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57 ABSTRACT 

A device synchronizes an internal signal with respect to a 
reference signal, each signal comprising pulses normally 
occurring at a rated frequency. The device uses a phase 
comparator to analyze the phase of the internal signal and 
the reference signal and produce one logic state if the phase 
of the internal signal is in advance of the phase of the 
reference signal and a second logic state otherwise. A 
programmable frequency divider divides an internal clock 
signal by a first number if the phase comparator signal 
produces the first logic state or by a second number if the 
phase comparator produces the second logic state. A multi 
plexer provides the programmable divider with either the 
first number or the second number depending on the logic 
state produced the phase comparator. The device also 
includes a storage element for sequentially storing a prede 
termined number of the latest logic states of the phase 
comparator. The device also includes circuitry for decre 
menting the first number when the latest stored logic states 
of the phase comparator have a single occurrence of the first 
logic state and for incrementing the second number when the 
latest stored logic states of the phase comparator have a 
single occurrence of the second state. 

44 Claims, 3 Drawing Sheets 
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METHOD AND A DEVICE FOR 
SYNCHRONZNG ASIGNAL 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 
made by reissue. 

TECHNICAL FIELD 

The present invention relates to phase locked loops (PLL) 
and particularly to a digital PLL. 

BACKGROUND OF THE INVENTION 

A PLL is a device providing a signal synchronized with 
respect to a reference signal, that is, having the same phase 
and frequency as the reference signal. In the absence of a 
reference signal, the PLL provides a frequency approxi 
mately equal to the rated frequency of the reference signal. 
The function of the PLL is to follow the reference signal and 
to provide a signal similar to the reference signal in case of 
an accidental absence of the latter, 

FIG. 1A shows a conventional simple digital PLL, 
intended to synchronize the pulses of an internal signal Fint 
with respect to the pulses of a reference signal SYNC. This 
PLL comprises a digital phase comparator (PHASE-COMP) 
10 receiving signals Fint and SYNC and providing at its 
output a signal SGN. Signal SGN assumes a first logic state 
(1) if the phase of signal Fint is in advance to the phase of 
signal SYNC, i.e. if a pulse of signal Fint occurs prior to a 
pulse of signal SYNC, and assumes a second state (0) if 
signal Fint has a delayed phase. Signal Fint is obtained by 
dividing a clock signal CK through a divider (DIVN-N.) 
12 controlled by the signal SGN of the phase comparator. 
Divider 12 divides signal CK by a fixed high number N 
when signal SGN is "1" and by a fixed low number N, when 
signal SGN is "O". 
Number N is such that the signal Fint obtained by 

dividing the clock signal CKby this number Nhas a period 
higher than the rated period of the reference signal SYNC. 
Number N is such that signal Fint has a period lower than 
the rated period of the reference signal SYNC. 

FIG. 1B shows signals SYNC, Fint and SGN in an 
exemplary application of the PLL of Figure LA to TV signals, 
where signal Fint is used for generating the line scan. Signal 
SYNC is then generated by a receiving circuit or a magnetic 
tape recorder and its rated period is 64 microseconds. 

Period T of signal SYNC, especially in the case of a video 
tape recorder where it is determined by the running speed of 
the tape, can vary within a substantially high range. Number 
N is selected so that the corresponding signal Fint has a 
long period T higher than the maximum period of signal 
SYNC, for example 65 microseconds. Number N is 
selected so that the corresponding signal Fint has a short 
period T. lower than the minimum period, for example 63 
microseconds. 

FIG. 1B shows the signals obtained in steady state assum 
ing that signal SYNC is at its rated period (64 
microseconds). 
At a time to, a pulse from signal Fint is detected prior to 

a synchronization pulse from signal SYNC, which indicates 
that signal SYNC has a phase lag with respect to signal Fint. 
The signal SGN of the phase comparator goes to "1" and 
selects the division of the clock signal CK by the high 
number N. The next period of signal Fint is thereforefixed 
to 65 microseconds. 
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2 
At a time t1, the next synchronization pulse of signal 

SYNC is detected before a pulse from signal Fint. This 
indicates that the signal Fint has a phase lag with respect to 
signal SYNC. Signal SGN goes to "0" and selects the 
division by the low number N and therefore a 
63-microsecond period of signal Fint. 
At a time t2, a pulse from signal Fint is detected prior to 

the next synchronization pulse from signal SYNC, indicat 
ing a phase lag. Signal SGN switches to state "1" and the 
process is resumed in the same way as at time to. 

In the above case where the period T of the reference 
signal SYNC is constant and equal to the average value of 
the long and short periods of signal Fint, the period of signal 
Fint oscillates at each period between 63 and 65 microsec 
onds. 

If the period T is slightly higher than 64 microseconds, the 
period of signal Fint oscillates in the same way with, 
however, from time to time, a few successive periods of 65 
microseconds. If the period T is slightly lower than 65 
microseconds, signal Fint will have a period of 65 micro 
seconds with, from time to time, a period of 63 microsec 
onds. In fact, the long or short periods of signal Fint 
successively occur so that the average frequency calculated 
over a large number of periods of signal Fint is equal to that 
of signal SYNC. It can be demonstrated that the duty cycle 
of signal SGN is expressed by (T-T)/(T-T). 

If period T is higher than 65 microseconds, the period of 
signal Fint is blocked at 65 microseconds and is therefore 
false. 

Complementary cases occur when period Tranges from 
63 to 64 microseconds. 
Thus, this PLL is capable of following a reference signal 

SYNC only if its period T ranges within determined limits 
(here, 63 and 65 microseconds). It is therefore advantageous 
to separate as much as possible the extreme limits of signal 
Fint in order to increase the tracking range. 

However, by increasing this range, the resolution of the 
PLL is reduced. In fact, assuming that signal SYNC is the 
line scan synchronization signal of a TV set, the period 
jumps between the extreme periods of signal Fint, from 
which scanning is generated, appear in the form of lines on 
the screen alternatively beginning forward or backward one 
with respect to the other. If the extreme periods of signal Fint 
are too high, these line differences become visible and 
unpleasant (a vertical line will be indented). 

SUMMARY OF THE INVENTION 

An object of the intention is to provide a simple digital 
PLL with a large tracking range and a good resolution. 
The invention is embodied in a method of synchronizing 

an internal signal to a reference signal by comparing the 
phase of the internal signal with the phase of the reference 
signal and producing a first logic state if the phase of the 
internal signal is in advance of the phase of the reference 
signal, or a second logic state otherwise. The internal signal 
is produced by dividing a clock signal by a first or a second 
variable divisor depending on the logic state of the phase 
comparison signal. The value of the variable divisors may be 
altered based on the value of successive states of the phase 
comparison signal. 

Alternatively, this object is achieved with a method for 
synchronizing an internal signal with respect to a reference 
signal having a reference period, the internal signal having 
a long or short period between which the reference period is 
normally included, comprising the following steps: 
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a) analyzing the duration of the reference period with 
respect to the durations of the long and short periods; 

b) if the reference period is closer to the long period than 
to the short period, incrementing the short period; 

c) if the reference period is closer to the short period than 
to the long period, decrementing the long period; 

d) if the reference period is higher than the long period, 
incrementing the long period; and 

e) if the reference period is smaller than the short period, 
decrementing the short period. 
According to an embodiment of the invention, step a) 

consists in analyzing a predetermined number of the latest 
successive phase differences between the internal signal and 
the reference signal and the requirements of steps b) to e) are 
respectively met if: 

the number of phases in advance is higher than the 
number of lagged phases; 

the number of lagged phases is higher than the number of 
phases in advance; 

there is no phase lag; and 
there is no phase advance. 
According to an embodiment of the invention, if the 

number of the successive phases in advance is higher than a 
predetermined number, the long period is incremented; and, 
if the number of successive phase lags is higher than the 
predetermined number, the short period is decremented. 

According to an embodiment of the invention, the fol 
lowing steps are achieved: comparing the long period with 
the short period and inhibiting the decrementation of the 
long period and the incrementation of the short period when 
the difference between these periods is lower than a prede 
termined threshold. 

According to an embodiment of the invention, the fol 
lowing steps are provided: comparing the long period with 
a maximum period and inhibiting the incrementation of the 
long period if these periods are equal; and comparing the 
short period with a minimum period and inhibiting the 
decrementation of the short period if these periods are equal. 
The invention is embodied in a device containing a phase 

comparator to measure the phase difference of the internal 
signal and the reference signal and producing a phase 
comparison signal. A programmable divider divides a clock 
signal by a first or second variable divisor depending on the 
logic state of the phase comparison signal. The value of the 
variable divisor may be altered depending on the value of 
successive logic states of the phase comparison signal. 

Alternatively, the invention provides a device for syn 
chronizing an internal signal with respect to a reference 
signal, these signals each comprising pulses normally occur 
ring at a rated frequency, comprising a phase comparator 
providing a phase comparison signal at a predetermined 
logic state if the phase of the internal signal is in advance 
with respect to the phase of the synchronization signal, and 
to a complementary logic state otherwise; a programmable 
sequence divider receiving a clock signal and providing the 
internal signal; a multiplexer providing the divider, in order 
to program it, with a high binary number if the comparison 
signal is at a predetermined state, and a low binary number 
otherwise; means for sequentially storing the latest states of 
the comparison signal; first counting means clocked by the 
internal signal and providing the high binary number to the 
multiplexer; first detection means selling the first counting 
means to down-counting position when the latest stored 
states of the comparison signal have a single state at the 
predetermined state; second counting means clocked by the 
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4 
internal signal and providing the low binary number to the 
multiplexer; and second detection means setting the second 
counting means to up-counting position when the latest 
stored states of the comparison signal have a single state at 
the complementary state. 

According to an embodiment or the invention, this device 
further comprises third detection means setting the first 
counting means to counting position when the stored states 
of the comparison signal are all set to the predetermined 
state; and fourth detection means setting the second counting 
means to down-counting position when the stored states of 
the comparison signal are all set to the complementary state. 

According to an embodiment or the invention, this device 
further comprises a first comparator for comparing the high 
and low binary numbers and setting the first and second 
counting means to standby position if the high number is 
lower than or equal to the low number. 

According to an embodiment of the invention, this device 
further comprises a second comparator for comparing the 
high binary number with the maximum binary number and 
setting the first counting means to the standby position if the 
maximum number is exceeded; and a third comparator for 
comparing the low binary number with a minimum number 
and setting the second counting means to the standby 
position if the minimum number is exceeded. 

According to an embodiment of the invention, the pro 
grammable divider comprises a divider by two distinct 
numbers, either one is selected by the output signal of a 
pulse generator programmed by the number supplied by the 
multiplexer. 

BRIEF DESCRIPTION OF THE DRAWTINGS 

The foregoing and other objects, features and advantages 
of the invention will be apparent from the following detailed 
description of preferred embodiments as illustrated in the 
accompanying figures wherein: 

FIGS. 1A and 1B, above described, respectively show a 
conventional digital PLL and signals associated with this 
PLL; 

FIG. 2 is a simplified diagram of a digital PLL according 
to the invention: 

FIG. 3 is an exemplary embodiment of the PLL of FIG. 
2, and 

FIG, 4 shows an embodiment of a programmable divider 
usable in the PLL of FIGS. 2 and 3. 

DETALED DESCRIPTION OF THE 
INVENTION 

In a synchronization system with a PLL as shown in FIG. 
1A, the method according to the invention consists in 
modifying the long (T) and short (T) periods of signal Fint 
so as to bring them closer, as much as possible, to a current 
stable period T or signal SYNC while providing that the 
latter is between a long period and a short period. This is 
achieved as follows. 

Following a shift of the frequency of signal SYNC, the 
period T of the latter is no longer included between 65 the 
long and short periods of signal Fint. If period T is, for 
example, higher than the long period, this long period is 
incremented until it is again higher than period T. If period 
T is lower than the short period, the short period is decre 
mented until it is again lower than period.T.Then, the period 
of signal Fint the most remote from period T is brought 
nearer until the other period of signal Fint is the most 
remote, and so forth until the long and short periods are 
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separated from each other by a predetermined minimum 
value while being on both sides of period T. 

FIG. 2 is a simplified drawing of a PLL according to an 
embodiment of the invention enabling this modification of 
long and short periods of signal Fint by adequately modi 
fying the division numbers N and N of FIG. 1A. The PLL 
comprises a digital phase comparator 10 identical to the one 
used in the conventional PLL of FIG. 1A receiving signals 
SYNC and Fint and providing signal SGN. Signal Fint is 
obtained by dividing a clock signal CK by a programmable 
N divider (DIVN) 13. Divider 13 comprises a programma 
tion input on which is presented number N. This number N 
is provided by the two-input multiplexer 14. State "1" of 
signal SGN selects the first input of multiplexer 14 on which 
is presented the high number N stored in a memory 16. 
State "0" of signal SGN selects the second multiplexer input 
on which is presented the low number N. stored in a 
memory 17. 
The above described components of the PLL according to 

the invention have the same functions as those of the 
conventional PLL of FIG. 1A and similarly provide a signal 
Fint with short periods T, and long periods T occurring 
successively in such a way that the average period of signal 
Fint calculated over a large number of periods is equal to the 
period T of signal SYNC. 
The conventional divider by N or N12 is replaced with 

a programmable divider 13 to which is externally provided 
either number N or N through the multiplexer 14 switched 
by signal SGN. Thus, by modifying numbers N and N, 
periods T and T are modified in the above, described way. 
A method for modifying numbers N and N will be 
described in more detail hereafter, according to a preferred 
embodiment of the invention. 
A control circuit (CTRL) 18 increments or decrements 

numbers N and N in memories 16 and 17 as a function of 
the sequences of states of signal SGN. Circuit 18 analyzes 
the latest successive states or signal SGN inside a window 
comprising a predetermined number of periods, for example 
4. The interpretation of the states of signal SGN enables 
detecting the following cases and causing the corresponding 
operations. 

a) Signal SGN presents states alternating between "1" and 
"0" (its duty cycle is 0.5). As indicated in relation with FIG. 
1B, the period T of signal SYNC is thus centered between 
the short periods T and long periods T of signal Fint. 
These half-periods of signal SGN are detected in the analy 
sis window and the high number N is decremented during 
every two periods while the low number N is incremented 
during each of the other periods. Thus, one obtains a quick 
convergence of the long period T and short period T of 
signal Fint to period T of signal SYNC. 

b) Signal SGN is continuously at "1" (the resulting signal 
Fint is blocked on the long period). This indicates that the 
long periodT of signal Fint is lower than the current period 
T of signal SYNC or at least insufficient for quickly recov 
ering the phase delay. When signal SGN is, for example, 
during 4 periods to "1", the high number N is incremented 
by one unit at each of the subsequent periods until signal 
SGN is detected at 'O'. 

c) Signal SON presents sequences of "1's” with one "O" 
from time to time (its duty cycle is close to 1). This indicates 
that the long period T is higher than period T but closer to 
the latter than the short period.T. Each time "0" is detected, 
the low number N is incremented by one unit to bring the 
short period Tinearer to periods Tand T. Thus, the number 
of successive "1's" decreases so that the average period of 
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6 
the resulting signal Fint remains equal to the periodT, until 
alternate "1's" and "O's" appear. 

However, in the case the number of "1's" is very high, the 
low number N would be very slowly incremented. In order 
to accelerate the convergence, it is preferable to operate as 
follows. As in the case of b), the high number N will be 
incremented for each period following the period when four 
successive "1's" are detected in the analysis window. This 
causes a quick centering of periodTbetween the long period 
T and short period T. Indeed, one obtains a modification 
of either numbers N or N during all the periods except for 
the four periods to "1" following a "0" of signal SGN. When 
period T is centered, one obtains the above case a) where 
convergence is quick. 

Cases d) and e) here below correspond to the comple 
mentary cases of cases b)) and c) and the same reasoning is 
valid. 

d) Signal SGN is constantly at "0". This indicates that the 
short period T is higher than the period T. When signal 
SGN has been during four periods to "0", the low number N 
is decremented by one unit at each of the subsequent 
periods, until signal SGN is detected at "1". 

e) Signal SGN presents successive sequences of "O's" 
with one "1" from time to time (its duty cycle close to 0). 
This indicates that the short period T is lower than the 
periodTbut closer to the latter than the long period T. Each 
time "1" is detected, the high number N is decremented by 
one unit. The low number N, is incremented for each 
subsequent period when four successive "O's" are detected 
in the analysis window, until alternate "1's" and "O's" 
appear. In a manner similar to that discussed above, in 
order to accelerate the convergence, the low number N is 
decremented for each period following the period when four 
successive "0’s” are detected in the analysis window, until 
alternate "1s” and "O's" appear. The convergence of T 
and T toward the period T then proceeds as described 
above in case a). 
Of course, the PLL according to the invention operates 

only if predetermined requirements are complied with. 
Especially, N has to be higher than N; hence, it is 
necessary to avoid (decrementing number N or increment 
ing number N, when they differ only by one unit at step a). 
It will be seen in relation with FIG. 3 how these require 
ments are net. 

FIG. 3 describes in detail an embodiment of the PLL of 
FIG. 2. The figure shows again the phase comparator 10, the 
multiplexer 14 and the programmable divider 13 of FIG. 2. 
Memories 16 and 17 containing the high number N and low 
number N are up/down counters clocked by signal Fint 
generated by the programmable divider 13. The additional 
components described hereunder constitute the control cir 
cuit 18 of FG. 2. 
The last three states SGN, SGN and SGN of the 

output signal SGN of the phase comparator 10 are stored in 
three flip-flops 34 of a shift register 35, SGN designating 
the state of the current signal SGN. Shift register 35 is 
clocked by signal Fint and constitutes the above mentioned 
analysis window. 

States SGN to SGN are respectively applied to the 
inputs of a four-input AND gate 37, the output of which is 
connected through a two-input AND gate 38 to the 
up-counting validation input (UP) of the up/down counter 
16. 
The complements of states SGNoSGN are applied 

respectively to the input of a four-input AND gate 40, the 
output of which is connected through a two-input AND gate 
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41 to the down-counting validation input (DOWN) of 
up/down counter 17. 
The complement of state SGN state SGN and the 

complement of state SGN are respectively applied to the 
inputs of a three-input AND gate 43, the output of which is 
connected through a two-input AND gate 44 to the down 
counting validation input (DOWN) of the up/down counter 
16. 

State SGN, the complement of state SGN, and state 
SGN are respectively applied to the inputs of a three-input 
AND gate 46, the output of which is connected through a 
two-input AND gate 47 to the up-counting validation input 
(UP) of the up/down counter 17. 

In a first step, the AND gates 38, 41, 44 and 47 and other 
components of the circuit not yet described will not be taken 
into account because they do not affect the main operation 
of the PLL. It is assumed that the outputs of the AND gates 
37, 40, 43 and 46 are directly connected to the up and down 
validation inputs of the up/down counters 16 and 17 and that 
number N is higher than number N. The operation of the 
PLL according to the invention is described hereafter in 
relation with FIG. 3. 

Four successive "1's" of signal SGN, which corresponds 
to the above mentioned cases b) and c), are detected by AND 
gate 37 which enables up-counting of counter 16 and 
therefore the incrementation by one unit of number N 
during the next pulse of signal Fint. 

Four successive "O's" of signal SGN, which corresponds 
to cases d) and e) above mentioned, are detected by AND 
gate 40 which enables down-counting of counter 17 and 
therefore the decrementation by one unit of number N 
during the next pulse of signal Fint. 
A series of states 1.0. 1 of signal SGN, which corresponds 

to cases a) and c) above mentioned, is detected by gate 46 
which enables the counting of counter 17 and therefore the 
incrementation of number N during the next pulse of signal 
Fint. 
A series of states 0, 1,0 of signal SGN, which corresponds 

to cases a) and e) above mentioned, is detected by gate 43 
which enables down-counting of counter 16 and therefore 
the decrementation of number N during the next pulse of 
signal Fint. 
The circuit according to the invention comprises addi 

tional components among which AND gates 38, 41. 44 and 
47, preventing numbers N and N from having false 
values, namely high number N>Nmax. NCNmin, and 
N<N Numbers Nimax and Nmin respectively designate 
the numbers corresponding to the extreme periods of signal 
Fint, between which the period of signal SYNC is supposed 
to vary. 
To avoid that counter 16 counts beyond Nmax, its output 

(N) is connected to a comparator 50 which compares 
number N with Nimax and inhibits the up counting of 
counter 16 by presenting a state "O" on the second input of 
the AND gate 38 when NZNmax. 
To avoid that counter 17 counts below Nmin. the output 

(N) of the counter is connected to a comparator 52 which 
compares number N with Nmin and inhibits the down 
counting of counter 17 by presenting a state “0” on the 
second input of the AND gate 41 when NCNmin. 
Numbers N and N are also compared in a comparator 

54 which inhibits the down counting of counter 16 and the 
up counting of counter 17 by presenting a "0" on the second 
inputs of AND gates 44 and 47 when N-N. 

Numbers N and N are numbers remaining close to a 
high number, about 7000 in the practical example that will 
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8 
be described hereafter. Storing high numbers that vary little 
vary in counters 16 and 17 is not advantageous because 
counters with a high number of bits would be necessary. It 
is preferred to store in counters 16 and 17 intermediate high 
(n) and low (n) numbers comprised between 0 and a 
number that can be coded on a tolerable number of bits, 
these numbers being then provided to a specific program 
mable divider which calculates from these numbers the 
adequate division factor N. 
N and N. could be simply obtained by adding a constant 

number to n and n. 
FIG. 4 shows another embodiment of the programmable 

divider and is intended to show that various modifications 
can be made to the implementation of the invention. The 
programmable divider of FIG. 4 comprises a divider by 9 or 
by 10 (DIV 9/10) 60 receiving the clock signal CK and 
providing an intermediate signal Fi. The division by 9 (that 
is, the provision of a pulse every nine pulses of the clock 
signal CK) or by 10 (that is, the provision of a pulse every 
ten pulses of signal CK) is selected by a signal 10/9*. State 
"1" of this signal causes the division by 10 and state "O" 
causes the division by 9. Signal Fint is obtained from the 
intermediate signal Fi by dividing the latter by a divider 62. 

Signal 10/9* is provided by a programmable pulse gen 
erator (n-PLS) 64 receiving the intermediate signal Fi and 
programmed by a number n which is one of the intermediate 
numbers n and n above described provided by the mul 
tiplexer 14 (FIGS. 2 and 3). Each time a predetermined 
number (higher than n) of pulses of the input signal Fi 
occurs, the pulse generator 64 will have transmitted only n 
pulses. 

In an example adapted to television, the clock signal CK 
has a 111-MHz frequency, divider 62 is a divider by 768 and 
the pulse generator 64 is a generator of n pulses amongst 
1024 pulses of signal Fi, number n provided by counters 16 
or 17 being a binary number (coded on 9 bits) ranging from 
O to 511. 

With this divider configuration, signal Fipresents succes 
sions or 1024 pulses, nor which are separated one from the 
other by 10 periods of the clock signal CK and 1024-n of 
which arc separated one from the other by 9 periods of signal 
CK. Signal Fint presents a pulse every 768 pulses of signal 
F. 
Thus, the frequency of signal Fint is equal to that of clock 

signal CK divided by N=768(n/1024)+9). If n=256, N=710. 
and the frequency of signal Fint is equal to the rated line 
frequency of 15625 Hz. 
When this divider is used in the PLL according to the 

invention, as soon as the high (n) and low (n) intermediate 
numbers differ by one unit, the difference between the long 
period and short period of signal Fint is 6.7 nanoseconds, 
which corresponds to an imperceptible shift on a TV screen. 

In addition, the PLL according to the invention can track 
a signal SYNC having a period varying from 62.3 to 65.7 
microseconds (respectively corresponding to n=0 and 
n=511). These extreme periods can be enlarged by using 
up/down counters and a programmable divider with a higher 
number of bits, and by decreasing the division factor of 
divider 62. The minimum difference between short and long 
periods can be reduced by using a clock signal CK with a 
higher frequency and by increasing the division factor of 
divider 62. 

In the embodiment described in relation with FIG. 3, a 
durable advanced or delayed phase of signal Fint is detected 
over four periods (AND gates 37, 40). The occurrence of an 
accidental different phase is detected over three periods 
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(AND gates 43, 46). It would also have been possible to 
achieve a detection over three periods in both cases. 
The invention has been described in relation with TV 

signals, but those skilled in the art will note that this circuit 
is a digital PLL that can be used instead of any conventional 
PLL by adapting the frequency of clock CK, the division 
factors of the dividers and the differences between numbers 
N and N. Various variants and modifications of the 
invention will appear to those skilled in the art, for example, 
the counters, logic gates and dividers can be achieved by 
properly programming a microprocessor and the shift reg 
ister 35 can be replaced by memory cells. It is possible to 
devise other logic circuits having the same functions as 
those of the described logic circuits. 
What is claimed is: 
1. A method of synchronizing an internal signal with a 

reference signal, comprising the steps of: 
a) providing a phase comparison signal having a first logic 

state when the phase of the internal signalis in advance 
with respect to the reference signal, and having a 
second logic state otherwise; 

b) producing the internal signal by frequency dividing a 
clock signal by a first variable divisor when said phase 
comparison signal is in said first logic state or a second 
variable divisor when said phase comparison signal is 
in said second logic state, the value of said first divisor 
initially being greater than the value of said second 
divisor; and 

c) altering the value values of said first and second 
variable divisors based on the value values of suc 
cessive states of said phase comparison signal. 

2. The method of claim 1, further including the step of 
storing a predetermined number of successive states of said 
phase comparison signal. 

3. The method of claim 2 wherein the step of altering the 
value values of said first and second variable divisors alters 
the value values by selectively incrementing or decrement 
ing the value of said first or second variable divisor based on 
the value values of said predetermined number of succes 
sive states. 

4. The method of claim 3, further including the step of 
preventing the value of said second variable divisor from 
exceeding the value of said first variable divisor by com 
paring the value of said first variable divisor with the value 
of said second variable divisor and disabling the decrement 
ing of the value of said first variable divisor and the 
incrementing of the value of said second variable divisor 
when the value of said first variable divisor equals the value 
of said second variable divisor. 

5. The method of claim 3, further including the step of 
preventing the value of said first variable divisor from 
exceeding a predetermined maximum first divisor value by 
comparing the value of said first variable divisor with the 
value of said maximum first divisor value and disabling the 
incrementing of the value of said first variable divisor when 
the value of said first variable divisor equals the value of 
said maximum first divisor value. 

6. The method of claim 3, further including the step of 
preventing the value of said second variable divisor from 
falling below a predetermined minimum second divisor 
value by comparing the value of said second variable divisor 
with the value of said minimum second divisor value and 
disabling the decrementing of the value of said second 
variable divisor when the value of said second variable 
divisor equals the value of said minimum second divisor 
value. 

7. A method for synchronizing an internal signal with 
respect to a reference signal having a reference period, said 
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internal signal having a long period or a short period 
between which said reference period is normally included, 
comprising the following steps: 

a) analyzing the duration of the reference period with 
respect to the durations of the long and short periods; 

b) when the reference period is closer to the long period 
than the short period, incrementing the short period; 

c) when the reference period is closer to the short period 
than the long period, decrementing the long period; 

d) when the reference period is higher than the long 
period, incrementing the long period; and 

e) when the reference period is lower than the short 
period, decrementing the short period. 

8. A method according to claim 7, wherein step a) consists 
in analyzing a predetermined number of the latest successive 
differences of phase between the internal signal and the 
reference signal and wherein the requirements of steps b) to 
e) are met when, respectively: 

the number of phases where the internal signal is in 
advance is higher than the number of lagged phases 
where the internal signal is lagging: 

the number of lagged phases where the internal signal 
is lagging is higher than the number of phases where 
the internal signal is in advance; 

there is no phase lag of the internal signal; and 
there is no phase advance of the internal signal. 
9. A method according to claim 8, further comprising the 

following steps: 
when the number of successive phases in advance is 

higher than a predetermined number, incrementing the 
long period; and 

when the number of successive phase lags is higher than 
the predetermined number, decrementing the short 
period. 

10. A method according to claim 7 further comprising the 
following steps: 

comparing the long and short periods; and 
inhibiting the decrementation of the long period and the 

incrementation of the short period when the difference 
between these periods is lower than a predetermined 
threshold. 

11. A method according to claim 7.further comprising the 
following steps: 

comparing the long period with a maximum period and 
inhibiting the incrementation of the long period when 
said periods are equal; and 

comparing the short period with a minimum period and 
inhibiting the decrementation of the short period when 
said periods are equal. 

12. A device for synchronizing an internal signal with a 
reference signal, the device comprising: 

a phase comparator providing a phase comparison signal 
with a first logic state when the phase of the internal 
signal is in advance with respect to the reference signal. 
and a second logic state otherwise; 

a programmable frequency divider producing the internal 
signal by dividing a clock signal by a first variable 
divisor when said phase comparison signal is in said 
first logic state or a second variable divisor when said 
phase comparison signal is in said second logic state, 
the value of said first divisor initially being greater than 
the value of said second divisor; and 

control means for altering the value values of said first 
and second variable divisor divisors based on the 
values of successive states of said phase comparison 
signal. 
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13. The device of claim 12, further including storage 
means for storing a predetermined number of successive 
states of said phase comparison signal. 

14. The device of claim 13 wherein said control means 
alters the value values of said first and second variable 
divisor divisors by selectively incrementing or decrement 
ing the value of said first or second variable divisor based on 
the value values of said predetermined number of succes 
sive states. 

15. The device of claim 14, further including means for 
preventing the value of said second variable divisor from 
exceeding the value of said first variable divisor by com 
paring the value of said first variable divisor with the value 
of said second variable divisor and disabling the portion of 
said control means for decrementing the value of said first 
variable divisor and incrementing the value of said second 
variable divisor when the value of said first variable divisor 
equals the value of said second variable divisor. 

16. The device of claim 14, further including means for 
preventing the value of said first variable divisor from 
exceeding a predetermined maximum first divisor value by 
comparing the value of said first variable divisor with the 
value of said maximum first divisor value and disabling the 
portion of said control means for incrementing the value of 
said first variable divisor when the value of said first 
variable divisor equals the value of said maximum first 
divisor value. 

17. The device of claim 14, further including means for 
preventing the value of said second variable divisor from 
falling below a predetermined minimum second divisor 
value by comparing the value of said second variable divisor 
with the value of said minimum second divisor value and 
disabling the portion of said control means for decrementing 
the value of said second variable divisor when the value of 
said second variable divisor equals the value of said 
minimum second divisor value. 

18. A device for synchronizing an internal signal with 
respect to a reference signal. said signals each comprising 
pulses normally occurring at a rated frequency, comprising: 

a phase comparator providing a phase comparison signal 
at a predetermined logic state when the phase of said 
internal signal is in advance with respect to the phase 
of the synchronization said reference signal, and at a 
complementary logic state otherwise: 

a programmable frequency divider fed by a clock and 
providing said internal signal; 

a multiplexer providing to said divider, in order to pro 
gram it, a high binary number when said phase com 
parison signal is at said predetermined state, and a low 
binary number, otherwise; 

a means for sequentially storing a predetermined number 
of the latest states of said phase comparison signal; 

a first counting means clocked by said internal signal and 
providing said high binary number to said multiplexer; 

a first detection means setting said first counting means in 
down-counting position when said predetermined num 
ber of latest stored states of said phase comparison 
signal have a single state at said predetermined state; 

a second counting means, clocked by said internal signal 
and providing said low binary number to said multi 
plexer; and 

a second detection means setting said second counting 
means in up-counting position when said predeter 
mined number of latest stored states of said phase 
comparison signal have a single state at said comple 
mentary state. 

10 

15 

25 

30 

35 

45 

50 

55 

65 

12 
19. A device according to claim 18, further including: 
a third detection means setting said first counting means 

in up-counting position when said predetermined num 
ber of latest stored states of said phase comparison 
signal are all at said predetermined state; and 

a fourth detection means setting said second counting 
means to down-counting position when said predeter 
mined number of latest stored states of said phase 
comparison signal are at said complementary state. 

20. A device according to claim. 19, further comprising a 
first comparator for comparing the high and low binary 
numbers and setting said first and second counting means in 
a standby state when the high binary number is lower than 
or equal to the low binary number. 

21. A device according to claim 18, further comprising: 
a second first comparator comparing said high binary 
number with a maximum binary number and setting 
said first counting means in a standby state when said 
maximum number is exceeded; and 

a third second comparator comparing said low binary 
number with a minimum number and setting said 
second counting means in said standby state when said 
low binary number is less than said minimum number 
is exceeded. 

22. A device according to claim 18, wherein said pro 
grammable divider comprises a divider by two distinct 
numbers, either one is being selected by the output signal 
of a pulse generator programmed by the number provided by 
said multiplexer. 

23. A phase-locked loop, comprising: 
a phase comparator having a reference-signal input, a 

synchronized-signal input, and a phase output; 
a shift register having a clock input, a signal input 

coupled to said phase output of said phase comparator, 
and a plurality of register outputs; 

a programmable frequency-divider circuit having first 
and second divisor inputs, a control input coupled to 
said phase output of said phase comparator, and a 
synchronized-signal output that is coupled to said 
synchronized-signal input of said phase comparator; 

a high-divisor counter having a clock input coupled to 
said synchronized-signal output of said phase 
comparator, a count-down input, and a high-count 
output coupled to said first divisor input of said 
frequency-divider circuit; 

a low-divisor counter having a clock input coupled to said 
synchronized-signal output of said phase comparator, a 
courat-up input, and a low-count output coupled to said 
second divisor input of said frequency-divider circuit; 

a first logic circuit having a plurality of inputs, one of said 
inputs coupled to said phase output of said phase 
comparator and the remaining of said inputs each 
coupled to a corresponding one of said register outputs, 
said first logic circuit having an output coupled to said 
count-down input of said high-divisor counter; and 

a second logic circuit having a plurality of inputs, one of 
said inputs coupled to said phase output of said phase 
comparator and the remaining of said inputs each 
coupled to a corresponding one of said register outputs, 
said second logic circuit having an output coupled to 
said count-up input of said low-divisor counter. 

24. The phase-locked loop of claim 23 wherein said first 
and second logic circuits each comprises an AND gate. 

25. The phase-locked loop of claim 23 wherein: 
said first logic circuit comprises a first AND gate that has 
an inverting input for every other input, the number of 
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inverting inputs greater than or equal to the number of 
noninverting inputs; and 

said second logic circuit comprises a second AND gate 
that has an inverting input for every other input, the 
number of noninverting inputs of the second AND gate 5 
greater than or equal to the number of inverting inputs 
of the second AND gate. 

26. A phase-locked loop, comprising: 
a phase comparator having a reference-signal input, a 

synchronized-signal input, and a phase output; 
a shift register having a clock input, a signal input 

coupled to said phase output of said phase comparator, 
and a plurality of register outputs; 

a programmable frequency-divider circuit having first 
and second divisor inputs, a control input coupled to 
said phase output of said phase comparator; and a 
synchronized-signal output that is coupled to said 
synchronized-signal input of said phase comparator 

a high-divisor counter having a clock input coupled to 2 
said synchronized-signal output of said phase 
comparator, a count-up input, and a high-count output 
coupled to said first divisor input of said frequency 
divider circuit 

a low-divisor counter having a clock input coupled to said 25 
synchronized-signal output of said phase comparator; a 
count-down input, and a low-count output coupled to 
said second divisor input of said frequency-divider 
circuit 

a first logic circuit having a plurality of inputs, one of said 30 
inputs coupled to said phase output of said phase 
comparator and the remaining of said inputs each 
coupled to a corresponding one of said register outputs, 
said first logic circuit having an output coupled to said 
count-up input of said high-divisor counter; and 35 

a second logic circuit having a plurality of inputs, one of 
said inputs coupled to said phase output of said phase 
comparator and the remaining of said inputs each 
coupled to a corresponding one of said register outputs, 
said second logic circuit having an output coupled to 0 
said count-down input of said low-divisor counter: 

27. The phase-locked loop of claim 26 wherein said first 
and second logic circuits each comprises an AND gate. 

28. A phase-locked loop, comprising: 
a phase comparator having a reference-signal input, a 

synchronized-signal input, and a phase output; 
a shift register having a clock input, a signal input 

coupled to said phase output of said phase comparator; 
and a plurality of register outputs, 

a programmable frequency-divider circuit having a clock 
input, first and second divisor inputs, a control input 
coupled to said phase output of said phase comparator, 
and a synchronized-signal output that is coupled to said 
synchronized-signal input of said phase comparator; is 

a high-divisor counter having a clock input coupled to 
said synchronized-signal output of said phase 
comparator, a count-down input, a count-up input, and 
a high-count output coupled to said first divisor input 
of said frequency-divider circuit 60 

a low-divisor counter having a clock input coupled to said 
synchronized-signal output of said phase comparator, a 
count-down input, a count-up input, and a low-count 
output coupled to said second divisor input of said 
frequency-divider circuit; 65 

a first logic circuit having a plurality of inputs, one of said 
inputs coupled to said phase output of said phase 
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comparator and the remaining of said inputs each 
coupled to a corresponding one of said register outputs, 
said first logic circuit having an output coupled to said 
count-up input of said high-divisor counter; 

a second logic circuit having a plurality of inputs, one of 
said inputs coupled to said phase output of said phase 
comparator and the remaining of said inputs each 
coupled to a corresponding one of said register outputs, 
said second logic circuit having an output coupled to 
said count-down input of said high-divisor counter; 

a third logic circuit having a plurality of inputs, one of 
said inputs coupled to said phase output of said phase 
comparator and the remaining of said inputs each 
coupled to a corresponding one of said register outputs, 
said third logic circuit having an output coupled to said 
count-up input of said low-divisor counter; and 

a fourth logic circuit having a plurality of inputs, one of 
said inputs coupled to said phase output of said phase 
comparator and the remaining of said inputs each 
coupled to a corresponding one of said register outputs, 
said fourth logic circuit having an output coupled to 
said count-down input of said low-divisor counter: 

29. The phase-locked loop of claim 28 wherein said shift 
register comprises three storage cells. 

30. The phase-locked loop of claim 28 wherein said 
programmable frequency-divider circuit comprises. 

a programmable frequency divider having a clock input 
coupled to said clock input of said frequency-divider 
circuit, a divisor input, and a synchronized-signal 
output that is coupled to said synchronized-signal out 
put of said frequency-divider circuit; and 

a multiplexer having first, second, and control inputs 
respectively coupled to said first, second, and control 
inputs of said frequency-divider circuit, said multi 
plexer having an output coupled to said divisor input of 
said programmable frequency divider: 

31. The phase-locked loop of claim 28 wherein: 
said shift register has first second, and third register 

outputs and has three sequentially arranged memory 
cells each having an output that is coupled to a 
corresponding one said register outputs; 

said first logic circuit comprises an AND gate having a 
first input coupled to said phase output of said phase 
comparator and having second, third and fourth inputs 
respectively coupled to said first, second, and third 
register outputs; 

said second logic circuit comprises an AND gate having 
a first terminal coupled to said phase output of said 
phase comparator, a second input coupled to said first 
register output, and a third input coupled to said 
second register output, said second terminal inverted 
with respect to said first and third terminals; 

said third logic circuit comprises an AND gate having a 
first terminal coupled to said phase output of said 
phase comparator, a second input coupled to said first 
register output, and a third input coupled to said 
second register output, said first and third terminals 
inverted with respect to said second terminal; and 

said fourth logic circuit comprises an AND gate having a 
first input coupled to said phase output of said phase 
comparator and having second, third and fourth inputs 
respectively coupled to said first, second, and third 
register outputs, said inputs of said fourth logic circuit 
logically inverted with respect to said inputs of said 
first logic circuit, 
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32. The phase-locked loop of claim 28, further compris 
trag 
a first disable circuit intercoupled between said high 

divisor counter and said first logic circuit, said first 
disable circuit having an input coupled to said output 
of said first logic circuit, a disable input, and an output 
coupled to said count-up terminal of said high-divisor 
counter 

a second disable circuit intercoupled between said high 
divisor counter and said second logic circuit, said 
second disable circuit having an input coupled to said 
output of said second logic circuit, a disable input, and 
an output coupled to said count-down terminal of said 
high-divisor counter; 

a third disable circuit intercoupled between said low 
divisor counter and said third logic circuit, said third 
disable circuit having an input coupled to said output 
of said third logic circuit, a disable input, and an output 
coupled to said count-up terminal of said low-divisor 
counter 

a fourth disable circuit intercoupled between said low 
divisor counter and said fourth logic circuit, said fourth 
disable circuit having an input coupled to said output 
of said fourth logic circuit, a disable input, and an 
output coupled to said count-down terminal of said 
low-divisor counter; 

a first comparator having a high-divisor input coupled to 
said output of said high-divisor counter, a maximum 
high-divisor input, and an output coupled to said 
disable input of said first disable circuit; 

a second comparator having a high-divisor input coupled 
to said output of said high-divisor counter; a low 
divisor input coupled to said output of said low-divisor, 
and an output coupled to said disable inputs of said 
second and third disable circuits; and 

a third comparator having a low-divisor input coupled to 
said output of said low-divisor counter, a minimum 
low-divisor input, and an output coupled to said dis 
able input of said fourth disable circuit. 

33. The phase-locked loop of claim 28 wherein said 
programmable frequency-divider circuit comprises: 

a selectable-divisor frequency divider having a clock 
input coupled to said clock input of said programmable 
frequency-divider circuit, a divisor input, and a signal 
output; 

a multiplexer having first, second and control inputs 
respectively coupled to said first divisor; second divisor, 
and control inputs of said programmable frequency 
divider circuit, said multiplexer having an output; 

a fixed frequency divider having an input coupled to said 
signal output of said selectable-divisor frequency 
divider, and having a synchronized-signal output 
coupled to said synchronized-signal output of said 
programmable frequency-divider circuit; and 

a programmable pulse generator having an input coupled 
to said output of said multiplexei, an output coupled to 
said divisor input of said selectable-divisor frequency 
divider, and a clock input coupled to said signal output 
of said selectable-divisor frequency divider. 

34. A method, comprising: 
performing a number of sequential comparisons between 

the phase of a reference signal having a reference 
period and the phase of a synchronized signal that has 
first and second periods, 

causing said synchronized signal to have said first period 
if said reference signal lags said synchronized signal 
during a first of said comparisons; 
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16 
lengthening said first period if said reference signal lags 

said synchronized signal during said first comparison 
and during a first predetermined number of compari 
sons that immediately precede said first comparison; 

shortening said first period if said phase of said reference 
signal alternates leading and lagging said phase of 
said synchronized signal according to a first predeter 
mined sequence during said first comparison and dur 
ing a second predetermined number of comparisons 
that immediately precede said first comparison, 

causing said synchronized signal to have said second 
period if said reference signal leads said synchronized 
signal during said first comparison; 

shortening said second period if said reference signal 
leads said synchronized signal during said first com 
parison and during a third predetermined number of 
comparisons that immediately precede said first con 
parison, and 

lengthening said second period if said phase of said 
reference signal alternates leading and lagging said 
phase of said synchronized signal according to a sec 
ond predetermined sequence during said first compari 
son and during a fourth predetermined number of 
comparisons that immediately precede said first com 
parison. 

35. The method of claim 34, further comprising: 
inhibiting said lengthening of said first period if said first 
period is equal to or longer than a predetermined 
maximum period; and 

inhibiting said shortening of said second period if said 
second period is equal to or shorter than a predeter 
mined minimum period. 

36. The method of claim 34, fiarther comprising: 
comparing the lengths of said first and second periods; 
and 

inhibiting said shortening of said first period and said 
lengthening of said second period if said second period 
is equal to or greater than said first period. 

37. The method of claim 34 wherein: 
said first predetermined number equals said third prede 

termined number; and 
said second predetermined number equals said fourth 
predetermined number. 

38. The method of claim 34 wherein: 
said first and third predetermined numbers equal 3; and 
said second and fourth predetermined numbers equal 2. 
39. The method of claim 34 wherein: 
said first predetermined sequence equals lead-lag-lead of 

said phase of said reference signal with respect to said 
phase of said synchronized signal; and 

said second predetermined sequence equals lag-lead-lag 
of said phase of said reference signal with respect to 
said phase of said synchronized signal. 

40. The method of claim 34, further comprising: 
generating said synchronized signal from a clock signal; 
wherein said causing said synchronized signal to have 

said first period includes dividing said clock signal by 
a first divisor; and 

said causing said synchronized signal to have said second 
period includes dividing said clock signal by a second 
divisor. 

41. The method of claim 34, further comprising: 
generating said synchronized signal from a clock signal; 
wherein said causing said synchronized signal to have 

said first period includes dividing said clock signal by 
a first divisor, 
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said causing said synchronized signal to have said second 
period includes dividing said clock signal by a second 
divisor, 

wherein said lengthening said first period includes incre 
menting said first divisor; 

wherein said shortening said first period includes decre 
menting said first divisor; 

wherein said shortening said second period includes 
decrementing said second divisor and 

wherein said lengthening said second period includes 
incrementing said second divisor: 

42. The method of claim 34, further comprising: 
frequency dividing a clock signal by a first number to 

generate an intermediate signal; 
frequency dividing said intermediate signal by a second 

number to generate said synchronized signal; 
generating a first value for said first number in response 

to each of a third number of pulses of said intermediate 
signal, and 

generating a second value for said first number in 
response to each of a fourth number of pulses of said 
intermediate signal, said fourth number being equal to 
the difference between a predetermined number and 
said third number: 

43. The method of claim 34, further comprising: 
frequency dividing a clock signal by a first number to 

generate an intermediate signal; 
frequency dividing said intermediate signal by a second 
number to generate said synchronized signal; 
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generating a first value for said first number in response 

to each of a third number of pulses of said intermediate 
signal, 

generating a second value for said first number in 
response to each of a fourth number of pulses of said 
intermediate signal, said fourth number being equal to 
the difference between a predetermined number and 
said third number; 

wherein said causing said synchronized signal to have 
said first period includes generating a third value for 
said third number, and 

wherein said causing said synchronized signal to have 
said second period includes generating a fourth value 
for said third number: 

44. The method of claim 34, further comprising: 
frequency dividing a clock signal by a first number to 

generate an intermediate signal; 
frequency dividing said intermediate signal by 768 to 

generate said synchronized signal; 
generating a third number that has a value that depends 

upon said phase of said reference signal with respect to 
said phase of said synchronized signal, said value 
ranging from 0 to 511; 

setting said first number to 10 in response to each of said 
third number of pulses of said intermediate signal; and 

setting said first number to 9 in response to each of a 
fourth number of pulses of said intermediate signal, 
said fourth number being equal to the difference 
between 1024 and said third number 
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