VIO 95/ 29482

Ar tangenent for

reproduci ng n digital

S|gnals fromn adjacent tg

o

PCT/ | |8 00254 1

‘}V.
'JulJ on a

P

a\}l

p=

record carrier PEELD OF THEWW Fm VEORGANEATION at eS t 0N

arrangenent for reproducin |taI 'St rom=n adj acent tracks on

cor s RV HERIATIONAL ARLIGA TIANG USDER, THE PATENT GROFERAFIQNEREATY (PCT)
COoNpr|i(51p Etédnational FaGefk CHREMAGLE SFPI | Si ng @AM mRGRAR PRffcdliol RihpaE 2N 94"0”95/29482
for rjead, n information signals frQgytihe n tracks and applying said

i nforfmation signals to the outputs, delh@mwmm:am ngZNmamlsesms (02.11.95)
coupl ed—totheoutputs—of—tte T Tead fready,—For—derTvrng—the-y—drgrt=t

Si gngl(s) futePiitiénarapplidativh MuiBdri ON /gi’cgvmsy:asﬁ h 1) Deigimted Saatést €I, BB 5@/ Birofebiipatery (ATCBE, CH,
sai d (di gi tal signals to out p bhas e DEgRM &8 ARoER SRHEMIT Y, MEON: BT, SE).
coupl |[d¢¢ WH@“‘%“@EPW H‘@“’ 1895(90 %fél.s, each phase- | ocked | oop

conprji sing a phase conparator havi ng”a fi [ gdpudneput, WHich is coupled to the

I nput

vol t gge- ¢
outpdt of ¢H&

of a|given frequency, bl ed to the 15 second i npug jof

t he ghase corrpar at or, th oI tage-control | ed oscillator being S

n phaé@#ﬂ’@f@e L Né(rg%ﬁﬁér@m conprising for thi's purpose a i !
si gndgl corr?fw Y En S : . . |

(30) Pitidsity IR Se- | oc

?léﬂlﬁed o N

ed | oop, a sec
F Apra i (%%ﬁ:pg}mé?
R et !

et
%iout put is cou

71) Applicant (fbr SE only): PHILIPS NORDEN AB [SE/SE];
seweg 1, 5621 BA Eindhoven (NL).

(74) Agent: VAN DER KRUK, Willem, Leonardus; Internationaal
Octrooibureau B.V., P.O. Box 220, NL-5600 AE Eindhoven

Kottbygatan 5, Kista, S-164 85 Stockholm (SE).
(72) Inventor: KMmes, Jozef, Wilhelmus; Groenewoud- |

nput Vgl iavernaiakeDitbreh @port and to be republished
put , “adnrectt pishatrerepsi ed to t he
put for supplying a clock signal

-2 WJ&

o
o)
x X

o o

signal generator unit (26.n) is an integrating element.

(NL). %U\
(54) Title: GEMENT FOR REPRODUCING N DIGITAL . SIGNALS FROM N ADJACENT TRACKS ON A RECORD
CARRIER
Cl1 _
Y " 4 ¥
R s FR i 1M (R getector |
o1~z —Spll | nchomel | c yrrerey
VT —-3,1:"—3-— sompler _.ff:_‘l_ -
Tond s -—&1-::“—""—‘— B A L
R e s
PO Pb cly
Y yetal
(57) Abstract

For the clock extraction (Cln) from n digital signals read from each of n tracks (Ta t0 Tan) there are provided n phase-locked loops
(13.n). The voltage-controlled oscillator (21) is common to the n phase-locked loops. A phase-locked loop further comprises a phase-shifter
unit (25.n) having an mput coupled to the output of the voltage-controlled oscillator (21) and an output coupled to the second input of the
phase comparator (17.n) in the loop. The phase shift in the phase-shifter unit (25.n) is controlled under the influence of a control signal
which is derived by a control signal generator (26.n) and applied to a control signal input (29) of the phase-shifter unit (25.n). The control
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| ess susceptible to becorre deranged The arrangement is characterised in
that the control signal generator unit 10 is an integrating elenent. The
invention is based on the recognition of the follow ng fact that

di sturbances in one of the channels may | ead to the phase-shifter unit

bei ng deranged. By averagi ng the output signal of the phase conparator in -
an integrating el ement and deri MI&» rol signal for the

phase-shifter unit it i ossible to obtain cont r m 15 whj
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in the digital %nal Thus, it is achi eved that the out put SI gnal of the

phase conpaRRgeMEn @m&‘ged over a sufficiently long tine. is to be
noted hat LDCmhfs'bdtitising ' B8d WaidsodacH RiviRg Eﬁto‘ﬁ{bﬂn,%i’ 'rl-.é%ﬁ:’ié f"information
signals from the n tracks and applying said information signals to the outputs,
- n detection means having inputs coupled to the outputs of the n read heads, for deriving the
n digital signals from the n information signals read from the tracks and supplying said
digital signals to outputs,

10 - n phase-locked loops having mputs coupled to the n outputs of the read heads,
each phase-locked loop comprising a phase comparator having a first input, which is coupled
to the input of the phase-locked loop, a second input and an output, a voltage-controlled

~ oscillator having an input, which is coupled to the output of the phase comparator, and an
output for supplying a clock signal of a given frequency, which oufput is coupled to the

15 second input of the phase comparator, the voltage-controlled oscillator being common to the
n phase-locked loops, and the arrangement comprising for this purpose a signal combination
unit having n inputs, each of the inputs being coupled to an output of one of the n phase
-comparators, and having an output coupled to the input of the voltage-controlled oscillator,

~ and a phase-locked loop further comprising a phase-shifter unit having an input coupled to

20 the output of the voltage-cortrolled oscillator, an output coupled to the second input of the
phase corhpatator, and a control signal input, and comprising a control signal genetatof unit
having an input coupled to the output of the phase comparator and an output coupied to the
control signal input of the phase-shiﬁer unit, and to an arrangement for deriving n clock
signals from the n information signals. ' -

25 - -An arrangement of the type defined in the opening paragraph is known,
for example from United States Patent 4,470,082, document (3) in the List of Related
Documents. The arrangement is also used in the form of a magnetic#ape recorder of the
SDAT or the DCC type. | o

BACKGROUND OF THE INVENTION _.
30 ' An arrangement of the type defined in the opening paragraph is capable of
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- Appl i cation;y "dnd European Patent Application 93.201. 327, PCRISBOAS4(2) in
the list, also describe arrangenents for deriving a clock signal from o
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BRIy, gt alhcen. el -

to t I'th Figure 1 shows the exenpl ary enbodi ment of the

~arrangenent, and Fii¢riapwitarraipemént Afd theciraWwbitks MAe itSis FaRbr Y@¢EitivléTo
appearing in the exenmpl ary enbodi nent. shown in Figure 1. 30 '

DESCRisturPapgesy-asrasultafrhich thephase-locked lgop, heeomes fliesanrged. i nt ended f or |
rgading a digital signal SWR&’W%!?WM” recorded adj acent one -
udi nal di

another and in the longit rection of "a nagnetic record carrier 20
in the formof atkpsanObjest ofcheninvénticn tofprovideancareanpement withdnown. The
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become deranged. | |
The arrangement is characterised in that the control signal generator unit
10 is an integrating element. - |
) The invention is based on the recognition of the'following fact that _
disturbances in one of the channels may lead to the phase-shifter unit being deranged. By (
averaging the output signal of the phase comparator in an integrating element and deriving
therefrom the control signal for the phase-shifter unit it is possible to obtain a control system
15 which is less susceptiblé to these disturbances. _ | |
Pfeferably, the integrating element has a time Cbnstant which is
comparatively large relative to the bit period in the digital signal. Thus,' it is achieved that
the output signal of the phase comparator is averaged over a sufficiently long time.
It is to be noted that the previously filed United States Patent Application
20 184,624, documentl' (1) in the list of documents at the end of the presén_t Application, and. |
European Patent Application 93.201.327, document (2) in the list, also describe
arrangements for deriving a clock signal from signials read from n tracks. However, there is
no mention of a voltage-controlled oscillator common to all the phase-locked loops.
BRIEF DESCRIPTION OF THE DRAWINGS
25 | An exemplary embodiment of the invention will be described in more
detail hereinafter with reference to the drawings, in which
Figure 1 shows the exemplary embodiment of the arrangement, and
Figures 2a, 2b. 2¢ and 2d show some signal waveforms appearing in the
exemplary embodiment shown in Figure 1. '
30 DESCRIPTION OF EMBODIMENTS -
| Figure 1 shows an arrangement intended for reading a digital signal from
n tracks T, ; to T, , recorded adjacent one another and in the longimdinél direction of a
magnetic record carrier 20 in the form of a tape. Only one half of the record carrier is
shown. ‘The arrangement has read means comprising n read heads 14.1 to 14.n, which
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conpar at or gy s -sﬁﬁ; 0 HESS t I BN R'SY Ededi
control -si%“rlélftgioﬁ-gﬁ% 0 lgygclﬂ %ﬁ%ﬁ%gnt rof ?ggﬁgfsn?i zf’Flgg:l(Z)rs&ngm??Pﬁra a fié‘ggﬁe
filter 18.cladkesignalidl). dtoprthidpurposeb theabidarycsignals obtaineddnithe sampler Thehl lotopch n
filter 18 and the voltage-controlled cillato l.are n.to |, the n
phase. 1§18 st fapiid B re5BaIvE ongpfdbEm pifblockée Rops 13T R Lh 3, Brty e

al ternati iHa¥e-RickES Wop ™9.nSk GAén completely. The other phase-locked loops are similar. For
S ‘each channel ch i of the channels ch 1 to ch.n, i.e. also for the channel n, the corresponding

binary signal is applied to a first input 13 of a phase comparator 17.n. The output of the
- phase comparator 17.n is coupled to the control-signal input of a voltage-controlled oscillator
15 21 via a loop filter 18. The oscillator 21 can be a discrete-time oscillator. The loop filter 18
and the voltage-controlled oscillator 21 are common to all the n phase-locked loops 13. 1 to
13 o -
| o However, the loop filter 18 may alternatively precede the signal -
combination unit 19 in the respective loops. ' S
20 - - The oﬁtput of the oscillator 21 is coupled to an input 27 of a phase shifter
unit 25.n. The output 28 of the phase shifter unit 25.n is coupled to the second input 16 of
the phase comparator 17.n. Each loop, as is showh for the loop 13.n, comprises a control
signal generator unit 26.n in the form of an integrating element, such as for example a low-
pass filter, whose input is coupled io the output of the phase comparator 17.n and whose
25 output is coupled to a control-signal input 29 of the shifter unit 25.n. The integrating element
* 26.n has a time constant which is comparatively large in comparison with the bit period T,
" in the digital signal. Preferably, the time constant is larger than 100 times the bit period, for
~ example a few hundred times the bit period. The shifter unit 25.n produces a given delay of
the signal applied to its input 27 under the influence of the control signal applied to the |
30 control-signal input 29. . | o
' Since the low-pass filter 18 and the voltage-controlléd oscillator 21 are
common to the loops 13.1 to 13.n the outputs 15 of the phase comparators 17.1 to-17.n are |
all coupled to an input of a signal combination unit 19, for example in the form of an adder,
which has an output coupled to the loop filter 18.
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an accumulator. Such an accumulator each time adds with a given repetition rate a given

10 constant value cw to a value sw stored in the accumulat_or, which accumulated value acw is
subsequently stored in the accumulator as the stored value. This means that the relation acw
= cw + sw is valid each time. As a result, a sawtooth-shaped signal appears at the output of ( .
the VCO 21, which varies as a sawtooth with a given frequency betWeQn a-positive and a
negative threshold value +D and -D. If a control value rw is applied to the input of the VCO
15 21 the accumulator will perform the following accumulation:.acw = (cw + rw). + sw. This_
results in a sawtooth-shaped signal of another sawtooth frequency appearing at the output of
the VCO 21. The control loop controls the sawtooth frequency in such a manner that this
frequency is substantially equal to the bit frequency in the signals being read, for example
the signal ch,. The sawtooth-shaped signal is applied to the input 16 of the phase comparator
20 ‘1‘7-.n after phase-shifting in the phase shifter 25.n. The bpera_tion of the phase compérator
" 17.n will be further explained by means of the signal waveforms shown in Figures 2a, 2b, 2
and 2d. Figure 2a shows the sawtooth-shaped signal applied to the input 16 of the phase |
comparator 17.n and Figure 2b shows eye patterns in the signal applied to the input 13 of the
phase cdmparator 17.n. Figure 2d shows the actual signal applied to the input 13. The signal |
25 in Figure 2a is also applied to the clock signal input of the bit detector 9.n. In the 'bit
detector 9.n the falling edges in the signal of Figure 2a produce clock pulses, shown in
Figure 2¢, with which the signal ch, is sampled in the centres of the eye patterns, as shown
in Figure 2b, in order to obtain the digital signal. The clock frequency of the signal in Figure
2c is 1/T,,, which frequency corresponds to the bit ffequency of the signal in Figures 2b and
30 2d. The value of the sawtooth-shaped signal in Figure 2a is sampled under the influence of a
rising or a falling edge in the signal shown in Figure 2d. As is apparent from Figure 2a, this
yields sample values b; and b, which can serve as control values rw, as described
hereinbefore. _ _
| The loop 13.n controls the oscillator 21 and hence the sawtooth frequency
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the signals applied to the second inputs 16 of the conparators 17.1 to 17.n
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accunul ator. as the stored value. This neans that the relation acw = cw + sw
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out put 1(f from the averaged control result such a phase shift or time shift is produced that the clock
frequency cl, has exactly the correct sample phase. The phase shifter 25.n may take the form
of a modulo-D counter. As a result, a phase shift is obtained which is proportional to the
signal value applied to the control sigria] input 29 of the phase shifter 25.n..
" It is to be noted that during locking-in the bandwidth of the filter 26.n is
15 extended in order to minimise the time required for locking-in. Moreover, it is to be noted

that the circuit arrangement comprising the phase-locked loops for deriving the n clock
signals from the signals ch; to ch, can be realised in integrated form or, if desired, in
software form. ‘
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signal "of Figure 2a oduce cl 04: ,ﬁgbg&e shown i'n Figure 2c, wth which
the snal [er J-]mteﬁ iep Patent Ao, res of the eye patterns, as shown in
Figure 2b, in order to obt ain the digital signal. The clock frequency of
the signal in Figure 2c is 1/[err], which frequency corresponds to the bit
frequency of the signal in Figures 2b and 30 2d. The val ue of the :
saw oot h-shaped signal in Figure 2a is sanpled under the influence of a
rising or afalling edge in the signal shown in Figure 2d. As is apparent’
fromFigure 2a, this yields sanple values[err] and [err] which can serve as
control values rw, as described hereinbefore. The |oop 13.n controls the
oscillator 21 and hence the sawt ooth frequency :
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5 ikn such a manner that the sanples at the instants [err] an&CRdBY002%kcec
Fi'gure 2d, yield sanple values [err] and [grr], respectively, which are
substantially zero, so that the ‘detection i‘nstants in the bit detector 9.n
are tinmed @erectly. The signal conbination unit 19 may take the formof an
adder, af =38 which the sanples are averaged. It is also possible to
construct the signal conbination unit 19 as a nul tgﬂmamﬂnllmmLes from -
the various | oops being nultiplexed with a nultipl i (shoul d
be at least n tines the bit frequency. The control: syst’em't htis ®f fects :
aver agi ng over the n channels, so that it does not produce an exactly
correct value for any of the |oops. Therefore, the phase shifter 25.n has
been provi ded, which ensures that starting 100 from.the averaged control
result such a phase shift or time shift is produced that the clock

frequencylferr] has exabnlajrangemen:forseproduging npligital signals framse adjacent dracks
25. n may e .M 0 ul o- ' .kesult a phase.shift is
obt ai ned &ﬁ Fc‘i?%&;d %g%r'{ P%%lg%EEE@%M§W®CWmPWQﬁt r ol
si gnal i nppéad’fheaits édl?@ﬁﬂ?ﬁ rehd hesds, 2achhavihig af outpubefor Gbfling Rdhfoimation
| ocking-in the bandwidth of the filter 26.n is 15 extended in order to
m ni ni se Sigaalsifram the, njtracks apd applyingspid informmation, signals to the QUPWS, not ed
5. - n detection means having inputs coupled to the outputs of the n read heads, for deriving the
n digital signals from the n information signals read from the tracks and supplying said
digital signals to outputs, | '

- n phase-locked loops having inputs coupled to the n outputs of the read heads, _
each phase-locked loop comprising a phase comparator having a first input, which is coupled
10 to the input of the phase-locked loop, a second input and an output, a voltage-controlled
oscillator having an input, which is coupled to the output of the phase comparator, and an
output for supplying a clock signal of a given frequency, which output is coupled to the
second input of the phase comparator, the voitage-controlled oscillator being common to the
n phase-locked loops, and the arrangement comprising for this purpose a signal combination
15 unit having n inputs, each of the inputs being coupled to an output of one of the n phase
comparators, and having an output coupled to the input of the voltage-controlled oscillator,
and a phase-locked loop further comprising a phase-shifter unit having an input coupled to
the output of the voltage-controlled oscillator, an output coupled to the second input of the
phase comparator, and a control signal input, and comprising a control signal generator unit
20 having an input coupled to the output of the phase comparator and an output coupled to the
control signal input of the phase-shifter unit, characterised in that the control signal generator
unit is an integrating element.
2. An arrangement as claimed in Claim 1, characterised in that the
integrating elemént has a time constani which is comparatively large relative to the bit period
25 in the digital signal.

3. An arrangement as claimed in Claim 2, characterised in that the time
constant is larger than 100 times the bit period.
4, An arrangement as claimed in Claim 1, 2 or 3, characterised in that the

voltage-controlled oscillator supplies an oscillator signal having a frequency substantially
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integrating element is a low-pass filter. .

6. An arrangement as claimed in Claim 5, characterised in that a second
low-pass filter is coupled between the output of the signal'com_bination unit and the input of
the voltage-controlled oscillator, in that the cut-off frequency of the first-mentioned low-pass
filter is lower than the cut-off frequency of the second low-pass filter. |

7. An arrangement as claimed in any one of the precéding Claims,
characterised in that the output of the phase-shifter unit in a phase-locked loop is coupled to a
detection means to supply a detection frequéncy to the detection means.

8. ' An arrangement for deriving n clock signals from n inforrhation signals,
comprising |

- n inputs for receiving 'the n information signals,

- n phase-locked loops having inputs coupled to the n inputs of the arrangement,

each phase-locked loop comprising a phase comparator having a first input, which is coupled
to the input of the phase-locked loop, a second input and an output, a voltage-controlled
oscillator having an input, which is coupled to the output of the phase comparator, and an
output for supplying a clock signal of a given frequency, which output is coupled ;to the
second input of the phase coinparator,

- n outputs for supplying the n clock-'signals,-

the voltage-controlled oscillator being common to the n phase-locked loops, and the
arrangement comprising for this purpose a signal combination unit having n inputs, each of
the inputs being coupled to an output of one of the n phase comparators, and having an
output coupled to the input of the voltage-controlled oscillator, and a phase-locked loop
comprising a phase-shifter unit having an input coupled to the output of the voltage-
controlled oscillator, an output coupled to the second input of the phasé comparator'and a
control signal input, and comprising a control signal generator unit having an input coupled
to the output of the phase.cbmpérator and an output coupled to the control signal input of the
phase-shifter unit, and one of the outputs of the arrangement being coupled to the output of

the phase-shifter unit to supply a clock signal, characterised in that the control signal
_ _— T

T

generator unit is an integrating element.
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20 having an input coupled to the output of the phase conparator and an
out put coupMi9¥2948he control signal input of the phase- shi f t BEFT/TB#S/00254
chiracterised in that the control signal generator unit is an integrating
el ement. 2. An arrangenent as clainmed in Caima1l,
characterised in that the integrating elenent has a tine constant which is -
conparatively large relative to the bit petfgd 25 in the digital signal
3. An arrangenent as clainmed in Caim?2, characterised in that
the time constant is larger than 100 times the bit period. 4.
An arrangenent as clainmed in Cdaim1, 2 or 3, characterised in that the
vol tage-control l ed oscillator supplies an oscillator signal having a
frequency substantially =~ WO 95/29482 PCT/I895/00254 8 equal to the bit -
frequency in the digital signal. 5. An arrangenent as clai med
in CQaiml, 2 or 3, characterised in that the integrating elenent is a
| ow- pass filter.
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(57) Abstract

' For the clock extraction (Cl.) from n dngltal signals read from each of n tracks (Ta1 to Tan) there are provided n phase-locked loops
(13.n). The voltage-controlled oscillator (21) is common to the n phase-locked loops. A phase-locked loop further comprises a phase-shifter
unit (25.n) having an input coupled to the output of the voltage-controlled oscillator (21) and an output coupled to the second input of the

| phase comparator (17.n) in the loop. The phase shift in the phase-shifter unit (25.n) is controlled under the influence of a control signal

which is derived by a control slgnal generator (26.n) and applied to a control signal input (29) of the phase-shifter unit (25.n). The control
signal generator unit (26.n) is an integrating element. _ )




the inputs being coupled to an output of one of the n phase conparators,
and having an output coupled to the input of the voltage-controlled
oscillator, and a phase-locked | oop 25 conprising. a phase-shifter unit ¥
having an i nput coupled to the output of the voltage- controlled _
oscillator, an output coupled to the second input of the phase conparator -
and a control signal input, and conprising a control signal generator unit
havi ng an i nput coupled to the output of the phase conparator and an out put
coupled to the control signal input of the phase-shifter unit, -and one of
the outputs of the arrangenent being coupled to the output of 30 the.
phase-shifter unit to supply a clock signal, characterised in that the
control signal generator unit is -an integrating el enent.
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