1 DUAL- MODULUS PRESCALER Cl RCU T OPERATI NG AT A VERY
H GH FREQUENCY The i nvention concerns a dual - nodul us
prescaler circuit operating at a very high frequency
in particular arranged in a phase |ock |oop of a
frequency synthesiser. The coupter-divider or
prescaler circuit includes at |east an assenbly
conprising 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 cl ocked
by an input clock signal to supply an output signa
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
node. 10 It should be noted that "very high frequency
signal s" are signals with a higher frequency than 1
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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.



circuit is capable of dividing the frequency of an

i nput signal CK by a first factor equal to 2 or by a
second factor equal to 3 in accordance with the

sel ected node div. 5 1n order to do this, the
prescal er or counter-divider ©drcuit may include two
or three standard D-type flip flops 2, 3, 4 and two
NOR | ogic gates 5, 6 in negative feedback arranged
bet ween a first fIip flop 2 and a second flip flop 3.
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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 QUT from
prescaler circuit 1 is supplied to the inverted output Qb of second flip flop 3.

25 This output signal QUT is also the input signa! 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.



vol tage 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 nmade with
two PMOS transistors in series, which are connected in
series wth two parallel NMOS $1ansi stors between a
positive supply termnal and a negative supply
termnal of a voltage source. One gate of the first
PMOS transi stor is connected to one 5 gate of the
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15 presca?er 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 claim1.

Particular embodiments of the prescaler circuit are defined in
dependent claims 2 fo 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.



25 transistors in series, which are connected in
series to two parallel PMOS transistors between two
term nals of a continuous voltage source. Since each
NMOS transi stor switches rapidly conpared to each PMOS
transistor, each NAND |ogic ghte forns a prescaler
circuit capable of operating at a very high
frequency. -4- One of the two flip flops
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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
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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. 04
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 equa! to 1.



divider circuit is devised to be able to operate
normal ly at a very high frequency, particularly in

t he phase | ock | oop of a frequency synthesiser. O
course, it may also include, in addition to the
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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 fiop 13 also forms the input signal D of the



rapidly at a high frequency. This third flip flop is
cl ocked by an out put signal 20 of second flip flop 13.
In this enbodi ment, the non-inverted output signal Q
of second flip flop 13 clocks third flip flop 14. O
course, node selection by sighal divb could al so be
carried out wthout using this third | ower frequency
flip flop. The first NAND | ogic gate 15 receives at

i nput the inverted output 25 signal Qo fromfirst
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connected between two termmals of a contlnuous 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.

(4]

The prescaler or counter-divider circuit may advantageously be

integrated in a P-doped silicon substrate in 0.18 um CMOS technology.

Figures 3 and 4 show one embodiment of a dynamic D-type fiip flop
30 with two outputs Q and Qb seen in Figure 3, and one embodiment of a



circuit 1 divides the frequency of input signal CK by
a second factor equal 15 to 3. The NAND | ogi c gates
can each be nade with two series NMOS transistors,
whi ch are connected in series to two parallel PMOS
transi stors, connected betweeh-two terminals of a
conti nuous vol tage source (not shown). One gate of
the first NMOS transistor is connected to one gate of
20 the first PMOS transistor to forma first input of
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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 Vpp 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 Vgs. 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.



10 a continuous vol tage source powering the
dual - nodul us prescaler circuit. A first active branch
thus includes, in series, a first PMOS transistor P1,
a second PMOS transi stor P2, and a first NMOS
transistor N1. The source of-8he first PMOS
transistor Pl is connected to the positive term na
VDD and its drain is connected to the source of the
second PMOS transistor 15 P2. The drain of this second
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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



of the fifth NMOS transistor N5, whose source is

connected to the negative termnal 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 theSthird PMOS transistor

P3. The gate of the fourth 10 NMOS transi stor N4

receives the clock input signal CK One inverted

output Qb of the flip flop can be obtained at the

con t.i,on nod t he drai ps of f P

C DR g FETintlari e 8720 snaniifa P, TGOS be selected
f owfdny tAet buitathe anekich exgioRNin AvVRehE@Enct agathedises phase lock
fourth branch thus includes, in series, between the

t wdoerupRreferablyy thel divides-bynél or iby-Jsassembly 1is ratpegnput of the
tf?ﬁéé&*gg?ﬁﬁnand a sixth NMOS transistor N6. The

source e fifth PMOS transistor P5 is connected to
the positive termnal 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 termnal Vss. 20 O course, if one wishes to
make a sinplified dynamc flip flop wwth a single
inverted output Qo shown in Figure 4, this |ast active
branch, as the inverter stage, is omtted. This
reduces the electrical power consunption of the flip
flop. Consequently, as the prescaler or
counter-divider circuit is nade up of this sinplified
type of flip flop 12 or two sinplified flip flops 12
25 and 14 as shown in Figure 2, it is possible to
reduce the circuit's electrical power consunption
while allowing it to operate at a very high frequency.
From the description that has just been given, severa
vari ants of the dual -nodul us prescaler circuit may be
devi sed by those skilled in the art, wthout
departing fromthe scope of the invention defined by
the clains. The 30 dual -nodul us prescaler circuit my
include a series of several dividers-by-2 or by-3. The
prescaler circuit assenbly may al so be conbined with a
chain -9-



of dividers, particularly dividers-by-2, enabling one
factor to be selected fromtwo suitable division
factors in a frequency synthesiser phase | ock | oop.
Preferably, the divider-by-2 or by-3 assenbly is at
the input of the prescaler ci'lPcuit. -10- CLAI M 1.
Dual - nrodul us prescaler circuit (1) for operating at a
very high frequency, said circuit including at | east
one assenbly fornmed of first and second dynamc
D-type flip flops (12, 13), and two | ogic gates (15,
16CLAAMSnged i n negative feedback between the two
flip flops, which are clocked 5 by an input clock
signal (CK) in order to supply a divided output signa
(QUJT) through the second flip flop, whose frequency

?Ht CPefS 1PeDualpnilbldu{UsOpﬂes&h@h&iircﬁltqqm%ma?elﬁaﬂhgmt zbyvleay high
1 s actor equa (0] r secon CLOIr egugal.

t o TEAWENGY, fogift Cirewt mcl%d'ag\ﬁtﬁgagt S @ssembly fgmed aﬁ&rﬁt and
d h t 16
S(J aééekg)nd agném?cdd&(pg) ﬂlg' ﬂ@g;*é ggcggg, %d e |d%m% ‘"gates )15 )
beamangerh mene@ail\teofeedbach patwesn thestwa ﬂ'@tﬂqﬂsb p’hﬂqu%f e clocked

1 h hat
g
l Sﬁ(DIQTr)TQHrdeght ithTeSSea@rhd Vilip Hloqn odfesses geqaen?y pnatmhee tthe input
one I nverted O resc er.cireui
(1?'%5%@&9@'4@9%{?”@”{ wagdstgﬂgaflggt éc,t r.8aval 12, or by a second
Uhechdr 8qudi D394 @ fl.ﬂf@lohsofaé ANGOR Meder @a@cwomgugdae (divb)

i nverted out put si fromthe first

f | appligcoto (rmmpum? onerﬁéh@rﬂwcm’t@% Qg wtcput &Q&ﬁ&#@%secoﬂd
't he dj S| d
10; i, B3t INRRD S BHeR" 14 e R0G, oFcne Hest D 8P (12)
t heharactutizedi |g I‘Ihzht thedwot lbgicfgates are\IAM[ND gaites, @tdelnatgat one of
ayMeAEnamIc ey Y K iomecEpat es il HoRenSE 58 s € provide
S| Sﬁﬂrloﬁ@lnwﬁﬂeﬂ%%utcﬁ“gﬁé]e second flip flop, the

non-rnverted output signal fromthe second flip flop
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 fiip 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



bei ng provided to the input of the first dynamc flip
flop. 3. Prescaler circuit (1) according to any one of
the preceding clains, characterized in that the

di vided output signal (QUT) of the 25 prescaler
circuit is supplied by an invetted output (Q) of the
second flip flop (13). 4. Prescaler circuit (1)
according to any one of the preceding clainms,
characterized in that it includes a third dynamc

D-t, l.] ith =11- i ngl d .
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thﬁhé *ﬁfﬁt NN‘N@ Ib@g'%at@ats%ld ?@I‘dj flid lofh Béfn lEI#JERe@w%e non-

cl ocked non I hverted output si'g
setftYﬁatedquéptﬂu%gnala‘romrtbeeacemd iprftap.t (1) accordi ng

to any one of clainms 2 and 4, characterized in that

the firsb. aHdﬁ!smalerhcwciukjmamcmrﬂinlgptd bop<onenof widmas 2 and 4,

eS8t e A AP AR b A ABBE e a s

neaetlve/ eraraih)iinavhicNthere afg %‘rfaﬁ‘@e it seABk] Béﬁ#@erﬂl@ posmve
Ltaes urce, first and second PMOS transistors (Pl
p2%e "&Pﬂ‘i

o) rld anpesatives ieirdpak (Yse)) connesteshte afcontinuous
10t h?olfdg’es%ﬁﬁ’ll@s fﬁggam&{r@”f’l\ﬁ(ggr ?ngg#oi?g ég,qnq;af)t ehd a first

formthe 1 nput term wher'eas
onEI\@ASetramﬁistohéNsbcmnj gam:)sfttharfssisPMOSemm MNBAOS transistors

f l.
< 6a et PRotTbR tnf ik B pting o lopRingiReeas ane oate
seoﬁ m savohd PRIOS! tiahBiStdr reaeives &f clobR sighall (SEY ﬁmbl@cﬂdng the
h# NMOS transi stors , one gate of the
t

"Pof'mssﬁfan potive rbaawbtlar\gl)"pedeﬁcﬁ At eAa@ngedcin series, a
1551 @il PM@Srt?éﬁs@Bﬁ e(g‘g? Grfef sé#’%cﬁ%ﬁ@”ﬁm@%@?&hﬁ&%h (N2,

is connected to al ns e second
t r Masianeogatenaf theethindr BMOS/m6dtNMAS traosistorardceivingi the clock

aclibus HRRels drb $hleBr SLECANE NAIOR Hafsisld} & dnfoted 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

n

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

PMGOS 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.




20 PMOS transistor (P4) and fourth and fifth NMOS
transistors (N4, N5), one gate of the fourth NMOS
transi stor receiving the clock signal, whereas one
gate of the fourth PMOS transistor is connected with
one gate of the fifth NMOS tr®hsistor to the drains
of the second NMOS transistor and the third PMOS
transi stor, the drain connection node of the fourth
PMOS and NMOS 25 transistors suppliying the inverted

out put siLgngl . Prescal circuit (1) accordi,ng to .
ol'alm 5. 7onErascalsr GERIT (Tl rieordhg ©ebBR inhe Preceding
f 1 chairhb oghadraclerided i ifistat RahiegPatetian @hPddpdeesilidth substrate in
first and. third flip flops, and one inverter stage

f of- 1P GYMQS techpelagwerted output signal . -12- 7.
Prescaler circuit (1) according to any one of the

pr ecedi n§. cPrgsealercbincuit (@) iacedrding ttoagnytone of the preceding

in t LI P- ed.siljcon subsitrate iin. 0.18 pm,. .
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anpy-Gnasseimbbipea peries of Alvidérsdya? edmbined atthasthéedivider-by-2 or
that jt .includes, after the first divider-by-2 or )
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conbi o A Chu e A

o TRelIT 19bS: ik A5 NAND SR HirdnBg i pEpSRIS RuBack between
dythentine tiip flopse flip flops, and two NAND gates

arranged in negative feedback between the two flip

fl ops.



