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SIGNAL PROCESSING CIRCUITS HAVING A PAIR 
OF DELAY LOCKED LOOP (DLL) CIRCUITS FOR 
ADJUSTING A DUTY-CYCLE OF A PERIODIC 

DIGITAL SIGNAL AND METHODS OF 
OPERATING SAME 

RELATED APPLICATION 

[0001] This application claims the bene?t of Korean 
Patent Application No. 2000-16883, ?led Mar. 31, 2000, the 
disclosure of Which is hereby incorporated herein by refer 
ence. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to signal 
processing circuits and, more particularly, to delay locked 
loop (DLL) circuits and methods of operating same. 

BACKGROUND OF THE INVENTION 

[0003] A delay locked loop (DLL) circuit may be used in 
an integrated circuit device to generate an internal clock 
signal based on an external clock signal that is provided to 
the integrated circuit device. Various circuits in the inte 
grated circuit device may then use the internal clock signal. 
The DLL circuit may have a duty-cycle corrector circuit that 
is electrically connected thereto and adjusts the duty-cycle 
of the external clock signal to approximately 50%. The DLL 
circuit may derive the internal clock signal from the duty 
cycle corrected clock signal. 

[0004] FIG. 1 is a block diagram of a conventional DLL 
circuit and a duty-cycle corrector circuit. Referring noW to 
FIG. 1, the duty-cycle corrector circuit 111 is connected in 
series With the DLL circuit 121. The duty-cycle corrector 
111 corrects the duty-cycle of the external clock signal 
Clk_ext and generates a duty-cycle corrected clock signal 
Clk_dcc at an output terminal thereof. The DLL circuit 121 
receives the duty-cycle corrected clock signal Clk_dcc and 
generates an internal clock signal Clk_int at an output 
terminal thereof. Unfortunately, both the duty-cycle correc 
tor circuit 111 and the DLL circuit 121 may introduce jitter 
into the internal clock signal Clk_int. As shoWn in FIG. 2, 
the duty-cycle corrector circuit 111 may introduce jitter in 
the duty-cycle corrected clock signal Clk_dcc as represented 
by t1. Moreover, the DLL circuit 121 may introduce addi 
tional jitter into the internal clock signal Clk_int. The 
combined jitter in the internal clock signal Clk_int, Which is 
introduced by the duty-cycle corrector circuit 111 and the 
DLL circuit 121, is represented by t2. 

[0005] Conventional integrated circuit devices may 
include a duty-cycle corrector circuit that is electrically 
connected in series to the input of a DLL circuit and/or a 
duty-cycle corrector circuit that is electrically connected in 
series to the output of a DLL circuit 121. The additional 
duty-cycle corrector circuit may increase the jitter in the 
internal clock signal Clk_int. The jitter contained in the 
internal clock signal Clk_int may cause circuits in the 
integrated circuit device that use the internal clock signal 
Clk_int to malfunction. Accordingly, there exists a need for 
improved signal processing circuits that can generate clock 
signals having reduced jitter. 

SUMMARY OF THE INVENTION 

[0006] According to embodiments of the present inven 
tion, a signal processing circuit comprises a ?rst delay 
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locked loop (DLL) circuit that generates a ?rst intermediate 
output signal in response to an input signal and a phase 
difference betWeen a leading edge of a reference signal and 
a leading edge of a feedback signal and a second DLL circuit 
that generates a second intermediate output signal in 
response to the input signal and a phase difference betWeen 
a trailing edge of the reference signal and a trailing edge of 
the feedback signal. Because the ?rst and second interme 
diate output signals are based on the phase difference 
betWeen the reference signal and the leading and trailing 
edges of a feedback signal, respectively, and the ?rst and 
second intermediate output signals are not derived from the 
reference signal, the jitter that may be introduced into the 
?rst and second intermediate output signals may be reduced. 

[0007] A mixer circuit may be used to generate an output 
signal in response to the ?rst and second intermediate output 
signals. In particular embodiments, the mixer circuit gener 
ates a leading edge transition of the output signal in response 
to a leading edge transition of the ?rst intermediate output 
signal and the mixer circuit generates a trailing edge tran 
sition of the output signal in response to a trailing edge 
transition of the second intermediate output signal. In accor 
dance With embodiments of the present invention, the output 
signal and the feedback signal may be the same signal or a 
delay circuit may be used to generate the feedback signal in 
response to the output signal. 

[0008] A duty-cycle corrector circuit may generate the 
reference signal in response to the input signal. Although the 
reference signal may have a duty-cycle of approximately 
50%, the reference signal may contain jitter caused by the 
duty-cycle corrector circuit. The ?rst and second interme 
diate output signals are based on the phase difference 
betWeen the leading and trailing edges, respectively, of the 
reference signal and the feedback signal. Advantageously, 
because the jitter component in the reference signal typically 
has a higher frequency than the loop bandWidth of the ?rst 
and second DLL circuits, the ?rst and second intermediate 
output signals may be unaffected by jitter in the reference 
signal. Accordingly, jitter in the output signal may be 
reduced. 

[0009] The mixer circuit may comprise a ?ip-?op circuit 
that generates the output signal in response to a set signal 
and a reset signal, Which are generated by ?rst and second 
logic circuits in response to the ?rst and second intermediate 
output signals, respectively. 

[0010] The ?rst and second DLL circuits may comprise a 
delay unit that generates a plurality of delay signals corre 
sponding to delayed versions of the input signal. The ?rst 
DLL circuit may further comprise a ?rst phase comparator 
circuit that determines the phase difference betWeen the 
leading edge of the reference signal and the leading edge of 
the feedback signal and a ?rst multiplexer that generates the 
?rst intermediate output signal by selecting a ?rst one of the 
plurality of delay signals in response to the phase difference 
betWeen the leading edge of the reference signal and the 
leading edge of the feedback signal. In particular embodi 
ments, a ?rst register may be used to latch the phase 
difference betWeen the leading edge of the reference signal 
and the leading edge of the feedback signal so as to provide 
the phase difference to the ?rst multiplexer. 

[0011] The second DLL circuit may further comprise ?rst 
and second inverters that generate a complementary refer 
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ence signal and a complementary feedback signal, respec 
tively, a second phase comparator circuit that determines the 
phase difference betWeen the trailing edge of the reference 
signal and the trailing edge of the feedback signal, and a 
second multiplexer that generates the second intermediate 
output signal by selecting a second one of the plurality of 
delay signals in response to the phase difference betWeen the 
trailing edge of the reference signal and the trailing edge of 
the feedback signal. In particular embodiments, a second 
register may be used to latch the phase difference betWeen 
the trailing edge of the reference signal and the trailing edge 
of the feedback signal so as to provide the phase difference 
to the second multiplexer. 

[0012] In further embodiments of the present invention, 
the ?rst and second DLL circuits discussed above may be 
used to generate clock signals in integrated circuit memory 
devices. For example, because the ?rst and second interme 
diate output signals may have reduced jitter, an input 
receiver circuit may generate processed data in response to 
input data and the ?rst and second intermediate output 
signals. A memory cell array may store the processed data 
therein in response to the ?rst and second intermediate 
output signals. In particular embodiments, interface logic 
may be used to couple the processed data from the input 
receiver circuit to the memory cell array, and an output 
buffer may be used to generate output data in response to the 
data stored in the memory cell array and the ?rst and second 
intermediate output signals. 

[0013] Thus, in summary, embodiments of the present 
invention may be used to generate a duty-cycle corrected 
signal from an original signal Without introducing jitter from 
a duty-cycle corrector circuit into the duty-cycle corrected 
signal. The duty-cycle corrected signal may be used to drive 
other integrated circuit devices and may improve the reli 
ability thereof due to the reduced jitter in the duty-cycle 
corrected signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] Other features of the present invention Will be more 
readily understood from the folloWing detailed description 
of speci?c embodiments thereof When read in conjunction 
With the accompanying draWings, in Which: 

[0015] FIG. 1 is a block diagram of a conventional delay 
locked loop (DLL) circuit and a duty-cycle corrector circuit 
connected in series; 

[0016] FIG. 2 is a signal timing diagram for signals 
associated With the conventional DLL circuit and duty-cycle 
corrector circuit; 

[0017] FIG. 3 is a block diagram that illustrates signal 
processing circuits in accordance With embodiments of the 
present invention; 

[0018] FIG. 4 is a block diagram that illustrates DLL 
circuits in accordance With embodiments of the present 
invention; 

[0019] FIG. 5 is a schematic that illustrates mixer circuits 
in accordance With embodiments of the present invention; 

[0020] FIG. 6 is a signal timing diagram for signals 
associated With mixer circuits in accordance With embodi 
ments of the present invention; 
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[0021] FIGS. 7A and 7B are signal timing diagrams for 
signals associated With signal processing circuits in accor 
dance With embodiments of the present invention; and 

[0022] FIG. 8 is a block diagram that illustrates integrated 
circuit memory devices in accordance With embodiments of 
the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0023] While the invention is susceptible to various modi 
?cations and alternative forms, speci?c embodiments 
thereof are shoWn by Way of example in the draWings and 
Will herein be described in detail. It should be understood, 
hoWever, that there is no intent to limit the invention to the 
particular forms disclosed, but on the contrary, the invention 
is to cover all modi?cations, equivalents, and alternatives 
falling Within the spirit and scope of the invention as de?ned 
by the claims. Like numbers refer to like elements through 
out the description of the ?gures. It Will also be understood 
that When an element is referred to as being “connected” or 
“coupled” to another element, it can be directly connected or 
coupled to the other element or intervening elements may be 
present. In contrast, When an element is referred to as being 
“directly connected” or “directly coupled” to another ele 
ment, there are no intervening elements present. 

[0024] FIG. 3 is a block diagram that illustrates signal 
processing circuits in accordance With embodiments of the 
present invention. A signal processing circuit 300 comprises 
a duty-cycle corrector circuit 311 and a delay locked loop 
(DLL) circuit 321 connected in series. The DLL circuit 321 
comprises a ?rst DLL circuit 331, a second DLL circuit 332, 
a Waveform mixer circuit 351, a compensating delay device 
341, and inverters 361 and 362, Which are con?gured as 
shoWn. 

[0025] The duty-cycle corrector circuit 311 generates a 
duty-cycle corrected output signal Clk_dcc by adjusting the 
duty-cycle of an external clock signal Clk_ext to approxi 
mately 50% When the duty-cycle of the external clock signal 
Clk_ext is shorter or longer than 50%. A duty-cycle refers to 
the portion of time that a periodic signal is in a particular 
state as compared to the entire period of the signal. For 
example, as used herein, a duty-cycle that is less than 50% 
means that the high-voltage interval of the external clock 
signal Clk_ext is shorter than the loW-voltage interval of the 
external clock signal Clk_ext. Similarly, a duty-cycle that is 
greater than 50% means that the high-voltage interval of the 
external clock signal Clk_ext is longer than the loW-voltage 
interval of the external clock signal Clk_ext. The clock 
signal Clk_ext is referred to as an external clock signal 
because it is provided as an input to the signal processing 
circuit 300. 

[0026] The DLL circuit 321 generates the internal clock 
signal Clk_int in response to the external clock signal 
Clk_ext, the duty-cycle corrected output signal Clk_dcc, and 
a feedback signal Clk_fb. The ?rst and second DLL circuits 
331 and 332 are connected in parallel as shoWn and may be 
used in conjunction With the other circuits comprising the 
signal processing circuit 300 to generate the internal clock 
signal Clk_int With approximately the same period as the 
external clock signal Clk_ext, but With a duty-cycle of 
approximately 50%. The internal clock signal Clk_int is 
referred to as an internal clock signal because it is generated 



US 2001/0026183 A1 

as an output signal by the signal processing circuit 300 and 
may be used to drive other circuits in a device. 

[0027] When the duty-cycle of the external clock signal 
Clk_ext is approximately 50%, the ?rst and second DLL 
circuits 331 and 332 generate respective intermediate output 
signals Clk_r and Clk_f substantially in phase With one 
another and With duty-cycles of approximately 50%. When 
the duty-cycle of the external clock signal Clk_ext is less 
than 50%, then the ?rst and second DLL circuits 331 and 
332 generate the respective intermediate output signals 
Clk_r and Clk_f With duty-cycles less than 50% and With the 
phase of the ?rst intermediate output signal Clk_r leading 
that of the second intermediate output signal Clk_f. When 
the duty-cycle of the external clock signal Clk_ext is greater 
than 50%, then the ?rst and second DLL circuits 331 and 
332 generate the respective intermediate output signals 
Clk_r and Clk_f With duty-cycles greater than 50% and With 
the phase of the second intermediate output signal Clk_f 
leading that of the ?rst intermediate output signal Clk_r. 

[0028] The ?rst DLL circuit 331 generates the ?rst inter 
mediate output signal Clk_r in response to the duty-cycle 
corrected output signal Clk_dcc, the external clock signal 
Clk_ext, and the feedback signal Clk_fb. The ?rst DLL 
circuit 331 generates the ?rst intermediate output signal 
Clk_r by delaying the external clock signal Clk_ext by a ?rst 
predetermined time, Which is shoWn as time period d1 in 
FIGS. 7A and 7B. The ?rst DLL circuit 331 uses the 
duty-cycle corrected output signal Clk_dcc as a reference 
signal and synchroniZes the leading edge (i.e., the rising 
edge) of the duty-cycle corrected output signal Clk_dcc With 
the leading edge (i.e., the rising edge) of the feedback signal 
Clk_fb so that there is substantially no phase difference 
therebetWeen. To synchroniZe the duty-cycle corrected out 
put signal Clk_dcc With the feedback signal Clk_fb, the ?rst 
predetermined time d1 shoWn in FIGS. 7A and 7B is 
adjusted so as to reduce the phase difference betWeen the 
rising edges of the tWo signals. To further improve the 
synchroniZation of the duty-cycle corrected output signal 
Clk_dcc With the feedback signal Clk_fb, the ?rst interme 
diate output signal Clk_r is further delayed by a time interval 
t2, Which corresponds to the phase difference betWeen the 
rising edge of the duty-cycle corrected output signal 
Clk_dcc and the rising edge of the feedback signal Clk_fb. 

[0029] The compensating delay device circuit 341 gener 
ates the feedback signal Clk_fb by applying a predetermined 
delay, Which is shoWn as time period d3 in FIGS. 7A and 
7B, to the internal clock signal Clk_int. The inverters 361 
and 362 generate a complementary duty-cycle corrected 
output signal Clk_dccb and a complementary feedback 
signal Clk_fb, respectively, by inverting the duty-cycle 
corrected output signal Clk_dcc and inverting the feedback 
signal Clk_fb, respectively. 

[0030] The second DLL circuit 332 generates the second 
intermediate output signal Clk_f in response to the comple 
mentary duty-cycle corrected output signal Clk_dccb, the 
external clock signal Clk_ext, and the complementary feed 
back signal Clk_fbb. The second DLL circuit 332 generates 
the second intermediate output signal Clk_f by delaying the 
external clock signal Clk_ext by a second predetermined 
time, Which is shoWn as time period d2 in FIGS. 7A and 7B. 
The second DLL circuit 332 uses the complementary duty 
cycle corrected output signal Clk_dccb as a reference signal 

Oct. 4, 2001 

and synchroniZes the leading edge (i.e., the rising edge) of 
the complementary duty-cycle corrected output signal 
Clk_dccb With the leading edge (i.e., the rising edge) of the 
complementary feedback signal Clk_fbb so that there is 
substantially no phase difference therebetWeen. Note that the 
leading edge of the complementary duty-cycle corrected 
output signal Clk_dccb and the leading edge of the comple 
mentary feedback signal Clk_fbb correspond to the trailing 
edge (i.e., the falling edge) of the duty-cycle corrected 
output signal Clk_dcc and the trailing edge (i.e., falling 
edge) of the feedback signal Clk_fb, respectively. To syn 
chroniZe the complementary duty-cycle corrected output 
signal Clk_dccb With the complementary feedback signal 
Clk_fbb, the second predetermined time d2 shoWn in FIGS. 
7A and 7B is adjusted so as to reduce the phase difference 
betWeen the rising edges of the tWo signals. When the 
duty-cycle of the external clock signal Clk_ext is less than 
50% as shoWn in FIG. 7A, the second intermediate output 
signal Clk_f is further delayed by a time interval t2, Which 
corresponds to the delay applied to the ?rst intermediate 
output signal Clk_r discussed above, plus a time interval t1, 
Which accounts for the phase difference betWeen the falling 
edge of the duty-cycle corrected output signal Clk_dcc and 
the falling edge of the external clock signal Clk_ext. In other 
Words, the time interval t1 corresponds to the period by 
Which the external clock signal Clk_ext falls short of attain 
ing a 50% duty-cycle. 

[0031] AWaveform mixer circuit 351 generates the inter 
nal clock signal Clk_int in response to the ?rst and second 
intermediate output signals Clk_r and Clk_f, respectively. 
Speci?cally, the leading edge (i.e., the rising edge) transition 
of the internal clock signal Clk_int is generated in response 
to the leading edge (i.e., the rising edge) transition of the ?rst 
intermediate output signal Clk_r and the trailing edge (i.e., 
the falling edge) transition of the internal clock signal 
Clk_int is generated in response to the trailing edge (i.e., the 
falling edge) transition of the second intermediate output 
signal Clk_f. Thus, even though the respective duty-cycles 
of the external clock signal Clk_ext and the ?rst and second 
intermediate output signals Clk_r and Clk_f may be greater 
or less than 50%, the duty-cycle of the internal clock signal 
Clk_int is approximately 50%. 
[0032] As described above, the ?rst and second DLL 
circuits 331 and 332 in conjunction With the other circuits 
comprising the signal processing circuit 300 may generate 
the internal clock signal Clk_int With approximately the 
same period as the external clock signal Clk_ext, but With a 
duty-cycle of approximately 50%. Advantageously, the 
internal clock signal Clk_int, Which is generated by the DLL 
circuit 321, may not contain jitter introduced by the duty 
cycle corrector circuit 311 because the internal clock signal 
Clk_int is generated based on delayed versions of the 
external clock signal Clk_ext. Thus, the internal clock signal 
Clk_int jitter may be limited to that Which is introduced by 
the DLL circuit 321. In accordance With embodiments of the 
present invention, the duty-cycle corrector circuit 311 gen 
erates a duty-cycle corrected output signal Clk_dcc, Which 
is used by the DLL circuit 321 as a reference signal to 
generate the ?rst and second intermediate output signals 
Clk_r and Clk_f. Because the jitter component in the duty 
cycle corrected output signal Clk_dcc has a higher fre 
quency than the loop bandWidth of the DLL circuit 321, the 
?rst and second intermediate output signals Clk_f and Clk_r 
may be unaffected by the jitter in the duty-cycle corrected 
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output signal Clk_dcc. Accordingly, the jitter in the internal 
clock signal Clk_int may be reduced. 

[0033] In accordance With further embodiments of the 
present invention, a second duty-cycle corrector circuit (not 
shoWn) may be electrically connected in series to the output 
of the DLL circuit 321 so that the second duty-cycle 
corrector circuit applies further duty-cycle correction to the 
internal clock signal Clk_int. Because the second DLL 
circuit may introduce jitter into the clock signal, a second 
DLL circuit (not shoWn) may be connected in series to the 
output of the second duty-cycle corrector circuit as dis 
cussed hereinabove With respect to the DLL circuit 321 
connected in series to the output of the duty-cycle corrector 
circuit 311. 

[0034] FIG. 4 is a detailed block diagram that illustrates 
DLL circuits in accordance With embodiments of the present 
invention. The ?rst DLL circuit 331 comprises a ?rst phase 
comparator circuit 411, a ?rst register 421, and a ?rst 
multiplexer 431, Which are con?gured as shoWn. The second 
DLL circuit 332 comprises a second phase comparator 
circuit 412, a second register 422, and a second multiplexer 
432, Which are con?gured as shoWn. The ?rst and second 
DLL circuits 331 and 332 may further comprise a delay unit 
441, Which is shared betWeen the ?rst and second DLL 
circuits 331 and 332 as shoWn. 

[0035] The ?rst phase comparator circuit 411 compares 
the phases of the duty-cycle corrected output signal Clk_dcc 
and the feedback signal Clk_fb and generates an output 
signal that is indicative of the phase difference betWeen the 
tWo signals. More speci?cally, the ?rst phase comparator 
circuit 411 generates an output signal that is indicative of the 
phase difference betWeen the leading edge of the duty-cycle 
corrected output signal Clk_dcc and the leading edge of the 
feedback signal Clk_fb. The ?rst register 421 may be 
embodied as a ?ip-?op and latches the phase difference 
signal, Which is output from the ?rst phase comparator 
circuit 411. The ?rst multiplexer 431 selects one of a 
plurality of delay signals D01-D0n, Which are generated as 
output signals from the delay unit 441, in response to the 
phase difference signal output from the ?rst register 421. 
The delay unit 441 comprises a plurality of unit delay 
devices D1 through Dn, Which are connected in series and 
respectively generate the plurality of delay signals D01 
through D0n by delaying the external clock signal Clk_ext. 
The farther the delay signal D01-D0n is from the input 
terminal of the delay unit 441, the longer the delay betWeen 
the delay signal and the external clock signal Clk_ext. The 
selected delay signal is output from the ?rst multiplexer 431 
as the ?rst intermediate output signal Clk_r. 

[0036] In more detail, When the phase difference betWeen 
the leading edge of the duty-cycle corrected output signal 
Clk_dcc and the leading edge of the feedback signal Clk_fb 
is relatively large, the ?rst multiplexer 431 generates the ?rst 
intermediate output signal Clk_r by selecting one of the 
output signals D01-D0n from the delay unit 441 in Which the 
delay applied to the external clock signal Clk_ext is rela 
tively long. Conversely, When the phase difference betWeen 
the leading edge of the duty-cycle corrected output signal 
Clk_dcc and the leading edge of the feedback signal Clk_fb 
is relatively small, the ?rst multiplexer 431 generates the 
?rst intermediate output signal Clk_r by selecting one of the 
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output signals D01-D0n from the delay unit 441 in Which the 
delay applied to the external clock signal Clk_ext is rela 
tively short. 

[0037] The second phase comparator circuit 412 compares 
the phases of the complementary duty-cycle corrected out 
put signal Clk_dccb and the complementary further com 
prise a delay unit 441, Which is shared betWeen the ?rst and 
second DLL circuits 331 and 332 as shoWn. 

[0038] The ?rst phase comparator circuit 411 compares 
the phases of the duty-cycle corrected output signal Clk_dcc 
and the feedback signal Clk_fb and generates an output 
signal that is indicative of the phase difference betWeen the 
tWo signals. More speci?cally, the ?rst phase comparator 
circuit 411 generates an output signal that is indicative of the 
phase difference betWeen the leading edge of the duty-cycle 
corrected output signal Clk_dcc and the leading edge of the 
feedback signal Clk_fb. The ?rst register 421 may be 
embodied as a ?ip-?op and latches the phase difference 
signal, Which is output from the ?rst phase comparator 
circuit 411. The ?rst multiplexer 431 selects one of a 
plurality of delay signals D01-D0n, Which are generated as 
output signals from the delay unit 441, in response to the 
phase difference signal output from the ?rst register 421. 
The delay unit 441 comprises a plurality of unit delay 
devices D1 through Dn, Which are connected in series and 
respectively generate the plurality of delay signals D01 
through D0n by delaying the external clock signal Clk_ext. 
The farther the delay signal D01-D0n is from the input 
terminal of the delay unit 441, the longer the delay betWeen 
the delay signal and the external clock signal Clk_ext. The 
selected delay signal is output from the ?rst multiplexer 431 
as the ?rst intermediate output signal Clk_r. 

[0039] In more detail, When the phase difference betWeen 
the leading edge of the duty-cycle corrected output signal 
Clk_dcc and the leading edge of the feedback signal Clk_fb 
is relatively large, the ?rst multiplexer 431 generates the ?rst 
intermediate output signal Clk_r by selecting one of the 
output signals D01-D0n from the delay unit 441 in Which the 
delay applied to the external clock signal Clk_ext is rela 
tively long. Conversely, When the phase difference betWeen 
the leading edge of the duty-cycle corrected output signal 
Clk_dcc and the leading edge of the feedback signal Clk_fb 
is relatively small, the ?rst multiplexer 431 generates the 
?rst intermediate output signal Clk_r by selecting one of the 
output signals D01-D0n from the delay unit 441 in Which the 
delay applied to the external clock signal Clk_ext is rela 
tively short. 

[0040] The second phase comparator circuit 412 compares 
the phases of the complementary duty-cycle corrected out 
put signal Clk_dccb and the complementary feedback signal 
Clk_fbb and generates an output signal that is indicative of 
the phase difference betWeen the tWo signals. More speci? 
cally, the second phase comparator circuit 412 generates an 
output signal that is indicative of the phase difference 
betWeen the leading edge of the complementary duty-cycle 
corrected output signal Clk_dccb and the leading edge of the 
complementary feedback signal Clk_fbb. The second reg 
ister 422 may be embodied as a ?ip-?op and latches the 
phase difference signal, Which is output from the second 
phase comparator circuit 412. The second multiplexer 432 
selects one of the plurality of delay signals D01-D0n, Which 
are generated as output signals from the delay unit 441, in 
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response to the phase difference signal output from the 
second register 422. The selected delay signal is output from 
the second multiplexer 432 as the second intermediate 
output signal Clk_f. 
[0041] In more detail, When the phase difference betWeen 
the leading edge of the complementary duty-cycle corrected 
output signal Clk_dccb and the leading edge of the comple 
mentary feedback signal Clk_fbb is relatively large, the 
second multiplexer 432 generates the second intermediate 
output signal Clk_f by selecting one of the output signals 
D01-D0n from the delay unit 441 in Which the delay applied 
to the external clock signal Clk_ext is relatively long. 
Conversely, When the phase difference betWeen the leading 
edge of the complementary duty-cycle corrected output 
signal Clk_dccb and the leading edge of the complementary 
feedback signal Clk_fbb is relatively small, the second 
multiplexer 432 generates the ?rst intermediate output signal 
Clk_f by selecting one of the output signals D01-D0n from 
the delay unit 441 in Which the delay applied to the external 
clock signal Clk_ext is relatively short. 

[0042] In summary, the ?rst multiplexer 431 initially 
selects one of the output signals D01-D0n from the delay 
unit 441 such that the ?rst intermediate output signal Clk_r 
is delayed relative to the external clock signal Clk_ext by a 
?rst predetermined time period d1. The ?rst multiplexer 431 
subsequently generates the ?rst intermediate output signal 
Clk_r by selecting one of the output signals D01-D0n from 
the delay unit 441 based on the phase difference betWeen the 
leading edge of the duty-cycle corrected output signal 
Clk_dcc and the leading edge of the feedback signal Clk_fb. 
Similarly, the second multiplexer 432 initially selects one of 
the output signals D01-D0n from the delay unit 441 such 
that the second intermediate output signal Clk_f is delayed 
relative to the external clock signal Clk_ext by a second 
predetermined time period d2. The second multiplexer 432 
subsequently generates the second intermediate output sig 
nal Clk_f by selecting one of the output signals D01-D0n 
from the delay unit 441 based on the phase difference 
betWeen the leading edge of the complementary duty-cycle 
corrected output signal Clk_dccb and the leading edge of the 
complementary feedback signal Clk_fbb. 

[0043] FIG. 5 is a schematic that illustrates Waveform 
mixer circuits in accordance With embodiments of the 
present invention. The Waveform mixer circuit 351 com 
prises 

[0044] pulse initiators 511 and 512, and a ?ip-?op 541, 
Which are con?gured as shoWn. The pulse initiator 511 
generates a logic signal A in response to the ?rst interme 
diate output signal Clk_r and comprises an inverter chain 
521 and an AND gate 531, Which are con?gured as shoWn. 
Referring noW to FIG. 6, the pulse initiator 511 generates a 
pulse signal 611 When the ?rst intermediate output signal 
Clk_r transitions from a logic loW level to a logic high level. 
The Width Td1 of the pulse signal 611 is determined based 
on the number of inverters comprising the inverter chain 
521. Speci?cally, the larger the number of inverters that 
comprise the inverter chain 521, the longer the Width Td1 of 
the pulse signal 611. Conversely, the smaller the number of 
inverters that comprise the inverter chain 521, the shorter the 
Width td1 of the pulse signal 621. 

[0045] The pulse initiator 512 generates a logic signal B in 
response to the second intermediate output signal Clk_f and 
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comprises an inverter chain 522 and an AND gate 532, 
Which are con?gured as shoWn. Referring noW to FIG. 6, the 
pulse initiator 512 generates a pulse signal 621 When the 
second intermediate output signal Clk_f transitions from a 
logic high level to a logic loW level. The Width Td2 of the 
pulse signal 621 is determined based on the number of 
inverters comprising the inverter chain 522. Speci?cally, the 
larger the number of inverters that comprise the inverter 
chain 522, the longer the Width Td2 of the pulse signal 621. 
Conversely, the smaller the number of inverters that com 
prise the inverter chain 522, the shorter the Width Td2 of the 
pulse signal 621. 

[0046] The ?ip-?op 541 generates the internal clock signal 
Clk_int in response to the logic signals A and B, Which are 
output from the pulse initiators 511 and 512, respectively. As 
shoWn in FIG. 6, the internal clock signal Clk_int transitions 
from a logic loW level to a logic high level in response to a 
transition of the pulse signal 611 from a logic loW level to 
a logic high level. The internal clock signal Clk_int transi 
tions from a logic high level to a logic loW level in response 
to a transition of the pulse signal 621 from a logic loW level 
to a logic high level. The ?ip-?op 541 may be implemented 
as a SR (set-reset) ?ip-?op. Thus, the Waveform mixer 
circuit 351 may be vieWed as generating the internal clock 
signal Clk_int by mixing the rising edge of the ?rst inter 
mediate output signal Clk_r With the falling edge of the 
second intermediate output signal Clk_f. 

[0047] FIGS. 7A and 7B are signal timing diagrams that 
illustrate operations of signal processing circuits in accor 
dance With embodiments of the present invention. Referring 
noW to FIG. 7A, the external clock signal Clk_ext has a 
duty-cycle of less than 50%; therefore, the logic high 
interval I1 is shorter than the logic loW interval I2. The 
duty-cycle of the duty-cycle corrected output signal Clk_dcc 
is approximately 50%; therefore, the logic high and logic 
loW intervals of the duty-cycle corrected output signal 
Clk_dcc are approximately the same and are identi?ed as 
intervals 13. 

[0048] As discussed hereinabove, the ?rst DLL circuit 331 
generates the ?rst intermediate output signal Clk_r by ini 
tially delaying the external clock signal Clk_ext by the ?rst 
predetermined time period d1. Similarly, the second DLL 
circuit 332 generates the second intermediate output signal 
Clk_f by initially delaying the external clock signal Clk_ext 
by the second predetermined time period d2. The Waveform 
mixer circuit 351 generates the internal clock signal Clk_int 
based on the leading edge (i.e., the rising edge) of the ?rst 
intermediate output signal Clk_r and the trailing edge (i.e., 
the falling edge) of the second intermediate output signal 
Clk f. 

[0049] The compensating delay device circuit 341 gener 
ates the feedback signal Clk_fb by applying a predetermined 
time delay d3 to the internal clock signal Clk_int. To 
improve the synchroniZation of the duty-cycle corrected 
output signal Clk_dcc With the feedback signal Clk_fb, the 
?rst DLL circuit 331 generates the ?rst intermediate output 
signal Clk_r With an additional delay of t2, Which corre 
sponds to the phase difference betWeen the rising edge of the 
duty-cycle corrected output signal Clk_dcc and the rising 
edge of the feedback signal Clk_fb. To improve the syn 
chroniZation of the complementary duty-cycle corrected 
output signal Clk_dccb With the complementary feedback 
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signal Clk_fbb, the second DLL circuit 332 generates the 
second intermediate output signal Clk_f With an additional 
delay of t1 plus t2. Time interval t1 corresponds to the phase 
difference betWeen the falling edge of the duty-cycle cor 
rected output signal Clk_dcc and the falling edge of the 
external clock signal Clk_ext. 

[0050] Accordingly, the Waveform mixer circuit 351 gen 
erates the leading edge (i.e., the rising edge) transition of the 
internal clock signal Clk_int in response to the leading edge 
(i.e., the rising edge) transition of the ?rst intermediate 
output signal Clk_r and generates the trailing edge (i.e., the 
falling edge) transition of the internal clock signal Clk_int in 
response to the trailing edge (i.e., the falling edge) transition 
of the second intermediate output signal Clk_f. The duty 
cycle of the internal clock signal Clk_int is approximately 
50%. 

[0051] Referring noW to FIG. 7B, the external clock 
signal Clk_ext has a duty-cycle greater than 50%; therefore, 
the logic high interval I1 is longer than the logic loW interval 
I2. The duty-cycle of the duty-cycle corrected output signal 
Clk_dcc is approximately 50%; therefore, the logic high and 
logic loW intervals of the duty-cycle corrected output signal 
Clk_dcc are approximately the same and are identi?ed as 
intervals I3. 

[0052] The ?rst DLL circuit 331 generates the ?rst inter 
mediate output signal Clk_r by initially delaying the external 
clock signal Clk_ext by the ?rst predetermined time period 
d1. Similarly, the second DLL circuit 332 generates the 
second intermediate output signal Clk_f by initially delaying 
the external clock signal Clk_ext by the second predeter 
mined time period d2. The Waveform mixer circuit 351 
generates the internal clock signal Clk_int based on the 
leading edge (i.e., the rising edge) of the ?rst intermediate 
output signal Clk_r and the trailing edge (i.e., the falling 
edge) of the second intermediate output signal Clk_f. 

[0053] The compensating delay device circuit 341 gener 
ates the feedback signal Clk_fb by applying a predetermined 
time delay d3 to the internal clock signal Clk_int. To 
improve the synchroniZation of the duty-cycle corrected 
output signal Clk_dcc With the feedback signal Clk_fb, the 
?rst DLL circuit 331 generates the ?rst intermediate output 
signal Clk_r With an additional delay t2, Which corresponds 
to the phase difference betWeen the rising edge of the 
duty-cycle corrected output signal Clk_dcc and the rising 
edge of the feedback signal Clk_fb. Because the duty-cycle 
of the external clock signal Clk_ext is greater than 50%, the 
second DLL circuit 332 need not generate the second 
intermediate output signal Clk_f With additional delay. 

[0054] Accordingly, the Waveform mixer circuit 351 gen 
erates the leading edge (i.e., the rising edge) transition of the 
internal clock signal Clk_int in response to the leading edge 
(i.e., the rising edge) transition of the ?rst intermediate 
output signal Clk_r and generates the trailing edge (i e., the 
falling edge) transition of the internal clock signal Clk_int in 
response to the trailing edge (i.e., the falling edge) transition 
of the second intermediate output signal Clk_f. The duty 
cycle of the internal clock signal Clk_int is approximately 
50%. 

[0055] As illustrated in FIGS. 7A and 7B, even though 
the duty-cycle of the external clock signal Clk_ext may be 
greater or less than 50%, the DLL circuit 321 in cooperation 
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With the Waveform mixer circuit 351 may generate the 
internal clock signal Clk_int based on delayed versions of 
the external clock signal Clk_ext that has a duty-cycle of 
approximately 50%. 

[0056] FIG. 8 is a block diagram that illustrates Rambus 
integrated circuit memory devices in accordance With 
embodiments of the present invention. A Rambus integrated 
circuit memory device 801 comprises the signal processing 
circuit 300 discussed hereinabove With respect to FIGS. 
3-7A, and 7B along With an input receiver circuit 811, 
interface logic 821, a memory cell array 831, and an output 
buffer 841, Which are con?gured as shoWn. 

[0057] The input receiver circuit 811 generates processed 
data in response to input data Din and the internal clock 
signal Clk_int. The input receiver circuit 811 may generate 
the processed data at voltage levels that are compatible With 
the internal circuitry of the Rambus integrated circuit 
memory device 801. The interface logic 821 may be used to 
couple the processed data from the input receiver circuit 811 
to the memory cell array 831 for storage therein. The output 
buffer 841 generates output data in response to the processed 
data stored in the memory cell array 831 and the internal 
clock signal Clk_int. The output buffer 841 may generate the 
output data at voltage levels that are compatible With exter 
nal circuitry electrically connected to the Rambus integrated 
circuit memory device 801. 

[0058] By using the internal clock signal Clk_int, Which is 
generated by the signal processing circuit 300 in accordance 
With embodiments of the present invention, to drive various 
circuitry and components, malfunctions in the Rambus 
integrated circuit memory device 801 may be reduced as the 
internal clock signal Clk_int may have reduced jitter as 
discussed hereinabove. It Will be further understood that 
embodiments of the signal processing circuit 300 may be 
applied to alternative integrated circuit devices Without 
departing from the principles of the present invention. 

[0059] From the foregoing, it can readily be seen that the 
present invention may be used to generate a duty-cycle 
corrected signal from an original signal Without passing 
jitter from a duty-cycle corrector circuit into the duty-cycle 
corrected signal. Thus, the duty-cycle corrected signal may 
be used to drive other integrated circuit devices and may 
improve the reliability thereof due to the reduced jitter in the 
duty-cycle corrected signal. 

[0060] In concluding the detailed description, it should be 
noted that many variations and modi?cations can be made to 
the preferred embodiments Without substantially departing 
from the principles of the present invention. All such varia 
tions and modi?cations are intended to be included herein 
Within the scope of the present invention, as set forth in the 
folloWing claims. 

I claim: 
1. A signal processing circuit, comprising: 

a ?rst delay locked loop (DLL) circuit that generates a 
?rst intermediate output signal in response to an input 
signal and a phase difference betWeen a leading edge of 
a reference signal and a leading edge of a feedback 
signal; and 

a second DLL circuit that generates a second intermediate 
output signal in response to the input signal and a phase 
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difference between a trailing edge of the reference 
signal and a trailing edge of the feedback signal. 

2. Asignal processing circuit as recited in claim 1, further 
comprising: 

a mixer circuit that generates an output signal in response 
to the ?rst and second intermediate output signals 

3. A signal processing circuit as recited in claim 2, 
Wherein the mixer circuit generates a leading edge transition 
of the output signal in response to a leading edge transition 
of the ?rst intermediate output signal and the mixer circuit 
generates a trailing edge transition of the output signal in 
response to a trailing edge transition of the second interme 
diate output signal. 

4. A signal processing circuit as recited in claim 2, 
Wherein the output signal and the feedback signal are the 
same signal. 

5. A signal processing circuit as recited in claim 2, further 
comprising: 

a delay circuit that generates the feedback signal in 
response to the output signal. 

6. A signal processing circuit as recited in claim 2, 
Wherein the mixer circuit comprises: 

a ?ip-?op circuit that generates the output signal in 
response to a set signal and a reset signal; 

a ?rst logic circuit that generates the set signal in response 
to the ?rst intermediate output signal; and 

a second logic circuit that generates the reset signal in 
response to the second intermediate output signal. 

7. Asignal processing circuit as recited in claim 1, further 
comprising: 

a duty-cycle corrector circuit that generates the reference 
signal in response to the input signal 

8. A signal processing circuit as recited in claim 1, 
Wherein the ?rst and second DLL circuits comprise: 

a delay unit that generates a plurality of delay signals 
corresponding to delayed versions of the input signal in 
response to the input signal. 

9. A signal processing circuit as recited in claim 8, 
Wherein the ?rst DLL circuit further comprises: 

a ?rst phase comparator circuit that determines the phase 
difference betWeen the leading edge of the reference 
signal and the leading edge of the feedback signal in 
response to the reference signal and the feedback 
signal; and 

a ?rst multiplexer that selects a ?rst one of the plurality of 
delay signals in response to the phase difference 
betWeen the leading edge of the reference signal and 
the leading edge of the feedback signal and outputs the 
?rst selected delay signal as the ?rst intermediate 
output signal. 

10. A signal processing circuit as recited in claim 9, 
Wherein the ?rst DLL circuit further comprises: 

a ?rst register that latches the phase difference betWeen 
the leading edge of the reference signal and the leading 
edge of the feedback signal therein and provides the 
phase difference betWeen the leading edge of the ref 
erence signal and the leading edge of the feedback 
signal to the ?rst multiplexer. 
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11. A signal processing circuit as recited in claim 9, 
Wherein the second DLL circuit further comprises: 

a ?rst inverter that generates a complementary reference 
signal in response to the reference signal; 

a second inverter that generates a complementary feed 
back signal in response to the feedback signal; 

a second phase comparator circuit that determines the 
phase difference betWeen the trailing edge of the ref 
erence signal and the trailing edge of the feedback 
signal in response to the complementary reference 
signal and the complementary feedback signal; and 

a second multiplexer that selects a second one of the 
plurality of delay signals in response to the phase 
difference betWeen the trailing edge of the reference 
signal and the trailing edge of the feedback signal and 
outputs the second selected delay signal as the second 
intermediate output signal. 

12. A signal processing circuit as recited in claim 11, 
Wherein the second DLL circuit further comprises: 

a second register that latches the phase difference betWeen 
the trailing edge of the reference signal and the trailing 
edge of the feedback signal therein and provides the 
phase difference betWeen the trailing edge of the ref 
erence signal and the trailing edge of the feedback 
signal to the second multiplexer. 

13. An integrated circuit memory device, comprising: 

a ?rst delay locked loop (DLL) circuit that generates a 
?rst intermediate output signal in response to an input 
signal and a phase difference betWeen a leading edge of 
a reference signal and a leading edge of a feedback 
signal; 

a second DLL circuit that generates a second intermediate 
output signal in response to the input signal and a phase 
difference betWeen a trailing edge of the reference 
signal and a trailing edge of the feedback signal; 

an input receiver circuit that generates processed data in 
response to input data and the ?rst and second inter 
mediate output signals; and 

a memory cell array that stores the processed data therein 
in response to the ?rst and second intermediate output 
signals. 

14. An integrated circuit memory device as recited in 
claim 13, further comprising: 

a mixer circuit that generates an output signal in response 
to the ?rst and second intermediate output signals. 

15. An integrated circuit memory device as recited in 
claim 14, Wherein the mixer circuit generates a leading edge 
transition of the output signal in response to a leading edge 
transition of the ?rst intermediate output signal and the 
mixer circuit generates a trailing edge transition of the 
output signal in response to a trailing edge transition of the 
second intermediate output signal. 

16. An integrated circuit memory device as recited in 
claim 14, Wherein the input receiver circuit generates the 
processed data in response to the input data and the output 
signal. 

17. An integrated circuit memory device as recited in 
claim 14, further comprising: 



US 2001/0026183 A1 

interface logic that couples the processed data from the 
input receiver circuit to the memory cell array. 

18. An integrated circuit memory device as recited in 
claim 17, further comprising: 

an output buffer that generates output data in response to 
the data stored in the memory cell array and the output 
signal. 

19. A method of processing a signal, comprising: 

generating a ?rst intermediate output signal in response to 
an input signal and a phase difference betWeen a 
leading edge of a reference signal and a leading edge of 
a feedback signal; and 

generating a second intermediate output signal in 
response to the input signal and a phase difference 
betWeen a trailing edge of the reference signal and a 
trailing edge of the feedback signal. 

20. A method as recited in claim 19, further comprising: 

generating an output signal in response to the ?rst and 
second intermediate output signals. 

21. A method as recited in claim 20, Wherein generating 
the output signal in response to the ?rst and second inter 
mediate output signals comprises: 

generating a leading transition of the output signal in 
response to a leading edge transition of the ?rst inter 
mediate output signal; and 

generating a trailing edge transition of the output signal in 
response to a trailing edge transition of the second 
intermediate output signal. 

22. A method as recited in claim 20, Wherein the output 
signal and the feedback signal are the same signal. 

23. A method as recited in claim 20, further comprising: 

generating the feedback signal by applying a delay to the 
output signal. 

24. A method as recited in claim 19, further comprising: 

generating a plurality of delay signals corresponding to 
delayed versions of the input signal. 

25. A method as recited in claim 24, Wherein generating 
the ?rst intermediate output signal comprises: 

determining the phase difference betWeen the leading 
edge of the reference signal and the leading edge of the 
feedback signal; 

selecting a ?rst one of the plurality of delay signals based 
on the phase difference betWeen the leading edge of the 
reference signal and the leading edge of the feedback 
signal; and 

generating the ?rst intermediate output signal as the 
selected ?rst one of the plurality of delay signals. 

26. A method as recited in claim 25, Wherein generating 
the second intermediate output signal comprises: 

determining the phase difference betWeen the trailing 
edge of the reference signal and the trailing edge of the 
feedback signal; 

selecting a second one of the plurality of delay signals 
based on the phase difference betWeen the trailing edge 
of the reference signal and the trailing edge of the 
feedback signal; and 
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generating the second intermediate output signal as the 
selected second one of the plurality of delay signals. 

27. A method of operating an integrated circuit memory 
device, comprising: 

generating a ?rst intermediate output signal in response to 
an input signal and a phase difference betWeen a 
leading edge of a reference signal and a leading edge of 
a feedback signal; 

generating a second intermediate output signal in 
response to the input signal and a phase difference 
betWeen a trailing edge of the reference signal and a 
trailing edge of the feedback signal; 

processing input data in response to the ?rst and second 
intermediate output signals; and 

storing the processed data in the memory cell array in 
response to the ?rst and second intermediate output 
signals. 

28. A method as recited in claim 27, further comprising: 

generating an output signal in response to the ?rst and 
second intermediate output signals. 

29. A method as recited in claim 28, Wherein generating 
the output signal in response to the ?rst and second inter 
mediate output signals comprises: 

generating a leading transition of the output signal in 
response to a leading edge transition of the ?rst inter 
mediate output signal; and 

generating a trailing edge transition of the output signal in 
response to a trailing edge transition of the second 
intermediate output signal. 

30. A method as recited in claim 28, Wherein processing 
input data in response to the ?rst and second intermediate 
output signals comprises: 

processing input data in response to the output signal. 
31. A method as recited in claim 28, further comprising: 

generating output data in response to the data stored in the 
memory cell array and the output signal. 

32. A signal processing system, comprising: 

means for generating a ?rst intermediate output signal in 
response to an input signal and a phase difference 
betWeen a leading edge of a reference signal and a 
leading edge of a feedback signal; and 

means for generating a second intermediate output signal 
in response to the input signal and a phase difference 
betWeen a trailing edge of the reference signal and a 
trailing edge of the feedback signal. 

33. A signal processing system as recited in claim 32, 
further comprising: 

means for generating a plurality of delay signals corre 
sponding to delayed versions of the input signal. 

34. A signal processing system as recited in claim 33, 
Wherein the means for generating the ?rst intermediate 
output signal comprises: 

means for determining the phase difference betWeen the 
leading edge of the reference signal and the leading 
edge of the feedback signal; 

means for selecting a ?rst one of the plurality of delay 
signals based on the phase difference betWeen the 
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leading edge of the reference signal and the leading 
edge of the feedback signal; and 

means for generating the ?rst intermediate output signal 
as the selected ?rst one of the plurality of delay signals. 

35. A signal processing system as recited in claim 34, 
Wherein the means ofr generating the second intermediate 
output signal comprises: 

means for determining the phase difference betWeen the 
trailing edge of the reference signal and the trailing 
edge of the feedback signal; 

means for selecting a second one of the plurality of delay 
signals based on the phase difference betWeen the 
trailing edge of the reference signal and the trailing 
edge of the feedback signal; and 

means for generating the second intermediate output 
signal as the selected second one of the plurality of 
delay signals. 

36. An integrated circuit memory device, comprising: 

means for generating a ?rst intermediate output signal in 
response to an input signal and a phase difference 
betWeen a leading edge of a reference signal and a 
leading edge of a feedback signal; 

means for generating a second intermediate output signal 
in response to the input signal and a phase difference 
betWeen a trailing edge of the reference signal and a 
trailing edge of the feedback signal; 

means for processing input data in response to the ?rst and 
second intermediate output signals; and 
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means for storing the processed data in the memory cell 
array in response to the ?rst and second intermediate 
output signals. 

37. An integrated circuit memory device as recited in 
claim 36, further comprising: 

means for generating an output signal in response to the 
?rst and second intermediate output signals. 

38. An integrated circuit memory device as recited in 
claim 37, Wherein the means for generating the output signal 
in response to the ?rst and second intermediate output 
signals comprises: 
means for generating a leading transition of the output 

signal in response to a leading edge transition of the 
?rst intermediate output signal; and 

means for generating a trailing edge transition of the 
output signal in response to a trailing edge transition of 
the second intermediate output signal. 

39. An integrated circuit memory device as recited in 
claim 37, Wherein the means for processing input data in 
response to the ?rst and second intermediate output signals 
comprises: 
means for processing input data in response to the output 

signal. 
40. An integrated circuit memory device as recited in 

claim 37, further comprising: 

means for generating output data in response to the data 
stored in the memory cell array and the output signal. 


