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(57) ABSTRACT

A DLL circuit which can prevent transition to a pseudo lock
state 1s provided. The DLL circuit includes a delay stage to
which a reference clock 1s input and 1n which vaniable delay
clements D able to change an amount of delay are connected
in a plurality of stages, a phase comparator (PH Comp) which

compares the phase of the reference clock to the phase of one
delay signal extracted from the delay stage, a delay control
circuit which performs delay control of the delay element 1n
the delay stage on the basis of the comparison result by the
phase-comparison means, and a DFF which detects a phase
relationship of at least two delay signals extracted from the
delay stage to discriminate a state which 1s not a normal lock
state and controls the delay control circuit to perform state
transition to the normal lock state.

8 Claims, 9 Drawing Sheets
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FIG. 3
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FIG. 9
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FIG. 12A
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DLL CIRCUIT AND CAMCORDER USING
DLL CIRCUIT

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

NOTICE: Movre than one reissue application has been filed
for the reissue of U.S. Pat. No. 7,019 573. The reissue appli-
cations arve application Ser. No. 12/056,927, filed on Mar. 27,
2008, and the present application, which is a divisional app!i-
cation of application Ser. No. 12/056,927.

This application is a division of application Ser. No.
12/056,927 filed Mar. 27, 2008, U.S. Pat. No. Re. 43,201 E,
which is a veissue of U.S. Pat. No. 7,019,573 B2 (which issued
from application Ser. No. 10/847,303 filed May 18, 2004).

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a DLL (Delay-Locked
Loop) circuit used for a polyphase clock generating circuit, a
multiply circuit, and the like, particularly to a technique pre-
venting a pseudo lock state which 1s not normally locked.

2. Related Background Art

The pseudo lock state may be one of the most serious
maliunctions of the DLL circuit.

In the conventional technique, as described 1n U.S. Pat. No.
6,259,290, there 1s a method 1n which the pseudo lock state 1s
detected 1n such a manner that a plurality of pulses are gen-
crated within the 1 period of a reference clock by the multiply

circuit to count the number of pulses.

However, 1in the method described 1n U.S. Pat. No. 6,259,
290, such a circuit as the multiply circuit, the counter, and the
like 1s required, and there 1s a drawback which results 1n a cost
increase and an electrical power consumption increase
because the circuit 1s enlarged.

SUMMARY OF THE INVENTION

It 1s an object of the mnvention to provide the low-cost DLL
circuit which detects the pseudo lock state with a small-scale
circuit and has high accuracy and high reliability.

The DLL circuit of the invention includes a delay stage to
which a reference clock 1s input and 1n which delay elements
being able to change an amount of delay are connected in a
plurality of stages, phase-comparison means for comparing a
phase of said reference clock to the phase of one of delay
signals extracted from said delay stage, controlling means for
controlling the amount of delay of said delay stage on the
basis of the comparison result by said phase comparing
means, and state transition means for detecting a phase rela-
tionship of at least two delay signals extracted from said delay
stage to discriminate a state which 1s not a normal lock state
and for controlling said controlling means to transit the state
to the normal lock state.

Since, in the normal lock state, an output signal of the delay
clement on a subsequent state side 1s always delayed 1n a
delay relationship 1n the delay stage in which the plurality of
variable delay elements are connected, according to the
present invention, based on detection of a phase relationship
between the output signals of the delay elements, 1t 15 pre-
vented to fall into the pseudo lock state.
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Depending on a type of the DLL circuit, the pseudo lock
state never occurs 1n the case where the amount of delay 1s
small, so that the controlling means 1s controlled so that the
delay element becomes the minimum delay state 1n starting
up the DLL circuit and the abnormal state can be detected in
the transition state 1n which the normal lock state 1s disen-
gaged to fall into the pseudo lock state.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing a first embodiment of
the DLL circuit of the invention;

FIG. 2 1s a block diagram of an example more specifically
showing the first embodiment;

FIG. 3 1s a timing chart of a normal lock state in a %2 period
phase-comparison DLL circuit;

FIG. 4 1s a timing chart of a 1.5-period pseudo lock state 1n
the 12 period phase-comparison DLL circuit;

FIG. 5 1s atiming chart of a 2.5-period pseudo lock state 1n
the 12 period phase-comparison DLL circuit;

FIG. 6 1s a timing chart of a 2-period pseudo lock state 1n a
1 period phase-comparison DLL circuit;

FIG. 7 1s ablock diagram showing a second embodiment of
the DLL circuit of the invention;

FIG. 8 1s a block diagram showing a third embodiment of
the DLL circuit of the invention;

FIG. 9 1s a timing chart of the normal lock state 1n the 14
period phase-comparison DLL circuit (40-stage configura-
tion);

FIG. 10 1s a timing chart of the 1.5-period pseudo lock state
in the 2 period phase-comparison DLL circuit (40-stage
confliguration);

FIG. 11 1s a timing chart of the 2.5-period pseudo lock state
in the Y2 period phase-comparison DLL circuit (40-stage
configuration);

FIG. 12A 1s a timing chart showing the normal lock state
and FIG. 12B 1s a timing chart showing the pseudo lock state,
in the case where a delay stage 1s formed by a four-stage delay
element; and

FIG. 13 1s ablock diagram showing a fourth embodiment in
which the DLL circuit of the invention 1s applied to a cam-
corder.

DESCRIPTION OF THE PR
EMBODIMENTS

(L]
Y

ERRED

Preferred embodiments of the invention will be described
referring to the accompanying drawings.
(First Embodiment)

FIG. 1 1s a block diagram showing a first embodiment of
the DLL circuit of the invention. As shown in FIG. 1, a 1%
period phase-comparison type of DLL circuit includes a
delay stage 11 to which a reference clock CLK 1s mnput and 1n
which variable delay elements D are connected 1n a plurality
of stages, a phase comparator (PH Comp) 14 which compares
the phase of the reference clock CLK to the phase of inter-
mediate delay output Tn/2 of the delay stage 11, a low-pass
filter (LPF) 13 which receives an output of the phase com-
parator 14, and a delay control circuit 12 which performs
delay control of the delay element 1n the delay stage 11. In the
14 period phase-comparison DLL circuit, two outputs (ITm
and Tn/2) which are arbitranly delayed are connected from
inside the delay stage 11 to a rising-edge trigger type of data
input flip-tlop DFF 15. At this point, the output having the
smaller amount of delay 1s connected to a clock input of DFF
15 and the output having the larger amount of delay 1s con-

nected to a data iput of DFF 15. The output of DFF 135 1s
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connected to a reset terminal of LPF 13 and the delay control
circuit 12. LPF 13 and the delay control circuit 12 are con-
figured so as to minimize delay time 1n a reset state. In this
case, the flip-flop DFF 15 has a function of detecting the
pseudo lock state and of preventing the transition to the
pseudo lock state.

FIG. 2 1s the block diagram of an example more specifi-
cally showing the above embodiment. In FIG. 2, the same
components as FIG. 1 are indicated by the same reference
numerals and signs.

In FIG. 2, the V2 period phase-comparison type of DLL
circuit includes the delay stage 11 1n which variable delay
clements D are connected 1n 50 stages, the phase comparator
(PH Comp) 14 which compares the phase of the reference
clock to the phase of the delay output in the 25th stage, the
low-pass filter (LPF) 13 which receives the output of the
phase comparator 14, and the delay control circuit 12 which
performs the delay control of the delay element D. In the %4
period phase-comparison type ol DLL circuit, two outputs
arbitrarily delayed are connected from inside the delay stage
11 to the rising-edge trigger type of data input tlip-flop DFF
15. At this point, the delay output having the smaller amount
of delay ofthe 9th stage 1s connected to the clock input of DFF
15 and the delay output having the larger amount of delay of
the 25th stage 1s connected to the data input of DFF 15. The
output of DFF 15 1s connected to the reset terminal of LPF 13
and the delay control circuit 12. LPF 13 and the delay control
circuit 12 are configured so as to minimize the delay time 1n
the reset state.

FIG. 3 shows each output wave 1n the normal state. In the
normal state, a rising position of the delay output 123 1n the
25th stage 1s controlled at the position of the %4 period of the
reference clock CLK, and the rising positions of the delay
output T8 1n the 8th stage and the delay output T9 1n the 9th
stage are located between the rising edge of the reference
clock CLK and the rising position of the delay output 1n the
25th stage. At this point, a RESET signal which 1s of the
output of DFF 15 becomes Low-level output.

FI1G. 4 shows the pseudo lock state. In FIG. 4, the pseudo
lock state occurs at the 2 period+the 1 period. Although the
delay output 1n the 25th stage can be seen as close as the
normal lock state, actually the reference clock CLK 1s not the
delay of the 12 period but the reference clock CLK 1s the delay
of the one and half periods. Thus, 1n the DLL circuit of the
embodiment, there 1s the state 1n which the lock occurs at the
amount of delay in which the period of integer multiples 1s
added to the phase comparison position. However, in the case
of the small amount of delay, there 1s no pseudo lock in the
circuit configuration. The state shown in FIG. 4 1s an example
in which the lock occurs at the 1.5 periods, the rising position
of the delay output T8 1n the 8th stage 1s located at the back of
the rising position of the delay output 125, and the rising
position of the delay output T9 in the 9th stage 1s located in
front of the rising position of the delay output T2S. In the
normal lock state, the rising position of delay output T25
cannot exist between the rising positions of the reference
clock CLK and the delay output T9. The DFF circuit 15
detects the state 1n which the rising position of delay output
125 exists between the rising positions of the reference clock
CLK and the delay output T9 as the pseudo lock state, the
RESET signal which 1s the output of the DFF becomes a High
level output, and the DFF circuit can cause the DLL circuit to
transit to the normal lock state by resetting the delay control
circuit.

FI1G. 5 shows the pseudo lock state 1n which the 1 period 1s
turther added to the pseudo lock state shown 1n FIG. 4. In the
pseudo lock state of FIG. 5, both the rising positions of the
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delay output T8 1n the 8th stage and the delay output T9 1n the
Oth stage are located at the back of the rising position of the
delay output 1T25. When duty of the reference clock and the
duty of each of the delay outputs are in the 1deal state, the DFF
circuit can detect the state shown 1n FIG. 3 as the pseudo lock
state.

A +1 period pseudo lock state of a 1 period phase-compari-
son type DLL circuit will be described referring to FIG. 6 (the
circuit diagram 1s not shown). The 1 period phase-compari-
son type DLL circuit compares the phase of the reference
clock CLK to the phase of the delay output in the 50th stage.
Therefore, 1n the state in which the pseudo lock occurs at the
+1 period, the delay output 125 1n the 25th stage becomes
equal to the delay output T50 1n the 50th stage. At this point,
since the rising positions of the delay output T8 1n the 8th
stage and the delay output 19 in the 9th stage are located at the
back of the rising position of the delay output 125, the DFF
circuit can detect the state shown 1n FIG. 6 as the pseudo lock
state.

(Second Embodiment)

FIG. 7 1s the block diagram showing a second embodiment
of the DLL circuit of the invention. The %2 phase-comparison
type of DLL circuit includes the delay stage 11 in which the
variable delay elements D are connected in n stages, the phase
comparator (PH Comp) 14 which compares the phase of the
reference clock CLK to the phase of the delay output in the
n/2-th stage, the low-pass filter (LPF) 13 which receives the
output of the phase comparator 14, and the delay control
circuit 12 which performs the delay control of the delay
clement D. In the V4 period phase-comparison DLL circuit,
two outputs arbitrarily delayed are connected from inside the
delay stage 11 to the rising-edge trigger type of data mput
tlip-flop DFF 15. At this point, the output having the smaller
amount of delay 1s connected to the clock input of DFF 15 and
the output having the larger amount of delay 1s connected to
the data input of DFF 15. The output of DFF 15 1s connected
to one of mputs of a logic OR gate 17, and the other input of
the logic OR gate 17 1s connected to the output of a startup
clear circuit (SUC) 18. The output of the logic OR gate 17 1s
connected to the RESET terminal of LPF 13 and the delay
control circuit 12 as the RESET signal. LPF 13 and the delay
control circuit 12 are configured so as to minimize the delay
time 1n the reset state.

The startup clear circuit (SUC) 18 1s one which detects the
state, such as power-up or a power saving mode of the DLL
circuit, in which circuit operation transits from an OFF state
to an ON state, and this operation allows the variable delay
clement D to be set to the minimum delay state in starting the
DLL circuait.

Accordingly, in the DLL circuit of the embodiment, since
a delay control loop 1s operated from the minimum state of the
delay, 1t 1s difficult to transit to the pseudo lock state having
the large delay. However, even 1n the case where the normal
lock state 1s disengaged, the pseudo lock state can be detected
by detecting the phase relationship within the delay stage
with DFF.

Similarly to the example of the first embodiment shown in
FIG. 2, an example of the embodiment 1s also the ¥ period
phase-comparison type ol DLL circuit including the delay
stage 11 1n which the vaniable delay elements D are connected
in 50 stages, the phase comparator (PH Comp) 14 which
compares the phase of the reference clock to the phase of the
delay output 1n the 25th stage, the low-pass filter (LPF) 13
which receives the output of the phase comparator 14, and the
delay control circuit 12 which performs the delay control of
the delay element D. In the V2 period phase-comparison DLL
circuit, the two outputs arbitrarily delayed are connected from
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inside the delay stage 11 to the rising-edge trigger type of data
input thp-flop DFF 15. At this point, the delay output having,
the smaller amount of delay of the 9th stage 1s connected to
the clock input of DFF 15 and the delay output having the
larger amount of delay of the 25th stage 1s connected to the
data mput of DFF 15.

In the above-described pseudo lock state, the delay stage
formed by the 50-stage delay element was described as the
example. However, 1n the actual operation, since a reverse
state of the phase relationship 1s certainly generated in the
delay stage until the normal lock state transits to the pseudo
lock state, the optimum two points in the delay stage may be
selected by the number of delay stages and loop gain.

The reversal of the phase relationship of the delay signal
can be also generated between the delay signals of the delay
clements adjacent to each other. For example, in the case
where the delay stage 1s formed by the 4-stage delay element,
the phase relationship 1s reversed within the 1 period between
delay signals T1 and T2 output from the delay elements
adjacent to each other as shown i FIGS. 12A and 12B.
Although the delay stage formed by the small number of
stages of the delay element was cited as an example, the
reversal of the phase relationship can be also generated 1n the
delay stage formed by the large number of stages of the delay
clement. Therefore, sometimes the phase relationship
between the output signals of the delay elements adjacent to
cach other 1s detected. FIG. 12A shows the timing chart of the
normal lock state and FIG. 12B shows the timing chart of the
pseudo lock state.

Further, 1n the above embodiments, although the reversal
of the phase relationship 1s decided by the relationship
between the outputs of the 25th stage and the 9th stage, the
reversal of the phase relationship can be also decided by the
relationship between the outputs of the 25th stage and the
stage after the 9th stage.

Theretfore, even if the reference clock CLK iput to the
DLL circuit or the duty of the variable delay element D 1s not
in the 1deal state, the transition to the pseudo lock state can be
prevented. The control 1s not limited to the startup clear
circuit, and the circuit having the same effect as the startup
clear circuit may be used.

(Third Embodiment)

FIG. 8 1s the block diagram showing a third embodiment of
the DLL circuit of the invention. In FIG. 8, the same compo-
nents as FI1G. 7 are indicated by the same reference numerals
and signs. The third embodiment i1s one 1n which DFF 16 1s
provided 1n addition to DFF 15 1n the configuration of the
second embodiment. It will be also appreciated that DFF 16
may be provided in the configuration of the first embodiment
shown in FIG. 1.

Thus, 1t will be appreciated that at least one more pseudo
lock detection circuit may be provided 1n order to improve a
detection rate.

An example of an indicator concerning selection of the
delay output used for the detection of the pseudo lock will be
described below.

As described above, 1n the DLL circuit, the pseudo lock
state for the desired period exists 1n +1 period unmt. When the
unlock state 1s 1n the +%2 period state compared to the normal
lock state, 1t 1s not clear whether the unlocked state transits to
the normal lock state or to the pseudo lock state. Therefore,
for the delay output for detecting the pseudo lock state, in the
15 period phase-comparison type, when the amount of delay
becomes larger than the V2 period, 1.e., double the desired
amount of delay, the two outputs of the delay stage 1n which
the phase relationship 1s reversed are selected. For example,
in the case where the delay stage 1s formed 1n 50 stages, the
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selection of the two delay outputs before the 50/2 step 1s
preferable for the detection on the pseudo lock side.

Further, 1n the state in which the amount of delay triples the
desired amount of delay, the outputs 1n which the delay rela-
tionship 1s reversed are selected so that the pseudo lock 1s
securely detected 1n +1 period. In the delay output of the
subsequent|,] stage, because the absolute change in the
amount of delay 1s larger, the output stage having the amount
of delay which does not exceed the 1 period of the reference
clock even 1n the +1 period pseudo lock 1s used as a guide 1n
one of the outputs of the delay stage. I feasible, in the +2
period pseudo lock, the amount of delay may be also within
the 1 period of the reference clock. For example, in the case of
the DLL circuit having the 50 stages, the output before the
50/2 stage 1s used for one of the delay outputs and the output
betfore the 50/3 stage 1s used for the other delay output, or the
output betfore the 50/5 stage 1s used for the other delay output
in order to satisty the secure detection 1n the +2 period pseudo
lock. In the case of the 1 period phase-comparison type, the
output betfore the 50/1.5 stage 1s used for one of the delay
outputs in order not to securely decide the pseudo lock state
betore the 1.5 periods, and the amount of delay becomes
larger than double the desired amount of delay, 1.e., the output
betore the 50/2 stage may be selected for the other delay
output in order to detect the +1 period pseudo lock, or the
output before the 50/3 stage may be selected for the other
delay output 1n order to detect the +2 period pseudo lock.

In the examples of the 50-stage DLL circuit shown 1n the
first and second embodiments, the outputs of the 25th stage
and the 9th stage are used as the delay output and the delay
signal completely satistying the above-described conditions
1s used.

In the case where the detection 1s performed on the basis of
the above conditions 1n the 12 period phase-comparison DLL
circuit having 40-stage configuration, FIG. 9 shows the tim-
ing chart during the normal lock state, FIG. 10 shows the
timing chart of the +1 period pseudo lock state, and FIG. 11
shows the tlmmg chart of the +2 period pseudo lock state. In
this case 1t 1s possible to satisiy the above conditions by using
the delay output of the 7th stage and the delay output of the
14th stage or the delay output of the 20th stage.

Even 11 these conditions are completely satisfied, since the
delay relationship 1s always reversed in the process of the
transition to the pseudo lock, the detection can be performed
by selecting the delay outputs on the assumption that the
amount of delay becomes larger than the 2 period to the
desired amount of delay. Alternatively, the plurality of detec-
tion circuits such as the combination detecting the +1 period
pseudo lock state, the combination detecting the +2 period
pseudo lock state, and the combination detecting the +3
period pseudo lock state can be provided to improve the
detection rate.

Although the output of the delay element imnput to the data
input terminal of the DFF corresponds to the output of the
delay element imnput to the phase comparator in the above
embodiment, 1t 1s not always necessary that the output of the
delay element mput to the data input terminal of the DFF
corresponds to the output of the delay element 1nput to the
phase comparator, and 1t will be appreciated that the output of
the delay element 1nput to the data input terminal of the DFF
and the output of the delay element input to the phase com-
parator are output from the individual variable delay element.

As described above, 1n the second and third embodiments,
the transition to the pseudo lock can be prevented 1n such a
manner that the flip-tlop circuit DFF and the startup clear
circuit SUC are added to the DLL basic circuit, the delay 1s
started from the minimum state, and the [before-and after]
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before-and-after phase relationship 1n the delay stage 1is
detected. When the power saving mode signal exists, the
power saving can be achieved only by the flip-tlop circuit with
setting function, so that a low-cost, high-reliability DLL cir-
cuit can be provided. Further, in the first to third embodi-
ments, since 1t 1s not necessary to change the delay stage and
the input reference clock, excessive delay 1s never generated
and the DLL circuit can be implemented with high accuracy.
(Fourth Embodiment)

One example of the cases 1n which the DLL circuit of the
invention 1s applied to a camcorder will be described 1n detail
below referring to FIG. 13.

FI1G. 13 1s the block diagram showing the case 1n which the
DLL circuit of the mnvention 1s applied to the camcorder. The
lens designated by the numeral 21 includes a focus lens 21A
which adjusts a focus with a taking lens, a zoom lens 21B
which performs a zoom operation, and an 1imaging lens 21C.

The numeral 22 designates an 1ris, the numeral 23 desig-
nates a solid-state 1mage sensing device which photoelectri-
cally converts a subject image imaged on an 1imaging area into
an electric imaging signal, and the numeral 24 designates a
sample hold circuit (S/H circuit). The S/H circuit 24 performs
sample hold of the imaging signal output from the solid-state
image sensing device, amplifies the level of the imaging sig-
nal, and outputs a video signal.

The numeral 25 designates a process circuit which per-
forms predetermined processing such as gamma correction,
color separation, and blanking to the video signal output from
the sample hold circuit 24 and outputs a luminance signal Y
and a chroma signal C. In a color signal correction circuit 31,
the corrections of white balance and color balance are per-
formed to the chroma signal C output from the process circuit
235, and the chroma signal C after the corrections 1s output as
color difference signals R-Y and B-Y. The luminance signal Y
output from the process circuit 25 and the color difference
signals R-Y and B-Y output from the color signal correction
circuit 31 are modulated by an encoder circuit (ENC circuit)
34 and output as a standard television signal. Then, the stan-
dard television signal i1s supplied to a video recorder (not
shown) or a monitor EVF such as an electronic view finder
(not shown).

The numeral 26 designates an 1ris control circuit which
controls an 1r1s drive circuit 27 on the basis of the video signal
supplied from the S/H circuit 24 and automatically controls
an 1g meter 1n order to control a numerical aperture of the 1ris
22 so that the level of the video signal becomes a predeter-
mined value having a certain level. The numerals 33 and 34
designate a band-pass filter (BPF) which extracts a high-
frequency component required to detect a focal point in the
video signal output from the sample hold circuit 24, and the
band-pass filters 33 and 34 restrict a different band. The
signals output from the first band-pass filter (BPF1) 33 and
the second band-pass filter (BPF2) 34 are gated by a focus
gate frame signal 1n a gate circuit 35, respectively, peak values
ol the signals are detected and held by a peak detecting circuit
36, and the signals are mput to a logical control circuit 37.

The signals are referred to as focal voltage, and the focus-
ing 1s performed by the focal voltage.

The numeral 38 designates a focus encoder which detects a
moved position of the focus lens 21 A, the numeral 39 desig-
nates a zoom encoder which detects a focal distance of the
zoom lens 21B, and the numeral 40 designates an 1r1s encoder
which detects the numerical aperture of the 1r1s 22. The detec-
tion values of these encoders are supplied to the logical con-
trol circuit 37.

The logical control circuit 37 detects and adjusts the focal
point to the subject on the basis of the video signal corre-
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sponding to an area set to detection of the focal point. Namely,
the logical control circuit 37 takes 1n information on the peak
values of the high-frequency components supplied from the
band-pass filters 33 and 34, and supplies control signals such
as a rotational direction, rotational speed, rotation and stop of
a focus motor 30 to the focus drive circuit 29 and controls the
control signals in order to drive the focus lens 21A to the
position where the peak value of the high-frequency compo-
nent becomes the maximum.

The DLL circuit of the invention 1s provided 1n a timing,
generator (1G) 50 and used so as to drive the photoelectric
conversion device 23 and to finely adjust drive timing of the
S/H circuit 24 and the like.

As described above, according to the invention, the transi-
tion to the pseudo lock can be prevented. Further, since the
delay can be started from the minimum state by providing the
means for controlling the amount of delay so as to minimize
the amount of delay during the startup of the DLL circuit in
power-up and the power saving mode, the transition to the
pseudo lock state becomes more difficult.

What 1s claimed 1s:

[1. A DLL circuit comprising:

a delay stage to which a reference clock 1s mput and 1n
which delay elements able to change an amount of delay
are connected 1n a plurality of stages;

phase-comparison means for comparing a phase of the
reference clock to the phase of one of delay signals
extracted from said delay stage;

controlling means for controlling the amount of delay of
said delay stage on the basis of the comparison result by
said phase-comparison means;

state transition means for detecting a phase relationship of
at least two delay signals extracted from said delay stage
to discriminate a state which 1s not a normal lock state
and for controlling said controlling means to transit the
state to the normal lock state: and

means for controlling said controlling means so as to mini-
mize the amount of delay in starting up the DLL circuit.]

[2. ADLL circuit according to claim 1, wherein reversal of
a delay relationship of the phase of one of the delay signals to
the phase of another delay signal 1s detected 1n detection of a
phase relationship of said state transition means.]

[3. A DLL circuit according to claim 1, wherein said state
transition means 1s an edge trigger type of data input tlip-tlop
circuit, a delay signal of a previous stage having a smaller
amount of delay extracted from said delay stage 1s connected
to a clock input of said tlip-tlop circuit, and the delay signal of
a subsequent stage having a larger amount of delay 1s con-
nected to a data input of said flip-flop circuit.}

[4. A camcorder having a DLL circuit according to claim
1]

[5. A DLL circuit comprising:

a delay stage to which a reference clock 1s mput and 1n
which delay elements able to change an amount of delay
are connected 1n a plurality of stages;

phase-comparison means for comparing a phase of the
reference clock to the phase of one of delay signals
extracted from said delay stage;

controlling means for controlling the amount of delay of
said delay stage on the basis of the comparison result by
said phase-comparison means; and

state transition means for controlling said controlling
means so that the amount of delay of said delay stage 1s
minimized in starting up the DLL circuit, for detecting a
phase relationship of at least two delay signals extracted
from said delay stage to discriminate a state which 1s not
anormal lock state except the start-up of the DLL circuit
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and for controlling said controlling means to transit the
state to the normal lock state.]

[6. A DLL circuit comprising:

a delay stage to which a reference clock 1s mput and in
which delay elements able to change an amount of delay s
are connected 1n a plurality of stages;

phase-comparison means for comparing a phase of the
reference clock to the phase of one of delay signals
extracted from said delay stage;

controlling means for controlling the amount of delay of 10
said delay stage on the basis of the comparison result by
said phase-comparison means; and

a plurality of state transition means for detecting a phase
relationship of at least two delay signals extracted from
said delay stage to discriminate a state which 1s not a 15
normal lock state and for controlling said controlling
means to transit the state to the normal lock state.]

7. A camera comprising a DLL circuit, the DLL circuit

COmprising:

a delay stage inputting a reference clock, and comprisinga 20
plurality of delay elements connected to form a plurality
of stages, wherein a delay time of each delay element is
controllable;

phase-comparison means for comparing phases of clocks
selected from among the reference clock and delayed 25
clocks outputted from the delay elements;

first controlling means for controlling the delay time of the
delay stage on the basis of the comparison vesult by the
phase-comparison means,

state transition means for detecting a phase relationship of 30
clocks to determine as to whether or not a state of the
DLL circuit is a normal lock state;

second controlling means for controlling said first control-
ling means so as to minimize the delay time in starting up
the DLL circuit.

8. A camera according to claim 7, wherein said state tran-
sition means detects, as the phase velationship, a veversal of
a delay relationship of the phase of one of the clocks to the
phase of another of the clocks.

9. A camera according to claim 7, wherein said state tran-
sition means comprises an edge trigger type data input flip-
flop circuit, inputs from a clock input of the flip-flop circuit a

35

40

10

delay signal of a smaller delay amount from a former stage,
and inputs from a data input of the flip-flop circuit a delay
signal of a larger delay amount from a latter stage.

10. A camera according to claim 7, wherein a plurality of

said state transition means ave provided in the DLL circuit.

11. A DLL circuit comprising.

a delay stage inputting a veference clock, and comprising a
plurality of delay elements connected in a plurality of
stages which output delay clocks, wherein a delay time
of each delay element is controllable;

phase-comparison means for comparing phases of clocks
selected from among the rveference clock and delay
clocks outputted from the delay elements;

control means for controlling the delay time of said delay
stage on the basis of the comparison result by said
phase-comparison means; and

state transition means for detecting a phase velationship of
delay clocks to determine whether or not a state of the
DLL circuit is in a normal lock state, wherein

said control means is veset in either case of when said state
transition means determines that the DLL civcuit is not
in the novmal lock state or when starting up the DILL
civcuit,

the delay time of said delay stage is minimized through the
resetting of the contrvol means, and

said state transition means detects, as the phase relation-
ship, a reversal of a delay rvelationship of the phase of
one of the delay clocks to the phase of another of the
delay clocks.

12. A DLL circuit accovding to claim 11, wherein said state

transition means comprises an edge trigger type data input
fip-flop circuit, inputs from a clock input of the flip-flop
circuit a delay clock from a first stage in said delay stage, and
inputs from a data input of the flip-flop civcuit a delay clock
from a second stage positioned downstream of the first stage
in said delay stage.

13. A DLL circuit according to claim 11, wherein a plural-

ity of said state transition means are provided.

14. A camera comprising a DLL civcuit according to claim

11
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