
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2002/0017933 A1 

US 20020017933A1 

Hayashida (43) Pub. Date: Feb. 14, 2002 

(54) PHASE-LOCKED LOOP CIRCUIT AND (30) Foreign Application Priority Data 
FREQUENCY MODULATION METHOD 
USING THE SAME Jan. 18, 1999 (JP) ......................................... .. 11-009876 

(76) Inventor: Keiji Hayashida, Tokyo (JP) PubliCatiOIl Classi?cation 

Correspondence Address; Int. Cl-7 ..................................................... .. HUTCHINS, WHEELER & DITTMAR (52) US. Cl. ............................................................ .. 327/156 

101 FEDERAL STREET 

BOSTON, MA 02110 (US) (57) ABSTRACT 

( * ) Notice: This is a publication of a continued pros 
ecution application (CPA) ?led under 37 A phase-locked loop circuit is provided With an oscillator 
CFR 1_53(d)_ Which outputs a pulse signal, and a frequency divider for 

frequency-dividing the pulse signal. The frequency divider 
(21) Appl, No,: 09/484,941 is provided With a dividing factor switching circuit Which 

sWitches the dividing factor before a phase of the pulse 
(22) Filed: Jan. 18, 2000 signal is locked to that of a reference clock signal. 

2 
e 3 ‘5' 5 

fr P F a 
D C P L P F v c o ‘O 

1 

I I 
NO D 

FREQUENCY I 
DIVIDER 

i 
MN1 



Patent Application Publication Feb. 14, 2002 Sheet 1 0f 8 US 2002/0017933 A1 

FIG. 1 
(PRIOR ART) 

52 53 54 55 
8 8 9 9 

fr P F D C p LP F v0 0 f0 

51 
LOOP I 

k 
COUNTER 

R o M f56 
T a ble 

57 
UP/DOWNI 
COUNTER 

FIG. 2 
(PRIOR ART) 

FREQUENCY 
TIME 



Patent Application Publication Feb. 14, 2002 Sheet 2 0f 8 US 2002/0017933 A1 

FIG. 3 

a e e a 

?PFD CP LPF vco f0 
1 

L L FREQUENCY I 
DIVIDER 

TIT 
NODMN1 



Patent Application Publication Feb. 14, 2002 Sheet 3 0f 8 US 2002/0017933 A1 

3 w 

PDnFDO OO> 

:62 

mp @ 

ma .._<ZO_w JOWFZOO 

3 w 

H 



Patent Application Publication Feb. 14, 2002 Sheet 4 0f 8 US 2002/0017933 A1 

o?o?? ?o??? 0???? 
???o? ????o 

\ 

????? 
????? 

o?ooo ?oooo 
oo?o? ooo?o @000? 

@205 @\E x S 

\ 

ooooo 
J ooooo 

_ _ _ _ _ _ _ _ _ _ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

I; 

AmH>v ANH>V AoH>v 

mm .GE <m GI 



Patent Application Publication Feb. 14, 2002 Sheet 5 0f 8 US 2002/0017933 A1 

U 1,; 

REGISTERED VALUE IN COUNTER 



Patent Application Publication Feb. 14, 2002 Sheet 6 0f 8 US 2002/0017933 A1 

FIG. 7 
i 

>_ 
U 
2 

% 
g (N0) (N1) 
CE 
LI- | 

| 
Q | 

g : 
< i 
_| I 
_| l 

5 : 
(I) | 
O 1 

i1 7 

TIME 

I} . 

TIME 



Patent Application Publication Feb. 14, 2002 Sheet 7 0f 8 US 2002/0017933 A1 

FIG. 9 
O O 

21 

4OKQ P33 
22:: 50pF 

1100pF H 

777 777 



Patent Application Publication Feb. 14, 2002 Sheet 8 0f 8 US 2002/0017933 A1 

0mm 

mmm 

0mm 

33 1 v m2; mun 

Own 

m_m 

mom 

00m 
0.02 09 b9 @ m2 

( Z H ) AQNBHDEIEH 



US 2002/0017933 A1 

PHASE-LOCKED LOOP CIRCUIT AND 
FREQUENCY MODULATION METHOD USING 

THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a phase-locked 
loop circuit to be used for frequency modulation in digital 
equipment, and a frequency modulation method using the 
same. In particular, the present invention relates to a phase 
locked loop circuit With a reduced chip siZe, and a frequency 
modulation method using the same. 

[0003] 2. Description of the Related Art 

[0004] Generally, phase-locked loops (PLLs) are in use to 
make the phase of oscillator’s signals coincide With and 
folloW the phase of a reference signal. On this account, the 
signals output from the oscillator are constant in phase. In 
such PLL circuits, hoWever, problems resulting from elec 
tromagnetic interference (EMI) have been pointed out 
recently. 

[0005] In this vieW, there has been disclosed reduction of 
EMI by changing the oscillated frequency to obtain modu 
lation frequency in a PLL circuit (Japanese Patent Applica 
tion Laid-Open Nos. Hei 9-289527 and Hei 6-250755). FIG. 
1 is a block diagram shoWing a conventional PLL circuit. 

[0006] A conventional PLL circuit comprises a phase and 
frequency detector (PFD) 52, a charge pump (CP) 53, a 
loW-pass ?lter (LPF) 54, and a voltage-controlled oscillator 
(VCO) 55 in series connection. Besides, a loop counter 51 
for frequency-dividing signals output from the voltage 
controlled oscillator 55 is connected to an input terminal of 
the phase and frequency detector 52. A loop circuit is 
con?gured in this Way. The phase and frequency detector 52 
makes a comparison in phase betWeen a reference frequency 
fI and the frequency of an output pulse of the loop counter 
51, and outputs the phase difference to the charge pump 53. 
The charge pump 53 charges/discharges the capacitor pro 
vided in the loW-pass ?lter 54 in accordance With a signal 
from the phase and frequency detector 52. The loW-pass 
?lter 54 separates the input signal for transmission. The 
voltage-controlled oscillator 55 oscillates pulse signals in 
association With a change in the output voltage from the 
loW-pass ?lter 54. 

[0007] The loop counter 51 is also connected With a ROM 
table 56, and this ROM table 56 is connected With an 
up/doWn counter 57. The ROM table 56 pre-stores dividing 
factors for use in frequency-dividing the output signal of the 
voltage-controlled oscillator 55. The up/doWn counter 57 
changes the addressing in the ROM table 56 for each output 
of the loop counter 51. 

[0008] In the conventional PLL circuit con?gured thus, the 
loop counter 51 outputs a pulse upon receiving a given 
number of pulse inputs that are output from the voltage 
controlled oscillator 55. Each output from the loop counter 
51 changes the value of the up/doWn counter 57, Which in 
turn changes the address in the ROM table 56. This results 
in the dividing factor in the loop counter 51 being changed 
for each output. Accordingly, the signals output from the 
PLL circuit also vary in frequency for each output. 
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[0009] FIG. 2 is a graphical representation on Which the 
abscissa represents time and the ordinate represents oscil 
lated frequency, schematically shoWing variation in the 
oscillated frequency of the output signal from the conven 
tional PLL circuit. For eXample, in the case Where the 
dividing factor output from the ROM table 56 repeats a 
given period of ascent and a given period of descent, the 
oscillated frequency varies, as shoWn in FIG. 2, to obtain a 
so-called triangular Waveform. Such variation of the oscil 
lated frequency suppresses the EMI problems. 

[0010] Incidentally, con?guration such as shoWn in FIG. 
1 is also described in US. Pat. NO. 5,488,627. 

[0011] HoWever, conventional PLL circuits as described 
above require ROM tables, Which produces a problem in that 
the circuits become greater in chip siZe or involve additional, 
dedicated chips. Besides, the modulation frequencies or 
ranges cannot be modi?ed easily by reasons such that 
modi?cations to the modulation conditions inevitably 
require modi?cations to the ROM tables. Moreover, the 
ROM tables need to be provided With prescribed dividing 
factors in advance. 

[0012] It is indeed possible to replace the ROM tables With 
RAMs; hoWever, this brings about no solution to problems 
of increased chip siZe and the like. 

SUMMARY OF THE INVENTION 

[0013] An object of the present invention is to provide a 
phase-locked loop circuit Which is capable of reduction in 
chip siZe and easy modi?cation to its modulation conditions, 
and a frequency modi?cation method using the same. 

[0014] According to one aspect of the present invention, a 
phase-locked loop circuit comprises an oscillator Which 
outputs a pulse signal and a frequency divider for frequency 
dividing the aforesaid pulse signal. The frequency divider 
has a dividing factor sWitching circuit Which sWitches a 
dividing factor before a phase of the aforesaid pulse signal 
is locked to that of a reference clock signal. 

[0015] In the present invention, the dividing factor is 
sWitched by the dividing factor sWitching circuit before the 
phase of the pulse signal is locked to that of the reference 
clock signal, alloWing more gentle variation in the oscillated 
frequency as compared With the case Where the dividing 
factor is not sWitched until the lock in phase. Accordingly, 
it is possible to increase or decrease the oscillated frequency 
before its saturation. This provides a so-called triangle 
Waveform Without the use of storage device such as a ROM. 

[0016] According to another aspect of the present inven 
tion, a frequency modulation method comprises the step of 
sWitching a dividing factor before a phase of a pulse signal 
output from an oscillator is locked to that of a reference 
clock signal. 

[0017] In the present invention, the dividing factor is 
sWitched before the phase of the pulse signal is locked to that 
of the reference clock signal, alloWing more gentle variation 
in the oscillated frequency as compared With the case Where 
the dividing factor is not sWitched until the lock in phase. 
Accordingly, it is possible to increase or decrease the 
oscillated frequency before its saturation. This provides a 
so-called triangle Waveform Without the use of storages such 
as a ROM. 
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[0018] The nature, principle and utility of the invention 
Will become more apparent from the following detailed 
description When read in conjunction With the accompany 
ing drawings in Which like parts are designated by like 
reference numerals or characters. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 is a block diagram shoWing a conventional 
PLL circuit; 

[0020] FIG. 2 is a graphical representation schematically 
shoWing variation in the oscillated frequency of the output 
signal in the conventional PLL circuit; 

[0021] FIG. 3 is a block diagram shoWing the phase 
locked loop circuit according to an embodiment of the 
present invention; 

[0022] FIG. 4 is a block diagram shoWing the counter in 
the embodiment of the present invention; 

[0023] FIGS. 5A through 5D are schematic diagrams 
shoWing the relation betWeen an integer value V and a 
control signal PS; 

[0024] FIG. 6 is a timing chart for explaining the opera 
tion of the frequency divider 1; 

[0025] FIG. 7 is a graphical representation schematically 
shoWing variation in oscillated frequency in a PLL circuit; 

[0026] FIG. 8 is a graphical representation schematically 
shoWing variation in oscillated frequency With the dividing 
factor changed; 

[0027] FIG. 9 is a circuit diagram shoWing the con?gu 
ration of the loW-pass ?lter used in simulations; and 

[0028] FIG. 10 is a graphical representation shoWing the 
simulation results on oscillated frequency. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0029] Hereinafter, the phase-locked loop circuit accord 
ing to an embodiment of the present invention Will be 
described in detail With reference to the accompanying 
draWings. Like conventional PLL circuits, the present 
embodiment suppresses the EMI problems by outputting 
oscillation frequencies of triangular Waveform. FIG. 3 is a 
block diagram shoWing the phase-locked loop (PLL) circuit 
according to the embodiment of the present invention. FIG. 
4 is a block diagram shoWing the counter in the embodiment 
of the present invention. 

[0030] The PLL circuit according to the present embodi 
ment comprises a phase and frequency detector (PFD) 2, a 
charge pump (CP) 3, a loW-pass ?lter (LPF) 4, and a 
voltage-controlled oscillator (VCO) 5 in series connection. 
Besides, a frequency divider 1 for frequency-dividing sig 
nals output from the voltage-controlled oscillator 5 is con 
nected to an input terminal of the phase and frequency 
detector 2. A loop circuit has such con?guration. The phase 
and frequency detector 2 makes a comparison in phase 
betWeen a reference frequency fI and the frequency of an 
output pulse of the frequency divider 1, and outputs the 
phase difference to the charge pump 3. The charge pump 3 
charges/discharges the capacitor provided in the loW-pass 
?lter 4 in accordance With the signal from the phase and 
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frequency detector 2. The loW-pass ?lter 4 separates the 
input signal input for transmission. The voltage-controlled 
oscillator 5 oscillates pulse signals in association With a 
change in the output voltage from the loW-pass ?lter 4. 

[0031] Besides, the frequency divider 1 is provided With 
an n-bit doWn counter 11 for outputting a pulse upon 
receiving n of pulse inputs output from the voltage-con 
trolled oscillator 5. This n-bit doWn counter 11 is connected 
With n of multiplexers 12 to Which tWo types of n-bit 
dividing factors NO and N1 are input. There is also provided 
a control signal generating circuit 13 to Which reference 
frequency fI is input. The circuit 13 generates a control 
signal PS for the multiplexers 12. For example, When the 
control signal PS is “0”, the multiplexers 12 output the 
dividing factor NO to the n-bit doWn counter 11. When the 
control signal is “1”, the multiplexers 12 output the dividing 
factor N1 to the n-bit doWn counter 11. The difference 
betWeen the dividing factor NO and the dividing factor N1 is 
not particularly limited in value; it may be 1 or 2, or may 
take any other value. 

[0032] Moreover, the control signal generating circuit 13 
is connected With an arithmetic circuit 14 for calculating and 
outputting an integer value V for use in determining the 
control signal PS. To the arithmetic circuit 14 are input a 
modulation scaling signal D for determining the difference 
betWeen the maximum frequency and the minimum fre 
quency of the oscillated frequency forming a triangular 
Wave, and a modulation frequency signal M for determining 
the frequency of the triangular Wave. Incidentally, the modu 
lation scaling signal D and the modulation frequency signal 
M are not particularly limited in the number of bits. The 
n-bit doWn counter 11, the multiplexers 12, the control 
signal generating circuit 13, and the arithmetic circuit 14 
constitute the dividing factor sWitching circuit. 

[0033] Next, description Will be made on the relation 
betWeen the integer value V and the control signal PS. 
FIGS. 5A through 5D are schematic diagrams shoWing the 
relation betWeen the integer value V and the control signal 
PS. 

[0034] When the integer value V is “0”, as shoWn in FIG. 
5A, the control signal PS has series of (a><M/2) digits of 0s 
and series of (a><M/2) digits of 1s arranged alternately. Here, 
a is an arbitrary positive even number. The resultant trian 
gular Waveform has a period of (a><M/fr). For example, the 
value a=4 can combine With a fourth the clock number M to 
obtain a triangular Waveform having the same period as in 
the case Where the value a=1. 

[0035] When the integer value V is “1”, as shoWn in FIG. 
5B, the control signal PS has an arrangement that a single 
digit exchange is made across each boundary betWeen the 
series of 0s and the series of Is in FIG. 5A. 

[0036] When the integer value V is “2”, as shoWn in FIG. 
5C, the control signal PS has an arrangement that a tWo-digit 
exchange is made on the arrangement of FIG. 5B across 
each boundary betWeen the series of 0s and the series of Is 
in FIG. 5A. 

[0037] Correspondingly, When the integer value V is “3”, 
as shoWn in FIG. 5D, the control signal PS has an arrange 
ment that a three-digit exchange is made on the arrangement 
of FIG. 5C across each boundary betWeen the series of 0s 
and the series of Is in FIG. 5A. 
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[0038] When the integer value V is “4” or greater, the 
control signal PS follows the above-described rule to have 
an arrangement that the 0s and 1s as many as the integer 
value V are exchanged across each boundary betWeen the 
series of 0s and the series of 1s in FIG. 5A. 

[0039] Here, the value of the integer value V is determined 
in association With the modulation frequency signal M so as 
to obtain a triangular Wave. The modulation scaling signal D 
is used to deliberately change the value of the integer value 
V to change the frequency range. 

[0040] Next, description Will be given of the operation of 
the frequency divider 1. FIG. 6 is a timing chart for 
explaining the operation of the frequency divider 1. Here, 
the description Will be made as to a time domain in Which 
the integer value V is determined in association With the 
modulation scaling signal D and modulation frequency 
signal M so that the control signal PS varies like . . . , 0, 1, 

0, 1, 1 . . . . When the control signal PS is “0”, the n-bit doWn 

counter 11 counts N1 until it outputs a pulse Nout. The 
reference frequency fI is input to the control signal gener 
ating circuit 13, Which in turn outputs the control signal 
PS=1to the multiplexers 12. On the occasion When the 
control signal PS varies from “0” to “1”, the multiplexers 12 
output the dividing factor NO to the n-bit doWn counter 11, 
and the n-bit doWn counter 11 starts to count N0 of output 
pulses. 
[0041] Subsequently, upon counting N0 of the output 
pulses from the voltage-controlled oscillator 5, the n-bit 
doWn counter 11 outputs a pulse Nout. Next, the control 
signal generating circuit 13 changes the control signal PS 
from “1” to “0”, and outputs this control signal PS to the 
multiplexers 12. The multiplexers 12 output the dividing 
factor N1 to the n-bit doWn counter 11, and the n-bit doWn 
counter 11 starts to count N1 of output pulses. 

[0042] Such steps Will be repeated. 

[0043] NoW, description Will be given of the operation of 
the PLL circuit according to the present embodiment. FIG. 
7 is a graphical representation on Which the abscissa repre 
sents time and the ordinate represents oscillated frequency, 
schematically shoWing variation in the oscillated frequency 
in a PLL circuit. Generally, in the case Where the phase of 
the oscillated frequency in a PLL circuit is already locked 
With the dividing factor No=m and the dividing factor is then 
changed to N1=m+l at a time t1, the phase takes a certain 
period of time to be locked to the phase corresponding to the 
dividing factor N1=m+1. Here, like the phase, the oscillated 
frequency itself also takes a certain period of time to 
coincide With the frequency for the dividing factor N1=m+1. 
Accordingly, if the dividing factor is sWitched betWeen NO 
and N1 before the phase of the oscillated frequency is locked 
to the phase corresponding to the dividing factor N1=m+1, 
i.e., in its transition, the phase of the oscillated frequency 
Will take up more time to be locked to the phase for the 
dividing factor N1=m+1. 
[0044] In the present embodiment, the dividing factor is 
sWitched before the phase lock of the oscillated frequency, 
by means of the control signal PS based on the integer value 
V. On this account, the phase of the oscillated frequency is 
free from lock, and the oscillated frequency varies in certain 
periods. 
[0045] FIG. 8 is a graphical representation on Which the 
abscissa represents time and the ordinate represents oscil 
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lated frequency, schematically shoWing variation in the 
oscillated frequency produced by a change in the dividing 
factor. In FIG. 8, the full line represents the frequency With 
time domains in Which the dividing factors NO and N1 
alternate With each other, and the broken line represents the 
frequency With the time domains in each of Which the 
dividing factor NO or N1 simply continues to serve. As shoWn 
in FIG. 8, in the case Where the dividing factor NO and the 
dividing facto N1 are kept unchanged throughout a time 
domain, the phase gets locked and the oscillated frequency 
reaches saturation someWhat after the change of the dividing 
factors. In contrast, the oscillated frequency With time 
domains in Which the dividing factors NO and N1 alternate 
With each other exhibits more gentle ascents and descents as 
compared With the former case, and the oscillated frequency 
starts to vary in an opposite direction as soon as it reaches 
a former saturation value. As a result, a triangular Waveform 
is obtained in the latter case. 

[0046] The oscillated frequency forming a triangular 
Waveform Without saturation provides effective EMI sup 
pression, Whereas the oscillated frequency reaching satura 
tion can only suppress EMI insuf?ciently. 

[0047] The time needed for the lock to folloW a change in 
the dividing factor is characteriZed by charge-pump current 
Ip, VCO gain K of the voltage-controlled oscillator, and 
impedance Zf of the loW-pass ?lter. In the present embodi 
ment, it is preferable that the oscillated frequency makes 
more gentle ascents and descents than those of conventional 
PLL circuits for multiplication; therefore, the lock time is 
preferably longer and the bandWidth preferably Wider. 

[0048] If the modulation scaling signal D is ?xed, the 
triangular Waveform is also ?xed to the maximum value of 
(frxNl) and the minimum value of (fIxNO) even When the 
other conditions are changed. This means that the modula 
tion scaling signal D can be changed to narroW the gap 
betWeen the maximum value and the minimum value for 
narroWer ranges. 

[0049] In the embodiment described above, there is pro 
vided a period in Which the control signal PS has “01”s or 
“10”s in a roW. HoWever, the present invention is not limited 
thereto, and the same effect as that of the present embodi 
ment can be obtained by providing a period having “001”s, 
“101”s, or the like in a roW or a period having an irregular 
series of 0s and 1s betWeen the period having a series of 0s 
and the period having a series of 1s so that the oscillated 
frequency forms a triangular Waveform Without saturation. 

[0050] Hereinafter, concrete description Will be made on 
the results of the simulation run on the embodiment of the 
present invention. 

[0051] The simulation Was made With a charge-pump 
current Ip of 6 MA, a VCO gain K of 115 MHZ/V, the 
dividing factor N0 of 90, and the dividing factor N1 of 91. 
FIG. 9 is a circuit diagram shoWing the con?guration of the 
loW-pass ?lter used in the simulation. The loW-pass ?lter 
Was composed of a resistor 21 of 40 k9 and a capacitor 22 
of 1100 pF in series connection With each other, and a 
capacitor 23 of 50 pF connected thereto in parallel. More 
over, the clock number M of the reference frequency 
included in one cycle of the triangular Wave Was 11, the 
value of a Was 4, and the reference frequency fI Was 2.182 
MHZ. 
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[0052] FIG. 10 is a graphical representation on which the 
abscissa represents time and the ordinate represents oscil 
lated frequency, showing the results of the simulation. It is 
seen from FIG. 10 that when the integer value V according 
to the embodiment was 3, 5, 7, or 9, the oscillated frequency 
did not reach saturation, and a triangular waveform could be 
obtained. In contrast, when the integer value V according to 
a comparative example was “0”, the oscillated frequency 
was temporarily locked to the dividing factor NO or N1 with 
saturation, approaching a rectangular waveform rather than 
a triangular waveform. 

[0053] As has been described in detail, according to the 
present invention, the provision of the dividing factor 
switching circuit for switching the dividing factor before the 
phase of the pulse signal is locked to that of the reference 
clock signal allows more gentle changes in the oscillated 
frequency as compared with the case where the dividing 
factor is not switched till after the lock. Accordingly, the 
oscillated frequency can be increased or decreased before 
saturation. This makes it possible to obtain a so-called 
triangular waveform and suppress EMI without the use of 
storage device such as ROM. Moreover, due to the absence 
of ROM, the modulation conditions can be modi?ed easily 
by supplying the external signals to the dividing factor 
switching circuit to change the internal signals. 

[0054] While there has been described what is at present 
considered to be a preferred embodiment of the invention, it 
will be understood that various modi?cations may be made 
thereto, and it is intended that the appended claims cover all 
such modi?cations as fall within the true spirit and scope of 
the invention. 

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

an oscillator which outputs a pulse signal; and 

a frequency divider for frequency-dividing said pulse 
signal, said frequency divider having a dividing factor 
switching circuit which switches a dividing factor 
before a phase of said pulse signal is locked to that of 
a reference clock signal. 

2. The phase-locked loop circuit according to claim 1, 
wherein said dividing factor switching circuit comprises: 

a multiplexer which selects one dividing factor from 
among two or more dividing factors supplied thereto; 

a control signal generating circuit which generates a 
control signal for controlling an order of dividing 
factor selection in said multiplexer in association with 
a frequency of said reference clock signal; and 

a counter which generates a pulse signal upon receiving 
said pulse signal to the number corresponding to the 
dividing factor selected by said multiplexer. 

3. The phase-locked loop circuit according to claim 2, 
wherein said control signal causes said multiplexer to con 
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tinuously select only a ?rst dividing factor throughout a ?rst 
period, continuously select only a second dividing factor 
throughout a second period, and continuously select said 
?rst dividing factor and said second dividing factor in 
combination in a third period provided between said ?rst 
period and said second period. 

4. The phase-locked loop circuit according to claim 3, 
wherein said control signal causes said multiplexer to alter 
nately select said ?rst dividing factor and said second 
dividing factor in said third period. 

5. Afrequency modulation method comprising the step of 
switching a dividing factor before a phase of a pulse signal 
output from an oscillator is locked to that of a reference 
clock signal. 

6. The frequency modulation method according to claim 
5, wherein: 

said step of switching the dividing factor is preceded by 
the step of ?xing said dividing factor to a ?rst dividing 
factor till before the phase of said pulse signal is locked 
to that of said reference clock signal; 

said step of switching the dividing factor is followed by 
the step of ?xing said dividing factor to a second 
dividing factor till before the phase of said pulse signal 
is locked to that of said reference clock signal; and 

said step of switching a dividing factor includes the step 
of switching said dividing factor to said ?rst dividing 
factor and said second dividing factor in combination. 

7. The frequency modulation method according to claim 
6, wherein said step of switching the dividing factor includes 
the step of switching said dividing factor to said ?rst 
dividing factor and said second dividing factor in turns. 

8. The frequency modulation method according to claim 
6, comprising the step of changing the frequency of said 
pulse signal stepwise by repeating the steps of: 

?xing said dividing factor to said ?rst dividing factor; 

switching said dividing factor; 

?xing said dividing factor to said second dividing factor; 
and 

switching said dividing factor. 
9. The frequency modulation method according to claim 

7, comprising the step of changing the frequency of said 
pulse signal stepwise by repeating the steps of: 

?xing said dividing factor to said ?rst dividing factor; 

switching said dividing factor; 

?xing said dividing factor to said second dividing factor; 
and 

switching said dividing factor. 

* * * * * 


