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FIG. 5
(PRIOR ART)
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REGISTER CONTROLLED DELAY LOCKED
LOOP AND I'TS CONTROL METHOD

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.

FIELD OF INVENTION

The present invention relates to a delay locked loop (DLL)
device; and, more particularly, to a register controlled DLL
device for compensating a clock skew between an external
clock signal and an internal clock signal.

DESCRIPTION OF PRIOR ART

Generally, 1mn a synchronous semiconductor memory
device, data access operations such as a read operation and a
write operation are periformed 1n synchronization with rising,
and falling edges of an external clock signal.

Since a time delay 1s generated while the external clock
signal 1s inputted to the synchronous semiconductor memory
device 1 order to be used as an iternal clock signal of the
synchronous semiconductor memory device, a delay locked
loop (DLL) 1s employed for synchronizing the imnternal clock
signal with the external clock signal by compensating a clock
skew between the internal clock signal and the external clock
signal.

FIG. 1 1s a block diagram showing a first conventional
register controlled DLL.

As shown, the first conventional register controlled DLL
includes a first butler 110, a first phase detector 120, a {first
coarse delay line 140, a first shift register 130 and a first delay
model unit 150.

The first buifer 110 recerves an external clock signal CLK
for generating an input clock signal 1n_clk by buifering the
external clock signal CLK. The mput clock signal mn_clk 1s
delayed by the first coarse delay line 140 based on a plurality
of delay control signals outputted from the first shift register
130, and, then, the delayed input clock signal 1s outputted as
a delay locked clock signal dl_clk.

The first delay model unit 150 receives the delay locked
clock signal dl_clk 1n order to output a feed-backed clock
signal 1b_clk by delaying the delay locked clock signal dl_clk
for a predetermined delay time.

The first phase detector 120 compares phases of the input
clock signal in_clk and the feed-backed clock signal tb_clk 1n
order to generate a shift-left control signal sl_ctr and a shift-
right control signal sr_ctr based on the comparison result.

The first shift register 130 generates the plurality of delay
control signals based on the shift-left control signal sl_ctr and
the shift-right control signal sr_ctr 1n order to control a delay
amount of the first coarse delay line 140.

FIG. 2 1s a schematic circuit diagram showing the first
coarse delay line 140.

As shown, the first coarse delay line 140 includes a plural-
ity of unit delay cells (UDCs) each of which includes two
NAND gates. Each of the plurality of unit delay cells has a
unit delay amount. Herein, it 1s assumed that the first coarse
delay line 140 includes three unit delay cells, 1.¢., a first to a
third unit delay cells UDC1 to UDC3. It 1s also assumed that
the plurality of delay control signals include a first to a third
shift left signals SLL1 to SL3 for controlling the first to the
third umit delay cells UDC1 to UDC3. For example, 1f the
third shatt lett signal SL.3 1s activated as a logic high level, the
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2

input clock signal in_clk 1s passed through the third unit delay
cell UDC3 to be outputted as the delay locked clock signal
dl_clk.

Thereatter, 1f the first shift register 130 shifts-left the plu-
rality of delay control signals for increasing a delay amount of
the first coarse delay line 140, 1.¢., 11 the first shift register 130
activates the second shift left signal SL.2 instead of the third
shaft left signal SLL.3, the mput clock signal in_clk 1s passed
through the second and the third unit delay cells UDC2 and
UDC3 to be outputted as the delay locked clock signal dl_clk.

However, since a delay amount of the first coarse delay line
140 1s controlled by the plurality of unit delay cells as men-
tioned above, the input clock signal in_clk cannot be delayed
by less than the unit delay amount.

FIG. 3 1s a block diagram showing a second conventional
register controlled DLL. The second conventional register
controlled DLL 1s an upgraded version of the first conven-
tional register controlled DLL.

As shown, the second conventional register controlled
DLL includes a second buifer 310, a second coarse delay line
340, a second phase detector 320, a second shiit register 330,
a first phase mixer 360, a first mixer controller 350, a third
butter 370, a first duty cycle corrector 380 and a second delay
model unit 390.

In comparison with the first conventional register con-
trolled DLL shown 1n FIG. 1, the second conventional register
controlled DLL turther includes the first phase mixer 360, the
first mixer controller 350 and the duty cycle corrector 380.

The coarse delay line 340 includes a plurality of unit delay
cells each of which has a unit delay amount. The coarse delay
line 340 delays an mput clock signal 1n_clk outputted from
the second buifer 310 for generating a first and a second
delayed clock signals. Herein, one of the first delayed clock
signal and the second delayed clock 1s passed through one
more unit delay cell than the other. Therefore, there 1s a phase
difference as much as the unit delay amount between the first
and the second delayed clock signals.

The first phase mixer 360 receives the first and the second
delayed clock signals from the second coarse delay line 340.
Then, the first phase mixer 360 mixes phases of the first and
the second delayed clock signals for generating a first mixed
clock signal having a phase between phases of the first and the
second delayed clock signals. That 1s, a phase of the first
mixed clock signal leads one of phases of the first and the
second delayed clock signals and lags behind the other. The
first mixed clock signal 1s outputted as a delay locked clock
signal dl_clk after being duty corrected by the first duty cycle
corrector 380.

Therefore, comparing to the first conventional register con-
trolled DLL, the second conventional register controlled DL L
can more finely synchronize the delay locked clock signal
dl_clk with the external clock signal CLK by using the first
phase mixer 360.

FIG. 4 1s a schematic circuit diagram showing the second
coarse delay line 340.

As shown, the first and the second delayed clock signals are
inputted to the first phase mixer 360 respectively through a
first 1nput terminal IN1 and a second input terminal IN2.
Herein, 1t 1s assumed that the first delayed clock signal 1s
inputted through the first input terminal IN1 and the second
delayed clock signal 1s mputted thorough the second 1nput
terminal IN2. As mentioned above, the second delayed clock
signal 1s passed through one more unit delay cell comparing
to the first delayed clock signal.

FIG. 5 1s a diagram illustrating an operation of the second
coarse delay line 340 for showing a problem of the second
conventional register controlled DLL.
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Each rectangular shape of the second coarse delay line 340
represents a unit delay cell. Generally, the unit delay cell
includes a plurality of inverters connected in series and a
NAND gate or a plurality of NAND gates connected in series.

As described above, the first phase mixer 360 receives a
first delayed clock signal through the first input terminal IN1
and a second delayed clock signal through the second 1mnput
terminal IN2 for generating the mixed clock signal.

Herein, as shown 1n FIG. 5, 1t 1s assumed that the input
clock signal 1n_clk 1s passed through three unit delay cells to
be outputted as the first delayed clock signal. At this time, 1
a weight value K 1nputted to the first phase mixer 360 1s O, the
first delayed clock signal 1s outputted as the mixed clock
signal. That 1s, since the weight value K 1s applied to the
second delayed clock signal and a weight value of (1-K) 1s
applied to the first delayed clock signal, the second delayed
clock signal 1s 1ignored when mixing phases of the first and the
second delayed clock signals.

However, if 1t 1s detected by the second phase mixer 320
that a phase of the delay locked clock signal dl_clk leads a
phase of the external clock signal CLK, the weight value K 1s
gradually increased. Thereafter, 11 the weight value K
becomes 1, the second delayed clock signal 1s outputted as the
mixed clock signal.

However, 1f a phase of the delay locked clock signal dl_clk
still leads a phase of the external clock signal CLK even
though the weight value K becomes 1, the weight value K
cannot be more increased. Therefore, at this time, the second
shift register 330 shifts-left a unit delay cell of the second
coarse delay line 340 so that the input clock signal 1n_clk can
be passed through four unit delay cells, and the weight value
K 1s changed to O.

As a result, as shown 1n FIG. 5, the weight value K 1s
changed from 1 to 0 and the first and the second delayed clock
signals are delayed by the unit delay amount. However, at this
time, since the weight value K 1s changed from 1 to 0 and the
first and the second delayed clock signals are delayed by the
unit delay amount at the same time, a jitter of the mixed clock
signal 1s generated. That 1s, the mixed clock signal cannot be
seamlessly delayed due to the jitter when a boundary switch-
ing 1s occurred, 1.e., when a unit delay cell of the second
coarse delay line 340 1s shifted-left.

FIG. 6 1s a third conventional register controlled DLL. The
third conventional register controlled DLL 1s an upgraded
version of the second conventional register controlled DLL
shown 1n FIG. 3 for overcoming the above-mentioned prob-
lem of the second conventional register controlled DLL.

As shown, the third conventional register controlled DLL
includes one more coarse delay line 1n comparison with the
second conventional register controlled DLL. That 1s, the
third conventional register controlled DLL includes a third
coarse delay line 640-1 and a fourth coarse delay line 640-2.

An mput clock signal 1n_clk 1s inputted to the third and the
fourth coarse delay lines 640-1 and 640-2 to be delayed based
on a plurality of control signals outputted from the third shiit
register 630. Herein, each of the third and the fourth coarse
delay lines includes a plurality of unit delay cells, and one of
the third and the fourth coarse delay liens includes one more
unit delay cell than the other.

Thereatfter, the third and the fourth coarse delay lines 640-1
and 640-2 respectively outputs a third and a fourth delayed
clock signal to a second phase mixer 660. Then, the second
phase mixer 660 generates a mixed clock signal by mixing,
phases of the third and the fourth delayed clock signals based
on a control signal generated by a second mixer controller
650. Since the third and the fourth delayed clock signals are
independently generated by the third and the fourth coarse
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delay lines 640-1 and 640-2, the boundary switching problem
of the second conventional register controlled DLL can be
prevented.

However, since the third conventional register controlled
DLL includes two coarse delay lines, a size of the third
conventional register controlled DLL 1s increased. Further, a
circuit of the third conventional register controlled DLL 1s
complicated because each of the two coarse delay lines
receives the plurality of control signals from the third shift
register 630.

SUMMARY OF INVENTION

It 1s, therefore, an object of the present invention to provide
a register controlled DLL capable of performing a secamless
boundary switching including a single coarse delay line.

In accordance with an aspect of the present invention, there
1s provided a register controlled DLL including a coarse delay
line for generating a delayed input clock signal by delaying an
external clock signal; a fine delay line umit for receiving the
delayed input clock signal in order to generate a first fine
delayed clock signal and a second fine delayed clock signal;
a phase detector for comparing phases of the external clock
signal and a feed-backed clock signal 1n order to generate a
phase detection signal based on the comparison result; a
phase mixer for generating a mixed clock signal by mixing
phases of the first fine delayed clock signal and the second
fine delayed clock signal based on a weight value; and a mixer
controller for generating the weight value based on the phase
detection signal.

In accordance with another aspect of the present invention,
there 1s provided a register controlled DLL including: a
coarse delay line for generating a delayed 1nput clock signal
in order to coarsely synchronize a delay locked clock signal
with an external clock signal by delaying the external clock
signal; a first fine delay line for generating a first fine delayed
clock signal by delaying the delayed input clock signal; and a
second fine delay line for generating a second fine delayed
clock signal by delaying the delayed imput clock signal,
wherein the second fine delay line includes one more umit
delay cell than the first fine delay line and more delays or less
delays the delayed input clock signal than the first fine delay
line by a delay amount of a unit delay cell.

In accordance with further another aspect of the present
invention, there 1s provided a method for compensating a
clock skew between an external clock signal and a mixed
clock signal, including the steps of: generating a delayed
input clock signal by delaying the external clock signal for
coarsely synchronizing the delay locked clock signal with the
external clock signal; generating a plurality of fine delayed
clock signals having different phases by delaying the delayed
input clock signal; and generating the mixed clock signal by
mixing phases of the plurality of fine delayed clock signals.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects and features of the present
invention will become apparent from the following descrip-
tion of preferred embodiments taken 1n conjunction with the
accompanying drawings, 1n which:

FIG. 1 1s a block diagram showing a {first conventional
register controlled DLL;

FIG. 2 1s a schematic circuit diagram showing a first coarse
delay line shown 1n FIG. 1;

FIG. 3 15 a block diagram showing a second conventional
register controlled DLL;
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FIG. 4 1s a schematic circuit diagram showing a second
coarse delay line shown 1n FIG. 3;

FIG. 5 1s a diagram 1llustrating an operation of a second
coarse delay line shown 1n FIG. 4;

FI1G. 6 1s a third conventional register controlled DLL;

FIG. 7 1s a block diagram showing a register controlled
DLL 1n accordance with the present invention; and

FIG. 8 1s a diagram showing operations of a first fine delay

line, a second fine delay line and a phase mixer shown 1n FIG.
7.

DETAILED DESCRIPTION OF INVENTION

Hereinatter, a register controlled delay locked loop (DLL)
in accordance with the present invention will be described 1n
detail referring to the accompanying drawings.

FIG. 7 1s a block diagram showing a register controlled
delay locked loop (DLL) 1n accordance with the present
invention.

As shown, the register controlled DLL includes a buffer
710, a phase detector 720, a coarse delay line 740, a shait
register 730, a first fine delay line 760-1, a second fine delay
line 760-2, a phase mixer 770, a mixer controller 750, a duty
cycle corrector 780 and a delay model unit 790.

The butler 710 receives an external clock signal CLK for
outputting an mput clock signal in_clk by buifering the exter-
nal clock signal CLK. The mnput clock signal in_clk1s delayed
by the coarse delay line 740 based on a plurality of delay
control signals outputted from the shift register 730 to be
outputted as a delayed imput clock signal dl_inclk. Then, the
delayed input clock signal dl_inclk 1s inputted first fine delay
line 760-1 and the second fine delay line 760-2.

The first and the second fine delay lines 760-1 and 760-2
delays the delayed mput clock signal dl_inclk based on a
control signal outputted from the mixer controller 750 1n
order to respectively output a first fine delayed clock signal
td_clkl and a second fine delayed clock signal 1d_clk2.

The phase mixer 770 receives the first and the second fine
delayed clock signals 1d_clkl and 1d_clk2. Then, the phase
mixer 360 mixes phases of the first and the second fine
delayed clock signals 1d_clkl and 1d_clk2 for generating a
mixed clock signal having a phase between phases of the first
and the second fine delayed clock signals 1d_clkl and
td_clk2. That 1s, a phase of the mixed clock signal leads one
of phases of the first and the second fine delayed clock signals
td_clkl1 and 1d_clk2 and lags behind the other.

Thereafter, the mixed clock signal 1s passed through a
butiler to be outputted as a delay locked clock signal dl_clk
alter being duty corrected by the duty cycle corrector 780.

The delay model unit 790 receives the delay locked clock
signal dl_clk to delay the delay locked clock signal dl_clk for
a predetermine delay time. Then, the delay model unit 790
outputs a feed-backed clock signal 1b_clk.

The phase detector 720 recerves the external clock signal
CLK and the feed-backed clock signal tb_clk for comparing
phases of the external clock signal CLK and the feed-backed
clock signal 1b_clk. The phase detector 720 generates a phase
detection signal ph_det according to the comparison result.

The shift register 730 generates the plurality of delay con-
trol signals based on the phase detection signal ph_det in
order to control a delay amount of the coarse delay line 740.

The mixer controller 750 generates the control signal for
controlling the phase mixer 770, the first fine delay line 760-1
and the second fine delay line 760-2 based on the phase
detection signal ph_det.

Each of the first and the second fine delay lines 760-1 and
760-2 1ncludes a plurality of unit delay cells (UDCs) con-
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6

nected 1n series, and one of the first and the second fine delay
lines 760-1 and 760-2 includes one more unit delay cell than
the other. Herein, 1t 1s assumed that the second fine delay line
760-2 includes one more unit delay cell than the first fine
delay line 760-2.

A delay amount of each of the first and the second fine
delay lines 760-1 and 760-2 is controlled by changing the
number of unit delay cells that the delayed mput clock signal
dl_inclk 1s passed through. Herein, the delayed input clock
signal dl_inclk 1s passed through odd numbers of umt delay
cells 1n the first fine delay line 760-1 and 1s passed through
even numbers of unit delay cells 1n the second fine delay line
760-2. That 1s, for example, 11 the delayed input clock signal
dl_inclk 1s passed through three unit delay cells in the first fine
delay line 760-1, the delayed mnput clock signal dl_inclk 1s
passed through four or two unit delay cells 1n the second fine
delay line 760-2.

FIG. 8 1s a diagram showing operations of the first fine
delay line 760-1, the second fine delay line 760-2 and the
phase mixer 770.

As shown, the first fine delayed clock signal 1d_clkl 1is
inputted to the phase mixer 770 through a first input terminal
IN1, and the second fine delayed clock signal 1d_clk2 1is
inputted to the phase mixer 770 through a second input ter-
minal IN2. The phase mixer 770 applies a first weight, having
a value of K, to the second fine delayed clock signal 1d_clk2
and applies a second weight, having a value of (1-K), to the
first fine delayed clock signal 1d_clkl. Herein, the value of K
1s greater than or equal to 0 and 1s smaller than or equal to 1.
The value of K 1s determined based on the phase detection
signal ph_det.

In FIG. 8, 1t 1s assumed that the delayed input clock signal
dl_clk 1s currently passed through three unit delay cells in the
first fine delay line 760-1 and four unit delay cells 1n the
second fine delay line 760-2.

I1 the first weight 1s 0, the second fine delayed clock signal
td_clk2 1s 1gnored, and, thus, the first fine delayed clock
signal 1d_clk1 1s outputted as the mixed clock signal.

Thereatter, 11 1t 1s detected by the phase detector 720 that a
phase of the delay locked clock signal dl_clk leads a phase of
the external clock signal CLK, the mixer controller 750
gradually increases the value of K. The more the value o K 1s
increased, the more a phase of the mixed clock signal 1is
approached to a phase of the second fine delayed clock signal.
Thereaftter, 11 the value of K becomes 1, the first fine delayed
clock signal 1d_clkl 1s 1gnored, and, thus, the second fine
delayed clock signal 1d_clk2 1s outputted as the mixed clock
signal.

However, 11 a phase of the delay locked clock signal dl_clk
still leads a phase of the external clock signal CLK, the
ignored clock signal, 1.e., the first fine delayed clock signal
td_clkl1 1n this case, 1s shifted-left by two unit delay cells.
That 1s, the first fine delayed clock signal 1s passed through
five unit delay cells 1n the first fine delay line 760-1. At this
time, since the first fine delayed clock signal 1d clkl 1s
1gnored due to the first weight, a delay amount variation of the
first fine delayed clock signal 1d_ clk1 has no intfluence on the
mixed clock signal. Theretfore, a boundary switching can be
seamlessly performed, 1.¢., a noise of the mixed clock signal
1s not generated during the delay amount variation.

Thereatter, 11 1t 1s still required to more delay the delay
locked clock signal dl_clk, the value of K 1s gradually
decreased as shown 1n FIG. 8. In this case, the more the value
of K 1s decreased, the more a phase of the mixed clock signal
1s approached to the first fine delayed clock signal 1d_clkl1.

Meanwhile, 1n case that a delay amount of the delay locked
clock signal dl_clk 1s required to be decreased when a phase
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of the delay locked clock signal dl_clk lags behind a phase of
the external clock signal CLK, the above-explained method
can be reversely applied. Since 1t 1s well known to those
skilled 1n the art, detailed description for a method of decreas-
ing a delay amount of the delay locked clock signal dl_clk 1s
omitted.

The mixer controller 750 controls the value of K and gen-

crates a shift left and a shift right signals for controlling a
delay amount of the first and the second fine delay lines 760-1
and 760-2. Herein, a structure and an operation of the mixer
controller 750 are similar to those of the second phase mixer
650 shown 1n FIG. 6, and the mixer controller 750 can be
variously embodied. For example, the mixer controller 750
can be made including an up-down counter and a decoder.
Since the mixer controller 750 can be variously made and 1s
well known to those skilled 1n the art, detailed description of
the mixer controller 750 1s omitted.
Meanwhile, since the input clock signal in_clk 1s coarsely
delayed by the coarse delay line 740 for synchronizing the
delay locked clock signal dl_clk with the external clock signal
CLK prior to delaying the delayed input clock signal dl_inclk
for more finely synchromizing the delay locked clock signal
dl_clk with the external clock signal CLK, a physical length
of the first fine delay line 760-1 or the second fine delay line
760-2 1s not required to be long. A delay line length for
compensating just a delay skew generated by a noise such as
a fluctuation of a power supply voltage or a jitter of the
external clock signal 1s a suilicient physical length for the first
and the second fine delayed clock signals 760-1 and 760-2.

The present application contains subject matter related to
Korean patent application No. 2004-4984°/, filed in the
Korean Patent Office on Jun. 30, 2004, the entire contents of
which being incorporated herein by reference.

While the present invention has been described with
respect to the particular embodiments, 1t will be apparent to
those skilled 1n the art that various changes and modifications
may be made without departing from the spirit and scope of
the invention as defined 1n the following claims.

What 1s claimed 1s:

1. A register controlled delay locked loop (DLL), compris-
ng:

a coarse delay line for generating a delayed input clock

signal by delaying an external clock signal;

a fine delay line unit for recerving the delayed input clock
signal 1n order to generate a first fine delayed clock
signal and a second fine delayed clock signal;

a phase detector for comparing phases of the external clock
signal and a feed-backed clock signal in order to gener-
ate a phase detection signal based on the comparison
result;

a phase mixer for generating a mixed clock signal by mix-
ing phases of the first fine delayed clock signal and the
second fine delayed clock signal based on a weight
value; and

a mixer controller for generating the weight value based on
the phase detection signal.

2. The register controlled DLL as recited in claim 1,
wherein the fine delay line unit generating the first fine
delayed clock signal and the second fine delayed clock signal
[include] includes predetermined numbers of unit delay cells
for compensating a delay skew generated by a noise of the
register controlled DLL.

3. The register controlled DLL as recited 1in claim 2, further
comprising;

a duty cycle corrector for generating a delay locked clock

signal by correcting a duty cycle of the mixed clock
signal; and

5

10

15

20

25

30

35

40

45

50

55

60

65

8

a delay model unit for recerving the delay locked clock
signal 1n order to generate the feed-backed clock signal
by delaying the delay locked clock signal for a predeter-
mined delay time.

4. The register controlled DLL as recited in claim 3,

wherein the fine delay line unit includes:

a first fine delay line, having N numbers of unit delay cells
connected 1n series, for passing the delayed 1mnput clock
signal through H numbers of unit delay cells; and

a second fine delay line, having (N+1) numbers of unit
delay cells connected 1n series, for passing the delayed
input clock signal through (H+1) or (H-1) numbers of
unit delay cells, wherein H 1s smaller than or equal to N.

5. The register controlled DLL as recited in claim 4,
wherein the first fine delay line activates odd numbers of unit
delay cells so that the delayed input clock signal can be passed
through the odd numbers of unit delay cells.

6. The register controlled DLL as recited in claim 3,
wherein the second fine delay line activates even numbers of
unit delay cells so that the delayed input clock signal can be
passed through the even numbers of unit delay cells, wherein
the even numbers of unit delay cells are smaller than or
greater than the odd numbers of unit delay cells by one.

7. The register controlled DLL as recited in claim 6,
wherein the phase mixer applies the weight value to the [first]
second fine delayed clock signal and applies a second weight
value to the second fine delayed clock signal, wherein the
second weight value 1s obtained by subtracting the weight
value from 1.

8. A register controlled DLL, comprising:

a coarse delay line for generating a delayed input clock
signal 1n order to coarsely synchronize a delay locked
clock signal with an external clock signal by delaying
the external clock signal;

a first fine delay line for generating a first fine delayed clock
signal by delaying the delayed input clock signal; and

a second fine delay line for generating a second fine
delayed clock signal by delaying the delayed input clock
signal,

wherein the second fine delay line includes one more unit
delay cell than the first fine delay line and more delays or
less delays the delayed input clock signal than the first
fine delay line by a delay amount of a unit delay cell.

9. The register controlled DLL as recited in claim 8,
wherein the first fine delay line for the first fine delayed clock
signal and the second fine delay line for the second fine
delayed clock signal include predetermined numbers of unit
delay cells for compensating a delay skew generated by a
noise of the register controlled DLL, respectively.

10. The register controlled DLL as recited in claim 9,
wherein the first fine delay line, having N numbers of umit
delay cells connected 1n series, passes the delayed input clock
signal through H numbers of unit delay cells; and the second
fine delay line, having (N+1) numbers of unit delay cells
connected 1n series, passes the delayed input clock signal
through (H+1) or (H-1) numbers of unit delay cells, wherein
H 1s smaller than or equal to N.

11. The register controlled DLL as recited in claim 10,
wherein the first fine delay line activates odd numbers of unit
delay cells so that the delayed input clock signal can be passed
through the odd numbers of unit delay cells.

12. The register controlled DLL as recited in claim 11,
wherein the second fine delay line activates even numbers of
unit delay cells so that the delayed input clock signal can be
passed through the even numbers of unit delay cells, wherein
the even numbers of unit delay cells are smaller than or
greater than the odd numbers of unit delay cells by one.
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13. A method for compensating a clock skew between an ¢) generating a second fine delayed clock signal by delay-
external clock signal and a mixed clock signal, comprising ing the delayed input clock signal,
the steps of: wherein the second fine delayed clock signal 1s more
a) generating a delayed input clock signal by delaying the delayed or less delayed than the first fine delayed clock
external clock signal for coarsely synchronizing the > sighal by a unit delay amount.

15. The method as recited 1n claim 14, wherein the step of
¢) includes the steps of:

1) generating a phase detection signal by comparing phases
of the external clock signal and the mixed clock signal;

g) generating a weight value based on the phase detection
signal; and

delay locked clock signal with the external clock signal;

b) generating a plurality of fine delayed clock signals hav-
ing different phases by delaying the delayed input clock
signal; and

¢) generating the mixed clock signal by mixing phases of 10

the plurality of fine 'dela.y ed C.l ock mgnals.. h) applying the weight value to the second fine delayed
14. The method as recited in claim 13, wherein the step of : : :
clock signal and applying a value of subtracting the

b) includes tl}e steps of: _ _ weight value from 1 to the first fine delayed clock signal.
d) generating a first fine delayed clock signal by delaying

the delayed input clock signal; and £k k% ok
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