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STORAGE MEDIA READING SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a storage media 
reading system Which can extract a sync clock signal for 
information reproduction and reproduced data from infor 
mation recorded in the form of combinations of “1” and “0” 
in a digital versatile disc (DVD), a compact disc-read only 
memory (CD-ROM) or the like With use of such a phase 
locked loop circuit as a phase-locked loop (PLL). 

[0002] Recorded on an optical disc such as a DVD or 
CD-ROM are information or data in the form of combina 
tions of logical values of “1” and “0”. For example, When the 
sync clock signal has a period of T, data is recorded in 
combinations of signal periods of 3T to UT. Such data 
recorded on the optical disc is read out by a pickup and 
Waveform-equalized by a preampli?er and digitiZed to gen 
erate a binary signal. In order to reproduce recorded data 
from the binary signal, the PLL circuit reproduces a sync 
clock signal on the basis of the binary signal, and the binary 
signal is used as reproduced data synchroniZed With the 
reproduced sync clock signal. At this time, synchroniZation 
is achieved in the PLL circuit so that an edge of the binary 
signal and a falling edge of the sync clock signal (When the 
sync clock signal has a duty of 50%, the falling edge of the 
sync clock signal corresponds to a middle point betWeen 
adjacent rising edges of the sync clock signal) are made to 
be coincided. Under this condition, When the binary signal 
is latched at a rising edge of the sync clock signal, a highest 
quality of reproduced data can be acquired. 

[0003] The aforementioned technique is conventionally 
knoWn and is valid When the duty of the sync clock signal 
is 50%. HoWever, When the duty of 50% cannot be secured, 
the timing of rising or falling (level change) in the binary 
signal goes out of the middle point betWeen adjacent edges 
of the sync clock signal. Under such a condition, a small 
jitter takes place in the sync clock signal or binary signal, the 
normal value of the binary signal cannot be latched, thus 
resulting possibly in that erroneous reproduced data is 
output. In order to realiZe a sync clock signal having a duty 
of 50%, it is usual to generate a clock signal of a frequency 
tWice as high as a required frequency and frequency divide 
the generated clock signal. HoWever, noWadays, it has 
become difficult to generate such a high frequency signal as 
a transfer rate is increased. A disc such as a DVD or 

CD-ROM is rotated at a high speed for the purpose of 
enabling high-speed access, and a data transfer rate tends to 
also be increased correspondingly. 

[0004] It is also substantially difficult to forcibly make the 
timing of level change in the binary signal coincide With the 
timing of a middle point betWeen adjacent edges of the sync 
clock signal, including logical gate delay or changes in the 
characteristics of circuit elements. It is dif?cult to predict 
?uctuations in the duty of a clock generated in the interior 
of an LSI or variations in the logical gate delay upon 
manufacturing it. 

[0005] Disclosed in JP-A-7-221800 (laid-open on Aug. 
18, 1995) is a technique for automatically adjusting the 
phase of an edge of a clock signal to be input to a data 
discriminating/reproducing circuit at a already-determined 
phase, Wherein the values of input data for phases leading or 
lagging With respect to a reproduced clock signal are com 
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pared With the value of the input data for the phase of the 
reproduced clock signal, and the phase of the reproduced 
clock signal in a phase synchroniZation loop is automatically 
adjusted so that these data values become equal to each 
other. Since this technique is directed to adjustment of the 
phase of the reproduced clock signal per se. separately from 
the phase synchroniZation loop, hoWever, a result of the 
phase adjustment does not accurately re?ect even another 
clock signal having a phase difference given for the afore 
mentioned comparison, and thus it is expected that, When a 
data transfer rate is high, it becomes dif?cult to perform the 
phase adjustment. 

SUMMARY OF THE INVENTION 

[0006] It is therefore an object of the present invention to 
provide a storage media reading system Which can generate 
a sync clock signal from a signal read out from a recording 
medium, can use the clock signal to reduce an error gener 
ated at the time of reproducing data, and can achieve a high 
quality of reproduction of digital data. 

[0007] In accordance With an aspect of the present inven 
tion, there is provided a storage media reading system Which 
comprises: 

[0008] a phase detector having ?rst and second input 
terminals, a binary signal obtained from data 
recorded on a recording medium and carrying the 
data being supplied to said ?rst terminal; 

[0009] a voltage controlled oscillator for generating 
(2m+1) multi-phase clock signals (m being a positive 
integer) Which are changed in oscillation frequency 
according to an output of the phase detector and 
Which are mutually shifted in phase by an integral 
multiple of 2J'E/(2II1+1) and for extracting one of 
these multi-phase clock signals as a sync clock signal 
for data reproduction and for supplying part of the 
sync clock signal to the second input terminal of the 
phase detector; 

[0010] a variable delay circuit for delaying the binary 
signal by a controllable delay time to generate a 
binary delayed signal; and 

[0011] a delay control circuit including ?rst circuits 
for determining a value of the binary delayed signal 
from the variable delay circuit in synchronism With 
the sync clock signal to generate a reproduced data 
signal and also including a second circuit for com 
paring a phase of the binary delayed signal from the 
variable delay circuit With phases of the multi-phase 
clock signals from the voltage controlled oscillator to 
generate a delay control signal to be supplied to the 
variable delay circuit for control of the delay time, 
and 

[0012] Wherein the reproduced data signal and sync 
clock signal are used to reproduce the data recorded 
in the recording medium. 

[0013] In accordance With another aspect of the present 
invention, there is provided a storage media reading system 
Which comprises a data reproducing circuit for reproducing 
a sync clock signal in a phase-locked loop circuit on the 
basis of a digital binary signal read out from a recording 
medium and for generating reproduced data through syn 
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chroniZation of the binary signal With the sync clock signal. 
The phase-locked loop circuit has a ring type voltage 
controlled oscillator in its phase-locked loop Which includes 
an odd number of delay gate stages Whose delay times are 
determined by the phase comparison result. One of outputs 
of the delay gate stages is used as a sync clock signal fed 
back in the phase-locked loop. The data reproducing circuit 
further has a variable delay circuit for variably delaying the 
binary signal to generate a binary delayed signal and also has 
a delay control circuit for comparing the phase of the binary 
delayed signal from the variable delay circuit With phases of 
clock signals generated in the plurality of delay gate stages 
and for supplying the delay control signal to the variable 
delay circuit in such a manner that the binary delayed signal 
has a predetermined phase difference With respect to the 
sync clock signal. 

[0014] In the aforementioned aspect of the present inven 
tion, the phase of the binary delayed signal to the sync clock 
signal is optimumly controlled on the basis of a phase 
relationship betWeen the output clock signals from the delay 
gate stages present in the voltage controlled oscillator and 
the binary delayed signal. For example, the delay of the 
delayed signal from the variable delay circuit is controlled 
so that the timing of a level change in the delayed signal is 
aWay from a rising edge of the sync clock signal. As a result, 
When the duty of the sync clock signal is shifted from 50% 
as an increased data transfer rate causes an increased fre 

quency of the sync clock signal, even generation of a jitter 
in the sync clock signal or binary signal enables a normal 
signal value to be latched by a latch circuit and thus accurate 
reproduced data corresponding to the binary signal to be 
obtained. 

[0015] Further, the phase discrimination is carried out With 
use of the multi-phase clock signals Within the voltage 
controlled oscillator. Thus even When a change in the 
transfer rate of the input signal causes a change in the 
oscillation frequency of the voltage controlled oscillator, a 
phase discrimination sensitivity can be kept constant. 

[0016] Furthermore, because of the delay control of the 
binary signal, control can be easily realiZed With a reliability 
higher than that of the case of performing delay control of 
the multi-phase clock signals equally. 

[0017] The delay control circuit has, as an example, a 
plurality of latch circuits provided to correspond in number 
to the output clock signals of the delay gate stages in the 
voltage controlled oscillator for latching the value of the 
binary delayed signal in synchronism With a change in a ?rst 
level in the output clock signals, a phase discriminating 
circuit for generating a advance/delay detection signal 
indicative of a time relationship of the binary delayed signal 
With respect the respective outputs of the delay gate stages 
on the basis of outputs of the plurality of latch circuits, and 
a signal producing circuit for supplying a delay control 
signal to the variable delay circuit to change the timing of a 
level change in the binary delayed signal to such a direction 
as aWay from the timing of the ?rst level change of the sync 
clock signal on the basis of the advance/delay detection 
signal from the phase discriminating circuit. 

[0018] With the aforementioned arrangement, the entire 
latched state of the latch circuits is sequentially determined 
for each one period of the clock signal outputted from each 
one of the delay gate stages. The latched state is discrimi 
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nated for each one period and the delay control signal is 
sequentially updated on the basis of the discriminated result. 

[0019] The delay control circuit may, as another example, 
include a plurality of sets of latch circuits for each of the 
output clock signals from the delay gate stages in the voltage 
controlled oscillator. In each set of latch circuits, a plurality 
of latch circuits are connected in series, their latch clock 
terminals are commonly connected, so that latching opera 
tion is carried out in synchronism With the ?rst level change 
of the clock signals to supply the binary delayed signal to a 
latch data input terminal of the ?rst stage. The delay control 
circuit further has a phase discriminating circuit for gener 
ating a advance/delay detection signal indicative of a time 
relationship of the phase of the binary delayed signal With 
respect to the phases of the clock signals on the basis of 
outputs of the latch circuits, and a signal producing circuit 
for supplying the delay control signal to the variable delay 
circuit to change the timing of the level change of the binary 
delayed signal to such a direction as aWay from the timing 
of the ?rst level change of the sync clock signal on the basis 
of the advance/delay detection signal from the phase dis 
criminating circuit. 

[0020] The phase discriminating circuit is only required to 
output a detection signal at a rate of once for a plurality of 
cycles of the output clock signals from the delay gate stages. 
Or the signal producing circuit is only required to receive a 
delayed signal from the phase discriminating circuit at a rate 
of once for a plurality of cycles of the output clock signals 
from the delay gate stages. 

[0021] With the aforementioned arrangement, When n 
stages of latch circuits connected in series are provided for 
example, the latched state of the entire latch circuits is 
sequentially determined for each n periods of the output 
clock signal of one of the delay gate stages in the voltage 
controlled oscillator. When a signal of, e.g., 3T to HT is 
reproduced from a disc, hoWever, pulses of T and 2T may be 
included into a read binary signal. When such binary signal 
is subjected to detection of the phase state With the sync 
clock signal, a phase control error Will be large. In order to 
avoid this, after the latch state of the entire latch circuits is 
determined for each n periods of the clock signals, its 
latched data is discriminated and the delay control signal is 
updated. For example, When a pulse of IT is mixed, such a 
state that the binary delayed signal has level changes during 
consecutive tWo periods of the sync clock signal, it is 
designed so that this Will not be detected. In short, it is only 
required to detect by pattern matching or the like Whether or 
not the latched state of the entire latch circuits corresponds 
to any one of a plurality of states to be detected for each n 
periods of the clock signal. Such a state as caused by the 
noise of iT is previously excluded from the states to be 
discriminated. For example, When such a shift register 
arrangement that latch circuits are connected in series is 
employed to detect a level change point in the binary 
delayed signal With respect to a unit of latch data corre 
sponding to a plurality of periods of the sync clock signal, 
such an abnormality as to discriminate tWo consecutive level 
change points, e.g., an erroneous level change in the binary 
delayed signal caused by a damage or the like on the disc, 
can be discriminated and thus delay control to the variable 
delay circuit can be realiZed With use of only reliable signal 
changes. 
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[0022] As a method for realizing the above phase discrimi 
nation and the generation of the delay control signal, tWo 
methods Which folloW may be employed. Both of the tWo 
methods are based on averaging or sensitivity loWering, to 
thereby suppress a state in Which, When the phase of the sync 
clock signal or binary signal is disturbed in a one-shot 
manner or irregularly, this is re?ected directly on the phase 
control to lead to a dif?culty in convergence of the phase 
control. 

[0023] In ?rst one of the above methods, the phase dis 
criminating circuit detects outputs of the plurality of latch 
circuits concurrently to detect Whether the timing of a level 
change in the binary delayed signal is advanced or delayed 
With respect to the timing of the ?rst level change in the sync 
clock signal. At this time, the signal producing circuit 
includes a ?rst operational circuit Which updates a count 
value in a ?rst direction in response to the discriminated 
result of the phase-advanced state by the phase discriminat 
ing circuit and updates the count value in a second direction 
in response to the discriminated result of phase-delayed state 
by the phase discriminating circuit. Further included in the 
signal producing circuit is an arrival detecting circuit Which 
detects Whether the count value of the ?rst operational 
circuit arrived at a ?rst threshold value in the ?rst direction 
or at a second threshold value in the second direction. And 
also included in the signal producing circuit is a second 
operational circuit Which updates the value of the delay 
control signal in a third direction in response to the detection 
of arrival at the ?rst threshold value thereby and Which 
updates the value of the delay control signal in a fourth 
direction in response to the detection of arrival at the second 
threshold value thereby. As a result, the variable delay circuit 
advances the timing of the level change of the binary 
delayed signal and locates the timing aWay from the ?rst 
level change of the sync clock signal due to the updating of 
the value of the delay control signal in the third direction; 
and delays the timing of the level change of the binary 
delayed signal and locates the timing aWay from the timing 
of the ?rst level change of the sync clock signal due to the 
updating of the value of the delay control signal in the fourth 
direction. 

[0024] With the above arrangement, When it is judged on 
the basis of the phase discrimination of the sync clock signal 
and binary delayed signal that the phase state is out of a 
control target, the count value of the second operational 
circuit for generating the delay control signal to the variable 
delay circuit is incremented or decremented. For the purpose 
of modifying a control sensitivity, the ?rst operational circuit 
integrates the phase state of the binary delayed signal 
delayed or advanced With respect to the sync clock signal, 
and, When its integrated value reached its threshold value, 
updates the count value (delay control signal) of the second 
operational circuit, thereby updating a delay to the variable 
delay circuit. Accordingly a phase relationship betWeen the 
sync clock signal and binary delayed signal is stably con 
verged into a control target. 

[0025] In the second method, the phase discriminating 
circuit detects outputs a plurality of latch circuits concur 
rently to detect hoW much the timing of the level change of 
the binary delayed signal is advanced or delayed With 
respect to the timing of the ?rst level change of the sync 
clock signal. At this time, the signal reproducing circuit 
includes a ?rst operational circuit Which updates a count 
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value in the ?rst direction in response to the degree (time 
length) of advance detected by the phase discriminating 
circuit and Which updates the count value in the second 
direction in response to the degree (time length) of delay 
detected by the phase discriminating circuit. Further 
included in the signal producing circuit is an arrival detect 
ing circuit Which detects Whether the count value of the ?rst 
operational circuit arrived at a ?rst threshold value in the 
?rst direction or arrived at a second threshold value in the 
second direction. Also included in the signal producing 
circuit is a second operational circuit Which updates the 
value of the delay control signal in the third direction in 
response to detection of the arrival at the ?rst threshold value 
by the arrival detecting circuit and Which updates the values 
of the delay control signal in the fourth direction in response 
to detection of the arrival at the second threshold value 
thereby. As a result, the updating of the value of the delay 
control signal in the third direction causes the variable delay 
circuit to advance the timing of the level change of the 
binary delayed signal to locate the timing aWay from the 
timing of the ?rst level change of the sync clock signal; 
While the updating of the value of the delay control signal in 
the fourth direction causes the variable delay circuit to delay 
the timing of the level change of the binary delayed signal 
to locate the timing aWay from the timing of the ?rst level 
change of the sync clock signal. 

[0026] In this case, since the judgement including the siZe 
of an error to the control target is carried out, convergence 
to the control target is made fast. 

[0027] With respect to the ?rst operational circuit, its 
count value is initialiZed in response to the updating opera 
tion of the delay control signal by the second operational 
circuit. The initialiZation means to reset the ?rst operational 
circuit or to preset a prescribed value therein. 

[0028] When the variable delay circuit is made up of a D/A 
converter for converting the delay control signal to an 
analog signal and a delay circuit for variably controlling its 
delay time by controlling its mutual conductance in response 
to a signal outputted from the D/A converter, a part of the 
arrangement of the voltage controlled oscillator may also 
serve as a part of the variable delay circuit in common. 

[0029] The above and other objects and novel features of 
the present invention Will become clear as the folloWing 
description of the invention advances as detailed With ref 
erence to preferred embodiments of the invention as shoWn 
in accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] FIG. 1 is a block diagram of a disc drive unit such 
as a DVD or CD-ROM drive unit as an eXample of a storage 

media reading system; 

[0031] FIG. 2 is a time chart shoWing a phase relationship 
betWeen a reproduced data signal and a sync clock signal 
When the sync clock signal has a duty of 50%; 

[0032] FIG. 3 is a time chart shoWing a phase relationship 
betWeen the reproduced data signal and the sync clock signal 
When the duty of the sync clock signal is not 50%; 

[0033] FIG. 4 is a block diagram of an arrangement of a 
data strobe circuit as an eXample of a data reproducing 

device; 
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[0034] FIG. 5 a logical circuit as an example of a voltage 
controlled oscillator Which can be used in the data strobe 
circuit shoWn in FIG. 4; 

[0035] FIG. 6 is a block diagram as an example of a 
variable delay circuit Which can be used in the data strobe 
circuit of FIG. 4; 

[0036] FIG. 7 is a block diagram as an example of a delay 
control circuit Which can be used in the data strobe circuit of 
FIG. 4 and Which includes a phase discriminating circuit for 
detecting a level change in a binary delayed signal With 
respect to one period of the sync clock signal; 

[0037] FIG. 8 is a time chart shoWing phase detecting 
operation of the phase discriminating circuit of FIG. 7; 

[0038] FIG. 9 is a time chart shoWing an example of 
update timing of the delay control signal With respect to a 
count value of a ?rst up/doWn counter in FIG. 7; 

[0039] FIG. 10 is a block diagram of another example of 
the delay control circuit Which can be used in the data strobe 
circuit of FIG. 4 and be arranged to detect even the siZe of 
an error to a control target; 

[0040] FIG. 11 is a block diagram of another example of 
the delay control circuit Which can be used in the data strobe 
circuit of FIG. 4 and be arranged to detect a level change in 
the binary delayed signal With respect tWo periods of the 
sync clock signal; 

[0041] FIG. 12 is a time chart shoWing operation of the 
phase discriminating circuit in the delay control circuit of 
FIG. 11; 

[0042] FIG. 13A is a diagram for explaining a ?rst method 
for the operation of the phase discriminating circuit in the 
delay control circuit of FIG. 11; and 

[0043] FIG. 13B is a diagram for explaining a second 
method for the operation of the phase discriminating circuit 
in the delay control circuit of FIG. 11. 

DESCRIPTION OF THE EMBODIMENTS 

[0044] FIG. 1 shoWs a disc drive unit 1 such as a DVD or 
CD-ROM drive unit as an example of a storage media 
reading system in accordance With an embodiment of the 
present invention. An optical disc 3 as a recording medium 
of DVD, CD-ROM, etc. has information or data recorded 
thereon in the form of combinations of logical values 1 and 
0. Assuming for example that a sync clock signal has a 
period of T, then information or data is recorded in combi 
nations of signals having periods of 3T to UT. The disc 
drive unit 1 is connected to a host computer 2 by means of 
an interface such as (AT attachment packet interface) 
ATAPI. A read instruction issued from the host computer 2 
to the disc drive unit 1 passes through an interface circuit 
(UP) 4 and arrives at a control unit 5. The control unit 5 
interprets the read instruction and controls respective blocks. 
A servo circuit 6 controls the rotational speed of a spindle 
motor 7 or the position of a pickup 8. Information or data 
(Which Will be referred to merely as information or data, 
hereinafter) recorded on the disc 3 is read out by the pickup 
8, Waveform equaliZed by a preampli?er 9, and then output 
to a slicer 10 as a radio frequency (RF) signal such as an 
eight to fourteen modulation (EFM) signal. The slicer 10 
digitiZes the received RF signal With an optimum slice level 
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into a binary signal 11 having logical values 1 and 0, and 
then outputs the binary signal 11 to a data strobe circuit 12. 
The binary signal 11 is a serial signal carrying information 
recorded on the disc 3. The data strobe circuit 12 includes a 
phase synchroniZing circuit such as a phase-locked loop 
(PLL) circuit for reproducing a sync clock signal 14 (also 
referred to as the reproduced clock signal) synchroniZed 
With the binary signal 11 and a data reproducing circuit for 
generating reproduced data 15 obtained by synchroniZing 
the binary signal 11 With the sync clock signal 14. 

[0045] The sync clock signal 14 and reproduced data 15 
issued from the data strobe circuit 12 are supplied to a signal 
processing circuit 16. The signal processing circuit 16 
delivers the reproduced data 15 to a buffer in synchronism 
With the sync clock signal 14. In the operation of the signal 
processing circuit 16 of reading out the reproduced data 15 
from the buffer and subsequent operations thereof, the 
reproduced data 15 is subjected to an error correction or the 
like With use of a clock generated by a crystal oscillator as 
a sync clock signal, passed through the interface circuit 4, 
transferred to the host computer 2, and eventually repro 
duced therein as recorded information. 

[0046] In FIG. 1, the control unit 5 may be implemented 
in the form of a microcomputer of a semiconductor inte 
grated circuit. Further, circuit elements collectively by ref 
erence numeral 18 may be formed in the form of a single 
semiconductor integrated circuit chip as a disc controller. It 
is also possible to mixedly mount the control unit 5 on the 
disc controller. Reference symbol D denotes a display unit 
coupled With the host computer 2. 

[0047] When the sync clock signal 14 is reproduced so 
that a falling edge (second level change) of the sync clock 
signal 14 is made to coincide With an edge (level change) of 
the binary signal 11 from the slicer 10 as exempli?ed in FIG. 
2, it is most suitable to determine the value of the binary 
signal 11 at a rising edge (?rst level change) of the sync 
clock signal 14 and latch it as reproduced data in order to 
acquire a highest quality of reproduced data. This method is 
valid When the sync clock signal has a duty of 50% as 
already explained above. HoWever, When it is impossible to 
secure the duty 50%, the timing of the level change point in 
the binary signal 11 is shifted from a middle (one half of one 
period) betWeen tWo consecutive or adjacent rising or falling 
edges, as exempli?ed in FIG. 3. Thus even When a small 
jitter takes place in the sync clock signal 14 or binary signal 
11, erroneous reproduced data may be output With a high 
possibility. More speci?cally, in the case of FIG. 2, When 
jitters in the sync clock signal 14 and binary signal 11 are 
smaller than B1, no error takes place in reproduced data. In 
the case of FIG. 3, hoWever, even in the event Where the 
jitters in the sync clock signal 14 and binary signal 11 are 
smaller than B1, if the jitters are larger than B2, then an error 
takes place in the reproduced data. In order to realiZe a clock 
signal having a duty of 50%, it is usual to generate a clock 
signal of a frequency tWice as high as a required frequency 
and frequency divide the generated signal. HoWever, since it 
has become dif?cult to generate such a high frequency signal 
as the transfer rate is increased, it is substantially dif?cult to 
realiZe the duty 50% to eliminate the disadvantage of the 
case of FIG. 4. In addition, it is further dif?cult to make 
accurately and forcibly the timing of level change of the 
binary signal coincide With the middle point betWeen con 
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secutive or adjacent rising or falling edges of the sync clock 
signal in consideration of gate transfer delay time and 
secular changes. 

[0048] Detailed explanation Will be made as to an example 
of the data strobe circuit 12 Which forms a data reproducing 
device capable of avoiding generation of erroneous repro 
duced data even When the sync clock signal 14 cannot have 
a duty of 50%. 

[0049] ShoWn in FIG. 4 is an exemplary entire arrange 
ment of the data strobe circuit 12. The data strobe circuit 12 
includes a PLL circuit 21 for generating the sync clock 
signal 14 With use of the binary signal 11 as a reference 
signal, a variable delay circuit 22 for delaying the binary 
signal 11 by a controllable time to generate a binary delayed 
signal 24, a delay control circuit 26 for comparing the phases 
of multi-phase clock signals 23 generated by a voltage 
controlled oscillator of the PLL circuit 21 With the phase of 
the binary delayed signal 24 issued from the variable delay 
circuit 22 and generating a delay control signal 25 on the 
basis of the comparison result, and a control circuit 27 for 
controlling the delay control circuit 26. 

[0050] The PLL circuit 21 has a phase detector 30, a 
charge pump and loop ?lter 31, and a voltage controlled 
oscillator 32. 

[0051] FIG. 5 shoWs an example of the voltage controlled 
oscillator 32. The voltage controlled oscillator 32 has a ring 
oscillator 35 Which includes n (odd number) differential 
inverters INV1 to INVn as delay gate stages connected in a 
ring shape. The differential inverters INV1 to INVn output 
differential signals respectively. ApoWer supply for supply 
ing operational poWer to the respective differential inverters 
INV1 to INVn is a variable poWer supply (not shoWn) Whose 
mutual conductance is controlled by a control voltage as an 
output of the charge pump and loop ?lter 31. The control 
voltage from the charge pump and loop ?lter 31 determines 
the oscillation frequency of the voltage controlled oscillator 
32. Differential outputs of the differential inverters INV1 to 
INVn are converted respectively into a single phase by 
differential input buffers DBUF1 to DBUFn to form n-phase 
clock signals 23 (CLK1 to CLKn) the phases of Which are 
sequentially shifted by 2J'E/I1. Any one of the multi-phase 
clock signals CLK1 to CLKn is fed back to the phase 
detector 30 as the sync clock signal 14. 

[0052] FIG. 6 shoWs an example of the variable delay 
circuit 22. The variable delay circuit 22 has a D/A converter 
37 for converting the delay control signal 25 to an analog 
signal, and a delay circuit 38 Whose mutual conductance for 
example is controlled by an output signal of the D/A 
converter 37 to thereby variably control its delay time. For 
example, the delay circuit 38 can be arranged so that, though 
not shoWn, the binary signal 11 is supplied to ?rst one of the 
plurality of stages of the differential inverters connected in 
series, the binary delayed signal 24 is obtained from the 
output of the ?nal stage, the differential inverters employ a 
variable poWer supply (not shoWn) Whose mutual conduc 
tance is controlled by the control voltage as the output of the 
D/A converter 37 to generate the binary delayed signal 24 
having a delay time controlled by the value of the delay 
control signal 25. 

[0053] FIG. 7 shoWs a ?rst example of the delay control 
circuit 26. FIG. 8 shoWs exemplary operational timing of 
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the delay control circuit 26 having an arrangement of FIG. 
7. It is assumed in this example that n=5 and S-phase clock 
signals CLK1 to CLK5 sequentially shifted by 275/5 from the 
voltage controlled oscillator 32 are used. A single latch 
circuit is provided for each of the S-phase clock signals. The 
phases of the S-phase clock signals CLK1 to CLK5, that is, 
phases a, b, c, d and e are sequentially supplied to latch clock 
input terminals of latch circuits FFa, FFb, FFc, FFd and FFe. 
In this case, the phase c is used as the sync clock signal 14, 
and the output of the latch circuit FFc to be latched by the 
phase c and to be explained later is used as the reproduced 
data signal 15. The binary delayed signal 24 is supplied to 
data input terminals of the latch circuits. 

[0054] The delay control circuit 26 includes a ?rst circuit 
having a plurality of latch circuits FFa to FFe for determin 
ing the value of the binary delayed signal 24 and latching it 
as reproduced data in synchronism With the ?rst level 
change (rising change) of the multi-phase clock signals 
CLK1 to CLK5, a phase discriminating circuit 40 for 
generating a advance/delay detection signal indicative of a 
time relationship of the phase of the binary delayed signal 24 
to the phases of the multi-phase clock signals CLK1 to 
CLK5 on the basis of outputs of the latch circuits FFa to FFe, 
and a second circuit having a signal producing circuit 41 for 
outputting the delay control signal 25 to the variable delay 
circuit 22 to change the timing of the level change of the 
binary delayed signal 24 in such a direction as aWay from the 
timing of the ?rst level change (rising change) of the sync 
clock signal 14 on the basis of the output signal of the phase 
discriminating circuit 40. 

[0055] The phase discriminating circuit 40 concurrently 
detects (reads out) the outputs of the plurality of latch 
circuits FFa to FFe, judges Whether the timing of the level 
change of the binary delayed signal 24 leads or lags the 
timing of the rising change of the sync clock signal 14, and 
generates a advance/delay detection signal (FST or SLW). 
The multi-phase clock signals CLK1 to CLK5 have phase 
differences —4J'|§/5, —2J'|§/5, +2J'c/5 and +4J'c/5 of the phases a, 
b, d and e With respect to the phase c as a reference phase. 
It is not necessarily required for signals of the phases a, b, 
c, d and e to have a duty of 50% and is only required for the 
signals to be shifted in phase substantially equally. The 
signals of the phases a, b, d and e are auxiliary clock signals 
for discriminating a time relationship betWeen the phase of 
the sync clock signal 14 and the phase of the binary delayed 
signal 24. All data held in the 5 latch circuits FFa to FFe can 
become inputs to the phase discriminating circuit 40 to 
detect the timing of level change (rising or falling change) 
of the binary delayed signal 24. Assuming that the sync 
clock signal 14 has a period of T, then the clock signals 
sequentially phase shifted by 275/5 sequentially update the 
data of the latch circuits FFa to FFe and thus the inputs to 
the phase discriminating circuit 40 are continued to change 
for each T/S period. The judgement of the time relationship 
betWeen the phases of the multi-phase clock signals CLK1 
to CLK5 and the phase of the binary delayed signal 24, is 
required to Wait until the latch data of all the latch circuits 
FFa to FFe are updated or provided in a duration corre 
sponding to at least one period of the sync clock signal 14. 
In the example of FIG. 7, the phase discriminating circuit 40 
discriminates time-base relation of phases of the binary 
delayed signal 24 and the multi-phase clock signals 14 in 
synchronism With a rising edge of the clock signal CLK1 of 
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the phase a and the signal producing circuit 41 generates a 
advance/delay detection signal. 

[0056] For example, With respect to the timing of discrimi 
nation of the phase discriminating circuit 40, if the output 
value of the latch circuit FFa has a logical value of 1 and the 
output values of the latch circuits FFb to FFe have all logical 
values of 0, then the phase state of the change point of the 
binary delayed signal 24 is present in such a range E1 as 
exempli?ed by FIG. 8, (1) and the change is judged that it 
is a falling change. The phase discriminating circuit 40 
discriminates such a phase state as exempli?ed by FIG. 8, 
(1), (2), (3) or (4) each time the binary delayed signal 24 
rises or falls. 

[0057] A desirable state for the discriminated result of the 
phase discriminating circuit 40 is that, even When the sync 
clock signal 14 cannot have a duty of 50% as shoWn in FIG. 
3, a margin of a Width B1 corresponding to nearly half of the 
period of the sync clock signal 14 can be obtained With 
respect to a jitter in the binary signal 11 or sync clock signal 
14 as in FIG. 2. In other Words, the timing of the level 
change of the binary delayed signal 24 is set in a state A or 
B With respect to the sync clock signal 14 of the phase c as 
exempli?ed in FIG. 8. It cannot be avoided that a jitter takes 
place in the binary delayed signal 24 or sync clock signal 14 
as already mentioned above, but the jitter effect can be 
avoided by setting the timing of the level change of the 
binary delayed signal 24 on the time base aWay (as spaced) 
from the timing of the level change (e.g., rising edge) of the 
sync clock signal 14 as the latch timing of the reproduced 
data. Accordingly the states A and B in FIG. 8 are control 
targets, and the states (1) and (2) indicate that the binary 
delayed signal 24 is delayed With respect to the sync clock 
signal 14 When vieWed from the target, While the states (3) 
and (4) indicate that the binary delayed signal 24 is advanced 
With respect to the sync clock signal 14. 

[0058] The phase discriminating circuit 40, When judging 
the delayed state, asserts a delay detection signal SLW in the 
signal producing circuit 41 as a advance/delay detection 
signal, Whereas the phase discriminating circuit 40, When 
judging the advanced state, asserts an advance detection 
signal FST in the signal producing circuit 41. 

[0059] The signal producing circuit 41 has a ?rst up/doWn 
counter (CNT1) 43 as a ?rst operational circuit, a compara 
tor (CMP) 44 as an arrival detecting circuit, and a second 
up/doWn counter (CNT2) 45 as a second operational circuit. 

[0060] The ?rst up/doWn counter 43, as exempli?ed in 
FIG. 9, inputs the delay detection signal SLW and advance 
detection signal FST in synchronism With the rising edge of 
the clock signal CLK1 of the phase a, decrements by —1 in 
response to the assert state of the delay detection signal 
SLW, and increments by +1 in response to the assert state of 
the advance detection signal PST. 

[0061] The comparator 44 inputs a count value NMB from 
the up/doWn counter 43 and detects Whether the count value 
NMB reached a ?rst threshold value, e. g., an upper limit 
value Ulim or reached a second threshold value, e. g., a loWer 
limit value Llim. The upper and loWer limit values Ulim and 
Llim are values Which are used to determine the control 
sensitivity of the delay control circuit 26 programmably 
assigned by the control circuit 27. The comparator 44 asserts 
an up signal UP as an arrival detection signal When detecting 
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an arrival at the upper limit value Ulim, and asserts a doWn 
signal DWN When detecting an arrival at the loWer limit 
value Llim. The assert state of the up or doWn signal UP or 
DWN is informed to the ?rst up/doWn counter 43 in the form 
of a reset signal RST, Whereby the count value of the ?rst 
up/doWn counter 43 is reset at its initial value. 

[0062] The second up/doWn counter 45 inputs the up and 
doWn signals UP and DWN, counts doWn by —1 in response 
to the assert state of the doWn signal DWN, and counts up 
by +1 in response to the assert state of the up signal UP. The 
count value of the second up/doWn counter 45 is output as 
the delay control signal 25. 

[0063] As the value of the delay control signal 25 is 
counted doWn and decreased, the variable delay circuit 22 
advances the timing of the level change of the binary 
delayed signal 24 in such a manner that the timing of the 
level change of the binary delayed signal 24 becomes closer 
to the state A in FIG. 8, resulting in that the timing of the 
level change of the binary delayed signal 24 is set on the 
time base aWay from the rising edge (the timing of the level 
change) of the sync clock signal 14. Conversely, When the 
value of the delay control signal 25 is counted up and 
increased, the variable delay circuit 22 delays the timing of 
the level change of the binary delayed signal 24 on the time 
base in such a manner that the timing of the level change of 
the binary delayed signal 24 becomes closer to the state B in 
FIG. 8, resulting in that the timing of the level change of the 
binary delayed signal 24 is set on the time base aWay from 
the rising edge (the timing of the level change) of the sync 
clock signal 14. 

[0064] FIG. 10 shoWs a second example of the delay 
control circuit 26. FIG. 10 is different from FIG. 7 in phase 
discrimination to the outputs of the latch circuits FFa to FFe 
and in operational operations in response thereto. A signal 
producing circuit 41A has an add/subtract circuit 43A in 
place of the ?rst up/doWn counter 43 in the signal producing 
circuit 41 in FIG. 7. More speci?cally, a phase discriminat 
ing circuit 40A detects (reads out) the outputs of the latch 
circuits FFa to FFe concurrently to thereby detect time 
lengths by Which the timing of the level change of the binary 
delayed signal 24 is advanced and delayed With respect to 
rising edge of the sync clock signal 14. In the example of 
FIG. 8, for example, the phase discriminating circuit 40A 
outputs an operational instruction signal Add/Sub to instruct 
subtraction in the delay state of FIG. 8, (1) and (2) and 
addition in the delay state of FIG. 8, (3) and (4) as the 
advance/delay detection signal, a ?rst numeric value signal 
AB1 indicative of an absolute value 1 in the states of FIG. 
8, (1) and (4), and a second numeric value signal AB2 
indicative of an absolute value 2 in the states of FIG. 8, (2) 
and The signals Add/Sub, AB1 and AB2 are supplied to 
the add/subtract circuit (AU) 43A as another example of the 
?rst operational circuit. The add/subtract circuit 43A latches 
its operational result in its output stage, adds to the imme 
diately-previous operational result the numeric value 
instructed by the numeric value signal AB1 or AB2 since the 
numeric value signal AB1 or AB2 is asserted When addition 
is instructed by the operational instruction signal Add/Sub, 
and subtracts from the immediately-previous operational 
result the numeric value instructed by the numeric value 
signal AB1 or AB2 since the numeric value signal AB1 or 
AB 2 is asserted When subtraction is instructed by the signal 
Add/Sub. The processing of the count value NMB as the 
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operational result is the same as that in the case of FIG. 7. 
The arrangement of FIG. 10 can have a phase control 
response better than that in the arrangement of FIG. 7. 

[0065] FIG. 11 shoWs a third example of the delay control 
circuit 26. And exempli?ed in FIG. 12 is operational timing 
of the delay control circuit 26 having such an arrangement 
as shoWn in FIG. 11. It is assumed in this example that n=3 
and 3 phase clock signals CLK1 to CLK3 sequentially 
shifted by a phase 275/3 are output from the voltage con 
trolled oscillator 32. It is further assumed that the clock 
signals CLK1 to CLK3 have sequential phases f, g and h. In 
this example, the signal of the phase g is used as the sync 
clock signal 14. 

[0066] The ?rst circuit of the delay control circuit 26 has 
a plurality of stages (2 stages in the illustrated example) of 
latch circuits FFf1, FF1‘2, FFg1, FFg2, FFh1 and FFh2 
connected in series in response to the clock signals CLK1 to 
CLK3 so that data output terminals of the ?rst stage are 
coupled With data input terminals of the next stage and the 
?rst and second stages are commonly connected at their 
clock input terminal. In the plural stages of latch circuits, the 
binary delayed signal 24 is supplied to the data input 
terminals of the latch circuits FFf1, FFg1 and FFh1 in the 
?rst stage, and the corresponding clock signals CLK1 to 
CLK3 are supplied to the clock input terminals commonly 
connected. The latch circuits FFf1, FFf2, FFg1, FFg2, FFh1 
and FFh2 perform latch operations in synchronism With the 
?rst level change (e.g., rising change) of the corresponding 
clock signals CLK1 to CLK3. An output of the latch circuit 
FFg2 latched by the phase g signal is used as the reproduced 
data 15. The reproduced data 15 may be an output of the 
latch circuit FFg1. 

[0067] The delay control circuit 26 further includes a 
phase discriminating circuit 40B for generating a advance/ 
delay detection signal indicative of a time relationship of the 
phase of the binary delayed signal 24 to the phases of the 
multi-phase clock signals on the basis of outputs of latch 
circuits FFf1, FFf2, FFg1, FFg2, FFh1 and FFh2, and a 
second circuit having a signal producing circuit 41B for 
outputting the delay control signal 25 to the variable delay 
circuit 22 to change the timing of the level change of the 
binary delayed signal 24 in such a direction as aWay from the 
timing of the ?rst level change (falling change) of the sync 
clock signal 14 on the time base on the basis of a discrimi 
nation result signal from the phase discriminating circuit 
40B. 

[0068] The phase discriminating circuit 40B detects (reads 
out) outputs of the latch circuits FFf1, FF1‘2, FFg1, FFg2, 
FFh1 and FFh2, concurrently detects Whether the timing of 
the level change of the binary delayed signal 24 is advanced 
or delayed With respect to the timing of the rising change of 
the sync clock signal 14, and generates a advance/delay 
detection signal (FST or SLW). Signals of the phases f and 
h have phase differences of —2J'|§/3 and +2J'c/3 respectively 
With respect to the phase g of the sync clock signal 14 as a 
reference. It is not alWays required for the signals of the 
phases f, g and h to have all a duty of 50% and is only 
required for the signals to be phase shifted nearly equally. 
The signals of the phase f and h are auxiliary clock signals 
for judgement of a phase relationship betWeen the sync 
clock signal 14 and binary delayed signal 24. 
[0069] Assuming that latch data of the 6 latch circuits 
FFf1, FFf2, FFg1, FFg2, FFh1 and FFh2 are denoted by f1, 
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f2, g1, g2, h1 and h2 for the phases f, g and h, then all the 
latch data are input to the phase discriminating circuit 40B. 
Assuming that the sync clock signal 14 has a period of T, 
then the inputs of the phase discriminating circuit 40B 
change for each T/3 period. Since the latch circuits FFf1, 
FF1‘2, FFg1, FFg2, FFh1 and FFh2 are arranged in the form 
of tWo series-connected stages of shift registers, it is possible 
to detect the timing of the level change of the binary delayed 
signal 24 in consecutive 2 periods of the sync clock signal 
14. That is, the data latch states of all the latch circuits FFf1, 
FF1‘2, FFg1, FFg2, FFh1 and FFh2 are sequentially deter 
mined for every 2 periods of the sync clock signal 14. 

[0070] Explanation Will be made as to advantageous 
points of the latch circuits thus arranged in the form of tWo 
series-connected stages of shift registers. In a CD-ROM or 
DVD medium, it is prescribed according to its speci?cations 
that the shortest length of consecutive logical values of 1 or 
0 correspond to 3 periods of the sync clock signal 14. 
Accordingly, When the timing of the level change of the 
binary delayed signal 24 is detected in continuous 2 periods 
of the sync clock signal 14, it is impossible to detect 2 level 
changes (rising or falling changes) according to the speci 
?cations. HoWever, there may sometimes occur a case Where 
a ?aW or the like causes a level change to appear in the sync 
clock signal 14 for each one period thereof. When a level 
change in the binary delayed signal is detected in consecu 
tive 2 periods of the sync clock signal 14, it is possible to 
?nd such erroneous data and control a delay With use of only 
reliable data. 

[0071] In a time relationship betWeen the phases of the 
clock signals CLK1 to CLK3 of the phases f, g and h as 
exempli?ed in FIG. 12 and the phase of the binary delayed 
signal 24, states (5) and (8) indicate that the binary delayed 
signal 24 is delayed With respect to the sync clock signal 14, 
a state (7) indicates the optimum state, and states (6) and (9) 
indicate that the binary delayed signal 24 is advanced With 
respect the sync clock signal 14. In this example, states C, 
D and E are control targets. Changes in the delayed signal 
for each period caused by a ?aW, etc. on a disc are as When 
the state (5) of FIG. 12 occurs in consecutive tWo periods. 
That is, the same state is continuously detected. The phase 
discriminating circuit 40B excludes such same state in 
consecutive tWo periods as an object to be detected. 

[0072] MeanWhile, When phase discrimination is repeated 
for each period of the sync clock signal 14 and a normal 
signal change is detected, for example, the signal change is 
detected in a p-th period as the state (5) that the binary 
delayed signal 24 is delayed With respect to the sync clock 
signal 14, but it is detected in the next (p+1)-th period as the 
same delayed state (8) as the above. That is, the single 
change point of the binary delayed signal 24 is detected as 
the different delayed states. 

[0073] In the ?rst technique for avoiding such double 
detection of the normal state, as shoWn in FIG. 13A, the 
time relationship betWeen the phase of the sync clock signal 
14 and the phase of the binary delayed signal 24 is detected 
once for 2 periods of the sync clock signal 14. For achieving 
this, for example, it is only required for the phase discrimi 
nating circuit 40B to perform its discriminating operation 
only in even-numbered periods of the sync clock signal 14. 
In the second technique, as shoWn in FIG. 13B, When it is 
desired for the phase discriminating circuit 40B to perform 
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its discriminating operation in each period of the sync clock 
signal 14, either one of the states (5) and (8) and either one 
of the states (6) and (9) are excluded as its object to be 
detected. For example, the phase discriminating circuit 40B 
in FIG. 11 employs such a decode logic as to be able to 
detect only the three states (5), (6) and (7) in FIG. 12 on the 
basis of the data f1, f2, g1, g2, b1 and h2. The example of 
FIG. 11 is based on the former example, Which Will be 
explained belloW. 

[0074] In the example of FIG. 11, the phase discriminat 
ing circuit 40B, When detecting the delayed states (5) and 
(8), asserts the delay detection signal SLW in the signal 
producing circuit 41B, Whereas, When detecting the 
advanced states (6) and (9), the phase discriminating circuit 
40B asserts the advance detection signal FST in the signal 
producing circuit 41B. 

[0075] The signal producing circuit 41B includes an ?rst 
up/doWn counter (CNT1) 43B forming a ?rst operational 
circuit, a comparator (CMP) 44 forming an arrival detecting 
circuit, a second up/doWn counter (CNT2) 45 forming a 
second operational circuit, and a frequency divider 47. The 
frequency divider 47 generates a clock signal CLKf/2 hav 
ing a period corresponding to tWice the period of the phase 
f signal. 

[0076] The ?rst up/doWn counter 43B inputs the delay 
detection signal SLW and advance detection signal FST in 
synchronism With a rising edge of the clock signal CLKf/2, 
counts doWn by —1 in response to the assert state of the delay 
detection signal SLW, and counts up by +1 in response to the 
assert state of the advance detection signal PST. 

[0077] The comparator 44 inputs the count value NMB 
from the up/doWn counter 43B and detects Whether the 
count value NMB reached a ?rst threshold value, e.g., an 
upper limit value Ulim or reached a second threshold value, 
e.g., a loWer limit value Llim. The upper and loWer limit 
values Ulim and Llim are values Which are used to deter 
mine the control sensitivity of the delay control circuit 26 
programmably assigned by the control circuit 27. The com 
parator 44 asserts the up signal UP When detecting the 
arrival at the upper limit value Ulim as an arrival detection 
signal, and asserts the doWn signal DWN When detecting the 
arrival at the loWer limit value Llim. The assert state of the 
up or doWn signal UP or DWN is informed to the ?rst 
up/doWn counter 43B in the form of the reset signal RST, 
Whereby the count value of the ?rst up/doWn counter 43B is 
reset at its initial value of 0. 

[0078] The second up/doWn counter 45 inputs up and 
doWn signals UP and DWN, counts doWn by —1 in response 
to the assert state of the doWn signal DWN, and counted up 
by +1 in response to the assert state of the up signal UP. The 
count value of the second up/doWn counter 45 is used as the 
delay control signal 25. 

[0079] When the value of the delay control signal 25 is 
counted doWn and decreased, the variable delay circuit 22 
advances the timing of the level change of the binary 
delayed signal 24 in such a manner as to move the timing 
closer to the state C When the timing of the level change of 
the binary delayed signal 24 is in the state (5) of FIG. 12 and 
to move the timing closer to the state D When the timing is 
in the state (8) of FIG. 12. That is, the timing of the level 
change of the binary delayed signal 24 is set on the time base 
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aWay from the rising edge (timing of the level change) of the 
sync clock signal 14. Conversely, When the value of the 
delay control signal 25 is counted up and increased, the 
variable delay circuit 22 delays the timing of the level 
change of the binary delayed signal 24 in such a manner as 
to move closer to the state D When the timing of the level 
change of the binary delayed signal 24 is in the state (6) of 
FIG. 12 and to move closer to the state E When the timing 
is in the state (9) thereof, Whereby the timing of the level 
change of the binary delayed signal 24 is set on the time base 
aWay from the rising edge (the timing of the level change) 
of the sync clock signal 14. 

[0080] The data strobe circuit 12 in the foregoing embodi 
ment can provide operations and effects (1) to (6) Which 
folloW. 

[0081] (1) The delay of the binary delayed signal 24 
caused by the variable delay circuit 22 is controlled so 
that the timing of the level change of the binary delayed 
signal 24 is set aWay from the rising edge of the sync 
clock signal 14. Thus When the duty of the sync clock 
signal 14 is shifted from 50% as the frequency of the 
sync clock signal 14 is increased With its increased data 
transfer rate, a margin can be made as large as enough 
to be able to latch a normal signal value by the latch 
circuit and accurate reproduced data can be accurately 
obtained from the binary signal 11, even When a jitter 
takes place in the sync clock signal 14 or binary signal 
11. 

[0082] (2) The multi-phase clock signals 23 in the 
voltage controlled oscillator 32 are used for phase 
discrimination. Therefore, even When the oscillation 
frequency of the voltage controlled oscillator 32 is 
changed by a variation in the transfer rate of the input 
signal, the phase discrimination sensitivity can be set 
constant. 

[0083] (3) Since the binary signal 11 is subjected to the 
delay control, control can be easily realiZed With a 
reliability higher than that of the case of equaliZing the 
multi-phase clock signals 23 for the delay control. 

[0084] (4) The shift register arrangement of latch cir 
cuits connected in series is employed to detect the level 
change of the binary delayed signal 24 With use of latch 
data corresponding to a plurality of periods of the sync 
clock signal 14 as a unit. Thus an erroneous change in 
the binary delayed signal caused by, e.g., a How or the 
like on a disc can be discriminated and a delay to the 
variable delay circuit can be controlled With use of only 
reliable signal changes. 

[0085] (5) When the phase is judged as shifted from its 
control target based on the phase discrimination 
betWeen the sync clock signal 14 and binary delayed 
signal 24, the count value of the up/doWn counter 45 for 
generating the delay control signal 25 to the variable 
delay circuit 22 is increased or decreased. For the 
purpose of modifying the control sensitivity, the state 
Where the binary delayed signal 24 is delayed or 
advanced With respect to the sync clock signal 14 is 
accumulated or integrated by the operational circuits 
43, 43A or 43B, the accumulated or integrated value 
(delay control signal) 25 of the up/doWn counter 45 is 
updated When the count value reached the loWer or 






