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DELAY LOCKED LOOP CIRCUIT HAVING DUTY 
CYCLE CORRECTION FUNCTION AND DELAY 

LOCKING METHOD 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a delay locked loop 
circuit, and more particularly, to a delay locked loop circuit 
having a duty cycle correction function and a delay locked 
method. 

[0003] 2. Description of the Related Art 

[0004] A delay locked loop circuit, Widely deployed in 
semiconductor devices, receives an external clock signal and 
generates an internal clock signal for synchroniZing signals 
Within the semiconductor device. The internal clock signal is 
generated to precede the external clock signal by a prede 
terrnined time period. 

[0005] FIG. 1 is a block diagram of a conventional delay 
locked loop circuit and a conventional duty cycle corrector. 
Referring to FIG. 1, the duty cycle corrector 111 and delay 
locked loop circuit 121 are serially connected to each other. 
The duty cycle corrector 111 corrects the duty cycle of the 
external clock signal (Clk_ext). The delay locked loop 
circuit 121 receives a clock signal (Clk_dcc), in Which the 
duty cycle is corrected, and generates the internal clock 
signal (Clk_int), Whose phase leads the phase of the external 
clock signal (Clk_ext). Jitter, or phase noise, alWays exists 
in the clock signal (Clk_dcc) output from the duty cycle 
corrector 111. The delay locked loop circuit 121 likeWise 
generates jitter. Jitter obtained by adding the jitter generated 
by the duty cycle corrector 111 to the jitter generated by the 
delay locked loop circuit 121 exists in the internal clock 
signal (Clk_int) output from the delay locked loop circuit 
121. 

[0006] The delay locked loop circuit 121 requires a ?rst 
locking time for making the phase of the received clock 
signal (Clk_dcc) the same as the phase of the output internal 
clock signal (Clk_int). The duty cycle corrector 111 also 
requires a second locking time for making the phase of the 
received external clock signal (Clk_ext) the same as the 
phase of the output clock signal (Clk_dcc). Therefore, the 
overall system locking time is the sum of the ?rst and second 
locking times in the case Where the duty cycle corrector 111 
and the delay locked loop 121 are serially connected. 

SUMMARY OF THE INVENTION 

[0007] To address the above lirnitations, it is an object of 
the present invention to provide a delay locked loop circuit, 
in Which jitter and locking time are reduced. 

[0008] It is another object of the present invention to 
provide a delay locked method, which is capable of reducing 
the jitter and locking time. 

[0009] To achieve the ?rst object, according to an aspect 
of the present invention, there is provided a delay locked 
loop circuit, comprising a delaying portion for generating a 
?rst output signal by uniforrnly delaying an input ?rst clock 
signal and generating a second output signal by variably 
delaying the ?rst clock signal and an output signal generator 
for generating a second clock signal, the voltage level of 
Which increases When the ?rst output signal is transitioned 
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from a ?rst logic state to a second logic state and the voltage 
level of Which is reduced When the second output signal is 
transitioned from the second logic state to the ?rst logic 
state. 

[0010] It is preferable that the delay locked loop circuit 
further comprises an integrator for integrating the second 
clock signal and that the delaying portion generates the 
second output signal by variably delaying the ?rst clock 
signal in response to the output signal of the integrator. 

[0011] The delaying portion preferably comprises a ?rst 
delay for delaying the ?rst clock signal and generating the 
?rst output signal and a second delay for generating the 
second output signal by variably delaying the ?rst clock 
signal. 

[0012] The output signal generator preferably comprises a 
?rst pulse signal generator for generating a ?rst pulse signal 
When the ?rst output signal is transitioned from the ?rst logic 
state to the second logic state, a second pulse signal gen 
erator for generating a second pulse signal When the second 
output signal is transitioned from the second logic state to 
the ?rst logic state, and a ?ip-?op for generating the second 
clock signal, Whose voltage level is increased When the ?rst 
pulse signal is generated and Whose voltage level is reduced 
When the second pulse signal is generated. 

[0013] According to another aspect of the present inven 
tion, there is provided a delay locked loop circuit, cornpris 
ing a delaying portion for generating ?rst and second output 
signals by delaying an input ?rst clock signal by a prede 
terrnined time and selectively varying the output time of the 
?rst and second output signals and an output signal genera 
tor for generating a second clock signal, the voltage level of 
Which is increased When the ?rst output signal is transitioned 
from a ?rst logic state to a second logic state and the voltage 
level of Which is reduced When the second output signal is 
transitioned from the second logic state to the ?rst logic 
state. 

[0014] It is preferable that the delay locked loop circuit 
further comprises an integrator for integrating the second 
clock signal and that the delaying portion variably delays the 
?rst clock signal in response to the output signal of the 
integrator. 

[0015] The delaying portion preferably comprises a ?rst 
rnultiplexer for receiving a reference voltage and a control 
signal and outputting either the reference voltage or the 
control signal in response to a selection signal, a ?rst delay 
for generating a ?rst output signal by controlling the delay 
time of an input ?rst clock signal in response to the output 
of the ?rst rnultiplexer, a second rnultiplexer for receiving 
the reference voltage and the control signal and outputting 
either the reference voltage or the control signal, and a 
second delay for generating a second output signal by 
controlling the delay time of the ?rst clock signal in response 
to the output of the second rnultiplexer. 

[0016] It is preferable that the ?rst delay uniforrnly delays 
the ?rst clock signal When the ?rst rnultiplexer outputs the 
reference voltage and variably delays the ?rst clock signal 
When the second rnultiplexer outputs the control signal. 

[0017] To achieve the second object, according to an 
aspect of the present invention, there is provided a delay 
locking method, comprising the steps of receiving a ?rst 
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clock signal, generating a ?rst output signal by uniformly 
delaying the ?rst clock signal, transitioning a second clock 
signal from a logic “loW” level to a logic “high” level When 
the ?rst output signal is transitioned from a ?rst logic state 
to a second logic state, and transitioning the second clock 
signal from the logic “high” level to the logic “loW” level 
When the second output signal is transitioned from the 
second logic state to the ?rst logic state. 

[0018] It is preferable that the step of generating the 
second output signal further comprises the step of integrat 
ing the second clock signal and that the output time of the 
second output signal varies in response to a signal generated 
by integrating the second clock signal. 

[0019] According to another aspect of the present inven 
tion, there is provided a delay locking method, comprising 
the steps of receiving a ?rst clock signal, generating a ?rst 
output signal by delaying the ?rst clock signal for a ?rst 
predetermined time, generating a second output signal by 
delaying the ?rst clock signal for a second predetermined 
time, transitioning a second clock signal from a logic “loW” 
level to a logic “high” level When the ?rst output signal is 
transitioned from a ?rst logic state to a second logic state, 
and transitioning the second clock signal from the logic 
“high” level to the logic “loW” level When a second output 
signal is transitioned from the second logic state to the ?rst 
logic state, Wherein the output time of the second output 
signal is variable When the output time of the ?rst output 
signal is uniform and the output time of the second output 
signal is uniform When the output time of the ?rst output 
signal is variable. 

[0020] It is preferable that each of the steps of generating 
the ?rst and second output signals further comprises the step 
of integrating the second clock signal and that the output 
times of the ?rst and second output signals selectively vary 
in response to the signal generated by integrating the second 
clock signal. 

[0021] According to the present invention, jitter that eXists 
in a signal output from a delay locked loop circuit is reduced. 

BRIEF DESCRIPTION OF THE DRAWING(S) 

[0022] The above objects and advantages of the present 
invention Will become more apparent by describing in detail 
a preferred embodiment thereof With reference to the 
attached draWings in Which: 

[0023] FIG. 1 is a block diagram illustrating a conven 
tional duty cycle corrector and a conventional delay locked 
loop circuit; 
[0024] FIG. 2 is a block diagram of a delay locked loop 
circuit according to a ?rst embodiment of the present 
invention; 
[0025] FIG. 3A is a timing diagram of signals that shoW 
a manner in Which the duty cycle of a ?rst clock signal is 
corrected to be 50% When the duty cycle of the ?rst clock 
signal is shorter than 50% and the ?rst clock signal is delay 
locked; 
[0026] FIG. 3B is a timing diagram of signals that shoW 
a manner in Which the duty cycle of the ?rst clock signal is 
corrected to be 50% When the duty cycle of the ?rst clock 
signal is longer than 50% and the ?rst clock signal is delay 
locked; 
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[0027] FIG. 4 is a block diagram of a delay locked loop 
according to a second embodiment of the present invention; 
and 

[0028] FIG. 5 is a circuit diagram for shoWing one of the 
second delay units 242 shoWn in FIG. 2 and the ?rst and 
second delay units 441 and 442 shoWn in FIG. 4. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0029] The present invention noW Will be described more 
fully With reference to the accompanying draWings, in Which 
preferred embodiments of the invention are shoWn. The 
same reference numerals in different draWings represent the 
same elements. 

[0030] FIG. 2 is a block diagram of a delay locked loop 
circuit 201 according to a ?rst embodiment of the present 
invention. Referring to FIG. 2, the delay locked loop circuit 
201 includes a delaying portion 211, an output signal gen 
erator 221, and an integrator 231. 

[0031] The delaying portion 211 generates a ?rst clock 
signal (INCD) by regularly delaying a ?rst clock signal 
(Clk_eXt) and generates a second clock signal (INVD) by 
variably delaying the ?rst clock signal (Clk_eXt). An exter 
nal clock signal received from an external source is 
employed as the ?rst clock signal (Clk_eXt). 

[0032] The delaying portion 211 includes ?rst and second 
delays 241 and 242. The ?rst delay 241 delays the ?rst clock 
signal (Clk_eXt) for a predetermined time period and gen 
erates the ?rst clock signal (INCD). Namely, after the ?rst 
clock signal (Clk_eXt) transitions from a logic “loW” to a 
logic “high”, the ?rst clock signal (INCD) is transitioned 
from the logic “loW” to the logic “high” after the lapse of a 
predetermined time. The predetermined time is set to be a 
predetermined value by a designer When the delay locked 
loop circuit 201 is designed. 

[0033] The second delay 242 receives the ?rst clock signal 
(Clk_eXt) and a control signal (Vc) and generates the second 
clock signal (INVD). The second delay 242 variably delays 
the ?rst clock signal (Clk_eXt) according to the voltage level 
of the control signal (Vc) and outputs the variably delayed 
signal as the second clock signal (INVD). For eXample, 
When the voltage level of the control signal (Vc) is raised, 
the time taken for the second output signal (INVD) to be 
transitioned from the logic “loW” level to the logic “high” 
level after the ?rst clock signal (Clk_eXt) is transitioned 
from the logic “loW” level to the logic “high” level is 
reduced. When the voltage level of the control signal (Vc) is 
loWered, a time taken for the second output signal (INVD) 
to be transitioned from the logic “loW” level to the logic 
“high” level after the ?rst clock signal (Clk_eXt) is transi 
tioned from the logic “loW” level to the logic “high” level 
increases. The second delay 242 operates as a variable delay 
for variably delaying the ?rst clock signal (Clk_eXt). 

[0034] The output signal generator 221 receives the ?rst 
and second output signals INCD and INVD and outputs a 
second clock signal (Clk_int). The level of the second clock 
signal (Clk_int) increases When the ?rst output signal 
(INCD) is transitioned from a ?rst logic state to a second 
logic state and is reduced When the second output signal 
(INVD) is transitioned from the second logic state to the ?rst 
logic state. The second clock signal is Widely used as the 
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internal clock signal of a semiconductor device, in particu 
lar, a Rambus DRAM semiconductor device. 

[0035] The output signal generator 221 includes a ?rst 
pulse generator 251, a second pulse generator 252, an 
inverter 271, and a ?ip-?op 261. 

[0036] The ?rst pulse generator 251 generates a ?rst pulse 
signal (PUL1) in response to the ?rst output signal (INCD). 
Namely, When the ?rst output signal (INCD) is transitioned 
from the ?rst logic state to the second logic state, for 
eXample, from the logic “loW” level to the logic “high” level, 
the ?rst pulse generator 251 generates the ?rst pulse signal 
(PUL1). The second output signal (INVD) is inverted by the 
inverter 271 and is input to the second pulse generator 252. 
The second pulse generator 252 includes a pulse generator 
that performs the same operation as the operation of the ?rst 
pulse generator 251. Therefore, the second pulse generator 
252 generates a second pulse signal (PUL2) When the 
second output signal (INVD) is transitioned from the second 
logic state to the ?rst logic state, for example, from the logic 
“high” level to the logic “loW” level. 

[0037] The ?ip-?op 261 receives the ?rst and second pulse 
signals (PUL1 and PUL2) and outputs the second clock 
signal (Clk_int). Namely, the ?ip-?op 261 transitions the 
second clock signal (Clk_int) from the logic “loW” level to 
the logic “high” level in response to the ?rst pulse signal 
(PUL1) and transitions the second clock signal (Clk_int) 
from the logic “high” level to the logic “loW” level in 
response to the second pulse signal (PUL2). Various ?ip 
?ops can be employed as the ?ip-?op 261. Here, an RS 
?ip-?op is used as the ?ip-?op 261. Therefore, the ?rst pulse 
generator 251 is connected to the set terminal (S) of the RS 
?ip-?op 261 and the second pulse generator 252 is con 
nected to the reset terminal (R) of the RS ?ip-?op 261. 

[0038] The integrator 231 receives the second clock signal 
(Clk_int) and generates the control signal (Vc). The voltage 
level of the control signal (Vc) is loWered When the duty 
cycle of the second clock signal (Clk_int) is relatively short 
and is raised When the duty cycle of the second clock signal 
(Clk_int) is relatively long. 

[0039] FIG. 3A is a timing diagram of signals that shoW 
a manner in Which the duty cycle of the ?rst clock signal is 
corrected to be 50% When the duty cycle of the ?rst clock 
signal is shorter than 50% and the ?rst clock signal is delay 
locked. Referring to FIG. 3A, the logic “high” period (t1) of 
the ?rst clock signal (Clk_eXt) is shorter than the logic “loW” 
period of the ?rst clock signal Clk_eXt. Namely, the duty 
cycle of the ?rst clock signal (Clk_eXt) is less than 50%. 
Referring to FIG. 3A, the operation of the delay locked loop 
circuit shoWn in FIG. 2 Will noW be described. 

[0040] When the ?rst clock signal (Clk_eXt), the duty 
cycle of Which is shorter than 50%, is input to the delaying 
portion 211, the ?rst and second output signals (INCD and 
INVD) are generated by the ?rst and second delays 241 and 
242 after the lapse of a ?rst predetermined time period. 
The ?rst pulse generator 251 generates the ?rst pulse signal 
(PUL1) in synchroniZation With the rising edge of the ?rst 
output signal (INCD). The second pulse generator 252 
generates the second pulse signal (PUL2) in synchroniZation 
With the rising edge of the inversion signal (INVDB) of the 
second output signal (INVD). When the ?rst pulse signal 
(PUL1) is generated, the ?ip-?op 261 transitions the second 
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clock signal (Clk_int) from the logic “loW” level to the logic 
“high” level. When the second pulse signal (PUL2) is 
generated, the ?ip-?op 261 transitions the second clock 
signal (Clk_int) from the logic “high” level to the logic 
“loW” level. At this time, the duty cycle of the generated 
second clock signal (Clk_int) is shorter than 50%, as is the 
duty cycle of the ?rst clock signal (Clk_eXt). 

[0041] The integrator 231 receives the second clock signal 
(Cll<_int), generates the control signal (Vc), and provides the 
control signal (Vc) to the second delay 242. At this time, 
since the duty cycle of the second clock signal (Clk_int) is 
shorter than 50%, the voltage level of the control signal (Vc) 
is reduced. When the ?rst clock signal (Clk_eXt) is transi 
tioned from the logic “loW” level to the logic “high” level, 
the second delay 242 delays the time taken for the second 
output signal (INVD) to be transitioned from the logic “loW” 
level to the logic “high” level by a second predetermined 
time (t4) than in an initial state and outputs the second output 
signal (INVD) since the voltage level of the control signal 
(Vc) is loW. The second pulse signal output from the second 
pulse generator 252 is output in a state of being delayed by 
the second predetermined time (t4) than in the initial state. 
Namely, the period of the ?rst pulse signal (PUL1) is equal 
to the period of the second pulse signal (PUL2). Since the 
?ip-?op 261 outputs the second clock signal (Clk_int) in 
synchroniZation With the rising edge of the ?rst pulse signal 
(PUL1) and the falling edge of the second pulse signal 
(PUL2), the duty cycle of the second clock signal (Clk_int) 
is corrected to be 50% and then, the second clock signal 
(Clk_idnt) is output. 

[0042] Since the voltage level of the control signal (Vc) 
output from the integrator 231 becomes loWer as the duty 
cycle of the ?rst clock signal (Clk_eXt) is shorter and thus, 
the time, at Which the rising edge of the second output signal 
(INVD) is generated, is delayed, the duty cycle of the second 
clock signal (Clk_int) is corrected to be 50%. Also, the 
second clock signal (Clk_int) is generated prior to the ?rst 
clock signal (Clk_eXt) by a predetermined time. 

[0043] FIG. 3B is a timing diagram of signals that shoW 
the manner in Which the duty cycle of the ?rst clock signal 
is corrected to be 50% When the duty cycle of the ?rst clock 
signal is longer than 50% and the ?rst clock signal is delay 
locked. Referring to FIG. 3B, the logic “high” period (t11) 
of the ?rst clock signal (Clk_eXt) is longer than the logic 
“loW” period (t12) of the ?rst clock signal (Clk_eXt). 
Namely, the duty cycle of the ?rst clock signal (Clk_eXt) is 
longer than 50%. The operation of the delay locked loop 
circuit 201 shoWn in FIG. 2 Will noW be described With 
reference to FIG. 3B. 

[0044] When the ?rst clock signal (Clk_eXt), the duty 
cycle of Which is longer than 50%, is initially input to the 
delaying portion 211, the ?rst and second output signals 
(INCD and INVD) are generated by the ?rst and second 
delays 241 and 242 after the lapse of the ?rst predetermined 
time (t3). The ?rst pulse generator 251 generates the ?rst 
pulse signal (PUL1) in synchroniZation With the rising edge 
of the ?rst output signal (INCD). The second pulse generator 
252 generates the second pulse signal (PUL2) in synchro 
niZation With the rising edge of the inversion signal 
(INVDB) of the second output signal (INVD). When the ?rst 
pulse signal (PUL1) is generated, the ?ip-?op 261 transi 
tions the second clock signal (Clk_int) from the logic “loW” 
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level to the logic “high” level. When the second pulse signal 
(PUL2) is generated, the ?ip-?op 261 transitions the second 
clock signal (Clk_int) from the logic “high” level to the logic 
“loW” level. At this time, the duty cycle of the generated 
second clock signal (Clk_int) is longer than 50%, as is the 
duty cycle of the ?rst clock signal (Clk_ext). 

[0045] Since the duty cycle of the second clock signal 
(Clk_int) is longer than 50%, the integrator 231 increases the 
voltage level of the control signal (Vc) and provides the 
control signal to the second delay 242. When the ?rst clock 
signal (Clk_ext) is transitioned from the logic “loW” level to 
the logic “high” level in this state, the second delay 242 
advances the time, at Which the second output signal (INVD) 
is transitioned from the logic “loW” level to the logic “high” 
level, by a third predetermined time (t5) than in an initial 
state and outputs the second output signal (INVD). Then, the 
second pulse signal (PUL2) output from the second pulse 
generator 252 is output faster than in the initial time period. 
Namely, the period of the ?rst pulse signal (PUL1) is equal 
to the period of the second pulse signal (PUL2). Therefore, 
the duty cycle of the second clock signal (Clk_int) generated 
from the ?ip-?op 261 is output in a state of being corrected 
to be 50%. 

[0046] The voltage level of the control signal (Vc) output 
from the integrator 231 becomes higher as the duty cycle of 
the ?rst clock signal (Clk_ext) is longer. Accordingly, the 
time, at Which the rising edge of the second output signal 
(INVD) is generated, is advanced. Therefore, the duty cycle 
of the second clock signal (Clk_int) is corrected to be 50%. 
The second clock signal (Clk_int) is generated prior to the 
?rst clock signal (Clk_ext) by a predetermined time. 

[0047] FIG. 4 is a block diagram of a delay locked loop 
circuit 401 according to a second embodiment of the present 
invention. Referring to FIG. 4, the delay locked loop circuit 
401 includes a delaying portion 411, an output signal gen 
erator 421, and an integrator 431. 

[0048] The delaying portion 411 delays the input ?rst 
clock signal (Clk_ext) for a predetermined time period and 
generates ?rst and second output signals (INCD1 and 
INVD1). Namely, the delaying portion 411 selectively varies 
the time, at Which the ?rst and second output signals 
(INCD1 and INVD1) are generated, after the ?rst clock 
signal (Clk_ext) is input. The delaying portion 411 includes 
?rst and second delays 441 and 442, ?rst and second 
multiplexers 481 and 482, and an inverter 472. 

[0049] First and second multiplexers 481 and 482 receive 
a reference signal (Vref) and a control signal (Vc1) output 
from the integrator 431, respectively, and output either the 
reference signal (Vref) or the control signal (Vc1) as a signal 
(P1) in response to a selection signal (sel). Since an inverter 
472 is connected to the input port of the second multiplexer 
482, the voltage level of the selection signal (sel) input to the 
?rst multiplexer 481 is opposite to the voltage level of the 
selection signal (sel) input to the second multiplexer 482. 
For example, When the voltage level of the selection signal 
(sel) input to the ?rst multiplexer 481 is the logic “loW” 
level, the voltage level of the selection signal (sel) input to 
the second multiplexer 482 is logic “high”. Therefore, When 
the reference signal (Vref) is output from the ?rst multi 
plexer 481, the control signal (Vc1) is output from the 
second multiplexer 482. When the control signal (Vc1) is 
output from the second multiplexer 482. When the control 
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signal (Vc1) is output from the ?rst multiplexer 481, the 
reference signal (Vref) is output from the second multiplexer 
482. It is preferable that the voltage level of the reference 
signal (Vref) is set to be half of the source voltage (Vcc) 
supplied to the delay locked loop circuit. 

[0050] Either the ?rst delay 441 or the second delay 442, 
to Which the reference signal (Vref) is input, uniformly 
delays the ?rst clock signal (Clk_ext). Either the ?rst delay 
441 or the second delay 442, to Which the control signal 
(Vc1) is input, variably delays the ?rst clock signal 
(Clk_ext). Namely, When the ?rst delay 441 uniformly 
delays the ?rst clock signal (Clk_ext), the second delay 442 
variably delays the ?rst clock signal (Clk_ext). When the 
?rst delay 441 variably delays the ?rst clock signal 
(Clk_ext), the second delay 441 uniformly delays the ?rst 
clock signal (Clk_ext). The ?rst output signal (INCD1) 
output from the ?rst delay 441 is input to the ?rst pulse 
generator 451 and the second output signal (INVD1) output 
from the second delay 442 is input to the second pulse 
generator 452. 

[0051] The second clock signal (Clk_int) is generated 
from the output signal generator 421. The output signal 
generator 421 includes a ?rst pulse generator 451, a second 
pulse generator 452, and a ?ip-?op 461. Since the structures 
and operations of the output signal generator 421 and the 
integrator 431 are similar to the structures and operations of 
the output signal generator 221 and the integrator 231, Which 
are shoWn in FIG. 2, description thereof Will be omitted. 

[0052] Timing diagrams of signals When the control signal 
(Vc1) is input to the second delay 442 and the reference 
signal (Vref) is input to the ?rst delay 441 are the same as 
FIGS. 3A and 3B. When the control signal (Vc1) is input to 
the ?rst delay 441 and the reference signal (Vref) is input to 
the second delay 442, the second delay 442 uniformly delays 
the ?rst clock signal (Clk_ext) and the ?rst delay 441 
variably delays the ?rst clock signal (Clk_ext) in response to 
the control signal (Vc1) output from the integrator 431. 
Since the point of time, at Which a ?rst pulse signal (PUL11) 
is generated, is controlled, meanWhile, the point of time, at 
Which a second pulse signal (PUL12) is generated, is uni 
form, the duty cycle of the second clock signal (Clk_int) 
output from the ?ip-?op 461 is corrected to be 50% When the 
duty cycle of the ?rst clock signal (Clk_ext) is longer or 
shorter than 50%. 

[0053] As mentioned above, since the ?rst and second 
delays 441 and 442 can variably delay the ?rst clock signal 
(Clk_ext), if necessary, When the duty cycle of the ?rst clock 
signal (Clk_ext) is longer or shorter than 50%, the delay 
locked loop circuit 401 can correct the duty cycle of the ?rst 
clock signal (Clk_ext) to be 50% and output the duty cycle. 

[0054] FIG. 5 is a circuit diagram for shoWing one of the 
second delay unit 242 shoWn in FIG. 2 and the ?rst and 
second delay units 441 and 442 shoWn in FIG. 4. Referring 
to FIG. 5, a delay unit 501 receives the ?rst clock signal 
(Clk_ext) and the signal (P1) and generates the output signal 
(IND). The output signal (IND) is the second clock signal 
(INVD) shoWn in FIG. 2 or either the ?rst clock signal 
(INCD1) or the second clock signal (INVD1), Which is 
shoWn in FIG. 4. When either the ?rst delay 441 or the 
second delay 442, Which is shoWn in FIG. 4 is used as the 
delay 501, the ?rst delay 441 or the second delay 442 
operates as a variable delay. 
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[0055] The delay 501 includes NMOS transistors (MN1 
through MN4), PMOS transistors (MP1 through MP3), 
invertors (INV1 and INV2), and a resistor (R1). The PMOS 
transistors (MP1 and MP2) and the NMOS transistors (MN2 
and MN3) form current mirrors, respectively. When the 
voltage level of the signal (P1) gradually increases in a state 
that the voltage level of the signal (P1) is higher than the 
threshold voltage of the NMOS transistor (MN1), current 
that ?oWs through the resistor (R1) increases. Then, current 
that ?oWs in the NMOS transistor (MN2) increases due to 
the current mirror consisting of the PMOS transistors (MP1 
and MP2). Then, current that ?oWs through the NMOS 
transistor (MN3) increases due to the current mirror con 
sisting of the PMOS transistors (MN2 and MN3). When the 
?rst clock signal (Clk_eXt) is transitioned from the logic 
“loW” level to the logic “high” level in this state, the 
pull-doWn current of the inverter (INV1) that ?oWs to a 
ground (GND) through the NMOS transistor (MN3) rapidly 
increases. Accordingly, the voltage level of a node (N1) is 
rapidly reduced to a ground voltage level. When the voltage 
level of the node (N1) is reduced, the output signal (IND) is 
transitioned to the logic “high” level by an inverter (INV2). 

[0056] When the voltage level of the signal (P1) increases, 
the time, at Which the node (N1) is charged, is advanced. 
Accordingly, the time, at Which the output signal (IND) is 
output, is advanced. When the voltage level of the signal 
(P1) is reduced, the time, at Which the node (N1) is dis 
charged, is delayed. Accordingly, the time, at Which the 
output signal (IND) is output, is delayed. Accordingly, the 
output time of the output signal (IND) is controlled accord 
ing to the voltage level of the signal (P1). 

[0057] Since the inverter (INV2) and the NMOS transistor 
(MN4) form a latch, the voltage level of the output signal 
(IND) is maintained to at either the logic “high” level or the 
logic “loW” level. Also, in order to prevent a case, Where the 
output signal of the inverter (INV1) does not perform full 
sWing at a high clock frequency since a slope, With Which the 
voltage of the node N1 is transitioned from the logic “high” 
to the logic “loW”, is sloW, from occurring, When the voltage 
level of the node (N1) is loWer than the threshold voltage of 
the inverter (INV2), the NMOS transistor (MN4) discharges 
the node N1. The PMOS transistor (PMS) and the capacitor 
(C1) increase the discharge speed When the voltage of the 
node N1 is discharged. Accordingly, the sWitching time of 
the output signal (IND) is advanced. 

[0058] The delay locked loop circuits 201 and 401 are 
Widely used for the semiconductor device, in particular, the 
Rambus DRAM semiconductor device. 

[0059] As mentioned above, according to the present 
invention, the delay locked loop circuits 201 and 401 have 
a duty cycle correction function. Therefore, the locking time 
is greatly reduced than When a duty cycle corrector is 
additionally included. Also, the jitter included in the second 
clock signal (Clk_int) is greatly reduced. 

[0060] In the draWings and speci?cation, there have been 
disclosed typical preferred embodiments of the invention 
and, although speci?c terms are employed, they are used in 
a generic and descriptive sense only and not for purpose of 
limitation. Therefore, it Will be understood by those skilled 
in the art that various changes in form and details may be 
made therein Without departing from the spirit and scope of 
the invention as de?ned by the appended claims. 
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What is claimed is: 
1. A delay locked loop circuit, comprising: 

a delaying portion for generating a ?rst output signal by 
uniformly delaying an input ?rst clock signal and 
generating a second output signal by variably delaying 
the ?rst clock signal; and 

an output signal generator for generating a second clock 
signal, a voltage level of Which increases When the ?rst 
output signal is transitioned from a ?rst logic state to a 
second logic state and the voltage level of Which is 
reduced When the second output signal is transitioned 
from the second logic state to the ?rst logic state. 

2. The delay locked loop circuit of claim 1, Wherein the 
delay locked loop circuit further comprises an integrator for 
integrating the second clock signal and Wherein the delaying 
portion generates the second output signal by variably 
delaying the ?rst clock signal in response to on output signal 
of the integrator. 

3. The delay locked loop circuit of claim 1, Wherein the 
?rst logic state of the ?rst output signal is a logic “loW” level 
and the second logic state of the ?rst output signal is a logic 
“high” level. 

4. The delay locked loop circuit of claim 1, Wherein the 
?rst logic state of the second output signal is the logic “loW” 
level and the second logic state of the ?rst output signal is 
the logic “high” level. 

5. The delay locked loop circuit of claim 1, Wherein the 
delaying portion comprises: 

a ?rst delay for delaying the ?rst clock signal and gen 
erating the ?rst output signal; and 

a second delay for generating the second output signal by 
variably delaying the ?rst clock signal. 

6. The delay locked loop circuit of claim 1, Wherein the 
output signal generator comprises: 

a ?rst pulse signal generator for generating a ?rst pulse 
signal When the ?rst output signal transitions from the 
?rst logic state to the second logic state; 

a second pulse signal generator for generating a second 
pulse signal When the second output signal transitions 
from the second logic state to the ?rst logic state; and 

a ?ip-?op for generating the second clock signal, the 
voltage level of Which is increased When the ?rst pulse 
signal is generated and the voltage level of Which is 
reduced When the second pulse signal is generated. 

7. A delay locked loop circuit, comprising: 

a delaying portion for generating ?rst and second output 
signals by delaying an input ?rst clock signal by a 
predetermined time period and by selectively varying 
the output time of the ?rst and second output signals; 
and 

an output signal generator for generating a second clock 
signal, a voltage level of Which is increased When the 
?rst output signal is transitioned from a ?rst logic state 
to a second logic state and the voltage level of Which is 
reduced When the second output signal is transitioned 
from the second logic state to the ?rst logic state. 

8. The delay locked loop circuit of claim 7, Wherein the 
delay locked loop circuit further comprises an integrator for 
integrating the second clock signal and Wherein the delaying 
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portion variably delays the ?rst clock signal in response to 
an output signal of the integrator. 

9. The delay locked loop circuit of claim 7, Wherein the 
?rst logic state of the second output signal is a logic “loW” 
level and the second logic state of the ?rst output signal is 
a logic “high” level. 

10. The delay locked loop circuit of claim 7, Wherein the 
?rst logic state of the second output signal is the logic “high” 
level and the second logic state of the ?rst output signal is 
the logic “loW” level. 

11. The delay locked loop circuit of claim 7, Wherein the 
delaying portion comprises: 

a ?rst rnultipleXer for receiving a reference voltage and a 
control signal and outputting either the reference volt 
age or the control signal in response to a selection 
signal; 

a ?rst delay for generating a ?rst output signal by con 
trolling the delay tirne of an input ?rst clock signal in 
response to the output of the ?rst rnultipleXer; 

a second rnultipleXer for receiving the reference voltage 
and the control signal and outputting either the refer 
ence voltage or the control signal; and 

a second delay for generating a second output signal by 
controlling the delay time of the ?rst clock signal in 
response to the output of the second multiplexer. 

12. The delay locked loop circuit of claim 7, Wherein the 
output signal generator comprises: 

a ?rst pulse signal generator for generating a ?rst pulse 
signal When the ?rst output signal is transitioned from 
a ?rst logic state to a second logic state; 

a second pulse signal generator for generating a second 
pulse signal When the second output signal is transi 
tioned from the second logic state to the ?rst logic state; 
and 

a ?ip-?op for generating the second clock signal, the 
voltage level of Which is increased When the ?rst pulse 
signal is generated and the voltage level of Which is 
reduced When the second pulse signal is generated. 

13. The delay locked loop circuit of claim 7, Wherein the 
?rst delay uniforrnly delays the ?rst clock signal When the 
?rst rnultipleXer outputs the reference voltage and variably 
delays the ?rst clock signal When the second rnultipleXer 
outputs the control signal. 

14. The delay locked loop circuit of claim 7, Wherein the 
reference voltage is half of a source voltage of the delay 
locked loop circuit. 
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15. A delay locking method, comprising the steps of: 

receiving a ?rst clock signal; 

generating a ?rst output signal by uniforrnly delaying the 
?rst clock signal; 

transitioning a second clock signal from a logic “loW” 
level to a logic “high” level When the ?rst output signal 
is transitioned from a ?rst logic state to a second logic 
state; and 

transitioning the second clock signal from the logic 
“high” level to the logic “loW” level When the second 
output signal is transitioned from the second logic state 
to the ?rst logic state. 

16. The method of claim 15, Wherein the step of gener 
ating the second output signal further comprises the step of 
integrating the second clock signal and Wherein the output 
time of the second output signal varies in response to a 
signal generated by integrating the second clock signal. 

17. A delay locking method, comprising the steps of: 

receiving a ?rst clock signal; 

generating a ?rst output signal by delaying the ?rst clock 
signal for a ?rst predetermined time; 

generating a second output signal by delaying the ?rst 
clock signal for a second predetermined time; 

transitioning a second clock signal from a logic “loW” 
level to a logic “high” level When the ?rst output signal 
is transitioned from a ?rst logic state to a second logic 
state; and 

transitioning the second clock signal from the logic 
“high” level to the logic “loW” level When a second 
output signal is transitioned from the second logic state 
to the ?rst logic state, 

Wherein the output time of the second output signal is 
variable When the output time of the ?rst output signal 
is uniform and the output time of the second output 
signal is uniform When the output time of the ?rst 
output signal is variable. 

18. The method of claim 17, Wherein each of the steps of 
generating the ?rst and second output signals further corn 
prises the step of integrating the second clock signal and the 
output times of the ?rst and second output signals selectively 
vary in response to the signal generated by integrating the 
second clock signal. 


