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INTRODUCTION

n the vacuum tubes, the electrons flow from cathode to anode in vacuum. In such tubes, extreme

I care is taken to produce as perfect a vacuum as possible to prevent ionisation of gases and the
resulting large uncontrolled currents. It may be mentioned here that the secret of triodeisthefine
control of free electrons within valve by the electrostatic fields of grid and anode. If gasis present
even in small amount, the electrons flowing from cathode to anode will cause ionisation of the gas.
Theionised molecules would interfere with the control and make the device useless as an amplifier.

In certain applications, fine control of electrons within the valve is of less importance than the
efficient handling and turning on and off of heavy currents. In such situations, some inert gases (e.g.
argon, neon, helium) at low pressures are purposely introduced into the valve envelope. Such tubes
are known as gas-filled tubes. The gas-filled tubes are capable of doing various jobs that vacuum
tubes cannot perform and which are especially useful inindustrial and control circuits. Inthischapter,
we shall focus our attention on someimportant types of gas-filled tubeswith special referenceto their
characteristic properties.
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3.1 Gas-Filled Tubes
Agas-filled tubeisessentially a vacuumtube having a small amount
of someinert gas at low pressure.

Thegas pressurein agas-filled tube usually rangesfrom 10 mm
of Hg to 50 mm. The construction of gas-filled tubesis similar to
that of vacuum tubes, except that the cathodes, gridsand anodesare
usualy larger in order to carry heavier current. However, the char-
acteristic properties of thetwo are markedly different. Firstly, agas-
filled tube can conduct much *more current than the equivalent
vacuum tube. It is because the electrons flowing from cathode to
anode collide with gas molecules and ionise them i.e. knock out
electrons from them. The additional electrons flow to the anode
together with the original electrons, resulting intheincreasein plate
current. Secondly, agasfilled tube has far less control on the elec-
trons in the tube than that of vacuum tube. Once the ionisation
starts, the control of gas-filled tube is tremendously reduced.

Classification. Gas-filled tubesare usualy classified according
to the type of electron emission employed. Onthisbasis, they may
be classified into two typesnamely; cold-cathode type and hot-cath-
ode type.

Cold-cathodetype. Inthistype of gas-filled tubes, the cathode
isnot heated asin avacuumtube. Theionisation of thegasis caused
by the energy available from natural sources such as cosmic rays,
sun rays or radioactive particles in air. These natural sources are
Gas-filled Tube the underlying reasons for the start of conduction in cold-cathode
gastubes. Most cold-cathode tubes are used as diodes.
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Fig. 3.1 showsthe schematic symbol for acold-cathode gas diode, known as glow tube. Thedot
within the circleindicates the presence of gas. Fig. 3.2 shows the schematic symbol of cold-cathode
gastriode, known as grid glow tube.

Hot-cathode type. In thistype of gas-filled tubes, the cathode is heated just asin an ordinary
vacuum tube. The electrons flowing from cathode to plate cause ionisation of the gas molecules.
Such tubes are used as diodes, triodes and tetrodes.

*  The ability of agas-filled tube to carry large current is, of course, no recommendation in itself. A copper
wirewill do the samething and with better efficiency. But agasfilled tube has one specia ability whichthe
wire does not possess ; the ability to carry current in one direction.
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Fig. 3.3 shows the schematic symbol of a hot-cathode gas diode, known as phanotron whereas
Fig. 3.4 shows the symbol of hot-cathode gas triode, known as thyratron.

3.2 Conduction in a Gas

A gasunder ordinary pressureisaperfect insulator and cannot conduct current. However, if the
gaspressureislow, itispossibleto produce alarge number of free electronsin the gas by the process
of ionisation and thus cause the gas to become a conductor. Thisis precisely what happensin gas-
filledtubes. The current conductioninagasat low pressure can be beautifully illustrated by referring
to the hot-cathode gas diode shown in Fig. 3.5. The space between cathode and anode of the tube
contains gas molecules. When cathode is heated, it emits alarge number of electrons. These elec-
tronsform acloud of electrons near the cathode, called space char ge. If anodeismade positivewir.t.
cathode, the el ectrons (magenta dots) from the space charge speed towards the anode and collide with
gas molecules (cyan circles) in the tube.
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If theanode-cathodevoltageis|ow, thedectronsdo not possessthe necessary energy to causeionisation
of thegas. Therefore, the plate current flow in thetubeisonly dueto the el ectrons emitted by the cathode.
Astheanode-cathode voltageisincreased, the e ectrons acquire more speed and energy and apoint—called
ionisation voltage is reached, where ionisation of the gas starts. The ionisation of gas produces free
electrons and positive gas ions (cyan circles with +ve signs). The additional free electrons flow to the
anode together with the original eectrons, thus increasing plate current. However, the increase in plate
current due to these added dectronsis practically negligible. But the mgjor effect isthat the positive gas
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ionssowly drift towards the cathode and neutralise the space charge. Consequently, theresistance of the
tube decreases, resulting inlarge plate current. Hence, it isdueto the neutralisation of space chargeby the
positive gasionsthat plate current in a gas tube istoo much increased.

The following points may be noted regarding the conduction in agas at low pressure :

(i) At low anode-cathode voltage, the ionisation of the gas does not occur and the plate
current is about the same as for avacuum tube at the same anode voltage.

(if) At some anode-cathode voltage, called ionisation voltage, ionisation of the gas takes
place. The plate current increases dramatically to a large value due to the neutralisation of space
charge by the positive gasions. Theionisation voltage depends upon the type and pressure of gasin
the tube.

(iii) Once ionisation has started, it is maintained at anode-cathode voltage much lower than
ionisation voltage. However, minimum anode-cathode voltage, called deionising voltage, exists be-
low which ionisation cannot be maintained. Under such conditions, the positive gas ions combine
with electronsto form neutral gas molecul es and conduction stops. Because of this switching action,
agas-filled tube can be used as an el ectronic switch.

3.3 Cold-Cathode Gas Diode

Fig. 3.6 shows the cut-away view of cold-cathode gas diode. It essentially consists of two
electrodes, cathode and anode, mounted fairly closetogether in an envel opefilled with someinert gas
at low pressure. The anode isin the form of athin wire whereas cathode is of cylindrical metallic
surface having oxide coating. The anode is aways held at positive potential w.r.t. cathode.

Operation. Fig. 3.7 showsacircuit that can be used to investigate the operation of cold-cathode
gasdiode. Electric conduction through the tube passes through three successive discharge phasesviz.
Townsend discharge, the glow discharge and the arc discharge.

(i) Townsend discharge. Atlow anode-cathode voltage, the tube conducts an extremely small
current (ImA). It isbecause the cathode is cold and as such no source of electronsis present. How-
ever, natural sources (e.g. cosmic rays etc.) cause some ionisation of the gas, creating a few free
electrons. These electrons move towards the anode to constitute a small current. This stage of
conduction isknown as* Townsend discharge. Inthisphase of conduction, no visiblelight is associ-
ated.
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*  The volt-ampere characteristics of glow tube werefirst investigated by J. S. Townsend in 1901 and hence
the name.
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(ii) Glow discharge. Astheanode-cathode voltageisincreased, the el ectrons acquire more and
more energy. At some voltage, known as ionisation voltage, ionisation of the gas starts and the tube
current rises to a large value. The voltage across the tube drops to a low value, which remains
constant regardless of the plate current. At the sametime, glow is seen in the gas and on aportion of
the cathode. This phase of conduction is known as glow discharge.

The fact that glow tube maintains constant voltage acrossit in the glow discharge region needs
someexplanation. Inthisregion, any increasein supply voltage causesmore current to flow; the drop
across series resistance R increases but the voltage E,, across the tube remains constant. As the
current increases, the degree of ionisation increases and the glow covers a greater part of cathode
surface and hence the ionised gas path between cathode and anode has greater area of cross-section.
Asresistance isinversely proportional to the area of cross-section, therefore, resistance of the tube
decreases. Hence, the voltage across the tube remains constant. Reverse is aso true should the
supply voltage decrease. Thusin the glow discharge region, the resistance of the tube changes so as
to maintain constant voltage acrossit.

(iif) Arcdischarge. Once the cathode glow covers the entire surface of the cathode, the x-
sectional area of gas path cannot increase further. Thisregion is known as abnormal glow. If the
current density is further increased, the discharge becomes an arc.

3.4 Characteristics of Cold-Cathode Diode

The volt-ampere characteristic of a cold-cathode diode is shown in Fig. 3.8. At low anode-cathode
voltage, the tube current is very small (1mA) and is due to the ionisation of gas molecules by the
natural sources. Thisstage of conduction upto voltage B isknown as Townsend discharge and isnon-
self maintained discharge becauseit requires an external source to causeionisation. At some critical
voltage such as B, the tube fires and the voltage across the tube drops (from B to C) and remains
constant regardless of plate current. Thisis the start of second conduction and is known as glow
discharge. Inthisregion (C to D), voltage across the tube remains constant even if the plate current
increases.
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Fig. 3.8
After the glow discharge, the voltage across the tube no longer remains constant. Now, if the
supply voltageisraised, not only will the circuit current increase but the voltage across the tube will
start to rise again. This stage of conduction (D to E) isknown as abnormal glow.
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3.5 Applications of Glow Tubes

The outstanding characteristic of a cold-cathode gas diode (or glow tube) to maintain constant volt-
age acrossit in the glow discharge region rendersit suitable for many industrial and control applica-
tions. A few of such applicationsare mentioned
below :

(i) Asavoltageregulating tube. A glow
tube maintains constant voltage acrossit in the
glow dischargeregion. This characteristic per-
mits it to be used as a voltage regulating tube.
Fig. 3.9 showsasimple circuit commonly used
to maintain constant voltage acrossaload. The
glow tube (VR tube) isconnected in parallel with
theload R_acrosswhich constant voltageis de-
sired. So long as the tube operates in the glow
dischargeregion, it will maintain constant volt-

R
M Voltage Regulating Tube
age (= 150V) across the load. The extravoltage is
dropped across the seriesresistance R.
E . R (if) Asapolarity indicator. Asthe cathodeissur-

rounded by a characteristic glow, therefore, it can

E,=150V
N 2 2 be useful toindicatethe polarity of adirect voltage.
VR 130 (iii) As an electronic switch, which closes at
ionisation potential, permitting a large current to
g flow, and opens at the deionising voltage, blocking
Fig. 3.9 the current flow.

(iv) Asaradio frequency field detector. A strong
radio-frequency fieldiscapable of ionising the gaswithout direct connectionto thetube. Therefore, the
tube can indicate the presence of radio-frequency field.

3.6 Hot-Cathode Gas Diode

A hot-cathode gas diode is frequently used as arectifier for moderate voltages because of high effi-
ciency and better regulation. A hot-cathode gas diode consists of an oxide-coated cathode and a
metallic anode enclosed in a glass envelope containing some inert gas under reduced pressure. For
proper operation of the tube, anode is aways held at a positive potential w.r.t. cathode.

Operation. Fig. 3.10 shows a circuit that can be used to investigate the operation of a hot-
cathode gas diode. When cathodeis heated, alarge number of electrons are emitted. At low anode-
cathode voltage, the tube conducts very small current. Under such conditions, the gasis not ionised
and the tube acts similar to avacuum diode— the voltage acrossthe tube increaseswith plate current.
This action continues until anode-cathode voltage becomes equal to the ionisation potential of the
gas. Once thispotential is reached, the gas beginsto ionise, creating free electrons and positive gas
ions. The positive gasions move towards the cathode and tend to neutralise the space charge, thus
decreasing the internal resistance of the tube. If now the plate voltage isincreased, the plate current
also increases due to increased degree of ionisation. This further reduces the tube resistance. Asa
result, increase in plate current is offset by the decrease in tube resistance and the voltage across the
tube remains constant. Therefore, in a hot-cathode gas diode, not only the internal drop within the
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tube is small but also it remains constant. For this reason, a gas diode has better efficiency and
regulation than for avacuum diode when used as arectifier.
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Plate Characteristics. Fig. 3.10 showsthecircuit that can be used to determine the volt-ampere
(El/1,) characteristics of ahot-cathode gas diode. The seriesresistance Ris used to limit the current
toreach adangerously high value. Fig. 3.11 showsthe plate characteristic of hot-cathode diode. Itis
clear that at first, plate current rises slowly with increasein anode-cathode voltage. However, at some
voltage, known as ionisation voltage (point A), the plate current rises sharply and the voltage drop
across the tube remains constant. The extra voltage is dropped across the seriesresistance R. Any
attempt to rai se the anode-cathode voltage above theionising valueisfruitless. Increasing the voltage
E, above point Aresultsin higher plate current (1) and large drop across R but the voltage E, across
the tube remains constant.

3.7 Thyratron

A hot-cathode gastriodeisknown by thetrade namethyratron. Asdiscussed before, agasdiodefires
at afixed plate potential, depending upon the type of gas used and gas pressure. Very often it is
necessary to control the plate potential at which the tube is to fire. Such a control is obviously
impossible with agasdiode. However, if athird electrode, known as control grid isintroduced in a
gasdiode, thiscontrol ispossible. Thetubeisthen known as hot-cathode gastriode or thyratron. By
controlling the negative potential on the control grid, the tube can be fired at any plate potential.

Construction. Figs. 3.12 (i) and 3.12 (ii) respectively show the cut-away view and schematic
symbol of athyratron. It consists of three electrodes, namely; cathode, anode and control grid en-
closed in a glass envelope containing some inert gas at low pressure. The cathode and anode are
approximately planar. The control grid of thyratron hasaspecial structure quite different from that of
avacuum tube. It consists of ameta cylinder surrounding the cathode with one or more perforated
discs known as grid baffles near the centre.
Operation. When cathode is heated, it emits plenty of electrons by thermionic emission. If the
control grid ismade sufficiently negative, the electrons do not have the necessary energy to ionisethe
gasand the plate current is substantially zero. Asthe negative grid voltage is reduced, the electrons
acquire more speed and energy. At some grid voltage, called critical grid voltage, ionisation of the
gas occurs and the plate current risesto alarge value.

The negative grid voltage, for a given plate potential, at which ionisation of the gas startsis

known as critical grid voltage.
At critical grid voltage, gasionises, creating free electrons and positive gasions. The positive

ions tend to neutralise the space charge, resulting in large plate current. In addition, these positive
ions are attracted by the negative grid and neutralise the normal negative field of the grid, thereby
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preventing the grid from exerting any further control on the plate current of the tube. The grid now
loses al control and the tube behaves as a diode. Therefore, the function of control grid is only to
start the conduction of anode current. Oncethe conduction is started, the tube actsasagasdiode. It
isimportant to realise the usefulness of control grid. We have seen that the ionisation does not start
at low values of plate current. Inagasdiode, it requiresthat the plate potential should be increased
until sufficient plate current isflowing to cause ionisation. However, by adjusting the negative volt-
age on the grid, the desired plate current can be obtained to cause ionisation.

It may be mentioned here that once the thyratron fires, the only way to stop conduction is to
reduce plate voltage to zero for a period *long enough for deionisation of the gasin the tube.

3.8 Applications of Thyratron

Asthegrid voltage has no control over the magnitude of plate current oncethethyratronfires, therefore,
it cannot be used as an amplifier like avacuum triode. However, because of itstriggering action, itis
useful in switching and relay applications. Thyratronsare also used as controlled rectifiersfor control-
ling the amount of d.c. power fed to theload. They are also used in motor control circuits.

MULTIPLE-CHOICE QUESTIONS

1. A gasdiode can conduct ......... the equiva- (i) veryhigh (i) small
lent vacuum diode for the same plate (iii) very small (iv) zero
VPI tage. 3. ThePIV of ahot cathode gas diodeis.........
(i) lesscurrentthan the equivalent vacuum diode.

(i) more current than
(iii) samecurrent as
(iv) none of the above

2. A gasfilled tube has ........ resistance (ifi) lessthan that of
before ionisation. (iv) none of the above

* 100 to 1000 pLsec.

(i) the same asthat of
(if) morethan that of
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4. The anode-to-cathode potential of a gas-
filled tube at which gas deionises and stops
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conductioniscaled ........ potential.
(i) extinction (i) striking
(iii) ionising (iv) none of the above

5. A thyratron can beused as ........
(i) anoscillator (i) anamplifier
(iii) acontrolled switch
(iv) none of the above
6. The internal resistance of a gas-filled tube

[ that of avacuum tube.
() thesameas  (ii) morethan
(i) lessthan (iv) none of the above

7. A cold cathode tube is generally used as a

(i) diode (i) triode
(iii) tetrode (iv) pentode

8. Conductioninacold cathodetubeis started
by ........

(i) thermionicemission
(if) secondary emission
(iii) natural sources
(iv) none of the above
9. The cathode heating time of thermionic gas
diodeis........ that of avacuum diode.
() thesameas  (ii) much morethan
(ill) much lessthan (iv) none of the above
10. The solid state equivalent of thyratron is

() FET (i) transistor
(i) SCR (iv) crysta diode
11. The solid state equivalent of cold cathode
diodeis.........
(i) zenerdiode (i) crystal diode
(iii) LED (iv) transistor
12. Thenoiseinagas-filledtubeis ........ thatin
avacuum tube.
(i) thesameas (i) morethan
(iii) lessthan (iv) none of the above

13. The ionisation potential in a gas diode de-

pends upon ........
() plate current
(if) cathode construction
(iii) sizeof thetube
(iv) typeand pressure of gas
14. If the gas pressure in a gas-filled diode is
increased, its PIV rating ........
(i) remainsthe same
(i) isincreased
(iii) isdecreased
(iv) none of the above
15. Onceathyratronisfired, itscontrol grid.........
over the plate current.
() losesall control
(ii) exercisesfine control
(i) exercisesrough control
(iv) none of the above
16. To stop conductionin athyratron, the ........
voltage should be reduced to zero.
(i) grid (ii) plate
(iii) filament (iv) none of the above
17. lonisation of cold cathode diode takes place
a ... plate potential compared to hot cath-
ode gas diode.
() thesame
(ill) much lesser

(it) much higher
(iv) none of the above

18. A gasfilledtubehas........ internal resistance
after ionisation.
(i) low (i) high
(iil) very high (iv) moderate

19. The gasfilled tubes can handle ........ peak
inversevoltage (PIV) ascompared to equiva

Answers to Multiple-Choice Questions

(iii)
(iii)
(iv)

1. (i) 2. (i) 3.
6. (iii) 7. (i) 8.
1. (i) 12. (i) 13.
16. (i) 17. (i) 18. (i)

lent vacuum tubes.
(i) more (i) less
(ili) thesame (iv) none of the above
20. A cold cathode diodeisused as ........ tube.
() arectifier
(ii) apower-controlled
(ill) aregulating
(iv) anamplifier
4. (i) 5. (iii)
9. (ii) 10. (iii)
14. (iii) 15. (i)
19. (ii) 20. (iii)
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Chapter Review Topics

Explain the differences between a gas tube and equivalent vacuum tube.
Explain how ionisation takes place in a hot-gas diode. How does current conduction take place in
such atube ?
Give the schematic symbols of glow tube, hot-cathode gas diode and thyratron.
Explain the construction, operation and characteristics of a glow tube.
Discuss some applications of glow tubes.
What is athyratron ? How doesit differ from avacuum triode ?
Write short notes on the following :
(i) Characteristics of hot-cathode gas diode
(if) Applications of thyratrons

o wDd PR

Discussion Questions

What are the advantages of gas tubes over vacuum tubes ?

What is the difference between the action of thyratron and vacuum triode ?
Why cannot thyratrons be used as rectifiersfor high voltages ?

Can gas diodes be used as rectifiers for high voltages ?

What is the drawback of a gas diode compared to a thyratron ?
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