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CIRCUIT FOR SYNCHRONIZING FREQUENCIES 
OF CLOCK SIGNALS 

[0001] This application relies for priority upon Korean 
Patent Application No. 2000-45686, ?led on Aug. 7, 2000, 
the contents of Which are herein incorporated by reference in 
their entirety. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a circuit for syn 
chroniZing frequencies of tWo clock signals, and more 
particularly to a phase-locked loop (PLL) circuit synchro 
niZing an input clock signal having a ?rst frequency With a 
reference clock signal having a second frequency. 

BACKGROUND OF THE INVENTION 

[0003] With the rapid advances in CMOS process tech 
nology, computers With clock frequencies of more 100 MHZ 
are Widely used. Even though clock skeW has not been an 
important issue in conventional loW-speed synchroniZation 
systems, the reduction of the clock skeW has become a 
primary requirement as system clock speed is being 
increased. 

[0004] Many clock de-skeWs or clock synchroniZation 
methods have been developed to reduce the clock skeW or to 
avoid system malfunction. Some of these methods are 
disclosed in “A Dynamic Clock Synchronization Technique 
for Large Systems” (D. E. Brueske and S. H. K. Embabi, 
IEEE Trans. On Components, Packaging, and Manufactur 
ing Technology, Part B, vol. 17, no.3 pp. 350-361) and 
“LoW-poWer Clock DeskeW Buffer for High-speed Digital 
Circuits” (S. I. Liu, IEEE j. Solid-State Circuits, vol. 34, no. 
4, pp. 554-558, April 1999), etc. These efforts Were, hoW 
ever, focused on the synchroniZation or de-skeW betWeen the 
same frequencies. 

[0005] Therefore, there eXists a need for systems and 
methods that can synchroniZe clock signals of different 
frequencies. 

SUMMARY OF THE INVENTION 

[0006] The object of the present invention is to provide a 
circuit and method for synchroniZing an input clock signal 
having a ?rst frequency With a reference clock signal having 
a second frequency. 

[0007] According to one aspect of the present invention, 
the PLL circuit includes a ?rst phase comparator circuit for 
comparing phases of a ?rst (input) clock signal having a ?rst 
frequency and a feedback signal and for generating a control 
voltage corresponding to a phase difference betWeen the ?rst 
clock signal and the feedback signal. A second phase com 
parator circuit compares phases of a second (reference) 
clock signal having a second frequency and an output clock 
signal and for generating a differential signal indicative of a 
phase difference betWeen the reference clock signal and an 
output clock signal. A counter counts data in response to the 
differential signal of the second phase comparator circuit. 
The PLL circuit further includes a decoder for generating N 
bit sWitching control signals by decoding the counting data 
from the counter. A voltage-controlled delay line (VCDL) 
generates a feedback signal in respnse to the ?rst clock 
signal after the input clock signal is delayed While the 
control voltage is applied to the VCDL. The VCDL includes 
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N delay stages Which are connected in series corresponding 
to each bit of the sWitching control signals and generates the 
output clock signal in response to a signal from the one of 
delay stages corresponding to the third sWitching control 
signals. 
[0008] According to another aspect of the present inven 
tion, a method is provided for a PLL circuit to alloW 
synchroniZing a ?rst (input clock) signal having a ?rst 
frequency With a second (reference) clock signal having a 
second frequency. In accordance With the method. A feed 
back signal Which is delayed With respect to the input clock 
signal by one cycle is generated by delaying the input clock 
signal. The phases of the input clock signal and the reference 
clock signal are compared. A differential signal correspond 
ing to a phase difference When the phases of the input clock 
signal and the reference clock signal are not identical With 
each other is generated. Data is counted up or doWn in 
response to the differential signal. Control signals from the 
counting data are decoded, and an output clock signal is 
provided by delaying the input clock signal While the control 
signals are activated. The method is carried out repeatedly 
until the phases of the input clock signal and the reference 
clock signal are identical to each other. 

[0009] In a preferred embodiment of the present invention, 
generating the feedback signal includes receiving the input 
clock signal, comparing phases of the input clock signal and 
the feedback signal, generating a differential signal When the 
phases of the input clock signal and the feedback signal are 
not identical With each other, generating a control voltage 
corresponding to the differential signal, and generating the 
feedback signal by delaying the input clock signal While the 
control voltage is applied to the VCDL. The steps are 
repeated until the phases of the input clock signal and the 
feedback signal are identical to each other. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The foregoing and other objects, features and 
advantages of the invention Will be apparent from the 
folloWing more particular description of preferred embodi 
ments of the invention, as illustrated in the accompanying 
draWings in Which like reference characters refer to the same 
parts throughout the different vieWs. The draWings are not 
necessarily to scale, emphasis instead being placed upon 
illustrating the principles of the invention. 

[0011] FIG. 1 is a circuit diagram shoWing a phase locked 
loop (PLL) circuit in accordance With an embodiment of the 
present invention. 

[0012] FIG. 2 is a detailed circuit diagram of one embodi 
ment of the charge pump shoWn in FIG. 1. 

[0013] FIG. 3 is a detailed circuit diagram of one embodi 
ment of the precharge circuit of FIG. 2. 

[0014] FIG. 4 is a detailed circuit diagram of another 
embodiment of the precharge circuit of FIG. 2. 

[0015] FIG. 5 is a block diagram shoWing a detailed 
con?guration of one embodiment of the phase comparator of 
FIG. 1. 

[0016] FIG. 6 is a diagram shoWing states of a second 
up-counting signal and a second doWn-counting signal pro 
vided from a phase comparator of FIG. 5 in accordance With 
an output clock signal from a voltage controlled delay line 
and a reference clock signal. 
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[0017] FIG. 7 is a detailed circuit diagram showing one 
embodiment of the voltage controlled delay line of FIG. 1. 

[0018] FIG. 8 is a detailed circuit diagram showing a ?rst 
delay stage shoWn FIG. 7. 

[0019] FIGS. 9A and 9B are How charts shoWing sequen 
tial procedures of the PLL circuit of FIG. 1. 

[0020] FIG. 10 is a graph shoWing procedures compared 
With the precharge circuits of FIGS. 3 and 4. 

[0021] FIGS. 11A and 11B are graphs shoWing second 
up-counting and doWn-counting signals from a counter 
When the PLL circuit according to a preferred embodiment 
of the present invention is simulated by HSPICE. 

[0022] FIG. 12A is a graph shoWing a reference clock 
signal at 40 MHZ. 

[0023] FIG. 12B is a graph shoWing an input clock signal 
at 80 MHZ. 

[0024] FIG. 12C is a graph shoWing an output clock 
signal from the voltage controlled delay line. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0025] Referring noW to FIGS. 1 to 12C, an embodiment 
of the present invention Will be described. FIG. 1 is a block 
diagram shoWing a con?guration of a PLL circuit in accor 
dance With an embodiment of the present invention. The 
PLL circuit 10 includes an analog phase comparator 100, a 
VCDL 300, a phase comparator 400, a counter 500, and a 
decoder 600. 

[0026] The analog phase comparator 100 includes a phase/ 
frequency detector 110, a charge pump 120, and a loop ?lter 
130. The phase/frequency detector 110 compares a phase of 
an input clock signal FCLK from an eXternal source With a 
phase of a feedback signal FFD from the VCDL 300, and then 
generates a ?rst up-counting signal UP1 and a ?rst doWn 
counting signal DN1 corresponding to the phase difference. 
In this embodiment, the phase/frequency detector 110 gen 
erates the UP1 signal When the phase of the FCLK is earlier 
than that of the FFD, and generates the DN1 When the phase 
of the FCLK is later than that of the FFD. The charge pump 
120 generates a charge pump signal CP in response to the 
UP1 and the DN1 signals from the phase/frequency detector 
110. Further, the loop ?lter 130 generates a control voltage 
VCTRL in response to the charge pump signal CP from the 
charge pump 120. The loop ?lter 130 is composed of a 
capacitor C1 connected betWeen an output terminal of the 
charge pump 120 and a ground voltage. 

[0027] The phase comparator 400 compares a phase of a 
reference clock signal PREF With a phase of an output clock 
signal FOUT from the VCDL 300, and then generates a 
second up-counting signal UP2 and a second doWn-counting 
signal DN2 corresponding to a phase difference betWeen the 
tWo signals, PREF and FOUT. 

[0028] The counter 500 counts up or doWn by one bit in 
response to the UP2 and the DN2 signals provided from the 
phase comparator 400, and then generates 6-bit counting 
signals CNT[0:5]. The decoder 600 generates 64-bit third 
sWitching control signals SW3[0:63] by decoding the CNT 
[0:5] generated from the counter 500. 
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[0029] The VCDL 300 generates the feedback signal FFD 
by delaying the input clock signal FCLK While the control 
voltage VCTRL is applied to the VCDL, and also generates 
the output clock signal FOUT in response to the SW3[0:63] 
signals generated from the decoder 600. 

[0030] Referring to FIGS. 2-8, a detailed circuit con?gu 
ration and operation of FIG. 1 Will be described. FIG. 2 is 
a detailed circuit diagram shoWing the charge pump of FIG. 
1. The charge pump 120 has a charge pump circuit 210 and 
a precharge circuit 230 for precharging a capacitor C1 of the 
loop ?lter 130. The charge pump circuit 210 includes PMOS 
transistors 212 and 218, NMOS transistors 214 and 220, and 
sWitches 216 and 222. 

[0031] The PMOS transistor 212 has a current path formed 
betWeen a poWer supply voltage VDD and a ground voltage 
VSS, and has a gate connected to the VSS. The PMOS 
transistor 218 has a current path formed betWeen one end of 
the sWitch 216 and ?rst node N1 and has a gate connected 
to the VSS. 

[0032] The NMOS transistor 214 has a current path 
formed betWeen the VDD and the VSS and has a gate 
connected to the VDD. The NMOS transistor 220 has a 
current path formed betWeen the ?rst node N1 and one end 
of the sWitch 222 and has a gate connected the VDD. 

[0033] The sWitch 216 is connected betWeen the poWer 
supply voltage VDD and source of the PMOS transistor 218 
and is turned on or off by a ?rst up-counting signal UP1 from 
the phase/frequency detector 110. The sWitch 222 is con 
nected betWeen a drain of the NMOS transistor 220 and the 
ground voltage VSS and is turned on or off by a ?rst 
doWn-counting signal DN1 from the phase/frequency detec 
tor 110. When a phase of the input clock signal FCLK is 
earlier than that of the feedback signal FFD, the sWitch 216 
is turned on by UP1 and the node N1 is charged up to the 
VDD level. On the contrary, When the phase of the FCLK is 
later than that of the FFD, the sWitch 222 is turned on by DN1 
and the node N1 is discharged to the VSS level. In this 
embodiment, the sWitches 216 and 222 are formed of NMOS 
transistors, and connect dummy transistors betWeen drain 
and source terminals of sWitching transistors so as to prevent 
noise due to charge injection When transistors are turned on 
and off. 

[0034] FIG. 3 is a detailed circuit diagram shoWing one 
embodiment of a precharge circuit 230 of FIG. 2. The 
precharge circuit 230 includes resistors 232 and 234, trans 
mission gates 236 and 238, and inverters 240, 242, and 244. 
The resistors 232 and 234 are connected betWeen the poWer 
supply voltage VDD and the ground voltage VSS in series 
and thereby the VDD is divided. 

[0035] When the system is poWered up, a loW-leveled 
precharge control signal PRE is provided from an eXternal 
source. Accordingly, an electric charge of a second node N2 
is divided by the resistors 232 and 234 and is provided to the 
loop ?lter 130 through the transmission gate 238, and 
thereby the capacitor C1 of the loop ?lter 130 is precharged 
to a certain level. In a certain period of time after a 
poWer-up, PRE is transitioned to a high level. Then, a 
current path formed betWeen the second node N2 and the 
loop ?lter 130 is cut off, and thereby a current path is formed 
betWeen the ?rst node N1 of charge pump circuit 210 and the 
loop ?lter 130 through the transmission gate 236. Therefore, 



US 2002/0036525 A1 

a charge pump signal CP from the charge pump circuit 210 
is provided to the loop ?lter 130. Thus, When the system is 
powered up, the PLL circuit 10 ensures stable operations by 
precharging the capacitor C1 of the loop ?lter 130 to a 
certain level. 

[0036] FIG. 4 is a circuit diagram shoWing another 
embodiment of the precharge circuit of FIG. 2. While the 
precharge circuit 230 of FIG. 3 performs a precharge 
operation in response to the precharge control signal PRE 
from eXternal sources, a precharge circuit 270 of FIG. 4 
performs the precharge operation in accordance With a result 
of a differential ampli?er 288 acting as a comparator. The 
precharge circuit 270 is composed of resistors 272, 274, and 
276 connected sequentially betWeen the poWer supply volt 
age VDD and the ground voltage VSS in series, transmission 
gates 278 and 280, inverters 282, 284, and 286, and the 
differential ampli?er 288. When a current path is not formed 
betWeen the transmission gates 278 and 280 yet, an electric 
potential of an inverted input terminal (—) in the differential 
ampli?er 288 is higher than that of a non-inverted input 
terminal Therefore, the differential ampli?er 288 gen 
erates a loW-leveled signal, thereby a charge of third node 
N3 is provided to the capacitor C1 of the loop ?lter 130 
through the transmission gate 280, and then the C1 is 
precharged to a certain level. 

[0037] After a predetermined period of time, if the poten 
tial of the third node N3 becomes higher than that of a fourth 
node N4, the differential ampli?er 288 generates a high 
leveled signal. The signal passes through the transmission 
gate 278, thereby a current path is formed betWeen the ?rst 
node N1 of the charge pump circuit 210 and the loop ?lter 
130, and then the charge pump signal CP is provided to the 
loop ?lter 130 from the charge pump circuit 210. 

[0038] FIG. 10 is a graph shoWing voltage levels of 
embodiments of the precharge circuits of FIGS. 3 and 4. 
The ‘X’ and the ‘Y’ denote voltage levels supplied to the 
loop ?lter 130 by the precharge circuit 230 and by the 
precharge circuit 270 of FIG. 4, respectively. In the pre 
charge circuit 230 of FIG. 3, a voltage of the second node 
N2 is applied to the loop ?lter 130 through the transmission 
gate 238 by a loW-leveled precharge control signal PRE. 
After that, the PRE goes to a high level, and then a voltage 
from the charge pump circuit 210 is provided to the loop 
?lter 130 through the transmission gate 236. If the phase of 
the input clock signal FCLK is later than that of the feedback 
signal FFD, a voltage, Which is loWer than the voltage level 
of the N2 precharged by the ?rst doWn-counting signal DN1, 
is provided to the loop ?lter 130. 

[0039] In the precharge circuit 270 of FIG. 4, When the 
loop ?lter 130 is charged, an output signal of the differential 
ampli?er 288 goes from a loW level to a high level. Acharge 
or a discharge state of the charge pump circuit 210 is 
determined in accordance With a turn-on or off state of the 
transmission gate 278. As shoWn in FIG. 10, considering a 
locking time until the system is locked on a stable operating 
voltage after a poWer-up, the locking time of the precharge 
circuit 270 of FIG. 4 is earlier than that of the precharge 
circuit 230 of FIG. 3. 

[0040] FIG. 5 is a block diagram shoWing a detailed 
con?guration of the phase comparator 400 of FIG. 1. The 
phase comparator 400 includes a delay circuit 410, D-?ip 
?ops 420 and 422, and NAND gates 424 and 426. The delay 
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circuit 410 is composed of four different delay units 411-414 
and a multipleXer 415. Each delay unit has a different delay 
time, receives the output clock signal FOUT from the VCDL 
300, and generates a signal after the FOUT is delayed during 
an established delay time. The delay times by four delay 
units 411-414 correspond to the frequencies of the input 
clock signal FOLK. For eXample, if the frequencies of the 
FCLK are A1, A2, A3, and A4 (A1>A2>A3>A4), the delay 
times by the delay units 411-414 are B1, B2, B3, and B4, 
respectively (B1<B2<B3<B4). 
[0041] Among signals generated from the delay units 
411-414, the multipleXer 415 selects one, and then generates 
a clock signal MOUT in response to a selection signal SEL 
from an external source. The clock signal MOUT is later than 
the output clock signal FOUT from the VCDL 300, and the 
selection signal SEL is based on a frequency of the reference 
clock signal FREF. For example, if the frequency of the PREF 
is A1, the SEL is used to select the delay unit 411 having the 
B1 delay time. 

[0042] The D-?ip-?op 420 receives the PREF and synchro 
niZes With the FOUT provided from the VCDL 300. The 
D-?ip-?op 422 receives the PREF and synchroniZes With the 
clock signal MOUT from the multipleXer 415. 

[0043] The NAND gate 424 generates the second doWn 
counting signal DN2 in response to signals generated from 
non-inverted output terminals Q of the D-?ip-?ops 420 and 
422. The NAND gate 426 generates the second up-counting 
signal UP2 in response to signals from inverted output 
terminals QB of the D-?ip-?ops 420 and 422. 

[0044] FIG. 6 is a diagram shoWing states of the second 
up-counting signal UP2 and the second doWn-counting 
signal DN2 from the phase comparator of FIG. 5 in accor 
dance With the output clock signal FOUT from the VCDL 300 
and the reference clock signal FREF. In FIGS. 5 and 6, the 
“Window” is a time period betWeen When the FOUT from the 
VCDL 300 goes from a loW level to a high level and When 
the MOUT from the multipleXer 415 goes from a loW level to 
a high level. For eXample, in case that the input clock signal 
FCLK has a frequency from 10 MHZ to 320 MHZ, a range of 
the WindoW is from 500 ps to 1.5 ns. 

[0045] States of the second up-counting signal UP2 and 
the second doWn-counting signal DN2 from the NAND 
gates 424 and 426 are determined according to a point of 
time that the reference clock signal PREF goes from a loW 
level to a high level, i.e., Whether the point of time is later 
than an end of the WindoW, Within the WindoW, or earlier 
than a beginning of the WindoW. 

[0046] First, When the point of time is later than the end of 
the WindoW, the second up-counting signal UP2 from the 
NAND gate 424 goes to a loW level and the second doWn 
counting signal DN2 from the NAND gate 426 goes to a 
high level. Second, When the point of time is Within the 
WindoW, all of the UP2 from the NAND gate 424 and the 
DN2 from the NAND gate 426 go to high levels. Finally, 
When the point of time is earlier than the beginning of the 
WindoW, the UP2 from the NAND gate 424 goes to a high 
level and the DN2 from the NAND gate 426 goes to a loW 
level. 

[0047] In FIG. 1, the counter 500 as a 6-bit counter 
operates in accordance With the UP2 and the DN2 from the 
NAN D gates 424 and 426 of the phase comparator 400. That 
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is, When the UP2 is a high level, the counter 500 counts up 
by one bit and When the DN2 is a high level, the counter 
counts doWn by one bit. However, When the UP2 and DN2 
are both high levels, the counter does not operate. 

[0048] The decoder 600 receives 6-bit counting signals 
CNT[5 :0] from the counter 500 and generates third sWitch 
ing control signals SW3[0:63]. For example, among 64-bit 
of the third sWitching control signals SW3[0:63] generated 
from the decoder 600, only one bit is state ‘1’ and other 
63-bit are state ‘0’. 

[0049] FIG. 7 is a detailed circuit diagram shoWing a 
voltage controlled delay line VCDL 300 of FIG. 1. The 
VCDL 300 includes 64 delay stages D0-D63, a ?rst sWitch 
array 310, three sWitches SBO-SB2, and a third sWitch array 
320. The delay stages D0-D63 are divided into four blocks 
BLOCK1-BLOCK4, and are connected to each other in 
series. The BLOCK1-BLOCK4 are composed of delay 
stages D0-D7, D8-D15, D16-D31, and D32-D63, respec 
tively, and connected by the sWitches SE0, SE1, and SB2. 
The SE0, SE1, and SB2 are controlled by bits corresponding 
to second sWitching control signals SW2[0:2] from external 
sources. 

[0050] The ?rst sWitch array 310 receives one of output 
signals from the BLOCK1-BLOCK4, and generates the 
feedback signal FFD in response to ?rst sWitching control 
signals SW1[0:3] from external sources. One of the 
BLOCK1-BLOCK4 is selected to generate the FFD in accor 
dance With a frequency of the input clock signal FOLK. For 
example, in case that frequencies of the FCLK are A1, A2, 
A3, and A4 MHZ (A1>A2>A3>A4), table 1 shoWs sWitches 
SAO-SA3 of the ?rst sWitch array 310, sWitches turned on 
among sWitches SBO-SB2, and selected block. 

TABLE 1 

Frequency Switch on Selected block 

A1 SAO BLOCKl 
A2 SA1, SBO BLOCKZ 
A3 SA2, SE0, SE1 BLOCK3 
A4 SA3, SE0, SE1, SE2 BLOCK4 

[0051] The third sWitch array 320 consists of 64 sWitches 
SCO-SC63 to be used for generating the output clock signal 
FOUT of the VCDL 300 in response to one of output signals 
of the delay stages D0-D63. The sWitches SCO-SC63 are 
controlled by bits corresponding to the third sWitching 
control signals SW3[0:63] from the decoder 600. Namely, 
only one sWitch is turned on corresponding to an activated 
bit of state ‘1’ of the third sWitching control signals SW3 
[0:63], and other 63 sWitches are turned off. Accordingly, a 
signal from the delay stage corresponding to an activated bit 
of SW3[0:63] is provided as the output clock signal FOUT of 
VCDL 300. 

[0052] For instance, in case that frequency of the input 
clock signal FCLK is 10 MHZ, if the sWitch SA3 of the ?rst 
sWitch array 310 and sWitches SBO-SB2 are all turned on, all 
of 64 delay stages of the VCDL 300 are connected in series. 
The analog phase comparator circuit 100 (FIG. 1) operates 
until a phase of the FCLK and a phase of the FFD from 63rd 
delay stage are identical With each other. Each signal from 
the delay stages D0-D63 has the same frequency With the 
FOLK. Phases of each signal differ from each other slightly. 
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If the phase of the FCLK is coincided With the phase of the 
FFD from 63rd delay stage, the phase comparator 400, the 
counter 500, and decoder 600 start operation. If the 20th 
sWitch SC20 of the third sWitch array 320 is turned on, a 
signal from the 20th delay state D20 is generated as the 
output clock signal FOUT, and provided to the phase com 
parator 400 (FIG. 1). If a phase of the reference clock signal 
FREF is earlier than that of the FOUT, a counting data of the 
counter 500 is increased by one bit. 

[0053] Among the third sWitching control signals SW3 
[0:63] from decoder 600, 21st bit goes to a high level and 
other bits go to a loW level, and thereby an output signal 
from the 21st delay stage D21 is provided as the output clock 
signal FOUT. The above operation is repeatedly carried out 
until the phase of reference clock signal FREF is coincided 
With the phase of the FOUT. Therefore, the input clock signal 
FCLK is synchroniZed With the reference clock signal FREF. 

[0054] For another example, in case that the frequency of 
the input clock signal FCLK is 320 MHZ, if the sWitch SAO 
of sWitches SAO-SA3 in the ?rst sWitch array 310 and 
sWitches SBO-SB2 are all turned off, among the 64 delay 
stages D0-D63 in the VCDL 300, only 8 delay stages D0-D7 
are connected in series. The analog phase comparator circuit 
100 compares With phases until the phase of the input clock 
signal FCLK is coincided With the phase of the feedback 
signal FFD generated from 7th delay stage D7. If the phases 
become identical With each other, the phase comparator 400, 
the counter 500, and the decoder start operation. The range 
of a counting data from the counter 500 is from ‘0’ to ‘7’. 
Namely, one of signals from the delay stages D0-D7 can be 
provided as the output clock signal FOUT. 

[0055] In FIG. 5, a total delay time (delay times by delay 
stages+delay time by multiplexer=length of WindoW) in a 
delay circuit 410 of the phase comparator 400 must be 
longer than a delay time by one delay stage and must be 
shorter than delay times by tWo delay stages. That is because 
the output clock signal FOUT is generated late or early by the 
delay time by one delay stage Whenever each one cycle of 
comparing operation is carried out. Therefore, during the 
repeated comparing operation, the reference clock signal 
FREF is Within the WindoW at least more than one time. 

[0056] FIG. 8 is a detailed circuit diagram shoWing the 
?rst delay stage of FIG. 7. The delay stage DO using a 
current mirror type includes PMOS transistors 332, 334, 
342, 344, and 350 and NMOS transistors 336, 338, 346, 348, 
and 352. 

[0057] The control voltage VCTRL from a loop ?lter 130 
controls a gate of the NMOS transistor 336. When the VCTRL 
becomes higher, a potential of a ?fth node N5 as a common 
gate terminal of the PMOS transistors 332 and 334 is loWer 
than before, and then a potential of a sixth node N6 as a 
common gate terminal of the NMOS transistors 338 and 348 
is higher than before. Thus, due to an increase of current 
amount through PMOS transistor 342 and NMOS transistor 
348 according to the input clock signal FOLK, a required time 
that the output clock signal FOUT is generated in response to 
the FCLK becomes shorter. That is, a delay time by the delay 
stages is shorter. On the contrary, if the control voltage 
VCTRL from the loop ?lter 130 becomes loW, the delay time by 
the delay stages is increased. 

[0058] Other delay stages D1-D63 in FIG. 7 have the 
same con?guration as block 340 in FIG. 8 of the delay stage 
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D0. All of delay stages D1-D63 have a same delay time 
corresponding to the control voltage VCTRL. For example, in 
case that the input clock signal FCLK has a frequency ranging 
from 10 MHZ to 320 MHZ, the delay time by the delay stages 
is 0.39 ns to 1.3 ns. If the frequency of the FCLK is 320 MHZ, 
a phase margin is less than 0.39 ns. 

[0059] FIGS. 9A and 9B are ?oWcharts shoWing sequen 
tial procedures of the PLL circuit 10 in FIG. 1. The analog 
phase comparator circuit 100 and the VCDL 300 delay the 
input clock signal FOLK, and generate the output clock signal 
FOUT in accordance With the control voltage VCTRL corre 
sponding to a phase difference betWeen the FCLK and the 
FFD. As the above, an operation of the analog phase com 
parator circuit 100 and VCDL 300 is an analog delay-locked 
loop (DLL). MeanWhile, the phase comparator 400, the 
counter 500, the decoder 600, and the VCDL 300 receive the 
input clock signal FCLK delayed by a counting data CNT 
[0:5] corresponding to a phase difference betWeen the ref 
erence clock signal FREF and the output clock signal FOUT. 
As the above, an operation of the phase comparator 400, the 
counter 500, the decoder 600, and the VCDL 300 is a digital 
delay-locked loop (hereinafter refer to digital DLL). 

[0060] FIGS. 1 and 9A illustrate the analog DLL opera 
tion. If the analog DLL begins operation, the input clock 
signal FCLK is provided to the phase/frequency detector 110 
and the VCDL 300 (step S702). 

[0061] In step S704, the phase/frequency detector 110 
compares the phase of the FCLK With that of the feedback 
signal FFD generated from the VCDL 300 and eXamines 
Whether the phases coincide With each other. As the result, 
if the phases do not coincide, step S706 is performed. 

[0062] In the S706 step, the phase/frequency detector 110 
eXamines Whether the phase of the FCLK leads that of the FFD 
from the VCDL 300. As the result, if the phase of the FCLK 
leads that of the FFD, the phase/frequency detector 110 
generates the ?rst up-counting signal UP1 (step S708), and 
if the phase of the FCLK is later than that of the FFD, the 
phase/frequency detector 110 generates the ?rst doWn 
counting signal DN1 (S710 step). 
[0063] In step S712, the charge pump 120 and the loop 
?lter 130 generate the control voltage VCTRL in response to 
the UP1 and the DN1 from the phase/frequency detector 
110. 

[0064] In step S714, While the VCTRL is applied, the 
VCDL 300 delays the input clock signal FOLK, and then 
generates the feedback signal FFD. 

[0065] Returning to step S704, if the phases of the FCLK 
and FFD are coincided With each other, step S720 begins and 
the digital DLL operation starts. 

[0066] FIGS. 1 and 9B eXplain the digital DLL operation. 
When the digital DLL operation starts, the reference clock 
signal FREF is provided to the phase comparator 400. 

[0067] In step S724, the phase comparator 400 eXamines 
Whether phases of the reference clock signal FREF and the 
output clock signal FOUT from the VCDL 300 are identical 
With each other. coincidence of phases betWeen the FREF and 
the FOUT is informed of, as shoWn in FIG. 6, a point of time 
that transition of the FREF from a loW level to a high level 
is Within the WindoW. If the phases of the FREF and FOUT are 
not identical With each other, step S726 is performed. In the 
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S726 step, the phase comparator 400 eXamines Whether 
phase of the FREF is earlier than that of the FOUT from the 
VCDL 300. As the result, if the phase of the FREF is earlier 
than that of the FOUT, the phase comparator 400 generates a 
second up-counting signal UP2 (step S728). On the contrary, 
if the phase of the FREF is later than that of the FOUT, the 
phase comparator 400 generates a second doWn-counting 
signal DN2 (steo S730). 
[0068] In step S732, the counter 500 counts up or doWn in 
response to the UP2 and the DN2 from the phase of 
comparator 400. In step S734, the decoder 600 generates 
64-bit third sWitching control signals SW3[0:63] using 6-bit 
counting signals CNT[0:5] generated from the counter 500. 
Among the 64-bit of the third sWitching control signals 
SW3[0:63] generated from the decoder 600, only one bit is 
state ‘1’ and other 63-bit are state ‘0’. In step S736, the 
VCDL 300 generates the output clock signal FOUT in 
response to a signal generated from the delay stage corre 
sponding to the activated bit of the third sWitching control 
signals SW3[0:63] from the decoder 600. Then, returning to 
the S724 step, the digital DLL is repeatedly operated. 

[0069] In step S724, When the phases of the reference 
clock signal FREF and the output clock signal FOUT are 
coincided With each other, the digital DLL operation is 
completed. 
[0070] FIGS. 11A and 11B are graphs shoWing the second 
up-counting signal UP2 and the second doWn-counting 
signal DN2 provided from the counter 500 When the PLL 
circuit is simulated by HSPICE according to a preferred 
embodiment of the present invention. When the phases of 
the input clock signal FCLK and the reference clock signal 
FREF are not identical With each other, the UP2 and the DN2 
are high and loW levels, respectively, and then When the 
phases are identical, both of the UP2 and the DN2 are ?Xed 
to high levels. 

[0071] FIG. 12A is a graph shoWing the reference clock 
signal FREF having a frequency of 40 MHZ and FIG. 12B 
shoWs the input clock signal FCLK having a frequency of 80 
MHZ. FIG. 12C shoWs that the FCLK of FIG. 12B is 
synchroniZed With the FREF of FIG. 12A. 

[0072] As shoWn in FIGS. 12A to 12C, the output clock 
signal FOUT generated from the VCDL 300 has the same 
frequency With the input clock signal FCLK and is synchro 
niZed With the reference clock signal FREF. 

[0073] While the present invention has been described 
reference to preferred embodiments, numerous modi?ca 
tions and variations of the invention Will be apparent to one 
of skill in the art Without departing from the scope of the 
invention. According to the present invention, phases of the 
?rst clock signal and the reference clock signals With 
different frequencies may be synchroniZed With each other. 
Moreover, the phase-locked loop (PLL) circuit of the present 
invention can be applied to various ?elds for a Wide fre 
quency range of the input clock signal. 

1. A phase-locked loop (PLL) circuit for synchroniZing 
frequencies of a ?rst clock signal and a second clock signal, 
comprising: 

a ?rst phase comparator circuit for comparing phases of a 
?rst clock signal having the ?rst frequency and a 
feedback signal and for generating a control voltage 
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corresponding to a phase difference between said ?rst 
clock signal and said feedback signal; 

a second phase comparator circuit for comparing phases 
of the second clock signal having a second frequency 
and an output clock signal and for generating a differ 
ential signal indicative of a phase difference betWeen 
said second clock signal and said output clock signal; 

a counter for counting data in response to the differential 
signal of said second phase comparator; 

a decoder for decoding N-bit sWitching control signals 
from said data of said counter; and 

a voltage controlled delay line for generating said feed 
back signal in response to said ?rst clock signal after 
said ?rst clock signal is delayed While said control 
voltage is applied to a voltage controlled delay line; 

Wherein said voltage controlled delay line includes N 
delay stages, Which are connected in series correspond 
ing to each bit of said third sWitching control signals, 
and generates said output clock signal in response to a 
signal from a delay stage corresponding to said sWitch 
ing control signals. 

2. A phase-locked loop (PLL) circuit according to claim 
1, Wherein said ?rst frequency of said ?rst clock signal is one 
of M frequencies. 

3. A phase-locked loop (PLL) circuit according to claim 
2, Wherein said delay stages are divided into M blocks; 

said voltage controlled delay line comprising: 

(M-1) ?rst sWitches to be controlled by a second 
sWitching control signal corresponding to the fre 
quency of said ?rst clock signal and to connect said 
blocks; and 

an array of M second sWitches to be controlled by a 
sWitching control signal corresponding to the fre 
quency of said ?rst clock signal and to generate said 
feedback signal in response to a signal of a block 
corresponding to the frequency of said ?rst clock 
signal. 

4. A phase-locked loop (PLL) circuit according to claim 
1, Wherein said voltage controlled delay line includes an 
array of N sWitches to be controlled by a bit corresponding 
to said sWitching control signals and to generate said output 
clock signal in response to a signal from a delay stage. 

5. A phase-locked loop (PLL) circuit according to claim 
1, Wherein among said sWitching control signals, only one 
bit corresponding to said counting data is activated. 

6. A phase-locked loop (PLL) circuit according to claim 
4, Wherein among said array of N sWitches, a sWitch is 
turned on by an activated bit of said sWitching control 
signals and a signal from a delay stage corresponding to the 
sWitch turned on is generated as said output clock signal. 

7. A phase-locked loop (PLL) circuit according to claim 
1, Wherein said ?rst phase comparator circuit includes: 

a phase/frequency detector for comparing phases of said 
?rst clock signal and said feedback signal and for 
generating a second differential signal indicative of a 
phase difference betWeen said ?rst clock signal and said 
feedback signal; 

a charge pump for generating a charge pump signal 
corresponding to said second differential signal; and 
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a loop ?lter for generating said control voltage corre 
sponding to said charge pump signal. 

8. A phase-locked loop (PLL) circuit according to claim 
7, Wherein said loop ?lter includes a capacitor having a ?rst 
end connected to an output terminal of said charge pump and 
having a second end connected to a ground voltage. 

9. A phase-locked loop (PLL) circuit according to claim 
8, Wherein said charge pump includes a precharge circuit for 
precharging said capacitor upon a poWer-up. 

10. Aphase-locked loop (PLL) circuit according to claim 
9, Wherein said precharge circuit includes: 

a ?rst circuit for generating a precharge voltage of a 
predetermined level; and 

a second circuit for providing a charge pump signal 
generated from one of said precharge voltage and said 
charge pump to said capacitor in response to an exter 
nally applied precharge signal. 

11. A phase-locked loop (PLL) circuit according to claim 
9, Wherein said precharge circuit includes: 

a ?rst circuit for generating a ?rst voltage of a ?rst level; 

a second circuit for generating a second voltage of a 
second level Which is loWer than said ?rst level; 

a differential ampli?er for generating a difference betWeen 
a voltage of said capacitor and said second voltage; and 

a third circuit for providing a precharge signal generated 
from one of said ?rst voltage of a ?rst level and said 
charge pump to said capacitor in response to a signal 
from said differential ampli?er. 

12. Aphase-locked loop (PLL) circuit according to claim 
1, Wherein said second phase comparator circuit includes: 

delay units for delaying said output clock signal during a 
predetermined time; 

a ?st latch for synchroniZing said second clock signal With 
said output clock signal; 

a second latch for synchroniZing said second clock signal 
With a signal generated from said delay units; and 

a logic circuit for generating an up-counting signal and a 
doWn-counting signal in response to signals from said 
?rst and second latches. 

13. Aphase-locked loop (PLL) circuit according to claim 
12, Wherein said counter counts data up and doWn by one bit 
in response to said up-counting and doWn-counting signals, 
respectively. 

14. Aphase-locked loop (PLL) circuit according to claim 
2, Wherein said data has a maximum value controlled by the 
frequency of said ?rst clock signal. 

15. Aphase-locked loop (PLL) circuit according to claim 
12, Wherein said delay units generate said output signal by 
delaying for a predetermined time corresponding to the 
frequency of said ?rst clock signal. 

16. Aphase-locked loop (PLL) circuit according to claim 
15, Wherein said delay units include: 

M delay stages for providing said output signal by delay 
ing during different delay times; and 

a multiplexer for generating an output signal from one of 
said delay stages in response to a selecting signal 
corresponding to a current frequency of said ?rst clock 
signal. 




