
1  DUAL-MODULUS PRESCALER CIRCUIT OPERATING AT A VERY
HIGH FREQUENCY The invention concerns a dual-modulus
prescaler circuit operating at  a very high frequency
in particular arranged in a phase lock loop of a
frequency synthesiser. The counter-divider or
prescaler circuit includes at  least an assembly
comprising two dynamic D-type flip flops, and two
logic 5 gates arranged in negative feedback between
the two flip flops. These two  flip flops are clocked
by an input clock signal to supply an output signal
whose frequency matches the input clock signal divided
by a first factor  equal to 2, or by a second factor
equal to 3 in accordance with the selected  division
mode. 10 It should be noted that "very high frequency
signals" are signals with  a higher frequency than 1
GHz. This very high frequency is, for example,  the
carrier frequency of a transmission channel on which
data to be  transmitted is modulated in signals
generated at the output of a voltage- controlled
oscillator of a frequency synthesiser. These signals
are thus used 15 in wireless communication systems,
such as in a cellular communication  network. A
frequency synthesiser conventionally includes a phase
lock loop, in  which a dual-modulus prescaler circuit
divides the synthesiser output signal  frequency by a
first factor or a second factor as a function of a
selected 20 division mode. Mode selection is
performed, for example, by a modulator,  such as a
sigma delta modulator such that the synthesiser output
generates  signals at the desired frequency within a
determined frequency band. -2- Figure 1 shows a
conventional dual-modulus prescaler circuit 1. This 



circuit is capable of dividing the frequency of an
input signal CK by a first  factor equal to 2 or by a
second factor equal to 3 in accordance with the
selected mode div. 5 In order to do this, the
prescaler or counter-divider circuit may include  two
or three standard D-type flip flops 2, 3, 4 and two
NOR logic gates 5, 6  in negative feedback arranged
between a first flip flop 2 and a second flip  flop 3.
Each of these flip flops is capable of providing a
non-inverted output  signal Q and an inverted output
signal Qb in accordance with an input 10 signal D. The
first and second flip flops 2 and 3 are clocked by the
input  clock signal CK. A third flip flop 4 clocked by
an output signal OUT from  second flip flop 3, may
also be provided. This third flip flop 4 is only used
to  ensure proper resynchronisation during a mode
change div. The frequency  of this output signal OUT
of prescaler circuit 1 matches the frequency of 15
input signal CK divided by the first division factor
or the second division  factor in accordance with the
selected mode div. The first NOR logic gate 5 receives
at input the non-inverted output  signal Q from the
first flip flop 2, and the non-inverted output signal
Q from  the third flip flop 4 representing the
selection of division mode div. The 20 output of this
first logic gate 5 is connected to one input of the
second NOR  logic gate 6, the input of which also
receives the non-inverted output signal  Q from second
flip flop 3. The output of this second logic gate 6 is
connected to input D of the second flip flop 3. The
output signal OUT from  prescaler circuit 1 is
supplied to the inverted output Qb of second flip flop
3.  25 This output signal OUT is also the input signal
D of first flip flop 2. If the selected mode div is in
state 1, i.e. a high voltage state,  prescaler circuit
1 divides the frequency of input signal CK by a first
factor  equal to 2. Conversely, if the selected mode
div is in state 0, i.e. a low  



voltage state, prescaler circuit 1 divides the
frequency of input signal CK by  30 a second factor
equal to 3. -3- Each NOR logic gate 5, 6 is made with
two PMOS transistors in series, which are connected in
series with two parallel NMOS transistors  between a
positive supply terminal and a negative supply
terminal of a  voltage source. One gate of the first
PMOS transistor is connected to one 5 gate of the
first NMOS transistor to form a first gate input. One
gate of the  second PMOS transistor is connected to
one gate of the second NMOS  transistor to form a
second gate input. The connection node between the
PMOS transistors and NMOS transistors forms the logic
gate output. Due to the use of NOR logic gates with
two PMOS transistors in  10 series that are slow, this
type of prescaler circuit is not provided to operate
normally at a very high frequency, which constitutes a
drawback. Moreover,  since three standard D-type flip
flops are used, this prescaler circuit  consumes a
significant amount of electrical power. It is thus an
object of the invention to provide a dual-modulus  15
prescaler circuit, which overcomes the aforementioned
drawbacks of the  state of the art, with a relatively
simple structure, made in CMOS technology  and which
operates at a very high frequency. The invention
therefore concerns the aforecited dual-modulus
prescaler circuit, which includes the features defined
in the independent  20 claim 1. Particular embodiments
of the prescaler circuit are defined in  dependent
claims 2 to 8. One advantage of the prescaler circuit
according to the invention is  that it includes two
NAND logic gates, which are made with two NMOS  



25 transistors in series, which are connected in
series to two parallel PMOS transistors between two
terminals of a continuous voltage source. Since  each
NMOS transistor switches rapidly compared to each PMOS
transistor,  each NAND logic gate forms a prescaler
circuit capable of operating at a  very high
frequency. -4- One of the two flip flops
advantageously provides only one output signal through
an inverted output, which means that this flip flop
can be  made with one active branch less than a
standard D-type flip flop in order to  reduce the
electrical power consumption of said circuit. The
D-type flip flops 5 are advantageously dynamic flip
flops for the dual-modulus prescaler circuit,  capable
of operating at a very high frequency. The objects,
advantages and features of the dual-modulus prescaler
circuit will appear more clearly in the following
description, made on the  basis of at least one
non-limiting example and illustrated by the drawings,
in  10 which: - Figure 1, already cited, shows a
simplified embodiment of a dual- modulus prescaler
circuit of the state of the art, - Figure 2 shows a
simplified embodiment of a dual-modulus  prescaler
circuit according to the invention, 15 - Figure 3
shows an embodiment of a dynamic D-type flip flop
including one inverted output and one non-inverted
output for a prescaler  circuit according to the
invention, and - Figure 4 shows an embodiment of a
single phase dynamic D-type  flip flop including a
single inverted output for a prescaler according to
the  20 invention. In the following description, the
dual-modulus prescaler or counter- 



divider circuit is devised to be able to operate
normally at a very high  frequency, particularly in
the phase lock loop of a frequency synthesiser. Of
course, it may also include, in addition to the
divider-by-2 or divider-by-3 25 assembly, a chain of
dividers preferably connected to the output of the
assembly. The circuit can thus divide the frequency of
a very high frequency  signal by a first factor N,
where N is at least an integer number higher than  or
equal to 2, or by a second factor N+M, where M is at
least an integer  number higher than or equal to 1.
-5- Figure 2 shows a simplified structure of a
dual-modulus prescaler circuit 1 according to the
invention, capable of operating at a very high
frequency, for example for dividing a frequency of the
order of 2.45 GHz.  This prescaler or counter-divider
circuit includes at least one assembly, 5 which is
made up of two dynamic D-type flip flops 12 and 13,
and two  NAND logic gates 15 and 16. These logic gates
are arranged in negative  feedback between the two
flip flops 12, 13. This assembly forms the input
stage of the prescaler circuit, which may include
several dividers-by-2, for  example, after the
assembly. 10 Flip flops 12 and 13 are clocked by an
input clock signal CK so that  the prescaler circuit
assembly supplies an output signal OUT. This output
signal is preferably supplied to the inverted output
Qb of second flip flop 13.  The frequency of this
output signal OUT matches the frequency of the input
clock signal divided by a first factor equal to 2, or
by a second factor equal  15 to 3, in accordance with
the selected division mode div. The assembly of
prescaler circuit 1 may also include a third dynamic
flip flop 14 as shown in Figure 2. This third dynamic
flip flop ensures proper  resynchronisation when
division mode div is changed, which may occur  



rapidly at a high frequency. This third flip flop is
clocked by an output signal 20 of second flip flop 13.
In this embodiment, the non-inverted output signal Q
of second flip flop 13 clocks third flip flop 14. Of
course, mode selection by  signal divb could also be
carried out without using this third lower frequency
flip flop. The first NAND logic gate 15 receives at
input the inverted output  25 signal Qb from first
flip flop 12, and the inverted output signal Qb from
the  third flip flop 14 representing the inverted
division mode selection divb. The  output of this
first logic gate 15 is connected to an input of the
second  NAND logic gate 16, which also receives at
input the non-inverted output  signal Q from the
second flip flop 13. The output of this second logic
gate 30 16 is connected to the input D of the second
flip flop 13. The non-inverted  output signal Q from
second flip flop 13 also forms the input signal D of
the -6- first flip flop 12. The output signal OUT from
prescaler circuit 1 can be  provided to the inverted
output Qb of second flip flop 13. As explained below
with reference to Figures 3 and 4, it is preferable
to provide output signal OUT through inverted output
Qb of second dynamic  5 flip flop 13. In this case,
fewer active branches are used between input CK of
prescaler circuit 1 and output OUT to carry out a very
high frequency  division. The first single-phase
dynamic flip flop 12 also only supplies  inverted
output signal Qb, which economises one active branch
compared  to a standard D-type flip flop, and
consequently reduces the electrical power 10
consumption of prescaler circuit 1. The same is true
of third flip flop 14. If the selected mode div is at
state 1, i.e. the high state, prescaler  circuit 1
divides the frequency of input signal CK by a first
factor equal to 2.  However, if the selected mode div
is at state 0, i.e. the low state, prescaler  



circuit 1 divides the frequency of input signal CK by
a second factor equal  15 to 3. The NAND logic gates
can each be made with two series NMOS  transistors,
which are connected in series to two parallel PMOS
transistors,  connected between two terminals of a
continuous voltage source (not  shown). One gate of
the first NMOS transistor is connected to one gate of
20 the first PMOS transistor to form a first input of
the logic gate. One gate of  the second NMOS
transistor is connected to one gate of the second PMOS
transistor to form a second input of the logic gate.
The drain connection  node between the NMOS and PMOS
transistors forms the logic gate  output. Since the
switching of each NMOS transistor is very rapid, 25
compared to the switching of each PMOS transistor,
each NAND logic gate  can form a prescaler circuit
able to operate at a very high frequency. The
prescaler or counter-divider circuit may
advantageously be  integrated in a P-doped silicon
substrate in 0.18 m CMOS technology.  Figures 3 and 4
show one embodiment of a dynamic D-type flip flop 30
with two outputs Q and Qb seen in Figure 3, and one
embodiment of a -7- dynamic D-type flip flop with a
single inverted output Qb seen in Figure 4.  This true
single-phase dynamic flip flop is advantageously used
for the  dual-modulus prescaler circuit for very high
frequency operation (higher  than 1 GHz) and a
reduction in electrical power consumption. 5 First of
all in Figure 3, the dynamic D-type flip flop with two
outputs Q  and Qb is that used as second flip flop 13
shown in Figure 2. This dynamic  flip flop includes
three active branches each formed of three series MOS
transistors and one last active branch formed of two
series MOS transistors.  These MOS transistors are
arranged between two terminals VDD and Vss of 



10 a continuous voltage source powering the
dual-modulus prescaler circuit. A first active branch
thus includes, in series, a first PMOS transistor  P1,
a second PMOS transistor P2, and a first NMOS
transistor N1. The  source of the first PMOS
transistor P1 is connected to the positive terminal
VDD and its drain is connected to the source of the
second PMOS transistor 15 P2. The drain of this second
PMOS transistor P2 is connected to the drain  of the
first NMOS transistor N1, whose source is connected to
the negative  terminal Vss. The gates of the first
PMOS and NMOS transistors P1 and N1  are connected to
define the input terminal D of the flip flop. The gate
of the  second PMOS transistor P2 receives the input
clock signal CK, whose  20 frequency has to be divided
in the prescaler circuit. A second active branch thus
includes, in series, a third PMOS  transistor P3, a
second NMOS transistor N2 and a third NMOS transistor
N3. The source of the third PMOS transistor P3 is
connected to the positive  terminal VDD and its drain
is connected to the drain of the second NMOS 25
transistor N2. The source of this second NMOS
transistor N2 is connected  to the drain of the third
NMOS transistor N3, whose source is connected to
negative terminal Vss. The gates of the third PMOS and
NMOS transistors  P3 and N3 are connected for
receiving the input clock signal CK. The gate  of the
second NMOS transistor N2 is, however, connected to
the drain of  30 the first NMOS transistor N1 and the
second PMOS transistor P2. -8- A third active branch
thus includes, in series, a fourth PMOS transistor P4,
a fourth NMOS N4 and a fifth NMOS transistor N5. The
source of fourth PMOS transistor P4 is connected to
the positive terminal  V00 and its drain is connected
to the drain of the fourth NMOS transistor 5 N4. The
source of this fourth NMOS transistor N4 is connected
to the drain  



of the fifth NMOS transistor N5, whose source is
connected to the negative  terminal Vss. The gates of
the fourth PMOS transistor P4 and of the fifth  NMOS
transistor N5 are connected to the drain of the second
NMOS  transistor N2 and of the third PMOS transistor
P3. The gate of the fourth 10 NMOS transistor N4
receives the clock input signal CK. One inverted
output  Qb of the flip flop can be obtained at the
connection node of the drains of  the fourth PMOS
transistor P4 and NMOS transistor N4. Finally, a
fourth active branch shows an inverter stage. This
fourth  branch thus includes, in series, between the
two supply terminals Vop and  15 Vss, a fifth PMOS
transistor P5 and a sixth NMOS transistor N6. The
source of the fifth PMOS transistor P5 is connected to
the positive terminal Vop and  its drain is connected
to the drain of the sixth NMOS transistor N6, thus
defining the non-inverted output node Q. The source of
the sixth NMOS  transistor N6 is connected to the
negative terminal Vss. 20 Of course, if one wishes to
make a simplified dynamic flip flop with a  single
inverted output Qb shown in Figure 4, this last active
branch, as the  inverter stage, is omitted. This
reduces the electrical power consumption of  the flip
flop. Consequently, as the prescaler or
counter-divider circuit is  made up of this simplified
type of flip flop 12 or two simplified flip flops 12
25 and 14 as shown in Figure 2, it is possible to
reduce the circuit's electrical  power consumption
while allowing it to operate at a very high frequency.
From the description that has just been given, several
variants of the dual-modulus prescaler circuit may be
devised by those skilled in the art,  without
departing from the scope of the invention defined by
the claims. The  30 dual-modulus prescaler circuit may
include a series of several dividers-by-2 or by-3. The
prescaler circuit assembly may also be combined with a
chain -9- 



of dividers, particularly dividers-by-2, enabling one
factor to be selected  from two suitable division
factors in a frequency synthesiser phase lock  loop.
Preferably, the divider-by-2 or by-3 assembly is at
the input of the  prescaler circuit. -10- CLAIMS 1.
Dual-modulus prescaler circuit (1) for operating at a
very high  frequency, said circuit including at least
one assembly formed of first and  second dynamic
D-type flip flops (12, 13), and two logic gates (15,
16)  arranged in negative feedback between the two
flip flops, which are clocked 5 by an input clock
signal (CK) in order to supply a divided output signal
(OUT) through the second flip flop, whose frequency
matches the input  clock signal frequency divided by a
first factor equal to 2, or by a second  factor equal
to 3 as a function of a division mode selection signal
(divb)  applied to the input of one of the logic
gates, one output (Q) of the second 10 flip flop (13)
being connected to one input of the first flip flop
(12),  characterized in that the two logic gates are
NAND gates, and in that one of  the dynamic flip flops
is formed of three active branches so as to provide
only one inverted output signal. 2. Prescaler circuit
(1) according to claim 1, characterized in that  15
the first NAND gate (15) is arranged for receiving the
inverted output signal  (Qb) from the first dynamic
flip flop (12), which has only three active  branches,
and the division mode selection signal (divb), in that
the second  NAND gate (16) is arranged for receiving
the output signal from the first  NAND logic gate and
the non-inverted output signal (Q) from the second 20
dynamic flip flop (13) in order to supply an output
signal to the input of the  second flip flop, the
non-inverted output signal from the second flip flop  



being provided to the input of the first dynamic flip
flop. 3. Prescaler circuit (1) according to any one of
the preceding  claims, characterized in that the
divided output signal (OUT) of the  25 prescaler
circuit is supplied by an inverted output (Qb) of the
second flip  flop (13). 4. Prescaler circuit (1)
according to any one of the preceding  claims,
characterized in that it includes a third dynamic
D-type flip flop with -11- a single inverted output,
which is formed of three active branches, the third
flip flop receiving at input an inverted division mode
selection signal (div) in  order to provide, via the
inverted output, the mode selection signal (divb) to
the first NAND logic gate, said third flip flop being
clocked by the non 5 inverted output signal from the
second flip flop. 5. Prescaler circuit (1) according
to any one of claims 2 and 4,  characterized in that
the first and/or third dynamic flip flops include a
first  active branch, in which there are arranged, in
series, between a positive  terminal (VDD) and a
negative terminal (Vss) connected to a continuous 10
voltage source, first and second PMOS transistors (P1,
P2), and a first  NMOS transistor (Ni), one gate of
the first PMOS and NMOS transistors  being connected
to form the input terminal of the flip flop, whereas
one gate  of the second PMOS transistor receives a
clock signal (CK) for clocking the  flip flop, a
second active branch, in which there are arranged, in
series, a 15 third PMOS transistor (P3) and second and
third NMOS transistors (N2,  N3), one gate of the
third PMOS and NMOS transistors receiving the clock
signal, whereas one gate of the second NMOS transistor
is connected to  the drains of the second PMOS
transistor and the first NMOS transistor,  and a third
active branch, in which there are arranged, in series,
a fourth 



20 PMOS transistor (P4) and fourth and fifth NMOS
transistors (N4, N5), one  gate of the fourth NMOS
transistor receiving the clock signal, whereas one
gate of the fourth PMOS transistor is connected with
one gate of the fifth  NMOS transistor to the drains
of the second NMOS transistor and the third  PMOS
transistor, the drain connection node of the fourth
PMOS and NMOS  25 transistors suppliying the inverted
output signal. 6. Prescaler circuit (1) according to
claim 5, characterized in that  the second dynamic
flip flop includes three active branches like the
first and  third flip flops, and one inverter stage
for supplying a non-inverted output  signal. -12- 7.
Prescaler circuit (1) according to any one of the
preceding claims, characterized in that it is
integrated in a P-doped silicon substrate in  0.18 pm
CMOS technology. 8. Prescaler circuit (1) according to
any one of the preceding  5 claims, characterized in
that it includes, after the first divider-by-2 or
divider- by-3 assembly, a series of dividers-by-2
combined with other divider-by-2 or  divider-by-3
assemblies, which are each formed of at least two
dynamic D- type flip flops, and two NAND gates
arranged in negative feedback between  the two flip
flops. 


