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(57) Abstract

A description is given of an apparatus and a detection unit for sanning an optically readable record carrier (1), in which a light
beam modulated by the information marks in a track on the record carrier is incident on the detection unit (15) comprising four detectars.
A reliable tracking error signal based on time differences between detector signals is obtained for high-density recording by comparing
digitized signals of the detectors with a delayed signal Td generated by delay unit (45) based on the digitized signals. The time differences
between the detector signals result in length differences between pulses in the comparing signals A and B, which pulses have a nominal
length of Td. The comparing signals A and B are low-pass filtered and combined to generate the tracking error signal TE.
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frequency signals of the detectors and | ow pass filtering the resulting
signal. The detector 15 signals are conbined and thereafter conpared in

t he anal og'domain to generate the tracking error signal in dependence
on the phase or tine difference between said conbined signals. A
probl em of the apparatus is that the value of the tracking jgnal is
| ess reliablgmmﬁﬁﬁgﬁort mar ks repregenting the inforna??%&éyﬁ&gP

hi gh-density recording. 20 It is an object of the

i nvent i on Appapinsvind eletwetiomsurfitofor scaaning iagy opticatlp qealiabla rédoed carrier. Whi ch
generate a tracking-error signal which is nore reliable.

For this purpose, an apparatus and detection unit as described in the

openi ng par agraph are characterized according to the invention in that
the detection unit conprises digitizing nmeans for digitizing the first
and second signal, delaying neans for generating a 25 del ayed signal based
on the first and/or second digitized signal and conparing neans for -

conparing the del a)i%d,si nal and the first and/or_ second digitized signals
for generating the IhenveRyonTelaiss 1@ ap gppagatys,for scanning a record carrier having,a

i nvention dask AbMPristAs Estically tdAatlOhaWirtistedeRRRO N IrAfon, FAti aﬁﬁgft mar ks
I n hi gh-density ?‘gcolrp{:li_ ng, the tirgngegi.%rence c\;\ll}ii C ICHnglg) s to be
det ect ed rFAPPHESS RGNS fAg|sranning the record carrier via a radiation beam and tracking means for

2 €. Qrontréllihg the Yosifibn Bf 1R rhifidhSheatn’ inta Brekdid P iraiVstse® RCRP ad §0&%iSn a7 ©
conpared directly to generate o
5 on the basis of a trackx_ng error signal, the tracking means comprising a detection unit
including 2 multitude of detectors for receiving the radiation beam via the record carrier and
an electronic circuit for generating the tracking error signal in dependence on time
differences between a first signal and a second signal, the first and second signals being
derived from output signals of the detectors.

10 The invention further relates to a detection unit for use in such apparatus.

Such an apparatus and detection unit are known from United States Patent
4,057,833. The apparatus generates the tracking error signal by manipulating the high-
frequency signals of the detectors and low-pass filtering the resulting signal. The detector
15 signals are combined and thereafter compared in the analog domain to generate the tracking
error signal in dependence on the phase or time difference between said combined signals. A
problem of the apparatus is that the value of the tracking error signal is less reliable for short
marks representing the information in high-density recording.

20 It is an object of the invention to provide means for scanning a record carrier
which generate a tracking error signal which is more reliable.

For this purpose, an apparatus and detection unit as described in the opening
paragraph are characterized according to the invention in that the detection unit comprises
digitizing means for digitizing the first and second signal, delaying means for generating a

25 delayed signal based on the first and/or second digitized signal and comparing means for
comparing the delayed signal and the first and/or second digitized signals for generating the
tracking error signal.

- The invention is also based on the following recognition. For the short marks in
high-density recording, the time difference which needs to be detected may become small,



a signal representing the tinme difference, very short pulses wll be
generated. To handl e such short pulses, fast circuits and circuits

desi gned- for very high frequency signals are needed, while the circuits
may be operating outside their specified operating range. Short pul ses may
5 even | ead twWOwad26E»| e behavi our of logic circuitry. Oper at pog/IB9Is/ 00481
characteristics in such circunstances2wi || be prone to relatively | arge
production tol erances and may be highly t enper at ur e- dependent. Thi s nmay
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appar at us. deopuliesofastaifchies andwdntitodesigaed. for vy kigle freqieposabignals gemeededed
and conpared with the first and second, signals,. resulting in ul ses
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range. 15 temperature-dependent.Tlds Ria§{1€dt6 dn QP Gh MR onkb! digiRl aRPeinddqdently, an
according to the invention d|g|t|2|nﬂdneans conpri se slicer. neans

th
and AC coupPifsey imthgresition of.thg ﬁqiﬂbthr waish ifl\jgad to a degraded informatipn signal

signal to thgy Stk G tHEGEESVerel infoirhdtiol Gn tHaSappardfist Aéc%hﬁ{xé ¥Ptht Srvaneidd, |Qi ng

| evel . This has the advantage that a slicing | evel can be easi

derived X odelayed signghisigeneappd Andseqrepared with the| firgteand sespad sigaplssxesyitieg/d to be
sui tabl e al gasésmigﬂma@ﬁ]gﬁn%g@plomef&mgh Q8 a dQation of the nominal ledgt fa€"

advant ageous, preferred € diments of the apparatus an etection

uni t accor didepgndence he thertin diffsrence to by detastedn Thisds advpntageons incthal the pulses can
The i nventi ] L L W cence to
the accompaiy iy i iab ASERIGOBY st ekl GREAHPW AN Al BEEERATT
appar atus f oamgecanning a record carrier, Figure 2 shows

Flure 3 2hove o mut ? Sriereh'sibolen: & mb UpaRR LBl 1o ol Bychon. e,
det ecti on cidigitiging means comprise slicer meankaglI A€ éoupling medns fer ciupling thacespeatiyaal s
30 first or sec'c_;}lg irgrelaIQO mos\ﬁ%eramga%g Q&dsli%ﬁtg) %jel sﬁgxpali réi;tiv% tg %tsﬁgi}llg ?eQrefi cfsUi t
has the advantage that a slicing level can be easily derived from the signal, which slicing
level nevertheless proved to be suitable also in adverse scanning conditions.

20 Further advantageous, preferred embodiments of the apparatus and detection

unit according to the invention are given in the dependent claims.

The invention will now be described by way of example and with reference to
the accompanying drawings, in which
25 ' Figure 1 shows an apparatus for scanning a record carrier,
Figure 2 shows the optical system and detection unit of the apparatus of Fig 1.
Figure 3 shows a multitude of detectors
Figure 4 shows a detection circuit
Figure 5 shows time difference signals
30 Figure 6 shows a second embodiment of a detection circuit
Figure 7 shows a detection circuit for DTD4

Figure 1 shows an apparatus according to the invention for scanning a record



Figure 7 shows a detection circuit for DID4 Figure 1
shows an apparatus _according to the invention for scanning a record

3 carrier 1. The apparatus conprises a scanning head 14 for generating
a radiation beam and passi ng the beamvia the track on the record
carrier to a WOx98493? 8 as shown in Figure 2. The si gnal powiagestoossi t he

scanning head is coupled to a detection ciBrcuit 15 for generating a
tracking error signal TE. The tracking error signal TE is coupled to a .
servo circudrriérl}. Tiei appartus comprisss ¢ stampingdiad 14 forqfenerating o casliationibram ad t he

the tr acki ngonpk By upl i blfeck o2 SRS faltr 1 p ool 36 Kok PSS 10

novi ng the The agna'l‘ompnysﬁlhusu'énnmg iheael xﬁmonpied:mm dﬁmdzctms ciredt 15 fodl gencxating a .
further servo CII‘CUI'[ Q ectlv in the. di. t] of
s opti oal FASHAE P L TE  Toe PiEkd B ey T W EBEY fo p ek ekl B Wil
appar at ug cemmrolms pasmkrn ofi the facai poirtdf ftier raﬂimomgeatrmm 1 éicention cransvene td.ﬂle
relative to t efocal t in.a track dir i Qn, such or, for -
rotating a HRQS-HRFTPAH E the %@Bganeﬁf‘%ﬁ%%’%“ﬁ g’p'é“’%"ﬁrﬁﬁ??ﬁ‘i‘“s‘?’stem for
novi ng an Oﬁfolvlixgkhé ﬂi}&nvEUisiéhﬁrl wmmhs/comrol iskeAlixed @laeLfurperd eervd Eifcitty
included in the detection cirgc 15 are _coupl, a? to.the detector for

deri vi ng an‘q"MF’gr“ltPEF'i“ansy?Fﬁ‘n%’r“ ‘éid’r"ﬁﬁﬁ’l"gé’éﬁfl"%c AXIS ITHESSPOTEE FRR EPCPE B9 he

record carr kjghal (Iét%nown) The hpardis ém:psis&r@hnhﬁg Gt 02 @6t thévig HRGEERd catfied 17
for retrieving the information, which
10 relative to the focal point in a track direction, such as a motor for rotating a disc-shaped

record carrier 1 or a tape-transport system for moving an optical tape. Further commonly
- known electronic circuits included in the detection circuit 15 are coupled to the detector for
deriving an information signal S; representing information read from the record carrier. The
information signal is coupled to a decoder unit 17 for retrieving the information, which
15 information is presented at the output 19. A further embodiment of the apparatus may
* include an encoder unit 16 for encoding information presented at the input 18. The encoded
signal is coupled to the scanning head 14 for writing information on the record carrier. The
apparatus comprises controller 13 for controlling the scanning operation, which controller is
coupled to the driving unit 12, the servo circuit 11 and the encoder 16 and decoder 17. The
20 controller 13 receives commands from the user to read or write information on the record
carrier and controls the driving unit 12 in combination with the servo circuit 11 so as to
move the scanning head 14 to the part of the track to be scanned.
Figure 2 shows the optical system and detection unit of the apparatus of Fig 1.
The record carrier comprises an information layer 2 having an optically readable track
25 comprising optically readable marks 21,22 representing information. A mark may assume
any form, provided it optically contrasts with its surroundings. It may be a pit or a bump, as
shown in the Figure, or a region with a different, possibly complex, refractive index, such as
a region formed by the so-called phase-change rewritable materials. Marks may represent
information by their length, being indicative of a number of bit cells having a predefined
30 logical level and said bit cells being coded by an appropriate channel code, e.g. the EFM
modulation of the CD. The information layer is arranged on a transparent substrate 3,
through which the information layer is scanned. The other side of the information layer is
covered with a protective layer 4. The record carrier may comprise more than one

information layer, arranged one above the other, or may be a combination of two stacks of



15 information is presented at the output 19. A further enbodi nent of the
apparatus may I ncl ude an encoder unit 16 for encodi ng information
presented at the input 18. The encoded signal is coupled to the
scanning head 14 for witing information on the record carrier. The
appar at us conwoisgdss7eontrol l er 13 for controlling the scanni pgrogsiosdsi on,
which controller is coupled to the dgiving unit 12, the servo circuit
11 and the encoder 16 and decoder 17. The 20 controller 13 receives
commands f riayer§ hfr dostie-sided readihgo ﬂ‘hu\pptioal systeor crariprises aradiation seurce §l, emitting
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so-cal | ed phase-change rewitable materjals. Marks may represent

i nf or mat i onteapkingraror sigaplgtl, represenging the; digiance bewyeen, the sepes obthe ;spat fprmadby
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appropri ate channel code, ‘e. at1on of .
i nf or matki0o nAnﬂyg‘rchOlaﬂlslah&eﬁjfoé\*ﬁ errarsignghBE épat shomydt mmée!amg the distapgeough

whi ch the i éﬁ%é‘?%ai?&fﬁr & (T8 t he information
| ayer is méover e c’afl per %@g@?ﬁgcn{g@efrﬁ dtgﬁgg%r d carrier may
conpri se nore than drigure 3 shoivp the radiatiemsensitive detenmraawgupmm farodetectare 31,

Zt her, or Mgy 4363 OURkApR i Foullsefalile GUaAEAESs & an imaginary X-Y coordinate system,

of which the Y-axis substantially extends effectively in the track direction as indicated by the

15 arrow 35 and the X-axis substantially extends effectively transversely to the track direction.
An axis is said to extend effectively in the track direction if, looking from the detection
system through the intermediate optics to the information plane comprising the track, the
direction of the axis coincides with the direction of the track . A deviation of the scanning
spot transversely to the track direction is said to have an x <> 0.

20 The optical axis of objective system 7 passes through the origin of the
coordinate system when the objective system and the detection system are in their nominal
positions. The spot of the beam reflected from the record carrier is then also centred on the
quadrant. The detection system is preferably arranged in the far field of the information.
layer. It is also possible to arrange the detection system in the plane of the circle of least

25 confusion of an astigmatic beam reflected from the information plane. A further description
of the optical system and an X-Y coordinate system for a multiple detector can be found in
US 4,057,833, which has already been mentioned in the introduction.

The part of electronic circuit 10 shown in Figure 2-is coupled to the four output
signals of detectors 31 to 34, indicated by C1, C2, C3 and C4 and forms a radial tracking

30 control signal as described below. The method of deriving track error signals from time
differences between the signals of the detectors when marks in the track are scanned is
generally called DTD (Differential Time Detection). A first method, DTD2, uses diagonally
summed signals: D1 = C1 + C3 and D2 = C2 + C4, while a second method, DTD4, uses
each signal:



| ayers for doubl e-sided reading. The optical system conprises a radiation

source 5, emtting a radi ation beam 6. The radi ation beamis focused on
i nformati on |ayer 2 by an objective system 7, shown as a single lens in
Figure 2. Radiation reflected by the information |ayer is directed via

a beam splitt¥P46@ar ds a detector 8. The beam splitter naypcivmosomem - 5
transparent plate or a diffraction grating, and may be

pol ari zati on- dependent. The det ector 8 converts the incident radiation
into one or nore el ectrical nal s, which are fed into an el ectronic
circuit 10 t@T%rl\F@Fr Kl(@d 8htrol signals. One of the control signals
Is a tracking error SI gnal TE, representing the distance between the
centre of the spot formed by the radi ati on beam on the information

pl ane and the centre line of the track being scanned. 10 Another control
signal is a focus error signal FE (not shoWn), representing the distance

bet ween t he é\gﬁ PR At 1of t C%?I f)a and the information pl ane.
Figure 3 sho he radla’tlo SEns L ctor 8 conprising four detectors
31, 32, 33 and 34, arranged in four separate guadrants of an imagi nary
X-Y coordi nate system of which the Y-axis substantjally extends
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said to have an x < | avast tive
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obj ect i i@ sipetivas theshmrhest sigtaé&lr\ulnclsyssmpmam 4 qapadiier A2 m)menmbut of a slicer
positions Lie 1,54t hen
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and fornms a
input 51 is coupled to the second differential input of the difference amplifier via

corresponding elements, i.e. a slicer 52,53,54, comparator 56 having output B and low-pass

20 filter 57,58. The second difference input is coupled via a third resistor 59 to the positive
input of amplifier 55, which is coupled to ground level via a fourth resistor 60. The ratio
between the first resistor 49 and the second resistor 50 should be equal to the ratio between
the third resistor 59 and the fourth resistor 60 to eliminate the common mode voltage of the
filtered difference signals. According to the invention there is one delay unit 45 coupled to

25 the output S1 to obtain delayed signal Sid, which delayed signal is coupled to the second
inputs of the logical comparators 46, 56. The delay unit may be implemented by inverters
and/or buffers connected serially. In an alternative embodiment the input of delay unit 45 is
coupled to the output S2, resulting in a same, yet inverted, tracking error signal TE. The
operation of the circuit is described below with reference to figure 5.

30 Figure 5 diagrammatically shows the time difference signals occurring in the



30 control signal as described bel ow. The nethod of deriving track error
signals fromtine di fferences between the signals of the detectors
when marks in the track are scanned is generally called DID
(Differential Tine Detection). A first method, DTD2, uses diagonally
sumed si gnalwoosmee? C1 + C3 and D2 = C2 + C4, while a seconpcTiobosist DTD4,
uses each signal: 6

5 [err] where T is the channel clock tinme, i.e. the tine
cor r espondicirguit of figuse ¢ duging operation, avhed the, bepmi passeh @ ndarky Ewagessiti¢ sitratiensay

Che. 1 adi at (000 Figuld 98 Btue'nf dfuits 1 ekt AL 5L bl debi of "
carried outceftye of the mack)x ef 0 dn the\K-Yoplanef (desceibed with ecdferencentedéigurardy. Figurei ew
of a subst agﬁtsih%wl;vs \{haersii &t .solpl .enev%gé % JI 598" The ﬁres%i %%nathoﬁf,qgegive the output S1 of
5 the first slicer 44, while the second signals 62,72 give the output S2 of the second slicer,
which is a small period of time A later than the first signals. This small difference in time A .
at the edges of the mark is indicated by broken vertical lines. The third signals 63,73 give
the output S1d of the delay unit 45, the delay time is indicated by Td. The fourth signals
64,74 give the output signal A of the first comparator 46, A = S1 & S1d, while the fifth
10 signals 65,75 give the output signal B of the second comparator 56, B =852@S1d (D
indicating the EXOR function). It can be seen that the puises 67 of signal A have a length
Td, which is equal to the delay time of delay unit 45 and the relevant propagation delays in
. the comparator. The pulses 68 of the signal B have a length Td - A. In the event that x > 0,
the second signals arrive before the first and the pulses 77 in signal A still have the nominal
15 length Td, while the pulses 78 in signal B are longer now with a length Td + A. The
~ difference is indicated in the sixth line 66 as negative going pulses 69, while in the opposite
case, positive going pulses 79 are drawn in line 76. It has to be noted that the short puises
69,79 need not be formed in the circuit, but represent the difference between the signals A
and B. By contrast, the inventors have realized the relatively long pulses in the signals A and
20 B, which can be handled by standard logic components, while the difference A may be only
a few ns. Signals A and B are low-pass filtered and the difference is determined and
amplified by the difference amplifier. The common mode signals present in A and B are
exactly equal because these common mode signals are govered by the only delay time of
delay unit 45. A farther embodiment of the apparatus comprises seperate delay units for a
25 multitude of detector signals which create a muititude of delayed signals. This may be
advantageous in IC designs for separating the various HF signals in separate parts of the
circuit. A further embodiment may have additional subdetectors for forming further
combined detector signals, while time differences between said combined detector signals can
be detected by the detection unit comprising the delay unit(s) described above. Although the
30 circuit of Figure 4 is especially suitable for generating a tracking error signal as described
above, a time difference signal may be desired in other épplications, which incorporates a
number of signals having signal elements which may be shifted in time over short distances.
The circuit of Figure 4 (and the further embodiments) may serve as a difference detection

unit for generating a difference signal in dependence on time differences between a first



Figure 4 shows a detection circuit according to the invention. An input 41
10 receives the summed signal D1 which is coupled via a capacitor 42 to the
i nput of- a slicer 44. The input of the slicer 44 is coupled via a
resistor 43 to a suitable level, i.c. ground | evel, for formng a

sui tabl e slicWPsuesse| . The output S1 of the slicer 44 is compiraEbsioassa
first i nput of a l|ogical conparator (EXOR) 46, whose output Ais
coupled to a lowpass filter conprising a series resistor 47 and a _
paral | el casignal and a s®ondrkignadyt put of the lowpass filter 15 is coupled to
A ofirst dhbrerence Rk eShod disldhid ERERAHERY dr'd ectfi lrthcclorking 36 the
resistor 49 to neg aeTve T hput or an anp ose utpu
delivers t hmventmnkArfgstenpmeOsre@uuh sﬂiﬁne«hsmgnal Dl wdndheml digitizedito sighal Sldwyat i ve
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Eo;;gsrg\r/sﬂ)mmémm S1 is coapled ttshlfnarbuﬂ&: EBakia fieso invertert 88, aﬁﬁxrhpimaged)hgt put

ter 57,58. . The.second difference in [ upl ed vi a
O DRROR syt ' Ghene’f aiheal S Bl i ThHE SpepCat sty B
CgUp:c ed to gupleddo hz‘g@mpﬁt%ﬁ mefﬁxwmgNDegatsBo&mﬁﬂ; a filse cofipdrstor 85. Tlhaiuqﬁe
t he irst resistor an fhe s on resi sto to the
e b et weh e fist ifYemey 3 fsFopRes B e SRRk o # HEORG HAND S 2d: By sceigout
elimnate t&gréeiEamimdasighal DagRhieh is Jﬁgmzed m digrlal 82 8¢l dilifidiny ReaR 91l Thal s.
Accordln to the_ invention %here [ unit 45 coupled tg 25 the

out put t digitred symmed signal %l’sg?Pé‘PféQI?I Secapﬁi El’\ff‘aeﬂ%&?éée‘é,q“éﬁ&‘f“% b8l ed to
the s econd impleménA$ySERORt diRuitd@® Gédte s%gm @Tr&{ltswﬁi@ equaPdeldyjie Tde baqsuwfl t

may be inplemented by inverters and buffers connect'ed seriall In
an al t er nat sependebyffaiIgdheoupisd ‘Pﬁpﬁﬂ%"“ﬁfiﬂm\é PﬁﬂleLﬁfFft NAND gate 84 and: 9 dpesend o t he

Ot put S2, b rdabd95, "The duBRIBE ik Sboobd ReHENS3 5/cBGHE b £IdBhd BpAH ad B The

operation o e circult is descri below with reference to

ure 5.
Fi gure 5 di segpathiVANL gate P4sHemautpiiof thefrsyNAND gate 84 43 epvnled t@@lm? Psehgrpilh
the 15 (PR, active low) of a flip-flop 88 of the usual D type, of which the D input and clock input

-

CLK are connected to a suitable positive voltage, e.g. a supply rail of +5V (as shown) or
3.3V etc. The output of the second NAND gate 94 is coupled to the Clear input (CL, active
low) of the flip-flop 88, while the Q output of the flip-flop 88 generates the delayed signal
Sd. Like the embodiment described with reference to Figure 4, the outputs of the

20 comparators 85,95 are coupled via low-pass filters to a difference amplifier 89 for generating
the tracking error signal TE at output 98, while the low-pass filters comprise series resistors
87,97 and parallel capacitors 86,96. The operation of the embodiment shown in Figure 6 is
as follows. The delay unit is formed by the propagation delays of the NAND gates 84,94 and
the flip-flop 88, resulting in a total delay Td. The signal Sd will be weakened if the Reset is

25 active when both S1 and S2 are low, while the signal Sd will be strengthened as soon as both
S1 and S2 are high, i.e. when the lagging one of the digitized signals goes up. It will be
weakened again when the lagging one, i.e. either S1 or S2, goes down and the delayed signal
Sd changes polarity in dependence on the latter of the two digitized signals. Therefore, the
comparator receiving the earlier signal will output a prolonged pulse determined by the

30 leading edge of the earlier signal and the trailing edge of the delayed signal Sd, while the
other comparator outputs a pulse of a nominal duration Td. When the other signal is lagging,
the outputs will be exchanged. This has the advantage that, as only nominal or prolonged
pulses are formed at the comparator outputs, the selection of Td is less critical than in an
embodiment where also shorter pulses are formed as in the embodiment of Figure 4. Also



6 circuit of figure 4 during operation, when the beam passes a mark.
Two possi bl e situations are shown, Figure 5A shows the signals in the
event that there is a negative deviation of the centre of the track, x
< 0.4n the XY plane (described with reference to Figure 3). Figure 5B
shows t he si gHAP#496/P t he event that x > 0. The first signal spétyEdseesre t he
output S1 of 5 the first slicer 44, while8the second signals 62,72 give the
out put S2 of the second slicer, which is a small period of time [err]

| at er than vher ldrge Simegiiffierencss oot d.es im lqw-dénsite regonding, thet profonged pulses avill t he
edges of t rk . Lsiidqdlcated by broken vertical lines. The third signals
63, 73 gi Ve@ﬁu%@cﬁﬁéﬁlgu u{@Sld of the delay unit 45, the delay tine is

i ndi cat ed by Td. Thin dmembdudirsenyofithe apparatu§/Athe digiizigg mhanscomptise sicgnmband of

65,75 g1 ve AHEBILBEregfbefvch) O ot lonel M oy e el rettive Wfee
(_ [err] 5 level hdi AatinpRmichmtidndSihéwmint Figuge. 4, it which resisterc43)53 bauplddhe groundes
oo 2y o e B e BB e om0 52 S ST o
The pul ses dSACf coupkings HpwaverD teasticing 1évenD] his Sighificahtly ldiffdrbift fone thie skt x >
S gnal A SOHPRE BoLCe DS i RG] 45 Tt i bl G S o s
signal B arsﬁcihﬁ RgtOfred 6 th¥isighaloabb @ D), Bqublh the Area BaRwW L., whild i,ei\%\%afeeatécﬁ such

indicated in the sixth line 66 as ne%?atlve goi n‘g pul ses 69, ile in the
opposi t 40 that gige gicingfhe areg of the; signahzhoye d.r panals the avea hglownLy Iy thereyent|of ap,s

to be not edigihiAbrricheHP it sagﬁm,%a signal L,O$hot? aR80r WichBPorll® b Bfackhdbieror
circuit, but”represent the difference béetween the signals A~ and B.
contrast, tdaee 1epaNsht Jlaveyes, dhe imyentors have wrprisingly {oupg thap foy gengraiéng they ¢ he
signals A : whiic | nts,
wniTe the GRHEP s sk ihe Shbr Bl BelepRopt TR TS et SRTROACT.

| ow- pass f idoupled glicgn dossinot manire feedbackiafter) glicingrand dhpt shejcircuit cap bp praduesd by

the differ o A3 ' 0 oA .ar e
exact | y quapsany, dnd'ffre iy LR U MR prable hEig 1EVeF ECvelsR ol il
del ay ti nme eifcumstanceglel ay unit 45. A further enbodi nent of the apparatus

conprises seperate | f R FHI tq:ﬁﬂ ks |

whi ch create a nul t%ﬁﬂ'%%7§p6&é§?é§/‘&éﬁ%gi%gna e |£?°r¥aq§/l %gm&g%cé’gé}ga?oaégous

in | C desi gingention forgpaceatingfpur Hetectanr signads dsFdesiripadiabovierwitiersferertce tp Figuse 2f

e g 1o e s by BE o VRIS B AT DRVCs BB thid hecRPSEAE33 s O
20 described with reference to Figure 3. The circuit shown in Figure 4 is a duplicate of inputs

By

up to the low-pass filters, the signals C2 and C3 on the inputs 101, 111 being compared in
the upper section and the signals C4 and C1 on the inputs 121,131 being compared in the
lower section. The four inputs 101,102,103,104 are coupled to four digitizing sections each
comprising a capacitor 102,112,122,132, a resistor 103,113,123,133 and a slicer

25 104,114,124,134 for generating four digitized signals S2, S3 and S4, S1. An upper delay
unit 105 generates a delayed signal S2d based on the digitized signal S2, and a lower delay
unit 125 generates a delayed signal S4d based on the digitized signal S4. The delayed signals
S2d and S4d are compared with the digitized signals S2 and S3, and S4 and S1, respectively,
by four comparators 106,116,126,136, which have outputs coupled to low-pass filters each

30 having a series resistor 107,117,127,137 and a parallel capacitor 108,118,128,138. The four
outputs of the low-pass filters are coupled to a single difference amplifier 115; the time
difference signals based on S2 and S4 are coupled via difference input resistors 109,129 to
the negative input of the difference amplifier 115 and the time difference signal baseds on S3
and S1 are coupled via difference input resistors 119,139 to the positive input of the



conbi ned detector signals, while tinme differences between said conbi ned
detector signals can be detected by the detection unit conprising the
del ay unit(s) described above. Al though the 30 circuit of Figure 4 is
especially suitable for generating a tracking error signal as described
above, a ti meW@ioABItnce signal may be desired in other appl pcpiBssmsis: Whi ch
i ncorporates a nunber of signals havdng signal el enents which may be
shifted in time over short distances. The circuit of Figure 4 (and the
further enhdifferemetamplifies 1 Seasviedieatedhincthé DIDeinfoemulie: Elae iracking error signal TH s
generating &, di £ Gf 0%t 8Pk olfbrdRPSAYRRG® 13 kot cBTpIEH 6 ESRT BSbeREn @
signal and faedwamﬁsm @I&I The difference input resistors 169 gw 2961 39 wepvanueh Sergeythan

enbodi nent of a, det uit accor di i nyent | Ny A fi rst
Cput 80 r ot reisors S LET T o e oyapash it B epbtins ingopGE bt 7 oot
digitizipg ﬁmmg *Bﬂenfrm ciGit Bascth BévaBlgy thatl@ seliablRafhching efbr Higdd Ss 42 43 44,
The digitized S1 |s coupled to a first buffer 82 and a

nal
first i nvergeéF’aﬁéméﬁ‘ff’qerfﬁg’é‘Wérﬁ" : EXOR circuits to create a | ogical
circuit with equal delays. The out put of first buffer 82 is coupled to
a first input of the first NAND gate 84 and to a first conparator 85. The
out put of the first inverter 83 is coupled to a first input of a second
NAND gate 94. A second i nput 90 receives sumed signal D2, which is
digitized to signal S2 by digitizing neans 91. The 10 digitized sunmed
signal S2 is coupled to second buffer 92 and second inverter 93, and
i npl enented by EXCR circuits to create a logical circuit with equal del ays.
The out put of second buffer 92 is coupled to a second input of the
first NAND gate 84 and to a second




conparator 95. The output of the second inverter 93 is coupled to a second

i nput of the second NAND gate 94. The output of the first NAND gate 84
is coupled to the Preset input 15 (PR, active low) of a flip-flop 88 of the
usual D type, of which the D input and cl ock input CLK are connected

to a suitabl eWposMea7%e vol tage, e.g. a supply rail of +5V (apceisisinese’
3.3V etc. The output of the second NAND gage 94 is coupled to the O ear

i nput (CL, active low) of the flip-flop 88, while the Q output of the
flip-flop 88LAIMSY ates the del ayed signal Sd. Li ke the enbodi nent

described with reference to Figure 4, the outputs of the 20 conparators

85,95 are coupled via lowpass filters to a difference anplifier 89 for

generati ng the tracking error signal TE at output 98, while the

| ow-pass filters conprise series resistors 87,97 and parall el

capacitors 86,96. The operation of the enbodi nent shown in Figure 6 is

as follows. The delay unit is fornmed by the propagation delays of the NAND

gates 84.94 and the flip-flop 88, resulting in a total delay Td., The

signal Sd wi | be weParmas for sqappinga geqord carrier (1) baying a\ffaek corpprising) optiseilys

are | ow, whj ' | t S1
Le{agﬁ?ié 'ﬁl a&b' i gl\%ﬁéesre] : ﬁ‘é‘fnfc‘gm%xﬁ Wh‘i’dﬂgg?ﬁ?ﬁg cORpARS hedss Q2113,14) for

and S2 are ) the n%g.l ng one e digitized si gnafs. goes
up. |t wil | sdgmning the rogosd carsigr ¥iga nadiatembeameand erpgking meaas (11) for conwrolling e or
S2, goes down: ; | : Faéq =1 | nce
on the Iattéwrhto dotftﬁﬁehelt'a\%%Ju |g%fé|izrgid@%?c8?1% S. ﬁg?ﬂ@grﬁrea?ﬁtd ﬁéétfox Ohrhé%ﬁ%gﬁgﬁor
recei vi ng t tracking ¢rragrsignalg the tragking means) comprisingod deteptidn poit 5) dedwdivg med by
the 30 | eag] f, rLi8k  Si : : oL f the
ol ayed si gt B Refiots B B'sbleRing? ol Wl il id 1R sboch B0 adl o 2
nom nal dur electmmicTaircuit{t0) fohgenotating thei tracking iesrot sigpalriy dependence e timet put s

w |l be exc .. vE0 t he . -1 nl om nhal .. or .
pr ol onged Hﬁ&%ﬁg?ssbee gvl/e:‘e? g a@%tr J}n%néﬁg%@%] #F%gxgdo ’a?’g ?mg l?f% ltjll%ss,r&‘g’ﬁes@%‘seb cteon
of Td is | ederivediftoncetputisignalsrof alre detectorsdharicierizedl imhieat cheedesatiomanit er pul ses
are for nFOd ggm;':r?seé Ql%inezlnngoxgéagse ?&4,91) ﬂ'):rI &E{n‘%‘m‘g‘ 'theﬂ'n%? and second signal, delaying means
(45) for generating a delayed signal based on the first and/or second digitized signal and
comparing means (46,56) for comparing the delayed signal and the first and/or second

digitized signals for generating the tracking error signal.
2. Apparatus as claimed in Claim 1, in which the delayed signal is based on the
15 signal, either he first or the second signal, that lags the other.
3. Apparatus as claimed in Claim 1, in which the digitizing means comprise slicer
means (44,54) and AC coupling means (42,52) for coupling the respective first or second
signal to the slicer means for slicing the signal relative to a slicing level.
4. Apparatus as claimed in Claim 1, in which the comparing means comprise
20 means (46,56) for generating a first comparing signal in dependence on the difference
between the delayed signal and the first digitized signal and a second comparing signal in
dependence on the difference between the delayed signal and the second digitized signal,
low-pass filtering means (47,48,57,58) for averaging the comparing signals and difference
measuring means (55) coupled to the outputs of the low pass filtering means for generating
25 the tracking error signal.
5. Apparatus as claimed in Claim 1, characterized in that the detection unit
comprises further digitizing means (124,134) for digitizing a third and a fourth signal derived
from the outputs of the detectors, and second delaying means (125) for generating a second
delayed signal based on the third and/or fourth digitized signal, and in that the comparing

L
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8 when | arge tinme differences occur, i.e. in lowdensity recording,

t he prol onged pul ses wil | still be correctly forned.

I n an enbodi ment of the apparatus, the digitizing means conprise slicer
means AC coupled to the respecti ve first or second signal for slicing
the signal révaYsas7m o a slicing 5 |l evel Lac. An inpl enent at poiviBsHsOWN i N
Figure 4, in which resistor 43,53 coupl edto ground determ nes the
slicing level Lac in conbination with the capacitor 42,52, which

est abl i shesmeans comprisdGneans (1260136) fdvwemepsring the seond delayddesignal Wwith thesthird
significantl dlf‘g"&;& f([om he usual slicing level Lf which is
generated f ligli’ée ta. Lac is generated such that before
slicing thegarea of Ddietich gﬁah’orateﬁmag.a&ammrtdm radigflorhbdaay\scamting whi | e
Lf is generated such 10 that after S|ICJ£§ («faiarea of the signal above Lf
equal s the ®F¥Y BEICHRAYIRS 2 track remprising ot ble marks FepISERIpE ?Rﬁ?t

si gnal., &hepgigeieaioniafit RRPYSing A rRilfitle YHdkettord (e)elfob&cém ?Qﬁ@iaﬂﬂh@n b&m via
data recovery. However, the inventors have surprisingly found that for -

generat i ng tR&ecord carfierand; aRlectiopie cEPWhEI0) far generating 4 fracking ereor-signabinan| e.

Thi's has t hgeragheRtd G08mb Qfiferdddss Weween a fn%pugﬁa@qn&!alssc%m %ﬁa RRUfirkeAMi 1 e
feedback aftér slicing and that the circuit can produced 15 nore easily

and nore r ageend signalssheing mva@éemm%sgmlepﬁ@emémrﬁ, n adverse opti cal
scanni ng %rr%&f??&frﬁlt HARGHS detection unit com Hnses d1g1t1£\#9h5€§15 4559 r ﬁgﬂﬁ?@%& on

circuit for or an apparatus accor I'nvent i
processilfig firstiandibe seqond Slsn@n &lwlwmdﬂﬂbfeu genstariag Wi delayed: signal (hased top the

Four et ect A% {05 Yool ARI5q T 4 i Wiahis o o Qo 57 110

circuit shodelayed si?nguwmh theifirstzandiop is¢cond digitized signals for generaing the tiackihgerrgras s
filters, theEl?allgnal S and C3 on the inputs 101, 111 being conpared in
t he upper seftion and the si ghals C4 and Cl on the inputs 121, 131 being
conpared i n7t he Difference datection mnit Téregehenating a diffesent6 tighddn dendéde ane

couP! 9 152, Nl LA B CB S0 SRED popn AP Pl SPREF L
104, 114, 124dxff&£bn&@detgmnm ualt icogprfises mgitizjng mzam (#4,54)dfos d@ﬁxzuﬁahaﬁdst add th81. An

upper del ay .uni t ener a deI S 2

digitized sPegrRd st l‘ %“i@’“&g‘i“ ?833? 'HFff‘g‘%az‘ég‘ijgﬂﬁP‘i Pﬁ%?@{f’éd

si gnal S4d h;assedma rmgﬂmadigalt anaeﬂmamgeine&.(&ﬂa foe bapsating itynddlsyed signal
with the first and/or second digitized signals for generating the difference signal.

L



S2d and S4d are conpared with the digitized signals S2 and S3, and $4 and
S1, respectively, by four conparators 106, 116, 126, 136, whi ch have

out put's.coupled to |l owpass filters each 30 having a series resistor
107,117,127,137 and a parallel capacitor 108, 118, 128, 138. The four

out puts of twodsmesrpass filters are coupled to a single difRETARWN0481
anplifier 115; the tine difference signals based on S2 and $4 are
coupled via difference input resistors 109,129 to t he negative input
of the difference anplifier 115 and thq me difference signal baseds on S3
and S1 are coupled via difference input/resistors 1%?,139 Hg t he positive
i nput of the 18 ! | 9
difference anplifier 115 agJﬂnchated i l_the DTD4 fobhmial The tr i ng
error signal TE is gener at ed aL.??egautput pf [ he diff lifier
115 and coupled to the negative inp 16 f pedpack resistor] 1109 The
di fference input fresistors 109,119,129,1395i!§ much I7ﬂ5er t hgn t he

resistors 107,117, 127,137 in the | ow pass filkers fo—prgvent iinfl uencing of
the lowpass 5 fil tering. The DID4 circuitl theladvant ge tihat a
reliable tracking error signal is generated|in advers) scgnni ng
condi tions. {

14




10 CLAI Ms: 1. Apparatus for scanning a record
carrier (1) having a track conprising optically readabl e marks
representi ng i nformati on, which apparatus conprises neans (12,13,14) for
scanning the record carrier via a radiation beam and tracking neans (11)
for control | wigosidoere position of the radiation beamin a RiTVIBeA(0481
transverse to the track direction on the basis of a 5 tracking error
signal, the tracking neans conprising a detection unit (15) including a

mul ti tude of detectors (8) for receivi e radiation beamvia the record
carrier and an electronic circuit (TI0) for generating the tracking
error signal in dependenge on tine di fferences between a first signal

and a second signal, theTirst, and
from out put signals of the detHcT o] S,¢qC
unit 10 conprises digitizing neang J
second signal, delaying neans A5
based on the first and/or secggﬂ_ﬂjg&%izedﬁgi
(46,56) for conparing the del ayed $i
digitized signals for generating t lemtie error signal. gi
Apparatus as clained in daim1l, in which the del ayed si gnaIFIGb ed on
the 15 signal, either he first or the second signal, that |ags the other.
3. Apparatus as clained in Caim1, in which the digitizing neans
conprise slicer ans (44,54) and AC coupling neans (42,52) for

50

coupling the resgsﬁijcg first or second

si gnal s bei ng derived
riz in that the detection
Mgitizing the first and
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signal to the slicer nmeans for slicing the signal relative to a slicing

| evel . 4, Apparatus as clained in daim1l, in which the
conpari ng freans conprlse 20 means (46,56) for generating a first conparing
signal in dependence on the difference bet ween the del ayed signal and

the first di gvobs4der9si gnal and a second conparing signal in PCT/IBiedd&INndence
on the difference between the del ayed signal and the second digitized

si gnal , | ow- pass filtering nmeans (47, 48,57,58) for averaging the :
conparing signals and difference 7§yr|ng means (55) coupled to the
out puts of the | ow pass fllterlng means generating 25 the tracking

error signal. 5. App&ﬂ@tuslas qlalned in Cdaiml,
characterized in that the gﬁ ecthion uni t conpri ses further digitizing
means (124, 134) for d|g|t a,third and a fourth signal derived
fromthe outputs of téle det ond Selaylng means (125) for
generating a second dellayed S|gnal b sed| h the third and/ or fourth
digitized signal, a

t hd conpari

11 nmeans conpri sgg neand coﬂparlng t he second del ayed
signal with the third and/ or lfourth difgitil®ad si gnal s. 6.
Detection unit for deéee%rﬁg-a tdacki ng el ati on beam scanni ng

a record carrier @pvingla trg ' optically readabl e marks
representing informatyon, 5 {|thejdetection uni 1§onpr|5|ng a multitude of
detectors (8) for resé+¥+ng4qh@—$adiationnbea t he record carrier
and an el ectronic cir&wit ( I gener ap=Rg=ja tracking error signal in
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dependence on tinme differences between a first signal and a second signal,
the first and second signals being derived fromoutput signals of the
det ect'ors, - characterized in that the detection unit conprises
digitizing neans (44,54) for digitizing the 10 first and the second

si gnal , del aywoepgaedns (45) for generating a del ayed signal drrasds/mssit he
first and/or the second digitized signal and conparing neans (46,56) for
conparing the del ayed signal with the first and/or second digitized.
signals for generating the tracking err r4, si gnal . 7.

Difference detection unit for generating/ a difference signal in dependence
on 15 tine differences between a first signal and a second signal,
characterized in that the di fference detection unit conprises
digitizing neans (44,54) for digitizing the first and the second
signal, delaying neans (45) for generating a delayed signal based on the
first and/or the second digitized signal and conpari ng neans (46, 56)
for conparing the del ayed signal with the first and/ or second '
digitized signals for generating the difference signal




