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57 ABSTRACT 

A frequency divider wherein the pulse input having been 
delayed by a predetermined time interval is impressed upon a 
plurality of cascade connected flip-flops, and the output from 
each of the flip-flops is fed to an AND gate to which is also fed 
the input which has not passed through the delay circuit to 
produce a resultant AND output to be fed back to each of the 
required flip-flops, thereby increasing the upper limit of the 
frequency to be divided and practically eliminating the danger 
of a malfunction in the system. 

3 Claims, 7 Drawing Figures 
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FREQUENCYDIVIDERCIRCUITSYSTEM 

This invention relates to frequency dividers having flip 
flops. 

In prior art binary feed-back type frequency dividers the 
time required for input pulses to propagate through a long 
counter chain resulted in a time lag of the output feed-back 
pulse from the last stage for determining the frequency divid 
ingration behind the corresponding input pulse. 

Therefore, when the frequency dividing ratio is an odd 
number, the output feed-back pulse is impressed upon the first 
stage to increase the resolving time of the flip-flop of this 
stage, which increases the possibility of a malfunctioning for 
inputs of higher repetition frequencies. When the time lag of 
the feed-back pulse is extremely short, either one of the input 
pulse and the feed-back pulse which occasionally coincides 
with the input pulse at a stage is disregarded by the flip-flop of 
that stage to result in a malfunction. This is discussed in con 
nection with a prior art frequency divider circuit shown in 
FIG. 1. Flip-flops Fo, F, F, F, . . . and F are connected in 
cascade and switches Ro, R1, R, Ra, . . . are provided in the 
feed-back circuits for the respective flip-flops. By appropriate 
operation of the switches, the feed-back pulse from the last 
stage F is selectively impressed upon each stage to determine 
the frequency dividing ratio of the frequency divider. It is 
desirable for the appearance of the output feed-back pulse 
it to lag behind a pulse which appears 2" cycles after the 
input pulse i by an interval which is less than one period of the 
input pulse train. Actually, it lags is by a dead time to F n'At, 
where At is a time lag for each of the flip-flop stages F to F. 
Thus, when the switch Ro is closed, the lagging feed-back 
pulse it occasions the pulse timing shown at (a), (b) and (c) 
in FIG. 3, with the pulse period of the input pulse signal being 
1 If for a repetition frequency f. The smaller to - (11fo) is, the 
higher is the resolution of the first-stage flip-flop that is 
required. The resolution herein refers to a minimum value of 
the pulse period for the proper functioning of the flip-flop. 

Influence of the time lag of it is most pronounced at the 
first stage, and the second and the third stages will also be in 
fluenced if the time lag is greater than 1/f, or if the repetition 
frequency of the input pulse signal is increased, thus causing 
malfunctioning. Also, the greater the number of flip-flop 
stages, the more the time lag of it is increased to promote 
malfunctioning. Thus, the upper limit of the frequency to be 
divided depends upon the switching and delay time for each 
flip-flop and is decreased with an increasing number of stages. 
The foregoing will be seen from FIG. 3. At (a) of FIG. 3 is 

shown the case where the delay time of the feed-back pulse 
from the last stage exceeds the pulse period of the input, at (b) 
is shown the case where the delay time is less than the pulse 
period, and at (c) is shown the case with the shortest delay 
time, for which the resolution is the highest. 
An object of the present invention, accordingly, is to pro 

vide a frequency divider which will not be subject to malfunc 
tioning, even with highly repetitive input signal pulses. 
Another object of the invention is to provide a variable 
frequency divider wherein the obtained control pulse is used 
as the feed-back pulse. A further object of the invention is to 
provide frequency divider capable of high-speed carry by 
using the obtained control pulse as the carry pulse. 
The invention will now be described in conjunction with the 

preferred embodiments thereof with reference to the accom 
panying drawing, in which: 

FIG. 1 is a block diagram of a prior art feed-back type 
frequency divider; 

FIG. 2 is a timing chart of the pulses involve in the system 
shown in FIG. 1; 

FIG. 3 is a timing chart showing the influence of the delay 
involved in the system of FIG. 1; 

FIG. 4 is a block diagram of one embodiment of the variable 
frequency divider according to the invention; 

FIG. 5 is a timing chart of the pulses involved in the system 
shown in FIG. 4; 
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2 
FIG. 6 is a block diagram of another embodiment of the 

frequency divider capable of high-speed operation in ac 
cordance with the invention; and 

FIG. 7 is a timing chart involved in the system shown in FIG. 
6. 
According to the features of the invention there is provided 

a frequency divider comprising a delay circuit for delaying the 
input signal, a counter circuit including a plurality of flip-flops 
connected in cascade, and an AND circuit for forming the log 
ical product of the output from each of the flip-flops and the 
non-delayed input signal. Referring now to the drawing, par 
ticularly to FIG. 4 showing a preferred embodiment of the in 
vention, the input signal is fed through a delay circuit T to flip 
flops Foto F connected in cascade and individually constitut 
ing the respective stages of the counter circuit. The output 
from each of the stages is fed to an AND gate G to which is 
also fed the non-delayed input to produce an AND output to 
be fed through a corresponding one of the gate circuits R to 
R-1 back to each of the respective stages. A frequency divid 
ingratio setting circuit H controls the on-or-off function of the 
gates Ro to R- in accordance with the control input. In FIG. 
5, at (a) are shown the input pulses, at (b) are shown the input 
pulses having passed through the delay circuit T, and at (c), 
(d), (e) and (f) are shown outputs from the respective flip 
flops Fo, F, F, and F. At the AND gate G is available a pulse 
output shown at (g). 
The flip-flops F, F, and F are provided with associated 

AND gates G, G, and Gaso as to gate these flip-flops respec 
tively from the previous stage flip-flops and actuate flip-flops 
F, F," and Fa' by the delayed input signal, so that the delay 
time for each of them is constant all through at At. However, 
for the next stage F., and so on the delay time is progressively 
increased to 2At, 3At, ... . 
As is seen, the provision of the AND gate G has the effect 

that notwithstanding the great time lag of it behind i, the 
pulse output from the gate G leads in its timing with respect to 
an input clock pulse appearing out of the delay circuit T2" cy 
cles after the input pulse corresponding to the feed-back pulse 
in by a time interval prescribed by the delay circuit, so that 
the situations shown at (a) and (b) in FIG. 3 will never take 
place and malfunctioning is absolutely eliminated. 
For the situation as shown at (c) in FIG. 3, i.e., without the 

delay circuit T, a feed-back pulse and an input pulse will hap 
pen to be completely coincident at one of the cascade con 
nected stages in the counter chain; that is, the two pulses will 
happen to be simultaneously impressed upon one flip-flop. As 
a result, one of the impressed pulses is disregarded by the flip 
flop, which is thus forced to assume either a set or a re-set sta 
ble state, whereby either one or both of the states of both the 
input and feed-back pulses previous to their entry into the flip 
flop in question are interrupted as in i at (c) in FIG. 3, thus 
resulting in malfunctioning of the counter chain. In practice 
the flip-flop in each stage should be responsive to both input 
and feed-back pulses so as to keep their state before their im 
pression upon the following stage from being accidentally in 
terrupted. 

In the system according to the invention the feed-back pulse 
to each stage suitably leads the input pulse to that stage as 
shown at (a) to (g) inclusive in FIG. 3, so that there is no pos 
sibility of coincidence of both pulses giving rise to malfunc 
tioning. 

It will also be apparent from that shown at (h) to (l) inclu 
sive in FIG. 5 that the delay circuit T makes it possible to 
eliminate malfunctioning of the system which would otherwise 
occur as a result of doubling an equivalent feed-back pulse, . 
which is properly to appear at an instant during a repetition 
cycle 2" cycles after the cycle of appearance of the input pulse 
corresponding to the equivalent feed-back pulse, during the 
cycles respectively 2" and 2-1 cycles afterwards, as well as to 
ensure the set and re-set function of each stage with an 
equivalent feed-back pulse having the same amplitude and 
width as those of the input pulse. At (h), (i), (j), (k) and (l) in 
FIG. 5 are respectively shown the input, the delayed input, the 
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output from the flip-flop F, the output from the AND gate G 
of the system without the delay circuit T, and the output from 
the AND gate G of the system having the delay circuit T. 

FIG. 6 shows another embodiment of the invention, with 
FIG. 7 illustrating the timing involved. It enables high-speed 5 
decimal carry by feeding the output from the flip-flop F, the 
output from flip-flop Fo and the input to AND gate G whose 
output triggers flip-flop F, thus reducing the delay occurring 
through the cascade connection of the decimal counter cir 
cuits. 10 

In FIG. 7, at (a) is shown the input, at (b) is shown the input 
having passed through delay circuit T, at (c) is shown the out 
put from flip-flop Fo, at (d), (e) and (f) are shown the respec 
tive outputs from flip-flop F, F, and Fa, at (g) is shown the 
output from AND gate G of the system without delay circuit 15 
T, and at (h) is shown the output from AND gate T of the 
system provided with a delay circuit T. Without the delay cir 
cuit T, the pulse signal shown at (b) in FIG. 7 is subject to gat 
ing with the signals shown at (c) and (f), so that satisfactory 
carry pulses cannot be obtained, as is shown at (g) in FIG. 7. 
On the other hand, with the delay circuit the pulse signal 
shown at (a) in FIG. 7 is subject to gating with the signals 
shown at (c) and (f) in FIG. 7, so that satisfactory carry pulses 
can be obtained. 
As has been described in the foregoing by the provision of 

an AND circuit and delay circuit it is possible to have a 
frequency divider practically free from any malfunctioning. 
What is claimed is: 
1. A frequency divider, comprising: 
means, including a delay circuit, for delaying an input pulse 

signal applied to said frequency divider; 
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4 
a counter circuit including a plurality of cascade connected 

flip-flops; 
means applying the delayed input pulse signal to at least a 

portion of said plurality offlip-flops; 
means, including an AND circuit for producing an AND 
product of the non-delayed input pulse signal and the out 
puts of said plurality offlip-flops; and 

means, including a plurality of gate circuits, each connected 
to a corresponding one of said plurality of flip-flops, for 
selectively applying the output of said AND circuit to said 
corresponding one of said plurality of flip-flops. 

2. A frequency divider according to claim 1, further com 
prising a second AND circuit, having said delayed input pulse 
signal as a first input and the output of a first of said cascade 
connected flip-flops as a second input, the output of said 
second AND circuit being connected to the input of a second 
of said cascade connected flip-flops. 

3. A frequency divider, comprising: 
means, including a delay circuit, for delaying an input pulse 

signal; 
a first counter circuit including a plurality of cascade con 
nected flip-flops; 

means applying the delayed input pulse signal to at least a 
portion of said plurality offlip-flops; 

a second counter circuit including at least one flip-flop; 
means, including an AND circuit, for producing an AND 
product of the non-delayed input pulse signal and the out 
put of said first counter circuit; and 

means applying the output of said AND circuit to the input 
of said second counter circuit. 
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