
-1- "UP/DOWN COUNTER" This invention relates in general to binary up/down
(U/D) counters. More specifically, the present invention provides specific
circuits for 5  up/down binary counters that are particularly well suited
for CMOS integration. Up/down counters are now well known and have become
standard "building blocks used by digital design engineers.  They have a
wide range of 10 application in various digital devices, such as, for
example, communication equipment. Traditional circuit implementations for
U/D counters require large amounts of logic gates to produce the desired up
or down count function. For example, referring 15 to Figure 1 (prior art)
there is shown a known circuit implementation for an  off-the-shelf  binary
counter. The binary counter shown in circuit is a Texas Instruments
SN54Sl69 or SN74S169. For many applications, it is not terribly 20
significant how many logic gates are needed to implement a binary counter
circuit. In this parti- cular example, the Nth stage requires an input NAND
gate having N-1 inputs, an N input NOR gate and N-input AND gate. 25
In the particular example shown in Figure 1 (PRIOR ART) four stages (stage
#1 .... stage #4) of binary counter are illustrated. The stage #4 requires
a three input NAND gate 10, four AND gates 14 and four input NOR gates 12.
As can be seen from 30 the FIGURE, a substantial number of gates are
required for implementing the u/D counter.    



-2- Although this may be quite suitable for many types of integration, such
as for example TTL and others, it is not suitable for CMOS integrations
because of the large number of logic gates required. Therefore the present
invention provides 5   various circuits for U/D counters that are more
suitable for CMOS integration. The concept common to all of the circuits
set forth herein is that they utilize a multiplexer to eliminate logic
functions that would otherwise be provided by plural logic 10   gates.  In
TTL designs, the use of a multiplexer in place of logic gates would not
represent a circuit architectural savings. This is because it takes plural
gates to fabricate a TTL multiplexer. However, in CMOS implementations., a
two input multiplexer can 15   be made very simply.  CMOS is particularly
suitable for building a multiplexer logic function. Thus, for CMOS U/D
counters, the circuits.provided by this invention require considerably less
circuit architecture than traditional implementations would 20   require.
In one aspect, the present invention provides an up/down (U/D) counter for
counting a toggle-in signal, said counter having two or more stages, each
stage comprising: a clocked flip-flop 25   having a data input and Q and Q
outputs providing a counter stage output at one of each said outputs; a
feedback circuit including an exclusive-OR gate having an input coupled to
an output of said flip- flop and a second input adapted to receive a
toggle- 30   in signal and an output signal coupled to said data input of
said flip-flop; and a multiplexer having a first input coupled to said Q
output of said flip-. flop and a second input coupled to said Q output 



of said flip-flop and a single switch control input 35   which, depending
upon the binary state of an applied    up/down count signal, selectively
connects either said first input or said second.input to a multiplexer
output port providing toggle-out data for input to another of said counter
stages. 5            The present invention is also an up/down (U/D) counter
stage comprising:  an exclusive-OR logic gate having a first input for
receiving a toggle- in signal to be counted, a second input and an output;
a flip-flop having a data input coupled to the output 10   of said
exclusive OR-gate, a clock input for connection to a clock signal, and Q
and Q outputs, the Q output being coupled to the second input of said
exclusive-OR gate and providing an output of said counter stage; a
multiplexer having an U/D 15   input for receiving an U/D signal for
controlling whether the stage counts up or down, a first data input coupled
to the Q output of said flip-flop, a second input coupled to the Q output
of said flip- flop and an output; and an AND gate having a first 20   input
coupled to said output of said multiplexer and a second input coupled also
to receive said toggle-in signal and having an output providing a
toggle-out signal serving as the toggle-in signal for another U/D counter
stage. 25              The present invention is further an up/down (U/D)
counter, comprising N counter stages coupled in cascade, each stage adapted
to receive a common external U/D control signal and a common clock signal,
a first stage of the cascade receiving a toggle-in 30   signal and each of
the first N-1 stages providing 



a toggle-out signal serving as a toggle-in signal *  to the next stage of
the cascade, each stage providing an output, each stage comprising: an
exclusive-OR logic gate having a first input for receiving said 35
toggle-in signal, a second input and an output; a    -4 flip-flop having a
data input coupled to the output of said exclusive-OR gate, a clock input
for connection to said clock signal, and Q and Q outputs, the Q output
being coupled to the second input of 5   said exclusive-OR gate and
providing an output of said counter stage; a multiplexer having an U/D
input for receiving said external U/D signal for controlling whether the
stage counts up or down, a first data input coupled to the Q output of said
10   flip-flop, a second input coupled to the Q output of said flip-flop
and an output;  and an AND gate having a first input coupled to said output
of said multiplexer and second input coupled to also receive said toggle-in
signal and having an output providing 15   said toggle-out signal serving
as the toggle-in signal for a subsequent cascaded U/D counter stage. The
present invention is additionally an. N-stage up/down (U/D) counter,
comprising: a first counter stage including: an exclusive-OR logic gate 20
having a first input for receiving an external toggle- in signal, a second
input and an output; a flip-flop having a data input coupled to the output
of said exclusive-OR gate, a clock input for connection to an external
clock signal, and Q and Q outputs, the 25   Q output being coupled to the
second input of said exclusive-OR gate and providing an output of said 



counter stage;  and a multiplexer having an U/D input for receiving an
external U/D signal for controlling whether the stage counts up or down, a
first data 30   input coupled to the Q output of said flip-flop, a second
input coupled to the Q output of said flip- flop and an output; N-1 further
counter stages, cascaded with said first stage, each of said further stages
including: an AND gate having a first input 35   coupled to said toggle-in
signal and additional inputs    coupled to respective outputs of the
multiplexers of each previous counter stage of said cascade, and an output;
an exclusive-OR logic gate having a first input coupled to said output of
said AND gate, a 5   second input and an output;  a flip-flop having a data
input coupled to the output of said exclusive-OR gate, a clock input for
connection to an external clock signal, and Q and Q outputs, the Q output
being coupled to the second input of said exclusive-OR 190 gate and
providing an output of said counter stage; and a multiplexer having an U/D
input for receiving an external U/D signal for controlling whether the
stage counts up or down, a first data input coupled to the Q output of said
flip-flop, a second input 15   coupled to the Q output of said flip-flop
and an output; and an AND gate having a first input coupled to said output
of the multiplexer of each stage and a second input coupled to said
toggle-in signal and having an output providing a toggle-out signal for 20
another U/D counter. Specific circuit embodiments of the invention will be
described with reference to the drawings forming part of this application
wherein: 



FIGURE 1 is a circuit diagram of a 25   traditional implementation of a
binary counter in accordance with the prior art; FIGURE 2 is a state
diagram for a three bit up/down counter stage; FIGURE 3 is a circuit
diagram of a single stage of a binary counter according to a first embodi-
30   ment of the present invention; FIGURE 4 is a multiple stage counter
according to the present invention wherein each stage corresponds to the
stage shown in circuit detail in FIGURE 3; and    FIGURE 5 is an
alternative embodiment of a four stage binary U/D counter according to the
present invention. Referring now to FIGURE 2 there is shown a 5  state
diagram for a three bit U/D counter.  Although only three bits are
illustrated, the principle discussed with reference to this figure applies
to all binary U/D counters. When the counter counts, it changes state as
represented by moving from one 10  circle to the next adjacent circle in
the diagram. Moving from one circle to the next, certain bits change state
and certain ones do not. Whether a given bit changes state depends on two
things: 1) the state the counter is presently in and 15  2) whether the
counter is counting "up" or "down". By analyzing the simple case of a three
bit counter, as illustrated, an extrapolating rule has been developed which
governs the next state of the Nth bit of an up/down counter. This rule is
as 20  follows.  When counting up, the Nth bit changes 



state if the first through N-1 bits are all ones. By a change of state, we
mean that the state goes to "1" if it is a "0" and goes to  "0" if it is a
"1". When counting down, the Nth bit changes state if the 25  first through
N-lth bits are all "0". This algorithm can be implemented in a very simple
fashion using a multiplexer. A first such implementation showing a single
stage of an up/down counter is shown in FIGURE 3. 30           Referring
now to FIGURE 3, there is shown a circuit diagram for a single stage (cell)
of an up/down binary counter.  In this particular imple-    mentation, the
count occurs on the active edge of the CLOCK. The counter stage
implementation assumes external toggle-in, CLOCK and an up/down. (U/D)
control signals. An exclusive-OR gate 30 has a 5    first input 32 thereof
coupled to the toggle-in signal. The output of exclusive OR gate 30 is
coupled to a data input "D" of a flip-flop 34 having Q and V outputs. The Q
output of flip-flop 34 provides the stage output 36 and a feedback to a 10
second input 38 of exclusive OR gate 30.  The Q and outputs are coupled
respectively to "0" and "1" inputs of a multiplexer 40 having an "S" input
coupled to the U/D control signal and a Y output. The Y output of
multiplexer 40 is coupled to a first 15    input 42 of an AND gate 44, the
second input 46 of which is coupled to the toggle-in signal. The output of
AND gate 44 provides the toggle-out signal for the next stage of the
counter. Referring now to FIGURE 4 there is shown in 20    block diagram
how to construct an N-stage binary 



counter. Each stage can be implemented in circuit as shown in FIGURE 3.
Thus, each stage 50 (50-1, 50-2 ... 5O-N) includes an exclusive OR gate
such as gate 30, a flip-flop such as flip-flop 34, a multi- 25   plexer
such as multiplexer 40 and an AND gate such as AND gate 44. A disadvantage
of the implemen- tation shown in FIGURE 4 is that for counters having a
large number of stages, the operating speed is limited because of multiple
gate delays. A somewhat 30    faster implementation is shown in FIGURE 5.
Referring now to FIGURE 5 there is shown an alternative embodiment of an
up/down binary counter according to the present invention. For purposes of
illustration only, a four stage counter is    illustrated. Parts
corresponding to those shown in FIGURE 3 are marked with the same reference
numeral. For example, the flip-flops of each of the four successive stages
are marked with reference numerals 5   34-1 ... 34-4, etc.  Stage number 1
is substantially identical to the stage shown in FIGURE 3.  However,
successive stages in cascade are somewhat modified to reduce gate delays.
Rather thin providing a toggle-out signal from an AND gate such as AND gate
10   44 in FIGURE 3 to the next succeeding staqe, there is provided
multiple input AND gates 60-2, 60-3, and 60-4 at the inputs of stages 2-4
respectively. Gate 60-2 has two inputs, one of which is coupled to the
toggle-in signal and the other of which is coupled 15   to the Y output of
multiplexer 40-1.  In stage #3, gate 60-3 has three inputs.  A first input
is coupled to the toggle-in signal, a second Input is coupled to the Y
output of multiplexer 40-1 and a 



third input is coupled to the Y output of multi- 20   plexer 40-2.  In a
similar fashion, AND gate 60-4 has a first' input coupled to the toggle-in
signal, a second input coupled to the Y output of multiplexer 40-1, a third
input coupled to the Y output of multiplexer 40-2 and a third input coupled
to the Y 25   output of multiplexer 40-3.  The outputs of gates 60-2, 60-3
and 60-4 serve as the second inputs respectively of gates 30-2, 30-3 and
30-4.  A final output AND gate 70 includes five inputs, one of which is
coupled to the toggle-in signal and the 30   others of which are coupled to
the y outputs of each of multiplexers 40-1 ... 40-4.  Note that even in
this embodiment, the logic architecture is significantly less than that of
the traditional circuit implementation shown in FIGURE 1 (PRIOR 35   ART).
Again, the common thread in all of the embodiments discussed above is the
recognition that a multiplexer can be used to eliminate multiple logic
gates that would otherwise be required. This 5   represents a significant
savings for CMOS implemen- tations which can now be made applying the
present invention with less circuitry than would be required with
traditional implmentations.    10 CLAIMS: 1.  An up/down (U/D) counter for
counting a toggle-in signal, said counter having two or more 



stages, each stage comprising: 5       a clocked flip-flop having a data
input and Q and Q outputs providing a counter stage output at one of
said.outputs; a feedback circuit including an exclusive-OR gate having an
input coupled to an output of said 10 flip-flop and a second input adapted
to receive a toggle-in signal and an output signal coupled to said data
input of said flip-flop; and a multiplexer having a first input coupled to
15 said Q output of said flip-flop and a second input coupled to said Q
output of said flip flop and a single switch control input which, depending
upon the binary state of an applied up/down count control signal,
selectively connects either said first input or said 20 second input to a
multiplexer output port providing toggle-out data for input to another of
said counter stages. 2. An up/down (U/D) counter as claimed in claim 1,
wherein said flip-flop feedback path.and multiplexer 25 are integrated in a
CMOS integrated circuit. 3.  An up/down (U/D) counter stage, comprising: an
exclusive-OR logic gate having a first input for receiving a toggle-in
signal to be counted, a second input and an output; 30       a flip-flop
having a data input coupled to the output of said exclusive-OR gate,.a
clock input for connection to a clock signal, and Q and Q outputs, the Q
output being coupled to the second input of said exclusive-OR gate and
providing an output of 35 said counter stage;    



11 a multiplexer having an U/D input for receiving an U/D signal for
controlling whether the stage counts up or down, a first.data input coupled
to the Q output of said flip-flop, a second input coupled to the Q 5 output
of said flip-flop and an output; and an AND gate having a first input
coupled to said output of said multiplexer and a second input coupled to
also receive said toggle-in signal and having an output providing a
toggle-out signal serving 10 as the toggle-in signal for another U/D
counter stage.. 4. A counter stage according to claim 3, wherein said OR
gate, flip-flop, multiplexer and AND gate are integrated in a CMOS
integrated circuit. 5. An up/down (U/D) counter, comprising N counter 15
stages coupled in cascade, each stage adapted to receive a common external
U/D control signal and a common clock signal, a first stage of the cascade
receiving a toggle-in signal and each of the first N-1 stages providing a
toggle-out signal serving as a toggle-in 20 signal to the next stage of the
cascade, each stage providing an output, each stage comprising: an
exclusive-OR logic gate having a first input for receiving said toggle-in
signal, a second input and an output; 25        a flip-flop having a data
input coupled to the output of said exclusive-OR gate, a clock input for
connection to said clock signal, and Q and Q outputs, the Q output being
coupled to the second input of said exclusive-OR gate and providing an
output of 30 said counter stage; a multiplexer having an U/D input for
receiving said external U/D signal for controlling whether the stage counts
up or down, a first data input coupled to the Q output of said flip-flop, a
second input coupled 



35 to the Q output of said flip-flop and an output; and an AND gate having
a first input coupled to    said output of said multiplexer and second
input coupled to also receive said toggle-in signal and having an output
providing said toggle-out signal serving as the toggle-in signal for a
subsequent cascaded U/D 5 counter stage. 6.  A counter according to claim
5, wherein all stages of said counter are integrated in a CMOS integrated
circuit. 7. An N-stage up/down (U/D) counter, comprising: 10       a first
counter stage including: an exclusive-OR logic gate having a first input
for receiving an external toggle-in signal, a second input and an output; a
flip-flop having a data input coupled 15 to the output of said exclusive-OR
gate, a clock input for connection to an external clock signal, and Q and Q
outputs, the Q output being coupled to the second input of said
exclusive-OR gate and providing an output. of said counter stage; and 20
a multiplexer having an U/D input for receiving an external U/D signal for
controlling whether the stage counts up or down, a first data input coupled
to the Q output of said flip-flop, a second input coupled to the Q output
of said flip-flop and an 25 output; N-1 further counter stages, cascaded
with said first stage, each of said further stages including: an AND gate
having a first input coupled to said toggle-in signal and additional inputs
coupled 30 to respective outputs of the multiplexers of each. 



previous counter stage of said cascade, and an output; an exclusive-OR
logic gate having a first input coupled to said output of said AND gate, a
second input and an output; 35               a flip-flop having a data
input coupled    13 to the output of said exclusive-OR gate, a clock input
for connection to an external clock signal, and .Q and Q outputs, the Q
output being coupled to the second input of said exclusive-OR gate and
providing an output 5 of said counter stage; and a multiplexer having an
U/D input for receiving an external U/D signal for controlling whether the
stage counts up or down, a first data input coupled to the Q output of said
flip-flop, a second input 10 coupled to the Q output of said flip-flop and
an output; and an AND gate having a first input coupled to said output of
the multiplexer of each stage and a second input coupled to said toggle-in
signal and 15 having an output providing a toggle-out signal for another
U/D counter. 8. A counter according to claim 7, wherein said N-stages are
integrated in a CMOS integrated circuit. 20       9.  An up/down counter
substantially as herein- before described with reference to, and as shown
in, Figs. 2 to 5 of the accompanying drawings.    


