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(57 ABSTRACT 
In utilizing frequency dividers at high frequencies the 
maximum operating frequency is determined by the 
delay time through the frequency divider. To minimize 
this delay time, a digital frequency divider is provided 
having a binary counter constructed of flip-flops and a 
shift register coupled to the output of said counter, 
wherein the output state of the shift register is forcibly 
reduced to a low level in response to a control signal for 
varying the number of frequency division of said 
counter. A circuit is also provided for feeding the input 
terminal of the flip-flop at the first stage of said counter 
with an OR output made up of the outputs of said shift 
register and said counter. Thus, the digital frequency 
divider can operate at a speed which is limited only by 
the toggle frequency of said flip-flop circuits. 

30 Claims, 8 Drawing Figures 
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Re. 32,605 
1. 

FREQUENCY DIVIDER 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention relates to a frequency divider, 

and, more particularly, to a 2-modulus prescaler which 
is constructed of a digital circuit so that it can operate at 
a high speed. 

2. Background of the Invention s 
The digitalization of an RF circuit to be used in a TV 

receiver, an FM receiver or a mobile telephone has 
recently been performed. Of these, the development of 
the frequency synthesizer which operates at radio fre 
quencies in the VHF and UHF bands has been pro 
noted. One of the important parts of such a circuit is a 
frequency divider which can count down the fre 
quency. 
An important consideration for the development of a 

digital frequency divider is that the division ratio can be 
varied in accordance with its intended use, i.e., that it 
can be programmed. Also, it is important that the di 
vider can operate at a high speed and that its production 
yield is so high that it can be constructed at a low cost. 
The digital frequency divider is preferably con 

structed with a pulse counter using a number of flip-flop 
circuits. But the construction of the flip-flop circuit 
operating at a GHz band raises a number of problems in 
the careful selection of the circuit constituting elements 
and in the design and production of the device. 
As the frequency divider which can operate at a high 

speed and which can be programmed, the so-called 
'Swallow-count' frequency divider has conventionally 
been used. This device is constructed of high and low 
speed units in which the 2-modulus prescaler developed 
as the Swallow-count frequency divider is used in the 
high speed unit. This 2-modulus prescaler can have its 
number of frequency division (or mode) interchanged in 
two (or more) stages in response to an external control 
signal and is used in combination with another program 
mable (or frequency division number variable) fre 
quency divider which can operate at a low speed. 
The Swallow-count frequency divider is, in principle, 

a variable frequency divider belonging to that class of 
divider having high operating speeds. However, even 
so, the device practically has its upper operating limit at 
650 MHz at the present time. In case, however, the 
frequency divider is to be used in a mobile telephone or 
a UHF TV receiver, there is required a frequency di 
vider which operates at a frequency equal to or higher 
than about 1 GHz. This requirement has not been satis 
fied by the conventional frequency divider. Therefore, 
the realization for the digital frequency divider which 
can operate at a frequency as high as 1 GHz or more has 
been desired. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
improve the conventional 2-modulus prescaler and to 
provide a digital frequency divider which can operate 
at a high speed. More specifically, the object of the 
present invention is to provide a digital frequency di 
vider which has its operating speed (as high as 1 GHz) 
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2 
substantially determined only by the delay time of one 
stage of a flip-flop circuit constituting the digital fre 
quency divider. 

In order to attain the aforementioned object, the 
present invention is characterized in that the 2-modulus 
prescaler is constructed in the following manner. 
Namely, the 2-modulus prescaler is constructed to in 
clude a binary counter which is constructed of a flip 
flop circuit and a shift register having an input terminal 
connected with the output terminal of said frequency 
divider, a terminal having its output state forcibly re 
duced to a "O' level in response to an external control 
signal, and an output terminal. An OR gate feeds the 
input terminal of the flip-flop at the first stage of said 
frequency divider with the OR (or NOR) the logical 
operation signal (OR or NOR signal) signal between the 
signal at the output terminal of said frequency divider 
and the signal at the output terminal of said shift regis 
ter. Thus, a frequency-divided output is generated at the 
output terminal of said frequency divider. 

In other words, the 2-modulus prescaler according to 
the present invention is characterized in that the binary 
counter is controlled by the output signal of the shift 
register for shifting the output thereof and in that the 
mode change is performed whether or not the shift 
register is cleared. 
According to the present invention, the operating 

speed of the prescaler becomes substantially equal to 
the toggle operating speed of the first-stage flip-flop 
circuit constituting the binary counter thereby to make 
it possible to provide a prescaler which has an operating 
speed as high as 1 GHz in the existing process. 
The operating principles thus far described and the 

other objects and characteristics of the present inven 
tion will become more apparent from the following 
description made in conjunction with the accompany 
ing drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows the general construction of the "Swal 
low-count" frequency divider; 
FIGS. 2 and 3B are circuit diagrams showing the 

conventional frequency dividers; 
FIGS. 3A, 5 and 7 are circuit diagrams showing fre 

quency dividers according to embodiments of the pres 
ent invention; and 

FIGS. 4 and 6 are time charts for illustrating the 
operations of the frequency dividers shown in FIGS. 
3A and 5. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

First of all, in order to facilitate the understanding of 
the present invention, the "Swallow-count" frequency 
divider of which the frequency divider according to the 
present invention is mainly used will be described to 
gether with the factors determining the operating speed 
of that frequency divider. 

FIG. 1 shows the construction of the "Swallow 
count' frequency divider. This frequency divider is 
well known in the art so that its operating principles 
will now be briefly described. An input signal (e.g., a 
clock signal) to be divided is fed from an input terminal 
1 to a 2-modulus frequency divider 3 constituting a high 
speed operating unit. The 2-modulus frequency divider 
3 has two operating modes of frequency division nun 
bers n and n + 1 (wherein n is an integer) and inter 
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changes its two operating modes in response to an exter 
nal control signal a coming from a low speed operating 
unit 4. The output of the aforementioned frequency 
divider 3 is fed to another frequency divider 5 and a 
down-counter 6. Here, for convenience, the number of 5 
the frequency division of the frequency divider 5 is 
denoted at defined as K (which is an integer), and the 

frequency division number of the down-counter 6 is 
denoted at defined as A (which is also an integer). 

Now, while the down-counter 6 is first counting the A 10 
output pulses of the frequency divider 3, the control 
signal a is generated, and the frequency division number 
of the frequency divider 3 is made n + 1. Then, after the 
down-counter 6 has counted the A pulses, the mode of 
the frequency divider 3 is interchanged to n, and the 15 
remaining pulses are counted by the frequency divider 
5. After the counting operation of the (K-A) pulses, 
the mode of the frequency divider 3 is interchanged 
again to n+1. These operations are repeated. There 
fore, the whole frequency division number N is ex 
pressed by the following Equation: 

20 

N = (K-An--A(n-1) senK A. 

Thus, by setting the aforementioned integers n, K and 25 
A, any desired frequency division number can be set. 
The determinant of the operating speed of the afore 
mentioned frequency divider is the 2-modulus fre 
quency divider 3 which is to be fed with the highest 
clock rate signal among the aforementioned circuits. 
Therefore, for the construction of a variable frequency 
divider in the UHF band, the development of the 2 
modulus frequency divider 3 is indispensable. 
FIG. 2 is a circuit diagram showing the 2-modulus 

frequency divider having the frequency division num 
bers of 5 and 6, which is representative of conventional 
frequency dividers. In FIG. 2: reference numerals 7-1, 
7-2 and 7-3 indicate D-type flip-flop circuits; numerals 9 
and 11 indicate an OR gate and a NOR gate, respec- 40 
tively; numeral 10 indicates an AND gate; and numerals 
1, 8 and 12 indicate the input terminal of the clock sig 
nal, the input terminal of the mode change signal, and 
the output terminal, respectively. As is well known, 
such D-type flip-flops provide an output at their Q is 
terminals in accordance with the existing input at their 
D terminals at the instant a clock pulse is applied to 
their C terminal. 
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H: High level 
l: Low Level 60 

Table l is a count sequence table illustrating the oper 
ations of the aforementioned frequency divider. In this 
Table: reference letters Q, Q2 and Q3 indicate the re 
spective outputs of the flip-flop circuits 7-1, 7-2 and 7-3; 6s 
letter H indicates a high level (corresponding to the 
logic value '1'); and letter L indicates a low level (cor 
responding to the logic value "0"). The operations for 
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4. 

this count sequence table will be shortly described in 
the following discussion. 

First of all, let it be assumed that the output states of 
the respective flip-flop circuits are at the high level and 
that the mode change signal is at the low level. If the 
clock signal is supplied at this state, since the H of the 
output signal Q3 is inverted by the NOR circuit 11, the 
input D1 of the flip-flop circuit 7-1 is at the low level L 
so that the output signal Qi takes the low level L. At 
this time, since the respective flip-flop circuits are at the 
synchronous state (in which the respective clock termi 
nals are commonly fed with the clock signal), the states 
of the output signals Qt and Q2 are simultaneously 
shifted in the flip-flops 7-2 and 7-3, respectively, so that 
transit takes place to the state LHH of the second 
column of the aforementioned Table I. As the clock 
signal continues to be fed, the transit of the state arrives 
at LLH and LLL. In the course of proceeding to this 
state of LLL), irrespective of the outputs of the OR 
gate 9 and the AND gate 10, the input D of the flip-flop 
circuit 7-1 is always at the low level because of the high 
level of Q3 being fed to the NOR circuit 11 which in 
verts this high level Q3 signal to a low level. At the state 
LLL), however, the outputs of the gate circuits 9 and 
10 are reduced to the low level so that the output Qs 
does not take the high level until it is inverted by the 
NOR circuit 11. As a result, the states HLL and 
HHL are next taken in response to the succeeding 
clock pulses until finally the initial state HHH is re 
stored. Specifically, since the same state is repeated 
each time the six clock pulses are fed, the signal (having 
its frequency divided) having a 1/6 frequency of the 
clock signal is generated at the output terminal 12. 
Now, if the mode change signal is at the high level at 

the final state (HHL), the outputs of the OR circuit 9 
and the AND circuit 10 take the high level so that the 
input D1 of the flip-flop circuit 7-1 is forced to take the 
low level. As a result, in response to the subsequent 
clock pulse, the state becomes (LHH), which is the 
initial state. After that, the frequency division of 1/5 is 
carried out by the operations similar to those of the case 
of the frequency division number described above. 
Now, the operating speed of the frequency divider 

thus far described will be taken into consideration. 
Such 2-modulus frequency divider requires the use of 

logic circuits such as the OR and AND circuits 9 and 10 
in addition to the flip-flop circuits. In the aforemen 
tioned example, since the NOR circuit 11 can be con 
structed by combining the wired OR circuit and the D 
input and since the OR circuit 9 can be constructed of 
the wired OR circuit, influence upon the operating 
speed is little and can be ignored. However, unlike an 
OR circuit, it is difficult to realize the AND circuit with 
the use of other means without decelerating the operat 
ing speed. As a result, the operating speed of the con 
ventional 2-modulus frequency divider has to take the 
delay time of the AND circuit into consideration so that 
it is determined by the summation of the delay time of 
that AND circuit and the delay time of the first stage 
flip-flop circuit. More specifically, if the delay time of 
the flip-flop circuit is denoted at TF and if the delay time 
of the AND circuit is denoted at ti, the operating fre 
quency of the 2-modulus frequency divider reaches a 
value of about 1/(t. --TF) at the maximum. 

In the 2-modulus frequency divider according to the 
present invention, the maximum operating speed is set 
at 1/r F if it is expressed in terms of frequency. 
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FIG. 3A is a circuit diagram showing one embodi 
ment of the 2-modulus frequency divider according to 
the present invention, which is so constructed that the 
frequency division number can be interchanged be 
tween 4 and 5. Incidentally, in order to clarify the dif- 5 
ference between the present invention and the prior art, 
the frequency divider having the same frequency divi 
sion number and constructed according to the prior art 
is shown in FIG. 3B. 

In FIG. 3A, D-type flip-flop circuits 7-4 and 7-5 con 
stitute a binary counter, and a flip-flop circuit 7-6 with 
a clear terminal CR is a shift register which has both a 
switching function and the operating function of the 
flip-flop circuit. This flip-flop circuit 7-6 is so con 
structed that the clear, i.e., the low level, is forcibly 
generated the signal level in the output terminal 96 is 
forced low only when the clear signal from the input 
terminal of the control signal is at the high level. The 
clock terminals C of the respective flip-flop circuits are 
commonly fed with the clock signal from the input 
terminal 1 (or are synchronized with one another). The 
flip-flop output of the preceding stage is connected with 
the input terminal of the flip-flop circuit of the next 
stage so that the first flip-flop circuit 7-4 has its input 
terminal D1 fed with the output signals of the output 
terminals Qs and Qs of the flip-flop circuits 7-5 and 7-6 
through an OR circuit (which is constructed of the 
wired OR gate). And, the signal, which has its fre 
quency divided from the output terminal Q4 of the flip 
flop 7-4 of the binary counter, is extracted through the 
output terminal 12. 

In the present embodiment, the shift register, i.e., the 
flip-flop 7-6 is a portion forming the characteristics of 
the frequency divider according to the present inven- 35 
tion. The operations of the frequency divider according 
to the present embodiment will be described in the 
following. 

O 

15 

25 

30 
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Table 2 is a count sequence table illustrating the oper 
ations of the aforementioned 2-modulus frequency di- so 
vider. 
FIG. 4 is a time chart illustrating the states of the 

signals of the respective parts of FIG. 3A for explaining 
the operations thereof. 

First of all, referring to FIG. 3A and FIG. 4, let it be 55 
assumed that the states of the outputs Q4, Qs and Q6 of 
the respective flip-flop circuits are at HLL. Here, in 
the circuit of FIG. 3A, the output terminal of the flip 
flop circuit 7-4 is the not-output signal Q. As a result, 
the inputs D of the respective flip-flop circuits 7-4, 7-5 
and 7-6 at the instant when the clock signal is fed are at 
the state (LLL), which is held after the feed of the clock 
signal. Likewise, when the clock signals at the instants 
t, t and ts are fed to the clock terminals C of the re 
spective flip-flop circuits, the transit of the state takes 
place to LHL), HHH and (HLH) until the initial state 
HLL) is restored at the next instant t5. Thus, the same 
state is repeated during the period of the five clock 

65 

6 
signals thereby to accomplish the 1/5 frequency divi 
SO. 

Now, if the clear terminal CR of the flip-flop circuit 
(i.e., the shift register) 7-6 is fed with the mode change 
signal so that it is raised to the high level, the flip-flop 
7-6 is cleared to have its output terminal Q6 at the low 
level. After that, the output terminal Q6 is always at the 
low level so that the states of the output terminals Q4 
and Q5 become (LL), LH, HH) and HL, respec 
tively, in a manner to correspond to clock signals (q, to. 
t11 and t2. Subsequently, similar states are repeated on 
and on. Thus, it is possible to provide a frequency 
divider. 

In the operations thus far described, the reason why 
there are shifts in the rise and break instants between the 
clock signals and the outputs Q, Q4, Qs and Q6 is be 
cause there is the delay time TF of the flip-flop. FIG. 3B 
shows the construction of a conventional 2-modulus 
frequency divider for effecting the mode interchange 
between the frequency division numbers 4 and 5 simi 
larly to FIG. 3A, but the operations thereof are similar 
on principle to those of FIG. 2 so that their detailed 
description will be omitted. Since the circuit shown in 
FIG. 3B is equipped with the AND gate circuit 10 for 
interchanging the frequency division numbers, in case 
the output Q of a flip-flop circuit 7-9 and the mode 
change signal have their levels varied from the high to 
low values (or vice versa), there is the delay time t. 
which can be as long as the delay time TF of the flip-flop 
circuits. Thus, the frequency 1/(rf-T) becomes the 
maximum operating frequency, as has been described 
with regard to FIG.2 before. On the contrary, since the 
frequency divider according to the present invention, as 
shown in FIG. 3A, requires no AND gate circuit of the 
kind required by FIG. 3B, the maximum operating fre 
quency can be as high as 1/r F. Incidentally, as is appar 
ent from the foregoing description, the flip-flop 7-6 may 
be that which can have its output state forcibly reduced 
to the zero level in response to the control signal so that 
there can be a variety of logic constructing methods, as 
will be understood. 

FIG. 5 is a circuit diagram showing another embodi 
ment of the frequency divider according to the present 
invention. In FIG. 5, the flip-flop circuits 7-8 and 7-9 
constitute a 2-modulus frequency divider, according to 
the present invention, which can effect and fre 
quency divisions. This embodiment shown in FIG. 5 
illustrates one example of a construction in which the 
aforementioned 2-modulus frequency divider formed 
by circuits 7-8 and 7-9 and another frequency divider 13 
having a low operating speed are combined to provide 
a frequency divider having a larger overall frequency 
division number. In FIG. 5, the flip-flop circuit 7-8 
constitutes the binary counter whereas the flip-flop 
circuit 7-9 constitutes the shift register having clear 
terminals CR1 and CR2 such that the input terminal of 
the aforementioned flip-flop circuit 7-8 is fed with the 
OR (which is constructed of the wired NOR circuit) 
signal of the output of the aforementioned frequency 
divider and the output of the shift register. The opera 
tions thereof will be explained with the use of the time 
chart of FIG. 6. In the present embodiment, as de 
scribed hereinafter, the duty ratio of the output signal of 
a frequency divider 13 is set at 50%. 

First of all, if all the levels of the respective output 
terminals Q7 and Q8 of the flip-flop circuits 7-8 and 7-9 
and the output terminal Qq of the frequency divider 13 
are all at the low state and no mode change control signal 
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is fed to the second clear terminal CR2 (LLL), the outputs 
at the terminals Q7, Q8 and Q9 are changed to the state 
(HLH) in response to the clock signal t. 
Since the terminal Q8 is cleared to the low level in 

response to the next clock signal tz by feeding the clear 
terminal CR with the signal from the output terminal 
Q3 of the frequency divider 13, the terminal Qs holds the 
low level thereby to effect the state (LLH following 
clock signal t. As a result, since the flop-flop 7-9 main 
tains the clear state until two rises of the output at the 
terminal Q7 come to the input terminal Co of the fre 
quency divider, the 2-modulus frequency divider effects 
the toggle operation as a frequency divider. Specifi 
cally, the states (LLH) and (HLH) are repeated twice. 
When the clock signal t5 comes, the terminal Q7 is 
changed to the high level thereby to feed the terminal C 
of the frequency divider 13 with the second clock signal 
so that the level at the terminal Q9 is inverted. As a 
result, immediately prior to a clock signal ts, the state 
(HLL) is reached. Thus, the state (LHL) is invited in 
response to the clock signal ts, the state LLL) is invited 
in response to a clock signal ti, and the state HLL)is 
invited in response to a clock signal ts. Thus, the termi 
nal C of the frequency divider 13 is fed with the high 
rise of the first Q7 as the clock signal, but the output at 
the terminal Q9 is left unchanged. As a result, during the 
clock signals to to t1, the outputs at the output terminals 
Q7 and Qs are varied similarly to the manner of the 
clock signals této t3. In response to the clock signal til, 
however, the level at the terminal Q7 is raised to the 
high value thereby to feed the frequency divider 13 
with the second clock so that the output terminal Qg 
takes the high level. As a result, during the clock signals 
ts to t2, the 2-modulus frequency divider operates as 
the frequency divider thereby to twice repeat the 
frequency divisions so that the state becomes similar to 
that immediately prior to the application of the afore 
mentioned clock signal t. Therefore, the states, at 
which the and frequency divisions are performed 
twice, respectively, are repeated so that the signal, 
which has been generated by dividing the frequency of 
the clock signal to be fed to the input terminal 1 into 
1/10, can be generated at the output terminal 12 which 
is connected with the output Q9 of the low speed fre 
quency divider 13. 
The foregoing description is directed to the state at 

which no mode change control signal is fed to the sec 
ond clear terminal CR2 of the shift register 7-9. When 
the control signal is fed to this second clear terminal 
CR2 from the input terminal 8, the output Qs takes the 
low level so that the 2-modulus frequency divider be 
comes a frequency divider which is constructed of the 
flip-flop circuit 7-8. As a result, a signal, which has been 
generated by dividing the frequency of the input clock 
into , can be attained at the output of the frequency 
divider 13. 
Although the embodiment shown in FIG. 5 as de 

scribed above is directed to the case in which the 2 
modulus frequency divider accomplishes and fre 
quency divisions whereas the low speed frequency di 
vider 13 accomplishes frequency division, it is gener 
ally possible to realize a frequency divider which has 
any desired number of frequency division and which 
can operate at a high speed by the construction shown 
in FIG. 7. In this Figure, reference numeral 14 indicates 
a 2-modulus frequency divider which accomplishes 
high speed operations at the frequency division num 
bers n and n + 1, while numeral 17 indicates a low speed 
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8 
frequency divider having a frequency division number 
M. Numeral 16 indicates a control circuit for varying 
the frequency division number M of the aforementioned 
frequency divider 17. This frequency divider 17 is con 
structed by connecting flip-flop circuits in cascade such 
that the outputs of the respective stages are fed as the 
clear signal of the shift register of the aforementioned 
2-modulus frequency divider through an OR circuit 18. 
The plural input signals of the aforementioned OR cir 
cuit are varied by the control circuit 16. 

Since the output of the aforementioned frequency 
divider 17 takes M output states, if the frequency di 
vider is so controlled that the m states of the M stages 
are at the low level whereas the remaining (M-m) 
stages are at the high level, the whole frequency divi 
sion number N of the output terminal 12 for the signal 
from the input terminal 1 can be expressed by the fol 
lowing Equation: 

Ns n(M-m) -- (n-1)m = nM -- in (l). 

On the other hand, if the clear signal is supplied from 
the control terminal 8, the whole frequency division 
number N can be expressed by the following Equation: 

NEM (), 

Therefore, if the aforementioned numbers M and m are 
suitably set, it is possible to realize a frequency divider 
having any desired frequency division number. As is 
different from the "Swallow-count" frequency divider, 
as shown in FIG. 1 and well known in the art, the 
downcounter 6 can be dispensed with. In most cases 
where the frequency division number of the low speed 
frequency divider becomes higher than 10000, the point 
of requiring no down-counter can be effective for re 
ducing the cost and improving the stability of the sys 
tem. The embodiment of FIG. 5 corresponds to the case 
of n=2, M=4 and m = 2. 

In the construction of FIG. 7, on the other hand, in 
the case of n=2 and m = 1, the whole frequency divi 
sion number N can be determined from the aforemen 
tioned Equations (1) and (2), as follows, respectively: 

N=2M-l (1): 

and 

N=2M (2)". 

These Equations express all of the odd and even inte 
gers so that a frequency divider having any desired 
frequency division number can be realized by applying 
the external control signal. Thus, it is remarkably feasi 
ble to design a circuit system such as the digital fre 
quency synthesizer making use of the frequency divider 
of the present invention. The reduction of the number m 
to 1 can be easily realized by feeding the OR circuit 
with the outputs of the respective stages of the flip-flop 
circuits which are connected in cascade while constitut 
ing the frequency divider 17. 
As has been basically described hereinbefore, accord 

ing to the present invention, the AND function for the 
mode change is replaced by the clearing function of the 
flip-flop circuit thereby to effect the high speed. Since 
the delay time for determining the speed corresponds to 
only one stage of the flip-flop circuit, the speed can be 
made far higher than that of the conventional frequency 
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divider. According to the present invention, more spe 
cifically, it is feasible to provide a high speed frequency 
divider which has the same speed as the frequency of 
the flip-flop circuit and which has, on principle, the 
maximum operating speed of the frequency divider 
constituting the flip-flop circuit. The possibility of fre 
quency divisions of 1/10 and up to 1 GHz has been 
confirmed with the use of the flip-flop circuit which is 
being practiced at present and which has a toggle fre 
quency of 1 GHz. 

It is to be understood that the above-described ar 
rangements are simply illustrative of the application of 
the principles of this invention. Numerous other ar 
rangements may be readily devised by those skilled in 
the art which embody the principles of the invention 
and fall within its spirit and scope. 
What is claimed is: 
1. A frequency divider comprising: 

5 

O 

15 

a counter constructed of one or more flip-flop cir- 20 
cults; 

a shift register including an input terminal connected 
with an output terminal of said counter, an output 
terminal for providing a shift register output signal 
and a clear terminal responsive to a predetermined 
external control signal for varying the number of 
the frequency division of the frequency divider by 
forcing the shift register output signal at the output 
terminal to a zero condition; and 

a feedback circuit for feeding an input terminal of the 
flip-flop circuit at the first stage of said counter 
with an OR signal comprised of the output of said 
counter and the output signal of said shift register. 

2. A frequency divider as set forth in claim 1, wherein 
said feedback circuit is constructed of a wired logic 
circuit having two input terminals to which said output 
signal of said counter and said output signal of said 
register are applied, and an output terminal connected 
to said input terminal of the flip-flop circuit at the first 
stage of said counter. 

3. A frequency divider as set forth in claim 1, wherein 
said shift register includes a flip-flop circuit. 

4. A frequency divider as set forth in claim 1, wherein 
said counter includes: a first flip-flop circuit; a second 
flip-flop circuit coupled to a not-output signal of said 
first flip-flop circuit; an input terminal for commonly 
feeding clock terminals of the respective flip-flop cir 
cuits with an input signal; and an output terminal for 
extracting the not-output signal of said first flip-flop 
circuit as a frequency divided output. 

5. A frequency divider as set forth in claim 4, wherein 
the division ratio of the frequency divider is 1/6 when 
the external control signal is not applied and 1/5 when 
the external control signal is applied. 

6. A frequency divider as set forth in claim 1, 
wherein said counter includes a single flip-flop circuit, 
and wherein said feedback circuit includes a NOR cir 
cuit, whereby the input terminal of said single flip-flop 
is commonly fed to respective clock terminals of said 
flip-flop circuit and said shift register thereby to inter 
change the division ratio between 1/2 and 1/3. 

7. A frequency divider as set forth in claim 1, wherein 
the flip-flop circuits of the counter are D-type flip-flop 
CltCltS. 

8. A frequency divider as set forth in claim 1, wherein 
said output terminal of the shift register is held in said 
Zero condition for as long as said predetermined exter 
nal control signal is applied to said clear terminal. 

30 

35 

40 

45 

50 

55 

65 

10 
9. A frequency divider as set forth in claim 1, wherein 

said feedback circuit is comprised of a single wired OR 
gate having a much smaller delay time than a delay time 
TF of said flip-flop circuit so that a maximum operating 
frequency of said frequency divider is l/TF. 

10. A frequency divider comprising: 
a first counter including a binary counter including 
one or more flip-flop circuits; 

a shift register including an input terminal connected 
with an output terminal of said first counter, a clear 
terminal for effecting the clearing operation of the 
shift register in response to an external control 
signal for varying the frequency division number, 
and an output terminal for providing a shift register 
output signal; 
a logic circuit a first feedback circuit for feeding an 
input terminal of the flip-flop circuit at the first 
stage of said first counter with an OR signal a 
logical operation signal of the output of said first 
counter and the output signal of said shift register; 
second counter including one or more flip-flop 
circuits coupled to the output of said first counter 
for further dividing the frequency of the output of 
said first counter; and 

a second feedback circuit for applying at least one 
portion of the output of the flip-flop circuits consti 
tuting said second counter, as a clear signal, to said 
shift register. 

11. A frequency divider as set forth in claim 10, 
wherein said first counter includes a 2-modulus fre 

quency divider for interchanging the frequency division 
number between n and n + 1 (wherein n is an integer), 
and wherein said second feedback circuit includes an 
OR circuit made receptive of all the outputs of a plural 
ity of flip-flop circuits constituting said second counter. 

12. A frequency divider as set forth in claim 6 10, 
wherein the flip-flop circuits of the first counter are 
D-type flip-flops and the flip-flop circuits of the second 
counter are toggled flip-flops which produce a change 
in state of their output for every other input signal ap 
plied to their input terminals. 

13. A frequency divider as set forth in claim 10, 
wherein the frequency division ratio at the output of the 
second counter is 1/10 when the external control signal 
is not applied to the shift register clear terminal and 
when the external control signal is applied to the shift 
register clear terminal. 

14. A frequency divider as set forth in claim 10, 
wherein the logic circuit the first feedback circuit 
comprises a NOR gate. 

15. A frequency divider comprising: 
a counter constructed of one or more flip-flop cir 

cuits; 
a shift register including an input terminal connected 

with an output terminal of said counter, an output 
terminal for providing a shift register output signal 
and a clear terminal responsive to a predetermined 
external control signal for varying the number of 
the frequency division of the frequency divider by 
forcing the shift register output signal at the output 
terminal to a zero condition; and 

a feedback circuit for feeding an input terminal of the 
flip-flop circuit at the first stage of said counter 
with a NOR signal of the output of said counter 
and the output signal of said shift register. 

16. A frequency divider as set forth in claim 15, 
wherein said output terminal is held in said zero condi 
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tion for as long as said predetermined external control 
signal is applied to said clear terminal. 

17. A frequency divider as set forth in claim 15, 
wherein said feedback circuit is comprised of a single 
wired NOR gate having a much smaller delay time than 
a delay time TF of said flip-flop circuit so that a maxi 
mum operating frequency of said frequency divider is 
l/TF. 

18. A frequency divider as set forth in claim 15, 
wherein said feedback circuit is constructed of a wired 
logic circuit having two input terinals to which said 
output signal of said counter and said output signal of 
said register are applied, and an output terminal con 
nected to said input terminal of the flip-flop circuit at 
the first stage of said counter. d. 

19. A frequency divider as set forth in clain 4, wherein 
the division ratio of the frequency divider is 1/5 when the 
external control signal is not applied and when the exter 
nal control signal is applied. 

20. A frequency divider comprising 
a counter means for counting an input signal 
a shift register means for generating an output signal, 

wherein said output signal is a first signal produced 
from shifting an output of said counter means when 
an external control signal is not applied to said shift 
register means and a second signal produced from 
clearing an output of said counter means when an 
external control signal is applied to said shift register, 
and 

a feedback circuit means for feeding said counter means 
with a logical operation signal of the output signal of 
said counter means and the output signal of said shift 
register means. 

21. A frequency divider as set forth in claim 20, wherein 
said counter means includes one or more flip-flop circuits. 

22. A frequency divider as set forth in clain 20, wherein 
said feedback circuit means includes a wired logic circuit. 

23. A frequency divider as set forth in claim 20, wherein 
said shift register means includes a flip-flop circuit. 

24. A frequency divider as set forth in claim 20, wherein 
said counter means includes a first flip-flop circuit, and a 
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25. A frequency divider as set forth in claim 20, wherein 

said feedback circuit means includes an OR circuit. 
26. A frequency divider comprising. 
a first counter means for counting an input signal 
a second counter means for dividing the frequency of the 

output signal of said first counter means, 
a shift register means for generating an output signal, 

wherein said output signal is a first signal produced 
from shifting an output of said first counter means 
when a clear signal including an external control 
signal and an output signal of said second counter 
means is not applied to said shift register means and a 
second signal produced from clearing an output of a 
first counter means when said clear signal including 
at least one of an external control signal and an out 
put signal of said second counter means is applied to 
said shift register and 

a feedback circuit means for feeding said first counter 
means with a logical operation signal of the output 
signal of said first counter means and the output 
signal of said shift register means. 

27. A frequency divider as set forth in claim 26, wherein 
said second counter means includes one or more flip-flop 
circuits. 

28. A frequency divider as set forth in claim 26, wherein 
said first counter means includes one or more flip-flop 
circuits, 

29. A frequency divider as set forth in claim 26, wherein 
said feedback circuit means includes a NOR circuit. 

30. A frequency divider as set forth in claim 26, wherein 
said feedback circuit means a wired logic circuit. 

31. A frequency divider comprising: 
a counter having one or more flip-flop circuits, 
a shift register coupled to said counter, having input 
means for deriving an input signal from said counter, 
output means for providing a shift register output 
signal and clear means responsive to a predetermined 
external control signal for varying the number of the 
frequency division of the frequency divider by forcing 
the shift register output signal to the logic value zero, 
and 

a feedback circuit coupled to said counter and shift 
register, for feeding said counter with a logical opera 
tion signal comprised of the output of said counter and 
the output of said shift register. 
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