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THIS MANUAL, like its preceding editions, has
been prepared to assist those who work or experiment
with homafentertainmem-typa electron tubes. and.cir-
cuits. It will be found valuable by engineers, service
technictans, -~ed1icators, experimenters,, radio amateurs,
h{?ibbyis;ts, students, and many others technically inter-
ested in electron tubes.

The material in this edition has been augmented and
revised to include the recent ta’,ﬁhnﬁlﬁgicai' advances in
the electronics field. For more convenient referencing
of the latest ‘tube types, the Technical Data’ Section
has been. restricted to coverage of active RCA types;
basic data for rﬁ:place:me'nt and discontinued RCA_ tubes
are given in the RCA Types for Replacement Use table.
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Electrons, Electrodes
' and Electron Tubes

HE electron tube is a marvelous

device. It makes possible the per-

forming of operations, amazing in con-
ception, with a precision and a certainty
‘that are astounding, It is an exceedingly
sensitive and accurate instrument—the
product of coordinated efforts of engi-
neers and craftsmen. Its construction
requires materials from every corner
of the earth. Its use is world-wide. Its

future possibilities, even in the light. of

present-day accomplishments, are but
dirnly foreseen, for each development
opens new fields of design and appli-
cation.

The importance of the electmn

tube les in its ability to control almost.

instanfly the flight of the millions of

electrons supplied by the cathode. It
accomplishes this control . with a minj-.
mum of energy. Because it is almost
mnstantaneous in its action, the electron

tube can operate eiﬁcwm}y and accu-
rately at electrical frequencies much
higher than those attainable with rotat-
ing machines.

Elactrans

All matter exists m the sahd
liquid, or gaseous state. These three

forms consist entirely of minute dm—-:
sions known as molecules, which, in
turn, are composed of atoms. Atoms:

have a nucleus which is a. positive
charge of electricity, around which re-
volve tiny charges of negative electricity
known as electroms. Scientists have es-

timated that electrons weigh only 1/30-

billion, billion, billion, billionths of an
ounce, and that they may travel at
speads of thousands of miles per second.
Electron movement may be accele-
rated by the addition of energy. Heat is

one form of energy which can be .con-
veniently used to speed up the electron.
For example, if the temperature of a
metal is gradually raised, the electrons
in the metal gain velocity. When the
metal becomes hot enough, some elec-
trons may acquire sufficient speed to

break away from the surface of the
“metal, This action, which is accelerated

when thé metal is heated in a vacuum,
i5 . utilized ' in. most electron tubes to

produce the necessary electron supply.

An -electron tube consists . of 3
cathﬂde, which supplies alectmns, and

~one or more additional electrodes,

which control and collect these elec-
trons, mounted in an_ evacuated en-
velope. The emm}upe may be made of
glass, inetal, ceramic, or a combination

ﬂ.f these materials.
Cathodes

A cathode is an essential part of an
electron tube because it supplies the
electrons necessary for tube operation.
When energy in some form is applied
to the cathode, electrons are released.
Heat ‘is the form of energy penerally
used. The method of heating the cath-
ode may be used.to distinguish between
the different forms of cathodes. For ex-
dmple, a directly heated cathode, or
filament-cathode, i1s a wire heated by
the passage of an electric current. An
indirectly. heated cathode, or heater-u |
cathode, consisis of a filament, |
heater, encinsed in a metal sleeve. Thc

“sleeve carries the electron-emitting ma-

terial on its outside surface and is
heated by radiation and conduction
from the heater. o

. A filament, or directly heated cath.
ode, such as that shown in Fig. 1 may



4

be further classified by identifying the
filament or electron-emitting material.
The materials in regular use are tung-
sten, thoriated tungsten, and metals
which have been coated with alkaline-
carth oxides. Tungsten filaments are
made from the pure metal. Because
they must operate at high temperatures
(a dazzling white) to emit sufficient
electrons, a relatively large amount of
filament power is required.

Thoriated-tungsten filaments are
made from tungsten impregnated with
thorium oxide. Duc to the presence of
thorium, these filaments liberate eclec-
trons at a more moderate temperature
of about 1700°C (a bright yellow) and
are, therefore, much more economical
of filament power than are pure tung-
sten filaments.

Alkaline earths are usually applwd
as a coating on a mckel-alluy wire or
ribbon. This coating, which is dried in
a relatively thick layer on the filament,
requires only a relatively low tempera-
ture of about 700-750°C (a dull red)
to produce a copious supply of elec-
 trons. Coated filaments operate very
efficiently and require relatively little
filament power. However, each of these
cathode materials has special advan-
tages which determine the choice for a
particular application.

Directly heated filament-cathodes
require comparatively little heating
power. They are used in tube types de-
signed for battery operation because it
is, of course, desirable to impose as
small a drain as possible on the bat-
teries. They are also used in rectifiers
such 3s the 1G3GT/ 1BSGT and the
SY3GT. -

An indirectly heated cathode, or
heater-cathode, consists of a thin metal
.sleeve coated with electron-emitting ma-
terial such as alkaline-earth oxides. The
.emissive surface of the cathode is main-
tained at the required temperature
{approximately I1050°K) by resistance-
hc'atmg of a tungsten or tungsten-allo;
wire which is placed inside the ca
ode sleéve and electrically mmﬂawﬁ
from it, as shown in Fig. 2. The heater
isusadnnlyforihcpurpnseofheal-
ing the cathode slecve and sleeve coat-

ing to an electron-emitting temperatyre. _gble fram
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Useful emission does not take place
from the heater wire.

A new dark heater insulating coat-
ing developed by RCA has better heat
transfer than earlier aluminum-oxide
coatings, and makes it possible to oper-
ate heaters at lower temperatures for
given power inputs.’ Because the tenstle
strength of the heater wire increases
at the lower operating temperatures,
tubes using dark heaters have increased
reliability, stability, and life.

Fig. 2—Indirectly
heated cathode or
heater-cathode.

Fig. 1—Filament
or directly heated
cathode.

The heater-cathode construction is
well adapted for use 1n electron tubes
intended for operation from ac power
lines and from storage batteries. The
use of separate parts for emitter and
heater functions, the electrieal insula-
tion of the heater from the emitter,
and the shielding effect of the sleeve
may all be utilized in the destgn of the
tube to minimize the introduction of
hum from the ac heater supply and to
minimize electrical interference which
might enter the tube circuit through the
heater-supply line. From the viewpoint
of circuit design, the heater-cathode
construction offers advantages in con-
nection flexibility because of the elec-
trical separation of the heater from the
cathode,

Another advantage of the heater-
cathode construction is that it makes
practical the design of a rectifier tube
having close spacing between its cath-
ode and plate, and of an amphﬁcr tube
having close spacing between its cath-
ode and grid. In a close-spaced rectifier
tube, the voitage drop in the tube 13
Jow, and, therefore, the regulafion is
improved. In an amplifier tube, the

tlose spacmg increases the gain obtain-
- the, tube. Because of the
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advantages of the heater-cathode con-
struction, almost all present-day receiv-
ing tubes designed for ac operation
have heater-cathodes,

Generic Tube Types

Electrons are of pno value in an
electron tube unless they can be put to
work. Therefore, a tube is designed
with the parts pecessary to utilize elec-
troos as well as those required to pro-
duce them., These parts consist of a
cathode and one or more supplemen-
tary electrodes. The electrodes are en-
closed in an evacuated envelope having
the necessary connections brought out
through air-tight seals. The air is re-
moved from the eovelope to allow free
movement of the electrons and to pre-
vent injury to the emitting surface of
the cathode.

When the cathode is heated, elec-
trons leave the cathode surface and
form an invisible cloud in the space
around it. Any positive electric poten-
tial within the evacuated envelope of-
fers a strong attraction to the electrons
(uniike electric charges attract; like
charges repel). Such a positive electric
potential can be supplied by an anode
(positive electrode) located within the
tube in proximity to the cathode.

Diodes

The simplest form of electron tube
contains two electrodes, a cathode and
an anode (plate), and is often called a
diode, the family name for a two-elec-
trode tube. In a diode, the positive
potential is supplied by a suitable elec-
trical source connected between the
piate terminal and a cathode terminal,
as shown in Fig. 3. Under the influence
of the positive plate potential, electrons
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Fig. 3--Basic diode circuft,

flow from the cathode to the plate and
return through the external plate-bat-
tery circuil to the cathode, thus com-
pleting the circuit. This flow of electrons
is known as the plate current.

If a negative potential is applied to
the plate, the free electrons in the space
surrounding the cathode will be forced
back to the cathode and no plate cur-
rent will flow. If an alternating voltage
is applied to the plate, the plate is al-
ternately made positive and negative.
Because plate current flows only during
the time when the plate is positive, cur-
rent flows through the tube in only one
direction and is said to be rectified.
Fig. 4 shows the rectified output current
produced by an aiternating input volt-
age.
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Fig. 4—Current characteristics of rectifier
circuit.

Diode rectifiers are used in ac re-
ceivers to convert the ac supply voltage
to dc voltage for the electrodes of the
other tubes in the receiver. Rectifier
tubes having only one plate and one
cathode, such as the 35W4, are called
haif-wave rectifiers, because current
can Row only during one-half of the
alterpating-current cycle. When two
plates and one or more cathodes are
used in the same tube, current may be
obtained on both halves of the ac cycle.
The 6X4, SY3IGT, and SU4GB are ex-
amples of this type and are called
full-wave rectifiers.

Not all of the electrons ¢mitted by
the cathode reach the plate. Some re-
turn to the cathode, while others re-
main in the space between the cathode
and plate for a brief period to produce
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an effect known as space charge. This
charge has a repelling action on other
electrons which leave the cathode sur-
face and impedes their passage to the
plate. The extent of this action and the
amount of space charge depend on the
cathode temperature, the distance be-
tween the cathode and the plate, and
the plate potential. The higher the plate
potential, the less 1s the tendency for
electrons to remain in the space-charge
region and repel other electrons. This
effect may be noted by applying increas-
ingly higher plate voltages to a tube
operating at a fixed heater or filament
voltage. Under these conditions, the
maximum number of available electrons
1s fixed, but increasingly higher plate
voltages will succeed in attracting a
greater proportion of the free electrons.

Beyond a certain plate voltage,
however, additional plate voltage has
little effect in increasing the plate cur-
rent because all of the electrons emitted
by the cathode are already being drawn
to the plate. This maximum current,
illustrated in Fig. S, 13 called saturation
current. Because it is an indication of
the total number of electrons emitted,
it is also known as emission current or
simply emission.
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Fig. 5—Current characteristic of diode
tube.

O

Although tubes are sometimes
tested by measurement of their emission
current, 1t is generally not advisable to
measure the full value of emission be-
cause this value would be sufficiently
large to cause change in the tube char-
acteristics or even to damage the tube.
Consequently, while the test value of
emission current is somewhat larger

than the maximum current which will
be required from the cathode in the
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use of the tube, it is ordinarily less
than the full emission current. The
emission test, therefore, is used to in-
dicate whether the cathode can supply
a sufficient number of electrons for
satisfactory operation of the tube.

If space charge were not present to
repel electrons coming from the cath-
ode, the same plate current could be
produced at a lower plate voltage. One
way to make the effect of space charge
small 1s to make the distance between
plate and cathode small. This method
1s used in rectifier types having heater-
cathodes, such as the SV4GA and the
6AXSGT. In these types the radial dis-
tance between cathode and plate is only
about two hundredths of an inch.

Another method of reducing space-
charge effect is utilized in mercory-
vapor rectifier tubes. When such tubes
are operated, a small amount of mer-
cury contained in the tube is partially
vaporized, filling the space inside the
bulb with mercury atoms. These atoms
are bombarded by electrons on their
way to the plate. If the electrons are
moving at a sufficiently high speed, the
collisions tear off electrons from the
mercury atoms. The mercury atom is
then said to be “ionized,” i.e., it has lost
one or more electrons and, therefore,
has a positive charge. Ionization is evi-
denced by a bluish-green glow between
the cathode and plate. When ionization
occurs, the space charge is neutralized
by the positive mercury atoms so that
increased numbers of electrons are
made available. Mercury-vapor tubes

are used primarily for power rectifiers.

Ionic-heated-cathode rectifiers de-
pend on gas ionization for their opera-
tion. These tubes are of the full-wave
design and contain two anodes and a
coated cathode sealed in a bulb con-
taining a reduced pressure of inert gas.
The cathode becomes hot during tube
operation, but the heating effect 1s
caused by bombardment of the cath-
ode by ions within the tube rather than
by heater or filament current from an
external source.

The internal structure of an jonic-
heated-cathode tube is designed so that
when sufficient voltage is applied to the
tube, ionization of the gas occurs be-
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tween the anode which is instan-
taneously positive and the cathode.
Under normal operating voltages, ioni-
zation does not take place between the
anode that is negative and the cathode,
s0 that the requirements for rectifica-
tion are satisfied. The initial small flow
of current through the tube is sufficient
to raise the cathode temperature quickly
to incandescence, whereupon the cath-
ode emits electrons. The voltage drop
in such tubes is slightly higher than
that of the usual hot-cathode gas rec-
tifters because epergy is taken from the
tonization discharge to keep the cath-
ode at operating temperature. Proper
operation of these rectifiers requires a
minimum flow of load current at all
times to maintain the cathode at the
temperature required to supply sufficient
emission.,

Triodes

When a third electrode, called the
grid, is placed between the cathode and
plate, the tube is known as a triode, the
family name for a three-electrode tube.
The grid usually consists of relatively
fine wire wound on two support rods
(siderods) and extending the length of
the cathode. The spacing between turns
of wire is large compared with the size
of the wire so that the passage of elec-
trons from cathode to plate is prac-
tically unobstructed by the grid. In
some types, a frame grid is used. The
frame consists of two siderods supported
by four metal straps. Extremely fine
lateral wire (diameter of 0.5 mil or less)
15 wound under temsion around the
frame., This type of grid permits the
use of closer spacings between grid
wires and between tube electrodes, and
thus improves tube performance.

The purpose of the grid is to con-
trol the flow of plate current. When a
tube is used as an amplifier, a negative
dc voltage is usually applied to the
grid. Under this conditon the grid does
not draw appreciable current.

The number of electrons attracted
to the plate depends on the combined
effect of the grid and plate polarities, as
shown in Fig. 6. When the plate is posi-
tive, as is normal, and the dc¢ grid volt-

age is made more and more negative,
the piate is less able to attract electrons
to it and plate current decreases. When
the grid is made less and less negative
(more and more positive), the plate
more readily attracts electrons to it and
plate current increases. Hence, when
the voltage on the grid is varied in ac-
cordance with a signal, the plate cur-
rent varies with the signal. Because a
small voltage applied to the grid can
control a comparatively large amount
of plate current, the signal is ampli-
fied by the tube. Typical three-electrode
tube types are the 6C4 and 6AF4A.
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Fig. 6—Basic triode circuit.

The grid, plate, and cathode of a
triode form an electrostatic system, each
electrode acting as one plate of a small
capacitor. The capacitances are those
existing between grid and plate, plate
and cathode, and grid and cathode.
These capacitances are known as inter-
clectrode capacitances. Generally, the
capacitance between grid and plate is
of the most importance. In high-gain
radio-frequency amplifier circuits, this
capacitance may act to produce unde-
sired coupling between the input circuit,
the circuit between grid and cathode,
and the output circuit, the circuit be-
tween plate and cathode. This coupling
is undesirable in an amplifier because
it may cause instability and unsatisfac.
tory performance.

Tetrodes

The capacitance between grid and
plate can be made small by mounting
an additional electrode, called the
screen grid (grid No. 2), in the tube.
With the addition of the grid No. 2,
the tube has four electrodes and is, ac-
cordingly, called a tetrode. The screen
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grid or grid No. 2 is mounted between
the grid No. I (contrel grid) and the
plate, as shown in Fig. 7, and acts as
an e¢lectrostatic shield between them,
thus reducing the grid-to-plate capaci-
tance. The effectiveness of this shield-
ing action is increased by a bypass
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Fig. 7--Basic tetrode circuit.

capacitor connected between screen grid
and cathode, By means of the screen
grid and this bypass capacitor, the grid-
plate capacitance of a tetrode is made
very small. In practice, the grid-plate
capacitance 18 reduced from several
picofarads (pF) for a triode to 0.01 pF
or less for a screen-grid tube.

The screen grid has another desir-
able effect in that it makes plate current
practically independent of plate voitage
over a certain range. The screen grid is
operated at a positive voltage and,
therefore, attracts electrons from the
‘cathode. However, because of the com-
paratively large space between wires of
the screen grid, most of the electrons
drawn to the screen grid pass through
it to the plate. Hence the screen grid
supplies an clectrostatic force pulling
electrons from the cathode to the plate.
At the same time the screen grid shields
the electrons between cathode and
screen grid from the plate so that the
plate exerts very little electrostatic
force on clectrons near the cathode.

So long as the plate voitage is
higher than the screen-grid voltage,
plate current in a screen-grid tube de-
pends to a great degree on the screen.
grid voltage and very little on the plate
voltage. The fact that plate current in
a screen-grid tube is largely independ-
ent of plate voltage makes it possible
to obtain much higher amplification
with a tetrode than with a triode. The
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low grid-plate capacitance makes it
possible to obtain this high ampilifica-
tion without plate-to-grid feedback and
resultant instability, In receiving-tube
applications, the tetrode has been re-
placed to a considerable degree by the
pentode.

Pentodes

In all electron tubes, electrons
striking the plate may, if moving at suf-
ficient speed, dislodge other electrons.
In two- and three-electrode types, these
dislodged electrons usually do not cause
trouble because no positive electrode
other than the plate itself is present to
attract them. These electrons, therefore,
are drawn back to the plate. Emission
caused by bombardment of an electrode
by electrons from the cathode is called
secondary emission because the effect is
secondary to the original cathode emis-
sion.

In the case of screen-grid tubes, the
proximity of the positive screen grid to
the plate offers a strong attraction to
these secondary electrons, and particu-
larly so if the plate voltage swings lower
than the screen-grid voltage. This effect
reduces the plate current and limits the
useful plate-voltage swing for tetrodes.

The effects of secondary emission
are minimized when a fifth electrode is
placed within the tube between the

“screen grid and plate. This fifth elec-

trode 1s known as the suppressor grid
(grid No. 3) and is usually connected
to the cathode, as shown in Fig. 8. Be-
cause of 1ts negative potential with
respect to the plate, the suppressor grid
retards the flight of secondary electrons
and diverts them back to the plate.

ELECTRON
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Fig. 8—Basic pentode circuit.
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The family name for a five-elec-
trode tube is “pentode.” In power-out-
put pentodes, the suppressor grid makes
possible higher power output with lower
grid-driving voltage: in radio-frequency
amplifier pentodes, the suppressor grid
makes possible high voltage amplifica-
tion at moderate values of plate voit-
age. These desirable features result
from the fact that the plate-voltage
swing can be made very large. In fact,
the plate voltage may be as low as,
or lower than, the screen-grid voltage
without serious loss in signal-gain capa-
bility. Representative pentodes used for
power amplification are the 6CI.6 and
6K6GT; representative pentodes used
for voltage amplification are the 6AUG6A,
6BAG6, and 5879,

Bsam Powaer Tuh_as

A beam power tube is a tetrode or
pentode in which directed electron
beams are used to increase substantially
the power-handling capability of the
tube. Such a tube contains a cathode,
a control grid (grid No. 1), a screen
grid (grid No. 2), a plate, and, op-
tionally, a suppressor grid (grid No. 3).
When a beam power tube is designed
without an actual suppressor grid, the
electrodes are so spaced that secondary
emission from the plate is suppressed
by space-charge effects between screen
grid and plate. The space charge is
produced by thc siowing up of electrons
traveling from a high-potential screen
grid to a lower-potential plate. In this
low-velocity region, the space charge
produced is sufficient to repel second-
ary electrons emitted from the plate
and to cause them to return to the
plate.

Beam power tubes of this design
employ beam-confining electrodes at
cathode potential to assist in producing
the desired beam effects and to prevent
stray electrons from the plate from re-
turning to the screen grid outside of the
beam. A feature of a beam power tube
is its low screen-grid current. The screen
grid and the control grid are spiral wires
wound so that each turn of the screen
grid is shaded from the cathode by a
grid turn. This alignment of the screen

grid and control grid causes the elec-
trons to travel in sheets between the
turns of the -sCreen grid so that very
few of them strike the screen grid.
Because of the effective suppressor ac-
tion provided by space charge and be-
cause of the Iow current drawn by the
screen grid, the beam power tube has
the advantages of high power output,
high power sensitivity, and high effi-
ciency.

Fig. 9 shows the structure of a
beam power tube employing space-
charge suppression and illustrates how
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Fig. 9—Structure of beam power tube
showing beam-confining action.

the electrons are confined to beams.
The beam condition illustrated is that
for a plate potential less than the
screen-grid potential. The high-density
space-charge region 1s indicated by the
heavily dashed lines in the beam. Note
that the edges of the beam-confining
clectrodes coincide with the dashed por-
tion of the beam. In this way the
space-charge potential region is ex-
tended beyond the beam boundaries
and stray secondary electrons are pre-
vented from returning to the screen
grid outside of the beam, The space-
charge effect may also be obtained by
use of an actual suppressor grid. Ex-
amples of beam power tubes are
6AQS5A, 6L6GC, 6V6GTA, and 50CA.

Multi-Electrode and
Multi-Unit Tubes

Early in the history of tube devel-
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opment and application, tubes were de-
signed for a general service; that is, a
single tube type—a triode—-was used as
a radio-frequency amplifier, an inter-
mediate-frequency amplifier, an audio-
frequency amplifier, an oscillator, or a
detector. Qbviously, with this diversity
of application, one tube did not meet all
requirements to the best advantage.

Later and present trends of tube
design are the development of “spe-
cialty” types. These types are intended
either to give optimum performance in
a particular application or toc combine
in one bulb functions which formerly
required two or more tubes. The first
class of tubes inciudes such examples
of specialty types as the 6CBOA and
6BY6. Types of this class generally
require more than three electrodes to
obtain the desired special characteristics
and may be broadly classed as multi-
electrode types. The 6BY6 i1s an espe-
ctally interesting type in this class.
This tube has an unusually large num-
ber of electrodes, namely seven, ex-
clusive of the heater. Plate current in
the tube is varied at two different fre-
quencies at the same time. The tube is
designed primarily for use as a com-
bined sync separator and sync clipper
in television receivers.

The second class includes multi-
unit tubes such as the twin-diode triodes
6CN7 and 6AV6, as well as triode-pen-
todes such as the 6U8A and 6X8. This
class also includes class A twin triodes
such as the 6CG7 and 12AX7A, and
types such as the 6CM7 containing dis-
similar triode units used primarily as
combined vertical oscillators and ver-
tical deflection amplifiers in television
receivers. Full-wave rectifiers are also
multi-unit types.

A third class of tubes combines fea-
tures of each of the other two classes.
Typical of this third class are the penta-
grid-converter types 6BE6 and 6SA7.
These tubes are similar to the multi-
electrode types in that they have seven
clectrodes, all of which affect the eclec-
tron stream; and they are similar to the
multi-unit tubes in that they perform
stimultaneously the double function of
oscillator and mixer in superheterodyne
receivers. :
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Receiving Tube Structure

Receiving tubes penerally utilize a
glass or metal epvelope and a base.
Originally, the base was made of metal
or molded phenolic material. Types
having a glass envelope and a molded
phenolic base include the “octal” types
such as the SU4GB and the 6SN7GTB.
Types having a metal envelope and
molded phenolic octal base include the
6F6 and the 6L6. Many modern types
utilize integral glass bases. Present-day
conventional tube designs utilizing glass
envelopes and integral glass bases in-
clude the seven-pin and nipe-pin mini-
ature types, the nine-pin movar and
neonoval types, and the twelve-pin dno-
decar types. Examples of the seven-pin
miniature types are the 6AUGBA and
6BN6. Examples of the nine-pin mini-

_ature types are the 12AU7A and 6EAS.

Examples of the novar types are the
6BH3 and 7868. The nine-pin base for
the novar types has a relatively large
pin-Circle diameter and long pins to
insure firm retention of the tube in its
socket.

The wnavistor concept provided a
new approach to electron tube design.
Nuvistor tubes utilize a light-weight
cantilever-supported cychndrical elec-
trode structure housed in a ceramic-
metal envelope. These tubes combine
new materials, processes, and fabrica-

tion techniques. Examples of the nu.-
vistor are the 6CW4 and the 6DV4.

Television Picture Tubes

The picture tube, or kinescope, is
a multi-electrode tube used principally
in television receivers for picture dis-
play. It consists essentially of an elec-
tron gun, a glass or metal-and-glass
envelope and face-plate combination,
and a fluorescent screen.

The electron gun includes a cath-
ode for the production of free clec-
trons, one or more control electrodes
for accelerating the electrons in the
beam, and, optionally, a device for
“trappiog” unwanted ions out of the
electron beam.

Focusing of the beam is accom-
plished either electromagnetically by
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means of a focusing coil placed on the
neck of the tube, or electrostatically,
as shown in Fig. 10, by ‘means of a
focusing elecirode (grid No. 4) within
the envelope of the tube, The screen
is .a white-fluorescing phosphor P4 of
either the silicate or the sulfide type.

Deflection of the beam is accom-

plished either electrostatically by means

of deflecting electrodes within the enve-
lope of the tube, or electromagnetically

- by means of a deflecting voke placed

on the neck of the tube. Fig. 10 shows
the structure of the gun section of a
picture tube and illustrates how .the
electron beam is formed and how the
beam is deflected by means of an elec-
tromagnetic deflecting yoke. In this
type of tube, ions in- the beam are

prevented from damaging  the fluores-
cent screen by an aluminom film on

-the gun side of the sereen. This film
not only *traps” unwanted . ions, “but
 also improves picture contrast, In' many

types of non-aluminized tubes, ichs

are separated from the electron’ ‘beam
by means of a tilted-gun and ion:trap-
magnet arrangement. |

Color television ‘picture tubes are
similar to black-and-white picture tubes,

but differ in three m&;ﬂr ways:. (1) 'I'he_ '
light-emitting screen is made up of trios -

fnbe.

-of phosphor dots deposited in an inter-

laced pattern. Each dot of a trio is capa-
ble of emitting light/in one of the three
primary colors (red, green, or blue).
(2) A shadow mask mounted near the
screen of the tube contains over 300,
000 apertures, one for each of the
phosphor dot trios. This mask provides
color separation by shadowing two of
the three phosphor dots of each trio.
(3) Three closely spaced electron guns,
built as a unit, provide separate beams
for excitation of the three different
color-phosphor-dot arrays. Thus it is
possible to conirol the brightness of
each of the three colors independently
of the other two. Fig. 11 shows a cut-
away view of a color television picture

The three electron guns are
mounted with their axes tilted toward
the central axis of the envelope, and

are spaced 120 degrees with respect to

each other. The focusing electrodes of
the three guns are interconnected in-
ternally, and their potential is adjusted

to cause the separate beams to focus

at the phosphor-dot screen. All three
beams must be made to converge at
the screen while they are simuitaneonsly
being deflected~ Convergence 1s accom-

plished by the action of static and
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Fig., 10-~Structure of television-picture-tube electron gun.
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- dynamic magnetic fields set up by
the radial-converging magnet assembly
mounted on the neck of the tube.
These ficlds are coupled into the radial-
converging pole pieces within the tube.
Another pair of pole pieces™in the
tube is activated by the lateral-converg-
ing magnet also mounted on the neck
of the tube,.These pole pieces permit
lateral shift in position of the blue
beam in opposition to the lateral shift
of the green and red beams.

PANER. SECTION

SHADOW MASK,

'‘EXTERNAL
CONDUCTIVE

BLUE BEAM
GREEN BEAM

e

£} ECTRON
GLUN
ASSEMBLY

FUNNEL
SECTION
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A purifying magnet is used with
color picture tubes to provide a mag-
netic field, adiustable in magnitude and
direction, to effect register over the en-
tire area of the screen. A magnetic
shield is used to minimize the effects
of the earth’s magnetic field.

Deflection of the three beams is
accomplished simultanecusly by a de-
flecting yvoke uvsing four electromagnetic
coils similar to the deflecting voke used
for black-and-white picture tubes.
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Fig. 11—Cutaway view of color television picture tube,



Electron Tube
Characteristics

HE term “characteristics” is used to

identify the distinguishing electrical
features and values of an electron tube.
These values may be shown in curve
form or they may be tabulated. When
the characteristics values are given in
curve form, the curves may be used for
the determination of tube performance
and the calculation of additional tube
factors. | |

Tube characteristica are obtained
from electrical measurements of a tube
in various circuits under certain definite
conditions of voltages. Characteristics
may be further described by denoting
the conditions of measurements. For
example, Static Characteristics are the
values obtained with different dc po-
tentials applied to the tube electrodes,
whtle Dynamic Characteristics are the
values obtained with an ac voltage on
a control grid under various condi-
tions of dc potentials on the elecirodes.
The dynamic characteristics, therefore,
are indicative of the performance capa-
bilities of a tube under actual working
conditions.

Static characteristics may be shown
by plate characteristics curves and
transfer (mutual) characteristics curves.
These curves present the same informa-
tion, but in two djfferent forms to
increase its usefulness. The plate char-
acteristic curve is obtained by varying
plate voltage and measuring plate cur-
rent for different grid-bias voltages,
while the transfer-characteristic curve
18 obtained by varying grid-bias voltage
and measuring plate current for differ-
ent plate voliages. A plate-characterisfic
family of curves is shown in Fig. 12.
Fig. 13 gives the transfercharacteristic
family of curves for the same tube.

13

Dynamic characteristics ioclude
amplification factor, piate resistance,
conirol - grid —plate transconductance,
and certain detector characteristics, and
may be shown 1n curve form f{for vana-
tions in tube operating conditions.

PLAIE MILLIAMPFERTS

130
PLAIE VOLTS

Fig. 12—Family of plate-characteristics
curves.

The amplification factor, or u, 1s
the ratio of the change in plate voltage
to a change in control-electrode voltage
in the opposite direction, under the
condition that the plate current remains

PLATE WILLIAMPERLS
b

Fig. 13—Family of transfer-characteristics
curves.

unchanged and that all other electrode
voltages ars maintained constant. For
example; if, when the plate vollage
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is made 1 volt more positive, the con-
trol-electrode (grid-No. 1) voltage must
be made 0.1 volt more negative to hold
plate current unchanged, the amplifica-
tion factor is 1 divided by 0.1, or 10.
In other words, a small voltage varia-
tion in the grid circuit of a tube has
the same effect on the plate current as
a large plate-voltage change-—the lat-
ter equal to the product of the grid-
voltage change and amplification factor.
The u of a tube is often useful for
calculating stage gain. This use is dis-
cussed in the Electron Tabe Applica-
tions section.

Plate resistance (r,) of an electron
tube is the resistance of the path be-
tween cathode and plate to the flow of
alternating current. It is the quotient
of a small change in plate voltage di-
vided by the corresponding change in
plate current and is expressed in ohms,
the unit of resistance. Thus, if a change
of 0.1 milliampere (0.0001 ampere) is
produced by a plate-voltage variation of
1 volt, the plate resistance is 1 divided
by 0.0001, or 10000 ohms.

Control.grid —plate transconduct-
ance, or simply transconductance (g.),
ts a factor which combipes in one term
the amplification factor and the plate
resistance, and is the quotient of the
first divided by the second. This term
has also been known as mutual conduct-
ance. Transconductance may be more
strictly defined as the quotient of a smail
change in plate current (amperes) di-
vided by the small change in the con-
trol-grid voltage producing it, under
the condition that all other voltages
remain unchanged. Thus, if a grid-
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voltage change of 0.5 volt causes a
plate-current change of 1 milliampere
(0.001 ampere), with all other voltages
constant, the transconductance is 0.001
divided by 0.5, or 0.002 mho. A “mho”
is the unit of conductance and was
named by spelling ohm backwards. For
convenience, a8 millionth of a mho, or
a micromho (umho), is used 1o express
transconductance. Thus, in the exam-
ple, 0.002 mho is 2000 micromhos.

Coaversion transconductance (g.)
i3 a characteristic associated with the
mixer (first detector) function of tubes
and may be defined as the quotient of
the intermediate-frequency (if) current
in the primary of the if transformer di-
vided by the applied radio-frequency
(rf) voltage producing it; more pre-
cisely, it is the limiting value of this
quotient as the rf voltage and if current
approach zero. When the performance
of a frequency converter is determined,
conversion transconductance is used in
the same way as control-grid—plate
transconductance is used in single-fre-
quency amplifier computations:

The plate efficiency of a power am-
plifier tube is the ratio of the ac power
output (P,) to the product of the aver-
age dc plate voltage (E.) and dc plate
current (I») at full signal, or

Plate efficiency — Po watts
% Es volts ¢ Iv amperes

The power sensitivity of a tube is
the ratio of the power output to the
square of the input signal voltage (E:.),
and is expressed in mhos as follows:

X 100

Ps watts

Power sensitivity (mhos) = (Bia tms)?




Electron Tube
Applications

HE diversified applications of an

¢lectron receiving tube have, within
the scope of this section, been treated
under seven headings: Rectification:
Detection; Amplification; TV Scanning,
Sync, and Deflection: Oscillation; Fre-
quency Conversion; and Tuning Indica-
tion with Elcctmn-Ray Tubes. Although
these operations may take place at
either radio or audio frequencies and
may involve the use of different cir-
cuits and different supplemental parts,
the general considerations of ecach kind
of operation are basic.,

General System Functions

When speech, music, or video in-
formation is transmitted from a radio
or television station, the station radiates
a modulated radio-frequency (rf) car-
rier. The function of a radio or tele-
vision receiver is simply 1o reproduce
the modulating wave from the modu-
lated carrier.’

As shown in Fig. 14, a superhetero-
dyne radioc receiver picks up the trans-
mitted modulated rf signal, amplifies it
and converts it to a modulated inter-
mediate-frequency (if) signal, amplifies
the modulated if signal, separates the
modulating signal from the basic car-
rier wave, and amplifies the resulting

ANTENMA
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audio signal to a level sufficient to pro-
duce the desired volume in a speaker.
In addition, the receiver usually includes
some means of producing automatic
gain control {agc) of the modulated
signal before the audio information is
separated from the carrier.

The transmitted rf signal picked up
by the radio receiver may contain either
amplitude modulation (AM) or fre-
quency modulation (FM). (These mod-
ulation techniques are described later
in the section on Detection,) In either
case, amplificatton prior to the detector
stage is performed by tuned amplifier
circuits designed for the proper fre-
quency and bandwidth. Frequency con-
version is performed by mixer and
oscillator circuits or by a single con-
verter stage which performs both mixer
and oscillator functions. Separation of
the modulating signal is normally ac-
complished by one or more diodes in
a detector or discriminator circuit. Am-
plification of the audio signal is then
performed by one or more audio am-
plifier stages.

Audio-amplifier systems for phono-
graph or tape recordings are similar to
the stages after detection in a radio
receiver. The input to the amplifier is a
low-power-level audio signal from the

Rr COMY L D
AMPLIFIER '[ ERTER NiPLIFHER ‘ krecron l

¥

et

-

PLAKER
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Fig. 14—Simplified block diagram for a broadcast-band receiver,
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phonograph or magnetic-tape pickup
head. This signal s usually amplified
through a preamplifier stage, one or
more low-level (pre-driver or driver)
audio stages, and an audio power am-
piifier. The system may also include
frequency-selective circuits which act
as equalization networks and/or tone
controls.

The operation of a television re-
ceiver 15 more complex than that of
a radio receiver, as shown by the sim-
plified block diagram in Fig. 15. The
tuner section of the receiver selects the
proper rf signals for the desired channel
frequency, amplifies them, and converts
them to a lower intermediate frequency.

RCA RECEIVING 'TUBE MANUAL

”

and thus controls instantaneous “‘spot
brightness. At the same time, deflection
circuits cause the electron beam of the
picture tube t0 move the “spot” across
the faceplate horizontally and vertically.
Special *sync” signals derived from
the video signal assure that the hori-
zontal and vertical scanning are timed
so that the picture produced on the re-
ceiver exactly duplicates the picture
being viewed by the camera or pickup
tube,

A communications transceiver ¢on-
tains transmitting circuits, as well as
receiving circuits similar to those of a
radio receiver. The transmitter portion
of such a system consists of two sections.

OICILLATOR
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ANTENNA AMPLIFIER

T
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. TR e

SOUMD |F AMPLIFTER
- AND DISCRRANATOR

YIDED

AUDIO POWER | p———mm
AMPLIFIER SPEAKER
PICTURE
" . TUBS

AMPLIMER -

Fig. 15—Simplified block diagram for a television receiver.

As in a radio, these functions are ac-
complished in rf-amplifier, mixer, and
Jocal-oscillator stages. The if signal is
then amplified in if-amplifier stages
which provide the additional gain re-
quired to bring the signal level to an
amplitude suitable for detection.

After if amplification, the detected
signal 1s separated into sound and pic-
ture information. The sound signal is
amplified and processed to provide an
audio signal which is fed to an audio
amplifier system similar to those de-
scribed above. The picture (video) sig-
nal is passed through a video amplifier
stage which conveys beam-intensity in-
formation to the television picture tube

In one section, the desired intelligence
(voice, code, or the like) is picked up
and amplified through one or more
amplifier stages (which are usually com-
mon to the receiver portion) to a high-
level stage called a modulator. In the
other section, an rf signal of the desired
frequency is developed in an oscillator
stage and amplified in one or more
rf-amplifier stages. The audio-frequency
(af) modulating signal is impressed on
the rf carrier in the final rf-power-
amplifier stage {(high-level modulation),
in the rf low-level stage (low-level med-
ulation), or Iin both. Fig. 16 shows a
simplified block diagram of the trans.
mitter portion of a citizens-band trans-
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Fig. 16—Simplified block diagram for the transmitier portion of a 27-MHz communi-
cations receiver,

ceiver that operates at a frequency of
27 MHz (megacycles per second). The
transmitting section of a communica-
hons system may also include fre-
quency-multiplier circuits which raise
the frequency of the developed rf signal
as required.

Rectification

The rectifying action of a diode
finds important applications in supply-
ing a receiver with dc power from an
ac line and in supplying high dc voltage
from a high-voltage pulse. A typical
arrangement for converting ac to dc in-
cludes a rectifier tube, a filter, and a
voltage divider. The rectifying action
of the tube is explained briefly under
Diodes, in the Electrons, Electrodes,
and Electron Tubes section. High-
voltage pulse rectification is described
later under Horizontal Output Circuits.

The function of a filter is to
smooth out the ripple of the tube out-
put, as indicated in Fig. 17, and to
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Fig 17—Voliage waveforms of full-wave
rectifier circuit,

increase rectifier efficiency. The action
of the filter is explained in the Electron
Tube Installation section under Filters.
The voltage divider is used to cut
down the output voltage to the values
required by the piates and the other
electrodes of the tubes in the receiver.

A half-wave rectificr and a full-
wave rectifier circuit are shown in Fig.
18. In the half-wave circuit, current
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Fig. 18—Half-wave and full-wave rectifier
circuits.

flows through the rectifier tube to the
filter on every other half-cycle of the ac
input voltage when the plate is positive
with respect to the cathode. In the full-
wave circuil, current flows to the filter
on every half-cycle, through piate No. 1
on one half-cycle when plate No. 1 is
positive with respect to the cathode,
and through plate No. 2 on the next
half-cycle when plate No. 2 is positive
with respect to the cathode.
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Because the current flow to the
filter 1s more upiform in the full-wave
circuit than in the half-wave circuit,
the output of the full-wave circuit re-
quires less filtering. Rectifier operating
information and circiiits are given under
cach rectifier tube type and in the
Circuits section, respectively.

Parallel operation of rectifier tubes
furnishes an output current greater than
that obtainable with the use of one
tube. For example, when two full-
wave reciifier tubes are connected in
parallel, the plates of each tube are
connected together and each tube acts
as a half-wave rectifier. The permis-
sible voltage and load conditions per
tube are the same as for full-wave
service but the total load-handling capa-
bility of the complete rectifier is ap-
proximately doubled.

When mercury-vapor rectifier tubes
are connected in paraliel, a stabilizing
resistor of 50 to 100 ohms should be
connected in series with each plate
lead in order that each tube will carry
an equal share of the load. The value
of the resistor to be used will depend
on the amount of plate current that
passes through the rectifier. Low plate
current requires a high value; high
plate current, a low value. When the
plates of mercury-vapor rectifier tubes
are connected in parallel, the corre-
sponding filament leads should be simi-
larly connected. Otherwise, the tube
drops will be considerably unbalanced
and larger stabilizing resistors will be
required. '

Two or more vacuum rectifier
tubes can also be connected in parallel
to give correspondingly higher output
current and, as a result of paralleling
their internal resistances, give some-
what increased voltage output. With
vacuum types, stabilizing resistors may
or may not be necessary depending on
the tube type and the circuit.

A voltage-doubler circuit of simple
form is shown in Fig. 19. The circuit
derives its pame from the fact that its
dc voltage output can be as high as
twice the peak value of ac input. Basic-
ally, a voltage doubler is a rectifier cir-
cuit arranged so that the output voltages
of two half-wave rectifiers are in series.

RCA RECEIVING TUBE MANUAL

The action of a voltage doubler
can be described briefly as follows. On
the positive half-cycle of the ac input,
that is, when the upper side of the ac
input line is positive with respect to
the lower side, the upper diode passes
current and feeds a positive charge
into the upper capacitor. As positive
charge accumulates on the upper
plate of the capacitor, a positive volt-
age builds up across the capacitor. On
the next half-cycle of the ac input,
when the upper side of the line is
negative with respect to the lower side,
the lower diode passes current so that

T;, T2 * SEPARATE FILAMENT
TRANSFORMER WINDINGS

Fig. 19—Full-wave voltage-doubler circuilt,

a negattve voltage builds up across the
lower capacitor.

S0 long as no curreat i1s drawn at
the output terminals from the capacitor,
each capacitor can charge up to a volt-
age of magnitude E, the peak value of
the ac nput. It can be seen from the
diagram that with a voltage of +E on
onc capacitor and ~E on the other,
the total voltage across the capacitors
is 2E. Thus the voltage doubler supplies
a no-load dc output voltage twice as
large as the peak ac input voltage.
When current is drawn at the output
terminals by the load, the output volt-
age drops beiow 2E by an amount that
depends on the magnitude of the load
current and the capacitance of the
capacitors. The arrangement shown in
Fig. 19 15 called a full-wave voltage
doubler because each rectifier passes
current to the load on each halt of the
ac input cycle. .

Two rectifier types especially de-
signed for use as voltage doublers are
the 25Z6GT and 117Z6GT. These tubes
combine two separate diodes in one
tube. As voltage doublers, the tubes are
used in “transformeriess” receivers. In
these receivers, the heaters of al} tubes
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Fig. 20—Full-wave and half-wave voltage-doubler circuits showing heater-supply
connections.

in the set are connected in series with a
voltage-dropping resistor across the line,
The connections for the heater supply
and the voltage-doubling circuit are
shown in Fig. 20.

With the full-wave voltage-doubler
circuit in Fig. 20, it will be noted that
the dc load circuit can not be connected
to ground or to one side of the ac supply
lire. This circuit presents certain dis-
advantages when the heaters of all the
tubes in the set are connected in series
with a resistance across the ac line.
Such a circuit arrangement may cause
hum because of the high ac potential
between the heaters and cathodes of the
tubes.

The half-wave voltage-doubler cir-
cuit in Fig. 20 overcomes this difficulty
by making one side of the ac line com-
mon with the negative side of the dc¢
load circuit. In this circuit, one half of
the tube is used to charge a capacitor
which, on the following half cycle, dis-
charges in series with the line voltage
through the other half of the tube.
This circuit is called a half-wave volt-
age doubler because rectified current
flows to the load only on alternate
halves of the ac input cycle. The volt-
age regulation of this arrangement is
somewhat poorer than that of the full-
wave voltage doubler.

UNLIOOUL ATED
RF CARRER

Detection

When speech, music, or video in-
formation is transmitted from a radio
or television station, the station radiates
a radio-frequency («f) wave which is
of either of two general types. In one
type, the wave 1s said to be amplitude
modulated when its frequency remains
constant and the amplitude is varied.
In the other type, the wave is said
to be frequency modulated when its
amplitude remainsg essentially constant
but its frequency is varied.

The function of the receiver is to
reproduce the original moduiating wave
from the modulated rf wave. The re-
ceiver stage in which this function is
performed is called the demodulator or
detector stage.

AM Detection

The effect of amplitude modula-
tion on the waveform of the rf wave i3
shown in Fig. 21, There are three differ-
ent basic circuits used for the detection
of amplitude-modulated waves: the di-
ode detector, the grid-bias detector, and
the grid-resistor detector. These circuits
are alike in that they eliminate, either
partially or completely, alternate half-
cycles of the rf wave. With alternate
half-cycles removed, the audio varia-
tions of the other half-cycles can be
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Fig. 21—Waveforms showing effect of amplitude medulation on an rf wave,
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amplified to drive headphones or a Ioud-
speaker,

A diode-detector circuit is shown
i Fig. 22. The action of this circuit
when a modulated rf wave is applied is

Fig, 22—Basic diode-detector circuit.
illustrated by Fig. 23. The rf voltage

applied to the circuit is shown in light
line; the output voltage across capacitor
C 1s shown in heavy line.

Between points (a) and (b) on the
first positive half-cycle of the applied rf
voitage, capacitor C charges up to the
peak vaiue of the rf voltage. Then as
the applied rf voltage falls away from
its peak value, the capacitor holds the
cathode at a potential more positive
than the voltage applied to the anode,

Fig. 23—Waveforms showing modulated rf
input (light line) and output volitage (heavy
line) of diode-detector circuit.

The capacitor thus temporarily cuts off
current through the diode. While the
diode current is cut off, the capacitor
discharges from (b) to (c¢) through the
diode load resistor R.

- When the rf voltage on the anode
rises high enough to exceed the potential
at which the capacitor holds the cath-
ode, current flows again and the capaci-
tor charges up to the peak value of the
second positive half-cycle at (d). In this
way, the voltage across the capacitor
follows the peak value of the appliéd rf
voitage and reproduces the af modu-
lation.

The curve for voltage across the
capacitor, as shown in Fig. 23, is some-
what jagged. However, this jaggedness,
which represents an rf companent in
the volfage across the ecapacitor, is
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exaggerated in the drawing. In an actual
circuit the rf component of the voltage
across the capacitor is negligible. Hence,
when the voltage across the capacitor
is amplified, the output of the amplifier
reproduces the speech or music originat-
ing at the transmitting station.

Another way to describe the action
of a diode detector is to consider the
circuit as a half-wave rectifier. When
the rf signal on the plate swings posi-
tive, the tube conducts and the rectified
current flows through the load resistance
R. Because the dc¢ output voltage of a
rectifier depends on the voltage of the
ac input, the dc voltage across C
vanes in accordance with the amptlitude
of the rf carrier and thus reproduces
the af signal. Capacitor C should be
large enough to smooth out rf or if
variations, but should not be so large
as to affect the audio variations. Two
diodes can be connected in a circuit
similar to a full-wave rectifier to pro-
vide full-wave detection. However, in
practice, the advantages of this con-
nection generally do npot justify the
extra circuit complication.

The diode method of detection
produces less distortion than other
methods because the dynamic character-
i1stics of a diode can be made more
linear than those of other detectors.
The disadvantages of a diode are that
it does not amplify the signal, and that
it draws current from the input circuit
and therefore reduces the selectivity of
the input circuit. However, because the
diode method of detection produces less
distortion and because it permits the
use of simple avc circuits without the
necessity for an additional voltage sup-
ply, the diode method of detection is
most widely used in broadcast receivers.

A typical diode-detector circuit
using a twin-diode—triode tube is shown
in Fig. 24. Both diodes are connected
together. R: 1s the diode load resistor.
A portion of the af voltage developed
across this resistor is applied to the

triode grid through the volume control

R;. In a typical circuit, resistor R, may
be tapped so that five-sixths of the
total af voltage across R, is applied to
the volume control. This tapped con-

nection reduces the af voltage output
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Fig. 24—Typical diode-detector circuit
using a twin diode—triode tube.

of the detector circuit slightly, but it
reduces audio distortion and improves
the rf filtening.
- DC bias for the triode sectior is
provided by the cathode-bias resistor R,
and the audio bypass capacitor Ci. The
function of capacitor C, is to block the
dc bias of the cathode from the grid.
The function of capacitor C; is to by-
pass any rf voltage on the ‘grid to cath-
ode. A twin-diode—pentode may also be
used in this circuit. With a pentode,
the af output should be resistance-
coupled rather than transformer-cou-
pled.

Another diode-detector circuit,
called a diode-biased circuit, is shown
in Fig. 25. In this circuit, the triode grid
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Fig. 25-Diode-biased detector circuit.
is connected directly to a tap on the
diode load resistor. When an rf signal
voltage is applied tq.the diode, the dc
voltage at the tap supplies bias to the
triode grid. When the rf signal is modu-
lated, the af voltage at the tap is applied
to the grid and is amplified by the
triode.

The advantage of the circuit shown
in Fig. 25 over the self-biased arrange-
ment shown in Fig. 24 is that the
diode-biased circuit does not employ a
capacitor between the grid and the
diode load resistor, and consequently
does not produce as much distortion of
a signal baving a high percentage of
modulation.

However, there are restrictions on
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the use of the diode-biased circuit. Be-
cause the bias voltage on the triode de-
pends on the average amplitude of the
rf voltage applied to the diode, the
average amplitude of the voltage ap-
plied to the diode should be constant
for all values of signal strength at the
antenna. Otherwise there will be differ-
ent values of bias on the triode grid
for different signal strengths and the
triode will produce distortion. Because
there i3 no bias applied to the dicde-
biased triode when no rf voltage is
applied to the diode, sufficient resist-
ance should be included in the plate
circuit of the tnode to limit its zero-
bias plate current to a safe value.
These restrictions mean, in prac-
tice, that the receiver should have a
separate-channel avtomatic-volume-con-
trol (avc) system. With such an avc
system, the average amplitude of the
signal voltage applied to the diode can
be held within very close limits for all
values of signal strength at the antenna.
The tube used in a diode-biased
circuit should be one which operates at
a fairly large value of bias voltage. The
variations in bias voltage are then a
smal!l percentage of the total bias and
hence produce small distortion. Tubes
taking a fairly large bias voltage are
types such as the 6BF6 or 6SR7 having
a medium-mu triode. Tube types having
a high-mu triode or a pentode should
not be used in a diode-biased circuit.
A grid-bias detector circuit is
shown in Fig. 26. In this circuit, the
grid is biased almost to cutoff, i.e.,
operated so that the plate current with
zero signal is practically zero. The bias
voltage can be obtained from a cathode-
bias resistor, a C-battery, or a bleeder
tap. Because of the high negative bias,
only the positive half-cycles of the rf
signal are amplified by the tube. The
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Fig. 26—Grid-bias detector circuit.
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signal is, therefore, detected in- the
plate circuit. The advantages of this
method of detection are that it am-
plifies the signal, besides detecting i,
and that it does not draw current from
the input circuit and therefore does not
reduce the selectivity of the input
circuit.

The grid-resistor-and-capacitor
method, illustrated in Fig. 27, is some-
what more sensitive than the grid-bias
method and gives its best results on
weak signals. In this circuit, there is no
negative dc bias voltage applied to the
grid. Hence, on the positive half-cycles
of the rf signal, current flows from grid
to cathode. The grid and cathode thus
act as a diode detector, with the grid
resistor as the diode load resistor and

the grid capacitor as the rf bypass

capacitor. The voltage across the capac-
itor then reproduces the af modulation
in the same manner as has been ex-
plained for the diode detector. This
voltage appears between the grid and
cathode and is therefore amplified in
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Fig. 27-—Detector circuit using grid-resistor-
and-capacitor bias.

the plate circuit. The output voltage
thus reproduces the original af signal.

In this detector circuit, the use of
a high-resistance grid resistor increases
selectivity and sensitivity. However, im-
proved af response and stability are ob-
tained with lower values of grid-circuit
resistance. This detector circuit ampli-
fies the signal, but draws current from
the input circuit and therefore reduces
the selectivity of the input circuit,

FM Detection

The effect of frequency modulation
on the waveform of the f wave 1s
shown in Fig. 28. In this type of trans-
mission, the frequency of the rf wave
deviates from a mean value, at an rf
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Fig. 28—Waveforms showing effect of
frequency modulation on an rf wave.

rate depending on the modulation, by
an amount that is determined in the
transmitter and is proportional to the
amplitude of the af modulation signal.

For this type of modulation, a de-
tector 18 required to discriminate be-
tween deviations above and below the
mean frequency and to translate those
deviations into a voltage whose ampli-
tude varies at audio frequencies. Since
the deviations occur at an audio fre-
quency, the process is one of demodula-
tion, and the degree of frequency devia-
tion determines the amplitude of the
demodulated (af) voltage.

A simple circuit for converting fre-
quency variations to amplitude varia-
tions is a circuit which is tuned so that
the mean radio frequency is on one
slope of its resonance characteristic, as
at A of Fig. 29. With modulation, the

lh;-;li
W

VOLTAGE

FREQUENCY
Fig. 29—Resonance curve showing desired
operating range for frequency-modulation
converter.
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8+
Fig. 30—Balanced phase-shift discriminator circuit.

frequency swings between B and C, and
the voltage developed across the circuit
varies at the modulating rate. In order
that no distortion will be introduced in
this circuit, the frequency swing must
be restricted to the portion of the slope
which is effectively straight. Since this
portion i8 very short, the voltage de-
veloped is low. Because of these limita-
tions, this circuit 1s not commonly used
but it serves to iliustrate the principle.

The faults of the simple circuit are
overcome in a push.puil arrangement,
such as that shown in Fig. 30, called a
balanced phase-shift discriminator. In
this detector, the mutually coupled
tuned circuits in the primary and sec-
ondary windings of the transformer T
are tuned to the center frequency. A
characteristic of a double-tuned trans-
former is that the voltages in the primary
and secondary windings are 90 degrees
out of phase at resonance, and that the
phase shift changes as the frequency
changes from resonance. Therefore, the
signal applied to the diodes and the RC

combinations for peak detection also

changes with frequency.

Because the secondary winding of
the transformer T i1s center-tapped, the
applied primary voltage E, is added
to one-half the secondary voltage E,
through the capacitor C;. The addition
of these voltages at resonance can be
represented by the diagram in Fig, 31(a);
the resultant voltage E. is the signal
applied to one peak-detector network
consisting of one diode and its RC load.
When the signal frequency decreases
(from resonance), the phase shift of
E./2 becomes greater than 90 degrees,
as shown at (b) in Fig. 31, and E, be-
coines smaller. When the signal fre-

AUDIO
m QUTPUT
T

quency increases {above resonance), the
phase shift of E,/2 is less than 90 de-
grees as shown at {c), and E, becomes

{b) (¢)

Fig. 31—Diagram illustrating phase shift

in double-timed transformer (a) at reaso-

nance, (b) below resonance, and (c¢) above
reasonance,

larger. The curve of E. as a function of

frequency in Fig. 32 i1s readily identified

as the response curve of an FM detector.
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Fig. 33—Diagram showing resultant voli-
age E, in Fig. 31 as a function of Jrequency.

Because the discriminator circuit
shown in Fig. 30 uses a push-pull con-
figuration, the diodes conduct on alter-
nate half-cycles of the signal frequency
and produce a plus-and-minus output
with respect to zero rather than with
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respect to E;. The primary advantage
of this atrangement is that there is no
output at resonance, When an FM sig-
nal is applied to the input, the audio
output voltage varies above and below
zero as the instantaneous frequency
varies above and below resonance. The
frequency of this audio voltage is de-
termined by the modulation frequency
of the FM signal, and the amplitude of
the voltage is proportional to the fre-
quency excursion from resonance. (The
resistor R: in the circuit provides a dc
return for the diodes, and aiso maintains
a load impedance across the primary
winding of the transformer.)

One disadvantage of the balanced
phase-shift discriminator shown in Fig,
30 is that it detects audio modulation
(AM) as well as frequency modulation
(FM) 1n the if signal because the cir-
cuit s balanced only at the center fre-
quency. At frequencies off resonance,
any variation in amplitude of the if
sigonal 1s reproduced to some extent in
the audio output.

The ratio-detector circuit shown in
Fig. 33 is a discriminator circuit which
has the advantage of being relatively
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placed “back-to-back™ (in series, rather
than in push-pull) so that both halves
of the circuit operate simultaneously
during one-half of the signal frequency
cycle (and are cut off on the other half-
cycle). As a result, the detected voltages
E: and F, are in series, as shown for
the instantaneous polarities that occur
during the conduction half-cycie. When
the audio output 1s taken between
the equal capacitors C; and C., there-
fore, the output voltage is equal to
(E,-—E,;}/2 (for equal resistors R, and
R:}).

The dc circuit of the ratio detector
consists of a path through the secondary
winding of the transformer, both diodes
(which are in series), and resistors R,
and R,. The value of the electrolytic
capacitor C; 1s selected so that the time
constant of R,, R,, and C; 15 very long
compared to the detected audio signal.
As a result, the sum of the detected
voltages (E. -+ Ei) 1s a constant and the
AM components on the signal frequency
are suppressed. This feaiure of the ratio
detector provides improved AM rejec-
tion as compared to the pbhase-shift
discriminator circuit shown in Fig. 30,
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Fig. 33—Radio-detector circuit.

insensitive to amplitude variations in
the FM signal. In this circuit, E; 18
added to E./2 through the mutual
coupling M: (this voltage addition may
be made by either mutual or capacitive
coupling). Because of the phase-shift
relationship of these voltages, the re-
sultant detected signals vary with fre-
quency variations in the same manner
as described for the phase-shift discrimi-
nator circuit shown in Fig. 30. However,
the diodes in the ratio detector are

Amplification

The amplifying action of an elec-
tron tube was mentioned under Triodes
in the section on Electrons, Electrodes,
and Electrom Tubes. This action can
be utilized in electronic circuits in a
number of ways, depending upon the
results desired. Four classes of am-
plifier service recognized by engincers
are covered by definitions standardized
by the Institute of Radio Engioeers
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(now the Institute of Electrical and
Electronics Engineers). This classifica-
tion depends primarily on the fraction
of input cycle during which plate cur-
rent 1s expected to flow under rated
full-load conditions. The classes are
class A, class AB, class B, and class C.
The term “cutoff bias” used in these
definitions is the value of grid bias at
which plate current is very small.

Classes of Service

A class A amplifier is an amplifier
in which the grid bias and alternating
grid voltages are such that plate current
in a specific tube flows at all times.

A class AB amplifier is an ampli-
fier in which the grid bias and alter-
nating grid voltages are such that plate
current 1n a specific tube flows for ap-
preciably more than half but less than
the entire electrical cycle. |

A class B amplifier is an amplifier
in which the grid bias is approximately
equal to the cutoff value, so that the
plate current s approximately zero
when no exciting grid voltage is applied,
and so that plate current in a specific
tube flows for approximately one-half
of each cycle when an alternating grid
voltage 1s applied.

A class C amplitier is an amplifier
in which the grid bias is appreciably
greater than the cutoff value, so that the
plate current in each tube is zero when
no alternating grid voltage is applied,
and so that plate current flows in a
specific tube for appreciably less than
one-half of each cycle when an alter-
nating grid voltage is applied.

The suffix 1 may be added to the
letter or letters of the class identifica-
tion to denote that grid current does
not flow during any part of the input
cycle. The suffix 2 may be used to
denote that grid current flows during
part of the cycle.

For radio-frequency (rf) amplifiers
which operate into a selective tuned
circuit, as in radio transmitter applica-
tions, or under requirements where dis-
tortion is not an important factor, any
of the above classes of amplifiers may
be used, either with a single tube or
with a push-pull stage. For audio-
frequency (af) amplifiers in which dis-
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tortion is an important factor, only
class A amplifiers permit single-tube
operation. In this case, operating con-
ditions are usually chosen so that dis-
tortion is kept below the conventional
3 per cent for triodes and the con-
ventional 7 t0 10 per cent for tetrodes
or pentodes. Distortion can be reduced
below these figures by means of special
circuit arrangements such as that dis-
cussed under inverse feedback. With
class A amplifiers, reduced distortion
with improved power performance can
be obtained by using a push-pull stage
for audio service. With class AB and
class B amplifiers, a balanced stage
ustng two tubes is required for audio
service.

Class A Voltage Amplifiers

As a class A voltage amplifier, an
clectron tube is used to reproduce grid-
voltage variations across an impedance
Oor a resistance in the plate circuit.
These variations are essentially of the
same form as the input signal voltage
impressed on the grid, but their am-
plitude is increased. This increase is
accomplished by operation of the tube
at a suitable grid bias so that the
applied grid input voltage produces
plate-current variations proportional to
the signal swings. Because the voltage
variation obtained in the plate circuit
is much larger than that required to
swing the grid, amplification of the
signal is obtained.

Fig. 34 gives a graphical illustra-
tion of this method of amplication and
shows, by means of the grid-voltage vs.
plate-current characteristics curve, the
effect of an input signal (S) applied to
the grid of a tube. The output signal (O)
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Fig. 34—Current characteristics of class A
amplifier.
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is the resulting amplified plate-current
variation. -

The plate current flowing through
the load resistance (R) of Fig. 35
causes a voltage drop which varies di-
rectly with the plate current. The ratio
of this voltage variation produced in the
load resistance to the input signal volt-
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Fig. 35—Triode amplifier circuit.

age is the voltage amplification, or gain,
provided by the tube. The voltage am-
plification due to the tube is expressed
by the following convenient formulas:
4 X Re
Re + Iy

or EHXI'XRL
1000000 X (rp» 4+ Ru)

where u is the amplification factor of
the tube, Ry is the load resistance in
ohms, r, is the plate resistance in ohms,
and g. is the transconductance in
micromhos.

From the first formula, it can be
seen that the gain actually obtainable
from the tube is less than the tube
amplification factor, but that the gain
approaches the amplification factor
when the load resistance is large com-
pared to the tube plate resistance. Fig.
36 shows graphically how the gain ap-
proaches the amplification factor of the
tube as the load resistance is increased.

Voltage amplification =
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From the curve it can be seen that a
high value of load resistance should be
used to obtain high gain in a voltage
amplifier.

In a resistance-coupled amplifier,
the load resistance of the tube is ap-
proximately equal to the resistance of
the plate resistor in parallel with the
grid resistor of the following stage.
Hence, to obtain a large value of load
resistance, it is necessary to use a plate
resistor and a grid resistor of large
resistance. However, the plate resistor
should pot be too large because the
flow of plate current through the plate
resistor produces a voltage drop which
reduces the plate voltage applied to the
tube. If the plate resistor is too large,
this drop will be too large, the plate
voltage on the tube will be too small,
and the voltage output of the tube will
be too small. Also, the grid resistor
of the following stage should not be
too large, the actual maximum value
being dependent on the particular tube
type. This precaution is necessary be-
cause all tubes contain minute amounts
of residual gas which cause a minute
flow of current through the grid resistor.
It the grid resistor is too large, the posi-
tive bias developed by the flow of this
cuarrent through the resistor decreases
the normal negative bias and produces
an increase in the plate current. This
increased current may overheat the tube
and cause hberation of more gas which,
in turn, will cause further decrease in
bias. The action is cumulative and re-
sults 1n a runaway condition which can
destroy the tube.

A higher value of gnd resistance
is permissible when cathode-resistor bias
is used than when fixed bias 15 used.

]
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Fig. 36-—Gain curve for triode amplifier circuit,
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When cathode-resistor ‘bias is used, .a
'loss in bias due to gas or grid-emission
effects is almost completely offset by an
increase in bias due to the voltage drop
across the cathode resistor. Typical val-
unes of plate resistor and- grid resistor

for tube types used in resistance-coupled .

circuits, and the values of gain obtain-
able, are shown in the Resistance-
Counpled Amplifier-section.

The input impedance of an elec-
tron. fube {(that is, the impedance be-
tween grid and cathode} consists of
(1) a reactive component due to the
capacitance between grid and cathode,
(2) a resistive component resulting from
the time of transit of electrons between
cathode and grid, and (3) a resistive

component developed by the part of

‘the cathode lead inductance which is
common to both the input and output
‘circuits. Components (2) and (3) are
dependent on the frequency of the in-
coming signal. The ipput impedance is
very high at audio frequencies when
a tube is operated with its grid biased
negative. In a class A: or AB: trans-
former-coupled audio amplifier, there-
fore, the loading imposed by the grid
on the input transformer is negligible.
As a result, the secondary impedance
of a class A: or class AB, input trans-
former can be made very high because

the choice is not limited by the input

impedance of the tube; however, trans-
former design considerations may limit
the choice,

At the higher radio frequencies,

the input impedance may become wvery
low even when the grid is negative, due
to the finite time of passage of elec-
trons-between cathode and grid and to
the appreciable lead reactance. This
impedance drops very rapidly as the
frequency is raised, and increases input-
circuit loading. In fact, the input im-
pedance may become low enough at
very high radio frequencies. to -affect
the gain and selectivity of a preceding
stage appreciably. Tubes- such .as the
“acorn”  and “pencil” types and the
high-frequency miniatures have been
developed to have low input capac-
itances, low electron-tranmsit time, and
~low lead inductance so that their input
impedance is high even at. the ultra-
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high radio frequencies. Input ad-
mittance is the reciprocal of input
impedance,

A remote-cutoff amplifier tube .is
a modified construction of a pentode
or a tetrode type designed to reduce
modulation-distortion and cross-modu-
lation in radio-frequency stages. Cross-
modulation is the effect produced in a
radio or television receiver by an in-

terfering station “riding through” on

the carrier of the station to which the
receiver 1s tuned. Modulation~distortion
is a distortion of the modulated carrier

and appears as audio-frequency distor-

tion m the output. This effect is pro-
duced by a radio-frequency amplifier
stage operating on an excessively curved
characteristic when the grid bias has
been increased to reduce volume. The
offending stage for cross-modulation is
usually the first radio-frequency am-
plifier, while for modulation-distortion
the cause is usuvally the last interme-
diate-frequency stage. The character-
istics of remote-.cutoff types are such
as to enable them to handle both large
and small input signals with minimum
distortion over a wide range of signal
strength. -
Fig. 37 illustrates the construction
of the grid No. 1 (control grid) in a
remote-cutoff tube. The remote-cutoff
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Fig. 37-—Structure of remote-cutoff grid.
action is due to the structure of the grid

which provides a variation in amplifica-
tion factor with change in grid bias. The

-grid No. 1 is wound with open spacing

at the middle and with close spacing
at the ends. When weak signals and
low grid bias are applied to the tube,
the effect of the non-uniform turn spac-
ing of the grid on cathode emission and
tube characteristics is essentially the
same as for uniform spacing. As the
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grid bias s made more negative to
handie larger input signals, the electron
flow from the sections of the cathode
enclosed by the ends of the grid is
cut off. The plate current and other
tube characteristics are then dependent
on the electron flow through the open
section of the grid. This action changes
the gain of the tube s0 that large
signals may be handled with minimum
distortion due to cross-modulation and
modulation-distortion. |

Fig. 38 shows a typical plate-cur-
rent vs. grid-voltage curve for a remote-
cutoft type compared with the curve
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Fig. 38—-Plate-current curves for triodes
having remote-cittoff and uniformly spaced
grids.

for a type having a uniformly spaced
grid. It will be noted that while the
curves are similar at small grid-bias
voltages, the plate current of the re-
mote-cutoff tube drops quite slowly
with large values of bias voltage. This
slow change makes it possible for the
tube to handle large signals satisfac-
torily. Because remote-cutoff types can
accommodate large and small signals,
they are particularly suitable for use
in sets having automatic volume con-
trol. Remote-cutoff tubes also are
known as variable-mu types.

Class A Power Amplifiers

As a class A power amplifier, an
electron tube is used in the output stage
of a radio or television receiver to sup-
ply a relatively large amount of power
to the loudspeaker. For this applica-
tion, large power output is of more
importance than high voltage amplifica-
tion; therefore, gain possibilities are
sacrificed in the design of power tubes
to obtain power-handling capability.

Triodes, peatodes, and beam power
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tubes designed for power amplifier serv-
ice have certain inherent features for
each structure. Power tubes of the
triode type for class A service are
characterized by low power sensitivity,
low plate-power efficiency, and low dis-
tortion. Power tubes of the pentode
type are characterized by high power
sensitivity, high plate-power efficiency
and, usually, somewhat higher distor-
tion than class A triodes. Beam power
tubes have higher power sensitivity and
efficiency than triode or conventional
pentode types.

A class A power amplifier is also
used as a driver to supply power to a
class AB, or a class B stage., It is
usually advisable to use a triode, rather
than a pentode, in a driver stage be-
cause of the lower plate impedance
of the triode.

Power tubes connected in either
parallel or push-pull may be employed
as class A amplifiers to obtain increased
output. The parallel connection (Fig.
39) provides twice the output of a
single tube with the same value of grid-
signal voltage. With this connection,
the effective transconductance of the
stage is doubled, and the effective plate

L
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Fig. 39—Power amplifier with tubes
coinected in parallel,
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resistance and the load resistance re-
quired are halved as compared with
single-tube values.

The push:pull connection (Fig. 40),
although 1t requires twice the gnid-
signal voltage. provides increased power
and has other important advantages
over single-tube operation. Distortion
caused by even-order harmonics and
hum caused by plate-voltage-supply
fluctuations are either eliminated or
decidediy reduced through cancellation.,
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Because distortion for push-pull opera-
tion is less than for single-tube opera-
tion, appreciably more than twice
single-tube output can be obtained with
triodes by decreasing the load resist-
ance for the stage to a value approach-
ing the load resistance for a single tube.

For either parallel or push-pul]
class A operation of two tubes, all elec-
trode currents are doubled while all dc
electrode voltages remain the same as
for single-tube operation. If a cathode
resistor is used, its value should be
about one-half that for a single tube.
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AC HEATIA
Fig. 40-—Power amplifier with tubes
connected in push-pull.
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If oscillations occur with either type of
connection, they can often be elimi-
nated by the use of a non-inductive
resistor of approximately 100 ohms
connected in series with each grid at
the socket terminal. |

Operation of power tubes so that
the grids run positive is inadvisable
except under conditions such as those
discussed in this section for class AB
and class B amplifiers.

Power-Output Calculations

Calculation of the power output of
a triode used as a class A amplifier with
either an output transformer or a choke
having low dc resistance can be made
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without serious error from the plate
family of curves by assuming a resist-
ance load. The proper plate current,
grid bias, optimum load resistance, and
per-cent second-harmonic distortion can
also be determined. The calculations are
made graphically and are illustrated in
Fig. 41 for given conditions, The pro-
cedure is as follows:

(1) Locate the zero-signal bias
point P by determining the zero-signal
bias Ece from the formula:

Zero-signal bias (Eco) — —(0.68 % E»)/a

where E, is the chosen value in volts of
dc plate voltage at which the tube is to
be operated, and x is the amplification
factor of the tube. This quantity is
shown as negative to indicate that a
negative bias is used.

(2) Locate the value of zero-signal
plate current, 1., corresponding to
point P,

(3} Locate the point 2I,, which is
twice the value of I, and corresponds to
the value of the maximum-signal plate
current I....

(4) Locate the point X on the dc
bias curve at zerq volts, E. — 0, corre-
sponding to the value of I...,.

(5) Draw a straight
through X and P.

Line XY is known as the load re-
sistance line. Its slope corresponds to
the value of the load resistance. The
load resistance in ohms is equal to
(Elnu: " E’ulq) divided by (Inu: — I-Il),
where E is in volts and I is in amperes.

It should be noted that in the case
of filament types of tubes, the calcula-
tions are given on the basis of a dc-
operated filament. When the filament is:
ac-operated, the calculated value of dc

line XY
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