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57 ABSTRACT 
An N-bit programmable divider comprising N “T” 
flip-flops, N load gates, N-2 enable gates, an output JK 
flip-flop and a least-significant-bit input inverter; the 
least-significant-bit flip-flop being enabled by Q of 
said output flip-flop, the second-least-significant-bit 
flip-flop being enabled by Q of said least-significant 
bit flip-flip, each of said remaining T flip-flops being 
enabled by NORed Q outputs of all less-significant-bit 
flip-flops, said output flip-flop having a J input only 
when the outputs of said N T flip-flops are indicative 
of a count of 2 and having a K input only with a Q 
output of said output flip-flop; the divider being 
loaded by application during Q of the output flip-flop 
of the complement of the least-significant-bit signal to 
the clear of the least-significant-bit T flip-flop and 
higher-significant-bit signals to preset of respective 
higher-significant-bit T flip-flops. 

5 Claims, 5 Drawing Figures 
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FAST PROGRAMMABLE DIVIDER WITH A NE 
5-GATE FLP-FLOP 

The present invention relates to electronic logic cir 
cuits and more particularly to so-called "flip-flop” 
circuits which change their state, from “on' to “off” or 
from "off" to “on,' in response to an input trigger 
pulse and applied control pulses. 

Flip-flop circuits of various types are well-known in 
the prior art and belong generally to the class of circuits 
often called multivibrators which are used in large 
numbers in logic or control systems such as special or 
general-purpose digital computers, electronic calcula 
tors, digital electronic switching systems or digital elec 
tronic control systems. 
The basic building blocks of any digital electonic 

system are a class of circuits known as "gate' circuits. 
These circuits are designed to provide an output in 
response to a specific set of signal conditions existing at 
their one or more inputs. Various gate circuits are 
designated according to the logic function performed 
such as, for example, AND, OR, NAND, or NOR gates. 
Although logic circuits and systems can be con 

structed from individual components such as signal 
translators (transistors or vacuum tubes), resistors, 
capacitors, etc. in modern practice they are embodied 
in integrated circuits wherein all elements of the circuit 
are formed in or on a small “chip' of semiconductor 
material. Often, many such circuits are formed on a 
single piece of semiconductor material to form a com 
plete complex electronic system embodying hundreds 
or thousands of circuits. Such devices are commonly 
referred to as LSI (Large Scale Integration) devices. 
In LSI devices, as in most electronic systems, reduc 

ing the number of elements required to perform a given 
function leads generally to reduced manufacturing 
cost, reduced operating cost and power consumption 
and, often, enhanced reliability. 
By the present invention, a bistable multivibrator or 

flip-flop function is provided using only four gates to 
gether with a clock signal shaping circuit rather than 
the six or more gates commonly used to provide such a 
function in the prior art. The flip-flop of the present 
invention comprises a pair of NAND or NOR gates 
interconnected to form an output latch. Input to the 
latch is provided by two additional gates of the same 
type interconnected to provide set/reset gating steered 
by the output of the latch and a clock pulse generator. 
The clock pulse generator function can be supplied 
under most conditions by only one additional gate. 
The novel flip-flop circuit of the present invention 

can be used to provide novel logic circuits such as 
counter/divider circuits, programmable dividers and 
others with saving in semiconductor chip size required 
in LSI devices approaching 33%. 

In such a counter/divider circuit each stage consists 
of only four gates forming a flip-flop circuit of the type 
above-disclosed. All of the stages are triggered simulta 
neously from a common clock pulse generator while 
the preset or clear function signals are provided in 
parallel to all stages. By adding one loading gate per 
stage, one enable gate per stage for each bit over two 
and a JK flip-flop output stage to the counter/divider 
circuit a very fast low cost programmable divider cir 
cuit is provided. 
Use of the novel flip-flop circuit of the present inven 

tion in integrated circuits and LSI devices results in 
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2 
significant savings in the manufacturing costs and en 
hances the reliability of such devices. 
Further details and advantages of the present inven 

tion will become obvious from the following detailed 
description when read in connection with the accompa 
nying drawings in which: 
FIG. 1 is a schematic diagram depicting the novel 

flip-flop circuit of the present invention; 
FIG. 2 is a pulse diagram helpful in understanding the 

operation of the circuit of FIG. 1; - 
FIG. 3 is a schematic diagram of a novel counter/di 

vider circuit using the flip-flop circuit of FIG. 1; 
FIG. 4 is a schematic diagram of a novel programma 

ble divider circuit using the flip-flop circuit of FIG. 1; 
and 
FIG. 5 is a pulse diagram helpful in understanding the 

operation of the circuit of FIG. 4. 
The flip-flop circuit of the present invention is shown 

in FIG. 1. It comprises a simple inverter G, two four 
input NAND or inverting AND gates Gand Ga and two 
three-input NAND or inverting AND gates G and Gs. 
The input and output terminals of the circuit are desig 
nated by standard nomenclature as input terminals CK 
(clock), J, K, CL (clear) and P (preset) and output 
terminals Q and Q. Clock input terminal CK is con 
nected directly to the input 10 of gate G and inputs 22 
and 32 of gates G and Ga respectively. The output of 
inverter gate G is connected directly to inputs 23 and 
33 of gates G and Ga respectively. The Jinput terminal 
is connected directly to input 21 of gate G and the K 
input is connected directly to input 31 of gate G3. 
The outputs of inverting gates G and Gs are con 

nected directly to inputs 42 and 52 respectively of gates 
G4 and G.s. The preset input terminal, P, is connected 
directly to input terminal 41 of gate G4 and the clear 
input terminal CL is connected directly to input 51 of 
gate 5. The output of inverting gate G5 is connected 
directly to the output terminal Q as well as to input. 
terminals 43 of gate G and 24 of gate G while the 
output of inverting gate G is connected directly to 
output terminal Q as well as to the input 53 of gate Gs 
and input 34 of gate Ga. The circuit of FIG. 1 consti 
tutes an edge-triggered JK flip-flop. 
Gates G through Gs may be of any known types 

especially those known to be well-adapted for use in 
semiconductor integrated circuits such as, for example, 
those types known as TTL (transistor transistor logic) 
or IL (integrated injection logic). It is preferable that 
all of these gates be the same type construction so as to 
facilitate the embodiment of all of the gates in a single 
integrated circuit element. 
The operation of the circuit of FIG. 1 is best ex 

plained with reference to the pulse diagram of FIG. 2. 
By standard positive logic nomenclature the output of 
each of the inverting AND gates G, through Gs will be 
logic 1 or high when any one or more of its inputs is 
logic 0 or low. Only when all of the inputs to one of 
these gates are high or logic 1 will the output of that 
gate change to logic 0 or low. The output of gate G is 
1 when the input is 1 and 9 when the input is 1. The 
propagation delay time, hereinafter referred to as T is 
the time required for a change in the gate input condi 
tions to be manifested in a change in output conditions 
of that gate and for purposes of this invention is as 
sumed to be the same for all gates of the circuit. 

It will be assumed for purposes of explanation that a 
logic 1 is applied to terminals J, K, CL and P of the 
circuit of FIG. 1 and output Q is producing a logic 
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and Q is producing logic 0. A clock signal of the type 
indicated by pulse diagram 11 in FIG. 2 is applied to 
input CK and thus appears at gate inputs 10, 22 and 32 
as indicated by(1)in FIG. 1. The resulting output signal 
of gate: G indicated by pulse diagram 12 in FIG. 2 is 
applied to inputs 23 and 33 of gates G2 and Ga respec 
tively as indicated by in FIG. 1. Output signals 13 
and 14 of FIG. 2 are produced by gates G and G. 
respectively and applied to inputs 52 and 42 of gates Gs 
and G4 respectively as indicated by and()in FIG. I. 
Gate Gs produces output signal 15 of FIG.2 which is 
applied to output terminal Q and gate inputs 24 and 43 
as indicated by . Gate G4 produces output signal 
15 of FIG. 2 which is applied to output terminal Q and 
gate inputs 34 and 53 as indicated S. 
As a starting point, explanation of the operation of 

the circuit of FIG. 1 will begin at a time designated To 
in FIG. 2. At time To signals 11 and 15 (O) are 0 and 
signals 12, 13, 14 and 16 (Q) are 1. At T clock signal 
11 goes to 1. After the gate propagation delay time or 
1T the output of gate G1 goes to 0 as shown at time T 
in response to the l input to that gate. Thus, during the 
time period between T, and T all inputs, 31, 32 (11), 
33 (12) and 34 (Q) are at logic l level with the result 
that after 1T period or at time T, the output signal of 
gate G3 (13) will change from 1 to 0. Gate G is unaf 
fected by the changes to its inputs 22 and 23 at the time 
T, and T. since the Q signal to input 24 remains at 0 
during this time holding gate G2 output signal 14 at 1. 
After one more propagation delay period, i.e., at Ta, 

Gs output signal 13 returns to 1 in response to signal 12 
at input 33 dropping to 0 at T as explained above. Also 
at Ta output signal 15 (O) of gate G5 goes to 1 in re 
sponse to input 52 (signal 13) dropping to 0 during the 
time T, to Ta. At the time Ta all three inputs 41, 42 and 
43 become l and so after one T or at T4 output Q 
(signal 16) drops to 0. 
The transition of the clock signal 11 from 1 to 0 at Ts 

and the resulting transition of signal 12 from 0 to 1 at 
Ts have no effect on the outputs of gates G2 through Gs 
since at least one input to each of gates Ga, Ga and Gs 
will be at 0 from T through T, and all inputs of G 
remain at 1. 
The next 0 to 1 transition of clock signal 11 at T. 

produces another toggle of the circuit outputs Q and Q. 
From FIG. 2 it can be seen that the output 12 of gate G 
changes at Ts, output 13 of gate G3 is unaffected, out 
put 14 of gate G drops to 0 at T and returns to 1 at Ts, 
output 16 (Q) changes to 1 at T and, finally, output 15 
(O) changes to 0 at To thus completing one output 
cycle. The next transitions of signals 11 and 12 at T. 
and To return the entire circuit to its assumed starting 
condition of T. 
From the diagrams of FIG. 2 it can be seen that the 

positive-going transition of the outputs Q and Q occur 
at T or just two propagation delay periods after the 
positive-going transition of the input clock signal at T. 
while the negative-going transitions in the outputs of Q 
and Q occur at T or just three Ted after the positive 
going transition of the input clock signal. Proper opera 
tion requires only that the next positive transition of the 
clock pulse does not occur before the negative-going 
transition of the output pulse at Q or Q which is in 
response to the previous positive clock pulse transition. 
Thus, clock frequencies as high as 1/3T may be used 
as input to the circuit of FIG. 1. 

Further, those skilled in the art will recognize that 
NAND gates G, G, G, and Gs may be replaced by 
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4 
NOR gates if the J and K inputs are replaced by J and 
K inputs respectively and the CL and P inputs are re 
placed by CL and Pinputs respectively. In such a cir 
cuit toggle action would be initiated by the negative 
going edge of the clock signal. 
The flip-flop circuit of the present invention finds its 

most advantageous uses in LSI devices and systems 
such as, for example, counters and dividers. 
Using the principles disclosed in connection with the 

construction of the flip-flop circuit of FIG. 1, a syn 
chronous counter/divider provided with preset and 
clear inputs can be constructed using only four NAND 
or NOR gates per stage. Such a counter/divider is 
shown in FIG. 3. In the counter of FIG. 3 all counter 
stages are clocked simultaneously from the clock pulse 
generator 151. Use of this clock pulse generator in this 
manner allows elimination in each stage of the counter 
of one inverter gate (G. in FIG. 1) and two inputs (22 
and 32) to each flip-flop. Although the clock pulse 
generator uses a Schmitt trigger circuit 152, and in 
verter 153 and a NOR gate 154 to generate the clock 
impulse inputs, its use provides a substantial savings in 
the area required on a semiconductor integrated circuit 
chip to provide a counter of a given length. For exam 
ple, most present day counters use six gates per stage so 
the saving in area required per counter would be equal 
to the area of the two gates times the number of stages 
of the counter less the area for the clock pulse genera 
tor. In longer counters requiring a large number of 
stages, the area savings offered by the counter of FIG. 
5 approaches. 33% from present counters. 
The clock pulse to be provided by the clock pulse 

generator, which must be negative-going for the NAND 
gate embodiment shown in FIG. 3 or positive-going for 
the NOR gate embodiment, must be of sufficient length 
to trigger one gate but less than two gate propagation 
delay times. A clock generator output pulse of from 1.2 
to 1.8 Tid has been found satisfactory. 
Of course, the propagation delay times of different 

gates, even of the same construction on the same semi 
conductor chip, may be slightly different. Thus the 
minimum clock pulse width must be equal to or longer 
than the Tid of the slowest gate in any driven flip-flop. 
The maximum clock pulse width must be equal to or 
shorter than the sum of the T's of the two fastest gates 
in any driven flip-flop. 
Thus, the inverter 153 may comprise a “standard' 

one input NAND gate with its propagation delay time 
lengthened about 40% by a change in resistor values 
from "standard,' by slight increase in transistor size or 
by the addition of a very small capacitance. The 
Schmitt trigger circuit is necessary only to insure con 
stant rise times when the clock pulses are to be supplied 
from an unknown source and thus will have an un 
known shape. If it is known that the clock pulses will be 
of a specified quality and of a sharp rise time, the 
Schmitt trigger 152 may be omitted. 
Each stage of the circuit of FIG. 3 then operates in a 

manner similar to the circuit of FIG. 1. Use of the clock 
pulse generator, however, saves one gate and two gate 
inputs per stage and allows a clock frequency with a 
period as low as about 3 T. 
Each stage of the counter of FIG. 3 is a four gate 

flip-flop circut of the type shown in FIG. with slight 
modifications. In Stage A, for example, the J and K 
inputs for gates G2a and Ga respectively are unneces 
Sary and are therefore omitted. In Stage B the J and K 
inputs are connected together and constitute an “en 
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able' input receiving the QA output over line 155. 
Stage C has additional J and K inputs connected to 
gether as an additional "enable' input receiving the 
output of QB on line 156. Both Or output and Q-out 
put, line 157, are required to enable Stage C. Addi 
tional "enable' inputs are required for each higher 
order stage of the counter. Preset and clear signals are 
supplied to all stages of the counter over lines 158 and 
159 respectively. Clock pulses from the clock pulse 
generator 151 are fed to all stages of the counter simul 
taneously over line 160. Counter output is taken from 
the terminals qa, Qb, Qc ... Q. 

Inspection of the circuit of FIG. 3 will show that 
Stage A is always enabled and will “toggle' or count at 
each clock pulse. Stage, B is enabled only when the 
output of Stage A, Q, is and will therefore “toggle' 
or count every second clock pulse. Likewise, Stage C is 
enabled only when both QA and Q are 1 and will count 
only every fourth clock pulse. Thus, the binary count of 
outputs OA, Q, Qc. .. Qy advances 1 with each input 
clock pulse in the well-known manner. 
By adding a few input and enable gates together with 

an output flip-flop to the synchronous count of FIG. 3 
a programmable divider is provided. 
The programmable divider of FIG. 4 is a synchronous 

down counter comprised of the T flip-flops(A)(B)(C) . . 
. (N) Each of these flip-flops are of the type shown in 
FIG. 1 with the J and Kinputs both connected to the T 
or “enable' input terminal. The counter is preset to the 
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scribed divider ratio value. After one additional Ted 
(for gates Ge) the T inputs of all the flip-flops are set 
tled. The counter is enabled again two Ted after the 
positive edge of the first clock pulse, i.e., when Qs goes 
to 1, and the countdown cycle starts again. 
The above sequence of events is depicted by the 

pulse diagram of FIG. 5 representing the logic states of 
various terminals of the counter set to divide the clock 
pulse rate by 5. At time T-1, just before the first clock 
pulse, the counter has been loaded to 5 (Qa = 1, QR =F 
0, Qc = 1 remaining stage O's equal 0). The clock pulse 
period for these diagrams is two Tai, the maximum. 
The clock frequency is 1/6 Ted. At To clock pulse 1 
begins. The counter flip-flops are disabled, i.e., all T's 
equal 0, and therefore their outputs do not change. 
Since K is equal 1 flip-flop(S) toggles with Os and TA 
becoming 1 at T and Qs, K and the load line going to 
0 one T thereafter at T2. (Note the clear and preset 
inputs would be held for one additional Ta). At the 
positive edge of the second clock pulse, Ta, only 
counter stage A is enabled (TA - 1 thus at Ta, Q, J, and 
T become 1 at Ts Obecomes 0 and To becomes 1 
resulting in a counter state of binary 0100 or decimal 4. 
At Ts the third clock pulse begins. Flip-flops(A)(B) and 
Call being enabled (TA, T, and To F 1) will toggle with 
OA and OB becoming 1 at Ts and OA, J., TB, Qc and Tc 
all becoming 0 at Ts. At the same time Ja becomes 1. 
The counter now registers binary 0011 or decimal 3. 
The positive edge of the fourth clock pulse occurs at 

desired divisor by the gate Gi and the input D. to each 30 To when flip-flop(A)(only) is enabled (Os and TA at 1; 
stage, as is standard in circuits of this type, input EA and 
flip-flop(a)are associated with the least significant bit of 
the divisor, input De and flip-flop(B)are associated with 
the second least significant bit of the divisor, etc. (An 
inverter I is inserted between input DA and gate CLA for 
reasons to be explained later.) For example, if it is 
desired to divide the input clock frequency by five, a 
logic l is applied to the DA and the Dc inputs and logic 
0 to all of the other D inputs. Thus, when the Q output 
of the output flip-flop(S)is logic 1, gate G of each stage 
applies the D input either 1 or 0 to the Pinput of that 
stage with the exception of Stage A in which the D 
input is applied to the CL input. The counter then 
begins to count down from the loaded number (divisor) 
which in this example is a decimal five or a binary 0 . . 
O1O. 
When the counter has counted down to decimal 2, 

binary 0 . . . 0010, the O outputs of all of the counter 
stages except B go to O so that all of the J inputs, J, J. 
and Ja of the flip-flop(S) become 1 at a time which is 
two T after the positive transition of the clock pulse 
which brings the counter to the count decimal 0002. 
The next clock pulse brings the counter to 0001 

(decimal and binary) and simultaneously sets the flip 
flop(S) Q of flip-flopS)therefore goes high two Ted after 
the positive edge of this clock pulse and Qs goes low 
three T after the positive edge of this clock pulse thus 
disabling flip-flop(a) When Qs goes high a 1 is applied 
through the load line to one of the inputs of each of the 
gates GA. v. Thus, one Ted after the load line goes to 
l the appropriate inputs from the D terminals have 
been applied to all stages of the counter. By two Ta 
later all of the flip-flops of the counter have latched to 
the output state depicting the D inputs of division num 
ber and the counter is again loaded. Thus, by five Ted 
after the positive-going edge of the last or fifth clock 
pulse and before the positive-going edge of the next or 
first clock pulse the counter is again set to the pre 
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Ta, Tc, Tp at 0). In response to this clock pulse flip-flop 
(A) toggles and Q, J, and Te go to 1 at Tu and Q to 0 
at T changing the counter output to 0010 or decimal 
2. At the positive edge of the fifth clock pulse at T13, J, 
J. and Ja are all at 1 as well as T4 and T. Thus flip-flops 
(A)(B)and(Sall toggle with O, Os, K and the load line all 
becoming 1 at T4. One Ta later at Tis, Q, J, Tb, Qb, 
J2, Os and TA all drop to 0. Immediately after Tis the . 
counter output is 0001, the output pulse at Qs, indicat 
ing that five clock pulses have occurred, has begun. 
Thus, the counting cycle is complete. 
Between the time T and the positive edge of the 

next clock pulse (the next To) the counter is again 
loaded with the divisor number 5 to begin the next 
counting cycle as follows. 
At T4 which is at or after the negative edge of the 

fifth clock pulse, the load line becomes l and one T. 
later Qs goes to 0 disabling (A) One T. after the load 
line becomes 1 the D inputs are applied through gate 
G to the preset or clear inputs of the counter stages 
and after one additional T the stage outputs which 
must change from 0 to 1 have been set. Thus, the 
counter has been reset to its “initial' condition by To". 
It should be recognized that if the divider ratio is an 
even number DA will be 0 and therefore it will require 
a total time of six T from the beginning of the “last' 
clock pulse for the T inputs of all the flip-flops to as 
sume their correct condition for the next or “first' 
clock pulse at To" to trigger correctly. 
The load circuit of the programmable counter is 

much less complex and faster than comparable circuits 
for many present counters in that only one gate per 
stage is required. Since all stages of the counter except 
(a) will always be at 0 after the “last' clock pulse it is 
required only that the 1's at the D terminals be loaded 
and possibly a 0 to stage(A) depending on the divisor to 
be loaded. Thus, the outputs of(B) and all subsequent 
stages will be latched to the loaded divisor and ready to 
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begin counting within 2 Ta after the load pulse (Os) 
begins. Stage(A) will be loaded and latched within 3T. 
after the load pulse begins but this longer time is not 
restrictive on the speed of the divider since stage (A) is 
disabled for the duration of the load pulse which over 
laps the "first' clock pulse. 

It should be noted that the timing shown in the pulse 
diagrams of FIG. 5 is applicable for TL circuit con 
struction in which NOR gates such as Gl, have the same 
propagation delay time as the other gates. The timing 
would be slightly different were the counter of IL 
construction in which the propagation delay time of 
NOR gates would be 0. 
Thus, there have been disclosed novel logic circuits 

incorporating a novel four-gate flip-flop circuit which 
offers substantial savings in the space required to im 
plement the circuit on integrated circuit semiconductor 
chips and, therefore, provides a substantial saving in 
manufacturing cost of such devices. 
What is claimed is: 
1. A programmable divider for dividing an input 

pulse train signal by any whole number divisor repre 
sented by an N-bit binary number where N is an integer 
comprising: an output terminal, a pulse train input 
terminal, and a divisor-bit input terminal for each bit of 
said N-bit binary number, an output JK flip-flop, a T 
flip-flop stage for each bit of said N-bit binary number, 
means responsive to a load signal to apply the comple 
ment signal of the bit of said N-bit binary number ap 
pearing at the least significant bit input terminal of said 
divisor bit input terminals to the clear input of the T 
flip-flop stage for the least significant bit of said binary 
number, means responsive to said load signal to apply 
the bit signal appearing at each of the remaining divisor 
bit input terminals to the preset terminal of a respective 
one of each of the others of said T flip-flop stages, 
means to apply a signal appearing at said pulse train 
input terminal to the clock terminal of each of said 
flip-flops, means applying the Q output of said output 
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8 
flip-flop to said output terminal, to the K input of said 
output flip-flop and as the load signal to each of said 
means responsive to a load signal, means applying the 
O output of said output flip-flop to the T input of said 
least significant bit flip-flop, means applying the O 
output of said least significant bit flip-flop to a J input 
of said output flip-flop and to the T input of the flip 
flop receiving signal from the divisor bit input terminal 
receiving the second least significant bit of said N-bit 
binary number, means associated with each T flip-flop 
stage other than said least significant bit flip-flop stage 
and said second least significant bit flip-flop stage to 
receive the Q outputs from all T flip-flop stages asso 
ciated with less significant bits of said N-bit binary 
number than said associated T flip-flop stage and to 
apply to the T input of said associated flip-flop stage 
the NOR function of said received Q outputs, means 
applying the Q output of said second least significant 
bit T flip-flop stage to a second J input of said output 
flip-flop and means receiving the Q outputs of all of 
said T flip-flop stages other than said least significant 
bit and said second least significant bit T flip-flops and 
applying the NOR function signal thereof to the re 
maining J inputs of said output flip-flop. 

2. An N-bit programmable divider as defined in claim 
1 wherein each of said flip-flops consists of four multi 
ple-input inverting gates. 

3. An N-bit programmable divider as defined in claim 
2 having in addition means providing a clock pulse of a 
length of from 1 to 2 times the propagation delay time 
of the slowest gate of said flip-flops. 

4. An N-bit programmable divider as defined in claim 
2 wherein each of said multiple-input inverting gates is 
a NAND gate. 

5. An N-bit programmable divider as defined in claim 
2 wherein each of said multiple-input gates is a NOR 
gate. 
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