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· Frequency divider circuit, frequency synthesizer comprising such a divider and radio 

telephone comprising such a synthesizer. 
----
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FIELD OF THE INVENTION 

The present invention relates to a 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 

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, 

15 

- 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 411a 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 Rmm = 2', and that its maximum 

division factor is equal to Rmu = 2'+ 1-1; 
. . 

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 programmable divider circuit according to the invention and 

the circuit described in the introductory paragraph is charaCterized in that at least one cell 
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has an addition81 input which makes it possible to disable the circuit. 

In a particularly advantageous embodiment a divider circuit according to 

the invention comprises means for: 

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

5 - selecting an output signal of said divider circuit which has the same frequency as that of the 

output signal of the cell of rank p-q-L 

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 output of the first cell as an output signal. 

10 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 celt 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 

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 invention 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. 

25 

BRIEF DESCRIPfION OF THE ORA WINGS 

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 dividing cell, 

30 - Fig.· 2 shows a timing diagram explaining the operation in the normal 

mode of a cell as shown in Fig. l, 

- 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·cen according to the invention 
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that may be disabled, 

- Fig. S shows for said first embodiment a D-type flip-flop intended to be 

integrated in a cell as shown in Fig. 4, 

- Fig. 6 shows said first embodiment for a divider circuit according to the 

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

10 

- 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 syntb,esizer 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. 

15 DESCRIPTION OF PREFERRED EMBODIMENTS 

According to Fig. 1 a divide-by-two or divide-by-three dividing cell of 

rank Ci comprises a divide-by-two divider stage for a signal having input frequency Fli and a 

swallow stage E2 in the circuit for dividing _said signal Fli by three. 

The stage El comprises two D-flip-flops Bl and B2 in a cascade 

20 combination. The clock input CKl of flip-flop Bl forms the first input Ii of the cell and 

receives the signal having input frequency F~. The clock input CK2 of flip-flop B2 receives 

the inverted input frequency signal F I i coming from an inverter INV. The output Q2 of the 

flip-flop B2 forms the first output Oi of the cell and is looped back after being inverted to a 

first inp~t of an AND-gate denoted ANDl, whose output is connected to the data. input Dl of 

25 the flip-flop Bl. 

Stage E2 comprises two D-type flip-flops 83 and B4. The clock input 

CK3 of flip-flop B3. receives the lliput frequency signal Fli, and a clock input CK4 of flip­

flop B4 receives the inverted input frequency signal F I i coming from the inverter INV~ 

The output Q3 of flip-flop B3, which forms the second output soi of the cell, is coupled to 

30 the data input D4 of flip-flop B4 via an AND-gate denoted AND2 of which a second input 

forms the input Pi of the cell. Output Q4 of flip-flop B4 is looped back, after being inverted, 
. . 

to a second input of the AND-gate ANDl. 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 Fli 

of the cell and of which a second input receives the output frequency signal FOi of the cell. 
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- · The functioning of this cell in the normal mode is explained in 

combination \\'.ith the timing diagram of Fig. 2. In this case the programming input Pi has the 

0 level. AND-gate AND2 is therefore disabled, ·so that the second input of AND-gate AND 1 

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 Oi of cell Ci is 0, the 

first input of the AND-gate ANDI is 1, so that the data input Dl of the flip-flop Bl is also 

1. With a rising edge of its clock signal Fli, the output QI of the flip-flop Bl and the input 

D2 of thC flip-flop B2 thus become 1. And with the next falling edge of the signal F~, the 

output Q2 of the flip-flop B2 and· thus the output Oi of cell Ci become 1. With the next rising 

10 edge of the signal Fli, the output of the flip-flop Bl thus becomes zero again while the output 

Oi of flip-flop B2 becomes zero again at the next falling edge. The output frequency signal 

FOi thus obtained on output Oi of the cell thus actually corresponds to half a frequency of its 

input frequency signal Fii. 

The timing diagram of Fig. 3 explains the functioning of the cell of Fig. 1 

15 in the programmed mode. The programming input Pi is thus 1. AND-gate AND2 is therefore 

enabled when the second output soi of the cell becomes 1, so that the second input of the 

AND-gate ANDI i~_ 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 CDi 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 Ai. 

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 Tlb, T2a and T2b, T3a and T3b. The bases of the transistors Tla and Tlb are 

25 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 arid 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 

30 resistor Ra, _to a supply voltage terminal Vee, and, on the other hand, to the collectors of the 

transistors T2b and T3b and also to said supply voltage terminal Vee via a resistor Rb. The 

emitters of the transistors T3a and T3b are connected to the collector of transistor Tlb and 

the emitters of the transistors T2a and T2b are connected to the collector of transistor Tla. 

The emitters of the transistors Tla and Tl b are connected to a current source Sc. 
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· According to the invention, flip-flop 83' further comprises a PMOS 

transistor denoted P, whose gate is connected to the input Ai of the flip-flop, whose source is 

connected to the inverted output Q of the flip-flop and whose drain is connected to the 

emitters of the transistors Tla and Tlb. 

5 Thus when input Ai is 1, transistor P behaves like an open ciicuit and the 

functioning of flip-flop 83' 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 Ai 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 soi 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 io the invention whose division 

factor varying between 2 and 31 is fixed by a programinjng word PGM of five bits denoted 

15 PGMi (where i varies between 1 and 5). Such a divider circuit comprises in a cascade 

combination a conventional cell Cl followed by three cells that may be disabled CD2, CD3 

and CD4~ so that the first output Qi of a cell of rank i is connected to the first input li+i of · 

the cell of rank i + 1, and the second output soi of a cell of rank i is connected to the second 

input Sli-1 of the cell of rank i-1. The first input of the cell Cl receives the signal to be 

20 divided FI1, and its second output S01, 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 Vee, so that it continuously bas the logic 1 level. 

Finally, the output of the divider 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 PGM5 of the programming word is carried to input A4 

of the-cell CD4, ·whereas the fourth, third, second and first bits PGM,., PGM3, PGM2 and 

PGM1 are carried to the programming inputs P4, P3, P2 and Pl respectively, of the cells 

30 CD4, CD3, CD2 and Cl, respectively. On the other band, the inputs A4 and P4 of the cell 

CD4 form the two inputs of an OR-gate denoted ORl 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, smaller than 16, 
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the last cell CIM is to be disabled. Therefore, its input A4 is to be brought to 0 and the 

programming bit PGM, is thus to be fixed to 0. The sec~nd input SI3 of the cell CD3 thus 

continuously has the logic level 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 PG~ is to be fixed at 

1, so that the output of an OR-gate ORl 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 2P + N periods 

on the input of the first cell available (where N = PGM1 + 2.PGM2 + ... + 2P.PGMp+1). 

10 For example, to obtain a divisor equal to 12, one has to choose PGMs = 0, PGM4 = 1, · 

PGM3 = l, PGM2 = 0 and PGM1 is 0. 

If the required divisor is less than 8, cell CD3 is to be disabled and PGM3 

is thus to be equal to 0. The output of gate OR2 is then equal to 0 and thus the second input 

signal of cell CD2 is continuously equal to 1. 

15 Likewise, if the required divisor is smaller than 4, the cell CD2 is also to 

be disabled and thus bit PGM2 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. 

20 In this case, as has been explained above, the cell CD4 is disabled, cell 

CD3 divides by three and cells CD2 and Cl divide by two. Between the instants tO.and t12 

there are thus 12 periods of the input frequency signal FI1, 6 periods of the signal Fl2, 3 

periods of the signal ~ and 1 period of the output frequency signal F03, the second period 

of signal FI3, between instants t4 and ts, being "swallowed" by cell CD3 to perform a 

25 division by 3. The enable signal received on the second input Sl3 of the cell CD3 is 

continuously 1; the enable signal received on the second input Slz of cell CD2 has a period 

lying between the instants t2 and t14, equal to the period of the output frequency signal F03, 

and its duty cycle. is equal to 113; the enable signal received on the second input SI1 of cell 

C 1 has a period lying between the instants t3 and tl.5, equal to the period of the output 

30 frequency signal F03, and its duty cycle is equal to 1/6; finally, the signal supplied on the 

second output S01 of the first cell Cl 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 1112. 

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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Therefore, the output of the divider circuit is connected to a circuit 5 for 

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 S01 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 

10 synthesizer. The output of the AND-gate ANDS is further connected to the input of an 

ECUCMOS converter denoted EiC, w:hose output is connected to said input of the phase 

comparator 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 s0 after this output signal has 

lS disappeared until the output of the AND-gate AND4 also becomes zero after the 

· ECUCMOS/ECL conversion. The comparator will thus have received the high edge of the 

output signal of the . .divider circuit. 

Fig. 8 shows ano~er embodiment for a divider circuit according to the 

invention. The cells that may be disabled are different from those of Fig. 6 and are denoted 

20 CDi'. 

Each· cell CDi' is formed by a conventional cell Ci as shown in Fig. 1, 

the output soi of this cell .being connected to a first input of an OR-gate denoted ORi' whose 

output forms the output S01' 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 Ii, Sli and Pi of the cell Ci form 

2S 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 progranuDing word PGM of five bits denoted PG~ (where i 

varies between 1 and S). Such a divider circuit comprises in a cascade combination a 

conventional cell Cl followed by three cells that may be disabled CD2', CD3' and CD4', so 

30 that the first output Oi of a cell of rank i is connected to the first input ~+1 of the cell of rank 

i + 1, and the second output SOi' of a cell of rank i is connected to· the second input S~1 of 

the cell of rank i-1. The first input of the cell Cl receives the signal to be divided Fl1 and its 

second output S01, 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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output of the last cell CD4' is connected . to ground and its second input is conneeted to the 

supply voltage terminal V cc so that it continuously has the logic 1 level. 

The cells CD2', CD3' and CD4' have each an additional input denoted 

A2', A3' and ~' respectively. The fifth bit PGM5 of the programming word is carried, after 

5 being inverted by an inverter INV5, to the additional input~· of cell CD4' and also to a 

first input of ail AND-gate denoted AND3'. The fourth and third bits PG~ and PGM3 are 

carried to the programming inputs P4 and P3 respectively, and, after being inverted by an 

inverter INV~ 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 PGM2 

10 and PGM1 are carried to the programming inputs P2 and P1 respectively, of the cells CD2' 

and CDl. The output of the AND-gate AND3 • is connected to an additional input A3' of cell 

DC3' and also to a ·second input of the AND-gate AND2'. Similarly, the output of the AND­

gate AND2 • is connected to tbe additional input A2' of cell CD2'. 

Thus, cell CD4' is disabled for the value PGM5 = 0, whereas in this case 

15 the outpui S04' of the cell is continuously 1. Similarly, CD3' is disabled for the values 

PGM5 = PG~ = 0 and cell CD2' is disabled for the values PGMs = PGM,. = PGM3 = o: 

Fig. 9 shows a frequency synthesizer which utilizes a divider circuit as 

described hereinbefore. 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 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. 

25 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 

30 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 

coilnected to an amplifier 82. The output of this amplifier Si 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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circulator 99. The· output of this filter 89 is connected to a first input of a mixer· circuit 90 of 

which a second input receives an output signal of the frequency synthesizer 80. The output of 

this mixer circuit 90 is connected to a filter 91 itself connected to an automatic gain control 

amplifier 92. The output of this amplifier 92, finally, is connected to a demodulator 93. 

5 It will be obvious 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 described, but 

other logic means may lead to the same result. 

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. 

Similarly, 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 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: 

5 - a first input (IJ for an input frequency signal (FIJ, 

- a first output (OJ for an output frequency signal (FOJ to be. applied to the first input (~+ 1) 

of the cell of higher rank (i + 1), 

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

- a third input (PJ for a programming signal, 

10 - a second output (SOJ for a signal generated in response to the enable sigDal received 

through its second input (SIJ and applied to the second input (SJi_1) of the cell of lower rank 

(i-1) as an enable signal, characterized in that at least one cell has an additional input (Ai, 

Ai') which makes it possible to disable the cell. 

2. Divider circuit as claimed in Claim l, characterized in that a divider 

15 circuit comprises means for: 

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

- selecting an output signal of said divider circuit which bas the same frequency as the output 

frequency signal· (FOp.q-1) of the cell of rank p-q-1. 

3. Divider circuit as claimed in Claim 2, characterized in that for disabling 

20 an arbitrary cell of rank i, the divider circuit comprises means allowing of the supply to the 

second input (Slt-1) of the· cell 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 (FIJ of the cell, formed by a 

25 first (Bl) and a second (Bl) D-type flip-flop inversely timed relative to each other by said 

input frequency signal (FIJ, the output of the second flip-flop_(B2) which forms the output 

(OJ of the cell, being looped back to the data input of the first flip-flop (Bl), 

- 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 (Bl), 
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with a view to a swallowing, for a division by three of said input frequency signal (F~) when 

the programming and enabling signals of the cell are active, 

- and the third flip-flop (B3) having, when the cell may be disabled, an additional input (Ai) 

coupled to the control electrode of a transistor (P) and which allows, when the signal it 

5 receives 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 

10 signals of the cell of a higher rank i + 1. 

6. Divider circuit as claimed in one of the Claims 2 to S, characterized in 

that the divider circuit comprises means for tapping the signal supplied on the second output 

(S01) 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. 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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