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CIRCAITS

Various combinations of

the basic J-K flipflop circuits
provide many useful

digital counting schemes

HEN the need for counting
events in an electronic system
arises, the most common solution is to
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outputs are identified by a succession of
alphabetic labels—A and not-A, B and
not-B, etc.

Fig. 1. Basic
three-stage
synchronous
ripple counter.
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use an asynchronous digital ripple coun-
ter. This circuit, shown in Fig. 1, con-
sists of a group of J-K flip-flops set to
toggle with each applied Clock pulse.
The flip-flops are connected in cascade
so that each Clock input is driven by the
Q output of the preceding stage. The cir-
cuit provides a sequential binary-up
count ranging from zero to one less than
2N where N is the number of flip-flops in
the circuit. While this arrangement
finds wide use, it is only one of many
useful digital counting schemes.

Special counters make up a major
class of flip-flop circuits. However, be-
fore these advanced configurations can
be described in detail, a review of the J-
K flip-flop is in order. A 7476 will be
used as an example.

As shown in Fig. 2, a J-K flip-flop
typically has five inputs and two out-
puts. The five inputs are Preset, Clear,
Clock, J and K, while the two outputs
are variously referred to as Q and not-Q,
or some other alphabetic labels indica-
tive of a variable and its complement.
When a chain of flip-flops is used, the
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INPUTS OUTPUTS

PRESET CLEAR
Indeterminata (never used}

1 (SET)
0 (RESET)
Determined by J, K, and elock

Fig. 2. Details of the 7476
flip-flop and its truth table.
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Preset and Clear inputs take prece-
dence over all other inputs and are ac-
tive low. This means that logic zero ap-
plied to the Preset input forces the Q
output high (1). Alternately, Q would be
forced low (0) by applying a logic zero
to the Clear input. If both the Preset and
Clear inputs are 1, the flip-flop’s state

will be determined by the J, K, and
Clock inputs.

The last of the four possible combina-
tions of these inputs is 0 for both Preset
and Clear. This is contradictory in that
it attempts to force Q high and low
simultaneously (an impossible condi-
tion). The logic state of Q is thus inde-
terminate. The operation of the Preset
and Clear inputs is summarized by the
truth table shown in Fig. 2.

The J, K, and Clock inputs together
form the second means by which the
outputs may be changed. When these in-
puts are to be used, the Preset and Clear
terminals are both tied high. When the J
and K inputs are supplied signals as
shown in Fig. 3, each time the Clock
input is forced to switch from a logic 1 to
a logic O (a negative edge), outputs take
on the appropriate values. It should be
noted that the J and K inputs alone have
absolutely no effect on the flip-flop’s
output state. These two levels are
clocked into the flip-flop by a one-to-
zero transition at the Clock input. Fig-
ure 3 illustrates the effect of the four
possible combinations of the J and K
inputs on the Q output.

INPUTS QUTPUT
CLOCK 4 K (5]
t 0 0 [Previousvalue
0 1 [O(RESET|
t 1 0 |1(SET)
t 1 1 |TOGGLE

Fig. 3. Effect of the J-K inputs
on the Q output of the 7476.
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If both J and K equal 0, and a nega-
tive-going Clock pulse occurs, the Q out-
put will remain unchanged. If J is equal
to 1 and K equals O during the Clock
edge, Q will become a logic 1 (set).
When J equals 0 and K equals 1, a
Clock pulse will force Q to equal O (re-
set). Finally, if J and K equal 1, the
Clock will force Q to change its state or
toggle. That is to say: if Q had begen 0, it
becomes 1 and if Q had been 1, it
becomes 0.

Now that the operation of the J-K
flip-flop is firmly within grasp, let us
examine one of the special counters.

Ring Counter. A simple synchronous
ring counter is shown in Fig. 4A. Note
that the outputs of flip-flop D are fed
back to the J and K inputs of flip-flop A,
thus forming a “ring.” The clock feeds
all four clock inputs simultaneously.
This circuit differs from most other
counters in that its entire operation de-
pends on the initial (power-up) states of
its flip-flops. If, for example, output A
equals 1 while outputs B, C and D
equal O as in Fig. 4B, then the applica-
tion of a single Clock pulse will set B,
but Reset A, C and D because the J and
K inputs of B were 1 and O (the condi-
tion for Set) the instant before the Clock
pulse, but the J and K inputs of all of the
other flip-flops were 0 and 1 respective-

tern shifted through the group of flip-
flops, or register as they are collectively
called, is not limited to a single 1, but
can be any one of many patterns. These
bit patterns can be forced into the regis-
ter, before the application of Clock
pulses, by the use of the Preset and
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Fig. 6. Ring counter truth table
shows how a 1 moves through the
counter with successive clock pulses.

Clear inputs. More complicated bit pat-
terns can be generated by using more
flip-flops.

Ring counters are used primarily in

the production of complex waveforms
that generate timing pulses for comput-
ers, music synthesizers and similar sys-
tems. The voltage-versus-time waveform

resulting from the truth table in Fig. 5 is
easily obtained by simply turning the
column on its side, and drawing a S-volt
waveform for each 1 and a zero-volt
waveform for each 0. Note that the neg-
ative-going edge of the Clock triggers
each transition of the outputs.

Shift Counters. A small change in
the feedback from the last to the first
flip-flop of a basic ring counter produces
the shift counter shown in Fig. 6A. Un-
like the ring counter, the shift counter is
usually used as a synchronous event
counter rather than as a waveform gen-
erator. Shift counters can easily produce
any even modulus (number of states)
count at extremely high rates of speed,
with illegal states and high power con-
sumption and component count being
the only drawdacks. Another difference
between the ring counter and the shift
counter is that the latter does not have to
be Preset to a specific pattern or starting
state. The shift counter can naturally
fall into the correct counting sequence.

A typical count sequence for a three-
bit shift counter is shown in Fig. 6B.
Whenver a Clock pulse occurs, the feed-
back connection between flip-flops C
and A causes the inverse of the state of
flip-flop C to be loaded into flip-flop A.
This means that, when C = 0 before a
Clock pulse, A will become the opposite
of C (1) after the pulse ends. Converse-
ly, if Cis a 1 just before the Clock pulse,
A will become a 0. This odd, but repeti-
tive count scheme will produce the deci-
mal count 1,3,7,6,4,0, which is obtained
by converting each three-bit number in
Fig. 6B to its decimal equivalent.

One question that often arises is:
“What will happen if the state 010 or
101 occurs?” Since neither of these two
states is part of the normal counting
sequence, their effects should be deter-
mined. It has aready been established
that the state of flip-flops A and B will
ultimately be shifted to flip-flops B and
C respectively, and that the inverted
contents of C will be shifted into A after
each Clock pulse. It is clear, then, that
the state 010 (decimal 2) will force B to
become the former state of A, C to
become the former state of B, and A to
become the inverse or opposite of C. It is

ly. The new condition is shown in Fig,
4C. The next Clock pulse will set C and
reset A, B and D, as shown in Fig. 4D.
Figure 4E shows how a third Clock
pulse will Set D and Reset A, B and C.
The final Clock pulse will cause A to set

once again, and the cycle will repeat.
Note that a lone 1 is shifted from right
(A) to left (D) and then back around
again. This changing pattern is responsi-
ble for the circuit’s name. The 4-bit pat-
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Fig. 6. Note the feedback from the last flip-flop to the first
in a shift counter (left) with the truth table shown at right.
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as if all of the bits have shifted left by
one position, while the most significant
bit became complemented and replaced
bit A. Thus, illegal state 010 (decimal 2)
gives way to state 101 (decimal 5), while
state 101 (decimal 5) gives way to the
original state 010 (decimal 2). This
means that either state, once entered,
will cause an oscillation back and forth
from decimal 2 to decimal 5, and the
normal six-state count sequence will
never be entered.

Since the initial application of power
to a series of flip-flops creates a random
state, it is possible that one of the two
undesirable, illegal states will be entered
at power-up. To prevent the 2-5-2-5 os-
cillation from persisting, a series of
gates must be added to the basic shift
counter. The purpose of this gating ar-
rangement is to detect one of the illegal
states and force legal counting to re-
sume. Once the legal counting sequence
begins, it continues to exclude the two
undesired states.

F

TO THE PRESET
INPUT O
FLIP FLOP A

Fig. 7. lllegal state

detector works in conjunction
with the ring counter to
avoid possible oscillation
between 010 (decimal 2)
and 101 (decimal 5).

Logic state 010 can be detected by the
arrangement shown in Fig. 7. The out-
put of the NAND gate will become zero
only when state 010 occurs at inputs A,
B and C. This low level will instantly
Preset flip-flop A, thus causing the state
011, or decimal-3 to be entered. From
this point on, the shift counter will oper-
ate only in its legal six-state sequence.

Just as with the ring counter, a shift
counter may employ any number of flip-
flops. One or more count sequences con-
taining a number of states equal to twice
the number of flip-flops will always oc-
cur. Illegal states will also frequently ex-
ist and must be prohibited from occur-
ring through the use of circuits similar
to that of Fig. 7. It is left to the reader as
an experiment to prove that a four-bit
shift counter would produce two eight-
bit sequences, one of which would gener-
ate very odd waveforms indeed!

Up/Down Counters. The last type
of circuit falling into the category of

A
- - = CLOCK € B A
15500 T
cu\—l— oLk TR IOsY
i 4 100
X ] X 5 011
6 010
MASTER CLOCK PULSES 7iE50407
8 000

Fig. 8. Three-stage down
counter, its truth table
and waveforms illustrating

how counting takes place
on the negative-going

Q 4
FFC
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edge of the clock pulse.

special counters is the up/down counter.
In its simplest form, the up/down coun-
ter is a variation of the basic ripple
counter. In this circuit, each clock pulse
causes a group of outputs to take on a
binary value one larger than that exist-
ing previously. The primary reason for
the ever-increasing count is the connec-
tion from the Q output of each flip-flop
to the clock input of the next flip-flop. If
the not-Q output of each flip-flop were
used for this purpose, the count would
decrease rather than increase. Occasion-
ally, of course, the count would reach
zero, at which point it would begin to
decrease from the highest count again.
The logic and truth table for a down
count are shown in Fig. 8. Note that all
the flip-flops are wired so as to toggle
with each input clock pulse. The toggle
occurs on the negative-going trailing
edge of the transition from 1 to zero. For
example, the not-Q output of flip-flop A
acts as a clock pulse for flip-flop B. Flip-
flop B will not toggle (change state)
each time the master clock input pro-
duces a negative edge, but rather when
the not-Q output of flip-flop A switches
from 1 to zero. In much the same fash-
ion, flip-flop C responds only to the neg-
ative clock edges provided by the output
of flip-flop B. The resulting count can
clearly be seen to decrease rather than
increase in the manner of a standard up
ripple counter. A counting circuit that
counts solely up or down can often be
useful, but a circuit with the ability to
count both up and down would in gener-
al, be even more useful. The previous
discussion indicates that any ripple
counter can be changed from count up
to count down through simple rewiring.
However, true versatility can be
achieved only by electronic control of
the counting direction, using a circuit
such as that shown in Fig. 9. This circuit
makes use of the gating, or switching
property of AND gates E and F. That
property can best be summarized as fol-
lows whenever one input to the AND
gate is a logic 1, the gate is said to be
enabled, and the remaining gate input
will be switched through to the output as
if the gate were a piece of conducting
wire. The inverter at the count up/down
input will cause only the E pair of AND
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Fig. 9. Up or down counting depends
on the signal applied to the inverter.
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PRE PRE | ( PRE
FFC FFB J FFA
CLK CLK CLK CLOCK
CLR CLR CLR Fig. 10. Ong method of paralle!
T data entry into an up/down
_I = counter. Data input can come
_l 4 CLEAR from thumwheel or fixed
switches, other digital logic,

UP/DOWN or even from a computer.
0 UP
1| DOWN

gates or the F pair of AND gates (but
not both) to be enabled at any given
instant. [f the E pair is enabled, the Q
output of each flip-flop serves as the
clock input for the next flip-flop, since
the F input to each OR gate will always
be at logic 0, and the OR gate output
will simply take on the value of the pre-
vious flip-flop Q output. This coupling
of A to B clock and B to C clock will
result in an up count.

If the count input is set to logic 1, the
F-pair of AND gates will be enabled
and each OR gate output will take on
the value of the previous not-Q output.
This is electrically similar to the circuit
of Fig. 8. A down count will result

because A is effectively gated to B clock,
while B is effectively gated to C clock.

If the capability to load a given count
into the up/down counter is provided,
the utility of the circuit will be greatly
enhanced. One approach which could be
used to achieve parallel entry of data
into an up/down counter is shown in
Fig. 10. The application of a logic 0 to
the normally high clear (CLR) line
forces the Q output of all four flip-flops
to a logic 0. This would be followed by a
brief logic-1 shift pulse to load binary
I’s into the appropriate flip-flops. The
sequential application of clock pulses
will now force the circuit to count up or
down from this initial value. The opera-

A ~
B L
c 1
UP/ DOWN
BCD 7 SEGMENT
THUMBWHEEL G T ORIVER D!
SWITCH 7447
74193 TENS
'Ioz |
CLK !
-—l l ) 'Ins
{
,; 'Ios
)
D6
[— 1
A )
st Lt 2_"_0_70
c | 1 ‘
UP/DOWN
8CD 7 SEGMENT
THUMBWHEEL DECADEE 41" BRivER | \—-}!9—8—
SWITCH COUNTER 7447
74193 UNITS
CgMMON ANODE
— SEGMENT
cLK DISPLAY
ONE MINUTE
BERIOD
OSCILLATOR
555
Fig. 11. Down counter sounds the alarm when the counters

decrement to zero from the data inserted via the thumbwheel switches.
In this case, there will be one decrement per minute.
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tion of this circuit can essentially be du-
plicated by a conventional TTL 74193
IC with two small exceptions. The
74193 is an up/down decade counter
and, as such, will count only to 1001
(decimal 9) before resetting to 0000.
The second minor difference between
the circuit of Fig. 10 and the 74193 is
the method of parallel data entry. The
IC abandons the cumbersome, two-step
Clear-Shift approach for a simple one-
pulse load technique.

The combination of a 74193 and a
BCD-thumbwheel switch (for ease of
entry of the initial count) can be used to
produce a handy count down timer using
the logic shown in Fig. 11. If the clock
period is one minute, the circuit will
require a number of minutes equal to
the initial setting of the thumbwheel
switch to reach the 0000 state. The BCD
outputs of the 74193s are also used to

+5v

activate a transistor (/) and alarm cir-
cuit. Thus, the parallel-loading down
counter can be used as a presetiable tim-
er. Notice that the eight counter outputs
are effectively NORed by diodes D/
through D8 and Q/. If any counter out-
put is at logic 1, transistor Q7 will be
held on and will bypass the alarm. Only
when all counter outputs are at logic 0
will Q1 switch off and permit current to
flow to the alarm. O
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Circuit Ideas

Walking Ring Seauencer voltage input. This input will vary the
g 9 q speed with a positive voltage applied. This

. function is non-linear, has a 3:1 range and
BY S.P . G’Ies increases speed as the voltae decreases.
The range is 2Hz to 7KHz; the outputs
overlap so the final output is apparent as
four steps. Negative inputs should not be
applied without the optional gate protec-
tion circuit. The 1u0 cap and switch pro-
vide a slide function.

This circuit is useful for generating
voltages for note sequences, gating, con-
trolling filters, etc. A 555 timer is used as a
simple voltage controlled clock with the 5
meg pot determining sequence speed
along with the voltage at the control
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| DESIGNERS NOTEBOOK

Pulse-width counter
sorts 16 pulse-width ranges

by Vladimir Shvartsman,
Electronic Design & Research Inc., Louisville, Ky.

Highly precise pulse-width discrimination and demodula-
tion is possible with this perpetual pulse-width counter.
Unlike conventional pulse-width counters, this design has
a very short dead time, enabling it to detect pulses with
very small spacings. Moreover, it can be realized as a 28-
pin integrated circuit that can sort 16 ranges.

A perpetual pulse-width counter works by comparing
the duration of an input pulse width to a time interval
developed by a precision oscillator in combination with a
counter. An input signal arrives simultaneously at the
enabled input of oscillator O and at monovibrator M,
(Fig. 1a). The input signal enables a train of clock pulses
from O to be applied to counter C. At time t = t, (Fig.
1b), a negative-going transition of an input pulse causes
M, to produce a very short pulse. M, generates a pulse
with the shortest possible duration in order to maximize
the accuracy of the pulse-width counter.

For example, if an SN74123 serves as monovibrator
M,, the dead time can be calculated as follows:

T: = Tpm + T“.(Out)

where T, is the propagation delay time, high-to-low

output, and equals 36 ns; T.(out) is the width of the
pulse at M/’s output Q and is 65 ns.

If the above choice was made, the pulse-width
counter would adequately react to every input signal, so
long as the pause between pulses is greater than 101 ns.
For higher-frequency applications, a monovibrator cir-
cuit solution should be chosen appropriately.

Counter C in Fig. 1a counts a predetermined number
of precisely spaced pulses from the crystal oscillator for
a duration of the unknown input signal. Its ripple clock
output produces an output pulse only when an input
signal is of sufficient duration; that is, when the number
of the clock pulses passed to the counter must be great-
er than or equal to the number set by counter C. If each
oscillator cycle is 10 ns and the counter is set to 10, the
the input signal’s duration has to be at least 100 ns to
enable a ripple clock output of the counter. Input sig-
nals with a width of less than 100 ns will be neglected.

The counter pulse initiates monovibrator M,. The
output pulse duration of this monovibrator can be ad-
justed for the appropriate bandwidth. The adjustment
has one limitation in that the duration of the M, output
pulse must be smaller than the pause between pulses.
An input signal is detected only when both pulses from
M, and M, coincide at AND gate G.

As shown in Fig. 1b, the pulse on the output of the
pulse-width counter (line 5) will exist only when the
output pulses from M, (line 3) and M, (line 4) coincide.
This results from the matching of the input-signal dura-
tion (line 1) with the interval developed by the clock
pulses (line 2) in combination with the counter (line 3).
In addition, the output pulse from M, is used to reset

MONOVIBRATOR i ——
0 c M | |
OSCILLATOR COUNTER : T, 2
N nnanRRAnn AR
ENABLE | : _ii!!JL!...F*..'uiJl?.. — ||}
AND GATE | g :
T = n
o |
A i S
T OUTPUT | = .
= [ emm— o L - — -
- L MONOVIBRATOR M
INPUT e — | e = =
M2 5
{a) {b)
e e e e e e e see e =
T e e = = = PSS — >
1. Interval matching. Simplified block dia-
ENABLE | gram of the perpetual putse-width counter
OSCILLATOR PROGRAMMABLE CLEAR (1a), which generates an output pulse only if
0, COUNTER FLIP- the output pulses of My and M, coincidein the
F%UP RETERUT'G AND gate G. The pulse chart (1b) shows the
DSC“E]LATOR COU(';\'TER cLock - case when the duration of the input signal is
i ! I equal to the developed interval.
ENABLE —
| e—
CLOCK A . 2. Programmable tolerance. Osciliator O2,
FB%E'F%',T B DECODER — ’é the programmable counter, and the flip-flop
COUNTER C 5 circuit replace the monovibrator M2 in the
Ca D —— o ) i )
T MULTIVIBRATOR Siean E—— block diagram of Fig. 1 to ease adjustment of
INPUT M l l bandwidth and tolerance of windows. The
‘ + counter generates an output pulse when a
— number of pulses reach a preset value.
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Counter banks stagger
radar’s pulse rate

by Prakash Dandekar
Tata Electric Companies, Bombay, India

In many radar applications, the instantaneous pulse-
repetition frequency must be varied in an orderly fashion
to improve the read-out accuracy of the system’s
moving-target indicator. Considerable circuitry is usual-
ly required to achieve the so-called staggered operation,
but as shown here, two sets of synchronous counters can
be easily connected to control the prf over any range,
while providing superior MTI performance.

Normally, designers resort to transmitting pulses at
each of three selected periods only, in order to simplify
circuitry. Specifically, a popular technique is to transmit
a group of three 1-microsecond pulses spaced at 1, 1.1,
and 1.2 milliseconds repeatedly. When this is done,
however, the filtered output of the MTI is not uniform
‘and so—aside from causing discontinuities in the curve
of MTI filter output versus target velocity —this method
creates blind velocity points, or ranges over which veloci-
ty cannot be determined accurately.

With this circuit, a perfectly smoothed response is
achieved by increasing the number of staggered pulses
per given time. Thus in this case, a group of 200 pulses,

each having a time between pulses of (1,201 —M)
micro-seconds, where M denotes the Mth pulse of 200,
are generated.

As shown, 12-bit counters A,~A;, comprising the
main counter chain, advance at a 1-megahertz rate.
When the counter reaches its maximum, the carry
output of A,, serving as the synchronous output, is
generated.

The same signal is used to preset the main counter to a
12-bit binary number, N, which is determined by the
state of the offset counter As—Aq. Because As—Ag is also
clocked, this unit is incremented with every sync pulse,
so during each cycle the main counter is initialized at a
higher value than it was previously. Thus the repetition
time is reduced by 1 us on each pass.

Note that the offset counter is initialized at a mini-
mum value of B51ys (see A-D inputs of As,~As) and
advances to a maximum of C18,s (= 2'?) before it is
reset by logic gates G,—Gs;. Thus, the difference between
the counter’s maximum and minimum is 200 counts,
meaning the instantaneous pulse-repetition rate will vary
from 1,200 to 1,001 microseconds. The maximum and
minimum values may be easily changed, however, so that
any pulse-repetition frequency range can be set.

When the counter reaches 3,096, corresponding to a
rate of 1,001 us, As—Ag is loaded with B51,.. The rate
becomes 1,200 us once more, and the cycle is repeated.]

Designer's casebook is a regular feature in Eectronics. We invite readers to submit original
and unpublished circuit ideas and soiutions 1o design probiems. Explain briefiy but thoroughly
the circuit’s operating principle and purpose. We'll pay $50 for each item published.
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Smooth staggering. Two 12-bit counter chains generate a group of repeating N pulses spaced at (1,201 —M) gs, where M denotes the Mth
pulse of N. for incremental staggering of the radar-pulse rate. Master clock sets absolute value of maximum pulse-repetition frequency.
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