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Thomas Alva Edison. Among his hundreds of inventions there were
many that contributed to the progress of electronics. His discovery
that current passes from a hot to a cold electrode in a vacuum led
to the invention of the diode vacuum tube.

Courtesy Radiocraft
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DIODE TUBES

Electronics is the branch of electrical science which deals
with devices that control electrons. The most common de-
vices used for this purpose are electron tubes and semi-
conductors. Electron tubes were by far the more common
of the two until recent years, when new developments in
semiconductor devices made the semiconductors practical
for many applications. Electron tubes are still widely used
in most types of electronic equipment.

An ELECTRON TUBE is a device in which electrons leave
the surface of a conductor, pass across a space, and are
collected by a second conductor. The conductors are called
ELECTRODES. Various tubes contain two or more elec-
trodes. These electrodes are usually enclosed in an enve-
lope made of glass or metal.

Two general classes of electron tubesare the vacuum tubes
and the gas-filled or gaseous tubes. You have no doubt seen
vacuum tubes in television or radio receivers. They are
called vacuum tubes because all the air is removed from
inside the envelope. It is this type of tube that is described
in this lesson.

THE DIODE

One type of electron tube is the diode. The term DIODE
means atube or semiconductor device having two electrodes.
In the vacuum tube diode, one of the electrodesis called the
CATHODE and the other is called the PLATE. In the nor-
mal operation of this tube, electrons can leave the cathode
and move across the separating space to the plate, but they
cannot travel in the opposite direction.

* * *

1. What does the term diode mean?



Diode Tubes Page 5

2. In the diode tube, electrons can pass in only one direction be-
tween the two electrodes. True or False?

* * *

Diode Action

Because of the limitation in the direction of electron move-
ment between the cathode and plate, a diode presents low
resistanceto current in one direction only. This action may
beillustratedas in Figurel. Here, diode D) is represented
as a closed switch having terminals P and K. Battery B,
applies its voltage across Dj such that terminal P is made
positive with respect to terminal K. As a result of this ap-
plied voltage, a current of electrons is produced in the di-
rection indicated by the arrows. In this simple circuit,
current I is limited only by the low resistance offered by the
switch Dj. If we turn the battery around, as in Figure 2,
its voltage makes terminal P negative with respect to ter-
minal K. With applied voltage of this polarity, D; does not
conduct, and is represented here as an open switch. There-
fore, circuit current I equals zero, as indicated in the fig-
ure.

* * *

3. A diode presents low resistance to current in (a) one direction
only, (b) both directions, (c) neither direction.

xK x x
Symbol

The circuit connections of every electronic system, such as
aircraft guidance systems, communication systems, and
electronic measuring instruments are shown by means of
schematic diagrams. Figure 3 shows the symbol used to
represent one type of electron tube diode in schematic dia-
grams. The circle represents the envelope. The plate,
labeled P, is drawn in the form of an inverted T. The cath-
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ode, labeled K, is drawn in the form of an inverted L.. As
used here, the cathode portion of the symbol represents
either of two general types of cathodes, both of which are
described in detail later. In Figuresl and 2, the P terminal
of the switch represents the plate of diode D,, while the K
terminal represents the cathode. The diode conducts when
the plate is positive with respect to the cathode as in Fig-
ure 1, and is nonconductive when the plate is negative as in
Figure 2.

Bias

A voltage is called a BIAS when it is applied across the
electrodes of a device. In Figure 4, voltage E| is a bias.
It is the voltage that battery B] applies across the plate and
cathode of diode V). In this circuit, E| makes the plate of
the diode positive with respect to the cathode, producing
current I. On the other hand, in Figure 5, bias voltage Ej
makes the plate of V| negative with respect to the cathode.
As explained, the diode is then nonconductive and does not
permit current in the circuit.

* * *

4. What do we call a voltage applied across the electrodes of a
device such as a diode ?

NOTICE THAT WE EMPLOY THE LETTER
E TO DESIGNATE VOLTAGE AND THE
LETTER V TO DESIGNATE A TUBE IN THIS
LESSON. THIS IS STANDARD PRACTICE IN
DESCRIPTIONS OF ELECTRON TUBE CIR-
CUIT OPERATION, BUT IS DIFFERENT
THAN THE SYMBOILS USED WITH TRAN-
SISTORS AND SOME OTHER DEVICES.

Gating and Rectification

GATING is the circuitaction which produces an output when
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a certain specific input or set of inputs is applied. In its
simplest form gating produces a dc current from an ac
current., RECTIFICATION is a type of gating in which the
output is generally used to power other circuits or stages.
Practically every electronic system uses diodes that either
gate or rectify,

Generally, we use the term RECTIFIER when speaking of
diodes that normally conduct relatively large currents and
whose only purpose is that of rectification. Large industrial
equipment uses numerous rectifiers. Often devicesare re-
quired either for gating or to rectify small signal currents
of a few milliamperes or less. Usually these units are
simply called diodes.

* * *
5. Diodes perform what two basic actions in electronic circuits ?

* * *

The gating action is illustrated in Figures 6 and 7. Diode
V] acts as a gate which "opens'' and ''closes' as required
to provide a desired output from its circuit. Input voltage
EIN is applied to V] and R in series. Resistor R} and the
resistance of V] form a voltage divider. Part of the applied
voltage EIN is across each of these resistances. The part
across V] is indicated as Ey|, and the part across R; as
ER). Voltage ER] is the output of this circuit.

In Figure 6, input voltage EIN makes the upper input ter-
minal positive with respect to the lower terminal, as indi-
cated. Therefore, voltages EV) and ER; have the indicated
polarities. Since Ey) makes the plate of diode V] positive
with respect to the cathode, V] conducts current or is con-
ductive. The resistance of the conductive diode is very
much less than the resistance of Rj. As a result, the volt-
age division is such that Ev, is very small, and ER,; is
nearly equal to EIN. Thus, in this gate circuit, a positive
input voltage produces a positive output voltage, ER], which
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is nearly equal to the input voltage.

With respect to ground (<), the cathode of V; is positive
by the amount of the voltage across R;. However, the
small voltage Ey, makes the plate of the diode more posi-
tive than the cathode. Even though it is very small, voltage
Ev) across the diode causes V] to conduct, since conduction
of the tube requires only that the plate be positive with re-
spect to the cathode.

6. The output of the gate circuit of Figure 6 is (a) Evl’ (b) ERI,
(c) EIN'

7. In the gatecircuit of Figure 6, the plate of Vy is made positive
with respect to the cathode by (a) ERI, (b) Ey X (c) the output
voltage.

In Figure 7, input voltage E{N makes the upper input ter-
minal negative with respect to the lower terminal. There-
fore, the polarities of the voltages across V) and R] are
the opposite of those in Figure 6. As indicated in Fig-
ure 7, EV1 makes the plate of V] negative with respect to
the cathode. Since this voltageis oppositethat whichcauses
normal conduction, the diode does not conduct.

The insulating materials in which the electrodes of V) are
mounted permit a minute leakage current. However, this
current is so small that it can be considered equal to zero.
Therefore, V] has practically infinite resistance under
these conditions. For practical purposes, we can simply
consider that all of Ejy is across the infinitely high resist-
ance of V), and none is across R]. Thus, as indicated in
the figure, Evy, is equal to EjN, and ER, is equal to zero.
Since ERI is the output of the circuit, the output is zero
when a negative input voltage is applied.
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8. In the gate circuit of Figure 7, output voltage ER, is zero be-
cause the input voltage causes the resistance of tllle diode tobe
(a) equal to that of R}, (b) very low, (c) very high.

* * *

In the diode gate circuit example of Figures 6 and 7, a posi-
tive input voltage is permitted to appear across the output
terminals. If diode V; is reversed so its cathode connects
to the upper input terminal,

the gate circuit allows nega-

tive input voltages to appear A

across the output terminals, |

but blocks positive input volt- m

ages. Thus, depending upon »'1': = \
its arrangement, a gate cir- :?,j]?“ i
cuit may be open for voltages ‘?@ '
of a desired polarity and EMER s |

closed for voltages of the op- ‘,ﬁ
posite polarity. A&L«p_ ’l,
-

Figures 8 and 9 illustrate the
rectifying action of the diode.
The circuitof Figure 8 causes
an alte rnating voltage to pro- The 6ALS5 isa dual di.ode tu.beof the mi.niat'ure
. type commonly used in radio and TV circuits.

duce a direct current. Here Courtesy GE Receiving Tube Department
EIN is an alternating voltage

applied to V] and R], in series. RJ, representsany load de-
vice to which we desire to supply direct current. The load
could be a motor, a relay, an x-ray tube, or some other dc
device. The variations of EIN are represented by the upper
curve in Figure 9. Positive alternations of Eln make the
plate of V] positive with respect tothe cathode. Asaresult,
V1 conducts a current I consisting of electron flow in the
direction indicated by the arrows in Figure 8. Since V) has
very low resistance when it is conducting, the magnitude of
I is determined almost entirely by En and R1..
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The lower curvein Figure 9 showsthat current [ rises along
with the positive alternations of Eqy. When Eqy reaches its
maximum value, I is at its peak also. Then, EjN falls to
zero, causing I to fall to zero.

The negative alternations of EjN make the plate of V) nega-
tive with respect to the cathode. V; is then nonconductive,
and circuit currentis zero. Hence, the lower curve in Fig-
ure 9 shows current I to be zero during the negative alter-~
nations of ErN.

During the conductive intervals of V), the currentis carried
by load R, as indicated in Figure 8. Therefore, the lower
curve of Figure 9 represents the current supplied to the
load. As shown, this rectified current consists of a series
of pulses, all in one direction. A current of this kind is
called pulsating dc.

* * *

9. The rectifier circuit of Figure 8 supplies dc to the load when
the input to the circuit is alternating voltage because the diode
can conduct in one direction only. True or False?

* * *

VACUUM TUBE DIODE OPERATION

When a vacuum tube diode is conducting, the action taking
place within the tube is that of electrons leaving the cath-
ode and moving across the empty space to the plate. This
electron flow is called SPACE CURRENT. The action by
which electrons leave the cathode is called electron emis-
sion.

Electron Emission
ELECTRON EMISSION is any process by which electrons

leave the surface of a material. Several methods are avail-
able for producing emission from solid materials. That
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used most commonly in electron tubes consists of heating a
metal object called the emitter or cathode. The two words
emitter and cathode are employed interchangeably to refer
to the electrode that serves as the source of electrons.

The free electronsin a metal move about continuously, col-
liding with each other and with

T

the atoms and molecules of the
metal. When the metal is
heated, the electrons move -
faster. Whenthe electronsare &
moving fast enough some of .
them are able to pass right >
through the surface of the met- ¢
al to the outside. | =

,"’ r— -

This type of emissionis called
THERMIONIC EMISSION from

the Greek word ''thermo!'

meaning heat. The emitter .
must be heated to a very high M
temperature to produce enough MADE IN U5y

emission for practical appli-
cations. Also, the emission
is most effective in vacuum.
If it occured in air, the dense
concentrationof air molecules
would not let the emitted elec - A glass, actal base diode cammonly used as a
trons get very far from the felfyme el iniich whoos wpelies
emitter. Also, most metals

would burn up in air at the high temperatures to which they
must be raised to emit useful quantities of electrons.

* * *

10. To produce sufficient thermionic emission for practical pur-
poses suchas the control of an industrial process, the emitter
is heated to (a) a little above room temperature, (b) a very
high temperature, (c) a temperature just above its melting
point,

* * *
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As the electrons leave the emitter, they form a cloud near
the emitter., This cloud of electrons is called a SPACE
CHARGE. Since the space charge is made up of electrons,
it has anegative potential. Thisfactprevents it from building
up indefinitely. The negative space charge repels electrons
back into the emitter. A condition of balance is reached in
which the number of electrons repelled back to the emitter
just equals the number being emitted. The extent of the
space charge depends upon the material and temperature of
the emitter,

Emitters

There are two basic types of emitters or cathodes, called
the directly heated type and the indirectly heated type. The
directly heated emitter is a wire FILAMENT which carries
the current that produces the heat., One construction em-
ployed for this type of emitter is shown in Figure 10A.
Here, the filament is held in the shape of an inverted V by
three supports, The supports connected to the ends of the
filament are conductors. They complete an electric circuit
from the filament through the base of the tube to an external
source of current., Emission takes place from the surface
of the filament. Because of its properties, this type of emit-
ter is commonly referred to as the filament -when speaking
of a tube in which it is employed. The filament wire varies
in size from a fine wire in the small receiving type tube to
a wire of considerable thickness in the large tubes used in
transmitting equipment,

The indirectly heated emitter consists of a metal cylinder
which emits electrons from its outer surface when it is
heated. A wire heating element called the HEATER supplies
the heat by radiation to the emitter. In this arrangement,
the emitter is commonly referred to as the cathode. Fig-
ures 10B and 10C show two constructions used. As shown,
the heater is located inside the cathode, but insulated from
it electrically. The only purpose of these heaters is to
supply heat to the cathode,
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* * *

11. Radio communication equipment uses many tubes of the in-
directly heated emitter type. What is the source of heat in
the indirectly heated emitter ?

As shown in Figure 10, in the indirectly heated emitter,
conductive supports connect the two ends of the heater through
the base of the tube, thus providing for connections to an
external source of current. A third conductive support
permits connecting the cathode to an external circuit. The
broad definition of "cathode" is the electrode that supplies
electrons. Inthis sense, the filament of Figure 10A is a
cathode, the same as the cylindersof Figures 10B and 10C,
Often, the word cathode is employed in this general sense
when there is no reason to be concerned with the particular
type of emitter,

Filament and Heater Current Supplies

We have mentioned that the emitterin the diode is heated to
cause it to give off electrons by thermionic emission. The
heat is provided by passing a current through the filament
in a directly heated tube, and through the heater in an in-
directly heated tube. This heating current is obtained from
anexternal source provided expressly for the purpose. The
current can be either ac or dc. A common source of ac
filament or heater current is a transformer that steps the
117 V line voltage down to the low voltage required by the
filament or heater of the tube. Typical filament and heater
voltages required are 1.4, 3.15, 6.3, and 12. 6 volts. A
dry-cell batteryis a common source of dc for this purpose.
For example, televisionand console radio receivers employ
the transformer method, while portable receivers use bat-
teries as filament and heater supplies.

Figure 11A shows a battery supplying the heating current to
the filament of a directly-heated diode. In this circuit,
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filament current If consists of electron flow from the nega-
tive terminal of battery B;, through the filament, and to
the positive terminal of Bj. The magnitude of this current
depends only upon the battery voltage and the resistance of
the filament. It is not affected by the number of electrons
emitted by the filament. That is, the filament current does
not supply electrons for emission. It merely heats the fila~
ment so electrons that are near the surface can fly off into
the space around the filament. Therefore, at any instant,
there are as many electrons returning from the filament to
the battery as are flowing from the battery to the filament.

In Figure 11B, battery B applies a voltage that makes the
plate of V] positive with respect tothe filament. This volt-
age produces PLATE CURRENT Iy, which, outside the tube,
has the form of electron flow from the plate to the positive
terminal of B2, and from the negative terminal of By to the
filament. Plate current I and filament current If have
practically no effect upon each other, even though both are
carried by at least part of the filament.

Figure 12 shows the heater of an indirectly heated diode
supplied heating current by battery B). Bj produces plate
current Ib. The heat generated in the heater by I passes
to the cathode. As explained, the heater and cathode are
very close to each other so the heat is transferred easily
from the heater tothe cathode. However, theyare insulated
electrically, so that there is no electrical connection be-
tween the circuits that carry heater current I and plate
currentIp. Thus, heater current I, is completely independ-
ent of plate current Ib.

Electron Collection

As mentioned, after leaving the cathode, the electrons form
a space charge which surrounds the cathode. The plate
collects the electrons by drawing them to it out of the space
charge. The collection action takes place when a voltage
makes the plate positive with respect to the cathode, as in
Figure 4. As the electrons pulled from the space charge
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reach the plate, they enter it and arethen conducted through
the external circuit to the voltage source.

Plates

The plate is built so that it surrounds the emitter and can
collect as many electrons as possible. There are many
plate shapes used, varying with tube types. A few of the
most common are shown in Figure 13.

Saturation

In the electron tube, the space charge acts as a reservoir
of electrons from which the plate takes electrons at a rate
that depends upon the plate voltage. Figure 14 illustrates
the action. Anelectricfield of the indicated direction causes
electrons to leave the space charge and move to the plate.
The more positive the plate, the stronger the field and the
larger the plate current.

There is a weak field betweenthe space charge and cathode
also, as indicated. Its direction is such that it causes a
few of the electrons to returnfrom the space charge to the
cathode. Thus, THE SPACE CHARGE LIMITS THE PLATE
CURRENT IN A DIODE TUBE. This is the normal oper-
ating condition of the diode in most applications.

* * *

12. The electric field between the space charge and plate has
direction such as to cause electrons toflow to the plate when
an applied voltage makes the plate (a) positive with respect
tothe cathode, (b) the same potential as the cathode, (c)nega-
tive with respect to the cathode.

13. The electric field betweenthe cathode and space charge urges
electrons toward which electrode?

14. When a diode is employed as a detector and operated under
the conditions of Figure 14, the plate receives electronsfrom
the space charge rather thandirectly from the cathode. True
or False?



Page 16

Diode Tubes

If the plate voltage is increased, more and more electrons
leave the space charge and flow to the plate. Finally, ata

The 5Y3-GT is a dual diode employed as a
full-wave rectifier in medium power circuits.
Courtesy GE Receiving Tube Department

high plate voltage, the plate
takes all the electrons that
are emitted by the cathode,
and there is no space charge.
A single electric field extends
from the cathode to the plate,
as indicated in Figure 15, A
further increase of plate volt-
age causes little increase in
the plate current because the
plate is already taking every
electron emitted by the cath-
ode. This condition is known
as SATURATION. The plate
current at this point is called
saturation current,

Normally, operation at satura-
tion is employed only inappli-
cations such as gating or
where the diode must conduct
large but brief pulses of cur-
rent., Only diodes specially

designed for this operation are used. The heavy saturation
current would destroy a diode not designed for these appli-

cations.

15. When a diode in a gating circuit is in saturation, the plate is
taking (a) all the electrons emitted, (b) electrons from the
space charge only, (c) no electrons from the cathode.

CHARACTERISTICS AND RATINGS

The general nature of tube operation as well as specific
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information about the applications of tubes can be learned
most easily by examining their characteristicsand ratings.
Characteristics are measurable propertiesthat depend upon
things such as the material of which a device is made and
the size and shape of the device. Ratingsare limiting values
assigned to a device by its manufacturer. Tube ratings are
maximum allowable operating voltages and current which
cannot be exceeded without danger of damaging the tube or
shortening its life.

The various manufacturers publish data sheets that give the
characteristics and ratings of the different tube types. From
these sheets it is easy to determine which tube to use for a
particular job. You canalso see whether a tubeis operating
the way it should in a given circuit. Data sheets usually
show some of the more important relationships by means of
graphs or curves.

Characteristic Curves

A characteristic curve is a graph that shows the way in
which one variable quantity affects another variable quantity.
For example, one variable quantity may be the voltage ap-
plied betweenthe plate and cathode of a diode tube, while the
other quantity may be the tube's plate current. A graph
that shows how the plate current depends upon the applied
voltage is a type of characteristic curve commonly included
on the manufacturer' s data sheets.

The voltage applied between the plate and cathode of a diode,
as in Figure 14, is called PLATE VOLTAGE. This voltage
is measured with the cathode as the reference point. Thus,
if the plate voltage makes the plate positive with respect to
the cathode, the plate voltage is said to be so many volts
positive. If it makes the plate negative with respect to the
cathode, it is said to be so many volts negative.

The relationship between the plate voltage and plate current
of a diode is commonly shown by a curve like that of Fig-
ure 16. Here, positive plate voltage is given along the scale
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at the bottomm. The scale at the left is marked off in terms
of plate current. The graph is called a plate characteristic
curve. By means of this curve, you can find the plate cur-
rent producedin a diode of the type represented by the curve
for any given plate voltage within the range of the graph.

For example, with a plate voltage of 20 volts applied to the
tube, the curve shows that a plate current of approximately
80 ma is produced. As the plate voltage is increased, it
causes the plate current to increase. Hence, the curve
rises continually and smoothly as we move to the right on
the graph. Finally, at the plate voltage of 100 volts, the
diode conducts a plate current of 1000 ma, or 1 ampere.
This curve assumes that the plate voltage makes the plate
more positive than the cathode by the specified amount,

* * *

16. Referring to Figure 16, what is the approximate plate current
when a plate voltage of positive 60 volts is applied tothe diode ?

17. Suppose you want to use the diode represented by the curve of
Figure 16 as a rectifier. What value of plate voltage would
you apply to produce a plate current of 700 ma?

With any given plate voltage applied to a diode, the plate
currentincreases with the temperature of the emitter. For
this reason, a curve like that of Figure 16 can show the
plate voltage-plate current relationships at a single emitter
temperature, and this temperature only. Therefore, the
curve is useful only if we specify the emitter temperature
or an operating condition that determines the temperature.
Tube manufacturers commonly specify the normal operating
voltage applied to the filaments of directly heated emitters
or to the heaters of indirectly heated emitters. In Fig-
ure 16, the voltage is given as Ef = 5 volts. An increase in
filamentor heater voltage increases the current in the fila-
ment or heater. In turn, this increases the temperature of
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the emitter, producing greater emission. With more elec-
trons in the space charge, more can be pulled to the plate
at a given plate voltage.

* * *

18. For the diode tube it represents, the curve of Figure 16 indi-
cates the plate voltage and current relationship, regardless
of the temperature of the emitter. True or False?

* * *

When a manufacturer publishes a curve like that of Fig-
ure 16, the curve does not represent the characteristics of
an individual diode sample. Instead, it represents the aver-
age characteristics of a largenumber of diodes of the same
type. Usually, the curve is labeled "average plate charac-
teristics. " Few diodes of a given type have characteristics
that exactly match those of the published curves. However,
when you are going to use a tube of this type as a rectifier,
for example, you can assume that the characteristics of any
diode of this type are reasonably near those indicated by
the curve.

Classes of Diodes

Diodes can be classified in various ways such as the appli-
cations for which they were designed, the kind of emitter
employed (directly heated or indirectly heated), and the
number of diode units included in one envelope. One classi-
fication in terms of tube operation is made on the basis of
the relative magnitude of the plate currents.

In general, diode tubes designed to conduct plate current up
toabout 50 milliamperes are considered low-current tubes.
The high-current tubes are capable of carrying plate cur-
rents ranging from several hundred milliamperes to several
amperes,
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Typical Characteristics

Figure 17 shows the plate characteristic curve of a typical
low-current diode tube. Unlike the example of Figure 16,
Figure 17 includes plate voltage values over a range of only
10 volts., Thus, the plate current increases from zero to
a maximum value of 60 ma as
R the plate voltage is increased
from zeroto 10 volts. Diodes
of this general class are de-
signed for use in circuits
where a small applied voltage
is available and the plate cur-
rent needed is not large., A
common application is that of
an FM detector in radio and
television receiver circuits.

The plate characteristic curve
of another low-current diode
is given in Figure 18. Notice
that the highest plate voltage
included on this graph pro-
duces a plate current of only
Relotively high current is conducted by this SO O milliamperes.
dicde tub); In high voltoge circuits. 4 Tubes of the type illustrated
Courtesy GE Receiving Tube Deportment by this curve are used as
rectifiers where it is desired
to produce a high dc voltage across the load, but very little
direct current is needed. For example, the plate current
in this diode is only 12 ma when the plate voltage is about
320 volts, while in the diode of Figure 17, a 12 ma plate
current is produced by a plate voltage of only 3 volts. A
commonapplication of diodes with characteristics like those
illustrated by Figure 18 is that of a rectifier for supplying
high voltage to the picture tube in a television receiver.

One diode of the high-current type has the plate character-
istics shown in Figure 19. This tube is used where it is
necessary for the diode to conduct relatively large plate
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current with only a small voltage applied to the plate. Where-
as the low-current diode of Figure 18 conducts a plate cur-
rent of only about 1 ma with 50 volts applied to its plate,
the tube of Figure 19 produces a current a thousand times
as large with the same plate voltage applied to it. Diodes
like that represented by the curve of Figure 19 are employed
often where the plate current has the form of pulses at rates
of several thousand per second. These diodes are used also
in gating applications.

Figures 20 and 21 give the plate voltage-current curves of
two other typical diodes in the high-current class. Diodes
like that with the curve of Figure 20 are employedas recti-
fiers where the load currents are large insofaras commer-
cial equipment such as television receivers is concerned.
On the other hand, the curve of Figure 21 is that of a diode
used in industrial equipment. This tube is employed as a
rectifier also, but the plate currentsindicated are considered
relatively smallfrom the standpoint of mostindustrial needs.

The plate characteristics of another industrial type diode
are shown in Figure 22. Notice that the plate current values
run up into the thousands of milliamperes, while the plate
voltages range up to nearly 3000 volts. Since a thousand
milliamperes equals one ampere, the current scale could
be marked off in amperes. Thus, 4000 ma equals 4 amp,
8000 ma equals 8 amp, and so on. Tubes of this type are
employed as rectifiers where verylarge currents are needed
at high voltages. Common uses of this kind are found in
radar equipment, for example,

Industrial type vacuum diodes like those represented by the
curves of Figures 21 and 22 are generally known as ken-
otrons. In these tubes, the plate is commonly called the
anode. However, in their basic operation, all vacuum diodes
are the same, though theydiffer in size, structure, and type
of emitter, depending upon the application for which they
are designed.
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19. Suppose you need a diode that produces a large plate current
with a plate voltage of only 50 volts applied. Checking the
curves of Figures 17 through 22, you find that, at a plate
voltage of 50 volts, the largest plate current is produced by
:h;a diode represented by the curve of Figure (a) 18, (b) 22,
c) 19.

Plate Resistance

As explained earlier, plate current is produced in a diode
when an applied plate voltage makes the plate positive. For
a given applied voltage, the magnitude of the plate current
depends upon the limiting effect of the space charge in the
tube. Since the diode does not permit an infinitely large
current to flow, it offers a certain amount of opposition to
plate current. If the applied plate voltage is increased, the
plate current increases. You can compare this action to
the increase produced in the current in a resistor when you
increase the voltage across the resistor. An opposition to
plate current exists in all electron tubes. Itis called PLATE
RESISTANCE.

* * *
20. What is plate resistance?

* * *

The plate resistance of a tubeis of two kinds: dc plate re-
sistance and ac plate resistance. Both are calculated by
means of Ohm's Law. The DC PLATE RESISTANCE is the
opposition to plate current offered by the tube when an UN-
CHANGING positive voltage is applied to the plate. It is
equal to the plate voltage divided by the plate current, and
is represented by the symbol ry. The curve in Figure 17
shows that a plate voltage of 6 volts produces a plate cur-



Diode Tubes Page 23

rent of 30 ma in the diode represented. Using rp = E/I, we
can substitute 6 volts for E and .03 ampere for I to obtain:

ry = %- = 200 ohms

Thus, this diode has a dc plate resistance of 200 ohms when
a plate voltage of 6 volts is applied to it.

For any given diode, the plate resistance is not the same
at aliplate voltages. For example, using Figure 17 again,
a plate voltage of 3 volts applied to this diode produces a
plate current of 12 ma. In this case:

Ty = 512 = 250 ohms

Here, with the lower plate voltage, the plate resistance is
greater. As another example, if we apply 9 volts to the
plate of this diode, a current of 52 ma is produced. With
this higher voltage applied, the plate resistance is only:

= L =
Ty 052 173 ohms

Thus, unlike the resistance of a resistor, the plate resist-
ance varies with the applied voltage. Whenthe voltage de-
creases, rp increases, and when the voltage increases,
Ty decreases. This nonlinear relation can be seen as the
curvature of the plate characteristic curve. If the plate
resistance were the same at all plate voltages, this curve
would be perfectly straight.

The AC PLATE RESISTANCE is the opposition of a tube to
aCHANGE INPLATE CURRENT. It isthe result of dividing
a small change of plate voltage by the corresponding small
change of plate current. Maintaining the plate voltage posi-
tive, we can varyit alternately above and below some given
value, causinglike variations in the plate current. The re-
sistance offered by the tube tothese variations of plate cur-
rent is considered the ac plate resistance of the tube.
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The ac plate resistance is an important characteristic and
is closely related to operating conditions. It is represented
by the symbol r,. The subscript p is used to distinguish
this ac resistance from the dc resistance r,. In general,
when the term plate resistance is used without qualification,
the ac plate resistance is the one that is meant.

As an example of the calculation of rp, Suppose we vary the
plate voltage of the diode of Figure 17 between the values of
5.8 and 6.2 volts. This is a total change of 6.2 ~ 5.8, or
0.4 volt. When the plate voltage is 5.8 volts, the plate

§ SpPLY
o
et

Diades ore commonly used os rectifiers in pawer supplies such os the one shown obove.
Courtesy Dressen-Barnes Corp.

current is approximately 28 ma, and when the voltage is
6. 2 volts, the currentis 31 ma. Therefore, the total change
of plate current is equal to 31 - 28, or 3 ma. Dividing the
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change of plate voltage by the change of plate current we
have:

r, = 0.4 = 133 ohms

P .00

Notice that this value is considerably less than the dc plate
resistance of 200 ohms at the plate voltage of 6 volts. Cal-
culations of r, at other points along the curve would show
that, due to the curvature of the curve, the ac plate resist-
ance varies in the same way as the dc plate resistance,
being higher at the lower plate voltages and lower at the
higher plate voltages.

* * *

21. What is the ac plate resistance of the television receiver
high-voltage diode represented by Figure 18 when its plate
voltage is varied between the values of 240 volts and 280 volts?

Manufacturer' s Ratings

As mentioned, manufacturers assign ratings for those tube
characteristics which must be kept within certain limits to
insure satisfactory performance. Such ratings help elec-
tronic equipment designers usethe capabilities of each tube
to best advantage.

The electron tube industry employs three kinds of ratings.
One, called Absolute Maximum, is generally used for in-
dustrial and transmitting tube types. These ratings are
limiting values that should not be exceeded with any tube of
the specified type under any conditions of operation. The
other two kinds of ratings are used for receiving typetubes.
The first, the Design Center ratings, are limiting values
which should not be exceeded with a tube of the specified
type under normal operating conditions. These ratings
allow for normal variations in tube characteristics and
operating conditions., They are used for tubes developed
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before 1957. The other system, the Design Maximum
ratings, is a set of limiting values which should not be ex-
ceeded with a tube of the specified type under any conditions
of operation. Adopted in 1957, these ratings allow for nor-
mal variations in tube characteristics, but not in operating
conditions.

Ratings assigned to diode tubes include the maximum peak
inverse plate voltage, maximum peak plate current, maxi-
mum dc output current, plate dissipation, and maximum
peak heater-cathode voltage. A voltage applied across the
plate and cathode of a diode that makes the plate negative
with respect to the cathode is called inverse plate voltage.
Since the inverse voltage produces no space current in the
tube, it must be withstood by the high resistance of the
materials that electrically insulate the plate from the cath-
ode. If the inverse voltage is high enough, it can cause the
electrical breakdown of this insulation. The MAXIMUM
PEAK INVERSE PLATE VOLTAGE is the highest instan-
taneous inverse voltage that the tube can withstand without
danger of breakdown,

* * *

22. Inverse plate voltage makes the plate of a tube (a) negative
with respect to the cathode, (b) positive with respect to the
cathode.

The MAXIMUM PEAK PLATE CURRENT is the highest
instantaneous plate current that a tube can carry safely at
intervalsinthe direction of normal current flow, The MAXI-
MUM DC OUTPUT CURRENT, sometimes called dc plate
current, is the highest average plate current which can be
handled continuously by a rectifier diode. This rating is
based uponthe power which the plate is capable of dissipating
in the form of heat. This power is called the PLATE DIS-
SIPATION. The heat is generated in the plate by electrons
arrivingat and striking the plate. Plate dissipationis given



Diode Tubes Page 27

in watts.

The MAXIMUM PEAK HEATER-CATHODE VOLTAGE is the
highest instantaneous voltage that a tube can stand safely
between its heater and cathode. This rating is used in ap-
plications where excessive voltage might be introduced be-
tween the heater and the cathode.

DIODE TUBE CONSTRUCTION

Figure 23A shows a cutaway view of a diode tube. The
heater in the center is surrounded by the cathode, which in
turn is surrounded by the plate. The electrodes are held in
place and prevented from touching byinsulated supports not
shown in this part of the figure. Metal pins that extend
through the bottom or base connect the electrodesand heater
to external circuits. Figure 23B shows a tube of this type
enclosed in its glass envelope. Here, the lower circular
insulated support is visible. The combination of numbers
and letters on the envelope indicates the tube type.

Figure 23C is a bottom view of the tube, showing the ar-
rangement of the base pins. The pins are numbered in the
clockwise direction, beginning with the first pin clockwise
from the gap. The gap makes it almost impossible to place
the tube into a socket in the wrong position. IMPORTANT:
TUBE PINS ARE ALWAYSNUMBERED CLOCKWISE LOOK-
ING AT THE BOTTOM OF A TUBE OR SOCKET.

* * *

23. With reference tothe bottom viewof a tube, the base pins are
numberedin the (a) clockwise direction, (b) counterclockwise
direction,

To show which base pin connects to which part inside the
tube, some schematic diagrams show pin numbers with the
tube symbols. An example is given in Figure 23D. This
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symbol indicates that pin5 connects to the plate of this par-
ticular tube, pin 7 connects to the cathode, and pins 3, 6
and 4 to the heater. Pins |l and 2 do not connect to any of
the tube elements. They are
includedin the base sothe tube
will beinserted properlyinits
socket, and to provide addi-
tional support for the tube.
The connection between pin 6
and the heater permits using
the heateras a voltagedivider
in applications where this use
is desirable.

Another diode construction is
shown in the cutaway view of
Figure 24A. This tube em-
ploys afilament type emitter.
As shown, the filamentis held
inside the plate by a pair of
conductive support rods. In
. " . turn, the rods are supported
P;Ea'::iu;;i :'i‘:::":mf'” pulesin high v a glass holder known as a
Courtesy GE Receiving Tube Department header. Passi ng through the
header, each conductor con-
nects to a base pin. The plate of this tube does not connect
to a base pin. Instead, it connects to a cylindrical metal
cap at the top of the tube. The reason for this arrangement
is that this tube is a type to which high voltages are applied
between plate and filament. The insulation of the entire
glass envelope is between the plate cap and the filament
base pins to prevent high-voltage breakdown of the tube.

Figure 24B shows the bottom view of this tube. As shown,
the base contains eight pins that are evenly spaced. To
assure proper insertion into the socket, an aligning plug
witha key projects from the center of the base. The socket
for a tube of this kind has a center hole with a keyway into
which the plug and key fit. Hence, the aligning plug makes
it impossible for the tube to be placed into its socket in-
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correctly.

Tubes that have bases of this kind are called octal tubes.
The pin numbering is clockwise, as before, beginning with
the first pin clockwise from the key. Figure 24C shows
what is called the basing diagram for this diode. Here, the
small circles that represent the base pins are numbered in
the same order as in Figure 24B. As shown, the filament
connects to pins 2 and 7, and these are the only base pins
used for external connections in this particular tube. The
top capto which theplate connects is represented bya small
rectangle at the top of the diagram.

* * *

24. In the tube of Figure 23, the cathode connects to base pin
number (a) 5, (b) 6, (c) 7.

25. The plate of the diode of Figure 24 connects to (a) base pin 4,
(b) the top cap, (c) base pin 5,

26. The heater of the diode of Figure 23 connects to base pins
number (a) 2 and 7, (b) 3, 4 and 5, (c) 3, 4 and 6.

* * *

Figure 25 shows a third diode construction in a cutaway
view, Here, the disk-shaped cathode is supported by a
metal cylinder, inside of which the heater is located. The
metal plate is supported by a tubular-shaped ceramic in-
sulator. A hole in the middle of this insulator permits the
plate toproject downward closeto the cathode. The external
plate circuit connects directly to the large upper portion of
the plate. A metal ring in contact with the cathode support
cylinder provides for the external circuit connection to the
cathode. A second tubular ceramic insulator separates the
cathode ring from the metal heater buttons which are the
means of connecting to the heater. All the metal parts in
this tube are made of titanium and all the insulation is ce-
ramic. This permits the tube to be operated at higher tem-
peratures than tubes that use glass envelopes and other
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insulating materials,
SUMMARY

Electrontubesare devices that control the flow of electrons.
An electron tube that has two electrodes is called a diode.
The electrodes are called the plate and the cathode, respec-
tively., When heated, the cathode emits electrons which
form a cloud called a space charge around the cathode. An
applied voltage that makes the plate positive with respect to
the cathode causes the plate to attract electrons from the
space charge. Thus, electrons travel via the space charge
from the cathode to the plate. This flow of electrons takes
placein one directiononly. That is, no electron flow occurs
normally from the plate to the cathode.

The property of the diode to conductin one direction only is
employedin gating and rectification applications. The cath-
odes used in the various types of diodes are of two kinds.
The directly heated cathode is a filament which carries its
own heating current. The cathode-heater type consists of
a tubular emitter inside of which a heating element is lo-
cated. Manufacturerspublishthe characteristics and ratings
of their various tube types as an aid to the equipment de-
signer. Important among these are the plate characteristic
curves which show how plate current varies with plate volt-
age.
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IMPORTANT DEFINITIONS

BIAS - [ BIGH uhs] - A voltage applied across the electrodes
of a device,

CATHODE -[ KATH ohd] -In an electron tube, the electrode
from which electrons enter the space between the
electrodes, Also called an EMITTER.

DIODE - [ DIGH ohd] - A two-electrode device that controls
electron flow, either an electron tube or a semicon-
ductor device.

ELECTRODE -[i LEK trohd] - A solid conductor terminal,
A metallic element in an electron tube,

ELECTRON EMISSION-[i MISH 'n] - Any process by which

electrons leave the surface of a material.
EMITTER - See CATHODE and FILAMENT.

FILAMENT - A cathode or emitter consisting of a wire that
carries a current which provides thetemperature re-
quired for thermionic emission.

GATING - Action of producing an output only when certain
inputs are applied.

HEATER - A wire heating element that supplies the cathode
with the heat needed to produce thermionic emission,

MAXIMUM DC OUTPUT CURRENT - The highest average
plate current which can be handled continuously by a
rectifier diode.

MAXIMUM PEAK HEATER-CATHODE VOLTAGE - The
highest instantaneous voltage that a tube can stand
safely between its heater and cathode.
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IMPORTANT DEFINITIONS {Continued)

MAXIMUM PEAKINVERSE PLATE VOLTAGE - The highest

instantaneous inverse voltage that a tube can with-
stand without danger of breakdown,

MAXIMUM PEAK PLATE CURRENT - The highest instan-
taneous plate current that a tube can carry safely at
intervals in the direction of normal current flow.

PLATE - In an electron tube, the electrode to which the
main stream of the emitted electrons flows.

PLATE CURRENT - The electronflow from the spacecharge
to the plateinside the tube, and from the plate through
the external circuit to the cathode.

PLATE DISSIPATION - [disi PAY sh'n] - The power that
the plate of a tube is capable of dissipatingin the form
of heat.

PLATE RESISTANCE - The oppositiona tube offers to plate

current,

PLATE VOLTAGE - Thevoltage between the plate and cath-
ode of a tube.

RECTIFICATION - [ rek ti fi KAY sh'n] - Converting ac in-
to dc.

RECTIFIER - Any device capable of performing rectifi-
cation,

SATURATION - [ sat cher AY sh'n] - The conditionin which
the plate of a tube is taking all the electrons emitted
by the cathode so that there is no space charge.
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IMPORTANT DEFINITIONS (Continued)

SPACE CHARGE - A cloud of electrons in the space be-
tween the electrodes of a tube.

SPACE CURRENT - The flow of electrons through the space
from the cathode to the plate.

THERMIONIC EMISSION - [ther mi AH nik] - Electron

emission caused by heating a metal toa high tempera-
ture.
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11,

12.
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14.

PRACTICE EXERCISE SOLUTIONS

Diode means a two-electrode tube or semiconductor device.

True -- Keep this in mind because it is one of the important
principles of tube operation.

(a) one direction only. -- Electrons cannot flow in the direc-
tion urged by battery By in Figure 2 because the diode is
then an open circuit.

bias
gating and rectification

(b) ER|.-- In this gate circuit example, the output terminals
are connected to the ends of R{. Therefore, the output is
the voltage across Rj.

(b) EV). ~- Only Ev} is across the diode. ERy and the output
voltage are the same voltage, and this voltage is not across
the diode.

(c) very high. -- Because of the high resistance of Vi, al-
most all of the input voltage is across the diode and none is
across Rj.

True -- If Vi conducted in both directions, the current in
Ry, would be ac.

(b) a very high temperature, -- The temperature required is
much higher than room temperature. However, a tempera-
ture above the emitter' s melting point would ruinthe emitter.
The heater supplies the heat in the indirectly heated type of
emitter. In the directly heated type, the filament serves as
both heater and emitter.

(a) positive with respect to the cathode,
the cathode

True -- The space charge is the source of electrons for the
plate.
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16.
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PRACTICE EXERCISE SOLUTIONS (Continued)

(2) all the electrons emitted. -~ No space charge exists when
the tube is in saturation, and electrons flow directly from
the cathode to the plate.

450 ma -- Locate 60 volts on the plate voltage scale at the
bottom, move up the vertical line to the curve, and then
across to the left to the plate voltage scale.

80 volts -- Locate 700 ma on the plate current scale, move
to the right along the horizontal line to the curve, and then
down the vertical line to the plate voltage scale.

False -- At any given plate voltage, a change in emitter
temperature changes the plate current.

(¢} 19. -- This curve indicates a plate current of 1000 ma
at 50 volts, whereas the plate currents of the diodes repre-
sented by Figures 18 and 22 are much lower at this plate
voltage.

Plate resistance is the opposition presented bya tube to plate
current,

20, 000 ohms -- The voltage change is equal to 280 - 240, or
40 volts. At 240 volts, the plate current is 8 ma, and at 280
volts it is approximately 10 ma. Therefore, the current
change is equal to about 10 - 8, or 2 ma. The ac plate re-
sistance is:

ro = —29_ _ 20,000 chms

p .002 ~ ™

(a) negative with respect to the cathode. -- The term "'inverse'
indicates that the voltage is opposite that which produces
cathode-to-plate electron flow.

(2) clockwise direction.

(c) 7.

(b) the top cap.

(c) 3, 4 and 6.
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QUESTIONS

IMPORTANT — These instructions MUST be accurately followed to avoid loss, or errors

in grading.
Indicate your answer on this sheet by filling in the box for the most correct
answer to each question, as illustrated in the example below.

When all questions have been answered, place the answer card in the proper
position to line up the boxes on the card with the hoxes on the sheet.

Next, copy the complete lesson code into the space provided on the card,
and fill in the answer boxes to correspond with those previously filled in
on this sheet.

Before mailing. be certain your correct student number, name and address
appear on the card.

Example: An earthworm has

LESSON CODE A (A) two legs. (B) four legs. (C) six legs. (D) no legs.

2I50A | cg

D 000 0 (00 000 000 (00 00 o0 (0

A diode tube presents low resistance to current when the

(A) plate is positive with respect to the cathode. (B) cathode is positive with respect to the
plate. (C) cathode and plate have the same potential. (D) plate is negative with respect to the
cathode.

Rectification is the action in which a diode

(A) generates an alternating voltage. (B) conducts from plate to cathode. (C) converts acto dc.
(D) converts dc to ac.

In the circuit of Figure 8, current I is produced in RJ,

(A) during the entire cycle (both alternations) of EjN. (B) when EjN makes the plate of V| neg-
ative., (C) whenever V] is not conducting. (D) when EjN makes the plate of V| positive.

Emission of electrons resulting from heating a material to a high temperature is called
(A) field emission. (B) emission current, (C) thermionic emission, (D) space current.

In the filament type of emitter, the emitter heat is obtained from the
(A) heater element. (B) current carried bythe filament., (C) plate current. (D) space current,

The indirectly heated emitter obtains its heat from the
(A) cathode. (B) plate. (C) space charge. (D) heater.

In a diode tube, the space charge limits the
(A) heater current. (B) plate supply voltage. (C) cathode temperature, (D) plate current,

A plate characteristic curve shows the relationship between the plate current and the

(A) heater current. (B) emitter temperature. (C) filament voltage. (D) plate voltage.

The curves of Figures 16 through 22 show that plate current
(A) increases with plate voltage. (B) decreases as plate voltage increases. (C) increases as
filament voltage decreases. (D) increases as plate voltage decreases.

The opposition offered by a tube to a CHANGE in plate current is called
(A) inverse voltage. (B) plate dissipation. (C) dc plate resistance. (D) ac plate resistance.

2150A
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VACUUM TUBE OPERATION

Vacuumtubes have found use in almost every branch of elec-
tronics, These tubes are used in circuits that generate ac
voltages at frequencies ranging from low to ultra high, cir-
cuits that amplify or increase the magnitude of voltages and
currents, and circuits that rectify electric energy. Your
television or radio receiver, for example, contains tubes
that perform all of these functions.

Vacuum tubes are used very often for amplification. The
information or signal to be handled by an electronic circuit
is usually applied in the form of a voltage to the input of the
tube. The tube circuitalso includes a second source of elec-
tric power. The tube uses this power toproduce an enlarged
copy of the input signal, This is the manner in which the
tube amplifies. It does not produce power itself, it merely
controls power. The term amplify is not limited to only
those circuits called amplifiers, Amplifying action is part
of the operation of almost all vacuum tube circuits,

THE TRIODE ELECTRON TUBE

A tube that contains three active electrodes is called a
TRIODE. In its most common form, the triode consists of
a cathode and a plate between which the third electrode is
located. This third electrode is called the GRID. It was
given this name because of its grid-like structure in some
types of tubes. Figure 1 shows one of the several grid
structures used. Here, the grid is a single, continuous
wire whichis wound so it forms a series of oval loops around
a pair of vertical support rods,

* * *

1. What is a triode tube ?
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Figure 2 shows the arrangement of the three electrodes in a
typical triode. In this drawing, the plate is cut away to show
the grid and filament. As the tube is of the directly-heated
type, the filament is the emitter. As shown, the filament is
inside the grid, so that the grid is in the path of the electrons
moving from the space charge around the filament to the
plate. The grid wire is very fine, and the turns are spaced
far apart. Therefore, the grid does not physically block an
appreciable number of the electrons passing through it.

The electrodes in an indirectly-heated triode are shown in
the cutaway view of Figure 3, Here, the cathode is shown
to be surrounded by the grid, which is in turn surrounded by
the plate. As before, electrons moving from the cathode or
space charge must pass between the wires of the grid on
their way to the plate., This tube is of the nine-pin miniature
type, while that of Figure 2 is of the eight-pin or octal type.

Figure 4 shows the arrangement of electrodes in a ceramic
triode. Here, the cathode is a flat disk supported above the
heater by a metal cylinder. This cylinder provides a con-
ductive connectionbetween the cathode and the metalcathode
ring, The ring is the means of connecting the cathode to an
external circuit. The grid is a circular grill mounted di-
rectly above the cathode. It is connected by the grid ring to
an external circuit, The plate or anode is a large disk at
the top of the tube, and a projection at its center extends
downward toward the grid. Finally, the heater connects to
the external circuit by means of a pair of metal buttons.
The remainder of the tube consists of three circular ceramic
insulators which hold the electrodes in position and prevent
them from touching each other.

* * *

2. In typical commercial electron tubes like those illustrated in
Figures 2, 3 and 4, (a)the grid is between the cathode and
plate, (b) the plate is between the grid and cathode, (c) the
cathode is between the plate and grid.



Page 6 Vacuum Tube Operation

Figure 5 shows a triode made almost entirely of metal. A
strong ceramic base wafer serves as a platform which sup-
ports the electrodes. Each electrode is solidly supported by
a cone-shaped metal flange. The tube employs an indirectly-
heated cathode. The heater leads extend down through the
open, lower end of the cathode and the base wafer. The
smallest of the three support flanges holds the cathode over
the heater. The next larger flange fits over the cathode
flange without touching it, and supports the grid, The larg-
est flange fits over the grid flange and supports the plate.
All three flanges are supported by leads which are held in
place by the base wafer,

Some of the leads pass down through the wafer to connect
the electrodes to external circuits. The electrodes are pos-
itioned with the grid between the cathode and plate as in the
tube of Figure 3. The metal tube envelope of Figure 5 has
two extensions downward from the base called the indexing
lugs. These lugs protect the leads during insertion into the
tube socket and permit rapid insertion. A tube having this
construction is called a NUVISTOR. Tubes of this type are
extremely rugged, though very small in size,

Whatever the physical construction of the vacuum tube triode,
the grid has the same purpose. This purpose is to control
the flow of electrons from the space charge to the plate,
Since the grid is between the cathode and the plate, if we
make it negative with respect to the cathode, it repels some
of the electrons back toward the cathode, so that fewer get
to the plate. Hence, the current from the emitter to the
plate in a triode depends upon grid potentialas well as emit-
ter temperature and plate voltage.

* * *

3. In a triode tube, the flow of electrons from the space charge
to the plate (2) is prevented by the grid, (b) can be controlled
by the grid, (c) is independent of the grid.

* * *
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THE TRIODE CIRCUIT

The symbols used for triode vacuum tubes are shown in
Figure 6. That of Figure 6A is for tubes with directly-
heated emitters, or filament type tubes. Figure 6B is the
symbol fortubes withindirectly-heated emitters, or cathode-
heater type tubes. Except for the grid, the symbols are the
same as those used for diodes. The grid is drawn between
the plate and the filament or cathode to represent its physi-
cal location in the tube,

Figure 7 shows the basic cir-
cuit of the filament type triode.
Here, battery Bj] supplies
heater current to the filament
of triode V;. The complete
pathof this currentis from Bj,
through the filament, and back
to B . Battery B2 has its pos-
itive terminal connected to the
plate of the tube and its nega-
tive terminal connected to the A nuvistor triode commonly used intelevision
e Battery B2 i.S CERC ond FM E’::?'::;;TE-A Electron Tube Division
the plate supply, and its volt-

age Ep}, is known as the plate supply voltage. Epp, makes the
plate voltage positive with respect to the filament, Battery
Bj applies voltage E.. between the grid and filament. Bj is
called the grid supply, and E.. is the grid supply voltage.
B3 is connected so that Ecc makes the grid of V; negative
with respect to the filament, The difference of potential be-
tween the grid and filament is called GRID BIAS. In tube
circuits, the potentials of all electrodes are given as or
assumed to be positive, negative, or zero with respect to
the cathode potentialas a reference, unless stated otherwise,

Normally, the grid bias is much smaller than the plate sup-
ply voltage Epp. Therefore, with the various voltages ap-
plied, electrons leave the space charge around the filament
and flow past the grid to the plate. THIS ELECTRON FLOW
IS CALLED PLATE CURRENT, AND IS DESIGNATED BY
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THE SYMBOL I;,. As indicated in the figure, the external
plate circuit carries the plate current I in the form of elec-
tron flow from the plate of V) to battery B, and from B} to
the filament of V). The electrons arriving at the filament
replace those emitted into the space charge. This completes
the path of the plate current,

* * *

4. An industrial control system employs a triode vacuum tube
for which the basic dc supply circuit is like that of Figure 7.
In this circuit, the grid is (a) negative with respect to the
plate, (b) positive with respect to the filament, (c) positive
with respect to the plate.

* * *

The basic circuit employing an indirectly-heated triode is
shown in Figure 8. In this case, battery B] supplies current
to the heater of the tube. Battery B, applies voltage Epp
between the plate and cathode, producing plate current Ip.
In this circuit, the grid bias is the difference of potential be-
tween the grid and the cathode. Grid bias is provided by B3,
which applies voltage E.c between the grid and cathode.
Battery B3 is connected so that Ecc makes the grid negative
with respect to the cathode. Plate current in the external
plate circuit consists of electron flow from the plate of Vi
to B, and from B} to the cathode of V;.

Figures 7 and 8 show the basic dc voltage relationships that
usually exist between the electrodes of vacuum tubes, Var-
ious other components are normally added to the circuit to
make use of the current flow.

HOW TUBES CONTROL CURRENT

Because of its location between the cathode and the plate,
the grid can control the flow of electrons to the plate. This
control of plate current by the grid is the fundamental action
of electron tubes, other than diodes. It is the underlying
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principle upon whichall the applications of the tubesdescribed
in this lesson are based.

When the grid is made negative with respect to the cathode
it prevents some of the electrons from passing through it to
the plate. This is due to an electric field between the grid
and cathode whose direction is such as to cause electrons to
move toward the cathode. This field opposes the action of
the field between the cathode
and plate, which causes elec-
tronsto move toward the plate.
The more negative the grid is
made, the stronger the grid-
cathode field, and the smaller
the plate current. If the grid
is made less negative, the grid-
cathode field weakens, and the
plate current increases.

Figure 9 shows a triode circuit
in which the grid is connected
directly to the cathode. Be-
cause of this connection, there
is no difference of potential
between these two electrodes.
That is, grid-cathode voltage
Ec is zero. With the grid at
cathode potential, there is no
grid-cathode field. The grid does not oppose the flow of
electrons through it. Plate currentl is large, as indicated
by current meter M;. Applying a negative bias voltage to
the grid as shown in Figure 10 reduces the plate current, as
indicated by the meter. THE LARGER THE NEGATIVE
BIAS, THE SMALLER THE PLATE CURRENT.

A twin triode of the glass octal type.
Courtesy Sylvania

These relations can be shown by means of a curve. Figure
11 shows how the plate current of a certain triode varies
with the grid voltage when the plate voltage is equal to 250
volts., This curve is called the grid voltage — plate current
characteristic of the tube, The particulartriode represented
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by the curve of Figure 11 is commonly employed as an am-
plifier tube in broadcast radio receivers.,

The plate currentin milliamperes is given alongthe left side
of the graph, while the scale at the bottom indicates grid
voltage or bias in volts. On the grid voltage scale, zero
volts is located near the right end, and the values to the left
of zero are negative voltages as indicated. The given grid
voltage values represent the grid potential with respect to
the cathode.

When the grid voltage is zero, as in Figure 9, the curve of
Figure 11 shows that the plate current is equal to 7.5 ma.
However, the plate current falls to just above 5 ma when a
grid bias of ~1 volt is applied. If we increase the negative
grid voltage to —2 volts, the plate current decreasesto about
3 ma,.

As we make the grid more and more negative, plate current
continues to decrease. Finally, we reach a negative bias
value that reduces the plate current to approximately zero.
With the tube represented by Figure 11, this occurs at a
grid voltage of ~4 volts, This condition is called plate cur-
rent cutoff. The grid voltage that causes it is called the
cutoff bias. Grid voltages more negative than the cutoff bias
simply cause the plate current to remain at zero, Plate cur-
rent exists only when the grid voltage is less negative than
the cutoff bias,

5. I you were going to use the tube represented by Figure 11 as
an amplifier, what value of grid bias would you employ to
produce a plate current of 2 ma?

* * *
The plate current values indicated by the curve of Figure 11

for the various grid voltages are true only for a particular
plate voltage. When a tube manufacturer publishes a curve
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of this kind for a giventube, he specifiesthe plate-to-emitter
voltage used when the curve was plotted. In the example of
Figure 11, the plate voltage was kept at 250 volts while the
grid voltage was set at a series of values over the range
indicated. At each grid voltage, the plate current was re-
corded, This set of grid voltage — plate current data was
then used to draw the curve,

If the same process is carried out at a higher plate voltage,
the plate current is greater than indicated in Figure 11 at
each grid voltage value in the range. A curve drawn from
these data would be higher on the graph than the one shown,
Likewise, for a lower plate voltage, the curve would be lower
than the one shown because the plate current would be less
than indicated for each grid voltage.

* * *

6. The plate current values indicated by a single curve like that
of Figure 11 are true for (a) any plate voltage, (b) zero plate
voltage only, (c) a given plate voltage only.

* * *

In the normal operation of most triode tubes, a grid bias is
applied that is somewhere be-
tween zero and the cutoff bias,
The applied input signal then
causes the grid voltage either
to become more or less nega-
tive than the bias for an inter-
val of time, or to vary contin-
uously around the bias value,
This results in corresponding
changes inplate current, Very [ lmnitingtie iade, wed ovo pover
seldom does the input signal in  and a metal and ceramic envelope. When
an amplifier circuit cause the :Z'?;g";:"cf'ed' L DL
grid to become positive with Courtesy General Electric Co.
respect tothe cathode. In most

applications, a positive grid voltage is considered abnormal
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operation of the tube. A positive bias can be provided as
shown in Figure 12, where B3 is connected with its positive
terminal to the grid and its negativeterminal to the cathode.
The curve of Figure 11 shows that plate current increases
when the grid becomes positive. When the grid voltage is
+.75 volt, the plate current becomes 10 ma.

When the grid is positive, both the grid and the plate p\ill
electrons fromthe space charge. Most ofthe electrons pass
betweenthe grid wires, attracted to the highly positive plate.
This causes the increase in plate current. However, some
of the electrons are captured by the grid. These flow
through the external grid circuit consisting of B3 in Figure
12, back to the cathode. This flow is called grid current
(Ic). Since the grid is taking electrons that should go to the
plate, grid current is undesirable in most circuits. There-
fore, except in certain applications, the tube is operated so
the grid never becomes positive. A negative grid does not
attract electrons from the space charge.

* * *

7. In most applications, the grid voltage of a triode usually is
kept (a) negative, (b) zero, (c) positive,

* * *

The basic operation of the triode vacuum tube makes use of
variations of the negative grid voltage to cause desirable
changes in the plate current, Because it is much closer to
the cathode, the grid has much greater control over plate
current than the plate does.

HOW TUBES AMPLIFY VOLTAGE

We have mentioned that vacuum tubes are used mainly for
amplification and control. The term amplify means to make
larger or increase the amplitude of. The process of ampli-
fying is called AMPLIFICATION., A device that amplifies
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is called an amplifier. Usually, an amplifier consists of a
circuit containing a number of components including one or
more tubes or other control devices.

Figure 13 shows a triode voltage amplifier circuit. Here,
the grid circuit contains an alternating voltage source, S,
in series with the grid bias battery B3. Source S produces
the alternating input voltage Eyn, which is to be amplified.
Since EJN reverses its polarity as each alternation begins,
it aids Ecc during one alternation and opposes it during the
next. The total voltage between the grid and cathode is equal
to EIN and Ecc combined,

When the upperterminal of S is negative, the total grid volt-
age isthe sum of E..and Epy. During the other alternation,
when the upper terminal of S is positive, the grid voltage is
equal to the difference between E.. and Ejn. Since EIN
varies through the alternation, this sum also varies. The
peak value of EIN in this figure is less than Ecc so the
positive peaks of EyN cannot make the grid positive with
respect to the cathode. Therefore, the grid varies in voltage
but always remains more negative than the cathode.

* * *

8. In an amplifier circuit like that of Figure 13, the peak value
of Eyy must be less than grid bias Eg. to prevent the grid
from becoming positive with respect to the cathode. True or
False?

In the plate circuit of Figure 13, resistor Ry is connected
in series between the plate of triode V; and the positive
terminal of voltage supply Bp. Resistor Ry is called the
PLATE LOAD RESISTOR. Triode V) can be thought of as a
resistive device whose resistance varies with the grid volt-
age. As the grid voltage swings to a greater negative value,
the triode presents greater resistance to plate current,
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When the negative voltage on the grid is reduced, the tube
has less resistance. Plate supply voltage Ep}p, is applied to
thetwo resistive components, V] and Ry, in series. There-
fore, the V] plate current depends on the value of Ry as
well as the resistance of V.

* * *

9. When the grid of a triode tube becomes more negative, the

resistance of the tube to plate current (2) decreases, (b) is
not affected, (c) increases,

* * *

Triode V) and load resistor R} form a voltage divider,
dividing Ep}, between them. As input voltage EN varies
during each cycle, it causes
the grid voltageto vary, chang-
ing the resistance through tube
Vi. When the V; resistance
is increased in this way, the
total resistance of the plate
circuitisincreasedalso. How-
ever, since R} remains fixed,
the resistance of V; becomes
a larger part of the total re-
sistance and that of R} becomes
a smaller part. This change
A 250 watt televisian transmitting tetrode. in the proportions of the re-
The enve'lape is af.metal and ceramic, and sistances causes changes in
the tube is farced—oir caaled. . L.
Caurtesy General Electric Ca. their division of voltage Epp.
The part of Epp across V3 in-
creases, while the part across R} decreases. The sum of
the two parts always remains equal to Epy.

o4 Lo

When Ej causesthe resistance of V| todecrease (by making
the grid less negative), the total resistance of the plate cir-
cuitdecreases also. The resistance of V] becomes a smaller
part of the total resistance, while that of R} becomes a
larger part, This changes the division of Epp so that the
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part across V] decreases while that across R increases,

Thus, the varying voltage Ey makes the resistance of triode
V] increase and decrease during each cycle. These V)| re-
sistance changes result in variations in the voltage across
load resistor Rj. The voltage variations across Rjp are
represented in the figure as Eg. Voltage EyN is the input
to the circuit while EQ is the output. Normally, the circuit
values are selected so that Ep has greater amplitude than
EiN. The circuit is then said to amplify because E@p is an
amplified or enlarged version of EyN. The circuit of Fig-
ure 13 is called a voltage amplifier,

* * *

10. When the input voltage causes the resistance of a tube to in-
crease, the voltage across the loadresistor (a) remains con-
stant, (b) decreases, (c) increases.

* * *

As mentioned, when Epy makes the grid of V; more negative
the resistance of V] increases and thetotal resistance inthe
plate circuit is increased. Let us apply Ohm's Law to the
plate circuit of V;. Since Ep}L remains the same and the
resistance of Vl increases, the plate current is reduced.

On the other hand, when Ej\ makes the grid less negative,
the V) resistance decreases, causing the total resistance in
the plate circuit to decrease also. This permits the plate
current to increase, Thus, the input voltage variations pro-
duce variations in plate current as well as in the voltage
across the load resistor. However, in the voltage ampli-
fier, the action of greatest importance is the production of
the relatively large output voltage Eq when the input voltage
EqN is applied. The voltage variations, Epy and Eg, are
called the input and output signals, respectively,

As an example of the operation of a circuit like that of Fig-
ure 13, suppose Ecc equals -2 volts, Ey} equals 260 volts,
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and Ry equals 100,000 ohms, At an instant when voltage
Eqy is equal to zero, the grid voltage is equal to E.., or
—2 volts. Suppose this grid voltage causes triode V) to have
a resistance of 30,000 ohms, The total resistance in the
plate circuit is then equal to 30,000 + 100,000, or 130,000
ohms, The plate load resistance is 100,000/130,000, or
10/13 of the total resistance. Therefore, the part of Epp
that is across Ry is 10/13 of 260, or 200 volts.

If Ery becomes 1 volt negative, it aids Ecc, making the grid
voltage change to (-2) + (-1), or —3 volts., Suppose this in-
creases the resistance of V) to 40,000 ohms. The total re-
sistance in the plate circuit is then 40,000 + 100,000, or
140,000 ohms, The load resistance is now 100,000/140,000,
or 5/7 of the total resistance. Hence, the partof Epb across
Ry is 5/7 of 260, which is about 186 volts,

If E;N becomes 1 volt positive, it opposes Ecc, making the
grid voltage change to -2 + 1, or -1 volt. If this decreases
the V) resistance to 20,000 ohms, the total plate circuit
resistance becomes 20,000 + 100,000, or 120,000 ohms.
RL is then 100,000/120,000, or 5/6 of the total, Therefore,
the voltage across Ry is 5/6 of 260, or about 217 volts.

In this example, input voltage E1yy varies from -1 to +1 volt,
a total variation of 2 volts. The voltage across R, varies
from 186 volts to 217 volts, a total of 31 volts. Thus, the
amplified output voltage, Ep, has a peak-to-peak value of
31 volts. This is a little over 15 times the peak-to-peak
value of EINy. EQ is normally much greater than E .

* * *

11. Suppose the grid voltage is such that the tube presents a re-
sistance of 10,000 ohms in an amplifier circuit like that of
Figure 13. If Epy = 300 volts and Ry, = 90, 000 ohms, what is
the voltage across Ry,?



Vacuum Tube Operation Page 17

TETRODES

Whenever two conductive objects are separated byan insula-
ting material, they form a capacitor. The electrodes in a
vacuum tube are an example. Figure 14 illustrates the
capacitance between the plate and cathode of a diode. This
capacitance is called INTERELECTRODE CAPACITANCE
since it appears between the electrodes of the tube. It is
designated Cpk to indicate the plate and cathode electrodes
that provide it. Usually, the value of Cpk is quite small,
ranging from about 1 to 10 picofarads in the various com-
mercial diodes. Due to its high reactance value at low and
medium frequencies, Cpk has very little effect on the oper-
ation of the diode. However, its reactance is less at the
high frequencies, and it therefore conducts high-frequency
ac to some extent., This con-
duction by Cpk defeats the
diode's purpose, which is to
conduct in one direction only.
Therefore, whenyouare selec-
ting a diode for use at highfre-
quencies, you will require one
that has very small plate-
cathode capacitance.

In the triode, the grid shields
the plate from the cathode to
some extent, thus reducing the
plate-cathode capacitance. The
gridis also a conductive object,
and is insulated from both the
cathode and the plate. It is also
closer to the cathode than the A miniature glass tube containing two tetrode
plate is. Therefore, the triode Z:ﬁ:’";ogi;ﬁ:fd e
has interelectrode capacitance Courtesy Amperex Electronic Corp.
betweenthe grid and plate (Cg

betweenthe grid and cathode (C k) and between the plate and
cathode (Cpk) These capac1tances areindicated in Figure 15,

The capacitance between the grid and the plate often has
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great effect on the operation of a triode. An input or signal
voltage applied to the grid causes the voltage on the plate of
the tube to change also due to plate current changes. The
plate voltage changes cause the grid-plate interelectrode
capacitance to charge and discharge, In this way, this ca-
pacitance couples the signal from the plate circuit back to
the grid circuit. If a great deal of the signal is coupled back
to the grid it interferes with normal tube operation. The
tube begins to amplify its own output signal instead of the
input signal, This action occurs more readily at high fre-
quencies than at low frequencies because capacitance has
less reactance at the higher frequencies.

* * *

12. Which interelectrode capacitance generally affects the opera-
tion of a triode the most?

* * *

To reduce the grid-to-plate capacitance, a tube called a
TETRODE has another grid which is located between the
control grid and the plate. This second grid is called the
SCREEN GRID. Its purpose is to shield the control grid
from the capacitive effect that the plate has on the control
grid. The name tetrode indicates that the tube has four
electrodes, The emitter is counted as one electrode whether
it is heated directly or indirectly.

* * *

13. The purpose of the screen grid in the tetrode is to reduce the
(2) grid-to-plate capacitance, (b) plate current, (c) emission
from the cathode,

* * *

Figure 16 gives the schematic symbol of a tetrode tube,
Here, grid G), nearest the cathode, serves the function of
the grid in the triode, For this reason, it is called the con-
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trol grid, Grid G, nearest the plate, is the screen grid.
The dashed-line capacitors indicate that the screen grid
breaks upthe capacitance between control grid and plate into
two capacitances in series, These consist of the capacitance
between screen grid and plate (ngp)and the capacitance be-
tween control grid and screen grid (Cglgz)'

As shown in the figure, a large capacitor, C1, is connected
from the screen grid to ground, When the plate voltage
varies, Cg p charges and discharges through capacitor C;.
Because of its large capacitance, Cj] has low reactance at
signal frequencies, Therefore, this capacitor presents al-
most no opposition to the charge and discharge currents of
ngp. These currents take the path of least opposition,
which is through C), instead of passing through the control
grid circuit as happens with the triode. Thus, the plate cir-
cuit does not couple the output signal backto the control grid,

Figure 17 shows a cutaway view of a tetrode. Its structure
is much like that of a triode. The electrodes are mounted
on wire supports embedded in a glass holder called the stem
press. The wires for external circuit connections extend
down through the base pins. The cathode surrounds the
heater, and the control grid surrounds the cathode. The
screen is constructed in the same manner as the control
grid, and is mounted around the outside of the control grid.
The plate surrounds the screen grid. Finally, in this tube,
a perforated metal shield is placed around the outside of the
plate, and connected electrically to the screen grid, Its
purpose is to shield the electrodes from external magnetic
and electric fields,

Normally, the screengrid is operated at a positive potential,
as shown in the basic tetrode circuit of Figure 18, Voltage
divider R)R, causes the screen voltage to be a little less
positive than the plate voltage. The electric field of the
plate ends at the screen grid, Therefore, the plate exerts
very little pull on the electrons in the space charge near the
cathode. However, the positive screen grid attracts the
electrons, much like the plate attracts electrons in a triode.
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As the electrons arrive at the screen grid, a few are cap-
tured by the grid. This produces a screen current consist-
ing of aflow of electrons from the screen grid tothe junction

A comparison af octal tubes and miniature tubes with similar characteristics and functions.
Courtesy Hytran Radia and Electronics Corp.

of R} and Ry, through R] to B, and from B} to the cathode.
But most of the electrons pass through the screen grid, be-
cause of its open structure, and move into the plate's field,
which pulls them to the plate.

* * *

14. Normally, the potential ol the screen grid is (a) equal to that
of the cathode, (b) positive, (c) negative.

* *
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In a tetrode tube, the screen grid has a much greater effect
on the plate current than the plate does. This is because the
electric field of the plate does not extend into the region be-
tween the screen grid and cathode. With a given negative
bias onthe controlgrid, the screen grid potential determines
the number of electrons attracted from the space charge.
Large changes of plate voltage can occur without affecting
this flow of electrons from space charge to screen grid. As
mentioned, most of the electrons continue on to the plate,
since the screen grid takes only a few electrons out of the
stream. The screen current serves no useful purpose, and
it is desirable that it be as small as possible.

PENTODES

When electrons strike a metal surface at high speed, they
knock other electrons from the surface. The electrons
knocked out in this manner are called secondary electrons.
Since the action consists of electrons leaving a solid mate-
rial, it is one type of electron emission. As the emitted
electrons are secondary electrons, the action is known as

SECONDARY EMISSION.

Secondary emission takes place in vacuumtubes as electrons
strike the various electrodes. The most important of these
emissions is that which occurs at the plate, since nearly all
the electrons coming from the space charge strike this elec-
trode. In diodes and triodes, all the secondary electrons
are attracted back to the plate, so there is no loss of plate
current, However, in the tetrode, large numbers of the
"'secondaries' emitted from the plate are attracted to the
positive screen grid. This action increases the screen cur-
rent while decreasing the plate current. Figure 19 shows
the flow of secondary electrons from the plate to the screen
grid. This flow is greatest when the screen grid is more
positive than the plate,

As mentioned, the screen current is of no use so far as the
tube operation is concerned. The collection of secondary
electrons by the screen grid can be prevented by providing
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a region of very low or zero potential at some point between
the screen grid and the plate. This region is then highly
negative with respect to the plate. The strong electric field
between this region and the plate causes the secondary elec-
trons to move back to the plate, thus preventing them from
going to the screen grid.

One method of producing a zero potential region between the
plate and screen is the use of a third grid situated at this
point. This third grid is called the SUPPRESSOR GRID,
Physically, it surrounds the screen grid and is in turn sur-
rounded by the plate. Its zero potential is provided by elec-
trically connecting it to the cathode. Since this tube has five
active electrodes, it is called a PENTODE,

* * *

15. What electrode prevents the collection of secondary electrons
by the screen grid in a pentode?

* * *

A cutaway drawing of the electrodes in a pentode is shown in
Figure 20. The cathode in the center is surrounded in turn
by the control grid, the screen grid, the suppressor grid,
the plate and finally a shield, The three grids are gener-
ally designated G;, G, and G3 in the order of their positions
outward from the cathode., These designations are given in
Figure 21, which shows a pentode tube symbol, Vi, and the
basic pentode circuit. In this example, the suppressor grid
and cathode are connected externally. In some pentodes,
this connection is made in the tube,

Except forthe connection from the cathode tothe suppressor
grid, the pentode circuit is like that of the tetrode in Fig-
ure 18, That is, B provides negative bias voltage for the
control grid, source S applies a signal voltage to the control
grid, and B} supplies positive voltage to the plate. The
positive voltage for the screen grid is obtained at the junc-
tion of R} and R2. Rj is the plate load resistor, across
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which the output of the circuit is produced. The control grid
exertsthe greatest control over the plate current of a triode,
tetrode or pentode. The circuits of Figures 18 and 21 amplify
in the same way as the triode circuit of Figure 13,

BEAM POWER TUBES

The BEAM POWER TUBE is a special tetrode that has been
designed to eliminate the flow of secondary electrons from
the plate to the screen grid,
Historically, it was developed
later than the pentode. In the
beam power tube, electrons
flowing betweenthe screen grid
and plate form a space charge.
With respect to the plate, the
space charge is very negative,
since it is made up of elec-
trons., Therefore, secondary
electrons coming fromthe plate
are repelled back to the plate
by the space charge. Thus,
this space charge acts much
like the suppressor grid in the

pentode, E’&M

TUse

MADE IN Usa

Special construction is neces-

sary, however, toform a space

charge with enough density to

performthis function properly,

A cutaway view of the beam

power tube is given in Figure The 6CD6GA is a beam pawer tube of the
. glass octal type.

22. The distance between the Courtesy General Electric Co.

screen grid and the plate is

made rather long. This allows time for the space charge to

form. It permits maximum plate current and is the condi-
tion that led to the development of this tube.

The density of the space charge is increased further by con-
fining the electrons to relatively narrow beams. A beam
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forming plate is located at each rounded side of the cathode.
These plates are electrically connected to the cathode, so
they repel electrons and force
them to flow only between the
beam forming plates. The
cathode is flattened so that
most of the ermission occurs
in the direction of the beams,
Each screen grid turn is be-
tween aturn of the control grid
and the plate., Thus, because
of the control grid wires, the
l screen grid cannot be seen

’ ) ""l‘ L l"" ‘I

\‘ Aw from the cathode., From the
. T 1 standpoint of the cathode, the
IM] ] screengrid is inthe electrical

shadow of the control grid.

A combination tube, including o medium-muy Therefore, the electrons that
er:sgfozr:.ioshorp-cutoff pentode inthe same flow through the spaces be-
Courtesy RCA Electron Tube Division tween the wires of the control

grid also flow through the

spaces between the screen grid wires, This forms the elec-
tronbeams into a series of sheets, one above the other. The
result is that a very strong concentration of electrons pro-

duces the space charge between the plate and screen grid,

The space charge electrons move continually to the plate.
As with other tube types the number of electrons that enter
the plate at any instant depends on the voltage of the control
grid., Very few of the electrons moving toward the plate are
able to strike the screen grid directly, Therefore, the
screen current of a beam power tube is much lower than
that of a pentode tube with a suppressor grid,

The schematic symbol for the beam power tube commonly
takes either of twoforms, One is shown in Figure 23A. This
isthe same symbol that is used for a pentode tube inwhich the
suppressor grid is connected to the cathode internally. So
far as the beam power tube is concerned, the suppressor
grid inthe symbol merely represents the action of the space
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charge explained above. The other form of the beam power
tube symbol is shown in Figure 23B. Here, the beam form-
ing plates are represented by smallcurved lines shown con-
nected to the cathode. The basic circuit of the beam power
tube is like that of Figure 21,

* * *

16. Secondaryelectrons are repelled back toward the plate in the
beam power tube by the space charge located between the
(a) control grid and screen, (b) cathode and control grid,
(c) screen grid and plate.

* * *

An advantage of the low screen current is that little power
is wasted by dissipation in the screen, Also, the tube can
be operated at high plate currents without causing the screen
grid to become so warm that it emits electrons, A further
advantage is that relatively low-wattage resistors can be
used in the divider that supplies the screen voltage,

MULTIGRID TUBES

A number of tubes with more than three grids have been
developed for special application. Of great importance
among these is the PENTAGRID TUBE, a unit having five
grids., Figure 24 shows the symbol of one pentagrid type.
Including the plate and cathode, there is a total of seven
active electrodes. The first and third grids are independent
control electrodes to which signals or other control voltages
may be applied. The second and fourth grids are internally
connected screen grids. The second grid shields the first
and third grids from each other. Finally, the fifth grid is
the suppressor grid which, as shown, connects internally to
the cathode.

One common application of the pentagrid tube is that of a
gated amplifier, The first and third grids each affect the
electron flow from the region of the cathode to the plate,
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Therefore, the final plate current varies according to the
signal or control voltages on both of these grids. A second
common application is that of a pentagrid converter in re-
ceivers, In this case, the tube serves the double function of
oscillator and mixer.

COMBINATION TUBES

To save space, the elements of two or more complete tubes
are often placed in a single envelope. Some of these combi-
nations use a common cathode. In others, there are separ-
ate cathodes. One such combination is the double triode,

Compactrons are manufactured in a variety of sizes and shapes, depending on the combination of
tube sections contained in the envelope.

Courtesy General Electric Co.

the symbol of which is shown in Figure 25, The two triodes
are electrically independent of each other so they can oper-
ate without interfering with each other. Another example is
the duo-diode-triode of Figure 26, This unit consists of
three tubes (two diodes and a triode) which use the same
cathode, Figure 27 shows a triode-pentode with a common
cathode again serving for both sections.

Morethan one tube in one envelope isthe basis of a relatively
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new line of tubes called COMPACTRONS, The main differ-
ence between these and the other multiple-tube units is that
the compactrons are quite small in size despite the fact that
the envelope contains two or more tubes, Figure 28 shows
the symbol of one compactron type., As shown, this unit
consists of a pentagrid tube and a pentode tube. A second
compactron is shown in Figure 29, In this case, within one
envelope are a diode-triode, a pentode, and a larger recti-
fier type diode. Since the diode-triode is a double tube to
begin with, this compactron really contains four tubes, In
both compactrons shown, the heaters are connectedin series
internally, as in the double-triode of Figure 25,

TUBE CLASSIFICATION

Electron tubes are classified in several ways. One method
is based on the number of active electrodes in the tube,
Thus, we have the diodes, triodes, tetrodes, and pentodes
already described. Also, tubes with six elements or elec-
trodes are called hexodes, those with seven electrodes are
heptodes, and those with eight electrodes are called octodes.
A second method of classifying tubes is according to their
use, as rectifier, amplifier, oscillator, picture tube, camera
tube and X-ray tube .

Diodes, triodes, tetrodes, pentodes, and beam power tubes
all can be found in a variety of envelopes and bases. Hence,
they are also designated as metal, ceramic, glass, glass
octal, miniature, subminiature, lock-in, glass lock-in,
novar, nuvistor, and glass noval,

A HARD TUBE is one which has beenhighly evacuated of air
and then sealed. Because nearly all of its air has been re-
moved, a hard tube is called a vacuum tube., A SOFT TUBE
is one that has been evacuated, and then a small amount of
some gas placed in it, It is also called a gas-filled tube.

Another tube classification describes the tube's ability to
amplify, The Greek letter mu (p) represents the amplifica-
tion, or how many times greater the output voltage is com-



Page 28 Vacuum Tube Operation

pared to the input voltage applied to the control grid, When
the control grid wires are wound close together, the ampli-
fication is high, A tube with this type of grid is called a
high-mu tube. In a low-mu tube, the grid wires are spaced
farther apart,

It is sometimes desirable that the amplificationbe variable,
For this purpose, a variable-mu tube is employed. It has
a grid wound like that shown in Figure 30, Here, the grid
has open spacingat the center and close spacingat the ends.
When a weak signal is applied to the grid, the close spacing
near the ends of the grid has the most control on the plate
current, and the amplification is high. With strong signals,
electron flow is cut off near the ends of the grid, and only
the open spacing at the center controls the plate current,
Amplification is then low,

* * *

17. In a vacuum tube, the spacing of the controlgrid wires affects
the mu of the tube. True or False?

MAXIMUM RATINGS

Certain maximum ratings must be observed to insure that a
tube operates properly. Exceeding these ratings shortens
the life of the tube, One important rating is the maximum
plate dissipation. Its value in watts indicates the maximum
electric energy that can be converted into heat and dissi-
pated safely and continuously by the plate. This heat is
generated by the electrons as they bombard the plate at high
velocity.

Another maximum rating is the peak heater-cathode volt-
age. It is important where high voltages are applied between
the heater and the cathode. This is the highest voltage that
can safely be applied between the heater and cathode without
breaking down the insulation,.
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* * *

18. Exceeding the maximum ratings of a tube (a) prevents the
conversion of electric energy into heat, (b) shortens the life
of the tube, (c) shows that ratings are not important.

SUMMARY

An electrontube is a group of two or more electrodes, called
elements, enclosed in an envelope, with leads extending
through the envelope or base for connecting the elements to
external circuits. The elements or electrodes are of metal
and are therefore conductive., They are electrically separ-
ated and physically supported by insulating materials, The
envelope is made of glass, metal or ceramic. An electron
tube from which the air has been removed is called a vacuum
tube, A tube is named according to the number of active
electrodes it contains, Thus, one with three such electrodes
is a triode, one with four is a tetrode, and so on,

Normally, the grid nearest the cathode in a tube is called
the control grid, It is called this because it has the greatest
control over the flow of electrons moving from the space
charge near the cathode to the plate, The plate current in
a vacuum tube is normally controlled by varyingthe potential
of the control grid. Voltage amplification is obtained by
applying a signal voltage to the control grid of a tube,. This
results in a larger variation of voltage in the plate circuit,
The plate circuit voltage change follows the form of the sig-
nal applied to the control grid. Therefore, the voltage vari-
ation or signal in the plate circuit is an enlarged or ampli-
fied version of the signal applied to the control grid.

Progress in tube design in recent years has been in two
general directions, One is toward increased circuit capa-
bilities. These include operation at extremely high fre-
quencies, higher power efficiency, greater control by the
grid over plate current, and smaller size, The other direc-
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tion is in the areas of greater tolerance to environment and
greater reliability. These are obtained by the use of new
materials and construction methods. They include synthetic
micas for insulation, multiple-layer composite plate metals,
new heater and cathode materials, and ceramic envelopes,
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IMPORTANT DEFINITIONS

AMPLIFICATION - [am pli fi KAY sh'n] - The process of
making larger or increasing amplitude.

BEAM POWER TUBE - A tetrode designed to eliminate the
flow of secondary electrons from the plate to the screen
grid,

COMPACTRON - [kum PAK tron] - A unit consisting of two
or more tubes in one envelope. The envelope is smaller
in size than in the older multi-tube units.

GRID - An electrode located between the cathode and plate.

HARD TUBE - A highly evacuated electron tube. A vacuum
tube,

INTERELECTRODE CAPACITANCE - [in ter i LEK trohd]-
The capacitance existing between the electrodes of an
electron tube.

NUVISTOR - [new VIS ter] - A cylindrical tube in which the
electrodes consist of concentric cylinders supported in
an open-ended cantilever fashion by a series of tripod-
like structures.

PENTAGRID TUBE - [PEN tuh grid] - A tube having five
grids.

PENTODE - [PEN tohd] - A tube having five electrodes
other than the heater.

SCREEN GRID - A grid located between the control grid and
g g
plate and having a positive potential applied to it,

SOFT TUBE - An electron tube containing gas at low pres-
sure,
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IMPORTANT DEFINITIONS (Continued)

SUPPRESSOR GRID - [suh PRESS'r]| - A grid, located be-
tween the screen grid and plate, which is normally
operated at cathode potential,

TETRODE - [TET rohd] - Atube withfour active electrodes
other than the heater.

TRIODE - [ TRIGH ohd] - A tube having three active elec-
trodes, )
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PRACTICE EXERCISE SOLUTIONS
A triode is a tube having 3 active electrodes.

(a) the grid is between the cathode and plate.

(b) can be controlled by the grid,

(2) negative with respect to the plate. -- Sincethegrid is neg-
ative with respect to the filament, and the plate is positive
with respect to the filament, the grid must be negative with
respect to the plate.

-2. 5 volts (approximately) -- Locate 2 ma on the scale at the
left. Follow the horizontal line to the right to the curve.
From this point, follow the vertical line down to where it
meets the gridvoltage scale slightly to the left of —2.5 volts.

(c) a given plate voltage only,
(a) negative,

True -- If the peak value of Epy is greater than E.., the net
grid voltage becomes positive during the positive peaks of EIN.

(c) increases,

(b) decreases. -- A greater part of the Epp voltage appears
across the tube because of the tube's increased resistance,
leaving less for the load resistor.

270 volts -- The total plate circuit resistance is 10,000
+ 90,000, or 100,000 ohms. R;p, is 90,000/100,000, or 9/10
of the total. Therefore, the voltage across Ry, is 9/10 of
300, or 270 volts.

The grid-plate interelectrode capacitance generally has the
most effect on the operation of the triode.

(a) grid-to-plate capacitance, -- The screengrid shields the
grid from the plate.

(b) positive. -- The screen grid is normally operated at a
potential near or equal to that of the plate.
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15.

16.
17.

18.

PRACTICE EXERCISE SOLUTIONS (Continued)

The suppressor grid prevents the collection of secondary
electrons by the screen grid in the pentode.

(c) screen grid and plate.
True -- Ingeneral, the closer the spacing, the higher the mu.

(b) shortens the life of the tube,
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QUESTIONS

IMPORTANT — These instructions MUST be accurately followed to avoid loss, or errors
in grading.
Indicate your answer on this sheet by filling in the box for the most correct
answer to each question, as illustrated in the example helow,

When all questions have been answered, place the answer card in the proper
position to line up the boxes on the card with the boxes on the sheet.

Next, copy the complete lesson code into the space provided on the card,
and fill in the answer boxes to correspond with those previously filled in
on this sheet.

Before mailing, be certain yvour correct student number, name and address
appear on the card.

Example: Most windows are made of

LESSON CODE A (A) wood., (B) steel. (C) glass. (D) iron,
B[ ]
C

2153A | ¢

In a triode vacuum tube, the primary purpose of the grid is to
[ 1 (A) emit electrons, (B) control the flow of electrons, (C) shield the plate from the cathode.
(D) prevent electrons from striking the cathode.

In Figure 7, the filament receives its heating current from
(A) Ecc. (B) Bp. (C)B3. (D) Bj.

Supply battery Bg in Figure 7 is connected so that it makes the plate of tube V1
(A) negative with respect to the filament, (B) positive with respect to the filament. (C) have
the same potential as the grid. (D) negative with respect to the grid.

In the circuit of Figure 8, the dc difference of potential between the grid and cathode is called
(A) the grid bias. (B) Eg. (C) Epy,. (D) the space charge.

The tube employed in Figure 8 is
(A) indirectly heated, (B) directly heated., (C) a type that employs no heating element. (D) a
tetrode.

In a circuit like that of Figure 10, when we make the grid more negative
(A) the grid bias decreases. (B) the plate current decreases, (C) Epp decreases. (D) the
plate current increases.

Since the grid in a triode is closer to the cathode than the plate is, the grid

(A) is usually operated at a positive potential. (B) has less control over plate current than the
plate, (C) collects all of the electrons coming from the space charge. (D) has more control
over plate current than the plate.

The amplifying action of the circuit of Figure 13 results in an output voltage Eg which

(A) is always less than Eqc. (B) is larger than EjN. (C) causes the plate current of vV, to
vary without any input signal. (D) is larger than E,.

The screen grid

(A) serves as the control grid in the pentode. (B) prevents secondary emission, (C) causes
secondary electrons to move toward the plate. (D) reduces the control grid-to-plate capaci-
tance.

In the beam power tube, SECONDARY electrons are prevented {rom flowing from the plate to
the screen grid by the
(A) control grid., (B) space charge. (C) cathode. (D) screen grid.

2153A
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A technician uses a cothade ray oscilloscope to study the operation of a microwave test setup.
Voltage waveforms are displayed on the cathode ray tube which serves as the indicator of the oscil-

loscope.

Courtesy Raytheon Company
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CATHODE RAY TUBES

Have you ever wondered how a picture is formed on a tele-
vision screen? How an image is formed on a radar screen?
How voltage waveforms are displayed on the screen of an
oscilloscope? These '"pictures' are actually light images
traced on the face of a special type of vacuum tube called a

CATHODE RAY TUBE (crt).

A cathode raytube develops a beam of electrons and focuses
this beam toa fine pointon the inside of the face of the tube.
The tube face is coated with a thin layer of material that
glows when it is struck by electrons. Thus, the electron
beam produces a spot of light on the screen. By applying
the proper voltages to the crt, we can shift the position of
the electron beam, and thus move the light spot to trace out
a picture on the screen.

* * *

1. What is the basic purpose of a cathode ray tube?

2. How does a crt use elegrons to draw pictures of different
waveshapes? 7

* T % *

GENERAL DESCRIPTION OF THE
CATHODE RAY TUBE

A crt has only a few elements, and its overall operation is
easy to understand. The tube elements are usually mounted
in a glass envelope as in other tubes. Figure 1 shows a
simplified diagram of one type of crt. Notice, this crtis
divided into three sections: the electron gun, the deflection
section, and the screen. Electrons from the gun pass be-
tween the deflection plates and strike the screen, causing a
spot of light on the screen.
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* * *
3. Name the three major sections of a crt. >
* * *

The electron gun is located in the neck of the crt, near the
base of the tube envelope. The electron gun produces the
beam of electrons and directs the electrons toward the
screen. In many crt's, the electron gun also focuses the
beam to produce a sharp image on the screen.

The deflection section lies next to the electron gun region.
In Figure 1, deflection plates are shown mounted inside the
glass envelope. The electron beam canbe bent or deflected
by applying different voltages to these plates. The voltages
on the deflection plates attract or repel the electrons in the
beam. In this way, the beam of electrons is moved up and
down, and back andforth to trace out an image on the screen
of the crt.

The screen lies beyond the deflection section, on the inside
of the viewing end of the glass envelope. It contains a ma-
terial that gives off light when struck by fast-moving elec-
trons. The screenlets youwatch any changes inthe position
and brightness of the electron beam.

4. Producingan electronbeam is the functionof the (a) deflection
plates, (b) screen, (c) electron gun.

9. In whatsection of a crt is the electron beam bentfrom its nor-

mal path? S
6. The electron beam traces an image on the o€ of
the crt.
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CONSTRUCTION AND OPERATION OF THE
CATHODE RAY TUBE

The construction of a crt is similar to that of many receiv-
ing tubes. The crt envelope isusually a glass tube or bulb.
In a crt like that of Figure 1, this glass tube contains and
supports the three major tube parts (the electron gun,
deflection plates, and screen). In addition to holding the
crt parts, the glass envelope maintains the vacuum neces-
sary for tube operation.

To understand the operation of the crt, it is necessary to
study the functions of the major crt parts. Therefore, let's
take a closer look at the parts shown in Figure 1.

The Electron Gun

The electron gun produces the beam of electrons that traces
the pattern on the screen. It is made up of a heater, cath-
ode, control grid, first anode, and second anode. Figure 2
shows the constructionof a typical electron gun. Notice the
locations of the gun electrodes. The operating voltages are
applied throughthe pins on the tube base tothese electrodes.

* * *

7. Name the five elements that make up the electron gun shown in
Figure 2.

* * *

All of the gun electrodes except the heater are round tubes
or cylinders. The end of each cylinder is covered by a
plate normally called a baffle. As shown in the diagram,
there are holes in the centers of the baffles of the control
grid, first anode, and second anode. These holes lie along
the center line or axis of the tube.

The heater, cathode, and control grid have the same func-
tions as they do in a regular triode vacuum tube. That is,
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the heater raises the temperature of the cathode. The cath-
ode, in turn, emits electrons. The potential between the
control grid and cathode determines the number of electrons
that reach the screen, and thus controls the brightness of
the image on the crt screen.

High positive potentials are applied to the first and second
anodes. The high potential on the first anode attracts the
electrons from the area near the control grid. The elec-
trons arefocused or shaped intoa beam asthey pass through
the baffles of the first and second anodes. In addition to
being focused, the beam electrons are speeded up or accel-
erated by the very high potential on the second anode.

* * *

8. Explain the functions of the following electron gun parts:
cathode, control grid, and first anode.

9. Which element in the electron gun of Figure 2 speeds up the
liectrons as they move toward the screen?
Iq’rOcQ (aece p)q Ly Qk\deﬁ, )
10. The second anode of a crt is normally operated at a negative

potential with respect to the cathode. True or False?
—————

* * *

To understand how the electron beam is focused, let's
examine Figure 3. Here we see two plates having different
potentials. There is an electric field between these two
points of different potentials. The field is assumed to be
made up of what we call ELECTROSTATIC LINES OF
FORCE. Notice how the lines of force near the edges of
the charged plates bow out. This is caused by a repelling.
effect between electrostatic lines.

* * *

11. Electrostatic lines of force exist between electrodes having
equal potentials. True or Ea/ls_e?

* * *



Page 8 Cathode Ray Tubes

The electron gun shown in Figure 2 uses electrostatic lines
of force to focus an electron
beam. The beam is focused
by applying different potentials
to the first and second anodes.
When the potentials are ap-
plied, an electrostatic field
exists between the first and
second anodes. Any electron
passing through this field is
influenced by the electrostatic
lines of force.

Figure 4 shows how the elec-
trostatic lines of force are
/ used to focus an electron

beam. Here you see a cross-
The glass envelope of this partially assembled sectional view of the junction
crt is cutaway to show the screen. The elec-  between the first and second

tron gunis inthe neck of H'1e tube. Ina com- anodes. Because of the dif-
plete assembly the neck is cut to the proper

length, a base is installed, and the leads from ference of potential between
ﬂ':e gun elements are connected to the bose the two anodes, electric fields
Pl(r:\so;:rfesy North American Philips Co., Inc. exist between the baffle of the

first anode and the baffle of
the second anode. Notice how the electrostatic lines of
force are bowed out at the outer edges of the anodes, and at

the inner edges formed by the baffle holes.

Assume three electrons, a, b and ¢, are passing through
the first anode on their way to the second anode. As these
electrons pass through the hole in the first anode baffle,
they are influenced by the lines of force. The electrons tend
to follow the paths of the lines of force. Therefore, elec-
trons aand c areforced intowardthe center. Sinceelectron
b is already traveling through the center, it remains in its
straight line path.

As electrons a, b and ¢ approach the more positive second
anode, their speeds increase. Because of this increased
speed, the lines of force have less influence on the electrons.
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Therefore, electrons a and c converge on electron b, and
the three electrons are closer together than when they
passed through the baffle of the first anode. This is the
way a beam is focused by electrostatic lines of force.

* * *

12. Electrons tend tofollow electrostatic lines of force. True or
False?

13. In addition to helping focus the electron beam, what other
important function does the second anode serve? 7 aa

- 4 >

* * *

In Figure 4, electrons a and ¢ are moving intoward electron
b as the electrons leave the electric field and pass through
the second anode. At some certain distance the three elec-
trons will meet. This is the focal point of the beam. For
good focus, the focal point should be exactly at the screen.

The focal point can be adjusted by adjusting the strength of
the electricfield in Figure 4. The field strength depends on
the difference of potential between the first and second
anodes, so the focus can be adjusted by simply varying the
voltages on the anodes. Usually the voltage on the second
anode is held constant and the voltage on the first anode or
focusing electrode is varied to provide good focus.

* * *

14. When you change the setting of the focus control onthe control
panel of anoscilloscope, you change thefocus of the image on
the crt face. What electron gun voltage is being varied by the
focus control?

* * *

The second anode is called the accelerating electrode be-
cause it speeds up or accelerates the electrons so they
strike the screen with enough force to cause light emission.
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A uniform accelerating field exists in most modern crt's
from the electron gunto the screen. This field comes from
an extension of the second anode. This extension is in the
form of an AQUADAG coating on the inside of the glass
envelope.

Aquadag is a conductive material such as graphite painted
on the inside of the glass tube as indicated in Figure 5.
This coating is connected to the second anode by contacts
called spiders. Besides producing a uniform accelerating
field, the aquadag coating also serves as a collector for
electrons whichhave struckthe screenand thus served their
purpose.

* * *

15. What is the name of the graphite coating on the inside of the
glass envelope of a crt? What purpose does it serve?
v(" . 7".’(
- / P 3, * *

The Screen

The electrons emitted by the electron gun strike the crt
screen to form an image. This screen is a coating of phos-
phor material on the inside of the glass tube face. The
PHOSPHORS give off light when they are struck by high
speed electrons. This type of light emission is called

LUMINESCENCE.
* * *
16. What property produces a visible image on the crt screen?

* * *

Luminescence is a general term usedto describe the emis-
sion of light by the phosphor screen. There are two types
of luminescence. They are called fluorescence and phos-
phorescence. FLUORESCENCE is a term used to describe
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the light given off while the phosphor is actuallybeing struck
by the beam electrons. The term PHOSPHORESCENCE
refers to thelight given off after the electronbeam has been
removed.

17. When applied to crt screens, what is the difference between
the terms fluorescence and pho;phorescepce? /3

ot

* A - 3 Jo )

The lights given off during fluorescence and phosphorescence
may have different colors. The color depends on the type
of phosphor used on the screen. Some phosphors give off
the same colored light during
fluorescence and phosphores-
cence. Others give off differ-
ent colorsduring fluorescence
than they do during phospho-
rescence. Thus, crt's are
available with phosphors that
will satisfy many different ap-
plications.

A list of phosphors appears in
the appendix atthe back of this
lesson. Some numbersarenot
shown because they are no
longer in common use. Each
phosphor has its most impor-
tant properties listed along
with its most common appli-

A crt with a rectangular screen used in oscil-
cations. lascapes and ather test equipment. This tube
uses electrastatic deflectian and facusing.
Caurtesy Waterman Praducts Ca.
An important property of a crt

is the PERSISTENCE of the screen. Persistence is the
length of time a phosphor glows after it is struck by an
electron beam. In other words, it is a measure of the du-
ration of phosphorescence in a crt. Persistence is des-
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cribed as being short, medium or long. A phosphor with
short persistence glows from a few microseconds to about
a millisecond. Medium persistence describes an afterglow
from a few milliseconds to 1 or 2 seconds. Long persist-
ence describes any afterglow that lasts longer than 1 or 2
seconds.

A short persistence crt is desirable for viewing fast chang-
ing images. Medium persistence screens are desirable in
applications where the image does not change rapidly. If
the same signal is repeated time after time and needs to be
observed and studied, a long persistence screen is used.

For certain applications, two or more types of phosphors
can be combined. For example, you may need a crt that
has a very bright image for a long period of time. Since no
single phosphor offers these characteristics, two different
phosphors are coated onthe same screen. A layer of phos-
phors with a bright light characteristic is coated over a
layer of phosphors havinglong persistence. When the elec-
tron beam strikes the screen, the result is a bright image
with long persistence. When more than one type of phosphor
is used on a screen, the screen is said to be CASCADE.

Most crt's are coded for easy identification. The code is a
combination of letters and numbers. It describes the size
of the screen, its registration date, and the type of phosphor
used on the screen. For example, one crt is coded 5AP1.
The firstnumber represents the screensize. (This number
would be the diameter of a round face screenor the distance
from corner to corner of a rectangular crt.) In this case,
5 represents a 5 inch diameter screen. The letter A tells
us that this tube was the first 5 inch tube to be registered
as a standard.

The last letter-number combination tells us the type of
phosphor used on the crt screen. According to the table in
the appendix, a Pl phosphor produces green light and has
medium persistence. The main uses of the 5AP1 tube are
in oscilloscopes and radar indicators.
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* * *

18. What characteristics would you expect from the screen of a
SUP1 crt? How would this screen compare tothat of a 5BP1?

* * *
ELECTROSTATIC DEFLECTION

In order to produce a picture of an applied voltage, we must
have some way to move the electronbeam across the screen.

The SDEP1 is a 5 inch crt using electrastatic deflectian and focusing. lts P1 phosphors produce

green light of medium persistence.
Courtesy Waterman Products Ca.

Deflection is the general term used to describe this move-
ment of the electron beam. The deflection section of the
tube lies between the electron gun and the screen.

* * *

19, After thefocused beam leaves the vicinity of the electron gun,
the beam enters the /o region.
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ELECTROSTATIC DEFLECTION is used in the crt of Fig-
ure 1. With this type of deflection, the beam is deflected
by electrostatic fields between two sets of deflection plates.
One set of plates is positioned vertically and the other hori-
zontally. A voltage is applied between each set of plates.
Electrons passing between the plates on their way to the
screen are attracted by a positive plate and repelled by a
negative plate, causing the electron beam to be deflected.

* * *

20. Why doesa set of charged plates shift the position of an elec-
tron passing between them? / /

* * *

Figure 6 shows a front view of the two sets of deflection
plates. The deflection plates are labeled according to the
direction they force the electron beam to move. The hori-
zontal deflection plates are mounted on either side of the
electron beam. The potentials on these plates cause the
beam to move from side to side. The vertical deflection
plates are mounted above and below the beam, and their
potentials deflect the beam up or down.

* * *

21. In Figure 6, which set of deflection plates causes an electron
beam to move from right to left across the crt screen?

- o
22. Label the horizontal and vertical deflection plates in the fol-
lowing diagram.
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Figure 6 shows how the deflection plates appear from the
screen end of the crt. Different voltages applied to the de-
flection plates move the electron beamacross or around the
screen. For example, when the left plate is positive with

P

N

/é-::!!—'m@ﬂé or——

The 3KP1 is an electrastatic crt with high deflectian sensitivity. It pravides a green image with

medium persistence.
Courtesy Radia Corporatian af America
Electran Tube Divisian

respect to the right plate in Figure 6, the beam is shifted to
the left. This causesthe image on the screento move to the
left. If the polarities on the plates are reversed, the beam
moves tothe rightand causes the image to move to the right.

The voltages on the verticaldeflection plates move the elec-
tron beam up or down. If the upper plate is positive with
respect to the lower plate in Figure 6, the beam moves up.
If the lower plateis positive withrespect to the upper plate,
the beam moves down.

* * *

23. If the electron beam is to appear at the top center of a crt
screen, what polarity of voltages would you connect to (a) the
vertical plates and (b) the horizontal plates?

+

o *ﬂ * *

e
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When different potentials are applied to both sets of plates
at the same time, the electron beam moves horizontally and
vertically at the same time. In Figure 7, voltages are ap-
plied so the upper plate and the right plate are positive by
the same amount. The electron beam is attracted equally
by these plates. The beam is deflected at an angle, to the
right and upward. The result of these forces is a light spot
appearing in the upper right corner of the screen.

* * *

24. In the following diagram, show where the electronbeam would
be positioned if, at the same time, the upper plate is more
negative than the lower plate, and the left plate is more neg-
ative than the right plate.

* * *

If continually changing voltages are applied to the deflection
plates, they cause the electron beam to move across the
screen in some pattern. The pattern of light on the screen
is often referred to as a TRACE. Because it is produced
by the changes of voltage applied to the crt, the trace is
actually a "picture' of the applied voltages.

DEFLECTION SENSITIVITY AND
DEFLECTION FACTOR

Besides listing the size of a crt screen, the phosphor used,
and the type of deflection, most manufacturers list a tube's
DEFLECTION SENSITIVITY. Deflection sensitivity ex-
presses how far the beam moves across the screen for each
volt applied between one set of deflection plates.
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The distance the image moves is expressed in terms of
inches, centimeters, or millimeters. For example, one
tube manufacturer may describe a crt as having a vertical
deflection sensitivity of 0.2 inch per volt dc. This means
that under proper operating conditions, the image will move
0.2 inch up or down for each volt dc applied between the
deflection plates.

* * *

25. What does the term deflection sensitwpy mean when appljed
to crt's? B2

26. What is the deflection sensitivity of a ért if 5 volts cause the
beam to move . 25 inch vertically from its undeflected position?

L4
)
’

X * *

Another means of rating deflection systems is by DEFLEC-
TION FACTOR. This term refers to the voltage needed
between two deflection plates to move the image a specified
distance (1 inch, 1 centimeter, etc.). Deflection factor is
the reciprocal of deflection sensitivity. For example, a tube
that has a deflection sensitivity of 0.2 inch per voltdc would
have a deflection factor of 1/.2 or 5 volts dc per inch.

* * *

27. Some tube manuals listing crt's give the deflection factors of
a tube. What does the term deflection factor mean?

28. What is the deflection factor of the cath'()de ray‘ tube in Exer-
cise 267

* * *
ELECTROMAGNETIC DEFLECTION AND FOCUSING

In the crt of Figure 5, the electron beam is focused and de -
flected by electrostatic fields. It is also possible to focus
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and deflect an electronbeam byusing electromagnetic fields.
Most of the large screen crt's use ELECTROMAGNETIC
DEFLECTION, and many of them also use ELECTROMAG-
NETIC FOCUSING.

You will recall that a magnetic field is set up around a cur-
rent-carrying wire. This field is the result of the electron
flow in the wire. Since the electron beam in a crt consists
of electrons moving from the electron gun to the screen,
there is a magnetic field set
up around the beam just as
there is around the electrons
flowing ina wire. Byusing the
left hand rule, you can deter-
mine the direction of this mag-
netic field. Point your thumb
in the direction of the electron
motion (from electron gun to
screen). Bend your fingers
untila half fistis formed. The
magnetic field around the elec-
tron beam is in the direction
your fingers are pointing.

Figure 8 shows the fieldaround
an electron passing through a
magnetic field. Assume the
direction of the electromag-
The trend in large screen electromagnetic netic field is from left to right,
crt's is to shorten the screen-to-base length. . .
Notice the short neck on this 21 inch crt, and the electronis coming out
used as a picture tube in TV receivers. of the page. Magnetic lines
Courtesy Rodio Corporation of Americo ff t d th
Electron Tube Division of torce are set up aroun €
moving electron. According
to the left hand rule, the magnetic lines of force are ina
clockwise direction.

The field around the electron interacts with the applied
electromagnetic field. At the top of the electron the two
magnetic fields are in the same direction and therefore aid
each other. At the bottom of the electron the magnetic
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fields are in opposite directions and tend to cancel each
other. As a result, there is greater magnetic force above
the electron thanbelow it, so the electron moves downward.

By changing the direction of the electromagnetic field, the
direction of the electron movement can be changed. For
example, if the electromagnetic field is changed so it goes
from right to left, there will be a cancellation of magnetic
force at the top and a strengthening of force at the bottom,
and the electron will move upward.

* * *

29. Explain how a moving electron can be deflected by a magnetic
field.

* * *

Figure 9 shows asimplified diagram of a crt thatuses elec-
tromagnetic deflection and focusing. It has the same three
main sections as the electrostatic crt of Figure 1 -- an
electron gun, a deflection section, and a screen. However,
the deflection section requires a set of deflection coils
around the neck inFigure 9 comparedto the deflection plates
inside the envelope in Figure 1. Also, the crt of Figure 9
has a focus coil whereas the focus was provided by elements
of the electron gun in the tube of Figure 1.

Figure 10 shows the construction of a typical electron gun
used in an electromagnetic crt. This electron gun has four
elements -- the heater, cathode, control grid, and accele-
rating anode. Basically it is similar to the gun of Figure 2,
but there is no focus anode in the gun of Figure 10.

* * *

30. Describe one difference in construction between the electron
gun of Figure 9 and that of Figure 1. ’

* * *
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The indirectly heated cathode in Figure 10 produces the
electrons for the beam. The controlgrid isusually negative
with respect to the cathode. A control connected between
the grid and cathode varies the grid voltage, and thus con-
trols the number of electrons in the beam. By making the
grid less negative, more electrons are in the beam and a
brighter image appears on the screen. In television re-
ceivers or oscilloscopes this control is located on the front
control panel or where the control is easily reached.

A high positive potential is placed onthe accelerating anode.
This high potential attracts the electrons emitted by the
cathode and accelerates them toward the screen. As in the
electrostatic crt, an aquadag coating on the inner wall of the
electromagnetic crt envelope provides auniformaccelerating
field. Figure 11 shows the location of the aquadag with
respect to the other tube parts. Here, the accelerating
anode and aquadag are connected by spider connections. The
high positive potential is then applied to the electron beam
from the electron gun to the screen.

The accelerating anode is not used to focus electrons. The
electron beam is focused by a magnetic field. This field is
generated by current passing through the FOCUS COIL.

Figure 12 shows the location of the focus coil with respect
to the accelerating anode. Assume currentis flowing in the
focus coil. The direction of current is indicated by the x's
and dots in the circles representing the coil turns. The x's
represent tails of arrows or current flowing into the page,
and the dots represent heads of arrows, or current flowing
out of the page. An electromagnetic field is generated by
this current. This field is indicated by dashed lines. The
solid lines show the paths of the beam electrons on their
way from the gun to the screen.

Electromagnetic focusing is illustratedin Figure 12. Three
electrons, (a, b and c) are shown leaving the accelerating
anode and traveling in the direction of the screen. Elec-
tron b travels along the tube axis and is not deflected by
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the electromagnetic field. Electrons a and ¢ are shown
leaving the desired path along
the tube axis. Interaction be-
tween the field of the coil and
the field of the moving elec-
tron takes place. Electrons a
and c are then forced back
toward the tube axis and even-
tually hitthe focal point on the
screen.

21929
024-3dAL

\

This interaction is shown in
more detail in Figure 13.
This figure represents across |
section of the neck of the tube

inside the focus coil. Imagine . .

that current flows through the '::::::gsf ::,r_mde fobe mounted around
focus coil in a clockwise di- Courtesy Syntronic Instruments, Inc.
rection, producing anelectro-

magnetic field. The lines of force that pass through the
neck of the crt would be coming out of the page.

Electrons moving along the tube axis are not affected by the
focus coil field. However, suppose an electron tends to
diverge or move awayfrom the center axis, in the direction
of path A. The divergent electron has a magnetic field set
up around it. This field is represented by a small circular
arrow in Figure 13. Because of the interaction between the
field around the electron and the field of the focus coil, the
electron is forced upward, as represented by the arrow and
letter F'. This force causes the electron to curve into a
path similar to B and C. The result is a spiral movement
back to the axis and in the direction of the screen.

The electron beam canbe focused so an image on the screen
appears sharp and clear. Focusing is accomplished by
changing the amount of current flowing in the focus coil.
When more current flows through the coil, the electromag-~
netic field becomes stronger and has a greater effect on the
electrons. With less current flowing through the coil, the
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electromagnetic field becomes weaker and has less effect
on the electrons.

* * *

31. How can electric current through afocus coil be used to focus
the image on a crt?

A crt that uses electromagnetic deflection requires a DE-
FLECTION YOKE. A deflection yoke consists of two pairs
of coils placed around the neck of the crt. The yoke is
located in the deflection area, near the bell shaped portion
of the envelope. This is shown in Figure 11.

Figure 14 shows the general arrangement of a deflection
yoke. A pair of vertical deflection coils and a pair of hor-
izontal deflection coils are contained within a supporting
case. These coils have the same function as the deflection
plates in electrostatic deflection crt's. One pair of coils
deflects the beam in the horizontal direction and the other
pair deflects the beam in the vertical direction.

With current in the coils, there is an electromagnetic field
between each pair of coils. The horizontal deflection coils,
mounted above and below the beam, are in series with a
source of horizontal deflection current. When the current
flows in one direction, a magnetic field is set up in one
direction between the horizontal deflection coils. When the
current changes direction, the magnetic field also changes
direction. An electron passing through this field is moved
to the right or left by the interaction of the electron field
and the coil field.

The vertical deflection coils, to the right and left of the
beam, are in series with a source of vertical deflection cur-
rent. The field between these coils interacts with the field
around the electron to move the electron up or down.
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* * *

32. Explain how an electromagnetic field can deflect an electron
beam.

* * *

Figure 15 shows how the interaction of fields causes the
electron beam to change positions. Assume the direction
of current through the hori-
zontal deflection coils is such
that the lines of force extend
from the lower coil to the up-
per coil. Accordingto the left
hand rule the field around an
electron coming out of the page
would be ina clockwise direc-
tion. Thus, the electron field
and the coil field aid each other
at the left of the electron and
oppose each other at the right
of the electron. The electron
moves in the direction of the The deflection yoke contains the defiection
e field, which is to the coils which shift the position of the beam

across the screen of the crt.
right 5 Courtesy Chicago Standard Tronsformer Corp.

If the vertical deflection current produces a field from
the left coil to the right coil, the electron field aids the
coil field above the electron and cancels the coil field be-
low the electron. The electron in this case moves down-
ward.

If electromagnetic fields exist between both sets of coils at
the same time, the resultant force applied to the electrons
is a combination of the horizontal and vertical forces. For
example, assume an electromagnetic field exists from the
lower horizontal coil to the upper coil, and from the left
vertical coil to the right coil as indicated in Figure 15. An
electron passing through these fields, along the tube axis,
would be forced downward and to the right.
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33. The diagram below shows the center axis position of an elec-
tron beam coming toward you, out of the page. Show the di-
rection of beam deflection when the indicated magnetic fields
are applied.

&

* * *

A defect known as ION SPOT or ION BURN can occur in an
electromagnetic crt. This is a permanent dark spot on the
crt screen. lon burn is caused by heavy negative ions hit-
ting one spot onthe phosphor screen. These ions are emitted
by the cathode along withuseful electrons. They are heavier
than the electrons, and are not as easily deflected by a
magnetic field. Although the electrons are deflected to dif-
ferent positions on the screen, the heavyions keepbombard-
ing the center of the crtuntil they actually destroy the screen
phosphors.

The problem of ion burns is not as serious in electrostatic
crt's. An ion is deflected easily by an electrostatic field,
so the ions are moved across the screen along with the
electrons. Since there is no concentrated bombardment of
the center of the screen, there is little danger of ion burns
in an electrostatic crt. The problem exists mainly in elec-
tromagnetic crt's.

One method used to prevent ion burn in an electromagnetic
crt is to use a bent electrongun and an ion trap as shown in
Figure 16. Parts of the electron gun are actually bent so
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the beam is ""aimed'' at the wall of the tube instead of down
the axis of the tube towardthe screen. Before the electrons
strike the wall, however, they are affected by the ion trap

This data display scape uses a 17 inch electromagnetic crt as the indicating device. Natice the
deflectian and facus assembly maunted araund the neck af the tube.
Caurtesy Kauke and Company, Inc.

magnet, which is usually in the form of a small permanent
magnet clamped to the neck of the tube. The field of the
magnet bends the beam of electrons back along the tube axis
as shown by the dashed lines in Figure 16. The ions, how-
ever, are affected very little by a magnetic field, so they
continue in their original path. They usually strike the
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inside wall of the accelerating anode as indicated by the dotted
line. Thus, the trapping action removes ions from the beam
so that only the electrons are directed to the screen.

The ion trap magnet bends the electron beam so the elec-
trons will travel through the accelerating anode along the
tube axis. With no deflection signal, the beam should be at
the center ofthe crt screen. The ion trapmust be carefully
adjusted to meet this requirement. You adjust an ion trap
by moving ittoward the screen or toward the tube base while
rotating it. The position is correct when the image on the
screen appears the brightest. Also, with deflection volt-
ages applied, the light on the screen should be uniform over
the full face of the tube.

34. What is the purpose of the ion trap magnet in an electromag-
netic deflection crt? {

35. Explain how you would adjust an ion trap magnet.

x5 e K / "k
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Another method of preventing ion burn is to coat the inner
side of the phosphor screen with a thin film of aluminum.
Many types of crt's are manufactured in this way. The
aluminum stops the relatively large ions from reaching the
phosphor screen. However, the smaller, faster moving
electrons pass throughthe aluminum film andhit the screen.

An important side effect of aluminized screens is the mirror
effect. When an electron strikes a phosphor, the phosphor
gives off light. Some of this light is reflected back into the
tube. If the phosphor is backed by aluminum, the metal
will reflect the light forward and out at the screen. This
action actually increases the light output of the crt. Thus,
an aluminized screen offers protection from ion burn and
provides greater light output.
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COMPARISON OF ELECTROSTATIC AND
ELECTROMAGNETIC CRT's

Both electrostatic and electromagnetic deflection crt' s have
wide commercial, industrial
and military applications.
Each type of tube has certain
advantages and disadvantages.
These characteristics deter-
mine the best use for each
tube .

; Z}‘)j,;)}r,‘.m‘.‘.n\u\u;;:);\‘
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Electrostatic deflection crt's
are used almost entirely for
oscilloscope or oscillograph
applications, and in various
other types of test equipment  An ion trap magnet assembly. The spring
that require a visual display. :;l:is the assembly firmly on the neck of the
In some cases, they are used Courtesy Quam-Nichols Co.
as radar indicators. Televi-

sion receivers, data display outputs for computers, and
most radar systems use electromagnetic deflection crt's.

* * *

36. The crt's in most oscilloscopes are designed for (a) electro-
static deflection, Lb) electromagnetic deflection.

37. The crt's in most television receivers use electrostatic de-
flection. True or_False?

An electromagnetic crt is generally shorter than an elec-
trostatic crt of equal screen size. The electron guns used
inelectromagnetic crt' s have fewer parts. They are simpler
and more ruggedthan the electron guns used inelectrostatic
crt's. In addition, this type of tube offers a brighter image
by using high accelerating voltages without a great loss of
deflection sensitivity.
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The electromagnetic crt has a few disadvantages. Large,
bulky coils are used in the focus and deflection systems.
This makes an instrument using this tube heavier than an
instrument using an electrostatic tube. In turn, more power
is needed to operate the focus and deflection systems.
Fairly heavy currents are needed for the deflection coils.
They limitthe type and frequency of deflection signals which
can be used.

The electrostatic crt has no large and bulky coils to focus
and deflect an electron beam. Therefore, the circuits that
supply voltages for focusing and deflection are simpler than
those used with electromagnetic crt's. Because this type
of tube uses voltage to focus and deflect a beam, only low
power is needed. In addition, higher deflection frequencies
and more complex signals can be applied with simpler
deflection circuits.

There are several disadvantages of ele