for
-automatically adjustlng the delay elements 7 to 10 which are
able to be set. After the start, all of the delay times ta, Ts,
¢, and tp. are set to zero. The phase angles of the signals A and
B are subsequently compared with one ano'i%.her. The multiplexer is
in this case in the switch position repfesented. If the signal A
leads the signal B, then the left-hand branch is taken,
otherwise the right-hand branch is ta}fen In each case, the
lagging signal B and A, respectively, lS then compared with the
signal C. This corresponds to the fourth and to the second
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switch position, respectively, of the circuit arrangement 11
from the top. The signal which is determined to be a lagging one
in this second comparison step is subSequently compared with the
signal D.

After this third comparison, it is evident which signal
lies the furthest back in time. In three successive steps, the
delay times 13 of the delay elementsfof the other respective
signals are set. On the far left in Fig, 2, this is illustrated
for the case where signal D lags the furthest. a2 is first of
all adjusted until the signals A’ and D are in phase, then 13
and, subsequently thereto, 1. are correspondingly adjusted. To
the right of this, the case where sigﬁal C lags the furthest is
illustrated. In this case, 1, 1 and 1 are correspondingly
adjusted. To the right of this, the case is illustrated where
signal B lags the furthest and, on the far right, the case where
signal A lags the furthest. After the other three respective
delay times t; have been set, the multiplexer of the circuit
arrangement 11 is set to its switch position which is
illustrated as the lowermost switch position in the
representation. Consequently, the summation signals A+C and B+D
are fed to the phase detector 14 in order to generate the track
error signal TE. The setting operation of the delay elements 7
to 10 is thus concluded.




