Cuarter IV
TIMING APPLICATIONS

The bistable characteristics and high leakage resistance of
the cold cathode tubes are particularly useful for timing appli-
cations. The basic circuit for a2 neon-timer is a resistance-capa-
citor network similar in some respects to the basic circuit of
the relaxation oscillators described in Chapter II. The input
voltage charges the capacitor until it reaches the breakdown
voltage of the lamp, at which time the lamp fires, discharging
the capacitor. Depending on the values chosen for the resistor
and the capacitor, this period may be as short as .5 seconds or
as great as about 40 minutes. The output of these timer tubes
may be used in a variety of ways.

The neon glow lamp has several distinct advantages over
using vacuum tubes for this type of application. While the
vacuum tubes may have an actual running lifetime of 3,000
to 5,000 hours, the neon lamp’s average lifetime is generally
about 10 times this figure. In addition, life is determined for
the neon lamp only by the time the lamp is actually conduct-
ing. Even though the circuit may be active, the neon lamp is
not operative unless it is conducting. Therefore, its life is not
being consumed during the time it is in the “off” condition. The
neon lamp is a very rugged component with no filaments to
burn out or be destroyed by vibration or shock. Finally, the
neon lamp is far less expensive than the average vacuum tube.

The circuit designer using semiconductors such as transis-
tors, unijunctions and 4-layer diodes, frequently finds that two
serious shortcomings exist in such devices. One is because of
the very low thermal mass in the barrier region, and the other
is because of the very high voltage gradients which can exist
in the barrier region.

The very low thermal mass causes semiconductor devices
to be seriously damaged, in some cases resulting in complete
failure due to current surges such as may occur when equip-
ment is initially turned on. The surges can be of very short

duration and still result in overheating of the barrier region.

The very high voltage gradients occurring at the barrier re-
gion can result in puncture in the reverse direction of semicon-
ductors, such as transistors and diodes. These voltage transients
occur on the power lines as a result of the removal of power
from power contactors, transformers and other devices having
inductance. These transients can be as short as one micro-
second and still result in puncture and total failure of the semi-
conductor device.

Protection against both these sources of premature failure
can be provided in many cases. However, these protective de-
vices do add to the cost as well as to the munber of compo-
nents involved for a given control application.

Neither of these shortcomings exists in cold cathode devices.
Neither voltage nor current surges of short duration cause fail-
ure or even damage to cold cathode tubes. As a consequence,
for a given control, they are generally less expensive, less com-
plex and require fewer auxiliary components than semiconduc-
tors.

Another big advantage of cold cathode tubes over semi-
conductor devices is their relative insensitivity to temperature
changes. Temperatures normally encountered in industrial ap-
plications from 0° to 120° Fahrenheit result in little or no
change in the characteristics of cold cathode tubes.

Semiconductors have low input impedance characteristics
which require lower values for the timing resistor and much
higher values for the capacitance than required by high im-
pedance neon tubes. Thus, for a given time delay, the cost of
the RC network using neon tubes is considerably less than if
semiconductors were used.

The life of cold cathode tubes is determined by the amount
of current at which the tubes are operated. Failures are gen-
erally not of a catastrophic nature but occur gradually. When
the control begins to malfunction occasionally, it is time to
check the cold cathode tubes. With semiconductors, generally
the devices fail completely without warning.

Cold cathode circuits operate on voltages from a minimum
of sixty to seventy volts dc to a maximum of 250 vde. They can
readily be used on 115 volts ac or its rectified counterpart
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which is readily obtainable from the normal power outlets
available in industrial or commercial installations.

As with semiconductors no warm up time is required.
However, semiconductor devices generally will require a step
down transformer in order to reduce the supply voltage of 115
volts ac to voltages of the order of 25 to 50 volts. The low volt-
age aspects of semiconductors are, of course, advantageous for
portable equipment where batteries or low voltage de genera-

tors are available. This however, is not the case for most indus-
trial timer applications which operate on 115 volts or 220 volts
ac.

With the availability of radioactive isotope additives, cold
cathode tubes are now available with stable characteristis re-
gardless of incident illumination in a great variety of electrical
characteristics. Cold cathode triodes (See Chapter V) are also
available for control applications such as timers, electronic re-
lays, level controls, wireless remote control, photo-electric con-
trols, computers, temperature controllers and many other ap-
plications.

A recent development® which illustrates some of the advan-
tages of a cold cathode assembly over a semiconductor assem-
bly is the time delay relay which is illustrated in Figure 4-1.
This is a device designed for operation from 115 volts ac em-
ploying three cold cathode diodes and one cold cathode triode
in conjunction with an output relay to provide time delays in
a range from .02 seconds up to 300 seconds.

In operation the ac power applied as shown is rectified, fil-
tered and regulated by the two RT2-32-1A neon tubes and
used to charge capacitor “C” through a resistance “R.” When
the charge on C reaches the ionization potential of neon V-1,
it discharges C through transformer T-1 in a momentary im-
pulse. This impulse is stepped up and used to ionize the cold
cathode triode V-2, which energizes relay K-1. Time delay can
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4-1 Time delay relay

be recycled before time out by momentarily shorting C. It can
be recycled after time out by removing ac and shorting C, or
by providing recycle diode RCD connected as shown. For re-
mote time adjustment, resistor R is located outside of the timer.
When the timer times out, contacts on relay K-1 remove the
load from the output tube.

In view of the fact that cold cathode diodes can _u.o con-
structed having extremely high leakage resistance, it is pos-
sible to use a very high resistance value with relatively small
capacitors in order to obtain long time delays. . :

A similar semiconductor device would require a capaci-
tance several orders of magnitude greater because of the low
impedance nature of the semiconductor device. The cost of
such a capacitor, for example, having a capacitance of seventy
microfarads and low leakage current would be several .D.Emm as
great as the cost of the one microfarad capacitor required in
the cold cathode delay unit. .

The accuracy or repeatability of the time delay unit, of
course, is dependent entirely upon the voltage breakdown
characteristic of the cold cathode diode. Extremely good re-
sults have been obtained using a Type RT2-32-1A tube. This
incorporates within the glass envelope a radioactive material
which provides residual ionization so that stable, repeatable
breakdown characteristics are available with varying light
levels and over a long period of time.
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In order to insure that the timing will be independent of
variation in the power supply voltage, a regulated charging
voltage is established by using two cold cathode diodes in
series for voltage regulation. With this arrangement it is quite
practical, at minimum expense, to obtain timing variations as
low as two percent with line voltage variations as great as
twenty percent.

Since all of the active elements in the time delay unit are
cold cathode tubes, no heat is generated, and it is quite prac-
tical to have the complete unit enclosed in a2 metal can, either
hermetically sealed or as a dust-tight enclosure.

The time delay relay is not affected by voltage transients, is
not damaged by current surges caused by turning it off and on,
is not affected by temperatures in the range of 40 to 120 de-
grees Fahrenheit, and provides time delays in the range of .02
to 300 seconds for a selling price of $20.00 or less.

The basic circuit for the design of an electric timer is shown
in Figure 4-2. In this circuit there are no restrictions to the
values chosen for R and C except leakage resistance and econ-
omics. For this circuit to operate reliably, leakage resistance
shall be at least 100 times greater than resistor R, used in the
time constant. The leakage resistance referred to can be de-
fined as the equivalent of the parallel combination of the leak-
age resistance of the neon lamp, the capacitor and the circuit
wiring.

In order to design an electronic timer, three factors must be
known. These are: 1) the time delay required; 2} the applied
voltage of the circuit Es; and 3) the breakdown voltage rat-
ing of the neon lamp, Vy. This latter is necessary because vari-
ations in breakdown voltage will result in variations in the time
delay. It should be obvious, also, that the closer the tolerance
is held on the breakdown voltage of the lamp, the more accu-
rate the time delay will be. In all cases the breakdown voltage
of the lamp should be equal to or less than 63% of the applied
voltage Ep.

The calculations for designing a timer are similar to those
for designing a low frequency oscillator as discussed in Chap-
ter II. The first step is to determine K, from the following ex-
pression:
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From the graph in Figure 2-3 in Chapter II, determine the
value of K,. K, may be expressed as follows:

T

="
RC

where T is time in seconds, R is expressed in ohms, and C is
expressed in farads. Solving for RC:

T
RC =——
X,

This mwoﬁamm the RC factor which can be Emm with %wo H_oM:o-
graph in Figure 2-4 in Chapter I to determine specihic values
or R and C. .
£ These calculations are all based on the premise that 5@. ap-
plied voltage is direct current. If, Fmammmv half wave Hmncummm
alternating current is used and the amo.smmn has muﬁme@ owz
reverse leakage, the time delay can be increased approximate vm
three times over the direct current delay for the same value o
ame neon lamp. . .
WOM”M Mwmﬂwo important mm_.m advantages of the neon timer Hm
the ease with which the output of the F.Em can be put to wor
for a wide variety of uses. These m&&_uo_._m.w uses o.m c_.:mz.n in
no way affect the lamp’s operation in the timing circuit since,
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after the lamp has ignited, it is conducting current. This cur-
rent can be used to perform another function, such as the op-
eration of a relay or some other form of readout. It may also
be used to generate a pulse through, for example, a capacitor.
Also, when ignited the neon lamp produces a light output
which can be used as an indicator or can be used to operate
another cireuit through a photocell. (See Chapter VIII for a
discussion of the use of neon lamps with photocells. )

Figure 4-3 shows a typical circuit for using the output of
the neon lamp in the timing circuit to operate a relay directly.
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-3 Use of neon-timer output to operate relay

After the capacitor C charges to the lamp’s breakdown voltage
rating, the lamp ignites and conducts power at its design rat-
ing directly to the relay. The relay is then energized and locks
itself up through its own contacts. The timer, including the
timing circuit, is reset by means of a reset switch which causes
the voltage on the condenser to be reduced to zero, and opens
the current to the relay which returns the timer to rest. The
cycle may also be reset by removing the applied voltage, Ej.

Use of the light output of the timer neon lamp with a cad-
mium sulfide or cadmium selenide photocell is shown in Fig-
ure 4-4. When the lamp ignites, its light falling on the photo-
cell reduces the resistance, permitting the applied voltage to
operate the relay. As above a contact on the energized relay
locks the relay on. Again, the circuit is reset with an interrupter
switch.
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44 Use of neon-timer light output to operate photocell

The voltage output of the timer neon lamp can operate a

subminiature thyratron or three-element neon _mn.% as shown
in Figure 4-5. The output pulse of the neon EE@. is coupled to
the trigger electrode of the thyratron causing it to turn on.

is igni it wi ith the compo-
Once the thyratron is ignited, it will stay on. Wit .
nents shown a load as high as 1/2 watt can be handled. This
particular thyratron also has high light output for further photo-
cell operation or visual indication that the circuit has operated.

Again the circuit is reset with an interrupter switch.
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4-5 Use of neon-timer output to pulse thyratron

Operation of a transistor directly from the oc.ﬁcn .om EM
neon lamp is diagrammed in Figure 4-6. The transistor is use
to pull in the relay. i - 7

A circuit in which a silicon controlled rectifier is operate
directly from the output of the timer neon lamp is shown in
Figure 4-7. This circuit is essentially the same as the one shown
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4-8 Use of neon-timer to operate transistor

in Figure 4-3 except that the SCR has been substituted for the
relay. Further discussion of the use of neon lamps with silicon
controlled rectifiers may be found in Chapter IX.
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47  Use of neon-timer to operate SCR

The pulse output has many applications in electronic de-
sign, Figure 4-8 illustrates the use of a pulse output from the
timer circuit through the neon lamp to operate a transistorized
flip-flop. The peak voltage and duration of the driver pulse are
determined by the selection of the capacitor between the neon
lamp and the flip-flop circuit.

The basic circuit for providing a pulse output from the tim-
ing circuit is shown in Figure 4-9. With the values shown this
will provide a plus going pulse of 100 volts minimum. As with
all the circuits shown on these pages, no values have been
given for R and C since these two components are selected on
the basis of the time delay desired.
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48  Use of neon-timer to pulse flip-flop
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4.9 Neon-timer pulsing circuit

The few illustrations shown #Mn-.m ww.m hunmwmmms wommwmﬁoﬁﬂ
. e principles of applyi e electronic timing circui
”M. M»Mmﬂ_maw of m%mmommoaw.ﬂﬁ%ccﬁ be _E,&mnmno,om. that many
variations on these circuits may be made, and many o._&mn spec-
cific applications may be designed. Once the RC time delay
has been determined and the neon lamp selected in accordance
with the principtes outlined earlier in this chapter, the output
of the neon lamp in terms of maintaining voltage or light out-
put is also known. Output can then be applied on this basis.
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