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The circuit diagrams included in this manual are included for
illustration of typical glow lamp applications and are not intended
as constructual information. Although reasonable care has been
taken in their preparation to insure their technical correctness,
no responsibility is assumed by the General Electric Company for
any consequences of their use.

The glow lamp devices and arrangements disclosed herein may be
covered by Patents of General Electric Company or others, Neither
the disclosure of any information herein nor the sale of glow lamp
devices by General Electric Company conveys any license under
patent eclaims covering combinations of glow lampdevices with other
devices or elements. Inthe absence of an express written agreement
to the contrary, General Electric Company assumes no liability
for patent infringement arising out of any use of the glow lamp
devices with other devices or elements by any purchaser of glow
lamp devices or by others.
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PHYSICS AND CHARACTERISTICS
OF GLOW LAMPS

CHAPTER

The neon glow lamp, which is also commonly referred to as a glow tube or
neon bulb, is a cold-cathode, gas-discharge device. As well as having extensive
use as a visual indicator, the neon bulb has characteristics which enable it to
operate as a very versatile and inexpensive circuit component. This bookiet is
devoted to these characteristics and associated circuitry,

THEORY OF GASEOUS CONDUCTION IN THE NEON GLOW LAMP

The glow tube consists basically of two metallic elements spaced a short
distance apart and immersed in neon gas at a moderately low pressure. The
electrical conduction between these two elements is avery complicated phenom-
enon involving neutral atoms, excited atoms, positive ions, and electrons. In
addition, the conduction mechanism in the neon bulb varies throughout the
operating voltage-current range. A typical neon bulb characteristic is shown
in Fig. 1.1.
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Fig. 1.1. Characteristic Curve of the Neon Lomp

Electrical conduetion in the lamp requires the ifonization of the neon gas,
which consists of the separation of an electron from an atom resulting in a
positively charged ion and 4 free electron. In order to break an electron away
from an atom, energy must be supplied to it. This energy may be supplied by
collisions between particles such as electrons or excited atoms; a process which
requires the application of an electric field. Ionization may also be produced
directly by external ionizing sources such as ultraviolet rays, x-rays, and
cosmic rays. A third producer of ionization may be radioactive additives within
the lamp.
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The gas within the neon bulb is always in a state of partial ionization due to
one or more of the ionizing sources just mentioned., As an increasing voltage
is applied to the neon bulb there i{s a small increasing current flow due to the
drift of electrons and ions which are made available by the action of these
ionizing sources. The applied voltage produces an electric field which draws
the positive ions to the cathode and the electrons to the anode. This current is
indicated by one of the regions AB InFigure 1.1. A large portion of this current
can be photoelectrons if the lamp is operating in ambient light,

As the voltage is increased, a point B is reached where all the available
ions and electrons are being pulled from the gas and a further increase in
voltage results in no further increase in current. This constant-current region
is represented by the curves BC.

A Turther increase In the voltage acrossthe lamp past the value represented
by point C results in a rapid increase in current to the point D or D', This dis-
charge is called a non-self-maintained or a Townsend discharge. This increas-
ing current is brought about through a phenomenon termed electron avalanche
in whicha moving electron (a so called primary electron) upon colliding with an
atom may liberate another electron from the atom thus resulting in a positive
fon and two electrons. These two electrons are now accelerated by the electrie
field and in turn may produce two more collisions. Thus there is an accumulating
density of churge carriers available, and as they are attracted to the electrodes
the current increase. If the external excitation which is producing the primary
electrons should be removed the current will ceaseto flow, hence this discharge
is termed non-self-maintained. The characteristic curve from A toDis
dependent upon this external excitation,

When the voltage across the lamp is increased to a value represented by
point D the gas in the lamp “‘breaks down' and begins to glow. This is defined
as the breakdown or firing voltage. The current will increase to a value limited
mainly by the resistance in the external circuit. If, after breakdown occurs, the
external ionizing excitation source is removed, current will continue to flow
and for this reason this type of discharge is referred to as a self-maintained

discharge.

The voltage at which breakdown cccurs is a function of the product of the
interelectrode spacing and the gas pressure and does not depend upon these two
parameters separately. This relationship between electrode spacing and gas
pressure is known as Paschen’s law, The breakdown voltage is also dependent
upon the electrode material and the composition of the gas.

After breakdown occurs the lamp passes through a transition region EF
which is an unstable region of operation. The shaded portion indicates the region
in which oscillation can oceur. This region is often referred to as the negative
resigtance region, since voltage decreases as current increase, contrary to
normal behavior In a resistive element. In extremely high illumination the
negative resistance region may be missing, as shownon the third curve, A to D',

As current through the lamp is allowed to increase further, the lamp enters
the normal glow discharge region represented by section FG in Figure 1.1
where voltage changes a minimum amount with a change in current. The
operating voltage across the lamp at any point on the characteristic curve is
termed its maintaining voltage and, of course, will vary with current. In the
normal glow region the lamp maintaining voltage reaches its minimum value.
(See section on Equivalent Circuits and General Formulae,) In the normal glow
region the glow Is confined to a portion of the cathode surface and the amount of
cathode surface covered by the glow is somewhat proportional to the tube current.
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If the lamp current is increased beyond the normal glow region (point G)
the tube enters the abnormal glow region indicated by the section GH in Figure
1.1. When current Is raised within this region the voltage across the lamp
increases slowly. Most glow discharge devices are operated in the lower portion
of this region.

As the current is increased in the abnormal glew region a value is reached
where g sudden transition occurs and the voltage drops abruptly to a voltage
represented by point J which is considerably lower than the normal glow main-
taining voltage for the lamp. Some lamp types will follow the dotted curve from
G to J'. Al J or J' the current density has increased to a level such that the
current concentrates itself in s small spot on the cathode and the discharge
becomes an are. This is characterized by a bluish discharge within the Iamp.
Operation in the arc region will soon destroy the neon bulb.

When the current through a neon bulb is decreased in the glow discharge
region (usually by decreasing the voltage applied to the bulb in series with a
resistance) a value is reached where the glow disappears and there is an abrupt
decrease in bulb current to a very low value found in region BD. The voltage,
measured across the bulb, at which this occurs is defined as the extinguishin
voltage and is dependent upon the resistance inseries with the bulb. 1t is always
between the minimum maintaining voltage in the normal glow region and the
breakdown voltage and it approaches breakdown voltage as resistance is in-
creased. The value of the minimum extinguishing voltage, obtained by a low
external resistance, is normally not much different than the minimum maintain-
ing voltage in the normal glow region. (See section on Equivalent Cireuits and
General Formulae.)

GLOW LAMP CHARACTERISTICS

General

General Electrie glow lamps for circuit component use can be designed for
a wide range of voltages and currents, but currently available types are specified
with initial breakdown voltages ranging fram 55 to 150 volts and with main-
taining voltages from about 50 to 80 volts. The design current range for circuit
component glow lamps is from .1 milliamp to 10 milliamps for continuous
operation, All circuit component lamps contain two or three electrodes and are
available in several physical configurations. Neon lamps can be divided into two
general categories—standard brightness and high brightness. When stable
electrical characteristics are the primary design parameter, the standard
brightness types are recommended. Tn those applications where maximum light
output is of primary importance—such as activation of light sensitive devices—
the high brightness types are often utilized.

As in the case of all discharge lamps, glow lamps must be ballasted to
prevent instantaneous burnout. Ballasting is generally performed by a resistor
In series with the lamp. The particular value of resistor used, in combination
with the applied voltage and lamp characteristics, determines the current
through the lamp and thus its life and light output.

Detailed characteristics of available General Electric glow lamps are given
in Chapter Six.
Response Time

The speed of response of glow lamps involves three different time intervals.,
They are ionization time, deionization time, and transmission time. Depending
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upon the application, any onie or all three of these may be important,
For the purpose of this discussion, the following definitions are assumed:

A, Jonization time is the time required for full operating current and
light output to be obtained following the application of a signal in excess
of breakdown voltage to a non-conducting lamp.

B. Deionization time is the time required for the lamp to recover initial
breakdown voltage conditions following a period of conduction.

C. Transmission time is the time required for a change in operating current
to appear in the output following the application of a signal to a lamp
already in a conducting state,
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Fig. 1.2. Influence of Volts in Excess of Breakdown
on lonizing Time

The ionization time is a function of the applied voltage in excess of the
static breakdown voltage. Static breakdown voltage is the voltage value at which
a lamp first starts, in 5 to 50 foot-candles of ambient light, after 24 hours or
more in the non-conducting state. No external starting ailds, such as closely
coupled electrostatic fields are present, and the applied voltage has a slow
rate of rise in the order of volts per second. Figure 1.2 shows a typical ionizing
time curve for aglow lampinlight. For an applied step voltage slightly in excess
of breakdown the ionizing time may be of the order of 300 microseconds, while
if voltages of 60 to 70 volts in excess are applied, this time may be reduced to
less than 25 microseconds. Indarkness these times are longer but can be reduced
through the use of radicactive additives. However, *‘dark effect' cannot be
completely eliminated without the use of prohibitively high radiation intensities.
(See section on External Effects.)

The deionizing time is the time required for the complete recombination
of the ions and electrons in the gas. Complete deionization is evidenced by a
return to the lamp’s static breakdown voltage from a lower voltage immediately
following the cessation of conduction. This may require as much as 50 milli-
seconds. In normal applications the lampis reionized before complete deioniza-
tion has taken place, which extends the upper frequency to about 20 kilocyeles.
Figure 1.3 shows typieal reijonization times for a lamp as a function of the prior
conduction current and the time interval between the trailing edge of one pulse
and the leading edge of the next.
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Fig. 1.3. Typical Variation in Reionization Time with Prior
Conduction Current and Extinguished Interval

The transmisgion time of a small change of voltage through a conducting
neon lamp is a function of the conduction current, and is approximately 6 micro-
seconds at a current of 0.3 milliamperes in the 5AB. It increases with reduced
current so that at 50 microamperes the transmission time is about 20 micro-
seconds. For this reasonthe neon lamp alone cannot be used for the transmission
of short pulses or steep wave fronts. However, with appropriate precautions

against instability, a high frequency bypass capacitor can often be added to
improve response.

External Effects

The static breakdown voltage and consequently the ionization time of glow
lamps may be affected by external conditions.

. DARK EFFECT

Since the cathode surface material is photosensitive, its emission can be
greatly reduced by the absence of illumination. Glow lamps, in total darkness,
become erratic, and may require many volts in excess of static values to start
them. Conversely, in extremely high illumination levels, breakdown voltage
approaches minimum maintainifg voltage. One means for greatly reducing this
‘‘dark effect’ {s the use of mild radioactive additives, which is being done for
4 large number of General Eleetric glow lamps.

A method sometimes employed to eliminate the dark effect is to place
a source of illumination, such as angther glow lamp, within the enclosure. This
should be lighted prior to the operation of the circuit glow lamps, The spectral
quality of the incident light also influences dark effect, with the near ultraviolet
wave lengths being most efficient in reducing the effect. Maintaining voltage is
not noticeably affected by operation in darkness.
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ELECTROSTATIC FIELDS

Electrostatic fields noticeably affect glow lamps. For example, if the
voltage across the lamp is held below the static breakdown voltage, the appear-
ance of an electrostatic field in proximity to the lamp can cause it to start. If
the dark enclosure is a conductive shield, its polarity in relation to the lamp
cathode will determine the direction in which the breakdown voltage changes.
If the shield is of the same polarity as the lamp anode the dark starting voltage
will be reduced somewhat., If at cathode polarity, the breskdown voltage will
increase. This same effect can be achieved by mounting a conductor in the
immediate vicinity of the lamp’s electrodes and commecting it to the anode or
cathode lead. No similar effect has been observed for magnetic fields.

The changes in breakdown voltage due to the foregoing conditions are
pronounced when the lamp is in total darkness, but have negligible effect when
the lamp is In normal, ambient illumination. Electrostatic fields have no
noticeable effect upon the maintaining voltage.

TEMPERATURE EFFECTS

The firing voltage and maintaining voltage of glow lamps have a negative
temperature characteristic. This temperature change is about 40~50 millivolts
per degree Centigrade. This variation with temperature has different effects
depending upon the application of the glow lamp. For example, in the sawtooth
oscillator configuration described in Chapter Two the frequency may either
increase or decrease with increasing temperature depending upon the particular
operating conditions. For use as s voltage regulator this temperature change
results in the regulating voltage decreasing with increasing temperature.

The glow lamp should never be used intemperatures exceeding 300°F and it
is recommended that when the glow lamp is used as a circuit component, opera-
tion should be limited to the temperature range of -60°F to +165°F.

RADIATION EFFECTS

Tests have been made on glow lamps in operation as sawtooth oscillators
under continuous gamma radiation up to levels of 1.2 x 10° Roentgen per hour.
No appreciable or consistent changes were observed in the frequency, firing
voltage or extinguishing voltage of the glow lamps which were tested. The results
from these tests and from other reports indicate that short time operation of
glow lamps is not appreciably affected by radiation even though the radiation
may reach rather high levels of intensity.

If glow lamps remain under radiation, the glass of the lamps will gradually
begin to color, starting from a light brown and progressively darkening. Pro-
longed radiation causes the glass to become brittle and the lamp may ultimately
crack, thus destroying the lamp.

MISCELLANEOUS

After operation on direct current for some time, glow lamps will tend to
polarize and a substantial difference between breakdown voltages will appear if
polarity is reversed. .

Glow lamps are also sensitive to the presence of high-intensity radio-
frequency fields, since the gas will glow in such a field.

If the lamp is surrounded by a metal shield during conduction, the capacitance
between the electrodes and the shield will increase with increasing lamp current.
No accurate data on this phenomenon is now available.
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If placed in storage for prolonged periods of time some glow lamps exper-
fence a rise In Initial breakdown voltage. Subsequent breakdowns will be at or
close to the original level. This phenomena is called “standing rise' and,
when it occurs, can cause a change occasionally above 5 volts from those
t‘)reakdown values experienced prior to storage. High quality lamps, such as the
JAG-A, receive special treatment and testing in order that lamps experiencing
appreciable standing rise can be eliminated,

Equivalent Circuits And General Formulae

When non-conducting, a glow lamp may be treated as a large resistance
(n?rm?llj;din the megohm range) shunted by a eapacitance of about one micro-
microfarad.

4 —r
MON-CONDUCTING CONDUCTING

Fig. 1.4, Equivalent Circuits for the Glow Lamp

When operating, the lamp may be considered as a counter E M.F. in series
with a dynamic internal resistance and inductance, all of which are paralleled
by the shunt capacitance mentioned above (see Fig. 1.4). The internal resistance
(R;) and inductance (L;) are nonlinear, and will change with changes in the current
through the lamp. The D.C. value of R; is given by the reciprocal of the slope
of the characteristic curve at the operating point. Typical values of R; and also
the counter F.M.F. (designated as V,) are given for the lamps DC rated current
conditions in Figure 1.5,

Lamp Types v <Velt R ~Ohms
5AG, SAG-A 57 5,000
AlA, BAB, K2A, 5AB 55 5,500
ASA, 34D, 3AG 55.5 4,000
5AH 59 500
BIA, 6AC, BAA, 54 3,000
544 55 15K

Fig. 1.5. Average DC Characteristic Values for Glow Lamp
Equivalent Circuit ot Rated Current

It can readily be seen that the counter E,M.F, must be subtracted from the
supply voltage when making DC lamp current calculations. Therefore:

vV, - ¥,
"Ry Ry (1.1)
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where V, is the supply voltage, V, the counter E.M.F., R; the internal resistance
of the lamp and R, all external resistance in series with the lamp.

It is also possible to approximate maintaining voltage {V,,) through the use
of the formula:

v,

m

=V, + IRy (1.2)

In a similar manner, extinguishing voltage (V) can be approximated as:

V, =V, +.012 /R, (1.3)

Rated Life And Aging

In order to appreciate the parameters involved in setting the rated life of
a glow lamp it is necessary toconsider separately the two basic glow lamp types
—standard brightness and high brighiness.

STANDARD BRIGHTNESS LAMPS

standard brightness types, such as the A1A and 5AB, will continue to light
for an indefinite period if given proper care and operated under suitable voltage
and current conditions. However, their useful life is generally limited by slow
bulb blackening with consequent reduction in lamp brightness, and by a gradual
rise in breakdown and maintaining voltages. For these reasons, those standard
brightness types used puzely for visual indication are said to reach end of rated
life when their light output has decressed to 50% of its initial value.

Obviously, it is the change in breakdown and maintaining voltages which
are of primary interest when the lamp is used as a circuit component, and the
rated life of lamps intended for circuil component application is therefore
based upon this change. The lamp specifications in Chapter Six show the average
voltage changes which can be expected to oceur after operation at design current
for a stated number of hours. Some glow lamps are made to special tolerances
or ranges. One example is the breakdown voliage of the 5AB-A, which remains
within its initial tolerances for a stated number of hours.

For currents up to approximately one milliamp, the useful life of standard
brightness glow lamps, either as a visual indicator or as a circuit element, is
inversely proportional to the third power of the lamp current. For example, the
rated life figure of a particular neon lamp may be either multiplied or divided
by eight by either reducing the current to one-half normal rated current or
doubling it, respectively.

Operation of these types below 50 microamperes should be avoided for
several reasons, among them the possibility of operation in the negative
resistance portion of the lamp characteristic curve.
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Fig. 1.6. Typical Firing Voltage Change s a Function of Operating Time
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Figure 1.6 shows typical life-voltage curves for groups of AlA lamps run
at .3 and .15 milliamperes.

An exception to muny of the foregoing statements is the 5AH family. Although
standard brightness lamp, the 5AH family has the ability to carry considerably
greater current than most glow lamps. Its life is inversely proportional to the
5th power of the ourrent. For best results the 5AH family should not be operated
below 1.5 milliamps.

In general, the life of a standard brightness glow lamp on DC is about 60%
of the life expected on AC, when the DC current is equal to the RMS AC value.
However, when equal DC and RMS AC voltages and equal resistances are utilized
life will be approximately the same.

HIGH BRIGHTNESS LAMPS

The high brightness lamps, on an equal life basis, have about ten times the
brightness of the standard brightness types. In addition, light output remains
quite constant throughout most of lamp life. They are thus suited for use with
photoconductors and other light-activated semiconductors,

Their failure mode is also somewhat different from the standard brightness
types. Instead of a gentle rise in breskdown and maintaining voltage throughout
life which continues ad infinitum, the high brightness lamp, near end of life,
experiences an abrupt upward change inbreakdown and maintaining voltage which
continues unabsted until breakdown voltage has reached the 120 volt AC supply
voltage and the lamp will no longer start.

The lamp is also considerably more erratic in its electrical behavior than
Is the standard brightness type. Tanges in breakdown and maintaining voltage
initially are greater than those associated with standard brightness types, and
changes throughout life can be expected to be more severe. No really satis-
factory method of stabilizing this lamp type has yet been advanced. For this
reason General Electric does not recommend this lamp type where critical
voltage characteristics are a necessity.

For currents up to approximately 6 milliamps the useful life of high bright-
ness glow lamps is inversely proportional to ahout the sixth power of the average
lamp current,

Operation of this type below 1 milliamp should be avoided for the reasons
stated earlier. Life of the high brightness lamp on DC is approximately half
that for equal RMS AC operation.

GENERAL

In both the standard and high brightness lypes, the greatest changes in
breakdown and maintaining voltages oceur during the first 100 hours of pperation
at rated current, after which the voltage levels change only slightly for the re-
maining life of the lamp. These changes may be either a rise or a drop in
voltage. There is some evidence that lamps having a low breakdown voltage
initially chunge the least and usually upward, while those having a high initial
breskdown voltage generally decrease with age.

Many methods for aging or seasoning glow lamps have been suggested and
tried, inan attempt to accelerate the process. However, most of these methods
have some disadvantage. Seasoning at high currents for short periods of time,
for example, usually does a temporary job because the breakdown voltage
generally drifts back toward its initial value. When glow lamps are run or
pulsed at excessively high current to accomplish seasoning, much of the useful
life may be used up before the lamps are actually put to work. In general, the
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most satisfactory method of aging is to operate the lamps at about twice their
rated current for twenty-four hours, and then to follow this by another twenty-
four hour period during which the lamps are operated under the eircuit conditions
to which they will be subjected. Exceptions to this rule-of-thumb might be
the 4AB, 4AC, 5AH family, and 5AJ family. (See data sheets on these lamps in
Chapter Six [or aging instructions.)

Several circuit component glow lamps are subjected to an aging treatment
to enhance their stability prior to voltage selection. Among these types are the
3AG-A, 3AG-B, 3AG-C, 5AB-A, 5AB-B, 5AB-C, 5AC, 5AG, and 5AG-A. After
operation on direct current for some time, glow lamps will tend to polarize, and
a substantinl difference in breakdown voltage will occur if the polarity is re-
versed. For this reason, a colored dot is used to mark anode polarity on all
preaged, circuit component types. Lamps which are not preaged by the manu-
facturer should be put through an aging schedule before they are used in an
application where voltage tolerances are critical,

In many circuit applications the glow lamp will be pulsing on and off rather
than having a steady current flowing through it. In such applications the duty
eycle of the lamp may be so small as to extend its useful life to many times the
life it would have if in continuous operation. Pesak currents, pulse waveshape,
and pulse time duration all influence life under these conditions. If these factors
can be determined, through the use of a scope or other means, an approximation
of life performance can be made. The current waveshape should first be raised
to the appropriate power—third for standard brightness lamps, sixth for high
brightness, etc.—and then integrated. Life will vary as the inverse ratio of
the resulting ‘‘steady state’’ current and the rated current,raised to the appro-
priate power.

It is well to remember that since the glow lamp is & cold cathode device its
useful life is not being consumed during the time it is not drawing current. This
is particularly important in many logic operations where a glow lamp may be in
an off condltion for a large percentage of the equipment’s operating time,

Darkening of the glass walls of a glow lamp Is caused by the deposition of
particles lost from the cathode during the severe ion bombardment of normal
operation. This continual disintegration of the cathode surface is referred to as
sputtering.  This loss of cathode material is also a determining factor in the
useful life of the lamp.

Light Output

The use of a glow lamp as a circuit component has the added advantage
that its light output may often be an indication of its state of operation or even
an Indication of the amount of current flowing through the lamp. In addition, the
glow lamp may be used as a polarity indicator since the glow is confined tp the
cathode region.

The light output of all glow lamps varies in direct proportion to the current
through the lamp. The light from neong is confined mainly to the yellow and red
regions of the spectrum between 5200 and 7500 Angstroms. A band of energy
in the infrared regionbetween 8200 and 8800 Angstroms is also emitted. Spectral
distribution curves for both the standard and high brightness types are shown
in Figures 1.7 and 1.8. The efficiency of the standard brightness type is low,
averaging about .06 lumens per milliamp. The high brighiness types average
.15 lumens per milliamp, about three times that of the standard brighiness.
However, because of the ability of the high brightness lamp to withstand higher
currents, its light output is about ten times that of the standard brightness lamp,
when the two are compared on an equal life basis.
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PHYSICS AND CHARACTERISTICS OF GLOW LAMPS s —

Although the low efficiency of the neom types severely limits their usage
as an illuminant, they are widely used as indicators since operation at even
a few microamperes of current will give an easily visible indication.

Spectral distribution curves of the argon and the helium-argon glow lamps
are shown in Figures 1.9 and 1.10 respectively. The argon lamp, because of its
output in the near ultraviolet, finds considerable usage as a marker for high
speed photographic purposes and also as a source of black light energy.
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CHAPTER

The neon glow lamp has found extensive cireuit component use as a switch
in relaxation oscillator applications. The twobasictypes of relaxation oscillators
are the sawtooth osecillator and the astable (free running) multivibrator. This
chapter will present various configurations of each type of glow lamp relaxation
oscillator and will examine their operating characteristics. Design aids will
be given to assist the circuit designer in utilizing the glow lamp in his circuit
applications.

GLOW LAMP SAWTOOTH OSCILLATOR

The sawtooth oscillator utilizes a glow lamp which serves as a switch to
cause a capacitor to alternately charge and discharge. The two basic configura-
tions of the sawtooth oscillator are shown in Figure 2.1 with representative
waveforms shown for each eircuit.

Vi

LAl
(s}
o
il
0
n

=it

v
R
(a)
Fig. 2.1. Basic Sawtooth Oscillator Configurations
The frequency of oscillation for each type of oscillator is determined by
the values of the associated circuit components, the supply voltage, and the
operating characteristics of the glow lamp. The lower frequency of operation
is essentially unlimited; however, the upper frequency is normally limited by
the glow lamp due to the time reguired for the ionization and deionization of

the gas. The upper frequency limit for normal sawtooth operation is on the order
of 20 kilocyeles per second.

The peak-to-peak voltage amplitude of the output signals is the difference
between the dynamic firing and extinguishing potentials of the particular
lamp being ussﬁ. The output voltage amplitude varies throughout the frequency
range of operation due to the changing values of the dynamic firing and ex-
tinguishing potentials.

Basic Sawiooth Oscillator Operation

As mentioned earlier the operation of each type of oscillator shown in
Figure 2.1 utilizes the charging and discharging of a capacitor to generate
the sawtooth waveform. However, the difference in operation between the two
types of circuits results in output signals of opposite polaritv.

As the voltage is applied to the ecircuit of Figure 2.1a the voltage across
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the lamp is initially zero since the capacitor is not able to change its voltage
instantaneously. The capacitor then begins to charge toward the supply voltage
V with a time constant 7 equal approximately to R times C. Since the lamp
is in the non-conducting state at this time, the resistance of the lamp is so
large that its shunting effect is usually negligible.

When the increasing voltage across the lamp reaches the dynamic break-
down voltage V;, the lamp switches into the conducting state with the current
increasing to a relatively high value, The capacitor then begins to discharge
towird ground through the resistance of the lamp. The dynamic lamp resistance
in the conducting state is variable depending on the value of the current flowing
in the lamp, initially having a value of a few thousand ohms. The capacitor
thus quickly discharges with the voltage across the lamp decreasing rapidly
until it reaches the dynamic extinguishing voltage V.. The lamp then switches
to the high-resistance state with the lamp ceasing to glow, With the glow
lamp thus switched to the high resistance state the capacitor again begins to
charge toward the supply voltage and the cyecle repeats. In order that the
oseillations will be sustained certain operating conditions must be met. These
conditions will be deseribed in the next section.

v

)
<

TIME—> T—>
¥ T_J(—\'D

Fig. 2.2. Single Cycle of Typical Sawtooth Output

o]

A typical low frequency steady-state output voltage waveform is shown
in Figure 2.2. The various voltage levels are indicated in the figure. T, is
the time during which the eapacitor is charging and Ty, is the time during which
the lamp is fired and the capacitor is discharging. For low frequency osecil-
lations Ty, is much less than T¢ and therefore, the period T is approximately
equal to the capacitor charging time Te.

During the time the capacitor is charging the equation for the voltage
output waveform as a function of time is:

vit) =V (V-Vo)(1-e “E} o€ t< T (2.1)

at the time T:

wle
Vi =V + (V-V)(1-e FC) (2.2)
Solving for T.:
V-V
T =R Ol —= (2.3)
¢c=RCI

Assuming that T < T., which is true for low frequency oseillations, the
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period of a single cycle T is then approximately equal to T so that:

V-V,
V"Vf

T =RC In (2.4)

The [requency of oscillation is equal to the reciprocal of the period.
Therefore, the equation for the low frequency oscillation of the glow lamp
sawtooth oscillator is:

f = 1

V-Ve

AR 2.5
RC In — (2:5)

where In is the natural logarithm.
Alternate equations for the frequency of oscillation are:

{ = 1
V-V,
A (I (2.6)
2.3 RC log V-V
f = L =
: 2.7)
RC In 1+ ———o (
il

where V, is the peak-to-peak voltage amplitude of the output signal.

Equation 2.5 is a good approximation to the operating frequency for
frequencies less than about 200 cps. For this lower frequency region the dynamic
voltages V; and V. may be approximated by the DC firing voltage Vi and the
DC maintaining voltage V), respectively so that for frequencies less than 200
ops:

b= IV v,
~ ™ (2.8)
RC In V- Vl"
v
é [\ V-V.
L T=RC B V-V
[ :: o \_\
5 Tine— ',r — ==

Fig. 2.3. Single Cycle of Typical Sowtooth Output

In Figure 2.9 is shown a single eycle 'of a typical low [requency output
signal for the second type of basic sawtooth oscillator shown in Figure 2.1b.
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As voltage is applied to the circuit the full voltage is initially placed
across the lamp and the lamp fires. The capacitor then charges up rapidly
through the low resistance of the conducting lamp until the voltage across
the lamp reaches the extinguishing voltage at which time the lamp switches
to the high-resistance state and thus essentially isolates the R-C network
from the supply voltage. The capacitor then begins to discharge through R
with a time constant » equal toR times C. When the voltage across the resistor-
capacitor network has decreased to a value such that the voltage across the
lamp reaches the firing potential of the lamp, the lamp will fire and the capacitor
again charges rapidly through the lamp. As with the circuit of Figure 2.1a
the time during which the lamp is fired is much shorter than the off time for low
frequency oscillations.,

The equation for the voltage output
capacitor discharge is:

waveform during the time of the

L

Vi) =(V-V)e BC 02t Ty (2.9)
Then at time Tp:
-To
V-V =(V-Vye RE (2.10)
Solving for Ty:
Ty =RC In —— Ve (2.11)
V-V,

Then since the time T, is approximately equal to the period of the waveform

for low frequencles:
V-V,
T=RC In ——=
v, (2.12)

The frequency is the reciprocal of the period so that:
1

V-V

V-V

f =

RC In (2.13)

which is identical to equation 2.5,

Therefore the same design equations are applicable to each type of saw-
tooth oscillator circuit shown in Figure 2.1.

Conditions Necessary for Sustained Oscillations.

In order to obtain sustained osgcillations in a sawtooth oscillator the
associated components and the supply voltage must be properly chosen.

The only requirement on the supply voltage for a sawtooth oscillator
is that the magnitude of the voltage must exceed the firing potential of the
glow lamp being used. Normally, it is desirable to have the supply voltage
as high as is practicable since the linearity of the output waveform increases
as the supply voltage increases and in addition oscillator circuits tend to be
more stable for higher values of supply veltage. The glow lamp may be used

I |
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equally well with pesitive or negative supply voltasges, bearing in mind that
better operation is obtained by observing the indicated polarity (if any) of the
lamp.

YOLTS

|

AMPERES

Fig..2.4. Volt-Ampere Characteristic Curve Showing Operating
Conditions for Various Values of Load Resistance.

The value of the external resistor must be chosen so as to satisfy certain
conditions for oscillation, These conditions will be determined by referring to
Figure 2.4 which shows a volt-ampere characteristic waveform similar toa
typicul glow lamp characteristic. The operating characteristics will be determined
for three values of resistance R, R, and Ry whose load lines are represented in
Figure 2.4 by the line segments OA, OB, and OC respectively.

Consider first the case where R = R,. As the supply voltage is applied to
the cireuit the capacitor beging to charge toward the supply voltage and reaches
the equilibrium point M which is the intersection of the load line with the char-
acteristic curve. In this case the value of resistance R, is on the same order
as the **non-conducting’’ resistance of the lamp with the result that not enough
voltage is dropped across the lamp to cause it to fire. The voltage across the
lamp will, therefore, remain at a value corresponding to point M and the circuit
is unable to initiate oscillations since the lamp is incapable of firing.

Now consider the condition where R = R,. As the supply voltage is applied
to the cirouit the voltage across the lamp is intially zero due to the parallel
capacitor. As the capacitor begins to charge up, the voltage across the lamp
increases along the characteristic curve to point P, the firing voltage of the
lamp. The capacitor discharges through the lamp, increasing lamp current
to point Q. As the capacitor then discharges rapidly, the voltage and current
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of the lamp follow the characteristic curve along the segment QS. As the
point § is reached, the voltage must begin to rise as the current decreases
(toward point TJ) but since the passive elements of the circuit are incapable
of providing an inereasing voltage for a decreasing current and the value of
R, is too large to permit sufficient current to flow through the lamp to main-
tain conduction, the lamp stops conducting and switches rapidly along a con-
stant voltage line to point 'T'. The capacitor then begins to charge again toward
the supply voltage V and the cyele repeals. Therefore, since the load line of
the resistance R, intersects lhe volt-ampere charaeteristic curve within
the negative resistance region represented by the curve 3P the circuit is
incapable of reaching an equilibrium point and will continue to oscillate.

If R is decreased still further to the wvalue of R, the lamp will begin
conducting when the firing voltage is initially reached and after switching
to point Q the capacitor will discharge through the lamp until point N is reached
which is the point of intersection of the load line with the volt-ampere char-
acteristic curve of the lamp. This point is a stable point where the value
of resistance is low enough to provide a sufficient current to maintain con-
duction through the lamp. The lamp will, therefore, remain in this conducting
state and will not oscillate.

From the foregoing discussion it is apparent that in order to obtain
sustained oscillations the value of the external resistance R must be chosen
such that the load line intersects the glow lamp characteristic curve in the
negative resistance region.

Design of Glow Lamp Sawtooth Oscillators.

Due to the nonlinear characteristics of the glow lamp and the variation
of the voltage parameters bétween lamps, prediction of the actual frequency
of oscillation for any particular glow lamp can only be approximate. There-
fore, if a circult Is to osclllate at a given [requency the design of the circuit
is often best handled by a trial and error approach.

If the frequency of oscillation is to be less than 200 cps the parameters
may be determined quite accurately by using equation 2.5 or its alternate
forms. In this case, the firing and maintaining voltages for the lamp should
be first measured and then by choosing any two of the parameters R, C, or V
the value of the third may be determined from the equation 2.8,

In addition to using equation 2.8 a number of curves have been obtained
for three types of lamps giving the nverage oscillating frequency as a function
of R and C for several values of supply voltage. These design curves are
shown in Figures 2.5 through 2.10 and are for pre-aged 5AB, 5AG-A, and
4AC glow lamps. The curves are helpful in determining the approximate
frequency of oscillation for a given type of lamp especially for frequencies
above approximately 200 cps where equations 2.5 through 2.8 are not appli-
cable. The design curves of Figures 2.5 through 2.10 also indicate typical
values of resistance for use with the different types of lamps. As described
previously, the value of resistance for which a circuil is capable of oseil-
lating depends upon the intersection of the resistance load line with the volt-
ampere characteristic of the lamp. For oscillations to be maintained this
intersection must oceur in the negative resistance region of the lamp
characteristic.
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Operating Characteristics of Sawtcoth Oscillators.

OUTPUT WAVESHAPE

The shape of the output signal from a glow lamp sawtooth oscillator
is determined mainly by the magnitude of the supply voltage and the fre-
quency of oscillation,

For supply voltages only slightly greater than the firing voltage of the
lamp the output waveform will be dquite rourided. By increasing the supply
voltage the rounding will decrease and the output waveshape will become
more linear as is desired when the sawtooth output is to be used as a sweep

signal or other time base generator.

For low [requency oscillations the time during which the tube fires is a
small percentage of the peried of the signal and the resulting waveshape is a
typical sawlooth signal. An example of such an output is shown in Figure 2.12.

p——= Vg

san == 00l

QUFPUT Ve ROV P/P
AT 114 cpn

Fig. 2.12. Typical Sawtoath Oscillator Low Frequency Qutput.

As the frequency of oscillation increases the time reguired for the jonfza-
tion and de-ionization of the gas become a more appreciable part of the total
period. Thus, a rounding of the waveform al the discontinuilies occurs. In
addition, the time regquired for the capacitor to either charge or discharge
through the fired lamp becomes an incrensingly larger percentage of the total
period. These effects are shown in Figure 2.13 for a 5AB lamp oscillating at
n frequency of 7150 cps.

p———=Vg

=~ S0wpt

CUTPUT V26V PP
AT T)\50 €ps

Fig. 2.13. Typical Sawtooth Oscillator High Frequency Output.

Although the normal upper (requency limit [or sawtooth ogelllations is
about 20 kilocycles per second, glow lamps may often switch into sinusoidal
oscillations at frequencies appronching 50 kilovyelgs per secoml. Figure 2.14
shows g typical output for a 5AR glow lamp operating in this sinusoidal
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mode. The amplitude of these sinusoidal oseillations is much less than the
amplitude of normal sawtooth oscillations for the same lasmp. In addition,
the existence of these oscillations depends on fairly oritical adjustment of
the supply voltage.

"%

5a8 ~R AT

Al

OUTPUT VpslEvY Pip
AT 37,000 tat

Fig, 2,14, Sinuseidal OQutput of Glow Lamp Oscillator
Operating in High Frequency Region,

In general, the low voltage glow lamps such as the 5AR and 5AG-A are
very stable and conststent in their output voltage waveforms over the normal
frequency range of opbration. Although the high voltage lamps, 4-AB and 4AC,
offer the possibility of higher output signal, their waveforms can beeome
erratic dal frequencies greater than 1000 cps, They are, therofore, better suited
for use in low [requency oselllator applientions.

Variationsof Glow Lamp Parameters asa Function of Frequency.

The inherent nonlinearity of the glow lump und the rather lomg times
required for donization and deionization of the gas leads Lo variations of the
glow lemp parameters as s function of frequency when operating in the hasic
sawtooth oscillator confliguration. These varintions are evident in the firing
and extinguishing voltages and in the devintion of the setual ope rating [requency
[rom the cdlculated frequency obtained by using the equation for low [regquency
oscillations. The following observations were mude using samples of pre-aged
5AG lamps -

a2
80

18 e
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70

Fig. 2.15. Variation of Dynamic Firing Voltage as a
Function of Frequency.

Flgure 2.15 shows a typical respomse curve for the dynamie firing voltage
Vi as a function of frequency, The supply voltage is held constant as +100.0
ind both R andd € are varied to obigin the curve. Note that ns the frequency
ses fromy the low frequency end the fir ng vollage reaches a maximum
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at approximately 200 eps then decreases to a minimum at about 4000 cps after
which the response again rises until oscillations cease. The differance betwean
the maximum and minimum wvalues on the curve is about 5 volts, The response
curve for the firing voltage when plotted and extended to frequencies less
than .1 ¢ps tends to approach the DC firing voltage.

The response of the dynamic extinguishing voltage Ve as a function of
frequency is a more complicated phenomenon since Ve is also a function of
the value of R and € used in the oscillutor eircuit, Figure 2.16 shows a typical
family of curves for constant values of resistunce R with the capacitance C
varied to change the frequency,

From the curves it is seen that the lowest extinguishing voltage is abtained
for the largest value of resistance and in this case occurs at approximately
1000 eps. In addition, the extinguishing voltage is essentially independent of
the value of resistance for very low frequencies and is approximately equal
to the DC maintaining voltage,

Since the extinguishing voltage is dependent upon the value of the exterral
resistance R, while the firing voltage ig not, the difference between these two
voltages is also dependent on the value of R. The dilference between the dynamic
firing voltage and the dynamic extinguishing voltage is the peak-to-peak
amplitude of the sawtooth output signal which is designated by V..
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Fig. 2.16. Wariation of Extinguishing Voltage - Constant Resistanca,

A typical plot of V. versus frequency Is shown in Figure 2,17 {or a fifteen
megohim resistance. In this case V. wvaries from a low [requency nmplitude
of about 15 wvolts Lo s maximum amplitude of about 32 volts at 500 cps. This
amplitude variation with Irequency is greater Tor larger values of Rithan it [s
for smaller values of # due to the dependence of the extinguishing vollage
on the resistance as shown in Figure 2,18,
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Fig. 2.17. Variation of V, as a Function of Frequency -
Constant Resistance.

From the foregoing it is seen that the maximum peak-to i
-to-peak output si 1
for a particular 5AB glow lamp is normally obtained by operating the as?:ril;-

lator in the [requency region of 200 - 2000 ¢ i
A - ps and by usi 8 lar val
external resistance. i . ge- et iof

“As shown previously, the equation for determining the low frequency
oscillating frequency of the basic sawtooth generator is: .

¢ - 1
V-V,
V-V

RC In (2.14)

- In'investigating how valid this equation Is over the entire range of operating
frequencies the above equation is altered by the addition of a multiplying factor
« and then o is evaluated as a function of frequency. The revised equation is:

P = 1
V-V
2,15
aRCIn —— (2.15)
50 that:
1
@ =
= Ve 2.16
fRC In T (2.16)
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Fig. 2.18. Deviation of Operating Frequency from Low

Frequency Equation.
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Figure 2.18 shows a typical plot of « as a function of frequency. Note
that « is essentially constant up to a frequency of about 200 cps and then
begins to rise, The value of a in the low frequency region s 1.05 and was
very consistent among the 5AB lamps tested. Thus, a more accurate equation
for the design of 5AB sawtooth oscillators in the low frequency region is:

1

{ =

V-V (2.17)
1.06 RC In ?_—VI—‘

TEMPERATURE EFFECTS

Glow lamp oscillators which are to be used under changing temperature
conditions may be expected to have varying characteristics as a function of
the temperature, The variation In freguency Is essentially linear with tem-
perature but the degree and direction of change [rom the frequency at room
temperature appears to be dependent upon the frequency of operation. The change
in frequency with temperature may go as high as about 1.5% of the frequency at
room temperature per 10°C change in temperature. The dynamic breakdown
voltage and dynamic extinguishing voltage each decrease as the temperature
increases but the rate of decrease is again variable between lamps and under
different operating conditions.

Glow lamps will operate properly as sawtooth oscillators over a temper-
ature range of -50 to 480 degrees centigrade (-58 to +176 degrees Fahrenheit).
The glow lamp should never be used in ambient temperatures exceeding
300°F and it is recommended that when the glow lamp is used as a circuit
component operation should be limited to the temperature range of -60"F to
+165°F.

TIME STABILITY OF OSCILLATORS

When employing glow lamps in oscillator configurations three types of
time variations may be encountered, The first is the short term frequency
instability which requires a length of time before the circuit has reached
a steady frequency of operation when the lamp is being used for the first time
or after it has not been used for a period of time. The second type of time
variation is a gradual change in frequency of oscillation as the lamp parameters
change with age. The third type of time variations found in a limited number
of lamp types is a random change in frequency of operation caused by a rapid
change in lamp parameters.

These variations in operating frequency are normally the result of a change
in either, or both, the [iring voltage and extinguishing voltage of the lamp.
Such changes can be minimized by employing the following practices:

Initial short term instabilities may be reduced by pre-aging or seasoning
the lamp. (See Chapter Six for procedure.) Fach seasoning procedure should
have a period of time where the lamp is operating very near the circuit con-
ditions. If the lamp has been thoroughly seasoned and is quiescent for a day
or more there still may be a shiff in frequency of a few per cent during its
first few minutes of operation.

The second mentioned instability, changes throughout life, may be mini-
mized by operation below rated lamp current. Extremely low currents can
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lead to the third type of instability. These changes, of course, can be com-
pensated for by eircuit adjustment if the circuit is critical.

The third type of instability may he encountered particularly when using
the high voltage 4AB and 4AC. These lamps result in higher output voltage
but may produce slight erratic changes in frequency due toa rapid shift in
the lamp parameters as the cathode glow changes loention. Frequency varia-
tions are normally guite small and may be minimized by operation near the
lamp’s rated current,

Since all the above frequency changes are accompanied by changes in the
firing and extinguishing voltages of the lamps the peak-to-peak voltage ampli-
tude of the output will normally change as well.

Operating Environment of Lamps.

When designing glow lamps into oscillator circuits some consideration
must be given to the environment in which the lamp is placed. In addition to
the effects of temperature which have already been mentioned, other conditions
which must be considered are the presence or absence of light or other ex-
ternal ionizing source and the action of stray fields upon the lamp.

The speed of ionization of the gas in a lamp depends on the state of the gas
at the time voltage is applied to the lamp. If & lamp is in complete darkness
with no other ionizing source present the time for ionizing the gas may be
relatively long, Thus, a lamp which is operated in the dark may have an entirely
different frequency than it will have when operated in light. Several types of
glow lamps have a radioactive additive in the neon gas to minimize this dif-
ference in lamp operating characteristics. However, for very stable and con-
sistent operation, some source of light should be provided for the lamp.
This light is easily obtained by the use of another neon lamp which is con-
tinuously conduecting in the vicinity of the glow lamp being used as an oscillator,

Stray fields such as the 60 cycle AC fields from power lines may often
affect the firing vollage of the lamp resulting in an output which will vary in
both amplitude and frequency at the rate of the stray field. This interferencemay
be effectively reduced by enclosing the lamp in a grounded metal container
or wire mesh shield.

When' the oscillptor capacitance is of such a small value that the stray
capacitance has an effect on the operating {requency it is recommended that
the lamp be clamped firmly in place so that the lamp may not be moved and
thus change the capacity shunting the lamp. This is particularly important
when the stray capacitance is used as the only capacitance in the oscillator
circuit which may be required when high operating frequencies are desired.

GLOW LAMP ASTABLE MULTIVIBRATOR

A second type of relaxation oscillator which employs neon glow lamps is
the astable or free-running multivibrator. The normal configuration employs
two glow lamps with associated resistors and capacitors. The frequency or
repetition rate is again determined by the operating characteristics of the
lamps, the external resistance and capacitance, and the supply voltage. The
upper [requency limit of the multivibrator is generally about 10 kilocycles
per second. Several types of output waveforms are obtainable from the glow
lamp multivibrator.

The basic multivibrator configuration is shown in Figure 2.18, The oper-
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ation of the multivibrator will first be described and the equation for the
operating frequency will then be obtained.

"< < Ry
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Fig. 2.19. Typical Glow Lamp Astable Multivibrator
and Outputs.

As the supply voltage is applied to the circuit of Figure 2.19 the voltage
across the two glow lamps begins toincrease as the stray capacitances parallel-
ing the lamps charge up. The firing voltage of one of the lamps will be reached
first, since it is unlikely that both will reach their firing potentials at exactly
the same time. Assuming that the firing voltage of N1 is reached l'irs_t. as the
lamp fires the voltage across it deoreases suddenly to the lamps mmntal_rting
voltage and this drop is coupled to the anode of N2 by means of the capacitor.
This negative going pulse is approximately equal to the difference betwean
the firing voltage and the maintaining voltage of N1. The pulse which is coupled
to N2 decreases the potential across that lamp thus preventing it from firing.
At this time the potential across N1 is approximately equal to the maintaining
voltage.

The capacitor then begins to charge through the load resistor of N2 toward
the supply voltage with a time constant of C times Ry, As the capacitor charges,
the voltage across N2 rises until it reaches the firing potential of the lim_m,
at which time the lamp fires, decreasing the potential across N2 to the main-
taining voltage. This sudden decrease in voltage is then coupled to N1 through
the capacitor, dropping the voltage across N1 below the extinguishing voltage
and hence N1 switches to the high resistance state and stops glowing. The
eapacitor then begins to charge in the reverse direction and the cycle repeats.

Figureé 2,19 shows the outputs from the two lamps for a typical low fre-
quency astable multivibrator.

In order to determine the equation for the oseillating frequency of the multi-
vibrator, & single period is divided into two parts corresponding to the two
different states of each lamp. Figure 2.20(a) shows the condition where N2 is
fired and N1 is non-conducting—corresponding to time T, and Figure 2.20(b)
shows the condition where N1 is fired and N2 is non-conductling—corresponding
to time Ty,
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Fig. 2.20. Single Cycle of Output Waveforms

For the period T, the equation for the voltage v, is:

Vit =Vioy = (Vg = Ving) # [V = Vi # (Vi =Vin)] (1 - HT )

r\lI:TI:

Vig = Vi = Vig F Vg # V=V, 4V = Vi) {1
Solving for T;:
v+ Vh, ol V’“t = Viuy

Ty = RC In
V- V“

where In is the natural logarithm.
Similarly:

V4V, =V -V

my ma

Ty = RyC In
V-V,

t

L

e RC)

V2

Y

0eteT, (2.18)

(2.19)

(2.20)

Then the period T is equal to the sum of the individual times T, and T,.

Therefore:

la "y W

-+ RyC In

\:I\'\ 1

V-V

_\.‘
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The frequency of operation may then be determined by taking the reciproecal
of the period T. A more simplified equation for the frequency of oscillation
may be obtained by assuming equal firing and extinguishing voltage for the
two lamps. Thus if

Vi, = Vi, =V and V, =V =V,

i m3
then
PR A VY -2V, -
T=RC In __'V—-V‘-— + RyC In ——'G—_—vf— {2.23)
or
V 4V, - 2V,
I'=C(R;y +Ry) In V-V, (2.24)
Then the [requency of oscillation is the reciprocal of the period so that:
= 1
VoV -2V,
C{R, +Ra) In V-V {2.25)
For the condition where equal lond resistors are used R = R; =R. Then:
£ = 1
V4V - 2V,
2RC In Vo, R, =R, =R (2.26)

The output waveform of Figure 2,19 is not the typical ‘‘square-wave"
signal generally encountered in multivibrators. However, this multivibrator
cirenit may be modified to produce output signals which do have the general
rectangular shape. A form of this meodified circuit is shown in Figure 2.21
with waveforms laken at both the anode and eathode of one of the lamps. The
anode voltage is approximately 30 volts peak-to-peak and the cathode square-
wave output is approximately 4 volts peak-to-pesk at a [requency of 15 cps.
The magnitude of the square-wave output is dependent upon the value of the
resistance in the cathode leads of Figure 2.21. As the resistance is made
larger the output becomes greater; however, thetopof the square-wave becomes
more sloping and for very large values of cathode resistance the circuit can not
be made to oscillate.

OuTPUT
V= 30 voLTs P/P
‘n 4 YOLTS P/P
= I5CPS
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Fig. 2.22. Glow Lamp Multivibratar with Common
Cathode Reslstance.

Figure 2.22 shows another form of glow lamp multivibrator with a common
cathode resistance. The [requency of oscillation is varied as the potentiometer
is varied thus providing a method of frequency adjustment. The voltage waveform
across the common cathede resistor is a sawtooth signal with a frequency of
twice the anode signal.

The operation of glow lamp multivibrators is nol as predictable as the
operation of the sawtooth oscillator. The wvalues of resistance, capacitance,
and supply voltage are more critical in the operation of the multivibrator and
for the higher [requencies of oscillation the supply voltage becomes particularly
critical. The result is that even though the frequency of operation may be
closely predieted by use of the equations in this section, any particular ¢ircuit
may require changes in the parmeters in order to oblain the desired ocutput
wavelorms and frequency.

Fig. 2.23. Bosic Multivibrator Showing Stray Capacitances.

In general, the glow lamp multivibrator is reliable for {requencies below
about 2000 e¢ps. The major regquirement is that the load resistance is not so
large that secondary sawtooth oscillations occur. The basic multivibrator
circuit is redrawn in Figure 2.23 showing the stray capacitances aeross
the lamps. Note thdl each lamp considered alone with its load resistor and
stray ecapacitanee forms a hasic sawtooth oscillator. Figure 2.24 shows a
civeuit in which the large values of resistance have resulted in unwanted
oscillations superimposed upon the desired low {requency. The low frequency
ts approximately 1 cps and the high frequency oscillations are approximately
1000 cps.
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Fig. 2.24. Undesired Oscillations Resulting from Too
Large Values of Load Resistor.

Difficulties with unwanted oscillations may normally be avoided if T_.hu
load resistance is kept below one megohm and care is taken to minimize
the stray capacitances shunting the glow lamps.

As mentioned previously, stable frequencies greater than about two
kilocveles per second are usually obtained only when the proper values of
resistance, capacitance, and supply voltage are found cxperim&nmlly.‘ The
higher the desired frequency becomes, the more difficull it is to obtain the
desired output and the wvalue of the supply voltage In particular becomes
quite oritical. As before, consideration must be made of the size ol the load
resistance. Figure 2.25 shows a typical medium frequency L-ircuilan(ilou{-
puts in which the value of load resistance is of a proper value to eliminate
secondary oscillations.

FREQUENCY :2040c8 8
Vs EBV PP
Vgo SV B/P

Fig. 2.25. Glow Lamp Multivibrator,

When using glow lamps in multivibrator circuits the normal precautions
of providing sufficient external ionizing sources and proper shielding slmu%fl
be ohgerved for best operation, The multivibrator circuit will perform in
egsentially the same manner as the sawtooth sscillator in so far as the effects
of temperature, drift, radiation, ete.

APPLICATIONS
This section will deseribe a few of the many possible applications for the
glow lamp in relaxation oscillator circuits.

The Electronic Organ

Electronic organs have presentsd an interesting glow lamp application

Ve a—————— ———————_,
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in which the lamps are used as tone generators. A number of glow lamp
sawtooth oscillators are used in Irequency divider chains where the Irequency
of each oscillator is divided by two, corresponding to an octave change, and
fs synchronized by either a masler oscillator or by some preceding oscillator.
Generally the highest frequency glow lamp oscillator in a particular chain
iz synchronized by the master oscillator which is normally a vacuum tube or
transistor circuit, The following glow lamp oscillators in each chain are then
stepped down to one-half the frequency of the preceding oscillator. Synchroniza-
tion of each oscillator is reguired since unsynchronized glow lamp oscillators
do not have the degree of stability required for organs.

One type of synchronization which has been used successfully in organ
applications is shown in part in Figure 2.26. The sawtooth oscillator is com-
posed of two glow lamps with resistor R, and capacitor C, as the main frequency
determining elements. The synchronizing signal is fed to the common terminal
of lamps N1 and N2, thus offering a high impedence to the syne signal. Capacitor
C, has a value approximately one-tenth the value of C; so that the total capaci-
tance of the branch composing €; and C, is approximately equal to C,. The
output signal at frequency fo/2 is thus reduced by a factor,——l—*ci‘i cs =0.1.
Cy and C; form a voltage dividing network for the sync signal of the following
stage. The values of capacitors C,and Cyare about equal and the total capacitance
of the branch composed of Cy and C; is much less than the value of C;; there-
fore, Cy and C, have a negligible effect on the frequency determining units.
The following stage is synchronized by the sharpnegative pulse as the capacitors
discharge through the glow lamps NI and N2. The configuration of the capacitive
network has the added advantage that the pulse generated across lamp N4 when
it fires Is greatly attenuated in the back transmission path to the output at

+V
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Fig. 2.26. Basic Configuration of Frequency Dividing
Tone Generator.
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fo/2 so that a negligible amount of the signal from one oscillator is coupled
back to the preceding output.

The [ree-running unsynchronized-frequency of ench oscillator is adjusted
for a frequency slightly lower than one-hall the frequency of the preceding
oscillator so that synchronization may be accomplished.

A circuit which divides by four is shown in Figure 2.27. The synchron-
izing signal is a sine wave obtained [rom a low impedence sourée, The first
oscillator stage consists of a single glow lamp with the synchronizing signal
injected across a 20 kilohm resistor in the cathode lead. The lamp is paralleled
by a 5.6 megohm resistor experimentally chosen to obtain the proper fre-
quency for the first oscillator,

The next two stages perform the frequency division. Euach stage consists
of two glow lamps in the sawtooth oscillator confliguration deseribed previously.
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Fig. 2.27. Typical Frequency Dividing Chain.

With an input sine wave synchronizing signal of five volts RMS the output
frequency was stable over a range of 69 to 110 cveles per second, thus pro-
viding a wide frequency range for adjustments when required.

For a more complete deseription of the glow lamp tone generators and the
associated circuits used in the electronic organ the reader is referred to the
reference listed at the end of the chapter.

Variable Frequency-Variable Pulse Width Generator

Figure 2.28 shows a circuit in which a glow lamp astable multivibrator
is used to furnish a square wave output of variable frequency and variable
pulse width, Very low repetition rates may be obtained from the generator.,
For the component values gs shown in Figure 2.28 the accompanying wave-
shupes were obtained at a nominal repetition rate of 220 pulses per second.

e
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The 500 kilohm potentiometer with the center arm to the supply voltage
provides the varipble pulse width with essentially no change in E'rz-.quu;wv
when the lamp fiving and extinguishing voltages dre somewhal matehed. The
frequency of oscillation may be varied by changing the value of C or the
sumﬁy voltage or both, The output is obtained from a 50 kilohm potentiometer
\'t’hll:h thus provides a wvariable amplitude output with a maximum of about
5 volts peak. The diode network is used to flatten the top of the pulse which
normally may have a declded slope, This diode network may be eliminated
depending on the particular application, '
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Fig. 2.28.

Square Wave Generator.

Time Delay Relays
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Fig. 2.29. Time Delay Relay.

Figure 2.29 shows a configuration in which a glow lamp is used to operate
a relay after a time delay. After voltage is applied to the cireuit the voltage
across the capacitor begins 1o rise as in the normal manner of a sawtooth
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genarator. When the firing voltage of the lamp is reached the lamp fires
allowing a flow of current to pass through the relay. With the components
properly chosen the relay will then operate. A contact of the relay can be used
to seal the relay in, thus providing a one-shot time delay relay.

In the circuit of Figure 2,28 a miniature reed relay is used, The coil
is wound of 15,000 turns size 44 copper wire with a resistance of 3500 ohms.
The time delay for the component values as shown is about 20 seconds.

sEzay
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Fig. 2.30. Repetitive Time Delay Relay.

Figure 2.30 shows another type of time delay relay in which the relay
cyeles on an off instead of sealing in as did the relay of Figure 2.28, When
the rising voltage across capacitor Cy causes the glow lamp to fire the resultant
current flow is amplified through transistors @ and Q and energizes the
relay. The glow lamp gquickly drops out of conduction thus placing a very high
impedance between the RyC; charging network and the transistor network.
Capacitor C; then begins to discharge through the high input resistance of
transistor Q, which causes the collector voltage of Qs to slowly rise. When the
voltage across the relay reaches the dropout voltage the relay de-energizes
and the cycle repeats.

If one contact of the relay is used to shunt C; the capacitor is not allowed
to charge up while the relay is energized. In additiongthe eapacitor voltage
is decreased to near zero potential thus resulting in a longer charge time.

For the eircuit of Figure 2.30 employing the reed relay of Figure 2.29
the total cyele time Is 55 seconds, with the relay energized for 15 seconds
of the eycle time.
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Alarm Circuit
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Fig. 2.31. Glow Lamp Audio Alarm Circuit.

By making use of two sawtooth oseillators with one modulating the other,
a signal can be produced which may be used as an audio siren or alarm.
Figure 2.31 shows one method employing this technique. The first neon
oscillator oscillates ut a low frequency and the output signal is used to modulate
the supply voltage for the second oscillator which operates at a higher fre-
quency. The varving audio freguency signal when used as an input to a speaker
system gives the effect of 4 siren and may be used for alarm purposes.

Light Indicator

The output frequency of a glow lamp sawtooth oscillator is a function
of the load resistance in series with the lamp and by varying this resistance the
outpul frequency may be wvaried. Figure 2.32 shows a sawtooth oseillator
employing a photoconductor as n variable resistance. Thus the output Irequency
of the oscillator is a function of the light incident upon the photoconductor,
the resistance of the photoconductor decreasing for increasing light intensity.
The variable freguency output may be used to provide a signal for a speaker

system thus giving an audio indication of the light on the photoconduetor.
ooV
[ % C,L PHOTOCONDUETOR
a G.E. B-a2b
100K
oaur

oo ut 7‘.|: Ta) San

Fig. 2.32. Light Indicator.

By using a potentiometer to shunt the photoconductor, the starting conditions
of the oscillator may be somewhat controlled. Thus the oscillator may be
adjusted so that it will begin to oscillate only when o certain level of darkness
surrounds the photoconductor. Alsoe by proper selection of the photoconductor,
resistance, capaeitance, and supply voltage the lamp may be made to oscillate
in the dark and not in the light, or alternately to oscillate in light and Lo cease
oscillating in the durk. The output may then be used as a signal source for a
spenker system which will give an sudio indieatlion of the absence or presence
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of light in an area which muy beinaccessible to the individual. A non-oscitlatory
cireuit for sensing light levels will be deseribed under Miscellaneous Applien-
tions in Chapter Four,

Temperature Indicator

=loowv
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Fig. 2.33. Temperature Indicator.

In a4 manner similar to the light indicator above, a thermistor may be
used as a variable resistance in a glow lamp oscillator cireuit as shown in
Figure 2.33. The thermistor has a resistance which dedreases with increasing
temperature. The frequency outpul of the oscillator is thus a function of the
temperature of the environment in which the thermistor is placed and the signal
may be used to indicate temperature either by direct frequency measurement
or by using the output to provide a signal for a speaker system and thus giving
an audio indication. Non-oscillatory eircuits for sensing both temperature
and humidity levels will be described in Chapter Four.
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LOGIC AND COMPUTER
APPLICATIONS OF GLOW LAMPS

CHAPTER

THE BINARY NUMBER SYSTEM AND LOGIC OPERATIONS

Before applying glow lamps to logic and computer systems some fundamentals
of the binary number system and of logic operations will be given.

The Binary Number System

The use of two-level coding, commonly called binary coding, is the simplest
way for uniquely labeling or describing a signal or event. Binary coding involves
the use of two-level identifications such as **yes’ and “no, “‘one” or *‘zerc"
(1" or “O"), or twodifferent voltage levels. The binary system is of value since
it reduces information to a series of “ves' and “no” type representations: in
fact, any question which has a definite answer can be answered by a certain
number of “yes’ and *'no'" replies if the questions are properly ordered and
phrased.

In our familiar decimal number system a number is defined by the sum of
each of it's constituent numbers times 10 to the appropriate power, Thus:

1963 = 1x10°+9x 102 +6x10' +3x 100 = 1000 <900 + 60 + 3
(note: 100 = 1)

This may also be thought of as 1 unit of thousands, 9 units of hundreds, 6 units
of tens, and 3 units of ones. Likewise:

B38 =610 +3x 1074+ 8x 103 = .64 .03 + 008

We refer to the decimal number system as a base ten system. The base of our
number system also defines the number of multipliers (1,9,6, and 3 in the first
example) which are taken times each power of ten. Thus in the decimal number
system we nre restricted to the ten numbers 0, 1, 2, 3, 4, 5, 6, 7, 8, 9.

The base two or “‘binary’ number system utilizes the number 2 (instead of
10, as in the decimal system) taken to the appropriate power. Consequently the
number of r altipliers is limited to just 2 values — 0 and 1, A few examples of
binary numbers will show the siimilarity to the decimal system.

10101 = 1x 2! +0x 28+ 1x2240x 2 +1x 2 (binary)
=16+0+4+041=21 (decimal)
J101 =1 x 277+ 1 x 20+ 0x 27 + 1 x 24 (binary)
= .5000 + .2500 + 0 + .0625 = .8125 (decimal)
1101 =1 x 2+ 1x 20+ 0x 20+ 1x22  (binary)

=2+ 140+.25 = 3.25 (decimal)
Note that the *‘binary point” separates the negative powers of two from the
positive powers of two (including zero) just as the “‘decimal point®* performs in

our more familinr decimal number system.

Any decimal number may be converted to a binary number and vice versa.
Therefore the normal mathematical operations of addition, substraction, mult-
plication, and division may be performed on binary numbers In the same manner
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as for decimal pumbers. An example of each operation in both systems will show
the similarity.

Addition:
binary 10100 decimal 20
+ 101 +5
11001 25

Note that 1 +1 =10 (read as one zero) representing 1 unit of two and 0 unit of one,

Subtraction:

10100 20
- 101 -5
1111 15

Note that when a ““unit” is borrowed from the adjacent column, it is two which
iz borrowed, rather than ten, as in the decimal system.

Multiplication:

10100 20
x 101 x5
10100 100
00000
10100
1100100

Division:
10100 + 101 = 100 20+ 5=4
100 q

_101f 10100
101 20
ono

Notice that as we have lowered the base of our number system [rom 10 to 2
we have at the same time increased the number of characters necissary to define
a number. For example, while we require only 3 places in the decimal system
to define decimal 100 we now reguire 7 places in the binary system. Why, then,
is such extensive use made of the binary system in the digital computer ?

The answer is that there are.a number of electrical and mechanical com-
ponents such ss glow lamps, diodes, amid switches which are basically two state
devices capable of being quickly and accurately switched from one state to the
other. Higher state devices, such as three level devices, are not so readily
obtained and are Inereasingly more difficult to control. Tn addition a *‘yes’ and
“no™ type system of Information Is the simplest way for uniquely describing a
signal or event. Thus the most common basic number system used in digital
computers and logic operations is the binary or two-state number system,

Fundamental Logic Operations

The three basle funclions involved in logic operations are defined as AND,
OR, and NOT operations. The inputs and outputs will symbolically be given as
capital letters (A, B, C, ete.), Ingeneral, to show the state of the input and output,
the numbers **1'* and **0°* will be used, where a **17* indicates the presence of a
signal and a *“0' indicates the absence of a signal. The notation used for these
functions und thelr definitions are listed in Figure 3.1 (a).
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A, B, C, ete. Symbols: Used In Equations
AB, A- B, (A)(B) Aand B
A+B Aor B
A Not A
1 “True't or "On"
0 "False" or "OIM
(a) DEFINITIONS

A+B=B+A, AB=8BA
(A+B)+C=A+(B+C), (AB)C = A (BC)
A(B+C)=AB+AC
(A+B)(A+C)=A+BC

A-!'B=ﬁ, AB=A+B

Commutative Laws
Associative Laws
Distributive Law
Speeial Distributive Law
De Mdrgan's Theorem

(b) LAWS
1=0 0=1
A+A=A A*A=A
A+l =1 A‘]_.=A
A+A=1 ArA=0
A=A
A+AB=A(1 +B)=A

(¢) RELATIONSHIPS

Fig. 3.1. Logic Definitions and Boolean Algebra.

As will be seen shortly logic functions may be representated in equation form
and algebraic operations performed on these equations. The mathematics per-
taining to these operations is classified as Boolean algebra. Although no attempt
to instruct in Boolean algebrn will be made here, a summary of the main rules
used in this branch of mathematics is listed in Figure 3.1 (b). In addition there
are # number of relationships listed in Figure 3.1 (¢) which aid in simp[ify!ng
logic equations. The reader is referred to the reference list at the conclusion
of this chapter lor texts cn the subject.

The manner in which logic operations are formulated and reduced may best
be illustrated by un example. Suppose that we desire to use a logic system L0
automatically control the time during which a lawn sprinkler is in operation.
Let X denote the output of our logic operation with the value 1 denoting that the
sprinkler is to turn onor stay onand the vilue 0 to denote that the sprinkler is to
be turned off or stay off.

Let us use the folltwing conditions for determining when the gprinkler is to
be operated:

The first condition is that we desire the sprinkler to operate between the hours
of 6PM and SPM. Then let the variable A be a 1 during these hours of the day

e — e e—
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and a 0 for all other hours of the day. In a practical system a timing device
could be used to provide 2 inputs dependent upon the above conditions.

Since it is generally not desired to water a lawn while it may be raining let
the variable B be a 1 ifitis raining and a 0 if it is not raining. Some type of rain
detector will provide the input B.

To provide a manual operation let variable C be a 1 when placed in manual
operation and a 0 for automatic operation. If it rains while in manual operation
the sprinkler system should turn off.

Finally let a fourth variable D operate from an on-off switch so that a 1 places
the system in operation, either manual or automatic, and a 0 will stop the
system from woerking.

There are thus four variables in the logic problem. In order to determine the
state of the output for each of the possible input conditions a *‘truth-table™ is
made, In the truth-table shown in Figure 3.2 for the above problem each of the
16 possible arrangements of the four variables is shown and the desired output
for each condition is listed in the column X.

With the truth-iable obtained, the logic equation for the syatem may be written
down. For each output which is a 1 the four variables are written down with the
AND operation connecting them, If a variableisa 1 the letter is written directly,
if the variable is a 0 the letter is written as a NOT. Thus for row four of the
truth-table of Figure 3.2 we obtain ABCD.

A B C D X
0 0 0 0 o
0 1] 1] 1 0 A 1 G6PMto 8PM - Desirved Timo
o 0 1 w0 ] 0 Other Hours
) S 1 B 1 Raining
¢ 1 09 ¢ 0 Not Raini
01 0 1 0 ne
[ | 1 [} 0 C 1  Manual Operation
0 1 1 1 1] 0 Autematic Operation
i 0 o 3 “ D 1 System On
1 {5 :
1 0 1 0 0 0 System Off
1 0 1 1 1 X Sprinkler On
1 1 0 0 0 0 Sprinkler Off
1 L 0 1 0
1 1 1 0 il
1 1 1 1 0

Fig. 3.2, Truth-Table for Sample Problem.
Each row with an output of 1 Isthen connected together with an OR operation.
Thus the logic equation for the truth-table of Figure 3.2 f{s:
X = ABCD + ABCD + ABCD (3.1)

The next step is to reduce the equation, if reducible, to a more simple form.
One method of reducing is to use the laws and relationships of Figure 3.1.
For other methods of reducing Boolean equations the reader is referred to the
references listed at the end of the chapter.
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One reduction of equation 3.1 would be the following:

X = (ABC + ABC + ABC) D (3.2)
= (AC + AT + AC) BD (3.3)
= [ACc +A(Cc+C)] BD (3.4
= (AC+A-1) BD (3.5)
X = (AC +4) BD (3.6)

The final equation may now bhe described by a schematic diagram showing
the ordering of the logic operations in the problem. One type of schematic
diagram is shown In Figure 3.3 for equation 3.6. In general, several forms of a
logie equation may be obtained and the final form chosen Is that which is most
compatible with the circuitry or equipment which will perform the logic operation,
The next step then is to obtain the circuits which will perform the logic oper-
ations.

X+ (AC+#) 80

Fig. 3.3. Block Diagram for Logic Equation of Somple Problem

LOGIC CIRCUITS EMPLOYING GLOW LAMPS

The operating characteristics of the glow lamp make it an ideal device in
logic circuits where high speed of operation is not important. The power con-
sumption of these logic eircuits is small and in addition the circuits may be
constructed at very low cost. The circuits may be designed so that small
changes occurring in the operating characteristies of the lamp will have es-
sentially no effect on the operation of the logic eircuit. In addition the operation
of these logic cireuits is generally insensitive to small changes in the supply
voltages. This section will discuss the use of the glow lamp in AND and OR gates
and then combine these glow lamp logic circuits with conventional NOT circuits
to result in workable logic operations.

Glow Lamp AND Gate

Figure 3.4 shows the basic configuration for a glow lamp AND gate with
two inputs. The supply voltage is chosen to be larger than the firing voltage of
either lamp so that with the inputs A and B at ground potential one of the lamps
will be conducting holding the output voltage V, at the maintaining voltage of
the conducting lamp. Normally the conducting lamp will be the lamp which has
the lowest firing voltage. The normal operation of the AND gate results in a rising
output signal only when both of the input voltages rise.

Two slightly different modes of operation exist {or the AND gate depending
on the magnitude of supply voltage. Consider first the case where the supply
voltage is only slightly in excess of the breakdown of one of the lamps. Re-

-

ferring to Figure 3.5 assume a supply voltage of 80 volts with Vg = 75 volts,
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Fig. 3.4. Typical 2-Input "AND" Gate.

80V
"
ni VE,rTBY Veg OV
+ 40V " @ vn v“-‘.v M‘ﬂﬂu
50 L.
INPUT ue
Fig. 3.5. "AND" Gate.
w il T L= 1 B\ SO RS
Vg ————— v n—]l——-[[—-— vg 9—————— H.D—IL—II—
e Tie
Vg We————— Vg w1 Vo ** \,ou_-_l——-

tal (1] ] 141

Fig. 3.6. "AND" Gate Waveforms.

Vi = 55 volts, Vi = 70 volts, Vi, = 50 volts and a two-state, input square
wave signal of 0 or +40 volts, Also assume that the extinguishing voltage of each
lamp is equal to the maintaining voltage.

With both inputs at zere the outpul will be low at the maintaining voltage of
the lamp with the lowest breakdown voltage. The other lamp will thus be held
In the non-conducting state since the vollage across it is insufficient to cause
firing. This condition is shown in Figure 3.6a. If both inputs now rise together
to +40 volts the voltage across each lamp will be reduced to 40 volts which is
less than the extinguishing voltage of each lamp. The lamps will therefore stop
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conducting and the output voltage will rise to the supply voltage of +80 volts,
Thus with V, and Vj both equal to +40 volts the AND gate will give an output
pulse of 30 volts above the quiescent level. This case is shown in Figure 3.6b.

Consider now the cases where V, # Vg. If V, = +40 volts and Vp remains at
zero volta the output voltage V, remains at +50 volts due to the clamping action
of the already conducting lamp N2. Therefore N1 will remain non-conducting,
N2 will remain conducting, and the output voltage will remain at +50 volts as
shown in Figure 3.6c. If V) = 0 volts and Vy rises to +40 volts a different result
will be obtained since lamp N2 is assumed to be the originally conducting lamp.
This situation is shown in Figure 3.6d. As Vg begins to rise V, also begins to rise
since N2 is conducting. When Vg has risento the +30 vaolt level the voltage across
N2 will be at the extinguishing voltage and N2 will stop condueting. The cutput
voltage will then start to rise toward the supply voltage but when the firing
voltage of N1 is reached it will fire, thus quickly dropping the output to the
maintaining voltage of N1. As Vj falls back to zero the output voltage will remain
at +565 volts and now lamp N1 is in the conducting state.

Thus an error signal of 5 volts is produced due to the difference in maintaining
voltages of the two lamps. In many cases this error signal will be small enough
so that it will not give a false output indication, However if the error signal is
of a level which cannot be tolerated the error may be minimized by maiching
the lamps of the AND circult or by using the following method.

It will be noticed in Figure 3.6d that a second pulse does not result in a further
error in the output. Infact all four outputs are correct but of different amplitudes
for the second pulse and all following pulses as well. Therefore if two or more
pulses make up the input signal to the AND gate, the first pulse may be considered
to be a **set” pulse and the second pulse to produce the desired output, Thus
one method of compensating for the signal error introduced because of the lamp
characteristics is to use an input signal of two pulses with the second pulse
performing the logic operation. This method will result in a reduction of one-half
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Fig, 3.7. Wavefarms for "AND" Gate with Large Supply Voltage
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in the available operations per second of a logic system; however, since glow
lamp logic circuits are essentially low speed systems this will normally be of
no consequence.

The output signal for the previous AND gate is the difference between the
supply voltage and the maintaining voltage of the conducting lamp. Hence the
output signal amplitude may vary as the supply voltage varies. In addition, since
it is possible that either lamp may be initially conducting, the amplitude of the
output signal will depend upon which lamp is conducting. The variations in output
voltage may be minimized by operating the AND gate from a higher supply
voltage.

Consider that the same lamps of Figure 3.5 are being used with a supply
voltage much greater than the firing voltage of the lamps—for example, 150
volts, The operation of this AND gate will now be considered with the voltage
waveforms shown In Figure 3.7.

With both inputs at zero potential the output will be clamped to the maintaining
voltage of one of the lamps. As before, consider that the lamp with the lowest
firing voltage is intially in the conducting state with the other lamp non-con-
dueting.

Now if both inputs rise to +40 volts the voltage across the conducting lamp
will not fall below the extinguishing voltage of the lamp and the lamp thus
remains conducting and passes the input pulse through the lamp to the output
with essentially no change in amplitude or shape of the input signal. This case
is shown in Figure 3.Th. The other lamp will remain non-conducting since the
voltage across it remains essentially equal to the maintaining voltage of the
conducting lamp.

For this case where the supply voltage islarge the output pulse will be of the
same amplitude as the input pulse to the conducting lamp regardless of which
lamp is conducting. In addition the output voltage amplitude is independent of
supply voltage to the extent that the voltage does not decrease to a value such
that the conducting lamp will extinguish for an input pulse. The condition im-
posed on the supply veltage and input signal amplitude is thus:

V> Vie + Ve (3.7)
where V is the supply voltage, Vi, is the amplitude of the input pulse above
ground potential and Vi is the extinguishing voltage of the conducting lamp.

If V, now rises to+40 valts with Vi at zero potential the output V, will stay
clamped to the maintaining voltage of N2 since N2 is assumed to be initially
conducting. Thus there will be no output signal as shown in Figure 3.7c.

The condition existing for V; = 0 and Vy rising to +40 volts is the same as
for the AND gate of Figure 3.5 with the lower supply voltage. The output voltage
rises guickly with the input until the firing voltage of N1 is reached after which
N1 switches to the conducting state and the output voltage drops to the main-
taining voltage of N1 as shown in Figure 3.7d.

With a repetitive pulsed input signal, where the AND gate is insensitive to
normal supply voltage variations and the difference in maintaining voltages of
the lamps, an error signal still exists in the output for the case shown in Figure
3.7d. Therefore, an input signal consisting of two or more pulses, with the first
pulse being a ‘‘set’” pulse, is advised when necessary for proper operation of
the AND gate.

In designing the AND gate the voltages must be considered as well as the
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value of load resistance R. For the second type of AND gate the following con-
ditions are imposed on the voltages:

(3.8)

Vin > Vg1 = Vyao Vig > Vs - Yy |

k Vin + Vg | (3.9)

where Vi, is the input pulse amplitude above ground potential, Vg, Vy, and Vg
are the firing, maintaining and extinguishing voltages respectively, and V is
the supply voltage.

Equation 3.8 is
properly.

required to assure that the first pulse sets the AND gate

o
W@

Va

< Vg "

Fig. 3.8, Equivalent Circuit of Glow Lamp "AND" Gate.

The minimum value of load resistance depends on the maximum current
the lamps can carry. In general it is best to have the load resistance small
since the glow lamp tends to be more stable for currents near its rated value.
To determine the effect of the load resistance on the output impedance of the
AND gate consider that lamp N1 of Figure 3.8a is the condueting lamp. The AC
equivalent cireuit for the gate with N1 conducting is shown in Figure 3.8b. R,is
the internal resistance of the driving source and ry, is the AC resistance of the
conducting glow lamp. From the equivalent circuit it is seen that the output
impedance of the AND gate is the parallel combination of R and Re+ 1y s0 that:

_ Rmn+rb]

Ro ~ R"'R."’I’h

{3.10)

To obtain an idea of the magnitude of output impedance expected for an AND
gate assume R, = 10K, R = 200K and ry, = K.

Then:
200 (10 + 5) 3
® 3mroes ¥
= WK
Glow Lamp OR Gate

Figure 3.9 shows the basic 2-input glow lamp OR gate. The OR gate function
is to give an output when there is an input signal at either or both of the inputs.
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NHehe B

Fig. 3.9. Bosic Glow Lamp "OR" Gate with Two Inputs.

The input signal to the basic OR gate must be greater than the firing voltage
of each lamp. With an input greater than the firing voltage the lamp will conduct
and the output voltage will then be the difference between the input voltage and
the maintaining voltage of the condueting lamp. Using the same lamps as for the
AND gate of Figure 3.5 the oufput waveforms for an OR gate with an input pulse
of +100 volts are shown in Figure 3.10. Note that when the input pulse is present
at both inputs the lamp with the lowest firing potential will fire and the other
lamp will remain non-conducting, Therefore, in this case, the output voltage
will be the difference between the input voltage and the maintaining voltage of
the lamp with the lowest firing voltage.
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Fig. 3.10. Waveforms for Basic 2-Input "OR" Gate.

From the waveforms of Figure 3.10 it is seen that the output voltage in all
cases is less than the input voltage. A circuit which minimizes this loss in
voltage is shown in Figure 3.11, The negative bias vollage V, must be less tl'.:!n
the extinguishing voltage of each of the lamps so that a lamp does not remain
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conducting after an input pulse. With the bias voltage present the lamps will
fire at a lower input voltage and thus only a small amount of the input signal
amplitude is lost in transmission through the gate. In addition the input voltage
need mot be as large as for the OR gate of Figure 3.9 where the input voltage
amplitude had to exceed the firing voltage of the lamps.

10._.@_
L

WeA+B

Fig. 3.11. Modified Glow Lamp "OR" Gate.
The design conditions for the modified OR gate of Figure 3.11 are:

Iv,] < Ve, [vi]< Ve, I (3.11)

Via > Vg, = 1Vi]s Via > Ve, = [V (3.12)

where Vg and Vg are the firing and extinguishing voltages respectively.
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Fig. 3.12. Waveforms for Modified 2-Input "OR" Gate.
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The waveforms for the modified OR gate with an input of +100 volts and
a bias voltage of -45 volts are shown in Figure 3.12. The magnitude of the
output pulse above the quiescent value is given by the equation:

Vo = Vip - My = V) {3.13)
A look at the AC ecquivalent circuit of the OR gate will show it to be identical

to the AND gate. Thus the output impedance of the OR gate is the same as that
of the AND gate with the value oblained by equation 3.10.

NOT Circuits

The NOT logic function is performed by inverting the input signal and then
restoring the voltage level at the output, Three types of NOT circuits which
may be used with glow lamp AND and OR gates are shown in Figure 3.13.
The transistor inverter of Figure 3.13c is the most commonly used circuit and
is generally compatible with glow lamp logic cireuits, The transistor operates
in an on-off manner being either in saturation or cutoff depending upon the input
signal.
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Fig. 3.13. "NOT" Circuits.

Designing Glow Lamp Logic Circuits

After the truth-table and logic equation have been obtained for a particular
logic problem the block diagram may be drawn and the proper interconnections
made between the various logic blocks to be used. At this point it must be
determined whether the logic system will be direct-coupled or AC coupled.
If the input signals seldom change it will be necessary to design a direct coupled
logic system. However if the input consists of pulses the logic system may be
either direct or AC-coupled depending on the designer’s choice and the com-~
plexity of the logic problem,
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In direct-coupled logic ecircuits one network will be direetly connected to
other networks. This involves a consideration of the DC voltages in one network
and how the adjpcent networks must be matched to it so that the complete
system will work properly. The DC logic system generally becomes more
complex as the number of logic functions increases, Due to the necessity of
properly matching voltage levels between the separate blocks the number of
different supply voltages required may become quite large. In general, logic
systems composed of only a few functions are very readily designed with direct
coupling and fewer components are required than for the normal AC lagic
system.
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Fig. 3.14, Gloew Lamp Legic Circuit (Direct-Coupled).

Figure 3.14 shows a functional diagram, truth-table, and circuit diagram
for a logic system which is direct coupled. The inputs to the system are either
zero or +50 volls depending on the switeh position and the output is either +10
volts or approximately +38 volts. Thus at the input a ““1*" is +50 volts and a
O s zero volts, while at the output a **1°* is +38 volts and a “*0** is 110 volts.
For this example no attempt was made to restore the output to the same voltage
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levels as the input. The range and values of the output signal is generally
determined by the use to be made of the output.

In AC coupled logic circuits the main concern is to couple between blocks
with a minimum of distortion and loading of the signal. The normal coupling eir-
cuit consists of a capacitor and a resistor if needed. In AC coupled systems there
is not the need for a large number of supply voltages sinee generally ane voltage
is sufficient for all AND gates, one voltage for all OR gates, and one voltage for
all NOT eircuits.
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Fig. 3.15. Glow Lamp Logic Circuit (AC Coupled).

BDepending upon the frequency and duty evele of the input signal diode ¢lamp-
ing may be required. For low duty eyele inputs diode clamping is generally
not needed in the coupling network. However, when signals of a relatively high
frequency ave 'used it may be necessarytoemploy clamping to restore the signnl
to its original level.

Figure 3,15 shows the block diagram, truth-table, and AC coupled logic
circuit for a 3-input system. Diodes D, and D. nre indieated for inclusion if
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clamping is necessary. The main criteria for determining transistor @, is that
the voltages across the transistor terminals do not exceed the r:ﬂ(g] values,
Either PNP or NPN transistors may be used depending upon the voltage and signal
polarities of the system. For the circuit of Figure 3.15 an input voltage of 35
volts peak resulted in an output voltage of about 28 volts peak.

Although the AND and OR gates of these examples have only two Inputs
there is essentially no limit to the number of inpuis possible. For example,
Figure 3.16 shows a five input AND gate and a three input OR gate.
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Fig. 3.16, "AND" and "OR" Gates with Multiple Inputs.

RESPONSE OF GLOW LAMP CIRCUITS TO PULSE INPUTS
The inputs to logic gatles are typically square waves with relatively fast
rise and fall times. Due to the ionization and deionization of the neon gas in

the glow lamp the frequency of the input pulses is normally less than about
5 KC.

#.4° 100 VOLTS
FREQUENCY - 450 €0 gy ey

tg* 40 VOLTS

Fig. 3.17. Glow Lamp Square Wave Response.

Figure 3.17 shows the results of driving a glow lamp with a 100 volt positive
square wave at a frequency of 450 cps. Notice that the cireuit is similar to
an OR gate — the difference being, of course, that only one lamp and one input
are being used,

The load resistor in this case is 100,000 ghms so that for an output signal
of 40 volts the peak current flowing through the lamp is about .4 milliamp. The
leading and trailing edges of the input and output signals are shown in more
detail in Figure 3.18. The fall time of the output signal is approximately the
same as the input, being on the order of § microseconds,
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Fig. 3.18. Lecading and Trailing Edges of Square Wave Response.

The upper waveshapes of Figure 3,18 show the rise time of the input and
output signals, The delay in the output waveform is due to the jonization of the
gas which in this case results in a delay of about 10 mieroseconds. This time
delay is a function of the repetition rate. (See Figure 1.3,)

The effect of a change in the load resistance is shown in Figure 3.19 for
the leading edge of the waveshape which corresponds to the jonizing condition.
The output for the load resistance of 1 megohm indieates an effective inductance
in the lamp as well as a longer time lag due to the degree of jonization of the
gas. In this case the time lag between the onset of the pulse and the steady
state condition is approximately 60 mieroseconds.
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Fig. 3.19. Effect of Changing Load Resistance on Leading
Edge of Output Pulse Waveshape.

The distortions in the output waveforms as noted above are not particularly
serious problems when the pulse widths of the driving signals are as long as
in Figures 3.18 and 3.19 for a frequency of 450 eps. However when the frequency
becomes on the order of 5000 epg the distorted part of the waveform will vceur
over a proportionally larger segment of the waveform and may result in errors
or poor operation of the gating circuits, It may bécome necessary to use lower
values of load resistance to minimize this distortion but it is important to
remember that lower values of resistance result in larger currents flowing
in the lamp and hence a shorter operating life may be expected.

By increasing the value of cathode load resistance the lamp current is
reduced. However a value of resistance will eventually be reached where the
circuit may break into oscillations. Figure 3.20 shows the result of too large
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Fig. 3.20. Qscillations Produced in Gating Circuit When
Using Lorge Value of Lood Resistance.

a4 load resistance — in this case 4.7 megohms was sufficient for oscillations
to occur in the output signal as shownin the figure. Notice that when considering
the stray capacitance across the lamp the gating circuil has the same con-
figuration as the sawtooth oscillator described in Chapter Two. For this reason
it is important that the load resistance is not of such a large value that the load
line intersects the volt-ampere characteristic of the glow lamp in the negative
resistance region, This will normally limit the resistance to a value less than
1 megohm.

COMPUTER AND COUNTING CIRCUITS

In addition to the logic circuits previpusly deseribed the glow lamp has
application in various other eircuits which may be used in low-speed computer
and counting operations. This section will describe several of these circuits.

Timing Generators

Timing generalors produce a series of pulses of a particular frequency
and shape. These pulses may be used totime events in a computer and to provide
pulses for the logic operations, A series of pulses may also be counted to give
an accurate time base for the timing of some other event.

¥

R

Fig. 3.21. Glow Lamp Pulse Generator.
Figure 3.21 shows one type of pulse generator employing a single glow

famp. The cireuit is essentially a sawtooth oscillator with an additional resistor
R, In series with the glow lamp, As the capacitor charges up the voltage across

""" - e ———————— ___— _ _____ ___ _ __—
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the glow lamp increases and when the firing voliage is reached the lamp fires
thereby passing a surge of current through the lamp as the capacitor quickly
discharges.

The output voltage developed across resistor R, is a spike with a relatively
fast rise time and a fall time which depends on the deionization properties
of the lamp und on the value of capacitor C, resistor R, and the internal
resistance of the lamp. The amplitude of the output pulse depends on the product
of the current times the resistance R, so that the amplitude of the output
gignal is larger for larger values of resistance. However a point is reached
where a further increase inresistance results inessentially no further amplitude
increase and operation may become unstable.

The decay time of the output signal is determined approximately by the
time constant C (R, + Ry) where R, is the dynamic resistance of the lamp.
Therefore in general, at low [requencies where large values of C are required
the value of R, will be small (=10K) whereas at higher frequencies where C
is small the values of R, may be much larger (=100K).

The maximum amplitude of the output signal for a low voltage lamp is
normally about 15 volts. Higher amplitudes can be achieved by the use of high
voltage lamps such as 4AB or 4AC. The [requency of the timing pulses de-
pends on the capscitor, resistances, supply voltage and lamp paramelers as
pulse generator operating at a frequency of 5 KC.

“100V
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FALL TIME = 27 paec
Fig. 3.22. Pulse Generator.

Another commonly used timing generator is the astable (frée-running)
multivibrator described in Chapter Two. An added advantage of the multivibrator
is that it is capable of producing rectangular shaped waves which are often
desired in the operation of logic eircuits.

Bistable and Monostable Multivibrators

In addition to use as a{ree-running multivibrator the two-state characteristic
of the glow lamp makes it an ideal component for bistable and monostahle
multivibrator use. Figure 3.23 shows one type of configuration. The ratios of
the resistances determine whether the cireuit will operate as a bistable multi-
vibrator or as a monostable multivibrator. The cireuit is also eapable of operating
as a [ree~running multivibrator.

The supply voltage V must be greater than the firing voltage of the lamps
but not of such n value that both lamps will conduct simultaneously. Assume
that lamp N1 is initially conducting. A voltage will then be developed across the
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Fig. 3.23. Basic Multivibrator Circuit

common resistor R, and the value of this voltage will be such that the voltgge
across N2 is insufficient to allow N2 to fire. The voltage V, is equal to V - [ R,
where I Is the current through the conducting lamp N1. With N2 non-cc-nducltng
Vg = V 8o that the capacitor is charged to a voltage equal to [, R, .

If a positive pulse of sufficient amplitude is now applied to the trigger input
across resistor R, the conducting lamp N1 is switched out of conduction as the
voltage across N1 is reduced below the extinguishing voltage of the lamp.

Because of the capacitor C, the veltage at V, remains lowuntil C can
discharge, while the voltage Vi remains equal to the supply voltage V. As the
input pulse drops back toward zero the voltage Vi also drops toward zero and
as Vg decreases, the voltage across N2 remains larger than the voltage across
N1 by an amount R,I, and therefore N2 will fire first, The voltage developed
across Ry will keep N1 non-conducting and the circuit has now switched states.
The next positive pulse will cause the circuit to flip back to the initial state of
operation. Thus under these conditions the ecircuit will act as a flip-flop or
bistable multivibrator.

In order to determine the ratios of the resistances for proper operation
assume N1 initially conducting. Then:

Ry

= — - 3.14
VC R] + Ry v VM|) ( )
where ‘«"M1 is the maintaining voltage of lamp N1. Also:
Vi = Ve + Y, (3.15)
Vg = V (3.16)
Then the voltage across N2 is:
Vne = Vg = Vi

In order that lamp N2 is kept in the non-conducting state the breakdown voit-
age of the lamp st must be greater than Vy,.

Therefore:
Ve, > Vg - Ve (3.17)
Substituting equations 3.14 and 3.16
Ry
VF'.I >V ’m v - VM!.) (3.18)
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which reduces to:

Ry Ry

— r— 3.19
Ve R Ry Y RTR W (3.19)
or:
Ry
1 R,
Vg, > i Vg Vi (3.20)
] R
R, R,
_ R
Let X =—3%. Then:
Ry
1 X
Ve >7ax VHTER W 8.21)
Solving for X:
V-V
2
X sy (3.22)
Vey = Vi

An identical equation may be obtained for the condition when N2 is conducting
and N1 cut-off. Then the values of resistors for the bistable multivibrator are
determined from the conditions:

b B, 8 3.23)
B > V- Vi (3.

R V-V,

2. Fi (3.24)

R, Vo, - Vg

Although the lamps do not have to be exactly matched it is recommended that
the characteristics of the two lamps do not differ by more than about 5 volts.

Figure 3.24 shows the waveforms obtained with a glow lamp bistable multi-
vibrator. The input pulse is 15 volts at the rate of 5 pulses per second.

Monostable operation may be obtained by n change in the resistance ratios
of the basic multivibrator circuit of Figure 3.23. In the monostable operation
assume again that N1 is initially conducting and the multivibrator is stable.
With an input pulse, N1 will be switched off and N2 switched on with a voltage
developed across R, duetothe current flow through N2. However if the resistance
ratio of R; and Ry is of the proper value the voltage across Ry will not be suf-
ficient to keep N1 from firing as the voltage V4 rises. Thus once the voltage
across N1 exceeds the [iring voltage it will conduct and the negative pulse coupled
through the capacitor € in conjunction with the rising voltage across Ry will
cause N2 to drop out of conduction. The time during which N2 conducts is
det’ermined by the capacitor, resistances, supply voltage, and lamp operating
voltages.

To determine the design equations for the resisiances in the monostable
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multivibrator assume that N1 is the stable lamp. Then the firing veltage of N1
must satisfy the equation:

Vi, < V= Ly (

25)

Then following the same procedure as with the bistable multivibrator the
following design conditions are obtained,

For N1 stable:

Ry V-V

R, \.1._, = \‘.“‘I (3.26)
R, V-V

Ry V- Vg, (3.27)

where Ve and Vy are the fring and maintaining voltages respectively,

Figure 3.25 shows n typical monostable multivibrator and the output wave-
shapes. The input pulses are +15 volts at a rate of 1.6 pulses per second.

Both the bistable and monostiuble elircuits of Figures 3.24 and 3.25 vequire
Input  trigger pulses ol al volts penk. The rate at which the multi-
vibrators will operate property deponds on the charging and discharging times
of the eaps

legst 5

weitor and on the tonizotion and delonizntion times ol the glow lamps.

T3V

Fig. 3.25,

Typical Monastable Multivibrator Opération,
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The hasie multivibrator eircuit of Figure 3.23 will become free-running

if an insufficient voltage is developed across resistor Ry. Then for free-
running operation:
R V- Vg,
— & = - (3.28)
1y Ve, = Vi,
Ry
R < (3.29)
2

A Glow Lamp Ring Counter

A glow lamp ring counter capuble of counting at rates up to several hundred
pulses per second was [irst reported by Manley and Buckley!, A modified version
of this ring counter is shown in Figure 3.26 for a count-of-six counter. Any
even number may be counted by adding additional pairs of glow lamp-semi-
conductor diode combinations.

The fhput th the counter consists of positive pulses of at least 30 volts
peiak, All lamps in the cireult are high-voltage 4AC lamps. Lamps should
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Fig. 3.26. Glow Lamp Ring Counter

] :
""Neon [iode Hing Cowntes™, ]..C, Manley anid E. F, Buckley, Elvctranics, January 1950, pp 84-87,
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Fig. 3.27. Ring Counter,

be aged for best results and some selection mav be desirable, The operation
of the ring counter will be described by referring to Figure 3.27.

Assume that lamp N1 is initially eonducting. The resistances Ry and Ry are
chosen such that voltage V, is insufficient to cause any of the other lamps to
fire. With N1 condueting, a voltage is developed across R; so that capacitor
C; charges through diode Dy to approximately the voltage across resistor Ry.

If an input negative pulse is now applied, the voltage at V, will drop below
the extinguishing voltage of N1 and thus N1 will stop conducting. Capacitor €, will
now start to discharge through R, and the high back resistance of diode Dy.
Since the back resistance of diode Ds Is much larger than the resistance of
R, essentially the full voltage developed across C; will now appear across
diode D; with the result that the cathode of N2 now has a large negative potential.

When the input trigger pulse returns to zero the voltage at V, rises and
with the added negative potential on the cathode, lamp N2 will fire first and
the other lamps will remain non-condueting.

Capacitor C; will now charge to approximately the voltage drop across
resistor R,. A second input pulse will extinguish lamp N2 with the voltage
developed across €, now appearing across diode Dy as C, attempts to dis-
charge. When the input pulse again rises to zero V) rises and with the added
voltage across diode Dy Inmp N3 will now fire first,

Thus each successive input pulse hns resulted in a counting process with
the glow lamps being fired in sequence. An output signal may be taken from
the lamp-resistor-capacitor common conpection. This pulse is essentially
rectangular and for the cireuwit of Figure 3.26 the amplitude of this output
pulse was about 40 volts,

. 3
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Memory Circuits

The properties of the glow lamp make it a very suitable device for several
different types of storage or memory circuits. One such memory circuit is
shown in Figure 3.28,

Fig. 3.28. Glow Lamp Memory Circuit,

The supply voltage V is between the breakdown and the maintaining voltages
of the lamp so that in the quiescent condition the lamp is non-conducting.

If a positive “‘set” pulse Is now applied to the input the lamp will fire and
with the supply voltage greater than the maintaining voltage, the lamp will
remain conducting. The amplitude of the set pulse must be large enough to
fire the lamp and thus must be greater than the difference between the firing
voltage of the lamp and the supply voliage.

Therefare:

Ve » Vg -V (8.30)
where:

Vy < VeV (3.31)

To read out of the memory circuil a positive “‘read’ pulse is applied to
the input, The amplitude of the “‘read’ pulse must be less than that required
to fire the lamp If the lamp is non-conducting. Thus:

Vi < Ve = V (3.32)

If the lamp has been previously fired by a “‘set™ pulse the “read™ pulse
will be passed through the lamp to the output, however, if the lamp has not
been fired the “read” pulse will be blocked by the non-conducting lamp and
the lamp and the output will remain at zoro,

To reset the memory circuil a negative “reset” pulse is applied to the input.
The magnitude of this pulse must be sufficient to drop the voltage across the
lamp below the extinguishing voltage. Thus:

[Viegee | > V = ¥, (3.33)

resot
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Another type of memory circuit which is becoming quite popular employs a
glow lamp in conjunction with a photoconductor or other type of photosensitive
device, The photoconductor has a decreasing resistance as the incident illumina-
tion is increased. Figure 3.29 shows one manner in which a glow lamp and
photoconductor may be used as a memory circuit,

T I
'ns-s:r:_u_

Fig. 3.29. Glow Lemp — Photoconductor Memory Circuit.

With the glow lamp non-conducting the resistance of the photacorductor is
very farge and any input *‘read' pulse will be attenunted by the photoconductor
by a factor greater than 100 to 1. However if the glow lamp is triggered on,
the light from the glow lamp will cause the resistance of the photoconductor
to decrease to a low value depending upon the characteristic of the photo=
conductor and the light output of the lamp. The “read’ pulse will now appear
at the outpul attenuated only by the low resistance of the illuminated photo-
conductor.

Additional information on the operation of glow lamp-photoconductor
combinations is given in Chapter Four,
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GENERAL GLOW LAMP APPLICATIONS

CHAPTER

In addition tothe applications of glow lamps discussed in the previous chapters
there are a greal number of other applications for this versatile device. This
chapter will discuss four major applications. A reference list following the end
of the chapter gives a partial list of the many additional glow lamp applications
found in the literature.

VOLTAGE REGULATORS

The maintaining voltage of a conducting glow lamp is fairly constant over n
relatively wide current range. This characteristic of the glow lamp makes it an
ideal component for low cost voltage regulation in circuits where the currents
involved do not exeeed the normal constant voltage range of the lamp. In general
the voltage to be regulated must be the total maintaining voltage of one or a num-
ber of glow lamps in series. For best results pre-aged lamps should be used in
the following applications.

The most common application for the glow lamp as a voltage regulator is in
providing the screen voltage for pentode vacuum tubes. A typical cireuit [or this
application is shown in Figure 4.1.
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Fig. 4.1. Pentode Amplifier Employing Glow Lamps for
Screen Grid Voltage Regulation.

The current drawn by the glow lamp must remain within the operating cur-
rent range of the lump over the range of sereen grid current drawn by the vacuum
tube. In addition, the current drawn by the lamp must be large enough that the
lnmp will not produce oscillutions. Figure 4.2 shows a typical volt-ampere curve
covering the normal region of voltnge regulation. The curve is for an 5AB
lamp.

When a glow lamp is used as a voltage regulator the voltage will vary slightly

as a function of temperature. Figure 4.3 shows a typicul curve of lamp valtnge
versus temperature for an 5AB lamp operating at the rated lamp current of

(= —— .

CGeEoogogooaooaoaanInORl

I C ENERAL GLOW LAMP APPLICATIONS

8
—

w ™

£ e — P

$ N

a 80 RN

— L,:‘.\.

< us OBCILLATION -

an

0 i0-7 1o io-* e o 0=

LAMP CURRENT [AMPERES|

Fig. 4.2. Volt-Ampere Characteristic Curve for Aged 5AB Glow Lamp.

.3 milliampere. The maintaining voltage of the 5AB ani relnted low voltage
types has a decreasing temperature characteristic of about 40 millivolts per
degree Centigrade when operating at the rated current of the lamp.
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Fig. 4.3. Typical Temperoture Response of Glow Lamp Voltage Regulator,
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Fig. 4.4, Starting Methods for Glow Lamp Regulators.
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By placing a large number of glow lamps in series, high regulated voltages
may be oblained. The total voltage is then equal to the sum of the maintaining
voltages of the lamps.

In order to fire the lamps in a series string several methods may be used,
If the supply voltage is in excess of the total {iring voltages of the lamps then
the lamps will fire when the voltage isappliéd. This situation is shown in Figure
4,44,

For this case then:
Vv > VF'I +VF3+VF3+V1:| I

By using n triggering pulse to lire the lamps a lower supply voltage is re-
quired, An application showing this method s shownin Figure 4.4b. The amplitude
of the triggering pulse must be large enough to fire the lower lamp. Once this
lamp is fired the voltage across it drops to the maintaining voltage of the lamp
and thus places a higher voltage across the other three lamps.

(4.1)

Then in order that the other three lamps will fire:

Vo> Vi + Vea + Vg + Vyy J {4.2)

A third method for initiating conduction in the lamps {5 shown in Figure 4.4¢.
When the supply voltage is applied to the network, capacitor C acts as a short
circuit so that the total voltage is placed across lamps N1, N2, and N3, The
supply voltage must be large enough to cause these three lamps to fire.

Therefore:

(4.3)

Vo> Vgt VF:“an

After the lamps have fired, the capacitor begins to charge up through the
conducting lamps with the voltage across N4 rising. When this voltage reaches
the firing voltage of N4 it will fire. This places an additional requirement on
the supply voltage.

Vs Vi Vet Vm*vn] (4.4)

Another method of starting a series string of glow lamps is the use of a high
(10 megohms) resistance bridging one or more of the lamps. This is shown in
Figure 4.4d. The voltage across each lamp Isdetermined by the capacity as well
as the “off?’ or leakage resistance of each lnmp in the string.

This bridging resistance reduces the net resistance of the bridged lamps
lenving a larger portion of the applied voltage for the rest of the lamps in the
string. If proper values are used, there will be sufficient voltage to break down
these lamps. The voltage drop across these lamps will then be the sum of their
miuintaining voltages, and the difference between this and the supplied voltage
must now be large enough to break down the bridged lamp or lamps.

Lurger strings of series lamps may be used for high voltage regulation with
firing of the lamps initiated by applications of these [iring technlgues.

Preaged lamips such as the 3AG-A, 3AG-B, 3AG-C, 5ABA, 5AB-B, 5AB-C,
SAC, 5AG or 5AG-A work well in voltage regulation circuits. For higher eurrent
applications, use of one of the 5AH or 5AJ family should be considered.
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VOLTAGE LEVEL DETECTORS

The glow lamp has u very high input resistance prior to firing and alter firing
gives a visual indication that the lamp is conducting. Both of these character-
istics make the glow lamp suitable to various applications as voltage level
detectors, Practically any number of glow lamps may be placed in a series string
so that very high voltages may be detected. The current reguired to give a visunl
indication is very low so that even alter the lamps have fired, the detector eir-
cuit may have a negligible loading effect.

In general the voltage required to fire a glow lamp voltage detector will be
the sum of the firing voltages of the lamps in the series string, assuming leak-
age resislances are similar. If higher resolution is reguired a variable bias
voltage may be provided such as shown in Figure 4.5, By switching lamps in or
out of the circuit a wide range of voltages may be detected.

L

Fig. 4.5. Varichble Voltage Level Detector,

Another type of cirenit which acts as a varlable voltage detector is shown in
Figure 4.6a. By varying the potentiometer the cirecuit may be adjusted to in-
dicate any voltage greater than the firing voltage of the lamp. A variation of
this cirouit shown in Figure 4.6b will detect two voltage levels, N1 will fire when
its firing voltage is reached and N2 willfire at a voltage dependant upon the input

voltage and the ratios of R, and Ry .
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Fig. 4.6, Voltage Level Detectors.

These voltage indicating circuits may be used equally well for both DC volt-
ages and peak AC voltages at low frequencies.

Several references at the end of the chapter give specific applications of the
glow lamp voltage level detector,
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COUPLING NETWORKS

The neon glow lamp can be operated in a condition where the DC resistance
is much larger than the AC impedance of the lamp. This is achieved by super-
imposing an AC signal across a lamp conducting direet current. The DC bias
provides a relatively fixed voltage drop across the lamp. Under this condition a
DC component of an input signal will be attenuated much more than the AC com-
ponent. This property of the glow lamp makes it an ideal device for lowering the
DC level in direct coupling of vacuum tube stages.

-y

(L}

Fig. 4.7. Direct Coupled Circuits Employing Glow Lamps.

Figure 4.7a shows the basic configuration for direct coupling with glow lamps.
The plate voltage of V1 must be such that the lamps will fire. In selecting resistor
Ry several considerations must be made. The value of R, in conjunction with the
plate voltage and equivalent resistance will determine the value of DC current
in the lamp and thus the value of the AC impedance of the lamp. In addition the
larger the value of R1 the greater will be the proportion of the AC plate voltage
of V1 seen at the grid of V2. However as Rl hecomes larger the DC voltage
component on the grid of V2 also becomes larger, thus requiring a larger cathode
resistor for V2 and consequently more degeneration of the AC signal. The ecircuit
components chosen will normally be a compromise and the largest AC gain of
the amplifier is best found by a trial-and-error approach.

The plate voltage of V1 may be operated slightly less than the combined fir-
ing voltages of lamps N1 and N2 when a capacitor iz added as shown in Figure
4.7b, This capacitor serves the same purpsse as for the voltage regulator cir-
cuit of Figure 4.4¢ and the same design conditions apply, The value of the capaci-
tor may be on the order of only 25 pf so that it will offer a high impedance to
the AC signal,
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The impedance presented by the glow lamps ina direct coupled cireuit varies
as a function of the DC current and the frequency of the input signal. At fre-
quencies below about 1000 eps the impedance of the lamp is essentially resistive
with the magnitude of the resistance depending upon the slope of the volt-ampere
characteristic of the lamp at the particular operating point.

As the frequency hecomes higher the lamp becomes inductive so that for
frequencies higher than about 1000 c¢ps the lamp may be represented by an AC
equivalent circuit of a resistance in series with an inductance, Both the value
of the resistance and the inductive reactance increasewith increasing frequency.
In addition the impedance varies with the DC lamp current. Figure 4.8 is a plot
of the effective resistance and reactance of an 5AB glow Inmp operating at the
rated current of .3 milliamp, The input AC signal was 1 volt RMS.
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Fig. 4.8. Effective Resistance and Reactance of 5AB Glow Lamp

Operating in a Coupling Cireuit at 0.3 Milliampere DC.

The effect of this lamp impedance is to introduce an attenuation and a phase
shift in the signal as the [requency of the signal is increased. To reduce this
effeet and hence increase the high frequency response of a glow lamp coupled
amplifier a capacitor may be placed across the glow lamps. A typical cireuit is
shown in Figure 4.9 with the response curves shown in Figure 4.10 for both
conditions - with and without n bypass capacitor, The low frequency vollage gain
of the eircuit is 48,
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Fig.4.9. Glow Lamp Coupled Amplifier.
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Fig. 4.10. Amplitude Resporse of Glow Lamp Coupled Amplifier.

Any number of glow lamps may be used in a divect coupled stage provided
that the applied DC voltage is sufficient to fire the lamps. The magnitude of the
muximum AC signal depends on the degree of distortion permissible. Normally
signal amplitudes of several volts will have little distortion.

THE GLOW LAMP AND PHOTOCONDUCTIVE DEVICES

An increasing number of applications are being found for the glow lamp in
conjunction with photoconductive deviees, Among these photoconductive devices
are the cadmium sulfide and cadmium selenide photoconductors nnd photosensitive
semiconductor devices. The spectral response and light intensity of many of
these devices is compatible with the light output of the neon glow lamp. In addition
the low power consumplion and speced of response of the glow lamp makes it a
desirable light source. Bither standard brightness orhigh brightness glow lamps
may be used with photoeonductive devices.

Photoconductive Cells

A photoconductive cell, or photocell, is a device whose resistunce varies
with the amount of light radiation impinging upon its surface. Although many
types of photoconduetive materials are in use, or under development, cadmium
sulfide and cadmium selenide are presently the most widely used. Each offer
certain advantages over the other,

The spectral response of the cadmium sulfide photocell normally peaks around
5300 Angstroms while the cadmium selenide photoecel! peaks around 7000 Ang-
stroms, Thus the cadmium selenide photocell is normally better matehed to the
neon glow lamp spectral emissivity, However, variations in the mix, materials,
antd processing of a photoconductive cell will allow its peak spectral sensitivity
to be varied over a wide range.

Photoeells vary considerably in terms of light-to-dark resistonce ratios and
in their value of resistance at s given light level. A typical cadmium sulfide cell
may have n light-to-dark resistance ratio of 1,000,000 or more, The resistance
of a photocell I8 normally specified at one or more levels of illumination, The
resistance of a photocell is a very nearly logarithmically linear as a function
of the illumination. The resistance decreases with incrensing illumination,
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Sensitivity ‘of photoconductors varies with temperature; cadmium sulfide,
however, is much more temperature-stable than cadmium selenide. In fact, the
major disadvantage of cadmium selenide cells is their susceptibility to temper-
ature variations.

Photocells have two response speeds; turn-on response and turn-off response,
In general the response speed of cadmium sulfide cells will average 100 milli-
seconds. The response speed of cadmium selenide cells is approximately 10
milliseconds. Response speeds of both types are dependent on the previous stale
of the device and the illumination level, Hence in photocell-glow lamp combina-
tions the speed of response will normally be limited by the photocell.

Several glow lamp-photocell eircuits have been given in previous sections of
this book, In addition other applications are described in the references listed
at the end of the chapter. The most ecommon use of the glow lamp-photocell com-
bination has been in memory and logic eircuits, In these applications the input
circuit is isolated from the output circult — an advantage not obtained by most
memory devices. In addition a single photocell output circuit may be actuated by
a number of glow lamp sources or one lamp may tetuate several photocells,

The glow lamp-photoconductor combination is best used where the resistance
of the photocell is switched [rom a very high resistance to a low resistance de-
pending upon whether the glow lamp is conducting or not. In addition the resistance
of the photocell may be varied by varying the light output or position of the glow
lamp. This provides a control where there is electrical isolation between the
control circuit and the receiving cirenit.
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Fig. 4.11. G.E. B-425 Photoconductor Resistance vs Lamp Current —
NE-23 and NE-2H  (Lamp Located 1. 5"Fram Cell)

Figure 4.11 is a typieal plot of photocell resistance ns a function of lamp
current in the 5AB standard brightness and the 3AH high brightness glow
lamps. The lamp is located about 1.5 inches from the photocoll in a dark en-
closure. The dark resistance of this photocell was in excess of 10 megohms,
and other types are available with even higher resistance,

MISCELLANEOUS APPLICATIONS

A variation of the light indioator deseribed in Chapter Two Is a circuit con-
sisting of 8 photoconductor In parallel with u glow lamp. Al a spectfic light level
the lamp will fire, providing visual indication.

This same principle can be used in the design of a temperature indicator,
which utilizes a thermistor in parallel withaglow lamp. Here o visnal indication
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is provided at a specified temperature by the firing ol the glow lamp, or a photo-
conductor can be used tosense the firing and actuate external cireuitry.

Likewise, a humidity sensing circuit can utilize a humistor &s a variahle
resistance in parallel with the glow lamp. Humistor resistances typically de-
crease with an inerease in humidity. Once again, the firing of the glow lamp at
a specific humidityv ean be used for visual indication or to actuate external
cireuits.

Since consistent firing vultuge'is required for the above applications the use
of a preaged lamp such as the 5AG-A is recommended.
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GLOW LAMP TEST METHODS

CHAPTER

TEST CIRCUITS

The glow lamp is a very high resistance device when in the non-conducting
state and as such requires special care when attempts are made to measure its
parameters, The lamp characteristics of value to the circuit designer are the
firing voltage, the maintaining voltage and the extinguishing voltage. The \'alue_s
of these parameters change as a function of frequency and associated circuit
components so that the tvpe and accuracy of the measurement depends upon t_he
requirement. For normal circuit component use the tests are usudlly made easily
and quickly.

'y
3
VANIABLE DC VOLTAGE .
POWER BUPPLY *
0E VOLTMETER

Fig. 5.1. Test Circuit for Determining Lamp DC Voltage
Characteristics.

Figure 5.1 shows a test setup which may be used for making approximate
mensurements of the lamp parameters. A voltmeter with a resistance of 20,000
ohms per volt is sufficient to prevent loading of the lamp circuit,

With the voltage initially at a value below the expected firing voltage of the
lamp the voltmeter lead is placed at point A. The supply voltage is then slowly
raised until the lamp just fires which is indicated visually by the cathode glow.
The reading of the voltmeter will now give the value of the firing vollage of the
lamip under test. The DC voltmeter probe may now be moved to point B ani the
maintaining voltage will be indicated, IT it is desired to know the malntninin'g
voltage at g particular value of current the supply voltage may be varied until
the proper current is obtained — assuming that the resistdnce is such as to
permit the desired amount of current to flow. The approximate value of current
may be obtained by measuring the valtages at points A and B, The current is then
determined by the equation T = ER_V"

After the maintaining voltage is measured the voltmeter probe may be re-
turned to point A. The voltage is then slowly decressed unti] the lamp current
abruptly ceases. The voltage at this point is the extinguishing voltage for the
given value of resistance R,

Care must be taken in choosing the value of resistance R in the measuring
circuit since large values of R in conjunction with stray capacitance may couse
the circuit to oscillate onge the lamp has fired.
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VAWIAALE DC VULTAGE
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VACUUM TUEE VOLT-
METER

Fig. 5.2, Test Circuit for Determining Lemp DC Voltoge
Characteristics.

Another testing circuit is shown in Figure 5.2. Two voltmeters may be used
to aveid changing leads. Voltmeter Vs which is placed across the glow lamp
should be of the electrostatic or vacuum-tube type of voltmeter with an input
resistance greater than ten megohms. If an electrostatic voltmeter is used a
resistance of about 10 to 30 megahms should be placed in series with the meter
to suppress a tendency of the eircuit to oscillate due to the meter’s capaeity.
Voltmeter V| neod not have a very high input resistance as its shunting effect on
the test cireuit is negligible,

The firing voltage is determined by slowly raising the supply voltage and
noting the value of voltage measured on voltmeter V; when the lamp just beging
to glow or the ammeter gives an indication of conduction through the lamp.
Current should normally be close tothe lnmp’s rated value. The internal resist-
ance of this ammeter should be less than one percent of the value of R,

With the lump operating at the desired current as indicated by the ammeter
the maintaining voltage may be read by voltmeter V. To measure the extinguish-
ing voltage the supply voltage is decreased slowly and the voltage is read on
valtmeter ¥V, when the lamp ceases conduction.

It is often desiralile to measure the dynamie values of firing and extinguish-
ing voltage for o cireuit in operation: for example, a sawtooth oseillator. Figure
3.3 shows i circuit which may be used to effectively isolate the glow lamp cir-
cult Trom the test circuil. The vacuum tiube cathode follower stage has essen-
tially an infinite vesistance al the grid input so that there is negligible loading
on the lamp circuite noaddition the input capacitance of the cathode follower is
very low so thot the total eapacitance shunting the glow lanmp is on the order of
only a few micro-micro-farads.

The transfer characteristic of the cathode follower may be determined by
varying u DC voltage on the grid and measuring the corresponding outpul cathode
voltnge. An allernate method of obtaining the approximate transfer function of
the cathode follower ig to drive the grid with a small sine wave signal Super-
imposed on o DC bias of perhaps 50 volts ns shown in Figure 5.4.The DC trans-
fer characteristic of the cathode [ollower is then approximately:

vy = Av Fio 5.1}

where A is the small signal AC gain (less than unity) and Ey,is the DC oathode
voltage measured with the grid grounded.
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Fig. 5.3. Test Circuit for Determining Dynamic Lamp
Characteristics with Lamp Circuit lsolated
from Qutput,

SINE WaVE

GENERATOR AC VOLTMETER

Fig. 5.4, Test Circuit for Determining Approximate
Transfer Function of Cathode Follower.

After the transfer function of the cathode follower has been determined the
dynamic firing and extinguishing voltages of the glow lamp circuit may be meas-
ured by using a ealibrated DC osecilloscope on the cutpul.

The cathode follower eireuwit also provides another means of measuring the
DC firing and maintaining voltages of a glow lamp. If an gscilloscope {5 used
which has an output sawtooth sweep available ata very low frequency nnd a volt-
age greater than 100 volts this slowly rising veltage may be used as n variable
supply voltage for a glow lamp with a series resistor as shown in Figure 5.5.
By placing the output of the ecathode follower to the vertical input of the DO oseil-
loseope voltages proportional to breakdown potential and the maintaining voltage
of the lamp may be measured from the scope presentation, The actual values
of the breakdown voltage and the maintaining voltage may then be determined by
using the equation for the transfer function of the cathode follower.

This method of determining the opernting characteristics of lamps is partic-
ularly useful when large numbers of lamps dre to be measured,
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Fig. 5.5, Altermate Methed of Determining Firing and
Maintaining Voltoges of Neon Glow Lamps.

CONDITIONS FOR LAMP MEASUREMENTS

In determining the parameters of a glow lamp eare should be taken to provide
the proper enviropment. Recommended practices sre:*

1. Lamp measurements should be made al room temperature of about 25°C,

2., For measurements to be made in light the measurement should be made
in an unobstructed ambient illumination of 5 to 50 footeandles, The lamp
which Is to be tested should be operated in the conducting state for o short
perind prior to measurement,

3. In the ease where it is desired to measure a lamp in total darkness the
lamp should be fnoperative for a period of atl least 24 hours immedistely
prior to testing and the enclosure should be light-tight.

4. Under conditions of life testing of glow lamps the lamps should be operated
at the specified design current while also observing the correct polarity
of the lamp when indicated.

5. Life testing of glow lamps should be interrupted once a day.

Specific applications may require testing procedures which deviate from recom-
mended practices,

In placing a lamp in a testing circuit care should be tiulken to avoid the ca-
pacitive effect of having other objects in contact with the lamp. These objects,
such as metal plates and shields, should be kept at least six inches away from
the lamp to be tested. In additiongtouching the lamp during testing should be
avoided as errors will probably result. Proper shielding may be required to
minimizie the effects of stray fields and radio-frequency radiation which have a
decided effect upon the firing voltage of the lamp,

Measurempny of Glow Lampe®', AS AL, 1D East Adi Steeet, New York 16, New Yok,
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MEASURING THE DELAY TIMES OF GLOW LAMPS

When a designer considers the use of glow lamps for bistable logle elements,
he must know how fast these devices respond to pulses. He must know this for
given types of neons and for the operating environment.

Since there are quite a fow types of neon devices, and many different aper-
ating environments, the engineer will probably want to make his own tests, Tn
this manner he will be able to compare one neon device to another, learn the
statistical spread for a given neon type and determine the effect of his operating
environment.

A neon's response to a positive-going twnon pulse (Fig. 5.6) breaks down
into two factors, which should be measured separately: speed of response and
voltage level at which the ncon ls retriggered. The test setup in Fig. 5.7
measures the former and that in Fig. 5.10 measures the lutter.

Both parameters are s function of the excitation within the neon gas. There-
fore the tests for these parameters must include the major epvironmental and
circuit effects that influence this level of excitation,

Ti=tgety
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Fig. 5.6. Delay times for neon turn-on defined,

In the first test (Fig. 5.7), the lonization time, the time that it takes & nson
to respond to a positive-going pulse is the sum of the statistical time (L) re-
quired for the (irst free electron to {form in the gas and the avalanche time (L)
needed for the first free electron to create the full flow of electrons.

The statistical time is a function of the general state of excitation in the
electrons at the time the pulge [s received, This, in turn, (s a function of excita-
tlon remembéred from recent ON stales and environmental factors, such as
the ambient light level, clectric field strength, cosmic rays and, of course,
the circuit-imposed potential on the electrodes. It is also a function of various
construction properties, such as gns composition nnd isotope content, but these

* UMeasiuring the Delay Tinkes ol Glow Lampe™, 0. K. Dadgherty, and R D Smith, Electronic Desijn
Muech 30, 1964,
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are outside the control of the circuit designer once he chooses a particular
neon type.

Avalanche time (t.), on the other hand, depends mainly on just the circuit-
imposed electrode potential.
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Fig. 3.7. Setup for measuring a reon's fonization time.

The following steps are needed to set up the lonization time test shown in
Figure 5.7:

1. Place the neon inside a chamber, which isolates it from all environmental
effects. The chamber should have provisions for the controlled introduction
of environmental effects. An aluminum boxmeasuring 12 x 12 x 14 in. high
can be used with the inside walls hlackened. A cool white fluorescent
light panel, measuring 12 x 12 in., can be set in the top with a clear con-
ductor attached to the aluminum chamber. The conductor will seréen the
neon from the stray electrical fields produced by the fluorescent panel.
The aluminum chamber shields the neon from electric fields and the
fluorescent light provides the ambient lght for the tests.

A variable impedance ean be used to vary the fluorescent’s intensity from
0 to 500 foot candles. A photo-electric cell located near the neon under
test, wired to an external meter, measures the amount of light. The
spectrum of the light source should correspond to that of the intended
application. The coul white fluorescent was felt to be & good compromise
between daylight and incandescent conditions.

(2]

Provide s de power source that can be varied between 0-300 v. Since
neons draw only 0.1 to 1 ma currents and have high impedances, this can
be merely a string of 90-v cells bridged by a potentiometer,

3. Arrange the switch to connect the power source to the test circuit so the
neon has an OFF time of at least 8 seec. This is necessary to allow the
execitation within the gas to decay sufficiently from the ON state level so
that “remembered’ ionization will no upset the accuracy of this test,
(The second test, Fig. 5.10, will include this effect.)

Actually, even longer OFF times may be needed if zero foot-candle light-
condition tests are to be run. A switching rate of slightly less than 6
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cyeles/min. will be adeguate in most cases. This will have 8 seec OFF
times and 3 sec ON times. A further requirement for this switch is that
it should have transients of less than 0.5 psec.

The working part of an ordinary household mercury wall switch can handle
this function. The barrel portion can be removed from the wall switch,
mounted on the pivot bearings from the switch and rotated by a small
synchronous motor. This device has a clean switching waveform and is
able to handle the voltage levels used with neons,

4. Use an oscilloscope with a vertical sensitivity of 0.05 v/cm. It should
have an externally triggerable horizontal time base, sweeping atl
msec/om. An interval counter could be used to help time the delay.
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Fig. 5.8. Arrangement of the data in histagram form.

At the start of each test, resistance R should be adjusted to operate the lamp
at 105 per cent breakdown voltage. Thenat least five consecutive readings should
be made for each lamp with 105, 110, 120, 140 and 180 per cent over voltage. It
Is important that enough readings be taken for the data to be treated in a sta-
tistical manner. That is, it should be possible to arrange the readings in a
histogram, as in Fig. 5.8, so that anapproximately Gaussian curve can be drawn
through the results and statistically meaningful worst-case values can be
selected for the final results.

Fig. 5.9 shows a typical family of curvesthat would be produced, The ioniza-
tion time is plotted against the per cent breakdown voltage. Each curve repre-
sents a certain ambient light level. Note that the response is faster [or higher
voltages, but that it is even more sensitive to light levels. The largest change is
between no light at ull (zero fool candles) and a small amount of light (0.1 foot
candles). For reference, ambient light levels range from 30 to 60 foot candles
in offlce areas and up to 100 foot candles in well-lighted laboratories.
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Fig. 5.9. lonization time vs percentage of dc breakdown voltage.

) The curves in Fig. 5.9 are for the 3 sigma limit, or worst-case values that
include 9.8 per cent of the neon devices. They are for 5AB neons.

REFIRING Voltage Plotted
As a Function of Time Off

In single-shot circuits, the ionization or turn-on time of the glow lamp may
ht-:' the only frequency-limiting factor. Generally, in repetitive signal eireuits it
will be necessary to also know the deionization time. This turn off parameter can
be measured directly but the procedure (s quite complicated, An easier para-
meter to measure is the refliring voltage as a function of time off. The setup for
this measurement is shown In Fig. 5.10.
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Fig. 5.10. Test setup for measuring refiring voltage
As A Function Of Time Off.

The test chamber and de power supply for this test are identical to those in
Fig. 5.7. But the oscilloscope should be a dual-beam type with vertical sensitivity
of 0.5 v/em and a horizontal sweep of 1 see/em. Two oscilloscopes could be
used with 4 common timing reference.

SCOPE Mol

o1 Q1 e | g}~
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Fig. 5.11. Appearance of dual-trace scope display obtained
from Fig. 5 test setup.

In addition, s variable pulse width dc pulse generator should be available.
Ideally, it should have enough output amplitude to completely cancel the de
power supply. (The authors made do with a generator limited to 60 v maximum
pulse amplitude, though this did not completely attain the zero volt OFF states.)

As an added aid to accurately determining the voltage levels, a high im-
pedance VTVM or electrostatic voltmeter should be available.
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The test steps for this setup are:

1. Raise de power supply voltage until the Iamp under test fires.
2. Adjust R until specified lamp current is obtainad.

3. Adjust the height of the negative pulse coming from the pulse generator
until the voltage across the lamp is zero during OFF time.

4. Adjust the width of the negative de pulse to increase the lamp OFF time
until the lamp refuses to turn ON. The OFF dwell that just inhibits the
lamp from turning on should be recorded,

5. Using a series of 1-v steps below breakdown, repeat the previous four
steps.

Data should be obtained for ratéd lamp current and for 0.5 and 2 times rated
current for each lamp. A few lamps from each lot should be tested to assure a
statistical sampling. The data from his test should also be treated statistically
to determine the families of refiring voltages vs time OFF curves with constant
ambient light and lamp current.
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Fig. 5.12. Time-off as a function of refiring voltage.

shown in Fig. 5.12 are the envelope curves for the 5AB neon, at the 3ir limits.
From this figure the designer can readily see where the safe (lower) marginal
(middle) and unsafe (upper) areas of operation ocour.

Current was held constant for the tests that produced these levels and in this
cise it was found that the light levels did not significantly alter the refiring time.
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