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FREQUENCY CONTROL SYSTEM THAT 
STABILIZES AN OUTPUT THROUGH BOTH 
A COUNTER AND VOLTAGE-CONTROLLED 

OSCILLATOR VIA SAMPLING A 
GENERATED CLOCK INTO FOUR STATES 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a frequency control sys 
tem for extracting a clock signal from a high bit rate digital 
signal or for synthesizing a frequency. The system comprises 
a circuit loop including a voltage-controlled oscillator 
(VCO) slaved to an incoming signal of unstable frequency. 

2. Description of the Prior Art 
The frequency control of a VCO is used in a receiver in 

order to extract from a digital data signal an original clock 
signal produced by a transmitter which transmitted the data 
signal. Frequency synthesis using a VCO is used in radio 
transmitters and receivers when it is necessary to generate 
precise frequencies for selecting a channel. In these two 
applications, the main technical problem is to extract the 
clock signal contained in the received digital data signal, 
which is affected by noise, i.e. which contains jitter, and to 
synthesize a precise frequency based on an unstable refer 
ence frequency. 

The invention has applications in the ?eld of digital trans 
missions at high bit rates, up to several hundred Mbit/ s, for 
recovering the clock signal needed to process the received 
data, and in the ?eld of radio equipments, for synthesizing 
high frequencies, typically up to a few GHz. 

In the two ?elds of applications previously cited, it is 
standard practice to use a phase-locked loop (PLL) which 
comprises a VCO, a frequency divider which can be pro 
grammable and which is connected to the output of the oscil 
lator to provide a divided frequency signal, and a phase com 
parator which delivers an error signal based on comparing 
the phases of the divided frequency signal and a reference 
signal. The ampli?ed and then ?ltered error signal controls 
the oscillator VCO. 

A ?rst dif?culty encountered in the prior art, when the 
required frequency is high, is that of providing a divide-by-N 
frequency divider which is needed to synthesize any fre 
quency equal to k.N.Fr where k is a constant, N is a variable 
coe?icient and Fr is the frequency of the reference signal. If 
N is an integer, frequencies multiple of the frequency Fr of 
the reference signal are generated by the oscillator VCO. 
However, it is routine practice not to limit N to integer 
values, which increases the complexity of the frequency 
divider included in the loop and leads to insurmountable 
technical implementation constraints at high frequencies. 
A second dif?culty results from the necessity to apply a 

very stable reference signal to the phase comparator; if this 
is not achieved, noise in the reference signal is multiplied by 
a factor k.N in the synthesized signal output by the oscillator. 

OBJECT OF THE INVENTION 

The main object of this invention is to overcome the afore 
mentioned di?iculties by providing a frequency control sys 
tem which is based on comparing the frequencies of an 
incoming digital signal which has an unstable clock fre 
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2 
quency and a clock signal generated directly or indirectly by 
an oscillator VCO and which is used both to extract the clock 
signal and for frequency synthesis, with the aim of tolerating 
variation in the frequency of the incoming signal about a 
mean value without any effect on the clock signal to be 
extracted or on the clock signal to be synthesized, whose 
frequency remains stable even in the presence of high jitter 
in the incoming signal. 

SUMMARY OF THE INVENTION 

Accordingly, a frequency control system comprising 
voltage-controlled oscillator means generating a clock 
signal, means receiving a digital incoming signal with 
unstable frequency for sampling the clock signal at two pairs 
of times corresponding to two consecutive transitions of the 
incoming signal in response to each of predetermined transi 
tions of the incoming signal, the times of one pair being 
separated by a predetermined time-delay at most equal to 
half the period of the clock signal, to produce four state 
signals of the clock signal, a frequency comparator combin 
ing the four state signals to form an upcounting signal only 
when the frequency of the clock signal is substantially less 
than the frequency of the incoming signal and to form a 
downcounting signal only when the frequency of the clock 
signal is greater than the frequency of the incoming signal, 
and upcounting and downcounting means for respectively 
upcounting and downcounting predetermined transitions of 
the incoming signal in response to the upcounting signal and 
the downcounting signal in order to apply a control voltage 
depending on a content of the upcounting and downcounting 
means to the oscillatory means. 

The frequency comparison in accordance with the inven 
tion is effected on the basis of two transitions of the incom 
ing signal and not on one transition, as is generally the case 
in the prior art. The four state signals resulting from sam 
pling the incoming signals at the two pairs of times for each 
transition can be combined by means for producing the 
upcounting signal for as long as three of the state signals 
corresponding to consecutive sampling times of the clock 
signal are identical, and means for producing the down 
counting signal for as long as one of two state signals corre 
sponding to sampling times of the clock signal lying 
between sampling times of the clock signal corresponding to 
the other two state signals is different from the other three 
state signals. 

In a preferred embodiment of the invention, the functions 
of the aforementioned two producing means are imple 
mented in the frequency comparator by means of a ?rst 
EXCLUSIVE-OR gate receiving two state signals corre 
sponding to sampling times of the clock signal between 
which are sampling times of the clock signal corresponding 
to the other two state signals, a second EXCLUSIVE-OR 
gate receiving the other two state signals, a ?rst AND gate 
connected directly to the ?rst EXCLUSIVE-OR gate and via 
an inverter to the second EXCLUSIVE-OR gate to produce 
said upcounting signal and a second AND gate connected 
directly to the second EXCLUSIVE-OR gate and via an 
inverter to the ?rst EXCLUSIVE-OR gate to produce the 
downcounting signal. 
The sampling means comprises preferably means for 

detecting predetermined transitions in the incoming signal in 
order to produce a transition signal and another transition 
signal delayed by the predetermined time-delay, and two 
pairs of ?ip-?ops respectively producing the state signals. 
Each pair of ?ip-?ops has a ?rst ?ip-?op receiving the clock 
signal and a second ?ip-?op having an input connected to 
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the direct output of the ?rst ?ip-?op. The transition signal 
and the delayed transition signal are respectively applied to 
clock inputs of the pairs of ?ip-?ops. 

In particular, When the incoming signal is a clock signal 
With an unstable frequency, the sampling means is entirely 
digital. In this case, the transition detecting means comprises 
a divide-by-four frequency divider to produce a clock signal 
at half the frequency of the incoming signal, and means for 
selecting a transition of said incoming signal and a transition 
in the complementary signal of the incoming signal When it 
has been complemented, during one half-period in tWo of the 
half-frequency clock signal in order to produce the transition 
signal and the delayed transition signal, respectively. 
When the frequency control system is used to extract a 

clock signal contained in an incoming digital data signal 
affected by noise, the system comprises means connected to 
the sampling means for comparing the phases of the incom 
ing signal and the clock signal as a function of tWo of the 
four state signals in order to select from the clock signal and 
the complementary signal thereof an outgoing clock signal 
Which is more in phase With the incoming signal and Which 
is used to read the incoming signal. In this Way, the outgoing 
clock signal is the recovered clock signal originally pro 
duced by the transmitter. 

In a preferred embodiment of the invention, the phase 
comparing means comprises latch logic means connected to 
the sampling means for selecting from the clock signal and 
the complementary signal thereof an outgoing clock signal 
Which is more in phase With the incoming signal When the 
state signals produced by the ?rst or second ?ip-?ops of said 
pairs of ?ip-?ops are respectively at ?rst and second states 
and at second and ?rst states, and a ?ip-?op for reading the 
incoming signal as a function of the outgoing clock signal. 
When the frequency control system is used to synthesiZe 

frequencies, it comprises divider means for generating the 
input signal to be applied to the sampling means in the form 
of an unstable reference clock signal having a mean fre 
quency over a respective number of periods equal to a pro 
grammed frequency from a unit clock signal having a stable 
frequency not less than four times the programmed 
frequency, the ratio betWeen the programmed frequency and 
the respective number of periods being constant. 

The frequency of the unit clock signal is therefore more 
than four times the highest frequency that can be pro 
grammed in the programmable frequency divider. 

The reference clock signal has a variable frequency result 
ing from programmed integer or non-integer division of the 
stable frequency of the unit clock signal, Which is delivered 
by a quartZ-crystal-controlled clock, for example. Variation 
of the reference signal frequency is inhibited in the control 
loop consisting essentially of the sampling means, the fre 
quency comparator, the upcounting and doWncounting 
means and the oscillator, With the result that the synthesiZed 
frequency produced by the oscillator is the required stable 
frequency, Which is equal to a multiple of the mean reference 
clock frequency. In contrast to the prior art, the invention 
replaces the programmable frequency divider of prior art 
synthesis loops With a ?xed frequency divider. 
Frequency divider means comprises in a preferred 

embodiment of the invention an adder and a buffer register 
clocked at the frequency of the unit clock signal and storing 
a sum at outputs of the adder, Wherein the adder adding the 
sum to the respective number associated With the pro 
grammed frequency. 

To eliminate any distortion of the duty cycle of the refer 
ence clock signal, frequency divider means comprises a 
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4 
divide-by-tWo frequency divider receiving the most signi? 
cant bit of the sum from the buffer register to generate the 
reference clock signal. 

For the application to frequency synthesis in particular, 
oscillatory means comprises at least one voltage-controlled 
oscillator controlled by the upcounting and doWncounting 
means via a loop ?lter, and a frequency divider for dividing 
the frequency of the signal generated by the oscillator by a 
?xed ratio in order to generate the clock signal. The ?xed 
ratio is preferably a poWer of tWo. The loop ?lter ?lters in 
particular harmonics of the unit clock signal resulting from 
frequency division in the programmable frequency divider. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects, features and advantages 
of the invention Will be apparent from the folloWing detailed 
description of several embodiments of the invention With 
reference to the corresponding accompanying draWings in 
Which: 

FIG. 1 is a schematic block diagram of a clock extractor 
circuit according to the invention; 

FIG. 2 shoWs in detail a sampling circuit included in the 
clock extractor circuit shoWn in FIG. 1; 

FIG. 3 shoWs in detail a phase comparator included in the 
clock extractor circuit shoWn in FIG. 1; 

FIG. 4 shoWs in detail a frequency comparator included in 
the clock extractor circuit shoWn in FIG. 1; 

FIG. 5 is a block diagram of a frequency synthesiZer 
according to the invention; 

FIG. 6 shoWs in detail a programmable frequency divider 
included in the frequency synthesiZer shoWn in FIG. 5; and 

FIG. 7 shoWs in detail a sampling circuit included in the 
frequency synthesiZer shoWn in FIG. 5. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIG. 1, a frequency control system serving as 
a clock extractor circuit EH in telecommunication terminal 
or receiver includes a phase and frequency comparator CPF 
and a voltage-controlled oscillator VCO. The comparator 
CPF has tWo inputs to Which are applied a digital incoming 
data signal Din, Which is reshaped after transmission by a 
telecommunication transmitter, and a clock signal H sup 
plied by the oscillator VCO. In the comparator CPF, compar 
ing the phases of the signals Din and H produces an outgoing 
data signal Dout and an outgoing recovered clock signal 
Hout Which are synchroniZed and in phase. Comparing the 
frequencies of the signals Din and H in the comparator CPF 
produces a variable voltage analog control signal VC for 
direct control of the oscillator VCO, in order to generate the 
clock signal H having a frequency set to the mean clock 
frequency of the data signal Din. 
The phase is compared in the phase and frequency com 

parator CPF by means of a four-state sampling circuit 1 and 
a phase comparator 2 and the frequency is compared by 
means of sampling circuit 1, a frequency comparator 3, an 
upcounter-doWncounter 4 and a digital-to-analog converter 
(DAC) 5. 

Referring to FIG. 2, the sampling circuit 1 comprises an 
EXCLUSIVE-OR gate 10 having inputs connected to the 
input terminal 1E of the circuit EH for the data signal Din, 
both directly and via a delay line 11, and an output con 
nected to tWo cascaded delay lines 12 and 13. The third 
delay line 13 supplies a sampling signal HE at a clock input 
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C of the upcounter-doWncounter 4. V121 a clock signal input 
1H of the sampling circuit 1, the clock signal H supplied by 
the oscillator VCO is applied to data inputs of ?rst ?ip-?ops 
14 and 16 of tWo cascaded pairs of D-type ?ip-?ops 14*15 
and 16*17. The clock inputs of the ?ip-?ops 14 and 15 of the 
?rst pair are connected to the output of the EXCLUSIVE 
OR gate 10 and the clock inputs of the ?ip-?ops 16 and 17 of 
the second pair are connected to the output of the second 
delay line 12. In each pair, the Q output of the ?rst ?ip-?op 
14, 16 is connected to the D input of the second ?ip-?op 15, 
17. The Q outputs of the ?ip-?ops 14 to 17 constitute respec 
tive outputs Q1 to Q4 of the four-state sampling circuit 1 
respectively connected to four inputs of the frequency com 
parator 3. Only the outputs Q1 and Q3 of the ?rst ?ip-?ops 
14 and 16 of the pairs in the sampling circuit are connected 
to tWo clock selection inputs of the phase comparator 2. 

The sampling circuit 1 supplies to the phase comparator 2 
and the frequency comparator 3 the state of the clock signal 
H produced by the oscillator VCO for each transition of the 
incoming data signal Din. 

The rising and falling edges of the data signal Din are 
detected by the EXCLUSIVE-OR gate 10 and the ?rst delay 
line 11, Which imposes at one input of the gate 10 a short 
time-delay R1 relative to the nominal half-period of the 
incoming data signal Din Which is applied directly to the 
other input of the gate 10. The time-delay R1 de?nes the 
Width of the sampling pulses in the transition signal at the 
output of the EXCLUSIVE-OR gate 10. The sampling pulse 
supplied by the output of the gate 10 on each change of state 
of the data signal Din commands storing of the state of the 
clock signal H in the four D-type ?ip-?ops 14 to 17. 
As an alternative to this, instead of detecting the rising and 

falling edges of the signal Din, only the rising edges or only 
the falling edges are detected. For example, predetermined 
falling edges are detected by inserting an inverter on the 
output side of the delay line 11 and replacing the 
EXCLUSIVE-OR gate 10 With an AND gate. 

The ?ip-?ops 14 and 15 store the state of the signal H in 
response to a transition of the data signal Din at a time T” 
and at a time Tn_k in response to the preceding transition of 
the signal Din, respectively. The integer k designates a vari 
able number of unit bit periods or unit bit half-periods in the 
signal Din betWeen tWo successive transitions. The ?ip-?ops 
16 and 17 also store tWo other states of the signal H, but 
subject to a predetermined time-delay Dt imposed by a tran 
sition signal delayed by the second delay line 12; thus the 
?ip-?op 16 stores the state of the signal H at time Tn+dt and 
the ?ip-?op 17 stores the state of the signal H at time Tn_k+ 
dt. The time-delay dt applied by the delay line 12 is at most 
equal to TH/2, Where TH is the period of the clock signal H 
to be sampled. 

The third delay line 13 imposes a time-delay R2 so that 
the sampling signal HE applied to a clock input of the 
upcounter-doWncounter 4 is in phase With tWo logic signals 
H+ and H- supplied by the frequency comparator 3, these 
three signals HE, H+ and H- being applied to the upcounter 
doWncounter 4. 

Each delay line can be implemented using a string of 
inverters. 

Referring to FIG. 3, the phase comparator 2 essentially 
comprises a latch comprising tWo inverters 20 and 21, tWo 
tWo-input NAND gates 22 and 23, a three-input NAND gate 
24, a tWo-input NAND gate 25, an inverter 26, an 
EXCLUSIVE-OR gate 27 and a D-type ?ip-?op 28. 

The output Q1 of the ?rst ?ip-?op 14 of the sampling 
circuit 1 is connected directly to a ?rst input of the NAND 
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6 
gate 22 and via the inverter 21 to a second input of the 
NAND gate 23. In a symmetrical manner, the output Q3 of 
the ?rst ?ip-?op 16 of the second pair in the sampling circuit 
1 is connected directly to a ?rst input of the gate 23 and via 
the inverter 20 to a second input of the gate 22. As in an RS 
?ip-?op, ?rst inputs of the NAND gates 24 and 25 are 
respectively connected to the outputs of the gates 22 and 23 
and second inputs of the gates 24 and 25 are connected to 
respective outputs of the gates 25 and 24. A reset input RES 
of the phase comparator 2 is connected to a third input of the 
NAND gate 24 and resets the phase comparator When the 
system EH is sWitched on by forcing the output of the gate 
24 to “1”. The output of the gate 24 is also connected via the 
inverter 26 to a ?rst input of the EXCLUSIVE-OR gate 27, a 
second input of Which receives the clock signal H from the 
oscillator VCO. The output of the gate 27 supplies the recov 
ered clock signal Hout at the clock input of the ?ip-?op 28 
The D input of the ?ip-?op 28 is the same as the input 1E of 
the sampling circuit 1 and receives the incoming data signal 
Din. The Q output of the ?ip-?op 28 supplies the data signal 
Dout in phase With the clock signal Hout. 

For reading the incoming data signal Din, the phase com 
parator 2 chooses as the clock signal Which is more in phase 
With the data signal Din, either the signal H or its comple 
ment H, given that the clock signal H is assumed to be at the 
“correct” frequency, i.e. synchroniZed With the mean fre 
quency of the data signal Din by virtue of the processing 
carried out in the frequency comparator 3, Which is 
described later. For this purpose, the latch 20*25 looks for an 
edge of the clock signal H during each time interval dt. 
When Q1=0 and Q3=l, the ?rst input of the NAND gate 

24, i.e. The R input of the RS ?ip-?op 24*25, is at “1” and 
the signals H and Din are substantially in phase; the output 
of the gate 24 is set to “0” and the gate 27 selects the comple 
mented signal H for reading the data signal Din in the ?ip 
?op 28. Conversely, When Q1=1 and Q3=0, the ?rst input of 
the NAND gate 25, i.e. the S input of the RS ?ip-?op 24*25, 
is at “1” and the signals H and Din are substantially in 
antiphase; the output of the gate 24 is set to “1” and the gate 
27 selects the clock signal H for reading the data signal Din 
in the ?ip-?op 28. When Q1=Q3=“0” or When Q1=Q3=“1” 
the ?rst inputs of the gates 24 and 25 are both at “1”; the 
preceding state of the output of the gate 24 is maintained, 
and the signal H or H previously selected by the gate 27 is 
retained. In this latter case, the choice remains correct even if 
the data signal Din contains jitter Which has a maximum 
amplitude Gmax equal to TH/2-dt. 
The logic states of the phase comparator 2 commented on 

beloW are summarized in the folloWing truth table: 

Q1 Q3 Output 24 Hout 

0 0 unchanged u_nchanged 
0 1 0 
1 0 1 H 
1 1 unchanged unchanged 

Alternatively, the inputs of the converters 20 and 21 
respectively connected to the ?rst inputs of the NAND gates 
23 and 22 are connected to the outputs Q4 and Q2 of the 
sampling circuit instead of the outputs Q3 and Q1. 

In the frequency comparator 3, the state of the clock signal 
H in a time interval dt is analyZed on tWo consecutive transi 
tions Tn_k and Tn of the data signal Din, instead of on a 
transition T” as in the phase comparator 2. This analysis 
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requires the four ?ip-?ops 14 to 17 in the sampling circuit 1 
to store, in response to each transition of the signal Din 
detected by the gate 10, the states Q2 and Q4 of the clock 
signal H at successive times Twk and Tn_k+dt corresponding 
to a ?rst transition preceding said each transition and the 
states Q1 and Q3 of the clock signal H at the successive 
times Tn and Tn+dt corresponding to a second transition 
coincident With said each transition. 

If three consecutive states out of four are identical, i.e. 
if @=Q4=Q1=Q3 or Q2=Q4=Q1=@, a period of the clock 
signal H is contained in a period of the data signal Din and 
the signal H is too fast, i.e. its phase is advanced relative to 
that of the data signal Din. If only one of the intermediate 
states Q4 and Q1 of the signal H at times Tn_k+dt and T” is 
different from the other three, i.e. if Q2=®=Q1=Q3 or 
Q2=Q4=@=Q3, the period of the signal H is greater than 
that of the signal Din and the signal H is too sloW, i.e. the 
phase of the signal H lags that of the data signal Din. In 
contrast, if the states Q1 and Q3 are identical and the states 
Q2 and Q4 are identical, or if the states Q1 and Q3 are 
different and the states Q2 and Q4 are different, the signals 
H and Din are substantially at the same frequency, in phase 
or in phase-quadrature, or exceptionally at very different 
frequencies (out of band). 

For example, if at times Twk and Tn_k+dt the signal H is 
such that Q2=“0” and Q4=“l” and if at subsequent times T” 
and Tn+dt the signal H is such that Q1=“l” and Q3=“l” 
respectively, the frequency comparator 3 deduces that the 
signal H is too fast. 

The truth table for the frequency comparator 3 is then as 
folloWs: 

Tn n, i 

Q1 Q3 Q2 Q4 Decision H- H+ 

0 0 l 0 H too fast 1 0 
0 0 0 l H too sloW 0 l 
0 0 0 0 no correction 0 0 
0 0 l 1 no correction 0 0 
0 l l l H too sloW 0 l 
0 l 0 0 H too fast 1 0 
0 l 0 1 no correction 0 0 
0 l l 0 H out of band 0 0 
l 0 l l H too fast 1 0 
l 0 0 0 H too sloW 0 l 
l 0 l 0 no correction 0 0 
l 0 0 l H out of band 0 0 
l l l 0 H too sloW 0 l 
l l 0 l H too fast 1 0 
l l l 1 no correction 0 0 
l l 0 0 no correction 0 0 

In the above table, the “out of band” decision signi?es that 
the received data signal Din is at much too high or too loW a 
frequency outside the lock-on band of the oscillator VCO or 
contains non-conform jitter. In this case, it is preferable for a 
logic circuit (not shoWn) implementing the logic function ( 
@.Q3.Q2.@+Q1.@.@.Q4) and connected to the four 
outputs Q1 to Q4 of the sampling circuit 1 to produce an 
error signal. 

The above truth table satis?es the folloWing logic equa 
tions: 

In conformance With the above tWo logic equations, the 
frequency comparator 3 shoWn in FIG. 4 includes tWo 
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8 
EXCLUSIVE-OR gates 30 and 31, tWo inverters 32 and 33 
and tWo tWo-input AND gates 34 and 35. The outputs Q1 
and Q4 of the sampling circuit 1 are connected to the inputs 
of the gate 30, and the outputs Q2 and Q3 of the sampling 
circuit 1 are connected to the inputs of the gate 31. The 
output of the gate 30 is connected directly to a ?rst input of 
the gate 34 and via the inverter 32 to a second input of the 
gate 35. Symmetrically, the output of the gate 31 is con 
nected directly to a ?rst input of the gate 35 and via the 
inverter 33 to a second input of the gate 34. The outputs of 
the gates 34 and 35 supply the logic signals H+ and H—, 
respectively. 

Accordingly, the frequency comparator 3 analyZes the 
sense of the timing error betWeen the incoming data signal 
Din and the clock signal H from the oscillator VCO. The 
sense of this error is represented by the states of the logic 
signals H+ and H- Which are respectively applied to an 
upcounting input U and a doWncounting input D of the 
upcounter-doWncounter 4. 

For as long as it is at “l”, the upcounting logic signal H+ 
sets the upcounter-doWncounter 4 to the upcounting mode so 
that each pulse of the sampling signal HE increments the 
upcounter-doWncounter by one unit and thereby increases 
the control voltage VC of the oscillator VCO to increase the 
frequency of the clock signal H, Which Was too sloW. 
Conversely, for as long as it is at “l”, the doWncounting logic 
signal H- sets the upcounter-doWncounter 4 to the doWn 
counting mode so that each pulse of the sampling signal HE 
decrements the upcounter-doWncounter by one unit and 
thereby decreases the control voltage VC of the oscillator 
VCO to decrease the frequency of the clock signal H, Which 
Was too fast. Thus the upcounter-doWncounter thus 
“smoothes” ?uctuations in the clock frequency of the incom 
ing signal so that in the long term and on average the oscilla 
tor VCO operates at the mean frequency of this clock fre 
quency. The digital-to-analog converter 5 converts the 
variable digital content of the upcounter-doWncounter 4 into 
the control voltage VC applied to the control input of the 
oscillator VCO. 
The capacity of the upcounter-doWncounter 4 depends on 

the precision required of the frequency produced by the 
oscillator VCO. 

If the data signal Din is subject to jitter, the amplitude of 
the jitter can reach the peak value Gmax such that Gmax= 
TD/2-dt, Where TD is the period corresponding to the bit 
rate of the incoming data signal Din. 
A second embodiment of the frequency control system 

according to the invention is a frequency synthesiZer SF as 
shoWn in FIG. 5. The synthesiZer includes a sampling circuit 
8 Which is preferably modi?ed compared to the sampling 
circuit 1, in the manner explained hereinafter, the frequency 
comparator 3, the upcounter-doWncounter 4, the digital-to 
analog converter 5, a loW-pass loop ?lter FL and the voltage 
controlled oscillator VCO. A ?xed frequency divider 6 con 
nects the output of the oscillator VCO, Which produces a 
synthesiZed clock signal HS, to the clock signal input 1H of 
the sampling circuit 8. The divider 6 divides the frequency of 
the synthesiZed signal HS by an integer ratio M to produce a 
divided clock signal HD. 
The frequency synthesiZer SF therefore uses loop circuits 

for the frequency comparison, like the clock extractor circuit 
EH. 
The frequency synthesiZer SF also comprises a program 

mable frequency divider 7 for applying a reference clock 
signal Hr at a programmable frequency to the incoming data 
signal input 1E of the sampling circuit 8. 
The frequency FS of the clock signal HS from the oscilla 

tor VCO is divided by the ?xed integer ratio M in the fre 
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quency divider 6 of the frequency synthesizer SF. M is an 
integer and is preferably a power of 2. If Fr denotes the 
frequency of the reference clock signal Fr, FS is equal to 
Fr.M When the oscillator VCO is operating under steady 
state conditions. 

To obtain a set of I ordered frequencies FS1, . . . FSi, . . . 

FSI With an integer index i such that léiél and FSi<FS(i+ 
1), it is necessary to synthesiZe the same number of frequen 
cies Fr1, . . . Fri, . . . FrI of reference signals Hr1, . . . 

Hri, . . . HrI, With Fri<Fr(i+l). To synthesiZe the reference 
frequencies precisely using a prior art frequency divider 
Which includes a binary counter, it Would be necessary to 
control that divider With a clock signal Whose frequency 
Would be equal to the loWest common multiple (LCM) of the 
frequencies Fr1, . . . Fri, . . .FrI, Which is almost impossible 

to achieve, in particular if the integer I is larger and the 
frequencies Fr1 to FrI are high. 

The frequency synthesiZer SF according to the invention 
is based on the hypothesis that the reference frequencies 
Fr1, . . . Fri, . . . FrI have an integer highest common factor 

(HCF) p such that P1=Fri/p, . . . Pi=Fri/p, . . . PI=FrI/p are 

integers, and computes the period Tri of the required refer 
ence signal Hri as a function of the selected number Pi. Let 
TU denote a period unit for computing the period of the 
selected reference signal such that TU§TrI=l/FrI, and 
FB=Fr1, the loWest synthesiZable frequency obtained for 
P1=l. The period TB corresponding to the frequency FB 
contains the greatest number of period units TU of all the 
periods corresponding to the reference frequencies Fr1 to 
FrI; let N denote the aforementioned integer number. The 
folloWing equations can then be deduced: 

frequency unit FU=l/TU=p.N, and 
the period of the selected reference signal Tri=l/Fri= 

TU.N/Pi. 
As a result, computing the period Tri of the reference 

signal Hri amounts to computing hoW many times the num 
ber Pi is contained in the number N. For this, the invention 
proposes to add the number Pi to itself at the timing rate TU 
until the number N is obtained and on each computation to 
produce a sample at “0” if the computation result is less than 
N/2 and a sample With value “1” otherwise. 

HoWever, the number Pi associated With the frequency Fri 
of the reference signal Hri to be synthesiZed is not necessar 
ily an integer factor of the integer N after the computation. 
Let r1, r2, r3, . . . rPi denote over?oWs less than Pi occurring 

in the last period unit TU for the ?rst period Tri, then for the 
second period Tri succeeding the ?rst period, then for the 
third period Tri succeeding the second period, and so on, up 
to the (Pi)th period. The successive “periods” Tri are Written: 

?rst period Tri: T1 = TU(N + rl)/Pi; 
second period Tri: T2 = TU(N — r1 + r2)/Pi; 
third period Tri: T3 = TU(N — r2 + r3)/Pi; 
Pth period Tri: T1); = TU(N — rpiil + rP;)/Pi, 

the numbers (N+rl), (N—rl+r2), (N—r2+r3), . . . , (N—rPl._l+rPi) 
being integer multiples of Pi. The last over?oW rPi is equal 
to Zero since the sum of the latter numbers NPi=rPi is a 
multiple of Pi. 

The sum of Pi consecutive synthesiZed periods Tri is 
therefore equal to N.TU and the mean period generated over 
the duration N.TU is equal to: 

The mean of the periods generated by the synthesiZer is 
indeed equal to the required value Tri. The generated signal 
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10 
is frequency-modulated because a period Tri is generated to 
Within TU in each computation cycle that corresponds to the 
?rst, second, third, . . . or Pth period Tri. The maximum 
amplitude of the jitter is therefore equal to TU. As indicated 
hereinafter, the frequency comparator 3 alloWs a maximum 
jitter equal to the half-period of the reference signal Hr 
applied to the input 1E of the sampling circuit 8. The inegal 
ity TUéTrI/2 must be respective, TrI being the smallest 
period of the set of periods Tr1 to TrI; thus the condition for 
the synthesiZer to function is FUZZFrI. 

Furthermore, the signal generated by the cyclic additions 
does not have a duty cycle equal to 0.5. It is necessary to 
divide the frequency of this signal by tWo to eliminate the 
distortion of the duty cycle; this condition is complied With 
by applying the conditions FU§2.FrI=4.Fr. 

FIG. 6 shoWs the programmable frequency divider 7 hav 
ing the functional characteristics explained hereinabove. It 
comprises an adder 70 having tWo input ports A1 and A2, a 
buffer register 71 and a divide-by-2 frequency divider 
including a ?ip-?op 72. The adder 70 preferably has a capac 
ity Which is a poWer of 2, i.e. N=2q, and receives on ?rst 
inputs A1 the integer Pi coded on q bits for programming the 
frequency Fri to be synthesiZed and adds the integer Pi to a 
result R coded on q bits applied to the second inputs A2 
thereof via the register 71. The register 71 has an input port 
connected to the output port of the adder 70, its q outputs 
connected to the second input port A2 of the adder and its 
most signi?cant bit output BR(q-l) connected to the clock 
input of the ?ip-?op 72. The register 71 is clocked by a clock 
signal HU having a frequency greater than 4.Fr. The clock 
signal HU is stable and is generated by a quartZ-crystal 
controlled clock, typically operating at a frequency of a feW 
megahertz, constituting a very loW noise source of pure fre 
quency. The ?ip-?op 72 forms a divide-by-2 frequency 
divider and has a complimentary output 6 connected to its 
input D and supplies the selected reference clock signal Hr at 
an output Q. 
The reference signal Hr is frequency-modulated because 

it is generated in the programmable frequency divider 7 in 
Which the programmed frequency Fri is obtained on average 
only every Pi periods Tri=l/Fri. Despite variations of the 
reference signal Hr, the frequency control loop including the 
frequency comparator 3 and shoWn in FIG. 5 stabiliZes the 
programmed frequency FS in the clock signal HS delivered 
by the oscillator VCO at the required mean value of the 
frequency Fr=Fri/2 at the reference signal. Periodic varia 
tions of the frequency of the reference signal therefore have 
no effect on the frequency FS at the output of the synthesiZer 
SF of the invention. 

Referring again to FIG. 6, the binary Word Pi on q bits and 
the cumulative result R delivered by the register 71, Which 
registers the Word leaving the adder at the timing rate of the 
frequency unit FU of the period unit signal TU, are therefore 
added cyclically to the frequency FU. The programmable 
frequency divider 7 does not include any digital comparator 
to determine the frequency Fri of the clock signal Hri by 
comparing R and N prior to division by 2 in the ?ip-?op 72. 
The invention utiliZes the state of the most signi?cant bit 
BR(q-l) of the result Word R at the output of the register 71 
to form the signal Hri, BR(0) being the least signi?cant bit of 
the Word R. If the result R is less than N/2, then BR(q-l) is 
equal to “0”; otherWise BR(q-l) is equal to “l”; the refer 
ence clock signal Hr is then produced by the Q output of the 
?ip-?op 72 by halving the frequency of the most signi?cant 
bit signal BR(q-l). 

To summariZe, the equations of the programmable fre 
quency divider are as folloWs: 
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FUml-n=2.FrI 

N being preferably as N=2q>N 

A numerical example is given below. Consider an oscilla 
tor VCO Which must generate frequencies FS equal to 1200, 
1250, 1300, 1350 and 1400 MHZ. Knowing that the divider 6 
of the synthesizer loop has a ?xed division ratio M equal to 
1024, the frequencies of the reference signal Fr to be synthe 
siZed are equal to 1.171875; 1.220703125; 1.26953125; 
1.318359375 et 1.3671875 MHZ. Given the division by 2 in 
the ?ip-?op 72 to obtain the reference clock signal Hr at the 
output of the divider 7, the frequencies to be generated are as 
folloWs: 

Fr1=2.34374; 2.44140625; 2.5390625; 2.63671875 et 
FrI=Fr5=2.734375 MHZ. The pitch p of the synthesiZer is 
equal to 0.09765625 MHZ, FUml-n equal to 2(2.734375) 
MHZ=5.468875 MHZ et NW.” equal to FUmin/P=56. 
From this it can be deduced that: 

min: 

For example, for Pi=26 the reference frequency is Fr=Fri/ 
2=p.Pi/2=1.26953125 MHZ. 

In the sampling circuit 8 of the frequency synthesiZer SF, 
the periodic reference signal Hr is applied to the input 1E for 
the data signal Din, and the clock signal HD from the divide 
by-M frequency divider 6 connected to the oscillator VCO is 
applied to the input 1H. Fr is the frequency of the clock 
signal Hr sampling the signal HD having the frequency FD 
after division by M of the frequency HS of the synthesiZed 
clock signal PS. The equation Fr=2.FD=2(FS/K) then 
applies, i.e. FS=Fr(K/2). 

In a preferred embodiment of the invention shoWn in FIG. 
7, the sampling circuit 8 comprises digital means for produc 
ing a transition signal H1 and a delayed transition signal H2 
delayed by a delay dt for sampling the clock signal HD 
applied to the input 1H. Like the sampling circuit 1, the 
sampling circuit 8 comprises the delay line 13 and the tWo 
pairs of ?ip-?ops 14415 and 16417, and entirely digital 
means 80485 instead of the delay lines 11 and 12 and the 
EXCLUSIVE-OR gate 10 in circuit 1 (FIG. 2). The digital 
means are doWnstream of the input 1E Which receives the 
reference clock signal Hr supplied by the programmable fre 
quency divider 5, i.e. Which receives, after division by 2, one 
of the clock signals Trl to TrI selected according to the 
integer Pi coded on q bits supplied to the ?rst input A1 of the 
adder 70 (FIG. 6), and produce the clock signals H1 and H2 
at the clock inputs of the pairs of ?ip-?ops 14415 and 16417, 
respectively. 

The digital means 80?85 use a frequency Fr higher than 
those of the transition signals H1 and H2 used for sampling 
and divide the frequency Fr to obtain the correct frequency 
FD at the clock inputs of the sampling ?ip-?ops 14 to 17. 
This division provides perfect control of the time-delay dt. 

Because the programmable frequency divider 7 delivers 
the reference signal Hr With a maximum jitter equal to Tr/2, 
to absorb this jitter the time-delay dt must be such that: 

Where TD is the period of the clock signal at the input 1H. 
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Because the period TD is obtained from the period Tr of 
the reference signal Hr by integer division by M, the 
folloWing equation applies: 

from Which the time-delay is deduced: 

For the smallest time-delay dt=Tr/ 2 Which can be obtained in 
a digital circuit from a signal of period Tr, the optimum 
solution deduced from the above equation is M=4. 

In the embodiment of the invention shoWn in FIG. 7 the 
aforementioned digital means 80?85 include a divide-by-4 
frequency divider comprising tWo D-type ?ip-?ops 80 and 
81 and a logic circuit including an EXCLUSIVE-OR gate 
82, tWo tWo-input AND gates 83 and 85, and an inverter 84 
for producing the tWo transition signals H1 and H2 at the 
frequency FD=Fr/2. The clock inputs of the ?ip-?ops 80 and 
81, a ?rst input of the AND gate 83 and the input of the 
inverter 84 receive the clock signal Hr. The ?ip-?ops 80 and 
81 forming a divide-by-4 frequency divider, the comple 
mented output Q of the second ?ip-?op 81 is connected to 
the D input of the ?rst ?ip-?op 80 The outputs Q of the 
?ip-?ops 80 and 81 produce tWo logic signals at the fre 
quency Fr/4 phase shifted by 2Tr and are connected to 
respective inputs of the EXCLUSIVE-OR gate 82 The out 
put of the gate 82 therefore produces a signal at the fre 
quency Fr/2 and is connected to a second input of the AND 
gate 83 and to a ?rst input of the AND gate 85, Which has a 
second input connected to the output of the inverter 84 The 
pulses of Width Tr of the signal of period 2Tr at the output of 
the EXCLUSIVE-OR gate 82 select one in tWo periods of 
the signal Hr in the AND gate 83 to constitute the transition 
signal H1 of Width Tr/2 and of period 2Tr applied to the 
clock inputs of the ?ip-?ops 14 and 15 of the ?rst pair. The 
pulses of the signal at the output of the gate 82 select one in 
tWo periods of the complementary signal E in the AND gate 
85 to constitute the transition signal H2 Which is identical to 
the signal H1 but With a time-delay of dt=Tr/2 relative 
thereto and is applied to the clock inputs of the ?ip-?ops 16 
and 17 of the second pair, as Well as to that of the delay line 
13, Which supplies the sampling signal HE applied to the 
clock input of the upcounter-doWncounter 4. 
The tWo clock signals H1 and H2 sample the signal HD 

from the oscillator VCO after division by M at times Tn and 
Tn+Tr/2. 
What is claimed is: 
1. A frequency control system comprising: 
voltage-controlled oscillator means for generating a clock 

signal[,]; 
means for receiving a digital incoming signal With 

unstable frequency for sampling said clock signal at 
tWo pairs of times corresponding to tWo consecutive 
transitions of said incoming signal in response to each 
of predetermined transitions of said incoming signal, 
said times of one pair being separated by a predeter 
mined time-delay at most equal to half the period of 
said clock signal, to produce four state signals of said 
clock signal[,]; 

a frequency comparator for combining said four state sig 
nals to form an upcounting signal only in response to 
the frequency of said clock signal being substantially 
less than the frequency of said incoming signal and to 
form a doWncounting signal only in response to the 
frequency of said clock signal being greater than the 
frequency of said incoming signal[,]; and 
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upcounting and doWncounting means for respectively 
upcounting and doWncounting predetermined transi 
tions of said incoming signal in response to said 
upcounting signal and said doWncounting signal for 
applying a control voltage dependent on a content of 
said upcounting and doWncounting means to said oscil 
lator means via a digital-to-analog converter. 

2. The system claimed in claim 1 Wherein said frequency 
comparator includes a ?rst EXCLUSIVE-OR gate for 
receiving tWo state signals corresponding to sampling times 
of said clock signal betWeen Which are sampling times of 
said clock signal corresponding to the other tWo state 
signals, a second EXCLUSIVE-OR gate for receiving said 
other tWo state signals, a ?rst AND gate connected directly 
to said ?rst EXCLUSIVE-OR gate and via an inverter to said 
second EXCLUSIVE-OR gate to produce said upcounting 
signal and a second AND gate connected directly to said 
second EXCLUSIVE-OR gate and via an inverter to said 
?rst EXCLUSIVE-OR gate to produce said doWncounting 
signal. 

3. The system claimed in claim 1 Wherein said sampling 
means include means for detecting said predetermined tran 
sitions in said incoming signal for producing a transition 
signal and another transition signal delayed by said predeter 
mined time-delay, and tWo pairs of ?ip-?op for respectively 
producing said state signals and each having a ?rst ?ip-?op 
for receiving said clock signal and a second ?ip-?op having 
an input connected to the direct output of said ?rst ?ip-?op, 
said transition signal and said delayed transition signal being 
arranged to be respectively applied to clock inputs of said 
pairs of ?ip-?ops. 

4. The system claimed in claim 3 Wherein said transitions 
detecting means are digital means and comprises a divide 
by-four frequency divider for producing a clock signal at 
half the frequency of said incoming signal, and means for 
selecting a transition of said incoming signal and a transition 
in the complementary signal of said incoming signal When it 
has been complemented, during one half-period in tWo of 
said half-frequency clock signal in order to produce said 
transition signal and said delayed transition signal, respec 
tively. 

5. The system claimed in claim 3, further comprising latch 
means connected to said sampling means for selecting from 
said clock signal and the complementary signal thereof an 
outgoing clock signal Which is more in phase With said 
incoming signal When said state signals produced by tWo 
?ip-?ops of said pairs of ?ip-?ops are respectively at ?rst 
and second states and at second and ?rst states, and a ?ip 
?op for reading said incoming signal as a function of said 
outgoing clock signal. 

6. A system as claimed in claim 1, further comprising 
means connected to said sampling means for comparing the 
phases of said incoming signal and said clock signal as a 
function of tWo of said four state signals in order to select 
from said clock signal and the complementary signal thereof 
an outgoing clock signal Which is more in phase With said 
incoming signal and Which is used to read said incoming 
signal. 

7. A system as claimed in claim 1, further comprising 
programmable frequency divider means for generating said 
incoming signal to be applied to said sampling means in the 
form of an unstable reference clock signal having a mean 
frequency over a respective number of periods equal to a 
programmed frequency from a unit clock signal having a 
stable frequency not less than four times the programmed 
frequency, the ratio betWeen said programmed frequency 
and said respective number of periods being constant. 
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8. The system claimed in claim 7 Wherein said program 

mable frequency divider means comprises an adder and a 
buffer register clocked at the frequency of said unit clock 
signal and for storing a sum at outputs of said adder, and said 
adder being arranged to add said sum to the respective num 
ber associated With said programmed frequency. 

9. The system claimed in claim 8 Wherein said frequency 
divider means comprises a divide-by-tWo frequency divider 
for receiving a most signi?cant bit of said sum from said 
buffer register to generate said reference clock signal. 

10. The system claimed in claim 1 Wherein said oscilla 
tory means comprises at least one voltage-controlled oscilla 
tor arranged to be controlled by said upcounting and doWn 
counting means via a loop ?lter, and a frequency divider for 
dividing the frequency of the signal generated by said oscil 
lator by a ?xed ratio in order to generate said clock signal. 

11. The system claimed in claim 1 Wherein said frequency 
comparator satis?es the folloWing logic equations: 

H+=(Q1.®+G.Q4)(Q2.Q3+@.E) 
H—=(Q2-@+@-Q3)(Q1-Q4+@-@) 

Q1, Q2, Q3 and Q4 being said four state signals and @, w, 
E and @ being complement signals thereof. 

12. A frequency control [signals] system comprising: 
a voltage-controlled oscillator for generating a clock 

signal[,]; 
a sampler for receiving a digital input signal having an 

unstable frequency and for sampling said clock signal 
at tWo pairs of times corresponding to tWo consecutive 
transitions of said digital input signal, the sampler [in 
response to] being arranged to derive four state signals 
of said clock signal in response to predetermined tran 
sitions of said digital input signal, said times of one pair 
being separated by a predetermined time-delay at most 
equal to half the period of said clock signal[,]; 

a frequency comparator for combining said four state sig 
nals to form an upcounting signal only in response to 
the frequency of said clock signal being substantially 
less than the frequency of said digital input signal and 
to form a doWncounting signal only in response to the 
frequency of said clock signal being greater than the 
frequency of said [incoming] digital input signal[,]; 
[and] 

a counter for respectively upcounting and doWncounting 
predetermined transitions of said digital input signal in 
response to said upcounting signal and said doWncount 
ing signal[,]; and 

a converter responsive to the counter for deriving a control 
voltage dependent on the count of said counter, the 
oscillator being arranged to be responsive to the control 
voltage. 

13. A system as claimed in claim 12, further comprising a 
phase comparator connected to said sampler for comparing 
the phases of said incoming signal and said clock signal as a 
function of tWo of said four state signals for selecting from 
said clock signal and the complementa[t]ry signal thereof an 
outgoing clock signal Which is more in phase With said 
incoming signal and for reading said incoming signal. 

14. A system comprising: 
a frequency comparator; 
a sampling circuit configured to receive a clock signal and 

a digital input signal and to output at leastfour sample 
values to the frequency comparator in response to each 
transition of a plurality of transitions of the digital 
input signal, wherein each ofsaid sample values is a 
sample ofthe clock signal; 
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a counter con?gured to change a count value in response 
to transitions of said plurality of transitions, wherein 
the frequency comparator is con?gured to operate on 
said sample values in order to generate one or more 
control signals that determine whether the counter 
increases or decreases the count value in response to a 

transition of‘saidplurality of‘transitions; 
a voltage-controlled oscillator configured to generate the 

clock signal with a frequency determined by the count 
value. 

15. The system of claim 14, wherein a?rst pair of‘said 
sample values are separated by a time delay equal at most to 
halfa period of‘said clock signal. 

16. The system of claim 14, wherein the control signals 
include an upcounting signal and a downcounting signal, 
wherein the frequency comparator is configured to (a) assert 
the upcounting signal in response to said sample values indi 
cating that the frequency of said clock signal is substantially 
less than af‘requency associated with said digital input sig 
nal and (b) assert the downcounting signal in response to 
said sample values indicating that the frequency of said 
clock signal is substantially greater than the frequency asso 
ciated with said digital input signal. 

17. The system of‘claim 16, wherein the counter is con?g 
ured to increase the count value in response to a transisiton 
of said plurality of transitions ifthe upcounting signal is 
asserted and to decrease the count value in response to the 
transition the downcounting signal is asserted. 

18. The system of‘claim 14f‘urther comprising a converter 
configured to generate a control voltage in response to the 
count value, wherein the voltage controlled oscillator is con 
?gured to receive the control voltage, wherein the control 
voltage determines the frequency of the clock signal gener 
ated by the voltage controlled oscillator 

19. The system of‘claim 14, wherein saidplurality of‘tran 
sitions are rising-edge transitions of‘the digital input signal. 

20. The system of‘claim 14, wherein saidplurality of‘tran 
sitions aref‘alling-edge transitions of‘the digital input signal. 

2]. The system of‘claim 14, wherein saidplurality of‘tran 
sitions include rising-edge transitions and falling-edge tran 
sitions of‘the digital input signal. 

22. The system of‘claim 14, wherein two of‘said at least 
four sample values are captured from said clock signal in 
response to a current transition of said plurality of 
transitions, wherein remaining ones of said at least four 
sample values were captured from said clock signal in 
response to one or more previous transitions of said plural ity 

of‘transitions. 
23. The system of‘claim 14, wherein the sampling circuit 

includes: 
two cascaded pairs of ?ip-?ops configured to output the 
four sample values, wherein a?rst?ip-?op of‘each pair 
is configured to receive the clock signal; 

a subcircuit configured to receive the digital input signal 
and to assert a pulse in response to each transition of 
saidplurality of‘transitions of‘the digital input signal; 

wherein a first of the two cascaded pairs is clocked by the 
pulse, wherein a second of the two cascaded pairs is 
clocked by a delayed version of the pulse. 

24. A system comprising: 
a frequency comparator; 
a sampling circuit configured to receive a?rst clocksignal 
and a digital input signal and to output at leastf‘our 
sample values to the frequency comparator in response 
to each transition of‘a plurality of transitions of the 
digital input signal, wherein each of‘said sample values 
is a sample of‘the?rst clock signal; 
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a counter configured to change a count value in response 

to transitions of‘said plurality of transitions, wherein 
the frequency comparator is configured to operate on 
said sample values in order to generate one or more 
control signals that determine whether the counter 
increases or decreases the count value in response to a 

transition of‘saidplurality of‘transitions; 
a voltage-controlled oscillator configured to generate a 

second clock signal with a frequency determined by the 
count value, wherein the first clock signal has af‘re 
quency dependent on the frequency of the second clock 
signal. 

25. The system of‘claim 24f‘urther comprising afrequency 
divider configured to receive the second clock signal and 
generate the first clock signal from the second clock signal. 

26. The system of‘claim 24, wherein saidplurality of‘tran 
sitions are rising-edge transitions of‘the digital input signal. 

27. The system of‘claim 24, wherein saidplurality of‘tran 
sitions aref‘alling-edge transitions of‘the digital input signal. 

28. The system of‘claim 24, wherein saidplurality of‘tran 
sitions include rising-edge transitions and falling-edge tran 
sitions of‘the digital input signal. 

29. The system of‘claim 24, wherein two of‘said at least 
four sample values are captured from said first clock signal 
in response to a current transition of said plurality of 
transitions, wherein remaining ones of said at least four 
sample values were captured from said first clock signal in 
response to one or more previous transitions of said plural ity 

of‘transitions. 
30. The system of‘claim 24, wherein the sampling circuit 

includes: 

two cascaded pairs of ?ip-?ops configured to output the 
four sample values, wherein a first ?ip-?op of each pair 
is configured to receive the first clock signal; 

a subcircuit configured to receive the digital input signal 
and to assert a first pulse and a second pulse in 
response to each transition of‘said plurality of‘transi 
tions of the digital input signal, wherein the second 
pulse is delayed relative to the first pulse; 

wherein a first of the two cascaded pairs is clocked by the 
pulse, wherein a second of the two cascaded pairs is 
clocked by the second pulse. 

3]. The system of‘claim 24f‘urther comprising: 
a programmable frequency divider configured to generate 

the digital input signal with aprogrammablefrequency, 
wherein the programmable frequency divider includes 
an adder, a register and a?ip-?op, wherein the adder is 
configured to receive a programmably-selected integer 
value at its first input and to receive an output of the 
register at its second input, wherein the register is con 
?gured to receive an output of the adder, wherein the 
register is configured to receive a clock signal H U at its 
clock input, wherein a most significant bit of the regis 
ter output is coupled to a clock input of the ?ip-?op, 
wherein an output of‘the?ip-?op is coupled to a data 
input of the ?ip-?op. 

32. A method comprising: 
receiving a clock signal and a digital input signal; 
outputting at least four sample values in response to each 

transition of‘a plurality of transitions of the digital 
input signal, wherein each of‘said sample values is a 
sample of‘the clock signal; 

changing a count value in response to transitions of‘said 
plurality of transitions; 

operating on said at leastf‘our sample values outputted in 
response to each transition of‘said plurality of‘transi 
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tions in order to generate one or more control signals 
that determine whether the counter increases or 
decreases the count value in response to a transition of 

saidplurality oftransitions; 
generating the clock signal with a frequency determined 

by the count value. 
33. The method ofclaim 32, wherein a?rst pair ofsaid 

sample values are separated by a time delay equal at most to 
halfa period ofsaid clock signal. 

34. The method ofclaim 32, wherein the control signals 
include an upcounting signal and a downcounting signal, 
the method further comprising: 

(a) asserting the upcounting signal in response to said 
sample values indicating that the frequency of said 
clock signal is substantially less than a frequency asso 
ciated with said digital input signal and 

(b) asserting the downcounting signal in response to said 
sample values indicating that the frequency of said 
clock signal is substantially greater than the frequency 
associated with said digital input signal. 

35. The method of claim 34, wherein said changing the 
count includes: 

increasing the count value in response to a transition of 
saidplurality oftransitions ifthe upcounting signal is 
asserted, and, 

decreasing the count value in response to the transition the downcounting signal is asserted. 

36. The method ofclaim 32further comprising converting 
the count value to a control voltage, wherein the voltage 
controlled oscillator is configured to receive the control 
voltage, wherein the control voltage determines the fre 
quency of the clock signal generated by the voltage con 
trolled oscillator. 

37. The method of claim 32, wherein said plurality of 
transitions are rising-edge transitions of the digital input 
signal. 

38. The method of claim 32, wherein said plurality of 
transitions are falling-edge transitions of the digital input 
signal. 

39. The method of claim 32, wherein said plurality of 
transitions include rising-edge transitions and falling-edge 
transitions ofthe digital input signal. 

40. The method ofclaim 32, wherein two ofsaid at least 
four sample values are captured from said clock signal in 
response to a current transition of said plurality of 
transitions, wherein remaining ones of said at least four 
sample values were captured from said clock signal in 
response to one or more previous transitions of said plural ity 

oftransitions. 
4]. A method comprising: 
receiving a?rst clock signal and a digital input signal; 
and 

outputting at least four sample values in response to each 
transition ofa plurality of transitions of the digital 
input signal, wherein each ofsaid sample values is a 
sample ofthe?rst clock signal; 

changing a count value in response to transitions ofsaid 
plurality of transitions; 

operating on said at least four sample values outputted in 
response to each transition of said plurality of transi 
tions in order to generate one or more control signals 
that determine whether the counter increases or 
decreases the count value in response to a transition of 
saidplurality oftransitions; 

generating a second clock signal with a frequency deter 
mined by the count value, wherein the?rst clock signal 
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has a frequency dependent on the frequency of the sec 
ond clock signal. 

42. The method ofclaim 4] further comprisingfrequency 
dividing the second clock signal in order to generate the first 
clock signal. 

43. The method of claim 4], wherein said plurality of 
transitions are rising-edge transitions of the digital input 
signal. 

44. The method of claim 4], wherein said plurality of 
transitions are falling-edge transitions of the digital input 
signal. 

45. The method of claim 4], wherein said plurality of 
transitions include rising-edge transitions and falling-edge 
transitions ofthe digital input signal. 

46. The method ofclaim 4], wherein two ofsaid at least 
four sample values are captured from said first clock signal 
in response to a current transition of said plurality of 
transitions, wherein remaining ones of said at least four 
sample values were captured from said first clock signal in 
response to one or more previous transitions of said plural ity 

oftransitions. 
47. A telecommunication device comprising: 
a frequency comparator; 
a sampling circuit configured to receive a clock signal and 

a digital input signal and to output at leastfour sample 
values to the frequency comparator in response to each 
transition ofa plurality of transitions of the digital 
input signal, wherein each ofsaid sample values is a 
sample ofthe clock signal; 

a counter configured to change a count value in response 
to transitions ofsaid plurality of transitions, wherein 
the frequency comparator is configured to operate on 
said sample values in order to generate one or more 
control signals that determine whether the counter 
increases or decreases the count value in response to a 

transition ofsaidplurality oftransitions; 
a voltage-controlled oscillator configured to generate the 

clock signal with a frequency determined by the count 
value. 

48. The telecommunication device of claim 47, wherein 
the telecommunication device is a receiver 

49. A telecommunication device comprising: 
a frequency comparator; 
a sampling circuit configured to receive a?rst clock signal 

and a digital input signal and to output at least four 
sample values to the frequency comparator in response 
to each transition ofa plurality of transitions of the 
digital input signal, wherein each ofsaid sample values 
is a sample ofthe?rst clock signal; 

a counter configured to change a count value in response 
to transitions ofsaid plurality of transitions, wherein 
the frequency comparator is configured to operate on 
said sample values in order to generate one or more 
control signals that determine whether the counter 
increases or decreases the count value in response to a 

transition ofsaidplurality oftransitions; 
voltage-controlled oscillator configured to generate a 
second clock signal with a frequency determined by the 
count value, wherein the first clock signal has afre 
quency dependent on the frequency of the second clock 
signal. 

50. The telecommunication device of claim 49, wherein 
the telecommunication device is a receiver 

5]. A system comprising: 
a sampling circuit configured to receive a clock signal and 

a digital input signal and to output at leastfour sample 
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values in response to each transition of a plurality of 
transitions of‘the digital input signal, wherein each of 
said sample values is a sample of‘the clock signal; 

a counter con?gured to change a count value in response 
to transitions of‘saidplurality of‘transitions; 

a frequency comparator that is distinct from the sampling 
circuit and is configured to operate on said sample val 
ues in order to generate one or more control signals 
that determine whether the counter increases or 
decreases the count value in response to a transition of 
saidplurality of‘transitions; 

a voltage-controlled oscillator configured to generate the 
clock signal with a frequency determined by the count 
value. 

52. A system comprising: 
a sampling circuit configured to receive a?rst clocksignal 
and a digital input signal and to output at leastf‘our 
sample values in response to each transition of a plu 
rality of‘transitions of‘the digital input signal, wherein 
each of‘said sample values is a sample of‘the?rst clock 
signal; 

a counter configured to change a count value in response 
to transitions of‘saidplurality of‘transitions; 

a frequency comparator that is distinct from the sampling 
circuit and is configured to operate on said sample val 
ues in order to generate one or more control signals 
that determine whether the counter increases or 
decreases the count value in response to a transition of 

saidplurality of‘transitions; 
a voltage-controlled oscillator configured to generate a 

second clock signal with a frequency determined by the 
count value, wherein the first clock signal has a fre 
quency dependent on the frequency of the second clock 
signal. 

53. A system comprising: 
a sampling circuit configured to receive a clocksignal and 

a digital input signal and to output at leastf‘our sample 
values in response to each transition of a plurality of 
transitions of‘the digital input signal, wherein each of 
said sample values is a sample of‘the clock signal; 

decision logic configured to receive said at leastf‘our out 
putted sample valuesfrom the sampling circuit and to 
operate on said at least four outputted sample values in 
order to generate one or more control signals; 

a counter configured to change a count value in response 
to transitions of said plurality of transitions, wherein 
the one or more control signals determine whether the 
counter increases, decreases or maintains the count 
value in response to said transition of‘saidplurality of 
transitions; 

a voltage-controlled oscillator configured to generate the 
clock signal with a frequency determined by the count 
value. 

54. A system comprising: 
a sampling circuit configured to receive a?rst clocksignal 
and a digital input signal and to output at leastf‘our 
sample values in response to each transition of a plu 
rality of‘transitions of‘the digital input signal, wherein 
each of‘said sample values is a sample of‘the?rst clock 
signal; 
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decision logic configured to receive said at least four out 

putted sample values from the sampling circuit and to 
operate on said at least four outputted sample values in 
order to generate one or more control signals; 

a counter configured to change a count value in response 

to transitions of‘said plurality of transitions, wherein 
the one or more control signals that determine whether 

the counter increases, decreases or maintains the count 
value in response to said transition of‘saidplurality of 
transitions; 

a voltage-controlled oscillator configured to generate a 
second clock signal with a frequency determined by the 
count value, wherein the first clock signal has af‘re 
quency dependent on the frequency of the second clock 
signal. 

55. A system comprising: 
a sampling circuit configured to receive a clock signal and 

a digital input signal and to capture a pair of‘samples 
of‘the clock signal in response to each of‘a plurality of 
transitions of‘the digital input signal, wherein the sam 
pling circuit is configured so that the samples of each 
pair are separated in time by a fixed delay, wherein the 
sampling circuit is configured to output a current one 
and a previous one of‘said pairs in response to each 
transition of‘saidplurality of‘transitions; 

decision logic configured to operate on said current pair 
and said previous pair of samples in order to generate 
one or more control values; 

a counter configured to increase, decrease or maintain a 
count value based on the one or more control values; 
and 

a voltage-controlled oscillator configured to generate the 
clock signal with a frequency determined by the count 
value. 

56. A system comprising: 
a sampling circuit configured to receive a?rst clock signal 

and a digital input signal and to capture a pair of 
samples of the first clock signal in response to each of a 
plurality of transitions of the digital input signal, 
wherein the sampling circuit is configured so that the 
samples of‘each pair are separated in time by a?xed 
delay, wherein the sampling circuit is configured to out 
put a current one and a previous one of‘said pairs in 
response to each transition of‘said plurality of‘transi 
tions; 

decision logic configured to operate on said current pair 
and said previous pair of samples in order to generate 
one or more control values; 

a counter configured to increase, decrease or maintain a 
count value based on the one or more control values; 
and 

a voltage-controlled oscillator configured to generate a 
second clock signal with a frequency determined by the 
count value, wherein the first clock signal has af‘re 
quency dependent on the frequency of the second clock 
signal. 


