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(57) ABSTRACT 

(76) Inventors: Ping-Ying Wang, Hsin-Chu City (TW); 
Meng-Ta Yang, Mia'O- _Li Hsien (TW); A phase locked loop capable of compensating for errors 
Hsiang-Ji Hsieh: Talpel Hslen (TW) caused by cycle slips. The phase locked loop includes a 

_ phase detection unit for generating a phase error signal; a 

gg?i?lfifllgilzigiisgTELLECTUAL loop ?lter for ?ltering the phase error signal and generating 
PROPERTY CORPORATION a ?rst control signal; a cycle slip detector for detecting 
P_0_ BOX 506 Whether a cycle slip has occurred according to the phase 
MERRIFIELD, VA 22116 (Us) error signal and generating a slip indication signal; a tog 

gling unit for toggling the selection between a ?rst Value and 
(21) Appl. No.1 11/161,072 a second Value as a compensation signal according to the slip 

_ ' indication signal; an accumulator for accumulating the com 

(22) Flled' Jul‘ 21’ 2005 pensation signal and generating a second control signal; an 

Publication Classi?cation adder for adding the ?rst control signal and the second 
control signal and generating a third control signal; and a 

(51) Int, Cl, controllable oscillator for generating the output clock at a 
H03L 7/00 (2006.01) frequency based on the third control signal. 
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PHASE LOCKED LOOP HAVING CYCLE SLIP 
DETECTOR CAPABLE OF COMPENSATING FOR 

ERRORS CAUSED BY CYCLE SLIPS 

BACKGROUND 

[0001] The present invention relates to a phase locked 
loop, and more particularly, to a phase locked loop With a 
cycle slip detector. 

[0002] Phase Locked Loops (PLLs) are used in many 
types of communication systems. Recently, the advances in 
modern technology have greatly extended their scope, and 
they can noW also be found in many systems ranging from 
data recovery circuits to frequency synthesiZers. 

[0003] A conventional analog PLL is a closed loop feed 
back circuit Whose function is to produce a clock signal 
synchronized in phase and frequency With an external ref 
erence signal. It achieves this by controlling the phase of the 
generated clock signal so that the phase error betWeen the 
clock signal and the reference signal is kept at a minimum. 
In the digital domain, a digital PLL having digital circuitry 
is applied noWadays. 

[0004] Please refer to FIG. 1, Which is a diagram of a 
related art digital phase locked loop (PLL) 10. The PLL 10 
includes a phase detector (PD) 12 With tWo inputs Si, SO, for 
determining the phase difference betWeen these inputs Si, SO 
and generating an error signal Se indicating this phase 
difference; a loop ?lter 14 for loW pass ?ltering of the error 
signal Se and producing a control signal SC corresponding to 
the error signal Se; and a digitally-controlled oscillator 
(DCO) 16 for generating the signal SO in response to the 
control signal SC outputted from the loop ?lter 14. As shoWn 
in Fig. 1, the signal SO having a speci?c frequency controlled 
by the control signal SC is further fed back to the phase 
detector 12. The phase detector 12 continuously detects the 
phase error according to the signals Si and SO, and the loop 
?lter 14 continuously updates the control signal SC on 
reception of the error signal Se. Therefore, the DCO 16 (for 
example, a numerically-controlled oscillator) keeps updat 
ing the frequency of the signal S0 to reduce the phase error 
betWeen the signals Si and SO. In this manner, the DCO 16 
is driven by the control signal SC to vary its output frequency 
in a frequency sWeeping direction that ideally reduces the 
phase error, hence the PLL 10 replicates and tracks the 
frequency and phase at the PLL input. When this occurs, the 
PLL 10 is in lock. 

[0005] It is Well knoWn that the PLL 10 can lock the signal 
S0 to a desired phase if the phase difference betWeen the 
signals Si and SD is not greater than 275. If, hoWever, the 
phase difference betWeen the signals Si and SD is greater than 
2J'c(i.e. a cycle slip occurs), the phase detector 12 is noW 
presented With a large discrepancy in phase, causing the 
DCO 16 to carry out frequency sWeeping in a direction aWay 
from the target frequency, and causing the PLL 10 to lock the 
signal S0 to an erroneous phase. A signi?cant amount of time 
is required to lock on to the correct phase once more. 

SUMMARY 

[0006] It is therefore an objective of the present invention 
to provide a PLL With a cycle slip detector and a related 
method to solve the above problem. 

[0007] Brie?y described, a ?rst embodiment of the 
claimed invention discloses a phase locked loop (PLL) 
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comprising a phase detection unit, a loop ?lter, an adder, a 
cycle slip detector, a toggling unit, an accumulator, and a 
controllable oscillator. The phase detection unit can consist 
of an analog to digital converter connected to a phase 
detector, a slicer connected to a phase detector, or a phase 
detector. 

[0008] A second embodiment of the claimed invention 
discloses a phase locked loop (PLL) comprising a phase 
detection unit, an adder, a cycle slip detector, a toggling unit, 
a loop ?lter, and a controllable oscillator. The phase detec 
tion unit can consist of an analog to digital converter 
connected to a phase detector, a slicer connected to a phase 
detector, or a phase detector. 

[0009] It is an advantage of the present invention that the 
PLL is able to successfully recapture a signal When lost due 
to a cycle slip. The invention also supports both analog and 
digital input signals fed to the phase detector. 

[0010] These and other objectives of the present invention 
Will no doubt become obvious to those of ordinary skill in 
the art after reading the folloWing detailed description of the 
preferred embodiment that is illustrated in the various ?g 
ures and draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a diagram of a related art phase locked 
loop. 
[0012] FIG. 2 is a diagram ofa phase locked loop accord 
ing to a ?rst embodiment of the present invention. 

[0013] FIG. 3 is a diagram ofa phase locked loop accord 
ing to a second embodiment of the present invention. 

[0014] FIG. 4 is a diagram of a ?rst embodiment of the 
phase detection unit in FIGS. 2 and 3. 

[0015] FIG. 5 is a diagram ofa second embodiment ofthe 
phase detection unit in FIGS. 2 and 3. 

[0016] FIG. 6 is a diagram of a third embodiment of the 
phase detection unit in FIGS. 2 and 3. 

DETAILED DESCRIPTION 

[0017] Please refer to FIG. 2. FIG. 2 is a diagram of a 
phase locked loop 100 according to a ?rst embodiment of the 
present invention. The phase locked loop 100 comprises a 
phase detection unit 102 for receiving tWo input signals Si, 
SO and generating a phase error signal Se; a loop ?lter 104 
coupled to the phase detection unit 102, for generating a ?rst 
control signal SCl in response to the phase error signal Se; an 
adder 106 coupled to the loop ?lter 104, for adding the ?rst 
control signal S01 and a second control signal SC2 to generate 
a third control signal S03; and a controllable oscillator 108 
coupled to the adder 106, for generating a signal SO Whose 
frequency is based on the third control signal S63, Where the 
output from the oscillator 108 is fed back to the phase 
detection unit 102. In this embodiment, the phase locked 
loop 100 further comprises a cycle slip detector 112 coupled 
to the phase detection unit 102, for detecting cycle slips and 
generating a slip indication signal $65; a toggling unit 114 
coupled to the cycle slip detector 112, for toggling the 
selection betWeen a ?rst value and a second value as a 
compensation signal SC according to the slip indication 
signal S ' and an accumulator 116 coupled betWeen the css 
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toggling unit 114 and the adder 106, for accumulating the 
compensation signal SC and generating the second control 
signal S02. 
[0018] The phase detection unit 102 receives signals Si 
and SO, and generates the phase error signal Se, Which is then 
?ltered by the loop ?lter 104 and processed by the control 
lable oscillator 108, to indicate currently presented phase 
error. When a cycle slip occurs, the cycle slip detector 112 
Will generate the slip indication signal S05. The cycle slip 
detector 112 detects the timing the phase error signal transits 
from a maximum value to a minimum value and the timing 
the phase error signal Se transits from the minimum value to 
the maximum value, i.e., a cycle slip, and generates the slip 
indication signal SCS indicating the cycle slip. In practice, the 
phase error signal Se may transit back and forth at the 
maximum value and the minimum value due to the high 
frequency component, Which is usually a noise, of the phase 
error signal Se. This situation Will cause the cycle slip 
detector 112 to become too sensitive to the transition of the 
phase error signal Se, either from the maximum value to the 
minimum value or the minimum value to the maximum 
value, therefore the cycle slip detector 112 may contain a 
loW pass ?lter so as to mitigate the effect caused by the high 
frequency component of the phase error signal Se. Since the 
cycle slip detector 112 is Well knoWn to those skilled in the 
art, further description is omitted for brevity. The slip 
indication signal SCS causes the toggling unit 114 to toggle 
the selection betWeen a ?rst value and a second value. If, for 
example, the ?rst and second values are Sup and Sclown 
respectively, on reception of the slip indication signal S05, 
the toggling unit 114 Will toggle the selection of the values 
Sup and SdOWn. More clearly, assume that the compensation 
signal SC currently carries the ?rst value Sup. When the 
toggling unit 114 receives the slip indication signal SOS, the 
compensation signal SC Will carry the value Sclown instead. 
Please note that in this embodiment the tWo values Sup and 
Sclown have the same magnitude but different signs. 

[0019] The compensation signal SC is passed on to the 
accumulator 116. The accumulator generates the second 
control signal S02. The adder 106 adds this second control 
signal SC2 to the ?rst control signal SCl generated by the loop 
?lter 104, to generate the third control signal S03, Which is 
passed on to the controllable oscillator 108 (for example, a 
digitally-controlled oscillator). The third control signal SC3 
drives the controllable oscillator 108 to frequency sWeep in 
a direction opposite from before. This compensates for the 
frequency sWeeping aWay from the target frequency due to 
the cycle slip occurring. The PLL is thus able to quickly 
relock the signal S0 to the input signal Si. Once the output 
clock (i.e., the signal SD) is regarded as locked to the signal 
Si, the toggling unit 114 Will output a Zero value as the 
compensation signal So. In this manner, the direction of 
frequency sWeeping Will remain the same once the PLL 100 
is locked on to the target signal. 

[0020] Please refer to FIG. 3. FIG. 3 is a diagram of a 
phase locked loop 200 according to a second embodiment of 
the claimed invention. The phase locked loop 200 comprises 
a phase detection unit 202, for generating a phase error 
signal Se according to signals Si and SO; an adder 206 
coupled to the phase detection unit 202, for adding the phase 
error signal Se and a compensation signal SC to generate a 
compensated phase error signal S ' a loop ?lter 204 coupled cc: 

to the adder 206, for ?ltering the compensated phase error 
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signal SCe and generating a control signal SOC; and a con 
trollable oscillator 208, coupled to the loop ?lter 206, for 
generating the output clock (i.e., the signal SO) at a fre 
quency based on the control signal Soc. In this embodiment, 
the phase locked loop 200 further comprises a cycle slip 
detector 212 coupled to the phase detection unit 202, for 
detecting Whether a cycle slip has occurred according to the 
phase error signal Se and generating a slip indication signal 
S65; and a toggling unit 214 coupled betWeen the cycle slip 
detector 212 and the adder 206, for toggling the selection 
betWeen a ?rst value and a second value as the compensation 
signal SC according to the slip indication signal S05. 

[0021] The operation of the second embodiment of the 
PLL 200 is as folloWs. When a cycle slip occurs, the cycle 
slip detector 212 outputs the slip indication signal SOS, 
causing the toggling unit 214 to toggle selection betWeen a 
?rst value and a second value. As in the ?rst embodiment, 
the toggling action changes the value carried by the com 
pensation signal SC. Then, the adder 206 adds the compen 
sation signal SC and the phase error signal Se and generates 
the compensated phase error signal See, Which is sent to the 
loop ?lter 204 and then sent to the controllable oscillator 
208, for driving the controllable oscillator 208 to frequency 
sWeep in a direction opposite from before. As in the ?rst 
embodiment, the previous sWeeping direction Was aWay 
from the target frequency, due to a cycle slip occurring. By 
toggling the selection betWeen a ?rst value and a second 
value, the controllable oscillator 208 is driven to sWeep in a 
different direction, enabling the PLL 200 to quickly relock 
the signal SO affected due to cycle slips to the input signal Si. 
Once the output clock (i.e., the signal SD) is regarded as 
locked to the signal Si, the toggling unit 214 Will output a 
Zero value as the compensation signal Sc. 

[0022] Please note that the operation of the PLL 100 in the 
?rst embodiment and the operation of the PLL 200 in the 
second embodiment is largely the same. As knoWn to those 
skilled in the art, an accumulator acts as a kind of loop ?lter 
for performing loW-pass ?ltering. In the ?rst embodiment, 
the compensation signal SC is ?rst sent to the accumulator 
116 and then to the adder 106, for generating the third 
control signal SC3 for driving the oscillator 108. In the 
second embodiment, the compensation signal SC is ?rst sent 
to the adder 206, and then to the loop ?lter 204, for 
generating the compensated phase error signal SCe for driv 
ing the oscillator 208. As the accumulator acts as a kind of 
loop ?lter as mentioned above, the difference betWeen the 
embodiments is the order of the adder and ?lter components 
(loop ?lter 204 and accumulator 116). The adders 106, 206, 
accumulator 116 and loop ?lter 204 are all linear compo 
nents, hoWever, and the order in Which they are connected 
does not affect the outcome of the compensating operation. 
Therefore, these tWo embodiments are largely equivalent 
and are capable of compensating for errors caused by cycle 
slips. 

[0023] Please refer to FIG. 2, FIG. 3, and FIG. 4. FIG. 4 
is a diagram of a ?rst embodiment of the phase detection unit 
102, 202 in FIGS. 2 and 3 respectively. The phase detection 
unit 102, 202 comprises an analog-to-digital converter 
(ADC) 300 and a phase detector 302. In this embodiment, 
the reference input signal (signal Si) is an analog signal, and 
the ADC 300 is clocked by the output clock (signal SO), 
Which is generated from the controllable oscillator 108, 208. 
In other Words, the signal Si is sampled according to rising 
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edges/falling edges of the signal SO. If the sampling timing 
applied to the signal Si is incorrect, the phase detector 302 
generates the phase error signal Se accordingly. The phase 
detector 302 is a digital phase detector, Which is Well knoWn 
to those skilled in the art. Therefore, further description is 
omitted for brevity. 

[0024] Please refer to FIG. 2, FIG. 3, and FIG. 5. FIG. 5 
is a diagram of a second embodiment of the phase detection 
unit 102, 202 in FIGS. 2 and 3 respectively. The phase 
detection unit 102, 202 comprises a slicer 304 and a phase 
detector 306. In this embodiment, the reference input signal 
(signal Si) is an analog signal, and the slicer 304 converts the 
signal Si into a sliced input signal according to a predeter 
mined slice level. Then, the phase detector 306 detects the 
phase error betWeen the sliced input signal outputted from 
the slicer 304 and the signal SO generated from the control 
lable oscillator 108, 208, and outputs the phase error signal 
Se accordingly. The phase detector 306 is a digital phase 
detector, Which is Well knoWn to those skilled in the art. 
Therefore, further description is omitted for brevity. 

[0025] Please refer to FIG. 2, FIG. 3, and FIG. 6. FIG. 6 
is a diagram of a third embodiment of the phase detection 
unit 102, 202 in FIGS. 2 and 3 respectively. The phase 
detection unit 102, 202 comprises a phase detector 308. In 
this embodiment, the reference input signal (signal Si) and 
the output clock (signal SO) from the oscillator 108, 208 are 
both digital signals. The phase detector 308 then outputs the 
phase error signal Se according to these signals Si and SD. 
The phase detector 308 is a digital phase detector, Which is 
Well knoWn to those skilled in the art. Therefore, further 
description is omitted for brevity. 

[0026] Please note that these three con?gurations of the 
phase detection unit are merely embodiments of the present 
invention, not limitations. 

[0027] The related art is unable to quickly relock onto a 
signal When a cycle slip occurs. The present invention solves 
this problem through the use of the connection betWeen the 
cycle slip detector and the toggling unit, toggling selection 
betWeen a ?rst value and a second value to alter the direction 
of frequency sWeeping and therefore recapture the signal 
much faster than in the related art. 

[0028] Those skilled in the art Will readily observe that 
numerous modi?cations and alterations of the device and 
method may be made While retaining the teachings of the 
invention. Accordingly, the above disclosure should be 
construed as limited only by the metes and bounds of the 
appended claims. 

What is claimed is: 
1. A phase locked loop comprising: 

a phase detection unit for generating a phase error signal 
representing a phase error betWeen an input signal and 
an output clock; 

a loop ?lter, coupled to the phase detection unit, for 
?ltering the phase error signal and generating a ?rst 
control signal; 

a cycle slip detector, coupled to the phase detection unit, 
for detecting Whether a cycle slip has occurred accord 
ing to the phase error signal and generating a slip 
indication signal; 
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a toggling unit, coupled to the cycle slip detector for 
toggling the selection betWeen a ?rst value and a 
second value as a compensation signal according to the 
slip indication signal; 

an accumulator for accumulating the compensation signal 
and generating a second control signal; 

an adder for adding the ?rst control signal and the second 
control signal and generating a third control signal; 

a controllable oscillator, coupled to the adder, for gener 
ating the output clock at a frequency based on the third 
control signal; 

Wherein the ?rst value and the second value have different 
signs. 

2. The phase locked loop of claim 1, Wherein the input 
signal is an analog signal and the phase detection unit 
comprises: 

an analog-to-digital converter for converting the analog 
input signal to a digital input signal Wherein the analog 
to-digital converter is clocked by the output clock; and 

a phase detector coupled to the analog-to-digital converter 
for generating a phase error signal according to the 
digital input signal. 

3. The phase locked loop of claim 1, Wherein the input 
signal is an analog signal and the phase detection unit 
comprises: 

a slicer for slicing the analog input signal to a sliced input 
signal; and 

a phase detector for generating a phase error signal 
according to the sliced input signal and the output 
clock. 

4. The phase locked loop of claim 1, Wherein the input 
signal is a digital signal and the phase detection unit com 
prises a phase detector for generating a phase error signal 
according to the digital input signal and the output clock. 

5. The phase locked loop of claim 1 Wherein the magni 
tudes of the ?rst and second values are the same. 

6. The phase locked loop of claim 1 Wherein the toggling 
unit toggles the selection betWeen the ?rst value and the 
second value on detection of each cycle slip. 

7. The phase locked loop of claim 6 Wherein the toggling 
unit outputs a Zero value as the compensation signal once the 
output clock is regarded as locked to the input signal. 

8. A phase locked loop comprising: 

a phase detection unit for generating a phase error signal 
representing a phase error betWeen an input signal and 
an output clock; 

a cycle slip detector, coupled to the phase detection unit, 
for detecting Whether a cycle slip has occurred accord 
ing to the phase error signal and generating a slip 
indication signal; 

a toggling unit, coupled to the cycle slip detector for 
toggling the selection betWeen a ?rst value and a 
second value as a compensation signal according to the 
slip indication signal; 

an adder for adding the phase error signal and the com 
pensation signal and generating a compensated phase 
error signal; 
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a loop ?lter, coupled to the adder, for ?ltering the com 
pensated phase error signal and generating a control 
signal; 

a controllable oscillator, coupled to the loop ?lter, for 
generating the output clock at a frequency based on the 
control signal; 

Wherein the ?rst value and the second value have di?cerent 
signs. 

9. The phase locked loop of claim 8, Wherein the input 
signal is an analog signal and the phase detection unit 
comprises: 

an analog-to-digital converter for converting the analog 
input signal to a digital input signal Wherein the analog 
to-digital converter is clocked by the output clock; and 

a phase detector coupled to the analog-to-digital converter 
for generating a phase error signal according to the 
digital input signal. 

10. The phase locked loop of claim 8, Wherein the input 
signal is an analog signal and the phase detection unit 
comprises: 

a slicer for slicing the analog input signal to a sliced input 
signal; and 

a phase detector for generating a phase error signal 
according to the sliced input signal and the output 
clock. 

11. The phase locked loop of claim 8, Wherein the input 
signal is a digital signal and the phase detection unit com 
prises a phase detector for generating a phase error signal 
according to the digital input signal and the output clock. 

12. The phase locked loop of claim 8 Wherein the mag 
nitudes of the ?rst and second values are the same. 

13. The phase locked loop of claim 8 Wherein the toggling 
unit toggles the selection betWeen the ?rst value and the 
second value on detection of each cycle slip. 

14. The phase locked loop of claim 13 Wherein the 
toggling unit outputs a Zero value as the compensation signal 
once the output clock is regarded as locked to the input 
signal. 

15. A method for controlling frequency sWeeping of a 
phase locked loop comprising: 
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(a) When the phase locked loop operates according to a 
?rst sWeeping direction, detecting if at least a cycle slip 
occurs for generating a detection result; and 

(b) according to the detection result, controlling the phase 
locked loop to operate according to a second sWeeping 
direction di?cerent from the ?rst sWeeping direction. 

16. The method of claim 15, further comprising: (c) 
toggling the selection betWeen a ?rst value and a second 
value as a compensation signal on detection of a cycle slip; 

Wherein step (b) further comprises utiliZing the compen 
sation signal to adjust a control signal inputted into a 
controllable oscillator of the phase locked loop for 
controlling the phase locked loop to operate according 
to the second sWeeping direction. 

17. The method of claim 16 Wherein the ?rst and second 
values have the same magnitude but di?cerent signs. 

18. The method of claim 16 Wherein step (c) further 
comprises accumulating the compensation signal, and step 
(b) further comprises utiliZing an accumulating result of the 
compensation signal to adjust the control signal. 

19. The method of claim 18 Wherein step (b) further 
comprises adding the accumulating result to an output of a 
loop ?lter of the phase locked loop to generate the control 
signal. 

20. The method of claim 16 Wherein step (c) further 
comprises outputting a Zero value as the compensation 
signal once an output clock of the phase locked loop is 
regarded as locked to an input signal of the phase locked 
loop. 

21. The method of claim 16 Wherein step (b) further 
comprises: 

adding the compensation signal to a phase error signal 
generated from a phase detection unit of the phase 
locked loop for generating a compensated phase error 
signal; and 

outputting the compensated phase error signal to a loop 
?lter of the phase locked loop for adjusting the control 
signal. 


