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(57) ABSTRACT 

A three-state phase detector; including two latches and one 
NAND gate; is provided With tWo additional latches. To 
detect a phase difference betWeen ?rst and second input 
clock signals R and V; the phase detector alternates among 
three states responsive to a rising edge of the input R or V 
signal. Each of the tWo additional latches and an associated 
latch in the phase detector together constitute one shift 
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FREQUENCY DETECTOR AND PHASE-LOCKED 
LOOP CIRCUIT INCLUDING THE DETECTOR 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a frequency detec 
tor and a phase-locked loop (PLL) circuit that can detect a 
frequency difference using the detector built in the circuit. 

[0002] A PLL circuit is an important circuit applicable to 
various types of LSI systems of today. AknoWn PLL circuit 
includes a PLL and a frequency controller. The PLL is made 
up of phase detector, charge pump, loW-pass ?lter (LPF), 
voltage-controlled oscillator (VCO) and frequency divider. 
The frequency controller is provided to eliminate a fre 
quency deviation from the PLL. In the PLL, if the gain of the 
VCO is decreased to enhance the noise immunity of the 
PLL, then the output frequency range of the VCO shrinks 
correspondingly, thus narroWing the frequency locking 
range of the PLL unintentionally. To avoid this problem, the 
PLL circuit is equipped With not only the phase detector that 
compares the phases of reference and oscillated clock sig 
nals to each other but also the frequency controller including 
a frequency detector that detects a frequency difference 
betWeen these clock signals. That is to say, the PLL circuit 
utiliZes tWo feedback loops so as not to narroW the frequency 
locking range. Speci?cally, in this case, the additional feed 
back loop, formed by the frequency detector, should have an 
increased gain, While the original phase-locked loop should 
have a decreased gain. 

[0003] An exemplary knoWn frequency detector Was dis 
closed by D. H. Wolaver in “Phase-Locked Loop Circuit 
Design”, Section 4-12, pp. 68-75, Prentice Hall (1991). The 
Wolaver’s frequency detector includes a three-state phase 
detector and ?rst and second additional detectors called “slip 
detectors”. Responsive to a rising edge of a ?rst or second 
input clock signal, the phase detector alternates among three 
states, thereby outputting ?rst and second phase difference 
pulse signals. Each of the pulse signals represents a phase 
difference betWeen the tWo input clock signals. The ?rst slip 
detector includes tWo cascaded latches, receiving the ?rst 
phase difference pulse signal at its clock input, and a device 
for delaying the ?rst input clock signal. The second slip 
detector includes tWo cascaded latches, receiving the second 
phase difference pulse signal at its clock input, and a device 
for delaying the second input clock signal. 

[0004] The knoWn frequency detector uses the phase dif 
ference pulse signals of the phase detector as clock signals 
for activating the initial-stage latches of the slip detectors. 
Accordingly, if the pulse Width of the phase difference pulse 
signals is too narroW to set the initial-stage latches of the slip 
detectors, then the frequency difference Will be detected 
erroneously. 

[0005] In addition, each of the delay devices for the slip 
detectors needs a large number of inverters. Accordingly, 
these inverters might generate noise and adversely affect the 
operation of the PLL circuit. Furthermore, the delay should 
be controlled so strictly that the operating range of the PLL 
circuit might be limited. 

SUMMARY OF THE INVENTION 

[0006] It is therefore an object of the present invention to 
provide a frequency detector that is implementable using a 
much simpler circuit con?guration and yet needs no such 
strict delay control. 
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[0007] Another object of the present invention is to pro 
vide a phase-locked loop circuit that can detect a frequency 
difference by using the frequency detector built in it. 

[0008] To achieve these objects, a frequency detector 
according to the present invention is realiZed just by con 
necting ?rst and second latches to a three-state phase detec 
tor of the knoWn type. 

[0009] Speci?cally, in the present invention, the three 
state phase detector includes ?rst and second input terminals 
and ?rst and second output terminals. To detect a phase 
difference betWeen ?rst and second input clock signals 
presented to the ?rst and second input terminals, respec 
tively, the phase detector outputs ?rst and second phase 
difference pulse signals through the ?rst and second output 
terminals, respectively, by alternating among the folloWing 
three states. If an effective edge of the ?rst input clock signal 
is presented to the phase detector in a neutral state, then the 
phase detector is set to change into a ?rst phase detection 
state. If an effective edge of the second input clock signal is 
presented to the phase detector in the neutral state, then the 
phase detector is set to change into a second phase detection 
state. And if effective edges of the ?rst and second input 
clock signals are presented to the phase detector in this order 
or vice versa, then a reset signal is generated and the phase 
detector is reset and get back to the neutral state responsive 
to the reset signal. The ?rst latch latches the signal, Which 
has been output through the ?rst output terminal of the phase 
detector, responsive to an effective edge of the ?rst input 
clock signal, and is reset responsive to the reset signal of the 
phase detector. The ?rst latch outputs a ?rst frequency 
difference pulse signal if tWo edges of the ?rst input clock 
signal have been presented to the phase detector consecu 
tively With no effective edges of the second input clock 
signal presented betWeen the tWo edges. The second latch 
latches the signal, Which has been output through the second 
output terminal of the phase detector, responsive to an 
effective edge of the second input clock signal, and is reset 
responsive to the reset signal of the phase detector. The 
second latch outputs a second frequency difference pulse 
signal if tWo edges of the second input clock signal have 
been presented to the phase detector consecutively With no 
effective edges of the ?rst input clock signal presented 
betWeen the tWo edges. 

[0010] According to the present invention, a frequency 
detector is implementable just by connecting tWo latches to 
a three-state phase detector of the knoWn type. Thus, the 
inventive frequency detector can be of a much smaller 
circuit siZe than the knoWn ones. In addition, according to 
the present invention, the phase difference pulse signals 
output from the three-state phase detector are not used as 
clock signals that activate the ?rst-stage latches of slip 
detectors unlike the knoWn frequency detector. Instead, in 
the present invention, the input clock signals for the phase 
detector are also used as clock signals for activating the tWo 
additional latches. Thus, the inventive frequency detector 
can have its operation stabiliZed even Without controlling 
delays, for example. That is to say, the inventive frequency 
detector can advantageously be designed much more easily, 
and still can operate much more stably, than the knoWn 
frequency detector. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a block diagram illustrating an exemplary 
con?guration for a PLL circuit according to the present 
invention. 

[0012] FIG. 2 is a block diagram illustrating a detailed 
con?guration for the frequency detector shoWn in FIG. 1. 

[0013] FIG. 3 is a diagram illustrating the state transition 
of the three-state phase detector shoWn in FIG. 2. 

[0014] FIG. 4 is a block diagram illustrating an alternative 
con?guration for the PLL circuit of the present invention. 

[0015] FIG. 5 is a block diagram illustrating a detailed 
con?guration for the frequency detector shoWn in FIG. 4. 

DETAILED DESCRIPTION OF INVENTION 

[0016] Hereinafter, preferred embodiments of the present 
invention Will be described With reference to the accompa 
nying draWings. 

[0017] FIG. 1 illustrates an exemplary con?guration for a 
PLL circuit according to the present invention. As illustrated 
in FIG. 1, the PLL circuit includes three-state phase detector 
10, ?rst charge pump 11, LPF 12, VCO 13 and frequency 
divider 14, all of Which together constitutes a PLL. The PLL 
circuit shoWn in FIG. 1 further includes a frequency con 
troller 15 for eliminating a frequency deviation from the 
PLL. That is to say, the PLL circuit has frequency difference 
detection capabilities. The frequency controller 15 includes 
a frequency detector 20 and a second charge pump 21. The 
frequency detector 20 receives a reference clock signal for 
the PLL and an oscillated clock signal, Which has already 
had its frequency divided, as ?rst and second input clock 
signals R and V, respectively. The second charge pump 21 
receives the outputs of the frequency detector 20 through 
tWo terminals SU and SD and controls the oscillation 
frequency of the PLL responsive to these outputs. 

[0018] FIG. 2 illustrates a detailed con?guration for the 
frequency detector 20 shoWn in FIG. 1. The frequency 
detector 20 includes a three-state phase detector 40, tWo 
latches 50 and 51 and tWo isolated pulse generators 60 and 
61. 

[0019] As shoWn in FIG. 2, the three-state phase detector 
40 includes ?rst and second input terminals and ?rst and 
second output terminals. To detect a phase difference 
betWeen the input R/V signals presented to the ?rst and 
second input terminals, the phase detector 40 outputs ?rst 
and second phase difference pulse signals VU and VD 
through the ?rst and second output terminals, respectively, 
by alternating among the folloWing three states. If a rising 
edge of the input R signal is presented to the phase detector 
40 in a neutral state, then the detector 40 is set to change into 
a ?rst phase detection state. If a rising edge of the input V 
signal is presented to the phase detector 40 in the neutral 
state, then the detector 40 is set to change into a second 
phase detection state. And if rising edges of the input R/V 
signals are presented to the phase detector 40 in this order or 
vice versa, then a reset signal RST is generated and the 
detector 40 is reset and get back to the neutral state respon 
sive to the RST signal. As shoWn in FIG. 2, the phase 
detector 40 includes tWo latches 41 and 42 and one NAND 
gate 43. 
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[0020] The latch 50 latches the VU signal responsive to a 
rising edge of the input R signal, and is reset responsive to 
the RST signal so as to output a ?rst frequency difference 
pulse signal QU if tWo edges of the input R signal have been 
presented consecutively With no rising edges of the input V 
signal presented betWeen those edges. That is to say, this 
latch 50 and the latch 41 in the phase detector 40 together 
constitute one shift register. The isolated pulse generator 60 
is a circuit for making the pulse Width of the QU signal 
constant and then outputting the QU signal With the constant 
Width to the SU terminal. For eXample, the pulse generator 
60 may be a monostable multivibrator. 

[0021] The latch 51 latches the VD signal responsive to a 
rising edge of the input V signal, and is reset responsive to 
the RST signal so as to output a second frequency difference 
pulse signal OD if tWo edges of the input V signal have been 
presented consecutively With no rising edges of the input R 
signal presented betWeen those edges. That is to say, this 
latch 51 and the latch 42 in the phase detector 40 together 
constitute one shift register. The isolated pulse generator 61 
is a circuit for making the pulse Width of the OD signal 
constant and then outputting the OD signal With the constant 
Width to the SD terminal. For eXample, the pulse generator 
61 may also be a monostable multivibrator. 

[0022] FIG. 3 illustrates the state transitions of the three 
state phase detector 40 shoWn in FIG. 2. The ?rst, second 
and third phases shoWn in FIG. 3 correspond to the neutral, 
?rst phase detection and second phase detection states, 
respectively. That is to say, the frequency detector 20 shoWn 
in FIG. 2 detects the state transitions indicated by the 
broken-line arroWs in FIG. 3. As can be seen from FIG. 3, 
one of those transitions to be detected occurs Where tWo 
rising edges of the input R signal have been presented 
consecutively, While the other occurs Where tWo rising edges 
of the input V signal have been presented consecutively. 

[0023] That is to say, Where the frequencies of the input 
R/V signals are different from each other, rising edges of one 
of these R/V signals may be presented tWice consecutively 
While no rising edges of the other are being presented. Then, 
the frequency detector 20 shoWn in FIG. 2 outputs a 
high-level (or H-level) signal in logic “1” state, representing 
that a frequency difference has been detected, as the QU or 
OD signal. 

[0024] On the other hand, Where there is no frequency 
difference betWeen the input R/V signals, rising edges of one 
of these R/V signals cannot be presented tWice consecu 
tively While no rising edges of the other are being presented. 
In other Words, each and every rising edge of the input R 
signal should be folloWed by a rising edge of the input V 
signal. Or once a rising edge of the input V signal has been 
presented, a rising edge of the input R signal should alWays 
appear neXt. Accordingly, the three-state phase detector 40 
never fails to get back to the neutral state Within one clock 
cycle time. And When the detector 40 changes into the 
neutral state, the NAND gate 43 outputs the RST signal, 
thereby resetting all of these four latches 41, 42, 50 and 51. 
Thus, the QU or OD signal in logic “1” state is not output. 

[0025] As can be seen, the frequency detector 20 shoWn in 
FIG. 2 can have a circuit siZe much smaller than the knoWn 
one. In addition, since the input clock signals R/V for the 
three-state phase detector 40 are also used as activating 
clock signals for the additional latches 50 and 51, the 



US 2001/0007436 A1 

frequency detector 20 can have its operation stabilized 
Without controlling the delays, for example. HoWever, the 
pulse Widths of the QU and QD signals might change greatly 
depending on the frequencies of the input R/V signals or on 
a frequency difference betWeen the R/V signals. Thus, in the 
example illustrated in FIG. 2, the isolated pulse generators 
60 and 61 are added to avoid such drastic change of the 
output pulse Widths at the SU/SD terminals. In this manner, 
the responsiveness of the PLL circuit can be stabilized. 

[0026] The PLL circuit shoWn in FIG. 1 has tWo feedback 
loops, namely, the phase-locked loop that passes through the 
three-state phase detector 10 and the ?rst charge pump 11 
and a frequency control loop that passes through the fre 
quency detector 20 and the second charge pump 21. Accord 
ingly, the gains of these tWo loops can be set independently. 
That is to say, even if the gain of the PLL is decreased, the 
locking range of the PLL circuit does not decrease corre 
spondingly. Thus, the PLL circuit shoWn in FIG. 1 can not 
only have its noise immunity enhanced by reducing the loop 
gain of the PLL but also have its locking range broadened as 
Well. 

[0027] FIG. 4 illustrates an alternative con?guration for 
the PLL circuit of the present invention. In the PLL circuit 
shoWn in FIG. 4, the frequency controller 15 shoWn in FIG. 
1 is replaced With a frequency controller 16 With a different 
con?guration. As shoWn in FIG. 4, the frequency controller 
16 includes frequency detector 30, up/doWn counter 31, 
digital-to-analog converter (DAC) 32 and adder 33. The 
frequency detector 30 receives a reference clock signal for 
the PLL and an oscillated clock signal, Which has already 
had its frequency divided, as the ?rst and second input clock 
signals R and V, respectively. The up/doWn counter 31 
receives the outputs of the frequency detector 30 through 
tWo terminals SU and SD and updates its count responsive 
to these outputs. The DAC 32 performs an analog control 
over the oscillation frequency of the PLL in accordance With 
the count of the up/doWn counter 31. Also, in the con?gu 
ration shoWn in FIG. 4, the oscillated clock signal, Which 
has not had its frequency divided yet, is delivered to the 
frequency detector 30, up/doWn counter 31 and DAC 32. In 
FIG. 4, CK denotes a third clock signal input to the 
frequency detector 30. 

[0028] FIG. 5 illustrates a detailed con?guration for the 
frequency detector 30 shoWn in FIG. 4. In the frequency 
detector 30 shoWn in FIG. 5, the isolated pulse generators 60 
and 61 shoWn in FIG. 2 are replaced With ?rst and second 
counters 70 and 71, respectively. The ?rst counter 70 starts 
counting the number of pulses of the input CK signal 
responsive to the output QU signal of the latch 50. And When 
its count reaches a predetermined number, the counter 70 is 
reset internally. The second counter 71 starts counting the 
number of pulses of the input CK signal responsive to the 
output QD signal of the latch 51. And When its count reaches 
a predetermined number, the counter 71 is also reset inter 
nally. The outputs of these tWo counters 70 and 71 are 
delivered to the up/doWn counter 31 via the SU/SD termi 
nals, respectively. 

[0029] In the frequency detector 30 shoWn in FIG. 5, 
When the latch 50 or 51 detects a frequency difference, the 
frequency difference pulse signal QU or QD is input as a 
start pulse to the ?rst or second counter 70 or 71. Thus, on 
receiving the start pulse QU or QD, the ?rst or second 
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counter 70 or 71 starts counting the number of pulses of the 
input CK signal. The oscillated clock signal CK (Which has 
not had its frequency divided yet) of the VCO 13 normally 
has a frequency much higher than that of the input clock 
signal R or V for the frequency detector 30. Accordingly, the 
oscillated clock signal CK can afford to be an activating 
clock signal for the ?rst and second counters 70 and 71. 
Although any other clock signal may be used as the acti 
vating clock signal, it is most convenient to use the oscil 
lated clock signal of the VCO 13 as the activating clock 
signal. When its count reaches a predetermined number, the 
?rst or second counter 70 or 71 resets itself and stops 
counting. Accordingly, by setting the predetermined count to 
an arbitrary number, the frequency gain can be adjusted. In 
this manner, the frequency detector 30 shoWn in FIG. 5 can 
be easily connected to a digital circuit on a succeeding stage 
by digitally clocking (or outputting a count of) the output 
signal. 
[0030] As in the eXample illustrated in FIG. 1, the PLL 
circuit shoWn in FIG. 4 also has tWo feedback loops (i.e., the 
phase-locked loop and the frequency control loop), the loop 
gains of Which can be set independently. In the con?guration 
shoWn in FIG. 4, hoWever, the frequency control loop has 
the frequency detector 30, up/doWn counter 31 and DAC 32. 
The digital clock signal, output from the frequency detector 
30, either increases or decreases the count of the up/doWn 
counter 31, thereby changing the output of the DAC 32 and 
the oscillation frequency of the VCO 13 eventually. That is 
to say, the frequency control loop shoWn in FIG. 4 is 
controlled digitally. Accordingly, compared to a control loop 
consisting of analog circuits, the frequency control loop 
shoWn in FIG. 4 can enhance the noise immunity of the PLL 
circuit. 

What is claimed is: 
1. A frequency detector comprising: 

a three-state phase detector including ?rst and second 
input terminals and ?rst and second output terminals, 
Wherein to detect a phase difference betWeen ?rst and 
second input clock signals presented to the ?rst and 
second input terminals, respectively, the phase detector 
outputs ?rst and second phase difference pulse signals 
through the ?rst and second output terminals, respec 
tively, by alternating among three states in such a 
manner that: 

if an effective edge of the ?rst input clock signal is 
presented to the phase detector in a neutral state, then 
the phase detector is set to change into a ?rst phase 
detection state, 

if an effective edge of the second input clock signal is 
presented to the phase detector in the neutral state, 
then the phase detector is set to change into a second 
phase detection state and 

if effective edges of the ?rst and second input clock 
signals are presented to the phase detector in this 
order or vice versa, then a reset signal is generated 
and the phase detector is reset and get back to the 
neutral state responsive to the reset signal; 

a ?rst latch, Which latches the signal, output through the 
?rst output terminal, responsive to an effective edge of 
the ?rst input clock signal, and Which is reset respon 
sive to the reset signal, the ?rst latch outputting a ?rst 
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frequency difference pulse signal if tWo edges of the 
?rst input clock signal have been presented to the phase 
detector consecutively With no effective edges of the 
second input clock signal presented betWeen the tWo 
edges; and 

a second latch, Which latches the signal, output through 
the second output terminal, responsive to an effective 
edge of the second input clock signal, and Which is 
reset responsive to the reset signal, the second latch 
outputting a second frequency difference pulse signal if 
tWo edges of the second input clock signal have been 
presented to the phase detector consecutively With no 
effective edges of the ?rst input clock signal presented 
betWeen the tWo edges. 

2. The frequency detector of claim 1, further comprising 
circuit means for making pulse Widths of the ?rst and second 
frequency difference pulse signals constant and then output 
ting the ?rst and second frequency difference pulse signals 
With the constant Widths. 

3. The frequency detector of claim 1, further comprising: 

a ?rst counter, Which starts counting the number of pulses 
of a third input clock signal responsive to the ?rst 
frequency difference pulse signal and Which is reset 
When the ?rst counter counts a predetermined number; 
and 

a second counter, Which starts counting the number of 
pulses of the third input clock signal responsive to the 
second frequency difference pulse signal and Which is 
reset When the second counter counts another prede 
termined number. 

4. A phase-locked loop circuit comprising: 

a phase-locked loop; and 
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a frequency controller for eliminating a frequency devia 
tion from the phase-locked loop, 

Wherein the frequency controller includes: 

a frequency detector according to claim 2 for receiving 
reference and oscillated clock signals for the phase 
locked loop as the ?rst and second input clock signals, 
respectively; and 

a charge pump for controlling an oscillation frequency of 
the phase-locked loop responsive to the ?rst and second 
frequency difference pulse signals that have been out 
put from the frequency detector. 

5. A phase-locked loop circuit comprising: 

a phase-locked loop; and 

a frequency controller for eliminating a frequency devia 
tion from the phase-locked loop, 

Wherein the frequency controller includes: 

a frequency detector according to claim 3 for receiving 
reference and oscillated clock signals for the phase 
locked loop as the ?rst and second input clock signals, 
respectively; 

an up/doWn counter for updating a count responsive to 
outputs of the ?rst and second counters of the fre 
quency detector; and 

a digital-to-analog converter for performing an analog 
control over an oscillation frequency of the phase 
locked loop in accordance With the count of the 
up/doWn counter. 

* * * * * 


