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Logic design 10 
More synchronous and ripple- through counters 

by B. Holdsworth and D. Zissos j- 

'Chelsea College, University of London fDepartment of Computing Science, University of Calgary, Canada 

Decade binary `up' counter. Examina- 
tion of the unused states in Fig. 5(a) 
shows that they can be represented by 
the Boolean function BD + CD 

The flip -flop equations are the same 
as for the scale -of -16 `up' counter, 
namely, JA = Ka = 1, JB = KB =A, 
Jc = Kc = AB and JD = KD = ABC, with 
the modifications shown below, which 
are required to inhibit the S9 to Si0 
transition and initiate the S9 to So tran- 
sition. 

The transitions from S9 to S10 and S9 
to S0 are shown below: 
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To inhibit the set of flip -flop B, Sh = 
ABS9, where S9 = ABCD+ (BD) + 
(CD). Simplifying: S9 = AD, hence: SB 

= ABAD = AB (A +D) = ABD. 
Therefore, J = A. To initiate the 
reset of flip -flop D, Rp = S9 = AD. 
Therefore, K = A. 

If the counter should assume one of 
the unused states due to circuit 
misoperation then a suitable corrective 
action might be to suppress the clock 

pulses and trip an alarm, using the 
Boolean function representing these 
states, f = BD + CD. A suitable circuit for 
suppressing the clock pulses is incorpo- 
rated with the counter implementation 
in Fig.5(b). 

A decade of binary 'down" counter 
can be designed using the same 
technique and the corresponding 

This article is the second part 
of Article 7, which appeared 
in the September issue. 

binary decade counter can be converted 
to a decimal number using a 4 -10 line 
decoder as shown in.Fig.6. 

Consider the transition in such a 
counter from 0001 to 0010 and assume 
that flip -flop B changes faster than 
flip -flop A. The sequence of changes 
that take place are: 

D C B A 
flip -flop equations are: JA = KA = 1, 0 0 0 1 

JB= AC +AD, KB =A, Je =AD, Kc =AB 0 0 1 1 (transient state) 
and JD = KD = ABC. The output of a 0 0 1 0 
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Fig. 5(a) shows the state diagram for a decode binary `up' counter, 
and at (b) is the circuit implementation. 
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Fig. 7. State diagram for a XS -3 Gray code counter is at (a) and (b) 
shows the circuit. 
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Hence a spike will occur on the output 
line marked 3 during the transient state. 
Clearly this can occur at any point in 
the binary counting sequence where 
more than one flip -flop is required to 
change state during a transition. The 
difficulty can be eliminated by using a 
Gray code counter, in which only one 
flip -flop changes state at each transi- 
tion. 
Decade Gray code `up' counter. As an 
example of the design of a Gray code 
counter, the XS3 code will be converted 
to a Gray code which will be used as the 
basis for the counter design. The 
conversion is carried out by obtaining 
the exclusive -OR sum of each pair of 
digits in the code starting with the two 

least significant digits first, as shown 
below. It is assumed that there are five 
digits in each code combination, the 
fifth and most significant, always being 
o. 

1 

O 0 1 0 

The complete XS3 Gray code obtained 
using this procedure is shown in Table 8. 

A convenient procedure for designing 
a Gray code counter 

(1) Determine the S and R expressions 
for each flip -flop and, using the 
equations SQ = JQQ and RQ = KQQ, 

obtain the corresponding expressions 
for J and K. 

(2) Optional products defined by the 
unused states, (if there are any,) can 
now be used to reduce the J and K 
expressions. For the state diagram and 
codes, see Fig.7(a). 

Examination of the unused states in 
Fig.7(a) shows that they can be 
represented by the Boolean expression 
BC +A -C. 

The flip -flop equations are: 

SA = S1 +S5= ,ABCD +IBCD 
JA = BCD +BCD +(BC) +(AC) 

= BD +BCD 
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RA 

KA 

SB 

JB 

= S3 +S7 =A$CD +ABCD_ 
= BCD + BCD +(BC) +(AC) 
= g5+ BCD 

= S6=ABCD 
= ACD+(BC)+(AC) 
= AD 

RB = S2= ABCD 
KB = ACES +(BC)+(AC) 

= AD 

Sc = so= ABED 
Jc =AB6+(3C)+(AC) 

= ABD 

Rc = S6=ABCD 
Kc = ABD+(BC)+(AC) 

= ABD 

SD = S4 = ABCD 
JD = ABC +(BC) +(AC) 

= AB 

RD = S9=ABD 
KD = ABC+(BC)+(AC) 

=C 

The circuit implementation of the 
counter is shown in Fig.7(b). 

The output of the counter can be 
converted directly to decimal with the 
aid of a 4 -10 line XS3- Gray -to- decimal 
decoder, which is available as a chip. 

If the above procedure is adopted for 
the design of an XS3 -Gray code decade 
'down' counter the following flip -flop 
equations are obtained: 

JA = BD + BCD, JB = AD, Jc =ABD, 
Jn = C. 

KA=BD+BCD, KB=AD, Kc=ABD. 
KD = AB. 

The unreduced, and hence the reduced, 
J and K values of the flip -flops in one 
direction are the same as the K and J 
values of the flip -flops in the reverse 
direction, i.e. to reverse the direction of 
count it is only necessary to interchan- 
ge the J and K inputs of each flip -flop. 

It should be noted that the method of 
design employed does not always 
produce the simplest flip -flop equations 
but it has advantages when applied to 
the implementation of `up -down' Gray' 
code counters. 

`Up -down' control 
`Up -down' counters are counters in 
which the pulse count is stepped up or 
stepped down by each input pulse 
according to whether 'the value of an 
external control signal R is 0 or 1. In 
practice, the input signals that step the 
count up or down will appear on two 
separate lines X and Y, as shown in 
Fig.8(a). The designer has to generate 
the clock pulses that will drive the 
counter flip -flops and the 'up -down' 
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Fig. 8(a) shows the input /output cha- 
racteristics required of an up /down 
counter, with the state diagram at (b). 
The control circuit is shown in (c). 
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control signal R. It will be assumed that 
step -up and step -down signals do not 
appear simultaneously. 

The control signal must not be 
allowed to change during the presence 
of the input data. In this case, the 
control signal will be generated from 
the input data and a race condition can 
be prevented by using the first pulse in 
each pulse train to change the value of 
R. Since each time the value of R is 
changed an input pulse is not counted 
this method results in a maximum count 

error of 1 for an odd number of changes 
in R and no error for an even number of 
changes in R. 

The logic circuit used to perform the 
function described above is event 
driven and the methods used in the third 
article of this series will be employed in 
its design. 

Step 1 Figure 8(a) shows the input /out- 
put characteristics. 
Step 2 A suitable state diagram is shown 
in Fig.8(b). 
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Step 3 State reduction is not attempted 
so that clarity of design is maintained. 
Step 4 Turn -on set of Q =1;t.-7 

Turn-off set of Q= RX 
Turn -on set of R =QY 
Turn -off set of R = QX 

The sequential equations are: 
Q= RY +Q(R +X) 
R= QY +R(Q +X) 
and c= SoX +S2Y= QRX +QRY 
The circuit implementation is shown in 
Fig.8(c). 

`Up -down' XS3 -GRAY code counter. 
Combining the flip -flop equations for 
'up' counts when R =0 and for 'down' 
counts when R =1 the following results - 
are obtained for the XS3 -Gray code 
counter: 

JA = (BD +BCD)R +(BD +BCD)R 
= JqR + KAR 

KA' _ (BD +BCD)R +(BD +BCD)R 
= KAR +JAR 

Similarly 
Je' = JBR +KBR 
KB' . = KBR +JBR 
and so on for Je', Kc', Jo', and KD', where 
J' and K' are used to denote the flip -flop 
inputs in the `up -down' mode. 

Asynchronous binary counters 
For counts of powers of 2 the basic 
arrangement consists of T flip -flops, (or 
alternatively JK flip -flops with J and K 
permanently connected to 1), connected 
in cascade as shown in Fig.9(a). As can 
be seen from the diagram the output of 
each flip -flop provides the clock signal 
for the next. The input signal X is used 
as the clock pulse for the first flip -flop. 

The time- diagrams for a scale -of -8 
(up) counter are shown in Fig.9(b), 
where all changes of state are assumed 
to take place on the trailing edge of the 
clock pulses. Examination of the time 
diagrams shows that flip -flop A changes 
state on each trailing edge of the input 
pulses X. The output of flip -flop A is 
used as the clock pulse for B and a 
change in state of this flip -flop occurs 
on the trailing edge. of the A pulses. 
Similarly the output of B provides the 
clock pulse for C and this changes state 
on the trailing edge of the B pulses. 

The various states of the counter are 
indicated on the time diagram and the 
binary digits associated with each state 
are marked on the time diagrams for the 
signals A, B, and C. 

It is a simple matter to show that the 
above circuit will count down if the 
signals A and B are used as the clock 
pulses for flip -flops B and C respective- 
ly. 

Scale -of -ten `Up' Counter. 
This circuit requires four flip -flops, as 

shown in Fig 10(a). The associated time 
diagrams are displayed in Fig.10(b). 
Starting with all the flip -flops in the 0 
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Fig. 9(a) is a 3 -stage ripple- through counter, and at (b) are the timing diagrams. 
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Fig. 10 is a scale -of -ten ripple- through counter. Timing diagrams are at N. 

www.americanradiohistory.com

www.americanradiohistory.com


64 Wireless World, December 1977 

state, the count follows the normal 
binary sequence up_ to and including 
the count of eight. On the trailing edge 
of the tenth input pulse, flip -flop A 
makes a transition from 1 to 0, which 
would normally induce a transition in 
flip -flop B, changing its state from 0 to 1. 

However JB =15=0 at this instant and 
consequently flip -flop B remains in the 
reset condition. At the same instant it is 
also necessary to reset flip -flop D and it 
changes state from 1 to O. All the 
flip -flops are now in the reset condition 
and are ready for the arrival of the first 
pulse of the next counting cycle. 

Scale -of- twelve `Up' counter 
The basic circuit of a scale -of twelve 

asynchronous counter is shown in 
Fig.11(a), whilst the time diagrams 
describing its behaviour are shown in 
Fig.11(b). Flip -flops A, B, and C count 
from 000 to 101 inclusive. With D = 0 the 
counter reaches the state ABCD = 1010 
(S5), and when the next X input pulse is 
received it must go to the state 
ABCD = 0001. 

Flip -flop A is controlled by the X 
pulses and changes state to A = 0 on the 
trailing edge of the sixth of these pulses. 
Flip -flop B remains in the B =0 state 
since JB = C = 0 and flip -flop C takes up 
the state C = 0 since Jc = B = 0 and 
Kc =1. The change of C from 1 to 0 
represents the trailing edge of the clock 
pulse for flip -flop D and hence there is a 
change of state for this flip -flop such 
that D =1. 

After another six X pulses the state of 
flip -flop D is restored to 0 and the 
counting cycle of twelve states is 
completed. 
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Fig. 11 shows the form and timing diagrams of a scale -of -12 asynchronous counter. 

Continued from page 49 

Appendix 1 

To arrive at a general solution, take two 
threads of equal length y. By their top ends 
they hang from the ends, C and D of a fixed 
bar 2a long, Fig. 9. The lower ends are fixed to 
the ends of a moveable bar AB, 2b long. 

The bar has a mass W and requires 
horizontal couple of moment M to rotate it 
through O degrees about a vertical axis 
passing through the centres of AB and CD. 
There will be a tension T in the threads, 
which will be at an angle a to the vertical. 

Appendix 2 
The stylus only tracks a groove tangentially 
at the end of a side. This is in fact how the 
arm is set up. At the start of a side there is a 
tracking error y, which in a well -designed 
arm should not exceed two degrees. This 
decreases across the record. The equation on 
page becomes 

S =F sin ($ +y) 

Appendix 3 
W = 2T Cosa 
M = 2b Tsinasinß 
M = b W tan a sing 

Now Y sin a sin ß = asin B and substituting 
for sin ß 

Wabsin© 
M= 

- typical values, in grams 

Component Mass -W 

Cartridge 7 

Arm 5 

Wire 2 

Clip and screws 2 

Counterweight 42 

Totals 58 

Me 

7 

1.5 
0.5 

2 

3 

14 

ycosa 

This is the general case. In our case we 
assume a =b <1/2, so ycosa becomes h and 
constant. 0 = 90 °, sin A = 1 and the equation 
becomes 

Wa ¿ 

M= 
h 

For weighing things I use ordinary kitchen 
scales which turn nicely at' /Ifioz. A tuppenny 
piece weighs Vioz, one penny weighs 1/8 oz and 
'/z pence weighs' / aoz. And, of course, 1 oz is 
28 grams. For objects weighing four grams or 
less, I use a stylus scale: hopelessly inaccu- 
rate but can be recalibrated. 

Books Received 
Tower's International Fet Selector by T. D. Towers 
and N. S. Towers starts with a brief introduction to 
f.e.ts followed by a list of about 2,600 devices. 
together with chracteristics and ratings. Four 
appendices provide information on the tabulations, 
package outline and pin configuration, 
manufacturers house codes, and manufacturers 
address. Price £4.50 Pp.57. W. Foulsham & Co. Ltd, 
Yeovil Road, Slough, Bucks. 

Microphones - How They Work & How to Use 
Them, no. 875; The Complete Handbook of 
Vidocassette Recorders, no. 811; The Complete 
Handbook of Slow -Scan TV, no 859; and Practical 
Solid -State DC Power Supplies, no. 891, are recent 
paperback publications from Tab Books. A hard- 
back book entitled TV Lighting Handbook is also 
available from the same company. For further 
details and UK prices contact Tab Books, Blue 
Ridge Summit, Pa. 17214, U.S.A. 

Microcircuit Device Reliability: Digital Generic 
Data and Linear /Interface Data are two 
publications which are now available from London 
Information. The data has been compiled from 
technical reports and information from various 
manufacturers. Each publication contains 
reliability details together with information of the 
field and test conditions. London Information 
(Rowse Muir) Ltd, Index House, Ascot, Berks. 
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