PHYSICS AND CHARACTERISTICS =
OF GLOW LAMPS z

‘The neon glow lamp, which ia siso commenly referred to g8 a glow tube or
neon b, iz & cold.cathode, gas-discherge device. A well 2s having extensive
uae &8 a vigusl Indicator, the neon bulb hes charactervistics which enabile it {o
operate as a very versatile and inexpensive cirenit component, 'Thie hooklet is
devoted to these charactaristics and associated cireultry.

THEORY OF GASEQUS CONDUCTION IN THE NEON GLOW LAMP

The glow fube consiste besicslly of two metallio glements spreed & short
digtance apart and Immersed in neon ges af & moderately iow preasure, The
electrionl conduction between these two glements is a very eompHested phenom-
enon invoiving seutral atoms, excited atoms, positive fons, and electrone, In
addition, the conduction mechswism in the neon bulb varies throoghout the
operating veltage-current range. A typieal neon bulh charscteristle tg ahown
in Fig. 1.1.
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fig. L1. Characteristic Curve of the Neon Lamp

Eleatrical conduction in the lamp requires the jonization of the neon gas,
which consists of the separstion of an electron from ar atom resultingine
positively charged ion and a free aleciron, In order to break an electron awsy
from an etoms, snergy must be supplied to it. Thiw energy may be puppied by
colilsions between particles such as electrons or excited stoms; s progess which
requires the application of an electric field. Jonization may also be produced
directly by external iomizing sources such as nltravielei rays, x-rays. and
coamic rays, A third producer of ionjzation may be radfoactive additives within
the lamp.
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AR P SICS AND CHARACTERISTICS OF GLOW LAMPS

The gas within the neon bulb {s elways In 5 siate of partil tonization due to
one or mors of the ionizing sources just mentionsd. As an increasing voltage
is applied to the neon bulb there 1o s smell increasing current flow due to the
drift -of elecirons and ions which are maede available by the action of theae
fonizing sources. The applied volisge produces an electric field which draws
fhe posilive fone to the cathode and the electrons to the anode, ‘This current is
indicated by one of the regione AM inFigure 1.1. A large portion of this current
¢an be photoslectrons if the lamp is operating in ambiont Hght.

As the voltage ig increased, s point B (s reached where all the svailable
fong snd electrons are being polled from fthe gas and s further incrense in
voltage reaults in no further inorease in cyrrent, This conglent-current reglon
a8 represented by the curves BC,

A further increaee in the voliage sovoss the lamyp past the value represented

" by point C resuits in a rapid Inoresse in current to the polnt I or I, This dis-

charge is calied a non-sell-maintained or a Townsend discharge, This inoreas-
ing cerrent la brogght sbout through a phenomenon termed electron avalanche
in which & moving electron {a so called primary electron) upon colliding with an
sgtom may Hberste another electron from the stom thus resulting in a pesitive
ion and two eloctrons. Theme two slectrons are pow accelersted by the slectric
field and in turnmay produce twomors collielons. ‘Thus there 1g sn scowmnualsting
dennity of charge carriore available, and ae they are atiracted to the electrodes
the current increase. I the external excitation which 18 producing the primary
electrone should be removed the current wiil ceameto flow, hence this discharge
is termed non.self.-maintsined. The charvacteristic curve from AtoDis
dependent upon this external exctiation,

When the voltage across the lamp s incressed te s valne represonted by
point D the gas in the lamp “‘breska down'* and begine to glow, This is defined
as the breakdown or firing vo!;cge. The current will increase to a valne hmiled
mainly by the realstance in external circuit., M, after breskdown ocours, the
external lonlzing exclistion source is removed, curremt will continue to flow
snd for this reason this type of discherge is referred to as s golf-maintained

diacharge,

The voltage at which breskdown cocurs s o funotion of the product of the
interelectroda spacing s the gas pressurs and does not depend upon these two
parameters separalely. This relationship between slectrode spacing and gas
presgure Is knowp as Paechen's law. ‘The breakdows voliage is alao dependent
ypon the electrode materizl and the composition of the gas,

After breakdown oceurs the lamp pssses throngh a trangition reglop E¥
which t¢ an anstable region of operation,"The shaded portion indicates the region
In whick osciliation can ecour. This cegion is ofien referred to as the negative
regpistance region, since voltsge decreases as current lnocrease, coutrary to
aormal behavior in s resistive element, In extremely high illomivetion the
negative resistance region may be misaing, nis shown on the third curve, A to D,

Ag current through the lamp ie allowed to increase further, the lamp enters
the normal glow discharge region repragented by section ¥G fa Figure 1.1
whers volfage changes 5 misbeum amount with & change in current. The
gperating voltage merosa the lamp at any poist on the characteristic curve is
termed its maintaining vollage snd, of courae, will vary with current. In the
normat glow region the lamp maintaining volinge reachen its minimum valpe,
{8ee section on Equivalemt Cirenits and General Formuiae.) In the normal glow
region the glow ia confined {o a portion of the exthode anrface and the amount of
cathode surface covered by the glow ts somewhat proportional {¢ the tube current.
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