





























PHYSICS AND CHARACTERISTICS OF GLOW LAMPS s,

I Excess Breakdown Voltage = IQv
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Fig. 1.3. Typical Variation in Reionization Time with Prior
Conduction 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-
seconds at a current of 0.3 milliamperes in the 5AB. It increases with reduced
current so that at 50 microamperes the transmission time is about 20 micro-
seconds. For this reasonthe neonlamp alone cannot be used for the transmission
of short pulses or steep wave fronts. However, with appropriate precautions
against instability, a high frequency bypass capacitor can often be added to
improve response.

External Effects

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

. DARK EFFECT

Since the cathode surface material is photosensitive, its emission can be
greatly reduced by the absence of illumination. Glow lamps, in total darkness,
become erratic, and may require many volts in excess of static values to start
them. Conversely, in extremely high illumination levels, breakdown voltage
approaches minimum maintainiig voltage. One means for greatly reducing this
‘“dark effect’’ is the use of mild radioactive 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 illumination, such as angther glow lamp, within the enclosure. This
should be lighted prior to the operation of the circuit glow lamps. The spectral
quality of the incident light also influences dark effect, with the near ultraviolet
wave lengths being most efficient in reducing the effect. Maintaining voltage is
not noticeably affected by operation in darkness.
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RELAXATION OSCILLATORS

of the lamp follow the characteristic curve along the segment QS. As the
point S is reached, the voltage must begin to rise as the current decreases
(toward point U) but since the passive elements of the circuit are incapable
of providing an increasing voltage for a decreasing current and the value of
R, is too large to permit sufficient current to flow through the lamp to main-
tain conduction, the lamp stops conducting and switches rapidly along a con-
stant voltage line to point T. The capacitor then begins to charge again toward
the supply voltage V and the cycle repeats. Therefore, since the load line of
the resistance R, intersects the volt-ampere characteristic curve within
the negative resistance region represented by the curve SP the circuit is
incapable of reaching an equilibrium point and will continue to oscillate.

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

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

Design of Glow Lamp Sawtooth Oscillators.

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

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

In addition to using equation 2.8 a number of curves have been obtained
for three types of lamps giving the 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 frequencies
above approximately 200 cps where equations 2.5 through 2.8 are not appli-
cable. The design curves of Figures 2.5 through 2.10 also indicate typical
values of resistance for use with the different types of lamps. As described
previously, the value of resistance for which a circuit is capable of oscil-
lating depends upon the intersection of the resistance load line with the volt-
ampere characteristic of the lamp. For oscillations to be maintained this
intersection must occur in the negative resistance region of the lamp
characteristic.
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RELAXATION OSCILLATORS

Alarm Circuit

T Ton 9

Fig. 2.31. Glow Lamp Audio Alarm Circuit.

=

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

Light Indicator

The output frequency of a glow lamp sawtooth oscillator is a function
of the load resistance in series with the lamp and by varying this resistance the
output frequency may be varied. Figure 2.32 shows a sawtooth oscillator
employing a photoconductor as a variable resistance. Thus the output frequency
of the oscillator is a function of the light incident upon the photoconductor,
the resistance of the photoconductor decreasing for increasing light intensity.
The variable frequency output may be used to provide a signal for a speaker
system thus giving an audio indication of the light on the photoconductor.
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Fig. 2.32. Light Indicator.

By using a potentiometer to shunt the photoconductor, the starting conditions
of the oscillator may be somewhat controlled. Thus the oscillator may be
adjusted so that it will begin to oscillate only when a certain level of darkness
surrounds the photoconductor. Also 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 oscillate in light and to cease
oscillating in the dark. The output may then be used as a signal source for a
speaker system which will give an audio indication of the absence or presence
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maassssss———— L OGIC AND COMPUTER APPLICATIONS OF GLOW LAMPS

NsA+B

Fig. 3.9. Basic 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 oufput waveforms for an OR gate with an input pulse
of +100 volts are shown in Figure 3.10. Note that when the input pulse is present
at both inputs the lamp with the lowest firing potential will fire and the other
lamp will remain non-conducting. Therefore, in this case, the output voltage
will be the difference between the input voltage and the maintaining voltage of
the lamp with the lowest firing voltage.
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Fig. 3.10. Waveforms for Basic 2-Input "OR" Gate. ‘

From the waveforms of Figure 3.10 it is seen that the output voltage in all
cases is less than the input voltage. A circuit which minimizes this loss in
voltage is shown in Figure 3.11. The negative bias voltage V, must be less than
the extinguishing voltage of each of the lamps so that a lamp does not remain
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s LOGIC AND COMPUTER APPLICATIONS OF GLOW LAMPS

The waveforms for the modified OR gate with an input of +100 volts and
a bias voltage of -45 volts are shown in Figure 3.12. The magnitude of the
output pulse above the quiescent value is given by the equation:

Vo = Vin - (Vy - Vy) (3.13)
A look at the AC equivalent circuit of the OR gate will show it to be identical

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

NOT Circuits

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

Designing Glow Lamp Logic Circuits

After the truth-table and logic equation have been obtained for a particular
logic problem the block diagram may be drawn and the proper interconnections
made between the various logic blocks to be used. At this point it must be
determined whether the logic system will be direct-coupled or AC coupled.
If the input signals seldom change it will be necessary to design a direct coupled
logic system. However if the input consists of pulses the logic system may be
either direct or AC-coupled depending on the designer’s choice and the com-
plexity of the logic problem.
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LOGIC AND COMPUTER APPLICATIONS OF GLOW LAMPS I

INPUT
R3

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 - I, R,
where ]j is the current through the conducting lamp N1. With N2 non-conducting
Vg = 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 Vg remains equal to the supply voltage V. As the
input pulse drops back toward zero the voltage Vi also drops toward zero and
as Vi decreases, the voltage across N2 remains larger than the voltage across
N1 by an amount R;I; and therefore N2 will fire first. The voltage developed
across Ry will keep N1 non-conducting and the circuit has now switched states.
The next positive pulse will cause the circuit to flip back to the initial state of
operation. Thus under these conditions the 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:

Ve = %’— V-V (3.14)
where VM] is the maintaining voltage of lamp N1. Also:

vV, = Ve + VMl (3.15)

Vg =V (3.16)

Then the voltage across N2 is:
VN2 = Vg - V¢

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

Therefore:
Ve, > Vo - Ve (3.17)
Substituting equations 3.14 and 3.16
R;
VF2 >V -m v - VMl) (3.18)
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I | O G IC AND COMPUTER APPLICATIONS OF GLOW LAMPS

which reduces to:

Ry Rj

3.19
VR R TR, VT ROR; M (3.19)
or:
R,
1 R,
Ve, > V * 7 Vi (3.20)
14— 1+—=—
Ry R,
Let X =£3-. Then:
Ry
1 X
Ve, > VP TEx Y (@3.21)
Solving for X:
V-V
2
X > (3.22)
Vi, = Vi

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

R3 V = VFZ
- —— 3.23
R > Vg, - Vi, (3.23)
-V
B > VoV (3.24)
R, Ve, = Vu,

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 Rj 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 V, 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 R; 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 determine the design equations for the resistances in the monostable
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LOGIC AND COMPUTER APPLICATIONS OF GLOW LAMPS m

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

'SET'o I |

5 “READ"
0
"nz-ssr“_u_

} PHOTOCONDUCTOR
@——O READ OUT

100 K

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
by a factor greater than 100 to 1. However if the glow lamp is triggered on,
the light from the glow lamp will cause the resistance of the photoconductor
to decrease to a low value depending upon the characteristic of the photo-
conductor and the light output of the lamp. The ‘‘read’’ pulse will now appear
at the 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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I C ENERAL GLOW LAMP APPLICATIONS

Sensitivity of photoconductors varies with temperature; cadmium sulfide,
however, is much more temperature-stable than cadmium selenide. In fact, the
major disadvantage of cadmium selenide cells is their susceptibility to temper-
ature variations.

Photocells have two response speeds; turn-on response and turn-off response.
In general the response speed of cadmium sulfide cells will average 100 milli-
seconds. The response speed of cadmium selenide cells is approximately 10
milliseconds. Response speeds of both types are dependent on the previous 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 combination is best used where the resistance
of the photocell is switched from a very high resistance to a low resistance de-
pending upon whether the glow lamp is conducting or not. In addition the resistance
of the photocell may be varied by varying the light output or position of the glow
lamp. This provides a control where there is electrical isolation between the
control circuit and the receiving circuit.
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Fig. 4.11. G.E. B-425 Photoconductor Resistance vs Lamp Current —
NE-23 and NE-2H  (Lamp Located 1. 5"From Cell)

Figure 4.11 is a typical plot of photocell resistance as a function of lamp
current in the 5AB standard brightness and the 3AH high brightness glow
lamps. The lamp is located about 1.5 inches from the 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 lamp. Here a visual indication
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GLOW LAMP TEST METHODS

5AB
+
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Fig. 5.10. Test setup for measuring refiring voltage
As A Function Of Time Off.

The test chamber and dc 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/cm and a horizontal sweep of 1 sec/cm. Two oscilloscopes could be
used with a common timing reference.

SCOPE No.I

fe—1 of { —ote— 1 0n —o

SCOPE No.2

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

In addition, a variable pulse width dc pulse generator should be available.
Ideally, it should have enough output amplitude to completely cancel the dc
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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GLOW LAMP SPECIFICATIONS 1

The 3AG-B is a selected version of the 3AG-A.

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

OUTLINE DRAWING

RED POLARITY
AND TYPE DOT

0.150" MAX.
IN PRESS ZONE

LEADS
TINNED

SPECIFICATIONS

Min. Avg. Max.

Initial DC Breakdown Voltage 65 73
(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 MegQ or more 50
series resistance)

Leakage resistance @ 80°F and 75% 100MQ
Relative Humidity

Aging Procedure - Not required as lamp is pre-aged.
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SN, G LOW LAMP SPECIFICATIONS

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. 5AG A
The lamps are all pre-aged, polarity marked, and (NE-76)
contain a mild radioactive additive for the re-
duction of dark effects. The tight voltage characteristics and pre-aging treatment
ideally suit this lamp for use in multivibrators, relaxation oscillators and other
close tolerance applications.

OUTLINE DRAWING

”

0.225
ro.zvs"

| 1

‘ ~
146
RED DOT MAX.
AD;JALCEE;:IE TO 0.145” MAX.

INPRESS ZONE

i~ — LEADS
TINNED

SPECIFICATIONS

Min. Avg. Max.

Initial DC Breakdown Voltage

(In 5-50 footcandles) 68 76

Initial DC Maintaining Voltage 50 60
@ 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
. o 2,000
change in maintaining voltage

Design current in millamperes 0.4

Extinguishing voltage (.25 M or more
series resistance)

Leakage resistance @ 80°F and 75%
Relative Humidity

50

100 MQ

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



GLOW LAMP SPECIFICATIO NS

This ‘‘high-current’’ lamp shows promise wher-
5AH ever greater current carrying capacity is re-
quired. The lamp’s differential between break-
(NE-83) down and maintaining volts is somewhat greater
than the 5AB family, but not as large as is the
case for the 4AB and 4AC. Its voltage regulation properties also merit attention.
The lamp contains radioactive additive. The 4AH family finds many used in
pulsed circuits — such as SCR triggers. Dri-Film is used to increase the leak-
age resistance.

‘] | ‘_g:'zgg: OUTLINE DRAWING

T

I ”
146
l MAX,
LY _l,__ N o.142" MAXE.
— IN PRESS ZON
i—t T
PRESS
ZONE
" APPROX
LEADS — %
TINNED
SPECIFICATIONS
Min. Avg. Max.
Initial DC Breakdown Voltage 60 100
(In 5-50 footcandles)
DC Maintaining Voltage @ 10.0 ma 65*
DC Maintaining Voltage @ 5.0 ma 59%
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 @ 80°F and 75%
Relative Humidity 100 MQ

Average after 100 hours operation at design current. Individual lots may vary
from average.

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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e G L OW LAMP SPECIFICATIONS

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

used in special circuits. The guaranteed differ- 5AH_C
ential of 8v gives higher energy pulses in trigger
circuits.

OUTLINE DRAWING

' 0.1907
“‘ | ’ 0.250
WHITE POLARITY "
AND TYPE DOT 1%
MAX.
Il | —l—_A _ 0.145” MAX.
_ _T -T—— IN PRESS ZONE
PRESS
v A%g:gx
1
LEADS — | %3
TINNEO
SPECIFICATIONS
Min. Avg. Max.
Initial DC Breakdown Voltage 75 100
(In 5-50 footcandles)
DC Maintaining Voltage @ 10.0 ma 52 67
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 @ 80°F and 75%
Relative Humidity 100 MQ

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

5AJ - B use in special circuits.

OUTLINE DRAWING

' 0.225"
‘] | ‘ 0.275
WHITE POLARITY ’ L
AND TYPE DOT 146
MAX.
L: Lf;, _0.145” MAX.
~—+ —1* IN PRESS ZONE
PRESS
" P PROX
1 Al .
LEADS — | A
TINNED
—t
|
SPECIFICATIONS
Min. Avg. Max.
Initial DC Breakdown Voltage 70 90
(In 5-50 footcandles)
DC Maintaining Voltage @ 1.5 ma 55 75
Hours operation @ 1.5 ma for 5 volt
change in breakdown or maintaining 2,000
voltage
Design current in millamperes 1.5
Leakage resistance @ 80°F and 75%
Relative Humidity 100 MO

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

7AA

(NE-16)

The TAA (NE-16) is intended primarily for voltage
regulation applications. It meets the require-
ments of MIL-E-1/283 for the JAN 991 regulator
tube. A mild radioactive additive for the reduc-
tion of dark effect is included in the lamp.

OUTLINE DRAWING

SPECIFICATIONS

Min. Avg. Max.

(In 5-50 footcandles)

Initial DC Breakdown Voltage

67 87

@ 1.5 ma

Initial DC Maintaining Voltage 53 65

Hours operation @ 1.5 ma

main below 70V DC

down voltage to remain below 95V
DC and maintaining voltage to re-

for break-
1,000

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.
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e G | OW LAMP SPECIFICATIONS

The 8AC lamp is the 4AB with telephone slide
base. It is designed for those applications where

a replaceable lamp is a necessity. The wide dif- 8Ac
ferential between breakdown and maintaining 'NE-5)
voltage suggests this lamp for those applications
where maximum output signal is desired. A mild radioactive additive is included
in the lamp.

OUTLINE DRAWING

0.225"
0.275"

’II
MAX.

1T §13373 WVYINB

INSULATOR

SPECIFICATIONS

Min. Avg. Max.

Initial DC Breakdown Voltage
(In 5-50 footcandles)

Initial DC Maintaining Voltage
@ 0.5 ma

Hours operation @ 0.5 ma for 10 volt
change in breakdown or maintaining 3,000
voltage

120 - 150

60 80

Design current in millamperes . 0.5

Aging Procedure - 100 hours at designcurrent or 7 hours at 1.25 milliamps; fol-
lowed by 24 hours under typical circuit operating conditions.
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