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[57] ABSTRACT

. The divider is formed by a dividing counter 7 to which

an input pulse train is fed via an OR gate 3. The counter
7 has a fixed division ratio and the OR gate is controlled
by a logic circuit which receives control pulses and
controls the OR gate to remove one pulse from the
input pulse train for each control pulse in order to
change the overall division ratio of the divider. The
invention is particularly suitable as an adjustable ratio
divider for use in frequency synthesizers.

6 Claims, 2 Drawing Figures
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1
ADJUSTABLE RATIO DIVIDER

This invention relates to an adjustable modulus di-
vider.

A well known form of adjustable modulus divider is
a two modulus divider, which finds application in fre-
quency synthesisers, and which includes a dividing
counter which has a control signal input to change the
division ratio of the counter.

A control signal applied to the control signal input of
the counter reconfigures the counter so that it divides
by a second division ratio i.e.: N+1 rather than: N.

A problem with this known type of divider is the time
delay between the application of a control signal and
the response of the divider. This time delay is known as
the ‘set-up’ or ‘release’ time in dependence upon the
direction in which the division ratio is being changed.
The problem is more severe in the case of lower divi-
sion ratio divider.

This invention seeks to provide an adjustable modu-
lus divider in which the above mentioned problem is
mitigated.

According to this invention there is provided an ad-
Jjustable ratio divider comprising a dividing counter
having a fixed division ratio and which is clocked by an
input pulse train fed to the counter via a gate associated
with a logic circuit, which logic circuit comprises divid-
ing means arranged to frequency divide the input pulse
train to provide a divided pulse train and a complemen-
tary divided pulse train, synchronising means arranged
to generate a first control output and a complementary
first control output, each of which is synchronised with
the divided pulse train, in dependence on a control
signal fed to the synchronising means and the divided
pulse train, means for generating a second control out-
put in response to the complementary first control out-
put in dependence on the first control output and the
complementary divided pulse train, and gate control
means responsive to the first control output and the
second control output to provide a gating signal to
control the gate to remove one or more pulses from the
input train so that the division ratio of the divider is
effectively variable in dependence on the number of
control pulses received by the logic circuit during an
output cycle of the dividing counter.

The gate control means may comprise an AND gate
which receives the first control output and the second
control output to provide the gating signal in depen-
dence thereon.

The synchronising means may comprise a first AND
gate having a first input and a second input, the divided
pulse train being fed to the first input and the control
signal being fed to the second input to provide a first
output in dependence on the control signal and the
divided pulse train, which first output is fed to a set
input of a set-reset flip-flop which sets the flip-flop to
produce the first control output, a second AND gate
having a first input and a second input, the divided pulse
train being fed to the first input via a first inverter and
the control signal being fed to the second input via a
second inverter to produce a second output in depen-
dence on the control signal and the divided pulse train,
which second output is fed to a reset input of the set-
reset flip-flop which resets the flip-flop to produce the
complementary first output.

The means for generating the second control output
may comprise another set-reset flip-flop having a set
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2

input which receives the complementary first control
output which sets the other flip-flop to produce the
second control signal, an AND gate having a first input
and a second input, the first control output being fed to
the first input and the complementary pulse train being
fed to the second input to produce an output which is
fed to a reset input of the other flip-flop which resets the
other flip-flop in dependence on the first control output
and the compiementary pulse train.

The dividing means may comprise a D-type bistable,
the divided pulse train and the complementary divided
pulse train each having a frequency of a half of the input
pulse train.

An exemplary embodiment of the invention will now
be described with reference to the accompanying draw-
ings in which:

FIG. 1 shows an adjustable ratio divider in accor-
dance with the present invention and

FIG. 2 is an explanatory diagram showing wave
forms appearing at various points in the arrangement of
FIG. 1

Referring to FIG. 1 input signals to be divided are fed
to an input terminal 1 which is connected to one input 2
of an OR gate 3. The input signals are also fed to a logic
circuit associated with the OR gate 3, which logic cir-
cuit has a dividing means consisting of a D-type bistable
S, a synchronising means which consists of a pair of
AND gates 11 and 13, a pair of inverters 12 and 125,
and a set-reset flip-flop 15, a means for generating a
second control output Q; consisting of an AND gate 18
and a second set-reset flip-flop 19, and a gate control
means consisting of an AND gate 17. The input singals
are received by a clock input 4 of the D-type bistable 5.
Output signals from the OR gate 3 are fed over a line 6
to clock a dividing counter 7 which has a fixed division
ratio N. The counter 7 feeds divided output signals to an
output terminal 8 which is the output of the adjustable
ratio divider.

The bistable 5§ has a D input 9 and complementary
outputs Q4 and Q4. The Q4 output is connected back to
the D input 9 of the bistable so that the bistable 5 acts in
known manner as a frequency divider to provide a
divided pulse train at the Q4 terminal, and 2 comple-
mentary divided pulse train at the Q4 output terminal,
each being one half of the frequency of the signals fed to
the input terminal 1.

A control signal input terminal 10 is provided to
which a control signal is fed in operation to change the
division ratio of the divider. The terminal 10 is con-
nected to one input of the AND gate 11 and via the
inverter 124 to an input of the second AND gate 13.
The Q4 output of the bistable 5 is connected to a second
input of the AND gate 11 and via the inverter 12bto a
second input of the AND gate 13.

The AND gate 11 provides a first output 14 which is
fed to a set (‘S’) input of a set-reset flip-flop 15, whilst
the AND gate 13 provides a second output 16 which is
coupled to the reset (R) input of the flip-flop 15.

The flip-flop 15 provides a first control output Q; and
a complementary control output Qi, the Q; output
being fed to the AND gate 17, and the AND gate 18 of
the means for generating the second control output Q3.
The Qy output is connected to the S input of the second
set-reset flip-flop 19.

The AND gate 18 has an output 20 connected to the
R input of the flip-flop 19 which has a Q output refer-
enced Q; connected to a second input of the AND gate
17. The AND gate 18 has its second input connected to
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the Q4 output of the D-type bistable 5, and the AND
gate 17 provides a gating signal 21 which is connected
to a second input 22 of the OR gate 3.

Referring now to FIGS. 1 and 2 together, an input
pulse train shown at line (a) in FIG. 2 is fed to the input
terminal 1 and then to the input 2 of the OR gate 3. In
the absence of a logically high signal at the second input
terminal 22 of the gate 3 the pulse train will be fed
through the gate 3 over the line 6 and will be divided by
the counter 7. The counter 7 divides the pulse train by
a factor N and this divided pulse train will appear at the
output terminal 8. The divider therefore has a division
ratio N between the input and output terminals 1 and 8
respectively.

The input pulse train is also fed to the clock input 4 of
the D-type bistable 5 and in view of the connection
between the Q4 output of this bistable and its D input 9,
a pulse train will appear at the Q4 output of one half the
frequency of that fed to the input terminal 1. This pulse
train is indicated at line (c) in FIG. 2.

Assume now that control pulses of lower frequency
than the input pulse train are fed to the control input
terminal 10, one such pulse being indicated at line (b) in
FIG. 2. This control pulse is fed directly to the AND
gate 11 and in inverted form to the gate 13 and has no
effect on either gate until such time as the Q4 output of
the bistable 5 goes high. At this point the output 14 of
the AND gate 11 will go logically high and will put the
flip-flop 15 into the set state in which the Q output is
logically high.

The AND gate 13 receives the same inputs as the
AND gate 11 but in inverted form and consequently
when the control pulse goes logically low and follow-
ing this the Q4 output of the bistable 5 also goes low the
AND gate 13 will have an output 16 which is logically
high and which will reset the flip-flop 15 so that its Q
output goes logically low whilst its Q; output is logi-
cally high.

The Qi output of the set-reset flip-flop 15 will there-
fore for each control pulse produce a pulse shown at
line (d) of FIG. 2 whose overall length is governed by
the length of the control pulse but whose leading and
trailing edges are synchronised to leading and trailing
edges of the pulse train appearing at the Q4 output of
the bistable.

As explained above the Qi output of the flip flop 15
first goes high in synchronism with the Q4 output of the
bistable 5. The Q; output of the flip flop 15 is connected
to one input of the AND gate 18 but at this stage has no
effect on that gate since the second input of the gate 18
is connected to the Q4 output of the bistable 5 which is
logically low when the Q4 output is high.

As can be seen from lines (a) and (c) of FIG. 2 the Q4
output of the bistable 5 will go logically low after one
complete clock cycle of the input pulse train. The Q
output of the flip-flop 15 will still be high at this stage
and therefore the output 20 of the AND gate 18 will go
logically high and this will reset the flip flop 19 so that
the Q output Q; of that flip flop will go logically low.

The waveform appearing at the Q3 output of the flip
flop 19 is shown at line () of FIG. 2. As can be seen
from lines (d) and (e) of FIG. 2, at the time immediately
proceeding that at which the Q; output of the flip-flop
15 goes high the Q) output will be high since this output
is the complement of the Q{ output. When Q is logi-
cally high this will set the flip-flop 19 so that its Q2
output will be logically high.
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The state of Q2 will not be affected when Qi goes
high and Q1 goes low since as explained above the logi-
cally high level of Q1 does not affect the AND gate 18
at the time at which Q goes logically high. The AND
gate 18 is not enabled so as to reset the flip-flop 19 until
one clock cycle later of the input signal fed to the input
terminal 1.

Consequentially the Q; and Q2 outputs of the flip-
flops 15 and 19 are logically high together for one clock
cycle of the input signal. The output 21 of the AND
gate 17 will therefore be logically high for this one
clock cycle since both Qg and Q are fed to respective
inputs of that AND gate.

The output 21 of the gate 17 is connected to the input
22 of the OR gate 3 and this input will therefore be held
at a logically high level for one clock cycle of the input
signal.

The effect of holding the input 22 of the OR gate 3
logically high for one clock cycle of the input signal is
to mask out one clock edge of this signal which clock
edge would otherwise be fed over line 6 to clock the
counter 7. As a result of this the signal appearing at the
output terminal 8 will be divided by N+1 rather than
by N although the counter 7 itself continues to divide by
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In order therefore to produce a division ratio of N
+ 1 for the whole divider, one control pulse must be fed
to the control input terminal 10 during each output
cycle of the counter 7, so as to remove one clock edge
from the pulse train fed to the counter 7 during each
output cycle of that counter.

If two clock pulses are applied to the control input
terminal 10 during each output cycle of the counter 7,
then two clock edges will be removed from the input
signal and the output signal appearing at the terminal 8
will be divided by N+2, and so on.

The present invention therefore mitigates the time
delay encountered in the above described prior art ar-
rangement since there is no reconfiguration of the
counter 7. This counter continues to divide by N, the
division ratio being controlled by removing clock edges
which would otherwise have clocked this counter.

The invention is particularly suitable for use in fre-
quency synthisisers where two modulus or other forms
of adjustable ratio divider are required.

What we claim is:

1. An adjustable ratio divider comprising a dividing
counter having a fixed division ratio and which is
clocked by an input pulse train fed to the counter via a
gate associated with a logic circuit, which logic circuit
comprises dividing means arranged to frequency divide
the input pulse train to provide a divided pulse train and
a complementary divided pulse train, synchronising
means arranged to generate a first control output and a
complementary first control output, each of which is
synchronised with the divided pulse train, in depen-
dence on a control signal fed to the synchronising
means and the divided pulse train, means for generating
a second control output in response to the complemen-
tary first control output in dependence on the first con-
trol output and the complementary divided pulse train,
and gate control means responsive to the first control
output and the second control output to provide a gat-
ing signal to control the gate to remove one or more
pulses from the input pulse train so that the division
ratio of the divider is effectively variable in dependence
on the number of control pulses received by the logic
circuit during an output cycle of the dividing counter.
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2. An adjustable ratio divider according to claim 1
wherein the gate control means comprises an AND gate
which receives the first control output and the second
control output to provide the gating signal in depen-
dence thereon.

3. An adjustable ratio divider according to claim 2
wherein the synchronising means comprises a first
AND gate having a first input and a second input, the
divided pulse train being fed to the first input and the
control signal being fed to the second input to provide
a first output in dependence on the control signal and
the divided pulse train, a set-reset flip-flop having a set
input and an output, said first output being fed to said
set input of a said set-reset flip-flop which sets the flip-
flop to produce the first control output, a first inverter
and a second inverter, a second AND gate having a first
input and a second input, the divided pulse train being
fed to the first input of said second AND gate via said
first inverter and the control signal being fed to the
second input via said second inverter to produce a sec-
ond output in dependence on the control signal and the
divided pulse train, which second output is fed to a reset
input of the set-reset flip-flop which resets the flip-flop
to produce the complementary first output.

4. An adjustable ratio divider according to claim 3
wherein the means for generating the second control
output comprises another set-reset flip-flop having a set
input which receives the complementary first control
output which sets the other flip-flop to produce the
second control signal, a third AND gate having a first
input and a second input, the first control output being
fed to the first input of said third AND gate and the
complementary pulse train being fed to the second input
of said third AND gate to produce an output which is
fed to a reset input of the other flip-flop which resets the

other flip-flop in dependence on the first control output-

and the complementary pulse train.

S. An adjustable ratio divider according to claim 4
wherein the dividing means is a D-type bistable and the
divided pulse train and the complementary divided
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6

pulse train each have a frequency of a half of the input
pulse train.

6. An adjustable ratio divider according to claim 1
wherein the dividing means is a D-type bistable and the
divided pulse train and the complementary divided
pulse train each have a frequency of a half of the input
pulse train, the synchronising means comprises a first
AND gate having a first input and a second input, the
divided pulse train being fed to the first input and the
control signal being fed to the second input to provide
a first output in dependence on the control signal and
the divided pulse train, which first output is fed to a set
input of a set-reset flip-flop which sets the flip-flop to
produce the first control output, a second AND gate
having a first input and a second input, a first and a
second inverter, the divided pulse train being fed to the
first input of said second  AND gate via said first in-
verter and the control signal being fed to the second
input of said second AND gate via said second inverter
to produce a second output in dependence on the con-
trol signal and the divided pulse train, which second
output is fed to a reset input of the set-reset flip-flop
which resets the flip-flop to produce the complemen-
tary first output, the means for generating the second
control output comprises another set-reset flip-flop hav-
ing a set input which receives the complementary first
control output which sets the other flip-flop to produce
the second control signal, a third AND gate having a
first input and a second input, the first control output
being fed to the first input of said third AND gate and
the complementary pulse train being fed to the second
input of said third AND gate to produce an output
which is fed to a reset input of the other flip-flop which
resets the other flip-flop in dependence on the first con-
trol output and the complementary pulse train, and the
gate control means comprises an AND gate which re-
ceives the first control output and the second control
output to provide the gating signal in dependence

thereon.
3 * * * *



