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THE DRAWING BOARD 

THE MOST IMPORTANT THING WE LEARNED 

from last month's discussion of counters 
in general and the 4017 in particular is 
this: you get what you pay for. Using the 
4017 to get nice cheap frequency division 
was like a lot of things in life-it seemed 
like a good idea at the time but when we 
put the IC to work we only got half of 
what we expected. The circuit was cer
tainly cheap enough but the results were a 
far cry from nice. Two major problems 
showed up that really limited the useful
ness of the circuit. The first, asynchro
nous reset, introduced some unpredic
tability in the output. The second problem 
was that the output duty cycle would 
change as we changed the number we 
were dividing by. Now, for some applica
tions those may not be important but for 
others, they can be a real problem. 

Not only that, but it's a good rule of 
thumb in design to limit the times you're 
willing to shrug your shoulders and com
promise. After all, one of the main rea
sons you're designing something from 
scratch is to have the circuit do exactly 
what you want it to do. There are already 
more than enough times in life when you 
have to meet something halfway. 

The reset problem 
Let's tackle the reset problem first. In a 

nutshell, asynchronous reset means that 
the IC will reset itself whenever the reset 
pin is brought high. Not only is the opera
tion independent of the input clock but 
you also have no control of the time the 
RESET pin remains high. Fortunately, that 
problem can be licked with a little bit of 
imaginative gating. 

The trick to adding synchronous reset 
to the 4017 is being able to control the 
RESET pin. We need some sort of gating 
arrangement that will make it go high 
when we want; and more important, make 
it go low when we want. We also need 
some way of making sure that latter signal 
comes when RESET is completed. Re
member that the 4017 is disabled as long 
as the RESET pin is held high . 

Let's digress for a bit. What we're talk
ing about here is a gating arrangement 
that has two independent inputs and 
whose output will change state when trig
gers are applied to each of the inputs. So, 
as you've probably guessed by now, we 
need a flip-flop. Now, you can use some 
standard-type flip-flop such as the 4043 or 
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FLIP-FLOP TRUTH TABLE 
s o a 

LOW LOW No Change 
LOW HIGH HIGH LOW 

HIGH LOW LOW HIGH 

HIGH HIGH Not Allowed* 
*See text 

put will be positive and the Q output will 
be negative. In fact, triggering either of 
the outputs will produce entirely predicta
ble results and obviously stable outputs. 
The only thing we can't do is connect both 
the R and s inputs to the same polarity- if 
we did, the whole thing would obviously 
go up in smoke. Since we all know that if 
something bad can happen it will happen, 
we'd better look further for our needed 
flip-flop. . 

In Fig. 2, we've done the saine sort of 
thing with a pair of NAND gates. The oper
ation of the circuit is more interesting and, 
ultimately, more useful. Let's assume the 

10 

FIG. 3 

4044; but in line with the established tra
ditions of this column, let's see what we 
can do with .a bunch of simple gates. 

Figure 1 shows how we could build a 
simple flip-flop. It's made from two inver
ters and is mechanically triggered. If we 
connect the R switch to ground the Q out-

R input is connected to + V and see what 
happens as we switch the s input between 
+ V and ground. 

If we connect the s input to ground, the 
Q output will be high because a NAND gate 
has a high output if one or more of its 

continued on page 93 
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inputs are grounded. Since the Q output is 
also connected to one of the legs of the 
first NAND gate we have two highs there 
and the Q output will be low. If we switch 
the s input to + V, the output of the sec
ond NAND gate won't change because the 
other leg is still being held low. Suppose 
we now connect the R input to ground 
while the s input is switched to + V. With 
one leg grounded, the Q output will go 
high and the two highs at the inputs of the 
second NAND gate will make the Q output 
low. As you could predict, that Hip-flop 
only responds to negative triggering be
cause of the basic operation of the NAND 

gate. 
The only thing to watch out for when 

you ' re using this flip-flop is to make sure 
that the sand R inputs aren't grounded at 
the same time. If that does happen, both 
outputs will be high and the circuit will be 
unstable. In practice, the last input to be 
grounded will decide the ultimate state of 
the flip-flop. But don't believe us- build 
it and try it yourself. 

We can build the same sort of circuit 
with NOR gates and the flip-flop will re
spond to positive triggering . Use the pre
vious discussion as a guide and trace 
through the operation of the NOR gate flip
flop so you understand how it works . 

Now let's get back to our original prob
lem. The circuit in Fig. 3 uses a NOR gate 
flip- flop to control the operation of the 
reset pin on the 4017 . We're using NOR 

gates because they respond to positive 
triggering and the outputs of the 4017 are 
active high. The truth table for the flip
flop is shown in Table I. The not-allowed 
state with NOR gates is having both the 
flip-flop inputs high . This isn't a problem, 
since the internal gating of the 4017 guar
antees that only one output can be high at 
any one time. 

As long as none of the switches are 
closed, Rl holds the input of the flip-flop 
low. That means that the Q output will be 
low regardless of what is happening at the 
s input. The reset pin of the 4017 is also 
held low and the chip is enabled. Now 
let's close one of the switches and see how 
the circuit works. 

When the selected output goes high, 
the R input of the flip-flop goes high and a 
high appears at the Q output. This resets 
the 4017, the selected output goes low, 
and the 0 output, pin 3, goes high . Re
member that the 4017 outputs go high in 
turn and whatever output you select will 
be low immediately following a reset 
pulse. That makes the R input low and 
control of the flip-flop moves over to the s 
input. You can see from the truth table in 
Table I that we need a positive pulse there 
to make the flip-flop change state and put 
a low at the Q output to release the 4017's 
RESET pin. 

The 0 output of the 4017 is inverted by 
NOR gate IC2-a and presents a low to one 
leg of NOR gate IC2-b. The other leg ofthe 
gate is connected to the input clock and 
when a low appears there, IC2-b goes 
high and resets the flip-flop. That releases 
the RESET pin and enables the 4017 . If you 
keep the switch closed at the keyboard , 
the circuit will reset over and over at the 
same point . The result will be a series of 
pulses at the Q output equal to the input 
frequency divided by whatever number 
you chose. 

·That circuit gives the 4017 a reset oper
ation that is both synchronous and locked 
to the input clock . By following every
thing carefully you should have no trouble 
understanding how we did it. Remember 
that the reset operation starts on the posi
tive half of the incoming clock cycle and 
is ended on the negative half of the same 
clock cycle. Since the input clock will be 
running faster than the pulses at any of the 
4017 outputs , we don't have to worry 
about glitching in the count . 

A side advantage of that approach is 
that the Q output of the flip-flop will give 
us an output wave that is equal in frequen
cy to the Q output but opposite in sign. 
That can come in handy for some things 
and is especially nice since we're getting 
it for free . 

If you want to cascade several 4017's 
together to increase the range of division , 
you won ' t be able to use the carry output, 
pin 12 . Since that pin is high for the first 
half of the 4017's full count and low for 
the second half, frequency division of less 
than six will mean that the carry pin never 
goes low. The 0 output will , however, al
ways go through a full cycle no matter 
what division you're doing, so you can 
take your signal from there . 

The duty cycle problem 
Now that we've solved the reset prob

lem, let's look at the duty-cycle problem. 
In case you forgot what it is , we dis
covered that the duty cycle of the output 
would change every time we divided by a 
different number. It would follow the form 
liN where N is the number you're divid
ing by. More specifically, the high time 
would be equal to the period of the incom
ing clock, and the low time would be 
equal to N- I times the period. 

If you're dividing by an even number, 
some simple gating would let you get an 
output with a nice 50% duty cycle but 
trying to do the same thing with an odd 
number would be-well, odd . 

One of the basic rules of design is that 
there 's a better way to do everything and 
that 's true here. When simple problems 
generate overly complex solutions, it's 
time to scrap your whole approach and 
start over with a different color paper. In 
this case, squaring up the duty cycle not 
only calls for a different approach , it calls 
for a different IC-a different kind of 
counter. We' ll examine that-and other 
mysteries-in next month's column. R-E 

NEW LIT 
COMPONENTS catalog, 68 pages, SY2 x 
8% inches, lists semiconductors, integrated 
circuits , microcomputer boards , micro
processor and support circuits, transistors, 
diodes, capacitors, resistors, potentiometers, 
multimeters , connectors, sockets, PC 
boards, plastic enclosures, soldering aids, 
data and reference books, and much more. 
Free upon request-Active Electronics, 
PO Box 8000, Westborough, MA 01581 . 

CIRCLE 131 ON FREE INFORMATION CARD 

OPTOELECTRONICS, selector guide and 
cross reference is 20 pages on coated stock, 
with color, 8Y2 x 11 inches, and includes sum
mary data on all current Motorola opto de
vices. Included is information on fiber-optic 
emitters and detectors, infrared-emitting di
odes, silicon photodetectors, slotted cou
plers , and a broad line of optocoupler/ 
isolators. The booklet is both a guide and a 
cross-reference; free on request from 
Motorola Semiconductor Products, Inc., 
PO Box 20912, Phoenix, AZ 85036. 

CIRCLE 132 ON FREE INFORMATION CARD 

DRY-TRANSFERS, catalog is 17 pages on 
coated stock, 8Y2 x 11 inches, and presents a 
complete line of instant lettering, dry trans
fers, and related products for engineers, in
dustrial designers, draftsmen, chemists, and 
technical illustrators. The contents include 
printed-circuit kits and refills, titles for elec
tronics equipment, title and alphabet sets, full 
size and half-size logic symbols, printed-cir
cuit donuts, component outlines, chemical 
symbol sets, standard alphabet sheets, and 
many other items. Free upon request from 
Datak Corporation, 65 Seventy-First St., 
Guttenberg, NJ 07093. 
CIRCLE 133 ON FREE INFORMATION CARD 

SWITCHES, catalog is 12 pages in color on 
coated stock, 8Y2 x 11 inches, presenting MG 
Electronics' range of general-purpose switch
es for consumer and industrial electronics 
equipment. 

It is complete with specification charts, di
mensional drawings, and photographs that 
detail the company's offerings of toggle, foot, 
heavy-duty, contact, pushbutton, illuminated, 
miniature, and keylock switches, as well as 
fuse holders. Free upon request from MG 
Electronics, 32 Ranick Road, Hauppauge, 
NY 11788. 

CIRCLE 134 ON FREE INFORMATION CARD 

COMPUTERS, Oi$count America Guide (Di
rectory of Discount Computer Suppliers) is 31 
pages 8Y2 x 11 inches and contains data on 
books and periodicals, cable, calculators , 
components, diskettes, games, hardware, in
surance, mainframes, minicomputers, paper, 
ribbons, software, supplies, tape, typesetting, 
typewriter conversion, and used equipment. 
There is a "Computer Comparison Chart" 
that will aid the reader in figuring the real 
costs of purchasing computer systems. It is 
available at $3.50 postpaid from Di$count 
America Publications, 51 East 42nd St. , 
Room 417P, New York, NY 10017. R-E 
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