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The present invention relates to a progranimable frequency divider circuit

comprising p cascade-connected frequency-dividing cells, each of these cells representing a
division of rank i, all cells being switchable between a normal diiride—by-two mode, and a
5 programmed divide-by-three mode, a cell of arbitrary rank i comprising:

- a first input for an input frequency signal, _ .

- a first output for an output frequency signal to be applied to the first input of the cell of
higher rank, ' |

. -a second input for an enable signal for the programmed mode,
- 10 - a third input for a programming signal, ,
- a second output for a signal generated in response to the enable signal rec_eived through its

second input and applied to the second input of the cell of lower rank as an enable signal.
The present invention has important applications especially for the
realization of the frequency synthesizer in the field of radio transmissions.
15 | | |
BACKGROUND OF THE INVENTION
Such a divider circuit is described in European Patent Application no.
0 517 335 filed by Applicants on 4* June 1992. Each cell of this circuit divides the input
frequency signal by two in the normal mode and by three in the programmed mode, so that
. 20 the minimum division factor of this circuit is equal to Ry;, = 2P, and that its maximum
division factor is equal to Ry, = 2°*!-1; |
With such a circuit it is thus impossible to obtain very high and very low

division factors.

25 SUMMARY OF THE INVENTION | )
_ It is an object of the present invention to propose a circuit that provides a
solution to this problem. '
~ Therefore, a prbgram:_nable divider circuit according to the invention and
the circuit described in the introduciory paragraph is characterized in that at least one cell |
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5 - selecting an output signal of said d1v1der circuit which has the same frequency as that of the

output signal of the cell of rank p-g-1. | _
This embodiment provides the advantage' of being particularly simple,
. especially when the frequency divider circuit additionally comprises means for tapping the

signal supplied on the second 6utput of the first cell as an output signal.

10 In efféct, the signal supplied on the secohd output of the first cell has the

- same frequency as that of the output Signal of the last active cell: The choice of such an

output thus provides the advantage of being independent of the number of disabled cells.
Moreover, aS the signal supplied on this output iS deﬁved from the input frequency signal of
the circuit, the signal has a phase noise which is very low relative to that of the output

15 frequency signal of the last active cell.

The output signal thus obtained has a low duty cycle and a divider circuit
according to the invention thus advantageously comprises means for increasing this duty
cycle.

The 'invemion likewise relates to a frequency synthesizer which comprises

20 a programmable frequency divider circuit as described in the previous paragraphs, and a
radio telephone of which either the transmitter circuit or the receiver circuit includes such a

synthesizer.

BRIEF DESCRIPTION OF THE DRAWINGS
25 Other features, details and advantages of the present invention will be
- made clear in the description which is to follow with reference to the appended drawings
which are given by way of non-limiting example, in which |
- Fig. 1 shows the éonventional diagram of 5 divide-by-two or divide-by-
three dividing cell, _ |
30 - Fig. 2 shows a timing diagram e'kplaining the operation in the normal
mode of a cell as shown in Fig. 1,
- Fig. 3 shows a timing dlagram explaining the operation in the
programmed mode of a cell as shown in Fig. 1,
- Fig. 4 shows for a first embodlment a cell accordmg to the invention
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progra circuit according to the invention and the circuit
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integrated in a cell as shown in Fig. 4,
- Fig. 6 shows said first embodiment for a divider circuit according to the
5 invention of which the division factor varies between 2 and 31,
- Fig. 7 shows a timing diagram which explains the operation of a divider
circuit as shown in Fig. 6 for a division by 12,
_ - Fig. 8 shows a second embodiment for a divider circuit according to the
invention whose division factor varies between 2 and 31,
10 - Fig. 9 shows a frequency synthesizer which utilizes a progrémm‘able
frequency divider circuit according to the invention and _
- Fig. 10 shows a radio telephone of which the transmitter and receiver

circuits utilize a frequency synthesizer as shown in Fig. 9.

15 DESCRIPTION OF PREFERRED EMBODIMENTS
According to Fig. 1 a divide-by-two or divide-by-three dividing cell of
rank C; comprises a divide-by-two divider stage for a signal having input frequency FI; and a
swallow stage E2 in the circuit for dividing said signal FI, by three.
The stage E1 comprises two D-flip-flops Bl and B2 in a cascade
20 combination. The clock input CK1 of flip-flop B1 forms the first input I; of the cell and
receives the signal having input frequency Fi,. The clock input CK2 of flip-flop B2 receives
the inverted input frequency signal F1; coming from an inverter INV. The output Q2 of the
flip-flop B2 forms the first output O; of the cell and is looped back after being inverted to a
first input of an AND-gate denoted AND1, whose output is connected to the data ‘input D1 of
25 the flip-flop B1.
Stage E2 comprises two D-type ﬂip-ﬂops B3 and B4. The clock input
CK3 of flip-flop B3 receives the input frequency signal FI;, and a clock input CK4 of flip-
flop B4 receives the inverted input frequency signal FT; coming from the inverter INV.
The output Q3 of flip-flop B3, which forms the second output SO, of the cell, is coupled to
30 the data input D4 of flip-flop B4 via an AND-gate denoted AND?2 of which a second mput
forms the input P, of the cell. Output Q4 of flip-flop B4 is looped back, after being inverted,
to a second input of the AND-gate AND1. The data input D3 of flip-flop B3 is connected to
the output of an AND-gate denoted AND3, of which a first input forms the second input FI,
of the cell and of which a second input receives the output frequency signal FO; of the cell.
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is always 1. The swallow stage E2 in the circuit does not affect the behaviour of the cell.
5 While supposing that at the initial instant the output O, of cell C; is 0, the
first input of the AND-gate ANDI is 1, so that the data input D1 of the flip-flop Bl is also
1. With a rising edge of its clock signal FI, the output Q1 of the ﬂip-flop B1 and the input
D2 of the flip-flop B2 thus become 1. And with the next falling edge of the signél FI, the
~ output Q2 of the flip-flop B2 and thus the output O, of cell C; become 1. With the next rising

10 edge of the signal FI, the output of the flip-flop Bl thus becomes zero again while the output
O, of flip-flop B2 becomes zero again at the next falling edge. The output frequency signal
FO, thus obtained on output O; of the cell thus actually corresponds to half a frequency of its

It possible to disable the circuit. Inap Iﬂ ant
- see

input frequency signal FIL,.
The timing diagram of Fig. 3 explains the functioning of the cell of Fig. 1
15 in the programmed mode. The programming input P; is thus 1. AND-gate AND? is therefore
enabled when the second output SO, of the cell becomes 1, so that the second input of the
AND-gate AND1 is thus 0 which makes it possible to "swallow" one additional period of the
input frequency signal compared with the normal divide-by-two divider mode.
Fig. 4 gives a diagrammatic representation of a cell CD; that may be
20 disabled. This cell is similar to that shown in Fig. 1, but flip-flop B3 is now replaced by a
~ flip-flop B3’ which has an additional input A;. '
This flip-flop B3’ is shown in Fig. 5 for a first embodiment. The flip-flop
is a conventional D-type ECL logic flip-flop formed by three differential pairs of transistors
Tla and'le T2a and T2b, T3a and T3b. The bases of the transistors T1a and T1b are
25 connected to the clock input CK of flip-flop B3’ and to its inverted clock mput CK and the
bases of the transistors T2b and T2a are connected to the data input D of flip-flop B3’ and to
its inverted data input D, respectively. The bases of the transistors T3b and T3a form the
output Q of the flip-flop and its inverted output Q respectively, and are connécted,
respectively, on the one hand, to the collectors of the transistors T2a and T3a and also, via a
30 resistor Ra, to a supply voltage terminal Vcc, and, on the other hand, to the collectors of the
transistors T2b and T3b and also to said supply voltage terminal Vcc via a resistor Rb. The
emitters of the transistors T3a and T3b are_connected to the collector of transistor T1b and
the emitters of the transistors T2a and T2b are connected to the collector of transistor T1a.
The emltters of the transistors T1a and T1b are connected to a current source Sc.
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conpg i ses Thus when input A, is 1, transistor P behaves like an open circuit and the
functlomng of ﬂlp-ﬂop B3’ is that of a conventional flip-flop which copies on its output Q
the value present on its input D for a rising edge of the clock signal CK.
‘'When, in contrast, input A, is 0, transistor P behaves like a short-circuit,
transistor T3a is cut off and output Q is 1, whatever the level of the signal on the D input of
10 the flip-flop. The second output SO; of the cell is thus constantly 1, which makes it possible
to disable said cell so that it does not intervene in the division. It is thus possible to inhibit
any d1v1d1ng action from the disabled cell and from all the cells of higher rank.
Fig. 6 shows a divider circuit according to the invention whose division
factor varying between 2 and 31 is fixed by a programming word PGM of five bits denoted
15 PGM, (where i varies between 1 and 5). Such a divider circuit comprises in a cascade
combination a conventional ceil C1 followed by three cells that may be disabled CD2, CD3
and CD4, so that the first output O of a cell of rank i is connected to the first input I, of -
the cell of rank i+1, and the second output SO; of a cell of rank i is connected to the second
input SI,, of the cell of rank i-1. The first input of the cell C1 receives the signal to be
20 - divided FI,, and its second output SO,, which supplies a signal having a frequency equal to
that of the output frequency signal of the last active cell, forms the output of the divider
~ circuit. The first output of the last cell CD4 is connected to ground and its second input is
connected to the supply voltage terminal Vcc, so that it contmuously has the loglc 1 level.
. Finally, the output of the d1v1der circuit is connected to a circuit 5 which makes it possible to
25 increase the duty cycle of the output signal.
The cells CD2, CD3 and CD4 have each an additional input denoted A2,
A3 and A4, respectively. The fifth bit PGM; of the programming word is carried to input A4
of the cell CD4, whereas the fourth, third, second and first bits PGM,, PGM,, PGM, and
~ PGM, are carried to the programming inputs P4, P3, P2 and P1 respectively, of the cells
30 CD4, CD3, CD2 and C1, respectively. On the other hand, the inputs A4 and P4 of the cell
CD4 form the two inputs of an OR-gate denoted OR1 whose output is connected to the input
A3 of cell CD3. Similarly, the inputs A4 and P3 of cell CD3 form the two inputs of an OR-
- gate denoted OR2 whose output is connected to the input A2 of the cell CD2.
| Thus if one wishes to divide by. a number,. for example, leer than 16,
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Flg. 1, If the required divisor lies between 8 and 15, the inputs A3 and A2 of the
5 cells CD3 and CD2 are thus to be 1. Therefore, the programming bit PGM, is to be fixed at
1, so that the output of an OR-gate ORI is 1. The other programming bits are then chosen as

" a function of the required divisor. In effect, as has been demonstrated in said document, if
one seeks to obtain a period on the output of a cell of rank p, there are to be 2°+N periods
on the input of the first cell available (where N = PGM, '+_ 2.PGM, +... + 2*.PGM,,,).

| 10 For example, to obtain a divisor equal to 12, one has to choose PGM; = 0, PGM, = 1,
' PGM3 = 1, PGM, = 0 and PGM, is 0.
If the required divisor is less than 8, cell CD3 is to be disabled and PGM,
is thus to be equal to 0. The output of gate OR2 is then equal to O and thus the second input
 signal of cell CD2 is continuously equal to 1. - o
15 Likewise, if the required divisor is smaller than 4, the cell CD2 is also to
be disabled and thus bit PGM, is to be equal to 0.
- The timing diagi'ain of Fig. 7 shows the state of the input and output
signals of the various cells of a divider circuit as shown in Flg 6 in the case of a division by
12 |
20 . In this case, as has been explained above, the cell CD4 is disabled, cell

'CD3 divides by three and cells CD2 and C1 divide by two. Between the instants tO and t12
there are thus 12 periods of the input frequency signal FI,, 6 periods of the signal FI,, 3
periods of the signal FI, and 1 period of the output frequency -signal FO,, the second period
of signal FI,, between instants t4 and t8, being "swallowed" by cell CD3 to perform a '

25 division by 3. The enable signal received on the second input SI, of the cell CD3 is
continuously 1; the enable signal received on the second input SI, of cell CD2 has a period
lying between the instants t2 and t14, equal to the period of the output frequency signal FO,,
and its duty cycle is equal to 1/3; the enable signal received on the second input SI, of cell
C1 has a period lying between the instants t3 and t15, equal to the period of the output

30 frequency signal FO;, and its duty cycle is equal to 1/6; finally, the signal supplied on the
second output SO, of the first cell C1 has a period lying between the instants t3.5 and t14.5
equal to the period of the output frequency signal FO, and its duty cycle is equal to 1/12.

For certain applications of such a divider circuit and, more specifically,
when it is used in a frequency synthesizer based on CMOS logic, it is necessary to increase
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increasing the duty cycle of the output signal. This circuit is formed by a flip-flop of the RS
' type which has two AND-gates denoted AND4 and ANDS, the first and second inputs of the
5 AND-gate ANDS receiving the inverse of the output signal SO, of the divider circuit and the
inverse of- the output signal of AN D-gate.AN D4 respectively, whereas the first and second
inputs of the AND-gate AND4 receive the inverse of the output signal of the AND-gate
ANDS and of the output signal of the CMOS/ECL converter denoted C/E respectively,
which converter itself is connected to a first input of a phase comparator 20 of a frequency
10 synthesizer. ‘The output of the AND-gate ANDS is further connected to the input of an
" ECL/CMOS converter denoted E/C, whose output is connected to said input t_if the phase
comparator 20. ' |
Then, the output of AND-gate AND5 becomes zero with a rising edge of
the output signal of the divider circuit and it remains so after this output signal has
15 disappeared until the output of the AND-gate AND4 also becomes zero after the
-ECL/CMOS/ECL conversion. The comparator will thus have received the high edge of the
output signal of the divider circuit. |
Fig. 8 shows another embodlment for a d1v1der circuit according to the
invention. The cells that may be disabled are different from those of Fig. 6 and are denoted
20 CDri'. | - |
Each cell CD1i’ is formed by 5 conventioxial cell Ci as shown in Fig. 1,
the output SO, of this cell being connected to a first input of an OR-gate denoted ORi’ whose
output forms the output SO;’ of the cell CDi’. The other input of the gate ORi’ is connected
to an additional input Ai’ of the cell CDi’. The other inputs I,, SI, and P; of the cell Ci form
25 the first, second and third inputs of cell CDi’.
| As in Fig. 6, the division factor of the divider circuit varies between 2
and 31 and it is fixed by a programming word PGM of five bits denoted PGM,; (where i
varies between 1 and 5). Such a divider circuit comprises in a cascade combination a
conventional cell C1 followed by three cells that may be disabled CD2’, CD3’ and CD4’, so
30 thatthefirstoutputo of a cell of rank i is connected to the first input L, of the cell of rank
i+1, and the second output SO;’ of a cell of rank i is connected to the second input SL; of
the cell of rank i-1. The first input of the cell C1 receives the signal to be divided FI, and its '
second output SO,, which supplies a signal having a frequency equal to that of the output
frequency signal of the last active cell, forms the output of the divider circuit. The first
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5 Dbeing inverted by an inverter INVS, to the additional input A;’ of cell CD4’ and also to a
first input of an AND-gate denoted AND3". The fourth and third bits PGM, and PGM; are
carried to the programming inputs P, and P, respectively, and, after being inverted by an
inverter INV4 and INV3 respectively, to a second input of the AND-gate AND3’ and to a
- first input of an AND-gate denoted AND2’, respectively. The second and first bits PGM,
10 and PGM, are carried to the programming inputs P, and P, respectively, of the cells CD2’
and CD1. The output of the AND-gate AND3’ is connected to an additional input A’ of cell
DC3’ and also to a second mput of the AND-gate AND?2’. Similarly, the output of the AND-
gate AND2’ is connected to the additional mput A, of cell CD2’.
Thus, cell CD4’ is disabled for the value PGM, = 0, whereas in this case
15 the output SO4’ of the cell is continuously 1. Similarly, CD3’ is disabled for the values
PGM; = PGM, = 0 and cell CD2’ is disabled for the values PGM; = PGM4 = PGM, = 0.

Fig. 9 shows a frequency synthesizer which utilizes a dxvxder circuit as
described herembefore This frequency synthesizer comprises a frequency divider circuit 10

20 of which the output is connected to a first input of a phase comparator circuit 20. A second
input of this phase comparator circuit 20 receives a frequency produced by a quartz oscillator
30. This phase cor'nparator- 20 is connected to an integrating circuit 40 whose output controls
a variable oscillator 50. The output of this variable oscillator is connected to the input of

~ divider Cll‘Clllt 10 and forms the output of the frequency synthesizer.

25 - Fig. 10 shows in a dlagram a radio telephone 110 which comprises a
transmitter circuit 77 and a receiver circuit 88 connected to a transceiving antenna 100 via a
circulator 99 and utilizing a frequency synthesizer as is shown in Fig. 8.

The transmitter circuit 77 comprises a modulator 78 which produces an
intermediate frequency signal fi which is carried to a first input of a mixer circuit 79 of

30 which a second input receives an output signal of the frequency synthesizer 80 as described

~ with fe_f.erence to Fig. 8. The output of this mixer circuit 79 is connected to a fiiter 81 itself
connected to an amplifier 82. The output of this amplifier 82 then passes to a second filter 83
before it is delivered to the circulator 99. |
The receiver circuit 88 comprises a filter 89 connected to the output of the
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inpgt D1 of the fli g &ilPBe Bbvious that modifications can be made to the embodiments |
| which have just been described, more specifically, by substituting equivalent technical
means, without leaving the scope of the invention.
| Two different embodiments of the divider circuit have been descnbed but
oﬂumlogm:nmnmrmnrkmdu)ﬂmsmnw1rmﬂt
10 Moreover, one could also have selected to disable other cells than the
| cells at the end of the circuit. For example, it is possible to disable the cells at the beginning
of the circuit and to determine in each case the input to be used.
Slmllarly, one could have chosen to select another output of the divider
circuit than the second output of the first cell of the circuit.
15 ' Finally, the frequency synthesizer shown in Fig. 9 and the radio telephone
of Fig. 10 are shown diagrammatically to show the main functional blocks which form them.
They can be formed in a great many variants which is known to those skilled in the art and
does not need to be described here.
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1. ~ Programmable frequehcy divider circuit comprising p cascade-connected
frequency-dividing cells, each of these cells representing a division of rank i, all cells being
switchable between a normal divide-by-two mode, and a px"ogré.mmed divide-by-three mode,
a cell of arbitrary rank i comprising:
5 - a first input (I for an input frequency signal (F), |
- a first output (O, for an output frequency signal (FO,) to be applied to the first input (I, ,)
* of the cell of higher rank (i+1), o
- a second input (SI)) for an enable s1gnal for the programmed mode,
_ - a third input (P) for a programming signal,

10 - a second output (SO, for a signal generated in response to the enable signal received
through its second input (SI;) and applied to the second input .(SIH) of the cell of lower rank
(i-1) as an enable signal, characterized in that at least one cell has an additional input (A,

A;’) which makes it possible to disable the cell.

2. Divider circuit as claxmed in Claim 1, characterized in that a divider

15 circuit compnses means for:
- disabling the cells from rank p to p-q,
- selecting an output signal of said divider circuit which has the same frequency as the output
frequency signal (FO,.) of the cell of rank p-g-1. o _ -
3. Divider circuit as claimed in Claim 2, characterized in that for disabling

20 | an arbitrary cell of rank i, the dividef circuit comprises means allowing of the supply to the
second input (SI,,) of the cell of loﬁret rank (i-1) a continuously active enable signal.
4. Divider circuit as claimed in Claim 3, characterized in that each cell of
rank i comprises: | . _ - |

-a divide-by-two div'ider stage of the input frequency signal (FI) of the cell, formed by a

25 first (B1) and a second (B2) D-type flip-flop inversely timed relative to each other by said
input frequency signal (FI), the output of the second flip-flop (B2) which forms the output
(O) of the cell, being looped back to the data input of the first flip-flop (B1),
- a swallow stage formed by a third (B3) and a fourth (B4) D-type ﬂip-ﬂoi), the output of the
fourth flip-flop (B4) making it possible to constrain the data input of the first flip-flop (B1),
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functioning of this cell in the nornmal node is explained in nmn'lE

with the timng diagramof Fig. 2. In tfijs case the progranm ng igiogs. 16H
has the O | evel. AND gate AND2 |s t herefore -di sabl ed, so that the seco d5

hgggt ng‘%ﬂg\yf ect t%aw ur of !t]]ﬁmE IWV@O%% {sn?ppogli“éne%'%%ap Fv%ﬁm

i ni ti al therprogmmming and tepablingesigrialsoof thelclell@re astive¢, the first input of the

Wi 3 e g tgr BB e e RAeh mey B el bl ek (R0°°

111 p-T1 Quapll @l EBﬂ.rél'HléEtm@@ offa &i}ﬁlsidr'(]ll’)fah@ﬂzl% Alws, RefentRe l:gnﬁni‘i' Wi th

t he next P l'ing edge of the signal [err
5 receives called actlvatmg signal is no longer active, of bringing the output of this third flip-

flop (B3), which furthermore forms the second output (SO, of the cell, to a contmuously
active level.
5. ~ Divider circuit as claimed in Claim 4, characterized in that said enabling
| signal is obtained from a logical "AND" operation between the programming and enabling
10 signals of the cell of a higher rank i+1. | |
6. Divider circuit as claimed in one of the Clalms 2t05, charactenzed in
that the divider circuit compnses means for tappmg the mgnal supplied on the second output
(SO,) of the first cell as an output signal.
7. _ Divider circuit as claimed in Claim 6, characterized in that the divider
15 circuit comprises means for increasing the duty cycle of said output signal.
8. o Freqﬁeilcy .syhthesizer, characterized in that the divider circuit comprises
a programmable frequency d1v1der circuit as claimed in one of the Claims 1 to 7.
9. Radio telephone of Wthh either the transmitter circuit or the receiver

circuit comprises a frequency syntheslzer as claimed in Claim 8. _ e

| O

NI
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%%ﬂ?ﬁfs%z of the flip-flop B2 and thus the output [err] of ceLITH[Ss$H ET HAS BEEN
becone 1. Wth the next rising edge of the signal [err] the qutput LAGED
flip-flop Bl thus becomes zero again ie the output [err] of lqu‘ %% B2
beconmes zero again at the next falling é€dge. The out put frequenc;’j s

[err] t&gﬁ%ﬂﬁ*d.on output [err] of the cell thus actually corresponds

to half ncy of its input frequency signal [err] The timng diagram
of Fig.Fr @eﬁéyanﬂaezt Sigcit) Tedquently &y ntesizérecdifiprisinyf suchth diVideP ahdfadib 09r amred
node. The gramm ng -input [err] is thus 1. AND-gate AND2 is therefore
enabl edelgh etmmammﬁmthqsgﬂ] of the cell beconmes 1, so that the
second i nput of the AND-gate ANDl is thus O which nmakes it possible to
"swal | ow' one additional period of the input frequency signal conpared with
t he normal divide-by-two divider node. Fig. 4 gives a diagrammatic

representation of a cell [err]. that nay be
frequency divider circuit according to the invention comprises a

succession of N divide-by-two or dmde—by-three dividing cells for an input frequency signal,
while specific ones of these cells can be disabled to obtain division factors smaller than 2V,
- Applications: Especially frequency synthesizers for radio transceiving

5 circuits; radio telephones.
' Reference: Fig. 6.

' Thlls ISIheet Has Been Reﬂ
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di sabled. This cell is sinmilar to that shown in Fig. 1, but fI {p-?'ISoSHﬁ{AHé%S)BEE'

now replaced by a flip-flop B3' which has am,adgdltiopal »i npu ]
flip-flop B3" is showmn in Fig. 5 for a first ¢ a0 B e %dtfl_ip-flo'pis:a
conventional D-type ECL logic flip-flgp orrre, ferential pairs

of transistors Tla and Tlb, T2a and T T3a ases of the
transistors Tla and Tlb are connected t'o the clock input CK of fli-flop B3
and to its-inverted clock .input CK and the bases of the tasistors T2b and
T2a are connected to the data input D of- flip-flop B3' and to Lﬁ}i nvert ed

data input D—respectiyery——the-besesofthetranststorsISbremdA3acf orm
the output ,f the—fipsep—ant respectivel yjt and
are connectep, r " ol|l ect of th
transistors [h2a $mé i ola su ivol}ﬁge
termnal Vcc|! and MG r: s of the 0
: )
I\'/+ . E2
2
2 Sutied nfiadiaiadiadindi ot I e ittt d s A il - an .
| _ : ‘ 1 1
Sl \ [p3 Q3 )| |D4Q4]
] ] ‘
: AND3 B3 AND2 B4/ - |\
: - :
1 ]
1 . _ 1
\ _ . t
I . t
I---'--------'— ------------- o = o wn = e e s e A oy s e S an W W e W W cm e ey ‘I

CK3 CKa ;
AND3 B3/ + AND2 B4J :.
Ai. so.; P
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transistors T2b and T3b and also to said supply voltage termi n{EITW/%§H€ﬁBHé‘S BEEN

resistor Rb. The emtters of the transistors T3a and T3b are c-lnnect%ﬁf_!‘lﬁ@_._'___ED____
the collector of transistor Tlb and the enitters of the transistors 123 and_

T2b are connected to the collector of 2r sistor Tla. The emtters of the
transistors Tla and Tlb are connected /@ current source SC-ThisSheetHasBeenRemlaced

REPLACEMENT SHEET Date: 3 0 JAN 1996 5 “According to the invent
flip-flop B3'" further conprises a PMOS - I |

Rb

Dp— . T3a T3 >[-7—1/D
T2a | |

T1b

Sc

FIG.S5

2-VI-PHF94-528



> THIS SHEET HAS BEEN W
transi stor denoted P, whose gate is connected to the input [lerr] ®EPLACED
flip-flop, whose source is connected to the inverted out put S-oFhe
flip-flop and whose drain is connected to the emtters of the transistors
Tla and Tlb. Thus when input [err] is ranslstor P behaves |i ke an open
circuit and the functioning of flip- fI is that of a conventiona
flip-flop which copies on its output Q°t he value present on its input D for
a rising edge of the clock signal CK. When, in contrast, input A is O,
transistor P b |+ ' ' ' ' ff and
output Qis 1, h elrel : p t he
flip-flop. The second out ut [err} of _t he - S S tantly 1, which
makes it pOSS|Qﬁ | e{saiidickl | Is hal_ does_ﬁﬁ?ﬁLnLervene in the
division. It is thus possible to iénhibit any dividing.action fromthe

di sabled cel | g frpmgl | qtire| cell s pt—pi gierjanf—] [ |

FlG 3 This Sheet Has Been Replaced -
| AU fil

13.5 - | . H45

0 2 3 t8 12 t14:1t15

FIG.7
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Fig. 6 shows a divider circuit according to the invention whds#s SHEESHAS BEEN
factor varying between 2 and 31 is fixed by a progranm ng rd PERERKAGED e
‘bits denoted [err] (where i varies between 1 and 5). Such a- TrTcui t
conpri.ses in a cascade conbination a ¢ ntional cell Cl fel

cells that may be di sabled CD2, CD3 a42ﬂ$[ﬂ so that the first output [err]
of a cell of rank i is connected to th i nput [err] qmmsﬂeuaeb&mmélmmd
rank i+ 1, and the second output [err] of a ceII of rank

the second input [err]f the cell of rank.i-1. The first |np

Cl recei-ves the signalsto be di vi ded [err] and its second outpu

haytrlg a [err]equency equal to that of the output

f tthe last active cell, forms the output of the di vi der
oyt put of the | ast cell CD4 is connected to ground and
onnected to the supply voltage term nal Vcc, so that
logic 1 leyel.

supplies a signal
frequency si
circuit. The
Its second input

It continuously

PGW PGMs

FIG.6

Oq4
Sl
As

f\

C20
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Finallys the output of the divider circuit is connected to (:TiHljscSH EL g’;SDBEEN
whi ¢ch nmakes it possible to increase the duty cycle of the o —
The cells CD2, CD3 and CD4 have each an additional input denoted A2, A3 and

A4, respectively. The fifth bit [err]=0fathe programmng word is carried to
i nput A4 of the cell CD4, whereas thes cﬁlrth,_ third, second and first bits

[err] PGVB, [err] and [err] are carried to the programi ng i-pRuhS: R4,

P2 and Pl respectively, of the cells CD4, CD3, CD2 and O, re it ek Replaced
t he ot her hand, the inputs o and P4 of ‘thegcell CH4 formthermmnﬁ H

an OR-gate denoted ORL whos@® out put is conn2ctied to the input

CD3. Simlarly, the Yoputs Z2and P3 of c £ formthe two inputs of an
OR- gate denoted OR2'whode qQuisput is c the input A2 of the cell -
nunber ,

CD2. Thus if one w shes tlo 4 de by a r exanmple, smaller than
16 <3 I 5
7 O Q_
=
' | O
- q- -
ol © =R\
O — D =
s | %
= O ol
3._ 5
o | O -2
Ron!RZIRZ
L~
N 2| o 70:, m| o
) &) O . >
o 7)) Z
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be di sabl ed. Therefore, |ts I nput A4 is to be brought to 0 agg=he

T —

programming bit [err] is thus to be fixed to 0. The second i

the cell CD3 thus continuously has the Logic level 1. If the required
divisor lies between 8 and 15, the in and A2 of the celhisSheibPlasmg

6 A3
CD2 are thgs to be 1. The.refore the pfogrammng bit [err] is 1","#’""”’",”"’

at
30, 20 4(3 50,
—Irer
7
10
\%
LT FIG.O
PGM o
| 100
77} | | 1105 'Y
ERSEEEESN
78 99T ef 82 83" | |99
% 50 i
- _<|-_ E
1 93/ g2 ot 0 gg i
T TR U g Sadialindid fnfalindialint q 88
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1, ®o0 that the out put of an OR-gate ORL is 1. The other pro W-%NTSSHEET.
are then chosen as a function of the required divisor. In egfect 3 JMISIS%
been denonstrated in said docunent, if one seeks to obtain: %‘?1 ouonTrne

output of a cell of rank p, there are to be [err] periods on the I nput of

the first Wﬁbﬁ@é&tﬁt"%g&&& Synthésizer dorhgrising such a divilié dnli rigib exanpl e,

to obtain a divisor equal to ., one has to choose [err] =0, [err] =1,
[err] = 1telflé\0ﬂ$00mms‘{°brarﬁyn¥h5ﬂ@f If the required divisor is |ess than
8, cell CD3 is to be disabled and PGB is thus to be equal to 0. The output
of gate OR2 is then equal to O and thus the second input signal of cell CD2
I's continuously equal to 1. Likewse, if the required divisor is snaller
than 4, the cell CD2 is also to be disabled and thus bit PGW is to be
equal to O. ' :

FIELD OF THE INVENTION
The present invention relates to a prograinmable frequency divider circuit
comprising p cascade-connected frequency-dividing cells, each of these cells representing a
division of rank 'i, all celis being switchable between a normal divide-by-two mode, and a
programmed divide-by-three mode, a cell of arbitrary rank i comprising:
- a first input for an input frequency signal,
- a first ohtput for an oixtput frequency signal to be applied to the first input of the cell of
higher rank, '
- a second input for an enable signal for the programmed mode,
- a third input for a programming signal,
- a second output for a signal generated in response to the enable signal received through its
second input and applied to the second input of the cell of lower rank as an enable signal.
The present invention has important applications especially for the
realization of the frequency synthesizer in the field of radio transmissions.

BACKGROUND OF THE INVENTION

Such a divider circuit is described in European Patent Application no.
0 517 335 filed by Applicants on 4® June 1992. Each cell of this circuit divides the input
frequency signal by two in the normal mode and by three in the programmed mode, so that
the minimum division factor of this circuit is equal to Ry, = 2°, and that its maximum
division factor is equal to Ry, = 2°*!-1.

With such a circuit it is thus impossible to obtain very high and very low

division factors.

SUMMARY OF THE INVENTION

Itis an 6bject of the present invention to propose a circuit that provides a
solution to this problem. | .
Therefore, a programmable divider circuit according to the invention and
the circuit described in the introductory paragraph is characterized in that at least one cell



The *tim ng diagramof Fig. 7 shows the state of the input an
signals of the various cells of a divider circuit as shown i
case of a division by 12. In this case, a8 has been expl ai nei
cell CX4 is disabled, cell CD3 divides by three and cells -
by two. Betha®amadditonah inputwhich makesiit possitiie tor disablecthe kireuit2 per i ods of the

Cgnal [err] and 1 per i Se BirePURY alAiadtonh BRLRIGRR o A1kt ool lerdilingly "
period of shegmd:nt{oaminphsns\mns fotstants t4 and t8, being "swall owed" by
cell CD3 to by 3. The enabl e signal received on the
second |nput Ps%ﬁ%“ogo&e%ﬁ@t\éé m&?%)&fgq(mntl nuously 1; the enabl e signal

recei ved oR séleaingeancoutpuit signal dfesaid]diviflercotichit GhZchtas tie Qe l@d} oy thatorare

t he |nstantmsltp5t2ﬂg loeceﬁ%lfal to the peri od of the output frequency signal
[err]

GIEP&MCEMENT SHEET

1 | ﬁ)bt@vf;{)

*—dn__,. }

This embodlment provides the advantage of being particularly simple,
especially when the frequency divider circuit additionally comprises means for tapping the
signal supplied on the second output of the first cell as an output signal.

In effect, the signal supplied on the second output of the first cell has the
same frequency as that of the output signal of the last active cell. The choice of such an
output thus provides the advantage of being independent of the number of disabled cells.
Moreover, as the signal supplied on this output is derived from the input frequency signal of
the circuit, the signal has a phase noise which is very low relative to that of the output
frequency signal of the last active cell.

The output signal thus obtained has a low duty cycle and a divider circuit
according to the invention thus advantageously comprises means for increasing this duty
cycle.

_ ‘The invention likewise relates to a frequency synthesizer which comprises
a programmable frequency divider circuit as described in the previous paragraphs, and a
radio telephone of which either the transmitter circuit or the receiver circuit includes such a
synthesizer.

BRIEF DESCRIPTION OF THE DRAWINGS |

Other features, details and advantages of the present invention will be
made clear in the description which is to follow with reference to the appended drawings
which are given by way of non-limiting example, in which _

' - Fig. 1 shows the conventional diagram of a divide-by-two or divide-by-

three dividiﬁg cell, _ _ _ :

- Fig. 2 shows a timing diagram explaining the operation in the normal
mode of a cell as shown in Fig. 1,

- Fig. 3 shows a timing diagram explaining the operation in the
programmed mode of a cell as shown in Fig. 1, _

- Fig. 4 shows for a first embodiment a cell according to the invention



. [ - 1
and its duty cycle is equal to 1/3; the enable signal recei JFFIAGEYENT SHEET
second input [err] of cell Cl has a period |ying between thg éﬂ?s;&ﬂs‘m&m
and t15, equal to the period of the outpuB frequency signal il angipgeee

duty cycle is equal to 1/6; finally, the signal supplied on the second
out put SO, that malycbefdisabledcel | Cl has a peri od Iyi ng between the instants

s duty oycie ro equal” F: 3 BawS fos said 65 b 3468 Hafof idended s be Gor
circuit andntegrawed ispeel hs siai\dxymmb.eﬂ it is used in a frequency synthesi zer

based on CMXS logic, it i’ s 8vsvssgawﬁtrsc% elmrllagcrh?nae%tefor aﬁ\lrslder ccx:rEctl\x/iltEBag;:or&EEIo the

invention of which the division factor varies between 2 and 31,

- Fig. 7 shows a timing diagram which explains the operation of a divider
circuit as shown in Fig. 6 for a division by 12, '

- Fig. 8 shows a second embodiment for a divider circuit according to the
invention whose division factor varies between 2 and 31,
_ - Fig. 9 shows a frequency synthesizer which utilizes a programmable
frequency divider circuit according to the invention and |

- Fig. 10 shows a radio telephone of which the transmitter and receiver
circuits utilize a frequency synthesizer as shown in Fig. 9.

DESCRIPTION OF PREFERRED EMBODIMENTS

According to Fig. 1 a divide-by-two or divide-by-three dividing cell of
rank C; comprises a divide-by-two divider stage for a signal having input frequency FI, and a
swallow stage E2 in the circuit for dividing said signal FI; by three.

'The stage E1 comprises two D-flip-flops Bl and B2 in a cascade
combination. The clock input CK1 of flip-flop Bl forms the first input I; of the cell and
receives the signal having input frequency Fi,. The clock input CK2 of flip-flop B2 receives
the inverted input frequency signal F1 ; coming from an inverter INV. The output Q2 of the
flip-ﬂop B2 forms the first output O; of the cell and is looped back after being inverted to a
first input of an AND-gate denoted AND1, whose output is connected to the data input D1 of
the flip-flop Bl.

| Stage E2 comprises two D-type flip-flops B3 and B4. The clock input
CKS3 of flip-flop B3 receives the input frequency signal F1,, and a clock input CK4 of flip-
flop B4 receives the inverted input frequency signal FI ; coming from the inverter INV.
The output Q3 of flip-flop B3, which forms the second output SO, of the cell, is coupled to
the data input D4 of flip-flop B4 via an AND-gate denoted AND?2 of which a second input
forms the input P; of the cell. Output Q4 of flip-flop B4 is looped back, after being inverted,
to a second input of the AND-gate AND1. The data input D3 of flip-flop B3 is connected to
the output of an AND-gate denoted AND3, of which a first input forms the second input F,
of the cell and of which a second input receives the output frequency signal FO; of the cell.



Daté :3 0 JAN 1996 7 this duty cycle which is |ower as the ijnBEPLAGEMENT SHEET
I's higher. Therefore, the output of the divider circuit is (onnectazcn t‘&kﬁm
circuit 5 for increasing the duty cycle & the output si gna:l SRR 04} A :

is formed by a flip-fl ch has_two AND(lgdtes denoted

of the, RS_type whi
AND4 and AND5, the fi rﬁ‘%‘@ﬂ@&ﬁ&dﬁg it 1 tBe normal mede dnexplainedsnr ecei vi ng

the 'nVerS&nﬂﬁnaTnBﬁwﬁ&t tBe! timBh gk dfrRig OF. I f#ﬁmh
i nverse of the out!ﬁ qezl\ﬂnal of r,%\hD l%e AﬁNg?s?géséptgﬁ | vely, é\/n gggﬂ%htge

first and &leyelndN D2t1h@emgeaable¢m4hatetb@wen4 input m@NBegm ANRY
out put si QQ%lwa% 1t }‘I‘ﬁem&ﬂﬁﬁ?‘g% e ¢ir {gllt U566 ot hfpete use %ﬂ?\tmﬁj of i ¢ / ECL

converter denofed C/ E respe converter its 'S connec ‘ed to
a first input of a phad¥éh l&ﬁupmmmﬂmmmﬁmmalmmemwutpmo of cell C, is 0, the

first input of _the AND-gate AND1 is 1, so that the data input D1 of the flip-flop B1 is also
1. With a rising edge of its clock signal FI, the output Q1 of the flip-flop B1 and the input
D2 of the flip-flop B2 thus become 1. And with the next falling edge of the signal FL, the
output Q2 of the flip-flop B2 and thus the output O, of cell C; become 1. With the next rising
edge of the signal FI;, the output of the flip-flop Bl thus becomes zero again while the output
O, of flip-flop B2 becomes zero again at the next falling edge. The output frequency signal
FO, thus obtained on output O, of the cell thus actually corresponds to half a frequency of its
input frequency signal FI,. |

The timing diagram of Fig. 3 explains the functioning of the cell of Fig. 1
in the programmed mode. The programming input P; is thus 1. AND-gate AND?2 is therefore
enabled when the second output SO, of the cell becomes 1, so that the second input of the
AND-gate AND1 is thus 0 which makes it possible to "swallow" one additional period of the
input frequency signal compared with the normal dividc-by—two divider mode.

Fig. 4 gives a diagrammatic representation of a cell CD, that may be
disabled. This cell is similar to that shown in Fig. 1, but flip-flop B3 is now replaced by a
flip-flop B3’ which has an additional input A;.

This flip-flop B3’ is shown in Fig. 5 for a first embodiment. The flip-flop
is a conventional D-type ECL logic flip-flop formed by three differential pairs of transistors
Tla and T1b, T2a2 and T2b, T3a and T3b. The bases of the transistors T1a and T1b are
connected to the clock input CK of flip-flop B3’ and to its inverted clock input CK and the
bases of the transistors T2b and T2a are connected to the data input D of flip-flop B3’ and to
its inverted data input D, respectively. The bases of the transistors T3b and T3a form the
output Q of the flip-flop and its inverted output Q respectively, and are connected,
respectively, on the one hand, to the collectors of the transistors T2a and T3a and also, via a
resistor Ra, to a supply voltage terminal Vcc, and, on the other hand, to the collectors of the
transistors T2b and T3b and also to said supply voitage terminal Vcc vig a resistor Rb. The
emitters of the transistors T3a and T3b are connected to the collector of transistor T1b and
the emitters of the transistors T2a and T2b are connected to the collector of transistor Tla.
The emitters of the transistors T1a and T1b are connected to a current source Sc.



synthesi zer. The output of the AND-gate AND5 is further connjgdtER4ACEMENT SHEET ‘
i nput of an ECL/CMOS converter denoted E/ C-~ whose output is gonnec3ejl Jmm :
said i nput of the phase conparator 20. Thén, the output of (B3 e AN+

becomes zero with a rising edge of the output signal of the drvider crrcuit
and it remains so after Acbordingud phe invergion] flipaftopdB3 Ranliercomprisdsid PMOS out put
of the AND-gat.e AND4 o pbecones zero after the ECL / ECL conver si on.
The conpar é?@?'sw M’ Y{E‘?fé ) F%’ﬁ“?‘%g) WF@?P“E&@@‘ %ﬂ’ OBuWVRRSE senegh A

of the di vicdafiectedrto uhd invéreed oulpu @usmarmp-he? afdTA6WetR4lh i§ Gdnneciél 10 der
circuit accordi nggto t he, | nv%ntlon The cells that may be disabled are

different femiters Qbhe transistors Tha apdiTh-o denoted CDI ' .

Thus when input A; is 1, transistor P behaves like an open circuit and the
functioning of flip-flop B3’ is that of a conventional flip-flop which copies on its output Q
the value present on its input D for a rising edge of the clock signal CK.

When, in contrast, input A, is 0, transistor P behaves like a short-circuit,
transistor T3a is cut off and output Q is 1, whétever the level of the signal on the D input of
the flip-flop. The second output SO; of the cell is thus constantly 1, which makes it possible
to disable said cell so that it does not intervene in the division. It is thus possible to inhibit
any dividing action from the disabled cell and from all the cells of higher rank.

Fig. 6 shows a divider circuit according to the invention whose division
factor varying between 2 and 31 is fixed by a programming word PGM of five bits denoted
PGM, (where i varies between 1 and 5).'Such a divider circuit comprises in a cascade
combination a conventional ceil C1 followed by three cells that may be disabled CD2, CD3
and CD4, so that the first output O, of a cell of rank i is connected to the first input I, of
the cell of rank i+1, and the second output SO, of a cell of rank i is connected to the second
input SI, of the cell of rank i-1. 'I'he.ﬁrst input of the cell C1 receives the signal to be
divided FI,, and its second output SO,, which supplies a signal having a frequency equal to
that of the output frequency signal of the last active cell, forms the output of the divider
circuit. The first output of the last cell CD4 is connected to ground and its second input is
connected to the supply voltage terminal Vcc, so that it continuously has the logic 1 level.
Finally, the output of the divider circuit is connected to a circuit 5 which makes it possible to
increase the duty cycle of the output signal. _

The cells CD2, CD3 and CD4 have each an additional input denoted A2,
A3 and A4, respectively. The fifth bit PGM, of the programming word is carried to input A4
of the cell CD4, whereas the fourth, third, second and first bits PGM,, PGM,, PGM, and
PGM, are carried to the programming inputs P4, P3, P2 and P1 respectively, of the cells
CD4, CD3, CD2 and Cl, respectively. On the other hand, the inputs A4 and P4 of the cell
CD4 form the two inputs of an OR-gate denoted OR1 whose output is connected to the input
A3 of cell CD3. Similarly, the inputs A4 and P3 of cell CD3 form the two inputs of an OR-
gate denoted OR2 whose output is connected to the input A2 of the cell CD2.

: Thus if one wishes to dividé by a number, for example, smaller than 16,



Each cell CDi' is fornmed by a conventional cell G as shown i

l REPLACEMENT SHEET |
out put [err] of this cell being connected to-a first input o

ng.éllegq:ik @tﬁ em

denoted ORi' whose output forns the outpué SO ' of the cell £
input of the gate ORi' is connected to an additio input Ai' of the ceII
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a function of the required divisor. In effect, as has been demonstrated in said document, if
one seeks to obtain a period on the output of a cell of rank p, there are to be 2°+N periods
on the input of the first cell available (where N = PGM, + 2.PGM, +... + 2°.PGM,, ).
For example, to obtain a divisor equal to 12, one has to choose PGM; = 0, PGM, = 1,
PGM,; = 1, PGM, = 0 and PGM, is 0.

If the required divisor is less than _8, cell CD3 is to be disabled and PGM,
is thus to be equal to 0. The output of gate OR2 is then equal to O and thus the second input
signal of cell CD2 is continuously equal to 1.

Likewise, if the required divisor is smaller than 4, the cell CD2 is also to
be disabled and thus bit PGM, is to be equal to 0.

The timing diagram of Fig. 7 shows the state of the input and output
signals of the various cells of a divider circuit as shown in Fig. 6 in the case of a division by
12. _ _

In this case, as has been explained above, the cell CD4 is disabled, cell
CD3 divides by three and cells CD2 and C1 divide by two. Between the instants t0 and t12
there are thus 12 periods of the input frequency signal Fl,, 6 periods of the signal FI,, 3
periods of the signal FI, and 1 period of the output frequency signal FO,, the second period
of signal Fl,, between instants t4 and 8, being "swallowed" by cell CD3 to perform a
division by 3. The enable signal received on the second input SI; of the cell CD3 is
continuously 1; the enable signal received on the second input SI, of cell CD2 has a period
lying between the instants t2 and t14, equal to the period of the output frequency signal FO,,
and its duty cycle is equal to 1/3; the enable signal received on the second input SI; of cell
C1 has a period lying between the instants (3 and t15, equal to the period of the output
frequency signal FO,, and its duty cycle is equal to 1/6; finally, the signal supplied on the
second output SO, of the first cell C1 has a period lying between the instants t3.5 and t14.5
equal to the period of the output frequency signal FO, and its duty cycle is equal to 1/12.

For certain applications of such a divider circuit and, more speclﬁcally.
when it is used in a frequency synthmzer based on CMOS logic, it is necessary to increase
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a frequency equal to that of the output f§equency signal of """""";'1"0'*'1"0?5 """
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type which has two AND-gates denoted AND4 and ANDS, the first and second inputs of the
AND-gate ANDS receiving the inverse of the outpilt signal SO, of the divider circuit and the
inverse of the output signal of AND-gate AND4 respectively, whereas the first and second |
inputs of the AND-gate AND4 receive the inverse of the output signal of the AND-gate
ANDS and of the output signal of the CMOS/ECL converter denoted C/E respectively,
which converter itself is connected to a first input of a phase comparator 20 of a frequency
synthesizer. The output of the AND-gate ANDS is further connected to the input of an
ECL/CMOS converter denoted E/C, whose output is connected to said input of the phase
comparatoi' 20. |
Then, the output of AND-gate ANDS becomes zero with a rising edge of
the output signal of the divider circuit and it remains so after this output signal has
disappeared until the dutput of the AND-gate AND4 also becomes zero after tﬁe
ECL/CMOS/ECL conversion. The comparator will thus have received the high edge of the
output signal of the divider circuit.
Fig. 8 shows another embodiment for a divider circuit accordmg to the
invention. The cells that may be disabled are different from those of Fig. 6 and are denoted
CDi". "
Each cell CD{’ is formed by a conventional cell Ci as shown in Fig. 1,

" the output SO, of this cell being connected to a first input of an OR-gate denoted ORi’ whose
output forms the output SO;’ of the cell CDi’. The other imput of the gate ORi’ is connected
to an additional input Ai’ of the cell CDi’. The other inputs I, Sﬂandefthecell Ci form
the first, second and third inputs of ceil CDi'. '

As in Fig. 6, the division factor of the divider circuit varies between 2
and 31 and it is fixed by a programming word PGM of five bits denoted PGM, (where i
varies between 1 and 5). Such a divider circuit comprises in a cascade combination a
conventional cell C1 followed by three cells that may be disabled CD2’, CD3’ and CD4’, so
that the first output O, of a cell of rank i is connected to the first input L, of the cell of rank
i+1, and the second output SO;’ of a cell of rank i is connected to the second input SL,, of
the cell of rank i-1. The first input of the cell C1 receives the signal to be divided FI, and its |
second output SO,, which supplies a signal having a frequency equal to that of the output
frequency signal of the last active cell, forms the output of the divider circuit. The first
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carried to the programming inputs P, and P; respectively, and, after being inverted by an
inverter INV4 and INV3 respectively, to a second input of the AND-gate AND3’ and to a
first input of an AND-gate denoted AND2’, respectively. The second and first bits PGM,
and PGM, are carried to the programming inputs P, and P, respectively, of the cells CD2’
and CD1. The output of the AND-gate AND3’ is connected to an additional input A,’ of cell
DC3’ and also to a second input of the AND-gate AND?2'. Similarly, the output of the AND-
gate AND?2’ is connected to the additional input A,’ of cell CD2’.
_ Thus, cell CD4’ is disabled for the value PGM; = 0, whereas in this case
the output SO4’ of the cell is continuously 1. Similarly, CD3’ is disabled for the values
PGM; = PGM, = 0 and cell CD2’ is disabled for the values PGM; = PGM, = PGM; = 0.

Fig. 9 shows a frequency synthesizer which utilizes a divider circuit as
described hereinbefore. This frequency synthesizer comprises a frequency divider circuit 10
of which the output is connected to a first input of a phase comparator circuit 20. A second
input of this phase comparator circuit 20 receives a frequency produced by a quartz oscillator
30. This phase comparator 20 is connected to an integrating circuit 40 whose output controls
a variable oscillator 50. The output of this variable oscillator is connected to the input of
divider circuit 10 and forms the output of the frequency synthesizer.

Fig. 10 shows in a diagram a radio telephone 110 which comprises a
transmitter circuit 77 and a receiver circuit 88 connected to a transceiving antenna 100 via a
circulator 99 and utilizing a frequency synthesizer as is shown in Fig. 8.

The transmitter circuit 77 comprises a modulator 78 which produces an
intermediate frequency signal fi which is carried to a first input of a mixer circuit 79 of
which a second input receives an output signal of the frequency synthesizer 80 as described
with reference to Fig. 8. The output of this mixer circuit 79 is connected to a filter 81 itself
connected to an amplifier 82. The output of this amplifier 82 then passes to a second filter 83
before it is delivered to the circulator 99. '

The receiver circuit 88 comprises a filter 89 connected to the output of the
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means, without leaving the scope of the invention.

Two different embodiments of the divider circuit have been described, but
other logic means may lead to the same result.

Moreover, one could also have selected to disable other cells than the
cells at the end of the circuit. For example, it is possible to disable the cells at the beginning
of the circuit and to determine in each case the input to be used. _

Similarly, one could have chosen to select another output of the divider
circuit than the second output of the first cell of the circuit.‘

Finally, the frequency synthesizer shown in Fig. 9 and the radio telephone
of Fig. 10 are shown diagrammatically to show the main functional blocks which form them.
They can be formed in a great many variants which is known to those skilled in the art and
does not need to be described here.
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circulator 99 and utilizing a frequency synthesizer as is s ownP| EE}%AN _
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1. Programmable frequency divider circuit comprising p cascade-connected
frequency-dividing cells, each of these cells representing a division of rank i, all cells being
switchable between a normal divide-by-two mode, and a programmed divide-by-three mode,
a cell of arbitrary rank i comprising:

- a first input (I)) for an input frequency signal (FI),

- a first output (O;) for an output frequency signal (FO)) to be applied to the first input (I, ,)
of the cell of higher rank (i+1), |

- a second input (SI)) for an enable signal for the programmed mode,

- a third input (P, for a prothg signal,

- a second output (SO, for a signal generated in response to the enable sighal received
through its second input (Sh and applied to the second input (SL,) of the cell of lower rank
(i-1) as an enable signal, characterized in that at least one cell has an additional input (A,
A;’) which makes it possible to disable the cell. o |

2. Divider circuit as claimed in Claim 1, characterized in that a divider
circuit comprises means for:

- disabling the cells from rank p to p-q,

- selecting an output signal of said divider circuit which has the same frequency as the output
frequency signal (FO,,.) of the cell of rank p-g-1. .

3. _ Divider circuit as claimed in Claim 2, characterized in that for disabling -
an arbitrary cell of rank i, the divider circuit comprises means allowing of the supply to the
second input (SI;,) of the ceil of lower rank (i-1) a continuously active enable signal.

4. Divider circuit as claimed in Claim 3, characterized in that each cell of
rank i comprises: |

- a divide-by-two divider stage of the input frequency signal (FI) of the cell, formed by a
first (B1) and a second (B2) D-type flip-flop inversely timed relative to each other by said
input frequency signal (FL), the output of the second flip-flop (B2) which forms the output
(O) of the cell, being looped back to the data input of the first flip-flop (B1),

- a swallow stage formed by a third (B3) and a fourth (B4) D-type flip-flop, the output of the
fourth flip-flop (B4) making it possible to constrain the data input of the first flip-flop (B1),
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REPLACEMENT SHEET Date 30 JAN 1996 circul ator 99. The outp
89 is connected to a first input of a mxer circuit 90 of whi aqsgc 1996
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t he sanme r eseives called activating signal is no longer active, of bringing the output of this third flip-
' flop (B3), which furthermore forms the second output (SO;) of the cell, to a continuously
active level. . |
5. Divider circuit as claimed in Claim 4, characterized in that said enabling
signal is obtained from a logical "AND" operation between the programming and enabling
signals of the cell of a higher rank i+1.
6. Divider circuit as claimed in one of the Claims 2 to 5, characterized in
that the divider circuit comprises means for tapping the signal supplied on the second output
(SO of the first cell as an output signal.’
7. Divider circuit as claimed in Claim 6, characterized in that the divider
circuit comprises means for increasing the duty cycle of said output signal.
8. Frequency synthesizer, characterized in that the divider circuit comprises
a programmable frequency divider circuit as claimed in one of the Claims 1 to 7.
9. Radio telephone of which either the transmitter circuit or the receiver
circuit comprises a frequency synthesizer as claimed in Claim 8.
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Progranmabl e frequency divider circuit conprising p cascade-
frequency-dividing cells, each of these cells representing —thti=sicrr=c
rank i, all cells being .swtchable between a normal divide-by-two nDde and
a programmed divide-by-three node, a cell of arbitrary rank i conprising: -
a first input [err] for an input frequedcy signal [err] - a first output
[err] for an output frequency signal [err] to be applied to the first input
[err] of the cell of higher rank (i+ 1),
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Divider circuit as clainmed in Caim3, cparacterizd in that each cell of
rank i conprises: - a divide-by-two divider stage of the input frequency
signal [err] of the cq&l, formed by a first (Bl) and a second (B2) D type
flip-flop inversely ti®ed relative to each other by said input frequency
signal [err] the out of the second flip-flop (B2) which forns the out put
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(B1), - a s stjpge formed by a third (B3) and a fourth (B4) D-type
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9.7 Radi o tel ephone of which either the transngtter
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Frequency divider circuit, freqﬁency synthesizer comprising such
a divider and radio telephone comprising such a synthesizer
ABSTRACT: _
Frequency divider circuit, frequency synthesizer comprising such a divider and radio
telephone comprising such a synthesizer.

A frequency divider circuit according to the invention comprises a
succession of N divide-by-two or divide-by-three dividing cells for an input frequency signal,
while specific ones of these cells can be disabled to obtain division factors smaller than 2~.

Applications: Especially frequency syntl_xgsizers for radio transceivix;g
circuits; radio telephones.

‘ Reference: Fig. 6.
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Frequengy q(:;.:ider circuit, frequency synthesizer comprising such
3 divider and radio telephone comprising such a synthesizer
ABSTRACT: |

A programmable frequency divider circuit according to the invention comprises N cascade-
-connected frequency-dividing cells (C;, CD;). Each cell (C;, CDy) is switchable between a
divide-by-two mode and a divide-by-three mode. A novel type of cell (CD;) according to the
invention comprises an additional input (A;,A;”) which makes it possible to disable the cell
(CD)). By this means total division factors smaller than 2N can be obtained. '

The frequency divider circuit is applicable especially to frequency synthesizers for radio
transceiving circuits or radio telephones. -

Fig. 6.




