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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 claims covering combinations of glow lamp devices with ather
devices or elements. Inthe ahsence of anexpress written agreement
to the contrary, General Electric Company assumes no liability
for patent infringement arising out of any nse of the glow lamp
devices with other devices or elements by any purchaser of glow
lamp devices or by others.

Copyright 1966
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General Electric Company
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PHYSICS AND CHARACTERISTICS
OF GLOW LAMPS

CHAPTER

devoted to these characteristics and associated circuitry.

THEORY OF GASEOUS CONDUCTION IN THE NEON GLOW LAMP

in Fig, 1.1.

age b

which consists of the separation of an electron from an atom resulting in a
positively charged ion and a free electron. In order to break an electron away

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 booklet is

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 fons, 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
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Fig. L1, Characteristic Curve of the Neon Lamp | ¥ '

Electrical conduction in the lamp requires the ionization of the neon gas,

from an atom, energy must be supplied to it. This energy may be supplied by

collisions between particles such
requires the application of an

s electrons or excited atoms; a process which
Aric field. lonization may alse 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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E—— P Y5ICS AND CHARACTERISTICS OF GLOW LAMPS

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 is a small increasing current flow due to the
drift of electrons and ions which are made available by the action of thege
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 in Figure 1.1. A large portion of this current
can be ns if the lamp is in ambient light.

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

A further increase in the voltage across the lamp past the value represented
by pgml ! results in a rapid increase in current to the point D or D', This dis-
charge 15 called a non-self-maintained or a Townsend discharge. This increas-
ing current is brought about through a phenomenon termed electron avalanche
in which a moving electron (a so called primary electron) upon colliding with an
atom may liberate another electron from the atom thus resulting in a positive
ion and two electrons. These two electrons are now accelerated by the electric
field and in turn may produce twomore collisions. Thus there is an accumulating
density of charge carriers available, and as thoy are attracted to the electrodes
the current increase. If the external excitation which is producing the primary
lectrons should be removed the current will senseto flow, hence this discharge
is termed The char curve from A toDis
dependent upon this external excllnﬁnn.

When the voltage across the lamp is increased to a value represented by
Poi% D the gas in the lamp *‘breaks down’ and begins to glow. This is defined
as the breakdown or firing voltage. The eurrent 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' occurs is a function of the product of the
interelecirode spacing and the gas pressure and does not depend upon these two
parameters scparately. This relationship between clectrode spacing and gas
pressure is known as law. The breakdown voltage is also dependent
upon the electrode material and the composition of the gas.

After breakdown eccurs the lamp passes through a transition region EF
which ie 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
resistance region, since voltage decreases as current increase, contrary tq
normal behavior in a resistive element. In extremely high illumination the
negative resistance region may be missing, asshownon 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 samewhat proportional to the tube current.

2




PHYSICS AND CHARACTERISTICS OF GLOW LAMPS 1 —

¥ the lamp current is increased beyond the normal glow region (point G)
the tube enters the abmormal 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 glow region a value is reached
where a sudden tramsition 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', AtJ or J' the current density has increased to a level such that the
current concentrates itself in a small spot on the cathode and the discharge
becomes an are. This is characterized by a bluish discharge within the lamp.
Operation in the are region will soon destroy the neon bulb,.

When the current through a neon bulb is decreased in the glow diseharge
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 extinguishing
voltage and is dependent upon the resistance in series with the bulb. It is always
between the minimum maintaining veltage in the normal glow region and( e
breakdown voltage and it app voltage as in-
creased. The value of the minimum extinguishing voltage, obtained b\ a low
external resistance, is normally not much different than the minimum maintain-
ing voltage in the normal glow region. (See section on Equivalent Circuits 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 from 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 categori ghtness and high When stable
electrieal nhar’uleﬂsrms are the primary dcaigﬂ psrameter. the sls“ﬂar*
brightness types are r In those

ere
output is of primary importance—such as activation of llgh\ sensitive devic:
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 characteristies, 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 interva
They are ionization time, deionization time, and transmission time. Depenllmg

3
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Fig. 1.2. Influence of Volts in Excess of Breokdown
on lonizing Time

The fonization time is a function of the spplied voltage in excess of the
static breakdown voltage. Static breakdown voltage is the voltage value at which
a lamp Tirst starts, in 5 to 50 foot-candles of amblent light, after 24 hours or
more in the non-conducting state. No external starting aids, 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 Lo
less than 25 Indarkness are longer but can be reduced
through the use of Tadioactive additives. However, ““dark gffe€t” eannot be
completely climinated without the use of prohibitively high radiation intensities:
(See gection on External Effects.)

The deionizing time is the time required for the complets recombination
of the ions and electrons in the gas, Complete deionization i 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 kilocycles.
Figure 1,3 shows typical reionization 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.

I PHYSICS AND CHARACTERISTICS OF GLOW LAMPS
upon the application, any one or all three of these may be important,
For the purpese of this discussion, the following definitions are assumed:
A. Ionization time is the time requived for full operating current and
ilgh( output to be obtained following the application of a signal in excess
voltage o a lamp.
B. Deionization time is the time required for the lamp to recover mitial
breakdown voltage conditions following a period of conduction,
€. Transmission time is the time required for a change in operating current
1o appear in the output following the application of a signal to a lamp
already in a conducting state.

4




PHYSICS AND CHARACTERISTICS OF GLOW LAMPS
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Fig. 1.3. Typical Variation in Reionization Time with Prior
Canduction Current and Extinguished Interval

The transmission time of a small change of voltage through a conducting
neon lamp is a function of the conduction current, and is approximately 6 micro-
scconds at n current of 9.0 milliamperes in the 5AB. It increases with reduce
current so that at 50 microamperes the transmission time is about 20 micro-
seconds. For this reason the 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 fonization time of glow
lamps may be affected by external conditions,

DARK EFFECT

Since the cathode surface material {s 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

hi

them. C: in igh ion levels, breakdown voltage .

approaches minimum maintalnifg voltage, One means for greatly reducing this
“dark effect’’ lg the use of mild radionctive additives, which is being done for
a large number of General Electric glow lamps.

A method sometimes employed to eliminate the dark effect is to place
a source of fllumination, such as angther glow lamp, within the enclosure. This
should be lighted prior to the operation of the cireuit 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.

—Hﬂrﬁﬂ*ﬁﬁﬁﬂﬂﬁﬁﬁﬂ
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— PHYSICS AND CHARACTERISTICS OF GLOW LAMPS

ELECTROSTATIC FIELDS

Electrostatic ficlds naticeably 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. 1f
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 hreakdown voltage will
increase, This same effect can be achieved by mounting a conductor in the
immediate vicinity of the lamp’s electrodes and connecting it to the anode or
cathode lead. No similar effect has been observed for magnetic fields.

The changos in breakdown voltage due to the fnragolng conditions are

pronounced when the lamp is in total darkness, but h: effect when
lhc lamp is in normal, ambient illumination, Eleclmnlnlm fields have no
effect upon the voltage,

TEMPERATURE EFFECTS

The firing voltage and maintaining voltage of glow lamps have a negative
temperature characteristic. This temperature change is about 20-50 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 courlgunum descrﬂ:ed in Chapter Two the frequency may either
increase or d pon the particular
operating conditiona. Far use ua a voltage regulator this tempernt\are change
results in the regulating volinge 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 radistion up to levels of 1.2 x 10° Roentgen per hour.
Mo apprecisble 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.

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

MISCELLANEOUS —h

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

1 the lamp is surrounded by ametal shield during conduction, the capacitance
Between the electrodes and the shield will increase with increasing lamp current.
%o accurate data on this phenomenon (8 now avaflable.

6




PHYSICS AND CHARACTERISTICS OF GLOW LAMPS | —|

If placed in storage for prolonged periods of time some glow h\mps exper-
ience a rise in initial voltage. 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
breakdown values experienced prior to storage. High quality lamps, such as the
5AG-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
(normally in the megohm range) shunted by a capacitance of about one micro-
microfarad.

with a dynamic internal re:
by the shunt capacitance me
(R;) and inductance (L) aren
through the lamp. Th:

of the cha u
the counter
conditions in Figure 1.

Lamp Types Vg Vees
AlA, BAB, KZA, 5AB 55
A%A, 3AD, 3AG 55.5
saH 59 500
B1A, BAC, BAA, 54 3,000
a1 55 115K

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 th
supply voltage when making DC lamp current calculations. Therefore:

V.-V

I "R/ TR, .1

ﬁﬁﬂﬂﬁiﬂiﬁiﬂﬁﬂﬂﬁﬁﬂﬁ



N PHY5(CS AND CHARACTERISTICS OF GLOW LAMPS

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:

Va =Vo +IR; 1.2)
In & similar manner, extinguishing voltage (V.) can be approximated as:
V, =V, + 012 /T, ]

Rated Life And Aging

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

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 purely for visual indication are said to reach end of rated
life when their light output has decreased 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 circuit component application is therefore
based upon this change. The lamp specifications in Chapter Six show the average
voltage changes which can be expected to occur after operation at design current
for & stated number of hours, Some glow lamps are made to special tolerances
or ranges. One example is the breakdown voltage of the 5AB-A, which remaing
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 eircuit 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, Tespectively.

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.

Fig. L.6. Typical Firing Voltage Change as a Function of Operating Time
&




PHYSICS AND CHARACTERISTICS OF GLOW LAMPS = —

Figure 1.6 shows Ly'pLLul life-voltage curves for groups of ALA lamps run
at .3 and .15 milliampere

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

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 veltuges and equal resistances arc 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-netivated semiconductors.

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

The lamip is also considerably more erratic in its Hcctrica] behavior than
is the standard brightness lype. Tanges in breakdown and maintaining volt
snitially A Ereoter Shan thbve: sgesaietod wilk sbaadsrd Erighthass types;
anges throughout life can be expected to be more severe. No reully sat
ctory method of stabilizing (his lamp type has yet been advanced. For t
ason General Electric does not recommend this lamp type where critics
voltage characteristics are a necessity.

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

Operation of this type below | milliump should be avoided for the rd
stated carlier. Life of the high brightness lamp on DC is approximately
that for equal RMS AC operation.

GENERAL

In both the standard and high brightness types, the greatest changes
breakdown and maintaining voltages oceur during the first 100 hours of oper:
at rated current, after which the veltage levels change only slightly for the r
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 volt
initially chango the least and usually upward, while those having a high initial
akdown voltage generally decrense with age.

Many methods for aging or seasoning glow lamps have been suggested and
tried, in an Pt to accelcrate the process. However, most of these methods
have some dvantage. Seasoning at high currents for short periods of time,
for example, usually does o temporary job becuuse the breakdown voltage
generally drifts back toward its initial value. When glow lamps are run or
pulsed at excessively high current to aceomplish seasoning, much of the useful
life may be used up before the lamps are actually put to work. In general, the

Hﬂ*ﬂ*ﬁﬂﬁﬁﬂﬂﬂﬂﬂﬂ“ﬂﬂﬂﬂﬂ



——— FH(SICS AND CHARACTERISTICS OF GLOW LAMPS

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 circuit conditions
to which they will be subjected. Exceptions to this rule-of-thumb might he
the 4AB, 4AC, 5AH family, and 5AJ family. (See data sheets on these lamps in
Chapter Six for aging instructions.)

soveral cireuit component glow lamps are subjected to an aging treatment
to enhance their stability prior to voltage selection. Among these types are the
3AG-A, BAG-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
4 substantial difference in breakdown voltage will occur if the polarity is re-
versed, For this reason, n 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
eyele of the lamp may be so small as to extend its useful life to many times the
life ft would have if in continuous operation. Peak currents, pulse waveshape,
and pulse time duration all influence life under these conditions. 1f 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 a 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 condition 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 seyere fon bombardment of normal
operation. This continual disintegration of the cathode surface is referred to us
sputtering. This loss of cathode material is also n 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 itg 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 neons 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 1.5. The efficiency of the standard brightness type is low,
averaging about .06 lumens per milliamp. The high brightness types average
.15 lumens per milliamp, about three times that of the standard brightness.
However, because of the ability of the high brightness lamp to withstand higher
currents, its light output {s about ten times that of the standard brightness lamp,
when the two are compared on an equal life basis.

| e ——————
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Profile of Radiant Energy Distribution for Standard Bright-
ness Neon Glow Lamps such as A1A, C7A, A9A, K24,
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Although the low efficiency of the meon 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 tho holium-argon glow lamps
are shown in Figures 1.9 and 1.10 respectively, The argon lamp, because of its
output {n 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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RELAXATION OSCILLATORS

CHAPTER

The neon glow lamp has found extensive circuit component use as a switch
in relaxation oscillator applications, The two basic types of relaxation oscillators
are the sawtooth oscillator 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 characteristies. 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 n 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 circuit.

Fig. 2.1. Basic Sawtaoth 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 freguency of operation
is essentially unlimited; however, the upper frequency is mormally limited by
the glow lamp due to the time required for the ionization and deionization of
the gas. The upper frequency limit for nermal sawtooth operation is on the order
of 20 kilocycles per second.

The peak-to-pesk voltage amplitude of the output signals is the difference
between the dynamic firing and extinguishing potentials of the particular
tamp being used. 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 Sawtooth Oscillator Operation

As mentioned earlier the operation of each type of oscillator shown in

2.1 utilizes the charging and discharging of a capacitor to generate
awtooth waveform. However, the difference in operation between the two
types of circuits results in output signals of opposite polarity.

As the voltage is applied to the circuit of Figure 2.1a the voltage across

14



RELAXATION OSCILLATORS

the lamp is initially zero since the capacitor is not able to change its voltag:
instantaneously. The capacitor then begins to charge toward the supply voltage
V with a time constant r 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 i usually negligible.

When the increasing voltage across the lamp reaches the dynamic break
down voltage Vi, the lamp switches into the conducting state with the curre
increasing to a relatively high value. The capacitor then begins 1o dischar;
toward 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 glo
lamp thus switched to the high resista state the capacitor again begins
charge toward the supply voltage and the oycle repeats. In order that
oscillations will be sustained certain operating conditions must be met, These
conditions will be described in the next section.

v

Fig. 2.2. Single Cycle of Typical Sawtooth Output

A typical low frequency steady-state oulpul voltage waveform
in Figure 2.2. The various voltage levels are indicated in the figur.
the time during which the capacitor is charging and T, is the time during unur
the lamp is fired and the capacitor is discharging. For low frequency oscil-
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:

Vi) =Ve + (V-Ve)(l-e o<t T @

at the time T,

Solving for T,

Tc =RC In

Assuming that T, «

Te. which is true for low {requency oscillations, the

15
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RELAXATION OSCILLATORS

period of a single cycle T is then approximately equal to Tg so that:

2.4)

The frequency 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:

- V-V,
RC I - (

where [n is the natural logarithm,

Alternate equations for the frequency of oscillation are

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

Jquation 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 V, and the
DC maintaining voltage Vy respectively so that for frequencies less than 200
cps:

V-y .
RC o =, (2.8)

e ‘t s

Fig. 2.3. Single Cycle of Typical Sawtooth Output

In Figure 2.3 is shown a single cycle of a typical low frequency output
signal for the second type of basic sawtooth escillator shown in Figure 2.1b.

16



RELAXATION OSCILLATORS

As voltage is applied to the circuit the full voltage is initially placed
aecross 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 r equal toRtimes 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 waveform during the time of the
capacitor discharge is:

V)= (V-V)e R 0€teT,

Then at time Ty,:
o

RC

W-V)=(V-Vye
Solving for

V-V,

Tp =RC 1
o n Vi

2an

Then since the time Ty is approximately equal to the period of the waveform
for low frequencies:

T =RC In

The frequency is the reciprocal of the period so that:

i 1
V-V, iin
RC b - o

which is identical to equation 2.5.

Therefore the same design equmionz are applicable to each type of saw-
tooth oscillator circuit shown in Figure 2.

Conditi N yfors ined Oscillations.

n order to obtain sustained oscillations 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 veltage must exceed the firing potential of
glow lamp being used. Normally, it is desirable to have the supply voitag
as high as Is practicable since the linearity of the output waveform inereases
as the supply voltage increases and in addition oscillator circuits tend to be
more stable for higher values of supply voltage. The glow lamp may be used

17
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RELAXATION OSCILLATORS

equally well with positive or negative supply voltages, bearing in mind that
llwue-r operation is obtained by observing the indicated polarity (if any) of the
amp,

voLTS

AMPERES

Fig.24. Vol c istic Curve Showing Operati
Condifions:For Vi Voluss of Epad Restatarie,

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 to a
typical glow lamp characteristic. The operating characteristics willbe determined
for three values of resistance R, R, and R, 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 circuit the capacitor begins 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 valuo of resistance R, (s 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 circuit 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

8
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of the lamp follow the churacteristic curve
point § is reached, the voltage must begi
(toward point U) but since the passive elements of the circuit
of providing an increasing voltage for a decreasing current and
is too large to permit sufficient current to [low through the ls
tain conduction, the lamp stops conducting and switches rupidly amnz a con-
stant. voltage line to point T. The capacitor then begins to charge again Loy
the supply voltage V and the cyele repeats, Therefore, since the load line
the resistance intersects the volt-ampere characteristic cur
the negative resistance region represented by the c SP the elrcu
ineapable of reaching an equilibrium point and will continue to os

.‘
7
£

If R is decreased still further to the value of Ry the lamp will be
conducting when the [iring voltage is initially reached and after swi
1o point Q the eapacitor will discharge through the lamp until point N is reac
which s the point of intersection of the load line with the volt-ampere char
acteristic curve of the lamp. This point s a stable point where the valuc
of resistance is low cnough to provide a sufficient current to maint
duction through the lamp. The lamp will, therefore, remain in this co
state and will not oseillate.

From lhc foregoing dlscu&smﬂ it apparent that in order to
sustained illations tl lue of the external r
such _that l ¢_load line the glow lamp

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 ean only be approximate. There
fore, if a circuit is to oscillate at 4 given frequency the design of the cire
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 far the Tamp 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 average 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 frequencics
above approximately 200 cps where equations 2.5 through 2.8 are not appli
cable. Tha design curves of Figures 2.5 through 2.10 ulso indicate typieal
values of resistance for use with the different types of lamps. As described
previously, the value of resistance for which a circuit is capable of oscil-
Inting depends upon the intersection of the resistance load linc with the volt
ampere characteristic of the lamp. For oscillations to be maintained this
intersection must occur in the negative resistance region of the lamp
characteristic.

J
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RELAXATION OSCILLATORS

The maximum value of resistance with which a circuit will oscillate
is normally greater than 50 megohms so that in most applications the maxi-
mum value of resistance will depend more on other considerations than on
the conditions for oscillation. On the other hand, the minimum value of resis-
tance required for sustained oscillations is generally more critical and is
dependent upon the associated value of capacitance and the supply voltage.
In addition, among lamps of one type there ig g variation in the minimum
useable value of resistance.

Figure 2.11 shows a typical range of the minimum value of resistance
required for oscillation as a function of the assoeiated capacitance, The
curve is for an HAB lamp with a supply voltage of 150 volts. The value
of minimum resistance increases s the supply voltage increases. For the
AB Jamp Rein at 150 volts is approximately twice that at 100 volts,

For general glow lamp sawtooth oseillator applications the range of
resistance is normally between 1 megohm and 22 megohms.

Once the approximate circuit parameter values have been determine
and the cireuit is oscillating, the desir operating frequency may be ¢
tained by variation of either R or C or the supply voltage. Normally thi
final adjustment is best made by using a potentiometer in the resistance
branch of the eircuit.

-1s0v

RESISTANCE - MEGOHMS

capacimanice - yf

Fig. 2,11, Minimum Value of Resistance for Oscillation
a5 a Function of the Capacitance.
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RELAXATION OSCILLATORS

Operating Characteristics of Sawtooth Oscillators.

OUTPUT WAVESHAPE

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

For supply voltages only slightly greater than the firing voltage of the
lamp the output waveform will be quite rounded. By increasing the supply
voltage the rounding will decrense and the output waveshape will bocome
yre lincar as is desired when the sawtooth oulput is to be used as a swoep
signal or other time base generator

r low frequency oscillations the time during which the tube fires is a
small percentage of the period of the signal and the resulting waveshape is a
typical sawtooth signal, An example of such an output is shown in Figure 2,12

ouTAT vgrea v PrP

Fig. 2.12. Typical Sawtooth Oscillator Low Frequency Output.

As the frequency of oscillation increases the time required for the foniza-
tion and de-ionization of the gas become a more appreciable part of the i

period. Thus, a rounding of the waveform at the discontinuities occur
addition, the time required for the capacitor to either charge or discharge
through the fired lamp becomes ingly larger percentage of the total
period. These effects are shown in Figure 2.13 for a 5AB lamp oscillting at

 frequency of T150 cps.

UTPUT grzeV Prr
AT 1130 €25

Fig. 2.13. Typical Sawfooth Oscillator High Frequency Output.

tions is
vidal

Although the normal upper f[requency limit fo tooth oscil
1locye per second, glow lamps may often switch into sinu:
cillations at frequencies approaching 50 kilocyeles per second. Figure 2,14
shows a typical output for a SAB glow lamp operating in this sinusoidal

fjuguguguugpuygupguuoTorrorrTroTrTm—
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mode., The amplitude of thege sinusoidal oscillations (s much less than the
amplitude of normal sawtooth oscillations for the same lamp. In addition,
the existence of these oscillations depends on fairly critical adjustment of
the supply voltage.

ouTRUT vgezv #sp
AT 37,000 an

Fig. 2.14. Sinusoidal Output of Glow Lamp Oseillator
Operating in High Frequency Region.

In general, the low voltage glow lamps such as the 5AB and 5 AGA ar
very stable and consistent in their output voltage waveforms ove
frequency range of operation. Although the high voltage lamps, 4- e\:\ and 4AC,
offer the possibility of a higher output signal, their waveforms ean become
erratic at frequencies greater than 1000 cps. They are, therefore, better suited
for use in low frequency oscillater applications,

Variationsof Glow Lamp asaF ionof Freq

The inherent nonlinearity of the glow lamp and the rather long times
required for ionization and deionization of the gas leads to variations c
glow lamp parameters as a function of frequency when operating in the basi
sawtooth oscillator configuration, These variations are evident in the fi
and extinguishing voltages and in the deviation of the ctual operating frequency
from the calculated frequency obtained by using the equation for low frequenc
oscillations. The following observations were made using samples of pre
5AG lamps

voLTS -y

L o 68 Booo
FREQUENCY - C P

Fig. 2.15. Variation of Dynamic Firing Voltage os o
Function of Frequency.

Figure 2.15 shows a typical response curve for the dynamic firing voltage
V, as a function of frequency. The supply voltage is held constant as +100.0
volts and both R and C are varied to obtain the eurve, Note that as the frequency
increases from the low frequency end the firing voltage reaches a maximum
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RELAXATION OSCILLATORS

at approximately 200 cps then decreases to a minimum at about 4000 cps after
which the response again rises until oscillations cease. The difference between
the maximum and minimum values on the curve is about 5 volts. The response
curve for the firing voltage when plotted and extended to frequencies less
than .1 eps tends to approach the DC firing voltage.

The response of the dynamic extinguishing voltage Ve as a function of
frequency is a more complicated phemomenon since Ve is also a function of
the value of R and C used in the oscillator circuit, Figure 2.16 shows a typical
family of curves for constant values of resistance R with the capacitance C
varied to change the frequency.

From the curves it is seen that the lowest extinguishing voltage is obtained
for the largest value of resistance and in this case occurs at approximately
1000 cps. 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 external
resistance R, while the firing voltage is not, the difference between these two
voltages is also dependent on the value of R. The difference botween 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,,

a2

sig0v

PP c j0M0

w |- 5 _T—

10 100
FREQUENCY -~ C RS

Fig. 2.16. Variation of Extinguishing Voltage = Constant Resistance.

A typieal plot of V, versus [requency is shown In Figure 2.17 for a fifteen
megohm resistance. In this case V. varies from a low frequency amplitude
of about 18 volts to a maximum amplitude of about 32 volts at 500 eps. This
amplitude variation with frequency is greater for larger values of R than it is
for smaller values of R due to the dependence of the extinguishing voltage
on the resistance as shown in Figure 2.16.
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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-peak output signa
for a particular GAB glow lamp is normally obtained by operating the oscil-
lator in the frequency region of 200 - 2000 eps and by using a large value of
oxtornal resistance.

shown previously, the equation for determining the low freque
oscillating frequency of the basic sawtoath generator 18:

1
V- Ve
V-V

RC In

i |
=
=
=
=
=
=
=
=
=
=
=
—
=
=
=
=
=
==
=
=
=
=
=

In investigating how valid this equation is over the entire range of oper
frequencies the above equation is altered by the addition of a multiplying fact
« and then o I8 evaluated as a function of frequency. The revised equation |

£= E
V-V
@ RC In W
80 that:
e
fRC In (2.16)
2o —— LN
20
a
0 -
o0 — — —
o Toooe

700 D
FREGUENCT - CF S

. 2.18. Deviation of Operating Frequency from Low
Frequency Equation.
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Figure 2.18 shows a typical plot of o as a function of frequency. Note
that o is essentially constant up to a frequency of about 200 cps and then
begins to rise. The value of @ in the low frequency region is 1,05 and was
very consistent among the 5AB lamps tested. Thus, a more accurate equation
for the design of 5AB sawtooth oscillators in tho low frequency reglon ii:

£ 1
2. fhet AL @amn

LO5RC In — =

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 frequency is essentially linear with tem-
perature but the degree and divection of change from the frequency at room
temperature appears Lo 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 decresse as the temperature
increases but the rate of decrease is again varisble between lamps and under
different operating conditions .

Glow lamps will operaie properly as sawtooth oscillators over a temper-
ature range of -50 to 180 degrees centigrade (-58 to +176 degrees Fahrenheit),
The glow lamp should never be used in amblent temperatures exceoding
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 Hme
or after it has not been used for u period of time, The second type of time
variation is a gradual change in frequency of oseillation 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 fll‘lnz voltage and extinguishing \mllam of the lamp.

Such changes can be d by ploying the following prag
Initial short term instabilitics may be reduced by Pr(-—u;{mg or seasoning
the lamp. (See Chapter Six for ure.) Each i should

huve 0 period of time where the lump s operating very near the clreult con-
ditions. 1f the lamp has been thoroughly seasomed and is quiescent for a day
or more there still may be a shift in frequency of a few per cent during its
first few minutes of operation.

cond changes ghout 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 eritical,

The third type of instability may be 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 location. Frequency varia-
tions are normally quite small and may be minimized by operation near the
lamp’s rated current.

Since all the above freq changes are by changes in the

firing and extinguishing voltages of the lamps the peak-to-peak voitage am;
tude of the output will normally change as well.

Operating Environment of Lamps.

When designing glow lamps into oscillastor circuits some consideration
must be given fo the environment in which the lamp is placed. In addition to
the effects of temperature which have already been mentioned, other conditicns
which must be considered are the presence or absence of light or other ex-
ternal ionfzing 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 a lamp is in complete durkness
with no other Ionizing source present the time for lonizing the gas muy be
relatively long. Thus, a lamp which is operated in the dark may ave = o
different frequency than it will have when operated in light. Several
glow lamps have a radioactive additive in the neon gas to minimize
forence in lamp operating characteristics. However, for
sistent operation, some source of light should be m
This light is easily obtained by the use of another neonm lam
tinuously conducting in the vieinity of the glow lamp being used as

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

When the oscillator capacitance is of such a small value that the stray
capacitance has an effect on the operating frequency it is recommended that
the lamp be eclamped [irmly in place &o that the lamp may not be moved and
thus change the capacity shunting the lamp. This {s particularly important
when the stray capacitance Is used as the only capacitance in the oscillator
circuit which may be requived when high operating frequencies are desired.

GLOW LAMP ASTABLE MULTIVIBRATOR

A second type of relaxation oscillator which employs neon glow lamps
the astable or [ree-running multivibrator, The normal uonﬂguuuon employs
two glow lamps with d resistors and capa y or
repetition rate is again determined by the operating thnrlclonallc! of the
lamps, the oxternal resistance and capacitance, and the supply voltage. The
upper frequency 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 2.19. The oper-
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RELAXATION OSCILLATORS

ation of the multivibrator will first be desecribed and the equation for the
operating frequency will then be obtained.

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 il 1s unlikely that both will reach their firing potentials at exactly
the same time. Assuming that the firing voltage of N1 is reached first, as the
lamp fires the voltage across it decreases suddenly to the lamps maintaining
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 between
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 eapacitor then begins to charge through the load resistor of N2 toward
the supply voltage with a time constant of C times R,. As the caparitor charges,
the voltage across N2 rises until it reaches the firing potential of the lamp,
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
capacitor then begins to charge in the reverse direction and the cycle repeats.

Figure 2.19 shows the outputs from the two lamps for a typleal low fre-
quency astable multivibrator.

In order (o determine the equation for the oseillating frequency of the multi-
vibrator, a 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-conducting—corresponding
to time Ty
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Fig. 2.20. Single Cycle of Output Waveforms
For the period Ty the equation for the voltage v, is

veteT, {2

Vi1 =, )4 [V~ Vi, + Vg~ Vimg] 1-07

Att=T:

Vi, =Yy~ Vi, # Vi

solving for T)s

T, =RC In

where In is the natural logarithm.

Similarly:

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

Vol N Vg
R0 p——a
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RELAXATION OSCILLATORS

requency of aperation may then be determined by taking the reciproeal
f 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 =V and V,

el o

then

T=RCIn

T=C[®, +Ry) In

Then the frequency of oscillation is the reciprocal of the period s

f=
(2.25)
For the condition where equal load resistors are used R, = R; =R. Then:
=
IMC I — Ry <Ry - R (2.26)
The output waveform of Figure 2.19 is not the typical *'square-wave'

signal generally encounte in multivibrators. However, this multivibrator
cuit may be modified to produce outpul signals which do have the general
rectangular shape. A form of this modified circuit is shown in Figure 2.21
with waveforms taken at both the anode and cathode of one of the lamps. The
anode voltage is approximately 30 volts peak-to-peak and the cathode squ
wave output is approximately 4 volts peak-to-peak at a frequency of 15 cps,
The magnitude of the square-wave endent upon the value of the
registance in the cathode leads of 1. As the resistance is made
larger the output becomes greater; however, the topof the square-wave becomes
more sloping and for very large values of cathode resistance the circuit can not
made to oseillate.

Fig. 2.21. Modified Muitivibrator and Qutputs.

IBRE'E' RSN EEBESERERESREEEEEB

32



RELAXATION OSCILLATCRS
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Fig. 2.22. Glow Lamp Mulfivibrotor with Common
Cothode Resistonce.

i

Figure shows another f
cathode resistance. The frequency of esc as ﬁ:m::e‘&r
is varied thus providing a method of frequency sdjustment. The woitage saveform
across the common cathode res:
twice the anode signal.

The operation of glow lamp muit = mot a5 prefSctbie = Ge
operation of the sawtooth oseillator o resstince EmeTanee
and supply voltage are more critical in the opersties
for the higher frequencies of oscillati:
critical. The result is that even though
closely predicted by use of the equations in this sec
may require clmng\.a In the parmeters in ord to
waveforms and frequency.

" "
€
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Fig. 2.23. Basic Multivibrator Showing Stray Capacitances.

In general, the glow lamp multivibrator is reliable for frequencies bel
about 2000 cps, The major requirement is that the load resistance is not
large that secondary sawtooth oscillations occur. The basic multivibrator
oircuit is redrawn in Figure 2.23 showing the stray capacitances across
the lamps. Note that each lamp considered alone with its load resistor and
stray capacitance forms a basic sawtooth oscillator. Figure 2.24 shows a
circuit in which the large values of resistance have resulted in unwanted
oscillations superimposed upon the desired low frequency. The low frequency
is approximately 1 cps and the high frequency oscillations are approximately
1000 eps.
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el

Fig. 2.24. Undesired Oscillations Resulting from Too
Lorge Values of Lood Resistor.

Difficulties with unwanted oscillations may normally be avoided if the
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
kilocycles per second are usually obtained only when the proper values of
resistance, capacitance, and supply voltage are found experimentally. The
higher the desired frequency becomes, the more difficult it is to obtain the
desired output and the value of the supply voltage in particular becomes
quite critical. As before, consideration must be made of the size of the load
resistance. Figure shows a typical medium frequency circuit and out-
puts in Which the value of load resistance is of a propor valuo to climinate
secondary oscillations.

8

Fig. 2.25. Glow Lamp Multivibrator,

When using glow lamps in multivibrator cireuits the normal precautions
of providing sufficient external lonizing sources and proper shielding should
be observed for best operation. The multivibrator circu
essentially the same manner as the sawtooth oscillator in so far as the effects
of temperature, drift, radiation, ete.

APPLICATIONS

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

The Electronic Organ
Electronic organs have presented an interesting glow lamp application
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in which the lamps are used as tone generators. A mumber of glow lamp
sawtooth oscillators are used in frequency divider chains where the frequency
of each oscillator is divided by two, eorresponding to an octave change, and
is synchronized by either a master oscillator or by some preceding oscillator,
Generally the highest {requency glow lamp oscillator in a partieular ch
s synchronized by the master oscillator which is normally a vacuum tube or
transistor circuit. The following glow lamp nscll]nmrs in each chain are then
stepped down to one-half the frequency of the oscillator, Synchroni
tion of each oscillator is required since unsynchronized glow lamp oscillators
do nat have the degree of stability required for organs,

One type of synchronization which has been used successfully in orga
applications is shown in part in Figure 2,26. The sawtooth oscillator is cor
posed of two glow lamps with resistor R, and capacitor C, as the main frequenc;
determining elements. The synchronizing signal is fed to the common termi
of lamps N1 and N2, thus offering a high impedence to the syne signal. Capacitor
€, has a value approximately one-tenth the value of Cy so that the total capaci-
tance of the branch composing C; and €, is approximately equal to €. Th

output signal at frequency fo/2 is thus reduced by a factor,

o *‘C =0.1. Capacitors
€; and €, form a voltage dividing network for the syne signal of the following

i and Cqare about cqual and the fotal capacitance
of the branch composed of Cy and €, is much less than the value of Cys there—
fore, C; 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 giow lamps N1 and N2, The configuration of the capacit
network has the added advantage that the pulse generated across lamp N4 when
it fircs is greatly attenuated in the back transmission path to the output at

+V

N3

fo fos,

Fig. 2.26. Basic Configuration of Frequency Dividing
Tone Generator,
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RELAXATION: OSCILLATORS

fo/2 so that a negligible amount of the signal from one osecillator is coupled
back Lo the preceding output.

The free-rumning unsynchronized-frequency of each oscillator is adjusted
for a frequency slightly lower than ome-half the frequency of the preceding
oscillator 8o that synchronization may be accomplished,

A cireuit which divides by four is shown in Figure 2.27. The synchron-
izing signal is a sine wave obtained from a low impedence source, The first
pseillator stage consists of u single glow lamp with the synchronizing signal
injected across a 20 kilohm resistor in the cathode lead. The lamp is paralleled
by 4 5.6 megohm resistor experimentally chosen to obtain the proper fre-
quency for the first oscillator.

The next two stages perform the frequency division. Each stage consists
of two glow lamps in the sawtooth oscillator configuration described 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 60 to 110 cyeles per second, thus pro-
viding & wide frequency range for adjustments when required.

For a more complete deseription of the glow lamp tone generators and the
assoelated cireuits used ia the electronic organ the reader forred to the
reforence listed at the end of the ehapter.

Variable Frequency-Variable Pulse Width Generator

Figure 2.24 shows a circuit in which a glow lamp astable multivibrato
is wsed 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 as shown ure 2.28 the secompanying wave-
shapes were obtained at a nominal repetition rate of 220 pulses per second.
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The 500 kilohm potentiometer with the center arm to the supply voltage
provides the variable pulse width with essentially no change in frequency
when the lamp firing and voltages are matched.
frequency of oscillation may be varied by changing the value of C or the
supply voltage or both. The output is obtained from a 50 kilohm potentiometer
which thus provides a variable 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 decided slope, This diode network may be eliminated
depending on the particular application.

200K 200K Fean
T

(FOR,

Fig. 2.28. Square Wave Generator.

Time Delay Relays

15,000 TURNS.
P

Fig. 2.29. Time Delay Relay.

Figure 2.20 shows 4 configuration in which a glow lamp is used to operate
after a time delay. After voltage is applied to the circuit the

a re
scross’ the capasitor begine 19 Tise

voltage
n the normal manner of 4 sawtooth

37
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generator. 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 ecircuit 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 ochms.
The time delay for the component values as shown is ghout 20 seconds,

casy

100K

ReED RELRY

1,0¢- 6E 2n3TT

Fig. 2,30. Repetitive Time Delay Relay.

Figure 2.30 shows another type of time delay relay in which the relay
cycles on an off instead of sealing in as did the relay of Figure 2.29. When
the rising voltage neross capacitor Cy causes the glow lamp to fire the resultant
current flow is amplified through transistors Q; and Q, and energizes the
relay. The glow lamp quickly drops out of conduction thus placing a very high
impedance between the R;C; charging network and the transistor network,
Capacitor C, then begins to discharge through the high input resistance of
transistor @y which causes the collector voltage of @ to slowly rise. When the
voltage across the relay reaches the dropout veltage the relay de-encrgizes
and the cyele 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 additionthe capaeitor voltage
is decreased to near zero potential thus resulting in a longer charge time,

For the circuit of Figure 2.30 employing the roed relay of Figure 2.29
the total eyele time is 55 seconds, with the relay energized for 15 seconds
of the cycle time. — =
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Alarm Circ

o S
‘ T

Fig. 2.31. Glow Lamp Audio Alarm Circu

By making use of two sawtooth oscillators with one modulating the other
o signal can be produced which may be used us an awlio siren or wlarm
Figure 2.31 shows one method employing this technique. The first noon
oscillator oscillates at a low frequency and the output signal 1s used to modulate
the supply voltage for the sccond oscillator which operates at a higher fro-
quency. The varying audio frequency signal when used as an input to a speaker
system gives the effcot of a siven and may be used for alarm purposes.

Light Indicator

The output frequency of a glow Iamp sawtooth oscillator is a functic
of the load resistance in saries with the lamp and by varying this resistance th
outpul frequency may be varied. Figure 2,32 shows a sawtooth oscillator
employing a photoconductor as & variable rosistance. Thus the output frequency
of the oscillator is a function of the light incident upon the photoconductor,
the resistance of the photoconductor decreasing for incre light intensity
The variable frequency outpul may be used to provide a signal for a speaker
system thus giving an audio indication of the light on the photocondu

o0y

! % (j FroTaCENGUCTa
e

100K

out

Fig. 2.32. Light Indicator.

By using a potentiometer to shunt the photoconductor, the starting conditions
of the oseillator may be somewhat controlled. Thus the oseillator b
adjusted so that it will begin to oseillate only when a certain level of darkness
surrounds the photoconductor. Alsa by proper selection of the photoconductor,
resistance, capacitance, and supply voltage the lamp may be made to oscillate
in the dark and not in the light, or alternately to oseillate in light and to ceas
oseillating in the dark. The output may then be used signal source for
r system which will give an sudio ind on of the absence or presence

Miﬁﬂﬁﬂﬂﬁﬂﬂﬂﬁﬂﬂﬂﬂﬁﬂﬁﬂﬂﬂ

3%




r AXATION OSCILLATORS

of light in an area which may be inaccessible to the individual. A non-oscillatory
circuit for sensing light levels will be described under Miscellaneous Applica-
tions in Chapter Four,

Temperature Indicator

s150v

oE 4108

out

ot i

Fig. 2.33. Temperature Indicator.

In a manner similar to the light indicator '|Imvr a thermistor may be
used Bh a variable resistance in a glow lamp osc or circuit as shown in
Figure 2,33, The thermistor has a resls\am‘.l' which <|l'('l‘4‘m$(‘s with IHCV'L‘:HING
temperature, The f{requency outpat of the oscillator is thus a function of the
temperature of the environment in which lhu thermistor 1s placed and the signal
may be used to indicate temperature either by direct [requency measurement
or by using the output to provid for a speaker system and thus giving
an audio indication. Non-oscillatory “circuits 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 tologic 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 signalor event. Binary coding involves
the use of two-level identifications such as ‘‘yes" and “‘no”’, “‘one’" or *‘z
(*“1” or **0"), or twodifferent voltage levels. ﬂ]L binary system is of value
it reduces information to a series of * and ‘‘no™ type represcntations; i
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
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 107 +6x 10" +3x10° = 1000 +900 +60 + 3
(note: 100 = 1)

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

638 =6x10" +3x10'+8x 107 = 6+ .03+ 008

‘We refer to the decimal number system as a base ten system. The base of
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 are 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 (Inste
10, as in the decimal system) taken to the appropriate power. Consequently
number of v ‘ltipliers is limited to just 2 values — 0 and 1. A fow examples
binary numbers will show the similarity to the decimal system.

10101 =1 x2'+0x 29+ 1x22+0x2 +1x 29 (binary)
=16 +0+4+0+1=21 (decimal)

101 =1x 21 +1x22+0x2% +1x 2 (hinary)
= .5000 + .2500 + 0 + .0625 = .8125  (decimal)

11,01 =1 x 2! +1x 24 0x 21 +1x 27 (binary)
=241+0+ .25 = 3.25 (decimal)

Note that the ‘‘binary point” separates the negative powers of two [rom the
positive powers of two (including zero) just as the *‘decimal point’’ performs in
our more familiar 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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—— OGIC AND COMPUTER APPLICATIONS OF GLOW LAMPS

as for decimal numbers. An example of each operation in both systems will show
the similarity,

Addition:
binary 10100 decimal
+ 101
11001

3
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

ote that when a ‘‘unit’ is borrowed from the adjacent column, it is two which
is 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 4
101[ 10100 520
101 20
[

Notice that as we have lowered the base of our number system from 10 to 2
we have at the same time increased the number of characters necessary to define
a number. For example, while we require only 3 places in the decimal system
to define decimal 100 we now require T 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 as glow lamps, diodes, and 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 increasingly more difficult to control, In 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 basic functions 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, etc.). Ingeneral, to show the state of the input and output,
the numbers ““1°* and *0°* will be used, where n *“1" indicates the presence of a
signal and a **0” indicates the absence of a signal. The notation used for these
functions and their definitions are listed in Figure 3.1 (a).

42



LOGIC AND COMPUTER APPLICATIONS OF GLOW LAMPS n—

A, B, €, etc. Symbols Used In Equations
AB, AR, (A)(B) Aand B
A+D Aor B
A Not A
1 "True” or "On'"
o "False!" or "OIf"
(8} DEFINITIONS

Commutative Laws A+B=B+A, AB=BA
Associative Laws (A+B)+C=A+(B+C), (AB)C = A (BC)
Distributive Law A(B+C)=AB+AC
Special Distributive Law (A+B)(A+C) =A+BC
De Morgan's Theorem ATB=AB, AB=A+8B

(b) LAWS
L=8 0=1
A+A=A ATA=A
A+l=1 Arl=4A
AtR=1 A-A=0
A-a
A+AB=AQ+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 oporations is classified as Boolean algebra. Although no attem
to instruct in Boolean algebra will be made here, o 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 simplifying
logic equations., The reader is referred to the reference list at the conclusion
of this chapter for texts on the subject.

The manner in which logic operations are formulated and reduced may hest
be illustrated by an example, Suppose that we desire to use a logie system to
automatieally control the time during which a lawn sprinkler is in operation.
Let X denote the output of our logic aperation with the value 1 denoting that the
sprinkler is {o turn onor stay onand the value 0 to denote that the sprinkler is to
be turned off or stay off.

Let
be ope:

use the following conditions for determining when the sprinkler is to
ated:

The fivst conditionis that we desire the sprinkler to operate between the hours
of 6PM and §PM. Then let the variable A be a 1 during these hours of the day
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and a 0 for all other hours of the duy. In a practical system a timing device
™ could be used o 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 ig 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 Doperate 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 working.

There are thus four variables in the logicproblem. In order to determine the
state of the output for each of the possible input conditions n *“truth-table" is
made, In the truth-table shown In Figure 3.2 for the sbove problem each of the
ossible arrangements of the four variables is shown and the desired output
for each condition is listed in the column X.

With the truth-table obtained, the logic equation for the system may be written
dawn. 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
we abtain ABCD.

truth-table of Figure 3.

B & x
0 0 g o
TR 0 A 1 G6PMto 8PM - Desired Time
§ 'g,x e 0 0 Other Hours
D .0l g 1 T
il e 53 e
I 0 L 08
e T o € 1 Manual Operation
(i Bl LS 0 0 Automatic Operation
Fiei R b D 1 System On
i g LA it 0 System Off
S Mt e 1 X 1 sSprinkler On
S S B 0 0 Sprinkler OFf
1 1 0 1 0
1 >~ 1 o 0
L S 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 is:

D+ ABCD + ABCD (3.1)
The next step is to reduce the equation, if reducible, to a more simple form.
One method of reducing (s to use the laws and relationships of Figure 3.1,
For other methods of reducing Boolean equations the reader Is reforred 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)
= [Ac +Aa@E+G)] BD (3.4)
= (AC+A-1) BD (3.5)
X = (AC +A) BD (3.6)

The final equation may now be described by a schematic diagram showing
the ordering of the logic operations in the problem. One type of schematie
diagram ‘is shown in Figure 3.3 for equation 3.6. In general, several forms of a
logic 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,

Block Diagram for Logic Equation of Sample Problem

LOGIC CIRCUITS EMPLOYING GLOW LAMPS

The operating characteristics of the glow lamp make it an idenl device in
logie circuits where high speed of operation is not important. The power con-
sumption of these logic circuits is small and in addition the cireuits may be
constructed at very low cost. The circuits may be designed so that small
changes occurring in the operating characteristics of the lamp will have es-
sentially no effect on the operation of the logic eircuit. In addition the operation
of these logic circuits 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 eireuits with conventional NOT circuits
to result in workable logic operations.

Glow Lamp AND Gate

Figure 8.4 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
cither lamp se 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 o
the conducting lamp. Normally the eonducting 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 for 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 Vi, = 75 volts,
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. 3.4, Typical 2-Input "AND" Gate.
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Fig. 3.5. "AND" Gate.

Fig. 3.6. "AND" Gate Waveforms.

Vi = 55 volts, Vg, - 70 volts, Vy, = 50 volts and a two-state, input square
watve signal of 0 or 140 volts. Also assume that the extinguishing voltage of each
lamp is equal to the maintaining voltage.

With both inputs zero the output 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 voltage ncross it is insufficient to cause
firing. This condition is shown in Figure 3.6a. If both mputs 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 Vy bath 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 Vy # V. If V; = +40 volts and Vy remains at
zero volts 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 Va = 0 volts and Vg 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 Vy, begins ta rise V, also begins to rise
since N2 is conducting. When Vg, has risen to the +30 volt level the voltage across
N2 will be at the extinguishing voltage and N2 will stop conducting. The output
valtage 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 Vy fallsbackto zero the output voltage will remain
at +55 volts and now lamp N1 is in the conducting state,

aaddadaany

Thus an error signal of 5 volts is produced due to the difference in maintaining
voltages of the two lamps. In many eases 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 matching
the lamps of the AND eircuit or by using the following method.

Tt will benoticed In Figure 3.6d that a second pulse does not result in a further
error in the outpat. Infactall 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 resultin a reduction of one-half

+150v

n VeTsY Vet 0¥
ssov Vg 33 Viage 5OV
¥

o
weuT ne

g. 3.7. Waveforms 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 difforence 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 1s possible that either lamp may be initially conducting, the amplitude of the
output signal will depend upon which lamp is conducting. The variations in cutput
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-
ducting.

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

mains 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 3.7b. The other lamp will remain non-conducting since the
voltage across it remains essentizlly equal to the maintaining voltage of the
conducting lamp.

For this case where the supply voltage is large 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 voltage and input signal amplitude is thus:

Vo> Vi + Ve (3.7)
where V is the supply vnltsge, i s the amplitude of the input pulse above
ground potential and Vg fs voltage of the lamp.

If V; now rises to+40 volts with V 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 quickly with the input until the firing voltage of N1 is reached after which
N1 switches to the eonducting state and the output voltage drops to the main-
taining voltage of N1 as shown in Figure 3.7d.

With a repetitive pulsed fnput 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:

Vin > Vet = Vyn Vin > VE2 - Vg 3.8

V> Vg +Vg 3.9

where Vi, is the input pulse amplitude above ground potential, Vg, vu. and V;
are the nnng, and voltages and V is
the supply voltage.

Equation 3.8 is required to assure that the first pulse sets the AND gate
properly.

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 gemeral 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 cutput impedance of the
AND gate consider that lamp N1 of Figure 3.8a is the conducting lamp, The AC
oquivalent cireuit for the gate with N1 condueting 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 ls the parallel combination of R and Re+ ry, so that:

(3.10)

To obtain an idea of the magnitude of umpul impedance expected for an AND
gate assume R, = 10K, R = 200K and r, = 5]

Then:
200(10 4 5)

it
B ESTES S

14K

Glow Lamp OR Gate

Figure 3.9 shows the basic 2-input glow lamp OR gate. The OR gate function
is to give an outpul when there is an input signal at either or both of the inputs,
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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 conducting lamp. Using the same lamps as for the
AND gate of Figure 3.5 the oulput waveforms for an OR gate with an input pulse
af 4100 volts are shown in Figure 3.10. Note that when the input pulse is present
al both inputs the lamp with the lowest fiving 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.

Ya
+100 YhtTov
n
o oy
et v % Vg’
- <]
“
Vo b
o *

w

Fig. 3.10. Waveforms for Basic 2-Input "OR" Gate.

From the waveforms of Figure $.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 voltage V, must be less than
the extinguishing voltage of cach 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 not be as large as for the OR gate of Figure 3.9 whete the input voltage
amplitude had to exceed the firing voltage of the lamps.

bt I

ne

e

Fig. 3.11. Modified Glow Lamp "OR" Gate.

The design conditions for the modified OR gate of Figure 3.11 are:

(3:11)

[Fa> Vo™ TV V> %y~ ]

where Vg and Vg are the firing and extinguishing voltages respectively.

(3.12)

asv

i
a YR TRV ¥pgeTOv
+100
% 2 Vi 88V Vg 90V
eyt " Yo
"
o

Fig. 3.12. Waveforms for Medified 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
outpul pulse above the quiescent value is given by the equation:
Vo = Vi - My - V) (3.13)
A look at the AC equivalent aircuit 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 obtained by equation 3.10.

NOT uits

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 circults, The transistor operates
in an on-off manner being either in saturation or cutoff depending upon the input

signal.
c

-

.y _|
ARl ﬁj

it el

o

. 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 bloek 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 eircuits one metwork will be directly connected to
other networks. This involves a consideration of the DC voltages in one network
and how the adjacent 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 logie 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 n lew functions are very readily designed with dircet
coupling and fewer components are required than for the normal AC logic
system.

:
B
-
s Latinl e
G oV
:

Fig. 3.14, Glow Lamp Logic 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 eithor
zero or 150 volts depending on the switch position and the output is either - 10
volts or approximately +38 volts. Thus at the input a *1°' is +50 volts and a
“0' is zera volts, wh the outputa “1** is +38 volls and a is 110 volts.
For this example no attempt was made to restare the output to the same voltage
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levels as the input. The range and values of the output signal is gencrally
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 ¢ir-
cuit consists of a capacitor and a resistor if needed. In AC coupled systems there
18 not the need for a large number of supply voltages since generally one voltuge
is sufficient for all AND gates, one voitage for all OR gates, and one voltage for
all NOT circuits.

e T

Aaeaneic

Fig. 3.15. Glow Lomp Logic Circuit (AC Coupled).

Depending upen the frequency and duty eyele of the Input signal diode clamp-
ing may be required. For low duty cyele inputs dicde elamping is generally
not needed in the eoupling network, However, when signals of a relatively high

equency are used it may be necessary toemploy clamping to restore the signal
to its original level.

Figure 3.
circuit for a

shows the block diagram, truth-table, and AC coupled logic
~input system. Diodes D, and D, are indicated 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 rated 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 inputs possible, For example,
Figure 3.16 shows a five input AND gate and a three input OR gate.

Fig. 3,16, "AND" and "OR" Gates with Multiple Inputs.

RESPONSE OF GLOW LAMP CIRCUITS

TO PULS

INPUTS

The inpats to logio gates ere typlaally sguase wavew with relativaly fast
rise and fall times. n and deionization of the neon gas in
S glow Jump' e ‘troquincy. of the Tnput phlesa 16 wermally laks thas aboct

Fig. 3.17. Glow Lomp Square Wave Response.

Figure 3.17 shows the Tesults of drivitg & glow lamp with & 100 volt poaitive
square wave at a frequency of 450 eps. Notice that the circuit is similar to
5 OR guto— the diffarencs: beine, ol ooures, that daly one laip and cne foput
are being u

The load restator in this case le 100,000 chms o that for an output signal
of 40 volts the peak current flowing through the lamp is about
landing e tratitog. sdmee of She e skt glgnats v i By oce
deml tn s A, The fall time of the output signal is approximately the

. being on the order of 5 microseconds.
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Fig. 3.18. Leading and Trailing Edges of Square Wave Response.
The upper waveshapes of Figure 3.18 show the rise time of the input and
utpat siguals. The delay in the outpat waveform ta dus to the lonization of th
gas which in this case res a delay of about 10 microseconds. This time
y s a function of the ropetition rate. (See Pigure 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 fonizing condition.
The output for the load resistance of 1 megohm indicates an effective inductance
in the lamp as well as a longer time lag due to the degree of fonization of the
gas. In this case the time lag between the onset of the pulse and the steady
state condition i approximately 60 microseconds.

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

becomes on the order of 5000 cps the distorted part of the waveform will occur
over a proportionally larger segment of the waveform and may result in errors
or poor oparation of the gating clrcuts. It may become neceasay to use low
values ad resistance to minimize this distortion but it is important to
TR (het T toine i Tastassis reelie e larger currents flowing
in the lamp and heate & shorter operating life may be cxpected.

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

uuuuuuuuuuuuuuuuuuuuuuu
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outeuT pULSE (00) 3

Fig. 3.20. Oscillations Produced in Gating Circuit When
Using Large Value of Load Resistance.

1 load resistance — in this case 4.7 megohms was sufficicnt for oscillations
to oceur in the output signal as shown in the figure. Notice that when consideri
the stray capacitance across the lamp the gating circuit has the same con-
scillator deseribed in Chapter Two. For this reasor
Uis important that the load resistance is not of such a large value that the loa
line intersects the volt-ampere characteristic of the glow lamp in the
resistance region. This will normally limit the resistance to a value less than
1 megohm

figuration as the sawtooth

negative

COMPUTER AND COUNTING CIRCUITS

In addition to the 1 ircuits previously described the glow lamp has
pplication in various other circuits which may be used in low-speed comput
and counting operations. This section will describe several of these circuits

Timing Generators

Timing generators produce a series of pulses of a particular freque
ind shape. These pulses may be usedtotime events in a computer and to pr
pulses for the logic operations. A series of pulses also be counted to

[ some other

i accurate time base for the timing

ig. 3.21. Glow Lamp Pulse Generator.

Figure 3.21 shows one type of pulse generator employing a single
lamp. The circuit is essentially a sawtooth oscillator with an additional resistor
R. in series with the glow lamp. As the capacitor charges up the voltage across

nuuuuuuunn
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glow lamp increases and when the firing voltage is reached the lamp fires
by passing a surge of current through the lamp as the capacitor quickly

scharges.

The output voltage developed across resistor R, is a spike with a relatively
st rise time and a fall time which depends on the deionization propertics
e lamp and on the value of capacitor C, resistor Ry, and the internal
sistance of the lamp. The amplitude of the output pulse depends on the product
the current times the resistance R, so that the amplitude of the output
arger for larger values of resistance. However a point is reached

ults in essentially no further amplitude

ere a further increase in resistance r
rease and operation may become unstable
The decay time of the output signal is determined approximately by the
me constant C (R, + Ry) where R, is the dynamic resistance of the lamp.
refore in general, at low frequencies where large values of C are required
value of R, will be small (*10K) whereas at higher frequencies where C
ger (=100K).

s small the values of R, may be much lar

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

ltage lamps such as 4AB or 4AC. The frequency of the timir

pends on the capacitor, resistances, supply voltage and lamp parameters as
se generator operating at a frequency of 5 KC.

pulses de

+100v

FREQUENCY+ 8 KC
100K AMPLITUDE + 65
RISE TIME <78
FALL TIME - 274

Fig. 3.22. Pulse Generator.

Another commonly used timing generator is the astable (free-running)
multivibrator described in Chapter Two. An added advantage of the multivibrator

ng rectangular shaped waves which are often
reuits.

is that it is capable of produc
ation of lo

{esired in the opc

Bistable and Monostable Multivibrators

In addition to use as a free-running multivibrator the two-state characteristic
of the glow lamp makes it an ideal component for bistable and monostable
multivibrator use. Figure shows ome type of configuration. The ratios of
the resistances determine whether the circuit will operate as a bistable multi-
vibrator or as a monostable multivibrator. The circuit is also capable of operating

1s a frec-running multivibrator.

The supply voltage V must than the firing voltage of the lamps
but not of such a valuc that both lamps will conduct simultaneously. Assume
that lamp N1 is initially conducting. A voltage will then be developed across the

e great
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Fig. 3.23. Basic Multivibrator Circuit

common resistor R, and the value of this voltage will be such that the voltage
across N2 is insufficient to allow N2 to fire. The voltage V, is equal to V - L R,
where I, is the current through the conducting lamp N1. With N2 non-conducting
Vi = V so that the capacitor is charged to a voltage equal to I 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 voltage at V, remains low until C can
discharge, while the voltage Vy remains equal to the supply voltage V. As the
input pulse drops back toward zero the voltage Vi also drops toward zero and
as Vo 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 R, will keep N1 non-conducting and the circuit has now switched state
The next positive pulse will cause the circuit to flip back to the initial state
operation. Thus under these conditions the circuit 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
wiE VW) (3.14)

where Vy,  is the maintaining voltage of lamp N1. Also:
Vo = Ve 4V, (3.15)
Vg =V (3.16)
Then the voltage across N2 is:
Vn2 = Vg - Ve
In order that lamp N2 is kept in the non-conducting state the breakdown volt-
age of the lamp Vg, must be greater than Vy,.

Therefore:
Vi
Substituting equations 3.14 and 3.16

> Vg - Ve (3.17)

R
Ve >V - gaR; O - Vi) (3.18)
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which reduces to:

Ry Ry
>

v, (3.19)

- —_—V,
P RTR, VR TR, M
or:
Ry
v, Ry (3.20)
By * Ry Ry, M1 wetE
R .
1+ R 1 R,
¢ - Ry .
Let X = . Then:
Ry
1 X
Ve >ax Vi Tex e e
Solving for X:
V-V,
X >g—v— (3.22)
Fa My

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:

(3.23)

(3.24)

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 a 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, due tothe current flow through N2. However if the resistance
ratio of R, and R, is of the proper value the voltage across R, will not be suf-
ficient to keep N1 from firing as the voltage V4 rises. Thus once the voltage
across N1 exceeds the firing voltage it will conduct and the negative pulse coupled
through the capacitor C in conjunction with the rising voltage across Ry will
cause N2 to drop out of conduction. The time during which N2 conducts is
determined by the capacitor, resistances, supply voltage, and lamp operating
voltages.

To the design for the resi in the
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multivibrator assume that N1 is the stable lamp. Then the f
must satisfy the equation

y voltage of N1

v V - LR (3.25)

as with the bistable multivibrator the

Then following the same procedu

following design conditions are obtained

For NI stable:

where Vi anc maintaining voltages respectively.

\ are the firing a

Figure 3.25 shows a typical monostable multivibrator and the output wa

15 volts at a rate of 1.5 p

shapes, pulses are ses per second.

Both t e and monostable circuits of Figures 3.24 and 3.25 requ
input r pulses it least 5 peak. The rate at which the mu
vibrators will operate properly depends on the charging and dischar :
of the capacitor and on the ionization and deionization times of the

vy

) de®
(ysan (3
i

61

R EEEREEEEEEEEEEEEEEEER

R |



THHUUHUUTHEEREHENNYNDEEEEUNUN

—— O G |C AND COMPUTER APPLICATIONS OF GLOW LAMPS

The basic multivibrator circuit of Figure
if an insufficient voltage is developed acr
running operation:

3 will become free-running
resistor Rj. Then for free-

Ry

®

Ry
R

A Glow Lamp Ring Counter

A glow lamp ring counter capable of counting at rates up to several hundred
pulses per second was first reported by \nm.\ and Buckley! . A modified version
of this ring counter is shown in Figur § for a count-of-six counter
even nimber may be counted by adding additional patrs of glow lamip-i
conductor diode combinations.

The input to the counter consists of positive pulses of at least 30 volts
peak. All lamps in the circuit are high-voltage 4AC lamps. Lamps should

-isov
o
INPUT i
o
°
Fesr
[
o awrs wAC
regrrr et —
Fig. 3.26. Glow Lamp Ring Counter

'*Neon Diode Ring Counter”", ). C. Masley and E. F. Buckley, Electronics, January 1950, pp 8487

62



LOGIC AND COMPUTER APPLICATIONS OF GLOW LAMPS e —

Fig. 3.27. Ring Counter.

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

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

Hﬂﬂﬂﬂﬂﬂﬂﬂﬁﬂﬂﬂfﬂﬂﬂﬂﬂﬂﬂﬂl

f 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 C.
now start to discharge through R, and the high back resistance of diodc
Since the back resistance of diode Dy is much larger than the resistance
R, essentially the full voltage developed across C; will now appear ac
diode D, with the result that the cathode of N2 now has a large negative poten

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

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 C, now appearing across diode Dy as C, attempts to dis-
charge. When the input pulse again rises to zero Vj rises and with the ad
voltage across diode Dy lamp N3 will now fire first.

Thus cach successive input pulse has 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 conncction. This pulse ssentially
rectangular and for the circuit of Figure 3.26 the amplitude of this output
pulse was about 40 volts.
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different types of storage or memory circuits. One such memory circuit is
shown in Figure 3.28.

- ﬂ
o "
eyt €

‘ o [
meeser T [

o ne0 our
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 voltage.
Therefore:
500
where:

—— OG|C AND COMPUTER APPLICATIONS OF GLOW LAMPS
Memory Circuits
The properties of the glow lamp make it a very suitable device for several

To read out of the memory circuit 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:

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 zero.

To reset the memory circuit 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:

[Vt [ >V = ¥ (3.3%)
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Another type of memory circuit which is becoming quite popular employs a
glow lamp in conjunction with a ph or other type of ive
device. The photoconductor has a decreasing resistance as the incident illumina-
tion is increased. Figurc 3.20 shows one manner in which a glow lamp and
photoconductor may be used as a memory circuit.

100k

Fig. 3.29. Glow Lamp — Photoconductor Memory Circuit.

With the glow lamp non-conducting the resistance of the photoconductor is
very large and any input “‘read”” pulse will be attenuated by the photoconductor
) ctor 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 output 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 great number of other applications for this versatile device. This
chapter will discuss four major applications. A reference list following the enc
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 a
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 exceed 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 nun
ber of glow lamps in series. For best results pre-aged lamps should be used in
the following applications.

gagaaanaeaeaeaeaaaaonaraoaaaaononn

The most common application for the glow lamp as a voltage regulator is in
providing the screen voltage for pentode vacuum tubes. A typical circuit for this
application is shown in Figure 4.1.

+300

3% 12ox

arox

sae

san

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 lamp over the range of screen grid current drawn by the vacuun
tube. In addition, the current drawn by the lamp must be large enough that the
lamp will not produce oscillations. Figure 4.2 shows a typical volt-amper
covering the normal region of voltage regulation. The curve is for an 5AB
lamp.

When a glow lamp isused as a voltage regulator the voltage will vary slightly
as a function of temperature. Figure 4.3 shows a typical curve of lamp voltage
versus temperature for an 5AB lamp operating at the rated lamp current of
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Lawe voLTAGE
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LAMP CURRENT (AMPERES)

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

.3 milliampere. The maintaining voltage of the 5AB and related low voltage
types has a decreasing temperature ch cterist of about 40 millivolts per
degree Centigrade when operating at the rated current of the lamp.

"

vours
¢ S

40 -2

Fig. 4.3. Typical Temperature Response of Glow Lamp Voltage Regulator.

JL—
M » “

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 obtained. 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 supplv voltage is in excess of the total firing voltages of the lamps then
the lamps will fire when the voltage isapplicd. This situation is shown in Figu
4da.

For this case then:

V > Vg + Vig + Vg + Vg .1

By using a triggering pulse to fire the lamps a lower supply voltage
quired. An application showing this method is shown in Figure 4.4b. The amplitude
of the triggering pulse must be large enough to fire the lower lamp. Once
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.

is

Then in order that the other three lamps will fire

V> Vg + Via * Ve + Vi (4.2)

A third method for initiating conduction in the lamps is shown in Figure 1.4
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. T
supply voltage must be large enough to cause these three lamps to

Therefore:

V> Vi + Ve + Vig (4.3)

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

V> Vg # Vi + Vg + Vi (4.4)

Another method of starting a series string of glow lamps is the use of =
(10 megohms) resistance bridging one or more of the lamps. This is shown i
Figure 4.4d. The voltage across each lamp isdetermined by the capacity as w
as the ““of”" or leakage resistance of each lamp in the string.

This bridging resistance reduces the net resistance of the bridged lamps
leaving 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
maintaining voltages, and the difference between this and the supplied voltage
must now be large enough to break down the bridged lamp or lamps.

Larger strings of series lamps may be used for high voltage regulation with
firing of the lamps initiated by applications of these firing techniques.

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

The glow lamp has a very high input resistance prior to firing and after firing
gives a visual indication that the lamp is conducting. Both of these characte;
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 visual
indication is very low so that even after the lamps have fired, the detector cir-
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 resistances are similar. If higher resolution is required 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.

—pepererel)

Fig. 4.5. Variable Voltage Level Detector.

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

weuT

@
®

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 direct current. The DC bias
provides a relatively fised 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.

i
Y- N Y a
=
T‘
+* +

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 sclecting resistor
R, several considerations must be made. The value of R, in conjunction with the
plate voltage and equivs stance will 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 ]H becomes larger the DC voltage
component the grid of V2 alsobecomes larger, thus requiring a larger cathode
r for V2 and consequently more degenerationaf the AC signal. The eirouit
wmymnonu 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 is added as shown in Figurc
4.7b. This capacitor serves the same purpose as for the voltage regulator cir-
cuit of Figure 4.4c 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.

Hﬁﬂﬂﬂﬂﬂﬂﬁﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ“
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The impedance presented by the glow lamps ina direct coupled circuit varies
as a function of the DC current and the frequency of the input signal. At fre-
quencies below about 1000 cps the impedance of the lamp is essentially resistive
with the magnitude of the resista € upon the slope of the volt-ampere
characteristic of the lamp at the particular operating point.

As the frequency becomes higher the lamp becomes inductive so that for
frequencies higher than about 1000 cps the lamp may be represented by an AC
equivalent circuit of a resistance in series with an inductance. Bulh |h(' v1lue
of the resistance and the inductive reactance increase with i
in addition the impedance varies with the DC lamp current. Figure 4.8 is a plot
of the effective resistanc reactance of an 5AB glow lamp operating at the
rated current of .3 milliamp. The input AC signal was 1 volt RMS.

g mid e

RESISTANCE & REACTANCE - ONMS.

0 1000 10000 100,000
FREQUENCY - CPS

Fig. 4.8. Effective Resistance and Reactance of 5AB Glow Lamp
Operating in a Coupling Circuit at0. 3 Milliampere DC.

The effect of this lamp impedance is to introduce tenuation and a phase
shift in the signal as the frequency of the signal is increased. To reduce this
effect and hence increase the high frequency response of a glow lamp coupled
amplifier a capacitor may be placed across the glow lamps. A typical circuit is
shown in Figure 4.9 with the response curves shown in Figure 4.10 for both
conditions - with and without a bypass capacitor. The low frequency voltage gain
of the circuit is 45.

Fig.4.9. Glow Lamp Coupled Amplifier.
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Fig. 4.10. Amplitude Response of Glow Lamp Coupled Amplifier.

Any number of glow lamps may be used in a direct coupled stage provided
that the ied DC voltage is sufficient to fire the lamps. The magnitude of the
maximum AC signal depends on the degree of distortion permissible. Norm
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 ir
conjunction with photoconductive devices. Among these photoconductive d.
are the cadmium sulfide and cadmium selenide photoconductors and photosensitiy
semiconductor devices. The spectral response and light intensity of many
these devices is compatible with the light output of the neon glow lamp. In adc
the low power consumption and speed of response of the glow lamp makes it
desirable light source. Either standard brightness or high brightness glow lamps
may be used with photoconductive devices.

Photoconductive Cells

A photoconductive cell, or photocell, is a device whose resistance varies
with the amount of light radiation impinging upon its surface. Althoug
types of photoconductive materials are in use, or under development, c:
sulfide and cadmium selenide are presently the most widely used. |
certain advantages over the other.

The spectral response of the cadmium sulfide photocell normally pe:
5500 Angstroms while the cadmium selenide photocell peaks around 7000 Ang
stroms. Thus the cadmium selenide photocell is normally better matched to the
neon glow lamp spectral emissivity. However, variations in the mix, ma
and processing of a photoconductive cell will allow its peak spectral sensitivit
to be varied over a wide range.

rials,

Photocells vary considerably in terms of light-to-dark resistance ratios an
in their value of resistance at a given light level. A typical cadmium sulfide ce
may have a light-to-dark resistance ratio of 1,000,000 or more, The resistance
of a photocell is 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 resists ases with i sing illumination.

«««n«nnuandnﬁnﬁ«nun«nnn«
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nsitivity 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
milliscconds. Response speeds of both types are dependent on the previous state
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 circuits 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 common use of the glow lamp-photocell com-
bination has been in memory and logic circuits. In these applications the input
circuit is isolated from the output circuit — 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 actuate several photocells.

‘The glow lamp-photoconductor combin: best used where the resis
of the photocell is switched from a very high resistance to a low resistanc
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 recciving circuit.

100K

1% |~ orenaring powe Fon
25000 RS, AVG LIFE

PHOTOCONDUCTOR RESISTANCE -OWMS.
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Fig. 4.11. G.E. B-425 Photoconductor Resistance vs Lamp Current —
5AB and 3AH (Lomp Located 1.5” From Cell)

Figure 4.11 is a typical plot of photocell resistance as a function of lamp
current in the 5AB standard brlghlnos: and the 3AH high brightness glow
lamps. The lamp is located about 1.5 inches from the photocell 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 indicator described in Chapter Two is a circuit con-
sisting of a photoconductor in parallel with a glow lamp. At a specific 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 with aglow l'unp Here a visual indication
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is provided at a specified temperature by the firing of the glow lamp, or a photo-
conductor can be used tosense the firing and actuate external circuitry.

Likewise, a humidity sensing circuit can utilize a humistor as a variable
resistance in parallel with the glow lamp. Humistor resistances typically
crease with an increase in humidity. Once again, the firing of the glow lamp at
a specific humidity can be used for visual indication or to actuate externa
uits.

Since consistent firing voltage is required for the above applications the use
of a preaged lamp such as the 5AG-A is recommende
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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 values
of these parameters change as a function of frequency and associated circuit
components so that the type and accuracy of the measurement depends upon the
“or normal circuit component use the tests are usually made easily

Fig. 5.1. Test Circuit for Determi
Characteristics.

g Lamp DC Voltage

Figure 5.

shows a test setup which may be used for making approximate
measurements of the lamp p A voltmeter with a resistance of 20,000
ohms per volt is sulficient to prevent loading of the lamp circuit.

meter

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 voltage of the
The DC voltmeter probe may now be moved to point B and the

lamp under

maintaining voltage will be indicated. If it is desired to know the maintaining

voltage at a particular value of current the supply voltage may be varied until

the proper current is obtained — assuming that the resistance is such as to

permit the desired amount of current to flow. The approximate value of current

may be obtained by measuring the voltages at points A and B. The current is then
Vi - Vg

determined by the equation I

After the maintaining voltage is measured the voltmeter probe may be
turned to point A. The voltage is then slowly decreased until the lamp current
abruptly 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 cause
the circuit to oscillate once the lamp has fired.
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ELECTROSTATIC OR
ACUUM TUBE VOLT-
TeR

Fig. 5.2. Test Circuit for Determining Lamp DC Voltage
Characteristics.

Another testing circuit is shown in Figure
to avoid changing leads. Voltmeter V, 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 megohms should be placed in series with the meter
to suppress a tendency of the circuit to oscillate due to the meter’s capacity.
Voltmeter V, neod not have a very high input resistance as its shunting effect on
the test circuit is negligible.

Two voltmeters may be used

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

ns

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

1t is often desirable to measure the dynamic valyes of firing and extinguish-
ing voltage for u cireuit in operation; for example, a sawtooth oscillator. Figure
5.3 shows a cireuit which may he used to effectively isolate the glow lamp ci
cuit from the test circuit. The vacuum tube cathode follower stage has essen-
tially an infinite resistance at the grid input so that there is negligible loading
on the lamp circuit. In addition the input capacitance of the cathode follower is
verv low so that the total capacitance shunting the glow lamp is on the ord
only a few micro-micro-farads.

The transfer characteristic of the cathode follower may be determincd by
varying a DC voltage on the grid and measuring the corresponding output cathode
volt. pproximate transfer function

.. An alternate method of obtaining the
the cathode follower is to drive the grid with a small sine wi
imposed on a DC bias of perhaps 30 volts as shown in Figure 5
fer characteristic of the cathode follower is then approximately:

greaanauiaaananaoaaaaeaannn

ve signal super-
4. The DC trans-

Vo = Av; + Eyg (5.1)

where A is the small signal AC gain (less than unity) and Ey, is the DC cathode
voltage measured with the grid grounded.
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. +300v
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®
sca
e (rane "
T 0%
N s

Fig. 5.3. Test Circuit for Determining Dynamic Lomp
Characteristics with Lamp Circuit lIsolated
from Output.

SHe wave Ac voLTuET
GENERATOR CADLTNETER,

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
fynamic firing and extinguishing voltages of the glow lamp circuit may be meas-
d by usi calibrated DC oscilloscope on the output.

The cathode follower circuit also provides another means of measuring the

firing and maintaining voltages of a glow lamp. If an oscilloscope is used
which has an output sawtooth sweep available ata very low frequency and a volt-
age greater than 100 volts this slowly rising voltage may be used as a variable
supply voltage for a glow lamp with a series resistor as shown in Figure 5.5.
By placing the output of the cathode follower to the vertical input of the DC oseil-
loscope voltages proportional to breakdown potential and the maintaining volt
of the lamp may be measured from the scope presentation; The actual value
of the breakdown voltage and the maintaining voltage may then be determined by
using the equation for the transfer function of lhu cathode follower

This method of determining the operating characteristics of lamps is partic-
ularly useful when large numbers of lamps are to be measured.
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GLOW LAMP TEST METHOL

SAWTOOTH OUTPUT
VERTICAL INPUT

ATt Eyg

Fig. 5.5. Alternate Method of Determining Firing and
Maintaining Voltages of Neon Glow Lomps.

CONDITIONS FOR LAMP MEASUREMENTS

In determining the parameters of a glow lamp care should be taken to provide
the proper environment. Recommended practices are:*

1. Lamp measurements should be made at room temperature of about

2. For measurements to be made m lllhl the measurement should be made
in an unobstructed ambient i of 5 to 50 The I
which is to be tested should be operated in the conducting state for a short
period prior to measurement.

In the case where it is desired to measure a lamp in total darkness the
lamp should be inoperative for a period of at least 24 hours immediately
prior to testing and the enclosure should be light-tight.

'S

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 re
mended practices.

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

**"Measurement of Glow Lamps'", A.S.A., 10 East 40th Sueet, New York 16, New York.
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LOW LAMP TEST METHODS

MEASURING THE DELAY TIMES OF GLOW LAMPS

When a designer considers the use of glow lamps for bistable logic 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 few types of neon devices, and many different oper-
ating environments, the engineer will probably want to make his own tests. In
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 turnon pulse (Fig. 5.6) breaks down
into two factors, which should be measured separately: speed of response and
voltage level at which the neon is retriggered. The test setup in Fig. 5.7
measures the former and that in Fig. 5.10 measures the latter.

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

Tistasto

—— ;= IONIZATION
TIME

1= STATISTICAL
TIME

LAMP CURRENT

* AVALANCHE
TIME

TIME

Fig. 5.6. Delay fimes for neon turn-on defined.

In the first test (Fig.5.7), the ionization time, the time that it takes a neon
to respond to a positive-going pulse is the sum of the statistical time (t.) re-
quired for the first free electron to form in the gas and the avalanche time (ta)
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 pulse is received. This, in turn, is a function of excita-
tion remembered from recent ON states and environmental factors, such as
the ambient light level, electric 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 gas composition and isotope content, but these

Measuring the Delay Times of Glow Lamps™", C. R. Dougherty, and R. D, Smith, Electonic Design
March 30, 1964,
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GLOW LAMP TEST METHODS

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.

igu

! &y

SWITCH

i TEST CHAMBER

SCOPE

i
T
i
'

|

|

H

i

|

NEON_UNDER
TEST 100

SWEEP
TRIGGER

=
Fig. 5.7. Setup for measuring @ neon's ionization time.

hown in

The following steps are needed to set up the ionization time t
re 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 box measuring 12X 12 x 14 in. high
can be used with the inside walls blackened. 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 screen 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 light for the tests.

A variable impedance can be used to varythe 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 cool white fluorescent was felt to be a good compromise
between daylight and incandescent conditions.

»

Provide a dc 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.

@

Arrange the switch to connect the power source to the test circuit so the
neon has an OFF time of at least 8 sec. This is necessary to allow the
excitation 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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GLOW LAMP TEST METHODS

min. will be adequate in most cases. This will have 8 sec OFF
and 3 sec ON times. A further requirement for this switch is that
it should have transients of less than 0.5 usec.

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 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/em. It should
have an externally triggerable horizontal time base, sweeping at 1
msec/cm. An interval counter could be used to help time the delay.

o

w

oz
zz HEIGHT OF BLOCKS PROPORTIONAL TO THE
R NUMBER OF READINGS FALLING WITHIN CELL
wo
* 3 . NORMAL GAUSSIAN
0nJd
Wi [/ T\ , PROBABILITY CURVE
S0
Fz
=
H PARAMETER
-30-20-10 00 lo 20 430 BEING MEASURED.

Fig. 5.8. Arrangement of the data in histogram form.

At the start of each test, resistance R should be adjusted to operate the lamp
at 105 per cent breakdown voltage. Then at 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 curves that 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 for higher
voltages, but that it is even more sensitive to light levels. The largest change is
between no light at all (zero foot candles) and a small amount of light (0.1 foot
candles). For reference, ambient light levels range from 30 to 60 foot candles
in office areas and up to 100 foot candles in well-lighted laboratories.

82



GLOW LAMP TEST METHODS

T T
5AB+3 SIGMA LIMITS
500 + t
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Fig. 5.9. lonization time vs p ge of dc breal voltage.

The curves in Fig. 5.9 are for the 3 sigma limit, or worst-case values that
include 99.8 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
be the only frequency-limiting factor. Generally, in repetitive signal circuits it
will be necessary to also know the deionizationtime. This turn off parameter can
be measured directly but the procedure is quite complicated. An easier para-
meter to measure is the refiring voltage as a function of time off. The setup for
this measurement is shown in Fig. 5.10.
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TR T
i | f-OVERT Mo |
{NeoN OnoER) T OVERT Moz
LoTEsT_ to

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 sec/cm. Two oscilloscopes could be
used with a common timing reference.

SCOPE No.l

ot ott—sfe— 1 o0 —=f

SCOPE No2

Fig. 5.11. Appearance of dual-trace scope display obtained
from Fig. 5 test setup.

In addition, a 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:

Raise de power supply voltage until the lamp under test fires.

2

Adjust R until specified lamp current is obtained.

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

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 rated 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.

T 03w
s 50308 s00F1-¢
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i e il I
N

JouTS BeLow WAL SRE G VoLTAGE
Fig. 5.12. Time-off as o function of refiring voltage.

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

Current was held constant for the tests that produced these levels and in this
case it was found that the light levels did not significantly alter the refiring time.
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GENERAL ELECTRIC
GLOW LAMP SPECIFICATIONS

CHAPTER

From the first glow lamp, (NE-2), have evolved the scores of lamps in today’s
glow lamp line, each with specific characteristics depending upon the job to be
done. Thus size, light output, life, efficiency, breakdown voltage, maintaining
voltage, extinguishing potential and many other factors are considered in de-
signing just the right lamp for the specific application.

As an aid in selecting the right lamp — before the design of the product is
frozen — choice can be narrowed down tolamps typical of the application. These
become the clues which may permit you to make easier selection from the glow
lamp specifications that follow.

CIRCUIT SUGGESTED LAMP TYPES

Logic AND-OR Gates 3AG & 5AB
Memory Circuits 5AH, 4AB, 4AC
Multivibrators 3AG, 5AB, & 5AG
Photoconductor Activators 3AH, 5AH & 5AJ
Sawtooth Oscillators 3AG, 5AB & 5AG
Trigger Circuits 4AB, 4AC, 5AH
Voltage Indicators 3AG, 5AB & 5AG
Voltage Regulators 3AC, 3AH, 3AJ

The specifications give a brief description, the outline drawing, the electrical
characteristics and aging instructions for each circuit component lamp. Additional
information about lamp characteristics and operation in specific circuits may be
obtained from G.E. Representatives, listed below, or the editors of this book.

GENERAL ELECTRIC LAMP SALES OFFICES
Addiess(Zp) (Telephone) Address _ (2p) (Telephone)

Rianta, Ga Sote 28,339 Eant Womphis Tenn. 20215 Latham SU_ 38103 548 7647

RO Feny IV IE. NN TN | | it 1310 NW. 78th St 33143 7578481
Baltimore Md. 1401 Parkes Road Vail- PO Box 12 33157

Mol FOBGTAZ) ip it | Miwsokee, Wi 8100 W. Flost Ave. 53209 4623860
S - e Minneapols, Minn. 500 Stinson Bivd. 5413 331.4050

Newton Upper Falls, Moorhead, Minn. 1210-19% St South 56560 2335712

Yem, 02164 3326200 | ygupry, N ) 133 Boyd St 07103 824-5200
Cape Eizabetn, Me. 29 Ocean View Re. 04107 7980221 | oot RR R
Charktle, N.C. 1001 Tuckaseeges R Box 1023 efferson

Mai: 0. Box 17362 28211 376-6585 Branch 0121 8356021
Chicago, 1l SS0W.Jackson Bvd. 60606 3324712 | NewYork NY. . 219 425 10017 7511
Cincinati, Ohio 49 Contral Ave. 45202 4216810 | Oakland Call.  999-98th Avenue 4603 569-3422
Cleveland, Ohio 12910 Tt Ave. Mail Okiahoma City. Ok, Executive Terra

PO Bor 2514 AAIO8 2664337 i i
Columbus, Ohio 766 Northwest Bivd. 43212 294-4115 Exprosnay UG DR
Dallas, Texas 6500 Codar Springs oy :‘" X o

s 0% e 391328 15406 685900
Dayton, Ohio 225 N. Wilkinson St. 45402 223-7151 | Pitisbureh. Pa 7”" Corma Sl 16218 4719050
Donyer, Col. G501 £ 44th Ave. 80716 gagr1 | Rochester Y. . GBS SL BRI L
Detrot, Mich. 15135 Hamilon Ave. 48203 8830200 | o stznd, it .,, ,, sm.
Duluth, Mion. 126 N, 7th Ave.East 55805 722.5509 wai- P Bokes stz s

a0, Texas orh Stanton St Louis, Mo. arview Ave

aRe Room 510 "™ o902 5531961 | Sesle, Wosh  24006thAve, Suth 38104 22,801
Wouston, Tesas  S615 Lymbar Drive 77035 923.2549 | Springfei, Mass. 120 Maple Strest 01103 734-5606
Indianapols, Ind.  2511-F-1 East 46 St 46205 su7.5s11 | Utca, W.. go Radio Recever
N. Kansas City, Mo. 535 East 14th Ave. 64116 471-0123 1001 Broad St. 13501 7241293
Los Angeles, Calt_ 2747 S. Malt Ave, 90022 723:2541 | West Hoven, Conn._ 86 Tyler Ave 06516 5629823
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CROSS REFERENCE AND SUBSTITUTION GUIDE FOR

GLOW LAMP SPECIFICATIONS

G.E. CIRCUIT COMPONENT GLOW LAMPS iR
Mtom ¢) ArGo -
P he Miniature Lamp Department of the General Electric company recognized
the need for a new numbering system for circuit component glow lamps which
will be compatible with the new ASA system for indicator glow lamps. Shown
below is a cross reference and substitution guide.
oLD NEW SUBSTITUTION
NE-2AS 3AD
NE-2L 3AD
NE-2LT 3AD
NE-28 5AB- re 99
NE-3 8AA Pe 14y
NE-4 BAB " hs
NE-5 “sAC * re M
NE-16 7AA - | e
NE-23 5AB - fhee A8
NE-51S
NE-67 6AC M P 12
NE-68 5AC - -
NE-68A 5AC prer O
NE-75 3AD
NE-76 5AG-A i 1oy
NE-17 5BA
NE-80 5AG e o3
NE-81 5AG
NE-83 SAH Pe tog
NE-86 5A7 P 1oy
NE-96 4AB pabr 10
NE-97 1AC 37
NE-98 3AD
NE-99 2AA
Fon ME ¢
Gttt Pr6 ) 17 T N w1
cre
88
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GLOW LAMP SPECIFICATIONS

The 2AA is the smallest circuit component
2AA presently available. The formed tip gives good

end-on viewing. A radioactive additive reduces
NE-99) dark effect.

OUTLINE DRAWING

0.2007
0.244"
|
SPECIFICATIONS
Min. Avg. | Max.
Initial DC Breakdown Voltage 60 80
(In dark)
Initial DC Maintaining Voltage 62
3 0.3
Hours operation @ 0.3 ma for 6 volt 7,500
change in maintaining voltage
Design current in millamperes 0.3

Aging Procedure - 100 hours at design current or 24 hours at 0.6 ma; followed
by 24 hours under typical circuit operating conditions.
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GLOW LAMP SPECIFICATIONS

The 3AD is a selected version of the 3AG which
finds wide usage as a stero indicator. This lamp 3AD
has specified voltage ranges, tinned leads, an

extinguishing test, mild radioactive additive for (NE-98|

the reduction of dark effect, and Dri-Film coating
for high leakage resistance.

OUTLINE DRAWING

‘\ 2
| LEADS
J T Tikneo |
1 ]
SPECIFICATIONS
Min. | Avg. | Max.
I
Initial DC Breakdown Voltage 65 | 0
(In 5-50 footcandles)
Initial DC Maintaining Voltage >50
2 0.3 ma
Hours operation @ 0.3 ma for 5 volt 6,000
change in breakdown or maintaining
voltage
Design current in millampere 0.3
Extinguishing voltage (.25MQ or more 50
series resistance)
Leakage resistance @ SO°F and 75% 100M Q2
Relative Humidity

Aging Procedure - 100 hours at design current or 24 hours at 0.6 ma.; followed
by 24 hours under typical circuit operating conditions.
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GLOW LAMP SPECIFICATIONS

The 3AG is a standard brightness circuit com-

ponent lamp. It incorporates a shorter overall
3AG length than most glow lamps, a formed tip for
easier end-on viewing, and a mild radioactive
additive for the reduction of dark effect. It is onc

of the lower priced neons.

‘ 0.200"
*‘ Fo.zu"
|
5o
%
MAX.
f— 0145 MAX.
- YN PRESS ZONE
| PRESS
ZONE

LEADS

j—nnusn

SPECIFICATIONS
Min. Avg. Max.
Initial DC Breakdown Voltage 60 76 | 90
(In 5-50 footcandles)
Initial DC Maintaining Voltage 46 58 76
ma
Hours operation @ 0.4 ma for 5 volt 2,000
change in breakdown or maintaining
voltage
Design current in millamperes 0.4

Aging Procedure - 100 hours at design current or 24 hours at 0.8 ma.; followed
v 24 hours under typical circuit operating conditions.
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GLOW LAMP SPECIFICATIONS

The 3AG-A is a preaged 3AG. A breakdown and

maintaining test has been added along with an 3
and Dri-Film coating AG'A

extinguishing voltage test

to increase leakage resistance.
\ 0.200°
A‘ ro.zu“
|
1.
%
BLACK POLARITY MAX.
AND TYPE DOT i 0145"MAX.
: IN PRESS ZONE
| PRESS
ZONE
i APPROX.
@ %2
1% -
LEADS
TINNED
SPECIFICATIONS
Min. Avg. | Max.
Initial DC Breakdown Voltage 60 80
(In 5-50 footcandles)
Initial DC Maintaining Voltage 50 65
@ 0.4 ma
Hours operation @ 0.4 ma for 5 volt 6,000
change in breakdown or maintaining
voltage
Design current in millamperes [ 0.3
Extinguishing Voltage (.25 Meg() or more 50
series resistance)
Leakage resistance at 80°F and 75% 100MQ
Relative Humidity

Aging Procedure - Not required as lamp is pre-aged.
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GLOW LAMP SPECIFICATIONS

3AG-B

The 3AG-B is a selected version of the 3AG-A.
Where closer voltage specifications are required
this lamp is one of the logical choices over the
3AG-A.

OUTLINE DRAWING

RED POLARITY L
AND TYPE DOT ]

0150 MAX,
IN PRESS ZONE

1%
SPECIFICATIONS
Min Avg. | Max
Tnitial DC Breakdown Voltage 65 73
(In 5-50 footcandles)
Initial DC Maintaining Voltage 52 62
a@ 0.4 ma
Hours operation @ 0.4 ma for 5 volt 2,000
change in breakdown or maintaining
voltage
Design current in millamperes 0.4
Extinguishing voltage (.25 Meg( or more 50
r ce)
Leakage resistance @ B80°F and 75% 100MQ
Relative Humidity

Aging Procedure - Not required as lamp is pre-aged.
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The BAG-C is also a selected version of the
3AG-A. Selection to a slightly higher range has
advantages in some circuits and the differential
between breakdown and maintaining voltage is

higher than the 3AG-B.

GLOW LAMP SPECIFICATIONS

3AG-C

OUTLINE DRAWING

o | 0200
[To24a”
YELLOW POLARITY 1
AND TYPE DOT 3
%
g
, +_XYIf. ou AX.
g IN PRESS ZONE
| PRESS
ONE
APPROK
ER9
732 |
|
~—— LEADS |
TINNED
SPECIFICATIONS
Min. Avg. | Max.
Initial DC Breakdown Voltage 68 6
(In 5-50 footcandles)
Initial DC Maintaining Voltage 52 62
@ 0.4 ma
Hours operation @ 0.4 ma for 5 volt 2,000
change in breakdown or maintaining
voltage
Design current in millamperes 0.4
Extinguishing voltage (.25 Meg or more 50
series resistance)
Leakage resistance @ 80°F and 75% 100M0Q
Relative Humidity

Aging Procedure - Not required as lamp is pre-aged.

94



GLOW LAMP SPECIFICATIONS

The 3AH lamp

resistance. Thi

a major design criteria

an over ngth which is shorter than many glow lam
end-on viewing, where desired. A radioactive additive is pres:
cffect.

OUTLINE DRAWING

high brightness circuit com-
ponent lamp with Dri- l-'iIm for increased leakage

is recommended for ap-

plications where al.:l)llnv of characteristics is not

. The formed tip provides
s, as well as better
t to reduce dark

L= 0150 MAX
¥ IN PRESS ZONE
PRESS
N
APPROX
732
|
SPECIFICATIONS
Min. | Avg. | Max
Tnitial DC Breakdown Voltage " -
(In 5-50 footcandles) a
Initial DC Maintaining Voltage - - s
@ 2.0 ma i ¢ i
Hours operation @ 2.0 ma for 10 volt
change in breakdown or maintaining 2,00¢
voltage
Design current in millamperes, 2.0
Leakage resistance @ B0°F and 75%
Relative Humidity 100Ma

*After 100 hours operation at design current. Individual lots may vary from average.

Aging Procedure - 100 hours at design current or 15 minutes at 15-17 ma.; fol-

lowed by 24 hours under typical circuit operating conditions.
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GLOW LAMP SPECIFICATIONS

The 4AB has the largest differential between
breakdown and maintaining voltage of any GE glow 4AB
lamp. Although ideal for triggered pulse applica-

tions where a single, higher voltage output is (NE-96)
desired, the instabilities inherent in this lamp
type could rule against its use in some circuits. The lamp contains radioactive
additive for the reduction of dark effect. The light output is not high but with
end-on viewing it is adequate for normal observations.

OUTLINE DRAWING

o.22. 5
r‘ 0.275"
i 0
(
u Pire-
] 1 Si2 0.145" MAX,
T INPRESS ZONE
t PRESS
v zone |
1 APPROX. |
| 3, "
L 2
SPECIFICATIONS
Min. Avg. Max.
Initial DC Breakdown Voltage 4 £
(In 5-50 footcandles) 180 150
Initial DC Maintaining Voltage - =
@ 0.5 ma
Hours operation @ 0.5 ma for 10 volt
change in breakdown or maintaining 3,000
voltage
Design current in millamperes 0.5

Aging Procedure - 100 hours at design current or 7 hours at 1.25 ma.; followed
by 24 hours under typical circuit operating conditions.
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GLOW LAMP SPECIFICATIONS

The 4AC has a somewhat smaller differential
4Ac between breakdown and maintaining voltage than
does the 4AB, but operating stability has been
INE-97) improved in this lamp type and response time is
faster. A i i additive is in-

cluded.

OUTLINE DRAWING

t 0.225"
1 0.275"
R n
(N 2t ‘
[W MAX
N L
7t
1 PRESS
- ZONE
| APPROX
3
1 32
] 1 ]
SPECIFICATIONS
.
Min. | Avg. | Max.
Initial DC Breakdown Voltage
(In 5-50 footcandle: L g
DC Maintaining Voltage @ 0.5 ma 60 80
Hours operation @ 0.5 ma for 10 volt
change in breakdown or maintaining 3,000
voltage
Design current in millamperes 0.5

Aging Procedure - 100 hours at design current or 2 hours at 1.25 ma.; followed
by 24 hours under typical circuit operating conditions.
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GLOW LAMP SPECIFICATIONS

The 5AB is a modification of the NE-2 indicator

lamp with mild radioactive additive for the re- 5

duction of dark effect. Both its low cost and AB
stable characteristics following aging account for (NE-23)

its popularity.

OUTLINE DRAWING

L‘ o
‘1 = INPRESS ZONE
PRESS
ZONE
APPROX
PPRO
B2
SPECIFICATIONS
Min, Avg. | Max
Initial DC Breakdown Voltage
(In 5-50 footcandles) s 7 9
DC Maintaining Voltage @ 0.3 ma 59+
Hours operation @ 0.3 ma for 5 volt
change in breakdown or maintaining 6,000
voltage
Design current in millamperes 0.3

* After 100 hours operation at design current. Individual lots may vary from

average.

Aging Procedure - 100 hours at design current or 24 hours at 0.6 ma.; fol-
lowed by 24 hours under typical operating conditions.




GLOW LAMP SPECIFICATIONS

rees

is the lea
in the line.

OUTLINE DRAWING

RED POLARITY
AND TYPE DOT

The 5AB-A is a pre-aged

maintaining voltage test has been
SAB-A | it an cxtinguishing voltage test. Dri-Film
coating increases the leakage resistance. This
t expensive pre-aged circuit component

0145" MAX
INPRESS ZONE

AB. A breakdown and
added along

SPECIFICATIONS
Min Avg. | Max

Initial DC Breakdown Voltage - 56

(In 5-50 footcandles)
DC Maintaining Voltage @ 0.3 ma 50 65
Hours operation @ 0.3 ma for 5 volt

change in breakdown or maintaining 6,000

voltage
Design current in millamperes 0.3
Extinguishing voltage (.25 MegQ) or more =

series resistance) o
Leakage resistance @ BS0°F and 75%

Relative Humidity 100M0

Aging Procedure - Not required as lamp is pre-aged.
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GLOW LAMP SPECIFICATIONS

The 5AB-B is a selected version of the 5AB-A.

specifications are required
this is one of the logical choices overthe 5AB-A. 5A B'B

OUTLINE DRAWING

0.190 "
0.250"

J: o

MAX.

4 5B 0145"max
2 INPRESS ZONE

SPECIFICATIONS

Min. Avg. Max.
Initial DC Breakdown Voltage 62 2
DC Maintaining Voltage @ 0.3 ma 50 60
0.3 ma for 5 volt
change in breakdown or maintaining 6,000
Design current in millamperes 0.3
5 M{) or more &
50
80°F and 75% hia,

Aging Procedure - Not required as lamp is pre-aged.




GLOW LAMP SPECIFICATIONS

5AB-C

The 5AB-C is also a selected version of the
5AB-A. Slightly higher breakdown and maintain-
ing range will give advantages in some circuits.

OUTLINE DRAWING

£
WHITE POLARITY Lo (
AND TYPE DOT ! %6
MAX
LS oas”max
l ? INPRESS ZONE
PRESS
ZONE
 Tod APPROX.
PoRg
B2
——
SPECIFICATIONS
Min. | Avg. | Max
Initial UC Breakdown Voltage 68 P
(In 5-50 footcandles) ’
DC Maintaining Voltage @ 0.3 ma 55 65
| Hours operation @ 0.3 ma for 5 volt
change in breakdown or maintaining 6,000
voltage
Design current in millamperes 0.3
Extinguishing voltage (.25 M or more =
series resistance)
Leakage resistance 80°F and 75% 100 MO
relative Humidity

Aging Procedure - Not

required as lamp is pre-aged.
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GLOW LAMP SPECIFICATIONS

The 5AC is designed primarily for voltage reg-
ulation purposes. This lamp is recommended 5AC
for those applications where a partially stabilized

lamp is required. The lamp contains a mild (NE-68)
radioactive additive.

OUTLINE DRAWING

BLUE DOT
ADJACENT TO — y
+ LEAD 1 = INPRESS 2ONE
PRESS
ZONE
APPROX
hee
2
LEADS -
TINNED
SPECIFICATIONS
Min, Avg. | Max.
Initial DC Breakdown Voltage 6 .
(In 5-50 footcandles)
Initial DC Maintaining Voltage % =
@ 0.3 ma ’ i
Hours operation @ 0.3 ma for 5 volt
change in breakdown or maintaining 2,000
voltage
Design current in millamperes, 0.3
Extinguishing voltage (.25 MQ or more -
series resistance) o
Leakage resistance @ 80°F and 75%
Relative Humidity 100M0

Aging Procedure - Not required as lamp is partially pre-aged.
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GLOW LAMP SPECIFICATIONS

The 5AG is closely related to the 5AG-A, but
5AG has somewhat wider tolerance on breakdown

voltage. It too, is pre-aged and contains a mild
INE-81) radioactive additive, has Dri-Film coating, and
an ext e test. This lamp is rated
@ 0.1 & 0.3 ma.

OUTLINE DRAWING

oy 0.225"
[o275"
v
'y
)
1%e
WHITE DOT MAX
ADJACENT TO

| X _0145” MAX
INPRESS ZONE

LEADS —
TINNED

SPECIFICATIONS
Min. | Avg. | Max.
Initial DC Breakdown Voltage 4 80
(In 5-50 footcandles)
Tnitial DC Maintaining Voltage @ 0.3 ma 50 60
Initial DC Maintaining Voltage @ 0.1 ma 50 58
Hours operation @ 0.3 ma for 5 volt 000
change in breakdown voltage -
Hours operation @ 0.1 ma for 5 volt 2,000
change in maintaining voltage 2
Design current in millamperes 0.1-0.3
Extinguishing voltage (.25 MQ or more =
series resistance) o
Leakage resistance @ B80°F and 75%
Relative Humidity 100 MO

Aging Procedure - Not required as lamp is pre-aged.
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This neon lamp has the tightest breakdown volt-
age tolerance — +4 volts — of all GE glow lamps.
Maintaining voltage is also held within £5 volts.
The lamps are all pre-aged, polarity marked, and
contain a mild radioactive additive for the re-

GLOW LAMP SPECIFICATIONS

S5AG-A

(NE-76)

duction of dark effects. The tight voltage characteristics and pre-aging treatment

ideally suit this lamp for u
close tolerance applications

OUTLINE DRAWING

e in multivibrators, relaxation oscillators and other

0.2257
| Fo:275"
‘ ‘ .
Lo
1%e
RED DOT MAX.
ADJACENT TO -~ : S " MAX
e 3 INPRESS ZONE
‘ PRESS
ZONE
U g APPROX.
3
1, 32
1 ‘/2
LEADS |
i TINNED I
SPECIFICATIONS
Min. | Avg. | Max.
Initial DC Breakdown Voltage "
(In 5-50 footcandles) L 6
Initial DC Maintaining Voltage = a0
@ 0.4 ma ’
Breakdown voltage to stay within initial 1,000
specs when operated at 0.4 ma hours
Hours operation @ 0.4 ma for 5 volt ,
2,000
change in maintaining voltage
Design current in millamperes 0.4
Extinguishing voltage (.25 MQ or more 50
series resistance) o
Leakage resistance 80°F and 75%
Relative Humidity 100.Ma

Aging Procedure - Not required as lamp is pre-aged.
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GLOW LAMP SPECIFICATIONS

ever grea
quired. Ti

SAH

(NE-83)

than the 5

case for the 4AB and 4AC. Its voltage regulation properties also merit attention.

The 1 ains _radioactive _additive
pulsed circuits — such as SCR triggers.
age resistance.

' 0.190;

*I | J”‘;,zsc"

156"
MAX.

This **high-current” lamp shows promise wher-

down and maintaining volts is somewhat greater

OUTLINE DRAWING

ter current carrying capacity i
he lamp’s differential between break

AB family, but not as large as is the

The 5AH family finds many used in
Dri-Film is used to increase the leak-

0.145" MAX.
N IN PRESS ZONE
PRESS
ZONE
i APPROX.
LEADS — 3
TINNED sz
SPECIFICATIONS
T
Min
Initial DC Breakdown Voltage 60 10
(In 5-50 footcandles)
DC Maintaining Voltage @ 10.0 ma -
DC Maintaining Voltage @ 5.0 ma -
Hours operation @ 10.0 ma for 5 volt
change in breakdown or maintaining 500
bltage
Hours operation @ 5.0 ma for 5 volt
change in breakdown or maintaining 5,000
voltage
Design current in millamperes 1.5 $.0-10.0
Leakage resistance @ 80°F and 75%
Relative Humidity 100 M

* Average after 100 hours operation at de:
from average.

Aging Procedure - 100 hours at design cus

followed by 24 hours
ditions.

sign current. Individual lots may vary

rrent or 24 hours at 15 milliamperes
under typical circuit operating con-

pgagapepaRaRRRAQRQRERERAOANNRH




GLOW LAMP SPECIFICATIONS

F The 5AH-A is a selected version of the 5AH. The
low breakdown spec allows its use in the low
voltage circuits. All other characteristics are 5AH-A
= similar to the 5AH.
l OUTLINE DRAWING
i 0.190_
*I | rc.zso
ﬂ BLACK POLARITY f
AND TYPE DOT ‘5/16“
MAX.
= LW v uax
IN PRESS ZONE
= rness
ZONE
[ APPROX.
= LEADS — %2
TINNED
= SPECIFICATIONS
= Min. | Avg. | Max.
Initial DC Breakdown Voltage @ -
= (In 5-50 footcandles) :
DC Maintaining Voltage @ 10.0 ma 52 67
B8 ["DC Maintaining Voltage @ 5.0 ma 50 65
Hours operation @ 10.0 ma for 5 volt
= change in breakdown or maintaining 500
voltage
= Hours operation @ 5.0 ma for 5 volt
change in breakdown or maintaining 5,000
’ voltage
Design current in millamperes 1.5 5.0-10.0
Leakage resistance @ BO0°F and 75%
= Relative Humidity BHua
B Asine Procedire < 100 house st denign curvent o 36 honre:at 16 ailiamperen;
followed by 24 hours under typical circuit operating con-
— ditions.
=4 1



GLOW LAMP SPECIFICATIONS

SAH-B

The 5AH-B is a selected 5AH with a 10v spread
on breakdown and 8v spread on maintaining volt-
age. The differential at 7vbetween breakdown and
maintaining voltage allow circuit designer more
latitude with other components.

OUTLINE DRAWING

RED POLARITY
AND TYPE DOT

1

il
Tineo l

LEADS

45" MAX
IN PRESS ZONE

SPECIFICATIONS
Min. Avg. | Max.

Initial DC Breakdown Voltage e .

(In 5-50 footcandles) i 8
DC Maintaining Voltage @ 10.0 ma 60 [ 68
DC Maintaining Voltage @ 5.0 ma 58 62 66
Hours operation @ 10.0 ma for 5 volt

change in breakdown or maintaining 500

voltage
Hours operation @ 5.0 ma for 5 volt

change in breakdown or maintaining 5,000

voltage
Design current in millamperes 15 | 5.0-10.0)
Leakage resistance @ SO°F and 75%

Relative Humidity 100Ma

Aging Procedure - 100 hours at design current or 24 hours at 15 milliamperes;
followed by 24 hours under typical circuit operating con-

ditions.
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GLOW LAMP SPECIFICATIONS

The 5AH-C is also a selected 5AH. The higher
breakdown voltage spec allows this lamp to be

waca in special cireutts. The guaranteed ditfer- | SAM=C
ential of 8v gives higher energy pulses in trigger
circuits.

OUTLINE DRAWING

WHITE POLARITY o
AND TYPE DOT "%e"
MAX,
| i 0145” MAX
b T wrhess ok
ES!
ZONE
n APPROX.
LEADS — 3
TINNED »
|
SPECIFICATIONS
Min. Avg. | Max.
Initial DC Breakdown Voltage - -
(In 5-50 footcandles) )
DC Maintaining Voltage @ 10.0 ma 52 7
DC Maintaining Voltage @ 5.0 ma 50 65
Hours operation @ 10 ma for 5 volt
change in breakdown or maintaining 500
voltage
Hours operation @ 5.0 ma for 5 volt
change in breakdown or maintaining 5,000
voltage
Design current in millamperes 1.5 5.0-10.0
Leakage resistance @ SO'F and
!
Relative Humidity 1000

Aging Procedure - 100 hours at design current or 24 hoursat 15 milliamperes;
followed by 24 hours under typical circuit operating con-
ditions.
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GLOW LAMP SPECIFICATIONS

The 5AJ, rated at 1.5 ma., ranks between the

5AJ 5AB family of lamps and the 5AH family in current

handling capacity. Its voltage characteristics

(NE-86) and the appearance of its glow discharge, are

closer to the 5AB than the 5AH. The lamp con-
tains a radioactive additive for the reduction of dark effect.

OUTLINE DRAWING

154"
1 145" MAX
—= IN PRESS ZONE
rmess
AFPROX
TINNED 2
SPECIFICATIONS
Min. Avg. | Max.
Initial DC Breakdown Voltage . -
(In 5-50 footcandles) > .
DC Maintaining Voltage @ 1.5 ma 57
Hours operation @ 1.5 ma for 5 volt
change in breakdown or maintaining 2,000
voltage
Design current in millamperes 15
Leakage resistance @ 80°F and 75%
Relative Humidity 100 M

* Average after 100 hours operation at design current. Individual lots may vary
from average.
Aging Procedure - 100 hours at design current followed by 24 hours under
typical circuit operating conditions.
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GLOW LAMP SPECIFICATIONS

The 5AJ-A is a selected version of the 5AJ. The
low breakdown voltage will reduce power supply
e qulsamenta ln Sy cbda: 5AJ-A

OUTLINE DRAWING

' 225
‘ 0.278°
BLACK POLARITY i
AND TYPE DOT %6 ‘w
(|
| ! 0.145" MAX
= IN PRESS ZONE
I PRESS
. ZONE
1 APPROX.
LEADS — 3%
TINNED l 2
SPECIFICATIONS
Min. Avg. Max.
Initial DC Breakdown Voltage 55 5
(In 5-50 footcandles) '
nC Voltage @ 1.5 ma 45 65
Hours operation @ 1.5 ma for 5 volt
change in breakdown or maintaining 2,000
voltage
Design current in millamperes 1.5
Leakage resistance @ B80°F and 75%
Relative Humidity 100 M

Aging Procedure - 100 hours at design current followed by 24 hours under
typical circuit operating condiions.
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GLOW LAMP SPECIFICATIONS

The 5AJ-B is also a selected version of the 5AJ.
The higher breakdown voltage spec will allow its
BAJ-B | i speci circuits.

OUTLINE DRAWING

o.22s’
| [ o.27s"
N] P
WHITE POLARITY f
AND TYPE DOT 1%6"
MAX. "
e Lo\ 0.145" MAX
IN PRESS ZONE
PRESS
- ZONE
1 APPROX
LEADS — %2
Tiweo l 2
SPECIFICATIONS
Min. Avg. Max.
Initial DC Breakdown Voltage 0 b
(In 5-50 footeandles) h
DC Maintaining Voltage @ 1.5 ma (3
Hours operation @ 1.5 ma for 5 volt
change in breakdown or maintaining 2,000
voltage
Design current in millamperes 1.5
Leakage resistance @ SO°F and 75%
Relative Humidity 10040

Aging Procedure - 100 hours at design current followed by 24 hours under
typical circuit operating conditions.

m

FE R EEEREEEEEEEEEEEERE



anuididueuoodulUdRdlilddIddonoOom

GLOW LAMP SPECIFICATIONS

The NE-67 is a modification of the NE-51 indica-
lamp with Dri-Film coating incorporated 6Ac
within the base. This Dri-Film counteracts the

leakage resistance problem inherent in many NE-67

b of conduction across the

tor

ased lamps bec:

cause

basing cements.

OUTLINE DRAWING

0.380) I
0430
)\ i ‘ - 1
N I M e 1.
o l 3
0.300 L S SR wax, Lo MM 1%
0.324" >4 . 1 fomAx
| o480
{ 0510 1 o ¥
0.1807 4 RVJ i A4l 1
0.255 i 03525 | L.
SOLDER 0.366
0.015°
0.050"
00617,
0.067
1
i
0.027% |
0.033"
SPECIFICATIONS
Min. AVE. Max.
Initial DC Breakdown Voltage 5 =~ 90
(In 5-50 footcandles) " ’
DC Maintaining Voltage @ 0.2 ma 56
Hours operation @ ma for 5 volt
change in breakdown or maintaining 1,000
voltage
Design current in millamperes 0.2
Leakage resistance 80°F and 75%
Relative Humidity 100380

Aging Procedure - 100 hour:

Avera
from average.

e after 100 hours operation at design current. Individual lots may vary

at design current followed by 24 hours under

typical circuit operating conditions.
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GLOW LAMP SPECIFICATIONS

The 7AA (NE-16) is intended primarily for voltage

ZAA regulation applications. It meets the require-
ments of MIL-E-1/283 for the JAN 991 regulator
NE-16 tube. A mild radioactive additive for the reduc-

tion of dark effect is included in the lamp.

OUTLINE DRAWING

07257
0758

'
SOLDER gt
Q015 | i
0.050

0.255" Jos3o0”
0.280" MAX

0.0277
0.033

SPECIFICATIONS

Initial DC Breakdown Voltage B -
(In 5-50 footcandles)

Initial DC Maintaining Voltage

ma

Hours operation @ 1.5 ma for break-
down voltage to remain below
DC and maintaining voltage to re-
main below 70V DC

Design current in millamperes 1.5

Aging Procedure - 100 hours at design current or 24 hours at 2 ma.; followed
by 24 hours under typical circuit operating conditions,

13
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A neon lamp utilizing a clear round-end bulb
mounted in a telephone slide base. The round-
end bulb provides undistorted end-on viewing.
The telephone slide base is one solution to front-
end replacement of panel mounted lighting units.

OUTLINE DRAWING

azess, DOES NoT
REF s

sl I
G onst
o
[ B
ek
SPECIFICATIONS

GLOW LAMP SPECIFICATIONS

8AA

(NE-3)

02807
300

suLATOR

Min.

Avg. | Max.

Initial DC Breakdown Voltage
(In 5-50 footcandles)

DC Maintaining Voltage @ 0.3 ma 55%
Life - Breakdown voltage to stay within

initial limits and maintaining

voltage to stay above 100 hours

limit for 15,00 hours at 0.3 ma
Design current in millamperes 0.3

Extinguishing Voltage (.25 Meg{2 or more
series resistance)

*After 100 hours operation at design current. Individual lots may vary from average.

Aging Procedure - 100 hours at design current or 24 hours at 0.6 milliamperes; fol-
lowed by 24 hours under typical circuit operating conditions.
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GLOW LAMP SPECIFICATIONS

8AB

NE-4

The SAB is a combination of the random-tipped
NE-2 lamp and the telephone slide base. It offers
the same front-end accessibility as the SAA
and is lower in price.

0.400" 3
0.430 INSULATOR
1
02407 _| ks
0260
| oa3sy
075"
. :
-1
o.1s% I
g |k
SPECIFICATIONS
Min. Avg. Max
Tnitial DC Breakdown Voltage o0 — =
: 6 0 90
n 5-50 footcandles)
Initial DC Maintaining Voltage a = 74
2 0.3 ma i
Hours operation @ 0.3 ma for 5 volt
change in breakdown or maintaining 6,000
voltage
Design current in millamperes 0.3

*After 100 hours operation at desi,

Aging Procedure - 100 hours atd

gn current. Individual lots may vary from average.

esign current or 24 hours at 0.6 milliamperes; fol -

lowed by 24 hours under typical circuit operating conditions.
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GLOW LAMP SPECIFICATIONS

The BAC lamp is the 4AB with telephone slide
base. It is designed for those applications where
eable lamp is a necessity. The wide dif-

between breakdown and maintaining
s this lamp for those applications
where maximum output signal is desired. A mild radioactive additive is included
in the lamp.

8AC

NE-5.

. OUTLINE DRAWING

{ ]

0225
o

0 [
=
"%
o .
0250
Max: 0.300"
843 l WsouaTon
0.2407 -
a,zw'“l .
| onss
0.175%
0.1157 j
g | -
SPECIFICATIONS
Min. Avg. Max
Initial DC Breakdown Voltage 190 186
(In 5-50 footcandles) N ‘
Tnitial DC Maintaining Voltage o &0
@ 0.5 ma
Hours operation @ 0.5 ma for 10 volt
change in breakdown or maintaining 3,000
voltage
Design current in millamperes 05
Aging Procedure - 100 hours at design current or 7 hours at 1.25 milliamps; fol-

lowed by 24 hours under typical circuit operating conditions.




GENERAL ELECTRIC GLOW LAMPS FOR INDICATOR USE
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