State—Of—The—Art

RICHEY FINALLY DESIGNS
A FREQUENCY COUNTER
FOR CATV SYSTEMS

Back in the September 1976
CATJ we began a series on
“do-it-yourself” CATV system
test equipment. In the
September issue we described
a ‘modulation stripper’ or
signal processor/limiter device
with which a system could
prepare a carrier for frequency
counting with an external
frequency counter. This is the
‘other shoe’ for that project; a
newly developed (state-of-the-
art) frequency counter
designed to allow the system
operator to make system
carrier frequency measure-
ments for perhaps less cost
than would otherwise be pos-
sible.

The FCC rules, when we
began this series, required all
cable systems of any size (50
subscribers up) to perform
annual measurements of the
on-cable carrier frequencies
for any carrier signals which
have been frequency
translated (i.e. converted)
between the off-air frequency
received and the cable
frequency carried. To measure
the frequency of a cable signal,
one modulated with video
information, requires that the
system strip or eliminate the
video modulation information
from the carrier before
measurement. The box or
device to do the modulation-
eliminating was described in
the September CATJ (page 46).
It was our intent at the time to
come back in December with
the designed-for-CATV
frequency counter unit. As we
got close to the point of
buttoning up the counter along

about early November, we
were advised by parts
suppliers of a whole new
generation of counter/pre-scaler
devices. The pre-scaler is the
device that allows you to take a
basically low(er) frequency
frequency counter and drive it
with higher (or VHF) frequency
signals. The new ‘chip”
looked so good we decided to
start all over again with the
counter; it simply meant that
we would be eliminating about
half the cost and an equivalent
amount of circuit. That
translates to dollars saved and
time saved in the construction
of the unit. The opportunity
was too good to pass up.

And, in the interim the FCC
has re-evaluated who must

make annual frequency
measurements and who could
get by with ‘“on-demand”

frequency measurements. So
maybe it is just as well we got
sidetracked with new
technology because now
perhaps many CATV systems
who would otherwise have felt
compelled by FCC rules to
acquire frequency measure-
ment capabilities will have
second thoughts about spend-
ing the dollars for a tool that
may only be required once
peryear.

A Nifty Device

The counter described here
is very much state-of-the-art. It
utilizes the latest chip
technology, which means that
we have fewer parts and more
counting capability for fewer
dollars invested. Anyone who
remembers the ten-year-ago

frequency counters (they
weighed about 150 pounds and
required daily maintenance!)
can appreciate just how small,
compact, and relatively
speaking component-simple
the newest generation
counters are. Perhaps
someday the ultimate state-of-
the-art frequency counter will
read and display to 7 places (or
8) with a single “chip” and the
whole device will fit into the
palm of your hand. For ‘now,
the unit to be described here
this month and next is about as
compact and simple to
construct as the art today
allows.

The heart of a digital
frequency counter is a decade
counter. The decade counter
takes an input signal and
counts the signal pulses
present. A signal pulse is one
complete cycle or 1 Hz. One
kilohertz is 1,000 complete
cycles and one megahertz is
1,000,000 complete cycles. The
basic decade counter counts
to ten complete cycles (or 10
Hz) and then it “outputs” a 1
(e =it Savsi“thel 1.1..am
outputting tells you, the user,
that | have just seen ten
complete cycles go by”). As
shown in diagram one, if we
input to the decade counter a
16 Hz signal the first decade
counter watches the first ten
cycles zip by and then it kicks
out a “1”. This one goes to the
next decade counter in line
which says “Ok. . .there is “1
hertz/cycle to me’”, and it
displays a 1. Meanwhile back
at the input decade counter the
remaining 6 cycles zip by and
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DIAGRAM ONE

there being no more cycles
passing by, the first decade
counter displays a ‘partial
count’ of 6. With two decade
counters and displays we can
count cycles or hertz up to 99.
If we want to go higher than
this, we need to add another
decade counter (to the left of
the unit displaying a “1” in
diagram 1). That would take us
to 999. And so on, adding a
new decade counter each time
we want to increase the count
capacity by ten times.

In a typical counter useful
for CATV we would have an 8
decade count that would take
us up to 99,999,999 hertz (or
99.999999 megahertz). This is
an interesting exercise but it is
not getting us to our goal. For
if we kept feeding the hertz to
the input of the unit, it would
count up to its full capacity
(whether 99, or 99,999,999) and
then like your car speedometer
it would return to 00 (or
00,000,000). So we are only part
way to a frequency counter.
What we have at this point is
an “‘events counter” and while
it may count very far and very
fast...we need to do some
more work to allow us to count
and display frequency.

Remember that a carrier
wave is self-calibrating at so-
many cycles or hertz per
second. So if we want to count
the number of hertz or cycles
represented by the carrier
wave we need to develop a
timing circuit that turns on the
count mechanism at one point,

keeps the counter-counting for
a pre-determined period of
time, and then turns off the
mechanism. Well, if you think
back into your theory, the
carrier wave frequency is self-
calibrating at so many hertz or
cycles per second. In other
words, when we glibly say
channel two is 55.25
megahertz, what we are really
saying is that in one second of
time the channel two visual
carrier signal will go through
55,250,000 complete cycles of
RF. So it follows that if we
want to count how many hertz
are going through our counter
and then translate that number
into the actual frequency
involved, we need to measure
or open up our counter for one
second time. So at the input to
the counter device (i.e. the
decade counters) we install a
very fast and precisely
controlled time ‘“switch”. We
call this “switch” a gate and
we call the signal that drives
this switch a ‘““gating signal”.
The gating switch could be
controlled by internally looking
at the 60 cycle AC power
source and turning itself on for
one complete cycle of AC
(remember there are 60 cycles
of AC per second). Therefore
the AC cycle would provide the
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gating signal or time base for
our “switch” (see diagram 2).

However, this is not such a
good system (it has been
found) so a better system has
been developed, using a
(typically) one megahertz
crystal oscillator. If you take a
1 MHz precise-frequency
oscillator and feed it into a
series of dividers you can
divide 1,000,000 hertz by 10 and
get 100,000; and then divide
that by 10 and get 100, and
then divide that by 10 and get
10; and finally divide that by
10 and get the reference 1 Hz
signal. One advantage to using
a 1 MHz oscillator crystal
for our reference signal is that
we can feed the output of the 1
MHz oscillator to a shortwave
communications receiver
which we have tuned to the
National Bureau of Standards
signal at 5 or 10 or 15 MHz. By
adjusting the 1 MHz oscillator
circuit trimmer, we can bring
the counter master gating
oscillator into excact ‘zero
beat” with the NBS precision
shortwave signals and thereby
‘“calibrate’” our own counter
gating oscillator signal.

Pre-Scaling

Most available decade
counters will not work high
enough in frequency to allow
us to count much beyond 5
MHz or so (yes, there are high
priced exceptions but we are
trying to hold the cost down)
so you have to put another
electronic box in front of the
basic counter unit to bring the
frequency down to some range
which the counter will accept.
This box is called a ‘“pre-
scaler’” and it is a cross
between a frequency converter
and a divider system.
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