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4-Channel Software

who makes what?

by HARRY E. MAYNARD

TODAY OVER 50 RECORDING COMPANIES
in the U.S. and abroad are producing
quadriphonic discs. Q-8 cartridges, and
some reel-to-reel tapes. As of June 1
there was a worldwide total of 576
CD-4 discs, 618 QS discs, and 500
SQ discs. Added to this was more than
400 Q-8 cartridges and approximately
100 reel tapes. To buy all this software
would cost you well over $10,000. But
if you are a typical consumer perhaps
the best reason for buying a four-chan-
nel system is the considerable incre-
ment of improvement you'll get when
you play your stereo records, or decode
a stereo FM broadcast through any one

of the better matrix decoders.

Most buyers of hi-fi equipment on
the average invest three to five times
as much money in recordings as they
do in hi-fi equipment, so no matter
how fast sales of quadriphonic equip-
ment grows it will be years before the
larger percentage of software available
to you and I will be recorded in the
quadriphonic mode. Remember it has
been 20 years since stereo equipment
was first introduced commercially
(1954); but after the first four years
of stereo there were only 650 stéreo
tapes and no discs. It was only in the
early 60’s that stereo discs started to
hit the market place from most of the
major companies.

In the U.S. the SQ decoded discs
leads the pack with over 300 releases
from the CBS group, and 17 other
licensees of the SQ system. SQ leads in
number of releases in the U.S. and also
in the commercial popularity of their
artists. Available also from Columbia
and SQ licensees are 210 Q-8 car-
tridges. A total of 15 companies have
released over 200 titles.
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Reel to reel tapes need to be treated
separately since they do not have the
wide distribution of the disc or Q-8
cartridge. Often sold by direct mail by
the manufacturer, sub-distributor or a
large tape catalogue house such as
Ampex who sells directly to the con-
sumer and acts as a sub-distributor for
many companies.

For those dealers and hi-fi buffs who
like to make comparisons between vari-
ous type of quadriphonic discs Project
3 is the single record company that al-
lows you to do so. Project 3 produces
many of its discs in two and often three
formats, SQ, CD-4, QS. R-E

Last month, in part one of this series, we
discussed the COSMOS family of digital
ICs’ and explored its operating characteris-
tics. RCA’s CD4001 was introduced as an
example of aversatile COSMOS digital IC.

This month we will discuss some practi-
cal applications of the CD4001 and look at
some bistable multivibrator projects,

Inverters and gates

We have already seen that a NOR gate can
be made to function as a simple inverter or
pulse amplifier by merely connecting its
input terminals together as shown in Fig.
8-a. Note that since only one of the four
available gates is used in this application,
the input terminals of the remaining three
unused gates are strapped directly to
ground.

All four gates can be used as inverters, if
required, by using the connections shown in
the quad pulse amplifier/inverter circuit of
Fig. 8-b.

Figure 9-a shows how a CD4001 can be
connected as a simple pulse-disabling gate.
Here, the signal input is applied to pin 1 and
the gating input is applied to pin 2: the out-
put signal is available at pin 3. Normally,
with a zero or logic 0 gating input applied,
the circuit acts as a simple pulse amplifier
and produces an inverted version of the
input signal at output pin 3. When, however,
a logic 1 gate input is applied to pin 2, the
circuit acts like a gate and its output is dri-
ven to logic level 0, so the input signal no
longer reaches the output. The gate is thus
“‘disabled.”’

The pulse-disabling gate of Fig. 9-a is in-
tended to work with signal inputs that fluc-
tuate fully between the logic 0 and logic 1
levels. The circuit can be modified for use
with low-level input signals by interposing a
direct-coupled transistor amplifier between
the input signal and the input of the gate as
shown in Fig. 9-b. This particular circuit can
be used with input signal pulses that vary
alternately from less than 200 mV to greater
than 1 volt.

sing COSMOS
Digital IC’s

Areyou up on COSMOS, the latest in solid-state
technology? If not, you can learn what it’'s all
about by building these simple circuits yourself.
They are useful as well as educational

Note in the Figs. 9-a and 9-b that only one
of the four available CD4001 gates is used
and that all input terminals of the remaining
three unused gates are strapped to ground.

All four gates can be used as pulse disab-
lers, if required, by using the connections
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FIG. 8-a—SIMPLE PULSE amplifier/inverter.
b—QUAD PULSE amplifier/inverter.

by R. M. MARSTON

shown in the quad pulse-disabling gate cir-
cuit of Fig. 9-c.

The pulse-disabling gate can readily be
converted into a pulse-enabling gate which
passes signals only when the gating input
signal is high or at logic level 1 by simply
interposing an inverter stage between the
gating input signal and the gate input pin of
the disabling gate as shown in Fig. 10. Note
that two of these pulse-enabling gate circuits
can be built from a single CD4001.

The pulse-enabling gate of Fig. 10 can be
converted to an electronically or manually
triggered START/STOP gate which starts pas-
sing signals at a START command and stops
passing them on a separate sTop command
by feeding the command signals to the
circuit’s gate input terminal via a simple
bistable multivibrator element. Figure 11
shows the electronically triggered version of
such a circuit and Fig. 12 shows the manu-
ally triggered version.

The two circuits operate in the same basic
way and use the two left-hand gates as a
bistable multivibrator and the two right-
hand gates as a conventional pulse-enabling
network. Normally, the output of the bista-
ble is low or at logic 0, so the pulse-enabling
circuit’s output is grounded and none of the
input signal reaches the output terminal.
When the START command is given, the
bistable changes state and locks in this new
state even when the command signal is sub-
sequently removed.

As the bistable changes state, its output
goes to logic | so the enabling gate opens
and passes the input signals to its output.
These signals continue to flow until a sTop
command is given, at which point the bista-
ble flips back to its original ‘‘logic 0 output”
condition and the enabling gate turns off; the
input signals then cease to reach the output
again. Note that since four gate elements are
needed to make a single START/STOP gate,
only a single circuit of this type can be built
from each CD4001.

A practical application of the START/STOP
gate is in a sports-event timer. In this appli-
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cation, the signl input is derived from an ac-
curate I-kHz crystal-controlled oscillator

+5 TO 16V

and the gate’s output is taken to an elec-
tronic counter. The START command signal
can be derived from the race starter’s gun
and the sTOP signal can be derived from the
photocell of a light beam unit projected ac-
ross the finishing tape. As soon as the
starter’s gun is fired, the gate opens and
starts feeding 1-kHz pulses to the counter.
As soon as the winner reaches the finishing
tape and breaks the light beam, the gate
closes and the 1-kHz pulses stop reaching
the counter. Thus, the number of pulses re-
gistered on the counter from the 1-kHz os-
cillator are equal to the duration of the race
to the nearest millisecond. For longer races,
the oscillator can be a 1-Hz type, in which
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FIG. 11—ELECTRONICALLY TRIGGERED start/stop gate.
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FIG. 12—MANUALLY TRIGGERED start/stop
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z OPERATING
2 : : DEVICE NOQ. PACKAGE VOLTAGE TEMPERATURE
s gt RANGE RANGE
E e CD4001AD CERAMIC DIL 3TO 15V -5 TO +125°C
L INPUT CD4001AE PLASTIC DIL 3TO 15V -40 TO +85°C
S PINS 8,8, 12 AND 13 CD4001AK FLAT PACK 3TO 15V -65 TO +125°C
2 CD4001D CERAMIC DIL 5 TO 15V -656 TO +125°C
& FIG. 10—PULSE-ENABLING GATE. CD4001E PLASTIC DIL 570 15V -40 TO +85°C
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case the counter will register the race time in
seconds.

Logic circuits

The CD4001 can be made to function as
any one of five basic types of logic circuit,
Figure 13 shows how one of the IC’s gates
can be connected. so that it functions as a
NoT logic circuit or pulse inverter by simply
shorting its two input terminals together as
described earlier. Four NOT gates can be
built from each CD4001.

Figure 14 shows the connections for mak-
ing a NOR logic circuit from one quarter of
the CD4001. The action of the circuit is
such that the output goes high or to logic 1
only when both inputs are low or at logic 0:
the output goes low if any input is high.
Four NOR logic elements-are available from
each CD4001.

An or logic circuit can be obtained from a
NOR logic element by simply inverting the
output of the NOR element as shown in Fig.
15. The action of this circuit is such that its
output is low only when all inputs are low:
the output goes high if any input is high.
Two oR logic circuits can be made from
each CD4001.

Figure 16 shows how an AND logic circuit
can be made by inverting each of the two
inputs of a NoR logic element. The action of
the circuit is such that its output is high only
when both inputs are high. The output is low
if either input is low. Note that only one
AND gate can be made from each CD4001,
but that a spare gate element is available as a
NOT or NOR logic element.

Finally, Fig. 17 shows how a NAND logic
circuit can be made by simply inverting the
output of an AND logic element. The action
of the circuit is such that its output is low
only when all inputs are high: the output
goes high if any input is low. Only one NAND
circuit can be built from each CD4001.

Bistable multivibrator projects

A simple bistable multivibrator circuit can
be made by cross-coupling the inputs and
outputs of a pair of NOT or Nor logic gates.
Figure 18 shows the practical connections
for making an electronically triggered bista-
ble from two NoOR gates.

Here, the output of gate A is direct-
coupled to one of the input terminals of gate
B, and the output of gate B is direct-coupled
to one of the input terminals of gate A. The
‘spare’ input terminal of each gate accom-
modates an input command signal, and both
are normally low or at logic level 0.

To understand the circuit operation, as-
sume initially that the output of the circuit,
taken from the output terminal of gate A, is
at the low or logic 0 level. In this case, both
inputs of gate B are also at logic level 0, so
the output of gate B is at logic level 1. Since
the output of gate B is direct-coupled to one
of the input terminals of gate A, the output
of gate A is driven to logic level 0. The out-
put of gate A is thus locked in the logic 0
state by the cross-coupling under this condi-
tion.

Suppose now that a positive trigger pulse
is applied to the ‘set 1’ input terminal of the
circuit. In this case, the output of gate B
drops to logic 0 for the duration of the pulse
and under this condition both input termi-
nals of gate A are held at logic level 0, so its
output goes to logic 1.

Since the output. of gate A is direct-
coupled to one input terminal of gate B, the
output of gate A is locked in the logic 0 con-

dition. Consequently, the output of the cir-
cuit goes to logic 1 as soon as the input ‘set
1 pulse is applied, and the circuit then locks
into this condition and stays there even
when the input pulse ceases to be applied.

Finally, suppose that a positive trigger
pulse is now applied to the ‘set 0’ input ter-
minal of the circuit. In this case, the output
of gate A drops to logic 0 for the duration of
the pulse and under this condition, both
input terminals of gate B are held at logic
level 0, so the output of gate B goes to logic
level 1. Since the output of gate B is direct-
coupled to the input terminal of gate A, the
circuit is then locked in this condition, and
its output remains at the logic 0 level.
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FIG. 18—BISTABLE MULTIVIBRATOR or
memory unit.

Thus, the output of the Fig. 18 circuit can
be locked at the logic 0 or logic 1 level by
applying a brief command pulse to one or
other of the two input terminals. Note that
these command signals should be direct-
coupled from a source that switches bet-
ween the logic 0 and logic 1 levels: If the
command signals are to be derived from
‘floating’ sources, the pin 2 and pin 5 input
terminals of the bistable must be taken to
ground via high value resistors, as shown
dotted by R, and R, in the diagram. Also
note that two complete bistable multivib-
rator or memory circuits can be built from a
single CD4001.

Figure 19 shows how the Fig. 18 circuit
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FIG. 19—“NOISELESS” ON/OFF Switch

can be modified for use as a ‘‘noiseless’
oN/oFF switch. A normal mechanical switch
generates a good deal of noise (caused by
point bounce, dirty contacts, etc.) when it is

used to switch voltage or current, and this
noise appears in the form of a series of
high-amplitude voltage spikes at the start or
end of the basic switching waveform.

If a mechanical switch is coupled directly
intoa sensitive section of a high-speed pulse
generating or counting circuit, therefore,
this noise can cause the sensitive circuit to
malfunction. This snag can be overcome by
using the Fig. 19 circuit to process the nor-
mal switching signals. The circuit’s state is
unaffected by noise, since its state is
changed by the first noise pulse that occurs
from the mechanical switching action, and
cross-coupling then causes the circuit to
self-latch and be immune to following noise
pulses.

Finally, Fig. 20 shows how a manually
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FIG. 20—MANUALLY TRIGGERED bista-
ble multivibrator.

triggered bistable can be made by cross-
coupling two NoT gates. The operation of
the circuit is basically similar to that of Fig.
18: The output of the circuit sets to the logic
1 state when S, is momentarily closed, and
resets at the logic 0 level when S, is momen-
tarily closed. Note that, since both input
terminals of each gate are direct-coupled to
the output terminals of their opposing gates,
the input terminals can be allowed to ‘float’
without having to be tied to ground via sepa-
rate resistors.

In this second part of this series we dis-
cussed some practical applications of the
CD4001 IC and looked at bistable multi-
vibrator projects.

Next month we will show the monosta-
ble and astable projects, using the CD4001
IC. R-E
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“Converting Your Set Into An
Oscilloscope Is Easy.”

461 H380L00

(3]
w

m




