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Description

FIELD OF THE INVENTION

The present invention relates gererally to a pro-
grammable divider for use in a digital frequency synthe-
sizer. More particularly, the invention relates lo a duai
modulus counter suitable for controlling the programma-
bie divider

BACKGROUND QF THE INVENTION

In digital Irequency synthesizers, there is & need for
a variable divider which counts the cycles of an input
signal having a given frequency until a predetermined
number of counts have been accumulated. The size of
the count s usually referred to by the letter N. Onge N
counts have been accumulated, the variable divider is
reset to begin the cycle again. It is desirable for the
number of counts N te be variable in order that it can be
programmed in advance of each count by means of a
control input,

When N is large and the operating frequency of the
counter is to be high, technical difficuities can arise in
construeting a multistage high frequency variable divid-
er. In the prior art, the problem is typically overcome by
using a fixed high treguency divide by M stage prior to
a variable divide by N stage. This solution i not always
desirabie because the total division factor can only be
a multiple of M.

In a digital frequency synlhesizer application, it is
usually desirable to be able to program the total division
factors in steps or increments of 1. The steps, therefore,
relate to the frequency resolution or the frequency step
size of the synthesizer. if the divider is only programma-
ble in steps of M, the frequency steps available are rel-
atively coarse and determined by the factor M.

Another approach to the problem is to begin with a
high frequency divider stage or prescaler while retaining
the ability to program the divider count cycle length in
steps of 1. This arrangement allows the prescaler to be
varied between dividing ratios of R and R+1.

Itis possible, for example. for a dual ratio prescaler
having the division ratics 10and 11 to perform a division
of 157 The number 157 can be expressed by the equa-
tion 7x11+(15-7)x10. The prescaler is first programmed
to divide by 11. and the lower frequency divider stage is
sel 1o count 7 prascaler cutput pulses. After counting 7
prescaler oulpu! pulses, the prescaler is set to divida by
10. The low frequency divider stage is then set to count
8 prescaler output pulses. Upon complation of this
count, atotal of 7x11+8x10=157 input pulses have been
applied to the prescaler inpul. The cycle is then begun
again. It should be noted that in order to obtain numbers
insteps of 1, the number of limes the prescaler divides
by 11 must be programmed from 0 1o 9 and the number
of 10's in the total number must not be less than 9. This
refationship sets a lower bound of R{R-1) for the contig-

20

25

30

35

40

45

50

55

uous number range that can be achieved with a two ratio
prescaler having ratios R and R+1

The most common method employed to count two
different numbers of prescaler output pulses, N1 and
N2, while the prescaler is dividing respectively by ratios
BT and R2, is io use two separate low frequency down
counters thal are presel 1o the values N1 and N1 + N2,
respeclively. For exampie. the division of 157 with the
aid of a 10/11 prescaler could be achieved by presetting
one divider to N=7 and the other ta N1+N2=15. The
prescaler would then first be set to divide by R1{11)
while both low frequency counters counled down on the
prescaler output pulses. When the N1 counter reaches
zeroalter 7 prescater output pulses, the prescaler would
switch and divide by 10, and the N2 counler would con-
tinue to count down a further 8 prescaler output pulses
until it reaches zero, completing the cycle This system
has the advantage that a desired division number is sim-
ply expressedin values to which the N1 and N2 counlers
can be preset. This arrangement has the disadvantage
that iwo variable dividers are required and power con-
sumption is increased when both dividers are operating.
Increased power consumption is a significant disadvan-
tage for battery powered equipment.

U.S Patent No. 4,053.739 describes a single vari-
able divider that is alternatively pregrammed with the
value N1 when the prescaler divides by the value R1
and is programmed with the value N2 when the prescal-
er divides by the value R2. This device has the advan-
tage that & single variablie divider suffices. Unfortunate-
ly, the deseribed arrangement includes additional circuit
complexity in the form of a multi-line switch  The muiti-
line switch alternately selects the bits corresponding to
the values N1 and N2 in order to preset the single vari-
able divider. Although this additiona! circuitry operates
at & lower power consumplion than a circuit having two
variable dividers, it slill requires substantially the same
amount of circuitry when implemented as an integrated
circult.

Accordingly, there is a need for a caunter for a pro-
grammable divider which can register both the counts
N1 and N2 without them being presented alternately to
the counter. This arrangement wouid eliminale the nesd
for a complex multi-line switch.

U.S. Patent 4,856,032 (Klekotka et al. palent}
leaches that ona should program a high speed program-
mable frequency divider with the total count desired. and
sel a comparator to switch the prescaler 1o a second
mode when a certain partial count has been reached
This arrangement works well when there is a relatively
few number of divisions such as described in the Kleko-
tka et al. patent. There is a distinct problem with the de-
vice disclosed in the Klekotka et al patent where the
number of divisions with the prescaler in its first mode
{(R1). would greatly exceed the number in its second
mode (R2). in other words, in the Klekotka et al. patent
the values for N1 and N2 tend to be similar in magnitude.
but the device does not work well when there is a great
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disparity in the magnitudes of N1 and N2,

SUMMARY OF THE INVENTION

The present invention relates tc a circuit and meth-
od for controlling & programmable divider tor use in a
digital frequency synthesizer. The programmable divid-
er is responsive to a duai modulus counter, The dual
modulus counter includes a preloadable binary counter,
a comparator and logic gates which generate selection
signals to control the programmable divider The
preloadable counter is loaded with a value N1. The
counter counts to a predetermined intermediate value
such as zero and generates an output signz!l. The coun-
ter then continues to count until it reaches a second val-
ue N2. The comparator compares the output of the
counter to the value N2 which was loaded into the caom-
parator. When the binary counter reaches the value N2,
the comparator generates a second output with is ap-
plied to the logic gates. The logic gates generate the
selection signals which cause the programmable divider
to divide an input signal by the division ratios R1 or R2.
In afirst embodiment of the present invention, the binary
counter is a down counter. In a second embodiment of
the present invention, the binary counter is an up coun-
ter. The up counter is responsive to the predetermined
value -N1, and the counter counts from this value -N1
to the predetermined intermediate output. The counter
then counts from the predetermined intermediate output
to the second predetermined value N2. The comparing
means detects when the up counter has reached the
second predetermined value N2, The dual modulus
counter of the present invention may also be used to
control more than one programmable divider. The
present invention is particularly well suiled for use in a
digital frequency synthesizer of the type having a phase
locked loop.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic diagram of the first embodi-
ment of the present invention having a binary down
counter;

Fig. 2 is a schematic diagram of a second embodi-
ment of the present invention having = binary up
counter;

Fig. 3 is a schematic diagram of the dual modulus
counter of the present invention centrolling two pro-
grammable dividers; and

Fig. 4 is a schematic diagram of a phase focked locp
utilizing a variable divider.

DETAILED DESCRIPTION OF THE INVENTION

Fig. 1illustrates a schemalic diagram of the first em-
bodiment of the present invention. In the first embodi-
ment, there is shown a dual modulus counter having a
binary down counter 12 which is loaded at the beginning
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of a count sequence with the value N1. There is a pres-
caler 11 which can divide by the ratios R1 or R2. The
output pulses of the prescaler 11 decrement the down
counter 12 until the down counler reaches the value ze-
ro. When the down counter 12 reaches zero. il gener-
ales an output pulse which sets a latch 14. The setting
of the lalch 14 causes the prescaler 11 to swilch (o its
alternative division ratio R2. The output pulses of the
prescaler 11 continue to decrement the down countar
12 untit a comparator 13 detects that it has reached the
state corresponding 1o & valus -N2. When the compa-
rator 13 delects the value -N2, the lalch 14 is already
sel, and both inputstoan AND gate 15 are enabled The
AND gaie 15 then generates an output signal which is
clocked into a d-type flip flop 16 upon the next prescaler
output pulse. The latch 14 is then reset, and the down
courter 12 can be reloaded with the value N1, whiie the
prescaler 11 resumes division by the ratio R1.

Since the inputs to the AND gate 15 are no longer
enabled because the latch 14 has been reset the output
signal at the AND gale 15 will disappear and this slate
will be transferred into the d-lype flip flop 16 upon the
next output pulse of the prascaler 11. The preset control
signai to the down counter 12 is removed leaving it load-
ed with the value N1 and ready for the next count se-
quence. The lotal number of prescaler input puises in
the count sequence, thergfore is expressed by the equa-
tion Nyor=(N1+1)R1+(N2+1)R2. In order 1o obtain a de-
sired Nyqp, itisnecessary to subtract the excess R1+82
value from the desired number For example, if R1=11
and R2=10, and a total division cycle iength of 170 is
desired, 10+11=21 is first subtracted from 170 resulting
in the value 149. N1 must then be 9 and N2=14-9=5. In
order to avoid impossible negative values of N2 arising
a desired count N must satisfy the following egquations:

INT {(N-R1-R2)/R2) > IN-R1-R2l,

INT {(N-R1-R2)/R1] 2 IN-R1-R2I .

The expression INT (x) means the whole numbar
partof x, i.e., if x = 53667, then INT(x) = 5. This is an
expression of the above-describad lower bound on the
contiguous number range that can be spanned usingthe
dual ratic prescalers associated with the present inven-
tion.

fr1 the circuit illustrated in Fig. 1, there is no restric-
tion ptaced on the refative magnitudes of N1 and N2
The word lenglh of the comparator 13 was the same =5
the whole number in the counter 12. However, to cover
a range of values of N in steps of 1 with no gaps only
requires that N1+1 take on values between 1 and R1-+
..e., the range of the least significant digit of N modulz
R1. Since this range is cften much shorler than the totai
length of the counter 12, the comparator 13 word lengin
can be advantageously reduced. The reduction of the
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fword length of the comparater 13 can be achieved by

/ using an up counter.

Referring now to Fig. 2, a second embodiment of
the present invention using an up counter is illustrated.
In the second embodiment of the present invention,
there is a preloadable binary up counter 22 that is re-
sponsive to the output of a prescaler 21. The prescaler
21 is capable of dividing by division ratios R1 or R2. The
up counter 22 is initially preset to a value -N1, while the
prescaler 21 is initially set 1o divide by R1. The output
pulses of the prescaler 21 increment the up counter 22
untit the output of the up counter reaches all icgical
ones. When the output of the up counter 22 is all logical
ones instead of all logical zeros, the output can be more
rapidly detected.

LUpon detecting all logical ones, a latch 24 is set
causing the prescaler 21 to switch to division by the ratio
R2.If N2 equals 111..1, an L.-bit comparator 23 provides
an output signal to an AND gate 25. The AND gate 25
generates an output signal. Otherwise the L-bit compa-
rator 23 generates an output signal after one further out-
put pulse from the prescaler 21 if N2=0, after two output
pulses if N2=1, etc. On the immediately following pres-
caler outpul puise, the output of AND gate 25 is clocked
into a d-type flip flop 26 causing the latch 24 to be reset.
The prescaler 21 returns to dividing by R1, and the up
counter is reloaded with the value -N1. Since the reset-
ting of the latch 24 removes cne ¢f the enabling inputs
tothe AND gate 25, the output of the AND gate becomes
0. This output is transferred to the d-type flip flop 26 on
the next prescaler output pulse, thereby removing the
reload control signal to the up counter 22 and {eaving it
in the state -N1 and leaving it ready to repeat the entire
cycle.

The total number of prescaler input clock pulses in
a complete division cycle for the circuit of Fig 2 is de-
fined by the equation N=N1xR1+{N2+2)xR2_ It should
be noted, however, that the value N2=-1 is correctly
treated by the circuit, so that N2 is considered to range
through the values -1, 0, +1 ... to 2**xL-2 The valug N2'
is defined by the eguation N2'=N2+1 and ranges from
the value 0 to 24-1. The value N is definec by the egua-
tion N=N1xR1+N2'xR2+R2. The values tor N1 and N2'
may be calculated as follows: (1) Subtract the excess
R2 from N to get N', (2) calculate N2' as the remainder
upondivision of N'by R1, (3} calculate N1 as the integer
part of N/R1-N2', and (4) apply N2=N2'-1 1o the L-bit
comparator 23 and N1 1o the divider preload input of
counter 22. These manipulations can be perormed
more simply if the value R1 is a power of 2.

Referring now to Fig. 3, a schematic diagram illus-
trates a plurality of programmable dividers or prescalers
30, 31 being conirolled by the dual modulus counter of
the present invention. Two digital comparators 35, 36
are used 10 examine the state of the least significant |-
bits of a main counter 37. After counting up from a value
-N1 to an all logical ones condition, the comparators 35,
36 in turn detect when the least significant bits of the
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main counter 37 becomes equal to N2 and then to the
value N3. These evenls cause the prescalers 30 and 31
respectively to divide by their alternative ratios.

For example, suppose the prescaler 31 has the ra-
tios 10 and 11 available, while the prescaler 30 has ra-
tios of 9 and 10 available. Assuming that the flip flops
38, 3% and 40 are in the reset condition, both prescalers
30, 31 begin by dividing by 10. The counter 37 then
counts up from -N1 until its output is all logical ones. The
latch 38 then becomes set, causing the prescaler 31 to
divide by 11. The counter 37 continues to count up untit
the comparator 36 detects a state corresponding 1o the
value N2. If latch 38 is also set, both inputs to an AND
gate 41 are enabled and the latch 39 is set. This causes
the prescaler 30 to begin dividing by 9 while the pres-
caler 31 continues to divide by 11. The counter 37 con-
tinues to count until the comparator 35 detecls a bit state
corresponding 1o the value N3. At this point, if latch 39
is already set, both inputs to the AND gate 42 are &na-
bled and upon the next output pulse from the prescaler
31 the output signal of the AND gate 42 is clocked into
the flip flop 40, causing the laiches 38, 39 to be reset
and the reloading of the main counter 37 to the starting
state N1. The prescaters 30, 31 are now back in their
criginal divide by 10 condition. and the inputs lothe AND
gate 42 are no longer enabled. After one more pulse
from the prescaler 31, the zero signal from the AND gate
42 is transferred into the flip flop 40 removing the reset
condition and leaving the counter 37 in the state -N1 and
ready to siart a new cycle.

The total cycle length in terms of output pulses of
the input clock signat F, can be expressed by the fol-
lowing equation:

N=T00N1+110(N2+1)+99(IN3-N2/+1)

where the absolute value of N3-N2 corresponds to mod-
ulo 2++L, where L is the number of least significant bits
of the counter 37 examined by the comparators 35, 36.
The value N3'is defined by the equation N3'= IN3-N2t
The value of N, therefore, can be defined by the follow-
ing eguation:

N=100(N1+N2)+110{N2+1}+10N2-N3'+209

A desired count may be produced in the following
fashion, (1) subtract the excess 209 from the desired
count, getting N', (2) round up N' to the next multiple of
10, which is called N”, (3) set N3'lo (N"-N'), {4} set N2
10 the 10's digit of N”, and (5) set N1 to the 100's digit
of N'-N2. Fer example, suppose N=1568. Then
N'=1,568-209=1,359. N"=1,3680 NI=N"-N'=1. N2=6
(10%s digit of N"). N1=13-N2=7(100's digit N"-N2). Be-
cause of the subtraction of N2 from the number of 100's
in N* and the value of N2 ranges up to 9, the number of
100's in N" can not be less than 8. Therelore, the lower
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bound on the contiguous number range is of the order
of 900/(209-9)=1,100. This is an order of magnitude low-
or than the lower bound of 9,900 that would apply for a
two-ratio prescaler of ratios 100 and 101.In general, an
advantageous way to obtain a total frequency reduction
of the order of B**2 from the input clock signat F, lo the
input of the low frequency divider is to use two prescal-
ers having the ratios (R, R+1) and (R, B-1) respectively.

The principles of the present inventions may be ex-
tended by adding additional comparators as necessary.
The comparators are not constrained 10 be of the same
word length and bits, nor are the prescaiers they control
constrained to exist separately. The two prescalers 30,
31 of Fig. 8 can also be regarded as a single circuit hav-
ing three or more division ratios selectable by two or
more control lines. Such an arrangement can be advan-
tageous because the exact moment at which the highest
frequency prescaler 30 is switched between its ratios
can be more time critical than the lower frequency logic
can define. 1t is, therefore, possible that a necessary
precatution is to retime the control signal to the highest
frequency prescaler with the logic having subsiantially
the same speed as prescaler 31. The control signal from
the low speed logic, therefore, should preferably pass
through the medium speed prescaler 31 1o be retimed
more accurately. This will have a small penalty on the
lower bound of the contiguous number range that the
overall division ratios can span, but it will increase the
maximum frequency of operation before timing prob-
lems are encountered.

The prescaler division ratios of the present inven-
tion are not constrained to any particutar values. Com-
mon values that simplity the calculation of the values
N1, N2, and N3 can be based on either a decimal
number system or a binary number system. In cases
where the ease of calculation is not an issue, such as
when adequate microprocessor capability exists or
number radix manipulations or when precomputed
lookup tables can be used, it may be possible 1o find
other advantageous combinations of prescaler ratios, e.
g. noncommesurate primes.

Referring now 1o Fig. 4, a schematic diagram illus-
trates the use of the present invention in a phase locked
loop. The phase locked loop includes a voltage control-
led oscillator 50 which provides an output signal Fg. The
output signal Fq is applied to a variable divider circuil
51. The variable divider circuit 51 includes a program-
mable divider and the dual modulus counter of the
present invention, The total division ratio N of the vari-
able divider circuit 51 is a function of the values N1 and
N2 associated with the dual modulus counter. The out-
put of the variable divider circuit 51 is a divided output
signal Fo/N which is applied to a phase comparator 52.
The phase comparator 52 compares the phase of the
divided output signal Fg/N to a divided reference fre-
quency signal F/M. The divided reference frequency
signal is produced from a reference clock signal that is
divided by a digial divider 53. The output of the phase
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comparator 52 is a signal representative of the phase
error. The phase error signal is applied to a loop filter/
integrator 54. The fitered and integrated output is then
applied to the voltage controlled oscillator 50.

Claims

1. Avariable ratio frequency divider circuit including a
prograrmmmable dividing means {11, 21, 31] having
division ratios R1 and R2, for dividing an input signal
into a divided output signal, comprising:

counting means [12, 22, 37] loaded with & pre-
determined value N1 or -N1 and responsive io
the divided output signal of the programmable
dividing means [11, 21, 31], for generating a
plurality of outputs including a predetermined
intermediate output of either zero or ail ones:
first comparing means {13, 23, 36] for compar-
ing the output of said counting means [12. 22.
37]to a second predetermined vatue N2 or -N2
and for generating an equality detect output
when the output of said counting means [*2,
22, 37] corresponds to the value N2 or -N2; and
logic means [14 -16, 24-26, 38-42], responsive
to said counting means [12, 22, 37] and said
comparing means [13, 23, 36}, for generating
seijection signals for the programmable dividing
means such that the programmable dividing
means [11, 21, 31] divides the input signa! by
the ratio R1, N1 times and by the ratio B2, N2
times; said logic means including first latching
means [14, 24 38] which is set upon the detec-
tion of the intermediate output, and a first AND
gate [15, 25, 41] responsive o the equality de-
tect output of said first comparing means [ 3,
23, 36] and said first lalching means [14. 24,
38], in order that said counting means {12, 22.
37] can be reloaded with said predetermined
value N1 or -N1 and the cycle restarted.

2. A variable ratio frequency divider circuit accorcing

to claim 1, characterized in that said countng
means [12] is a binary down counter and the in‘er-
mediate output is zero.

3. A variable ratio frequency divider circuit accorang

to claim 1, characterized in that said counting
means [22, 37] is a binary up counter and the inter-
mediate output is all logical ones.

4. A variable ratio frequency divider circuit accorcing

to claim 1 which {urther includes second program-
mable dividing means {30} having division ratios 53
and R4, for dividing the input signal, and second
comparing means [35] for comparing the outpu: of
said counling means 1o a third predetermined value
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N3 and for generating an outpul when the output of
said counting means [37] corresponds to the value
N3.

A variable ratio frequency divider circuit according
to ciaim 2 or 3, characterized by said logic means
further including second laiching means (18] re-
sponsive to said first AND gate [15] and said dlivided
output signal

A variable ratio frequency divider circuit according
loclaim 4, characterized by said logic means further
including second latching means [39] responsive to
said first latching means [38] and said first AND gate
[41]; a second AND gate {42] responsive to said
second latching means {39] and said second com-
paring means [35}; and third latching means {40] re-
sponsive fo said second AND gate [42] and the di-
vided output signal.

An apparatus according to claim 1 included in a
phase locked loop having a voltage controlled os-
cillator [50] for generating an output; and phase
comparison means [52] for comparing the divided
output signal of said variable dividing means [51]to
a reference signat to generate a phase error signal
which is supplied to said voltage controlled oscilla-
tor [50].

An apparatus according to claim 7 which further in-
cludes means for filtering [54] the phase error signal
and means for integrating [54] the phase error sig-
nal,

An apparatus according to claim 8 which further in-
cludes dividing means [53] for dividing the refer-
ence signal prior to its application to said phase
comparison means.

A method of using a single digital counter 12, 22,
37} with a limited maximum operating frequency to
controf a preceding higher frequency slage [11,21,
31] having two available division ratios R1 and R2.
comprising the steps of:

counting from a value N1 or -N1 which is deter-
mined by an initfal state to which the digital
counter [12, 22, 37] is set, while the preceding
higher frequency stage [11. 21, 31] is set to di-
vide by R1;

reaching a conveniently detectable siate of ei-
ther zero or all ones, such that the preceding
higher frequency slage [11, 21, 31] has divided
by R1, N1 times;

changing the division ratio to a value R2 after
reaching the conveniently detectable state:
continuing to divide by the ratio R2 until the dig-
ital counter [12, 22, 37] is detected by a com-
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parator [13, 23, 36]tc have reached a state cor-
responding to the value N2 or -N2 such that the
preceding higher frequency stage [11, 21, 31)
divides by the ratio R2, N2 times: and
resetling the digital counter {12, 22, 37] with
legic means, said logic means including a first
latching means [14, 28, 38] which is set upon
the detection of the conveniently detectable
state, and a first AND gate [15, 25 41] respon-
sive to the output of said comparator [13, 23,
36] and said first latching means [14, 24, 38),
in order that the digital counter [12, 22, 37] can
be reloaded with said value N1 or -N1 and the
cycle restarted.

1. A method according to claim 10 which further in-

cludes the step of varying the values of N1 or -N1
and N2 or -N2 such that the overall division ratio N
varies in steps of one over a range of contiguous
values.

Patentanspriiche

1.

Frequenzieilerschaltung mit einem variablen Ver-
haltnis, die eine programmierbare Teilungseinrich-
tung (11, 21, 31) mit Teilungsverhalinissen (R1 und
R2} enthélt, zum Teilen eines Eingangssignals in
ein geteiltes Ausgangssignal, umfassend:

eine Zahleinrichtung (12, 22, 37), die mit einem
vorgegebenen Wert N1 oder -N1 geladen ist
und auf das geteilie Ausgangssignal der pro-
grammierbaren Tellungseinrichtung (11, 21,
31} anspricht, zum Erzeugen einer Vielzah! von
Ausgangen einschlieBlich eines vorgegebenen
Zwischenausgangs von entweder Null oder nur
Einsen;

eine erste Vergleichseinrichtung (13, 23, 36)
zum Vergleichen des Ausgangs der Zahlsin-
richtung (12, 22, 37} mit einem zweiten vorge-
gebenen Wert N2 ader -N2 und zum Erzeugen
eines GIeichheitsedassungsausgangs, wenn
der Ausgang der Zahleinsichtung (12, 22, 37)
dem Werl N2 oder -N2 entspricht; und

eine Logikeinrichtung (14-18, 24.26 38-42),
die auf die Zahleinrichtung (12, 22, 37) und die
Vergleichseinrichtuntg (13, 23, 36) anspricht,
zum Erzeugen von Wéhlsignalen fitr die pro-
grammierbare Teilungseinrichtung, so dafl die
proegrammierbare Teillungseinrichtung {11, 21,
31) das Eingangssignal durch das Verndlinis
R1 N1 mal und durch das Verhaltnis R2 N2 mal
teilt; wobeidie Logikeinrichtung eine erste Hal-
teeinrichtung (14, 24, 38), die beider Erfassung
des Zwischenausgangs geselzt wird, und ein
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erstes UND-Gatler (15, 25, 41), das auf den
G!eichheitserfassungsausgang der ersten Ver-
gleichseinrichtung (13, 23, 36) und die erste
Halleeinrichtung (14, 24, 38) anspricht, damit
die Zahleinrichtung (12, 22, 37) mitdem vorge-
gebenen Wert N1 oder -N1 nevy geladen wer-
den und der Zyklus neu gestartet werden kann,
umifant.

Frequenzteilerschaltung mit variablemn Verhaitnis
nach Anspruch 1,

dadurch gekennzeichnet, daf die Zahleinrich-
tung (12) ein bindrer Abwartszahler ist und der Zwi-
schenausgang Null ist.

Frequenzteilerschaltung mit variablem Verhaltnis
nach Anspruch 1,

dadurch gekennzeichnet, daf die Zahleinrich-
lung (22, 37} ein bindrer Aufwérts zahler und der
Zwischenausgang nur logische Einsen ist.

Frequenzteilerschaltung mit variablem Verhaltnis
nach Anspruch 1, die ferner umiaft: eine zweite
programmierbare Teilungseinrichtung (30) mit Tei-
lungsverhaltnissen R3 und R4, zum Teilen des Ein-
gangssignals: und eine zweite Vergleichseinrich-
tung (35) zum Vergleichen des Ausgangs der Z&hl-
einrichtung mit einem dritten vorgegebenen Wert
N3 und zum Erzeugen eines Ausgangs, wenn der
Ausgang der Zahleinrichtung (37) einem Wert N3
entspricht.

Frequenzteilerschaltung mit variablem Verhaltnis
nach Anspruch 2 oder 3,

dadurch gekennzeichnet, daB die Logikeinrich-
tung ferner eine zweite Haiteeinrichiung (16) um-
faBt, die auf das erste UND-Gatter (15) und das ge-
teilte Ausgangssignal anspricht.

Frequenzteﬂerschanung mit variablem Verhalinis
nach Anspruch 4,

dadurch gekennzeichnet, daB die Logikeinrich-
lung fermer umfafit: eine zweite Halteeinrichtung
{39), die aut die erste Haltesinrichtung (38) und das
erste UND-Gatter (41} anspricht; ein zweites UND-
Gatter (42), welches auf die zweite Halteeinrichtung
(39) und die zweite Verg?eichseinrichtung (35) an-
spricht; und eine dritte Halteeinrichtung (40), die auf
das zweite UND-Gatter (42) und das geteilte Aus-
gangssignal anspricht.

Vorrichtung nach Anspruch 1, enthalten in siner
phasenstarren Regelschleife mit ginem span-
nungsgesteuerten Oszillator (50) zum Erzeugen ai-
nes Ausgangs; und einer Phasenvergleichseinrich-
tung {(52) zum Vergleichen des geteilten Ausgangs-
signals der variablen Tef!ungseinrichtung (31) mit
einem Referenzsignal, um sin Fhasenfehlersignal

10

20

25

30

35

40

45

50

55

10.

11.

Zu grzeugen, welches an den spannungsgesteuer-
ten Oszillator (50} angelegt wird.

Vorrichtung nach Anspruch 7. die ferner eine Ein-
richtung zum Filtern (54) des Phasenlehlersignals
und eine Einrichtung zum integrieren (54} des Pha-
senfehlersignals umfant

Vorrichtung nach Anspruch 8, die ferner eine Toi-
lungseinrichtung (23) zum Teilen des Referenzsi-
gnals vor dessen Anlegung an die Phasenver-
gleichseinrichtung umiaft

Verfahren zum Verwenden eines einzelnen digita-
len Zahlers (12, 22, 37) mil einer begrenzten maxi-
malen Betriebsfrequenz. um eine vorangehende
Stufe (11, 21, 31) héherer Frequenz mit zwei ver-
fugbaren Teilungsverhaltnissen R1 und R2 2u steu-
emn, umfassend die folgenden Schritte:

Zahlen von einem Wert N1 oder -N1, der durch
einen Anfangszustand bestimmt wird, auf den
der digitale Zahler (12, 22, 37) gesetzt wirg,
wahrend die vorangehende Stufe (11, 21, 31)
héherer Frequenz zum Teilen durch (R1) ein-
gestelit wird;

Efrsichen eines einfach erfaflbaren Zustands
von entweder Null oder nur Einsen, so daf die
vorangehende Stufe {11, 21, 31) hoherer Fra-
quenz durch R1 N1 mal geteilt hat

Andern des Teilungsverhiltnisses auf einen
Wert R2 nach Erreichen des einfach erfanba-
ren Zustands;

Fortsetzen einer Teilung durch das Verhaltnis
R2, bis von einem Vergleicher (13 23, 36) er-
fal3t wird, daB der digitale Zanler (12, 22, 37)
einen Zustand erreicht hat, der demn Wert N2
oder -N2 entspricht, so daf die vorangehende
Stufe (11, 21, 31) hoherer Frequenz durch das
Verhalinis R2 N2 mal geteilt hat: und

Zurlcksetzen des digitalen Zahlers (12,22, 37)
mit einer Logikeinrichlung, wobei dig Logikein-
richtung eine Halteeinrichtung (14, 28, 38), die
auf die Erfassung des einfach erfaflbaren Zu-
stands hin gesetzt wird. und ein erstes UND-
Galler (15, 25, 41), das auf den Ausgang des
Vergleichers (13, 23, 35) und die erste Halte-
einrichtung (14, 24, 38) anspricht, damit der di-
gitale Zahler (12, 22, 37) mit dem Wert N1 oder
-NT erneut geladen werden und der Zyklus er-
neut gestartet werden kann, umfant

Verfahren nach Anspruch 10. ferner umfassend den
Schritt einer Anderung der Werle von N1 oder -N1
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und N2 oder -N2, so dafl} sich das Gesamtleilungs-
verhaltnis N in Schiitlen von Eins Ober einem Be-
reich von zusammenhangenden Werten verdndert.

Revendications

Circuit diviseur de fréquence a rappert variable,
comprenant des moyens de division programma-
bles {11, 21, 31] ayant des rapports de division R1
el R2, pour diviser un signal d'entrée de fagon a
donner un signal de scrtie divisé, comprenant :

des moyens de complage [12, 22, 37] chargés
avec une valeur prédéterminée N1 ou -N1, et
réagissant au signal de sorlie divisé des
moyens de division programmables [11, 21, 31]
pour générer un ensemble de signaux de sor-
tie, comprenant un signal de sortie intermédiai-
re prédéterminé gui a soit une valeur zéro, soit
une valeur ne comprenant gue des uns;

des premiers moyens de comparaison {13, 23,
36] pour comparer le signal de sortie des
moyens de complage [12, 22, 37] avec une se-
conde valeur prédéterminée N2 ou -N2, et pour
générer un signal de sortie de détection d'éga-
f#té lorsque le signal de sortie des moyens de
complage [12, 22, 37] correspond & la valeur
N2 cu -N2; et

des moyens logiques [14-16, 24-26, 38-42],
réagissant aux moyens de comptage [12, 22,
37] et aux moyens de comparaison [13, 23, 38],
en générant des signaux de sélection pour les
moyens de division programmables, de fagon
que les moyens de division programmables
[11, 21, 31] divisent e signal d'entrée N1 fois
par le rapport R1 et N2 fois par le rapport R2;
ces moyens logiques comprenant des premiers
moyens a bascule [14, 24, 38] qui sont instau-
rés sous l'effet de la détection du signal de sor-
tie intermédiaire, st une premiére porte ET [15,
25, 41] qui réagit au signal de scrtie de détec-
tion d'égalité des premiers moyens de compa-
raison [13, 23, 36} el aux premiers moyens a
bascule [14, 24, 38], de fagon que les moyens
de comptage [12, 22, 37] puissent &tre rechar-
gés avec la valeur prédéterminge N1 ou -N1,
et que le cycla puisse redémarrer.

Circuit diviseur de fréquence a rapport variable se-
lon la revendication 1, caractérisé en ce que les
moyens de comptage [12] consistent en un comp-
teur binaire en sens décroissant, et le signal de sor-
tie intermédiaire a la valeur zéro.

Circuit diviseur de fréquence & rapport variable se-
lon la revendication 1, caractérisé en ce que les
moyens de comptage {22, 37] consistent en un
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compteur binaire en sens croissant, et le signal de
sortie intermédiaire a une valeur ne comprenant
que des uns logiques.

Circuit diviseur de fréquence a rapport variable se-
lon la revendication 1, comprenant en outre des se-
conds moyens de division programmables [30]
ayant des rapports de division R3 et R4, pourdiviser
le signal d'entrée, et des seconds moyens de com-
paraison [35] pour comparer le signal de sortie des
mocyens de comptage avec une ftroisiéme valeur
prédéterminée N3, et pour générer un signal de sor-
tie forsque le signal de sortie des moyens de comp-
tage [37] correspond a la valeur N3.

Circuit diviseur de fréquence & rapport variable se-
lon la revendication 2 ou 3, caractérisé en ce que
las moyens logiques comprennent en outre des se-
conds moyens & bascule [16] qui réagissent a la
premiére porte ET [15] et au signal de sortie divisé

Circuit diviseur de fréquence & rapport variable se-
lon |la revendication 4, caractérisé en ce que les
movyens logiques comprennent en outre des se-
conds moyens a bascule {39] qui réagissent aux
premiers moyens & bascule [38] el a la premiére
porte ET [41], une seconde porte ET [42] qui réagit
aux seconds moyens a bascule [32] et aux seconds
moyens de comparaison [35]; et des troisiéemes
moyens a bascule [40] qui réagissent a la seconde
porte ET {42] et au signal de sortie divisé.

Dispositit selon la revendication 1, incorporé dans
une boucle d'asservissement de phase ayant un os-
ciftateur commandé par tension [50] pour générer
un signal de sortie; et des moyens de comparaison
de phase [52] pour comparer le signal de sortie di-
visé des moyens de division variabies [51] avec un
signal de référence, de fagon & générer un signa!
d'erreur de phase qui est appliqué a l'oscillateur
commandé par tension [50].

Dispositif selon {a revendication 7, comgrenant en
outre des moyens [54] pour filtrer le signal d'erreur
de phase et des moyens [54] pour intégrer le signal
d'erreur de phase.

Dispositif selon la revendication 8, comprenant en
oulre des moyens de division [53] pour diviser e
signal de rélérence avant son application aux
moyens de comparaison de phase.

Procédé d'utilisation d'un seul compteur numérique
[12, 22, 37] avec une fréquence de fonctionnement
maximale limitée, pour commander un élage de fré-
guence supérieure précédent [11, 21, 31] ayant
deux rapports de division disponibles, R1 et R2.
comprenant les étapes suivantes :
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on compte & partir d'une valeur N1 ou -N1 qui

est délerminée par un état initial auquel le
compteur numérique {12, 22, 37] est position-

né, pendant que I'élage de fréquence supéeriey-

re précédent [11, 21, 31] est réglé pour diviser 5
par R1,

on attein! un étal commodément détectable.

qui est soit zéro soit un état ne comprenant que

des uns, de fagon que I'étage de fréquence su-
perieure précédent [11, 21, 31} ail divisé N1 fois 10
par R,

on change le rappodt de division pour lui donner

une valeur B2 aprés avoir atteint I'état commo-
dément détectable;

on continue & diviser par le rapport R2 jusqu'a 15
¢e qu'un comparateur |18, 23, 36] détecte que

le compteur numérique [12, 22, 37] a atteint un

état correspondant & la valeur N2 ou -N2, ds
fagon que I'étage de fréquence supérieure pré-
cédent [11, 21, 31] divise N2 fois par le rapport 20
R2; et

on restaure le compteur numérique [12, 22, 37]
avec des moyens logiques, ces moyens logi-
ques comprenant des premiers moyens a bas-
cule [14, 28, 38] qui sont instaurés sous l'effet 25
de la détection de I'état commodément détec-
table, et une premiére porte ET [15, 25, 41] qui
réagit au signal de sortie du comparateur (13,

23, 36] et aux premiers moyens a bascule [14,

24, 38], de fagon que le compteur numérique 30
(12, 22, 37] puisse étre rechargé avec la valeur

N1 ou -N1 et que le cycle puisse redémarrer.

11. Procédé selon [a revendication 10, comprenant en
outre I'étape qui consiste a faire varier les valeurs 35
de N1 ou -N1 et de N2 ou -N2, de tagon que fe rap-
port de division global N varie par pas de 1 sur une
plage de valeurs contigués.
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