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tetrode 1s a four-electrode type of thermionic tube containing an anode, a

cathode, a control electrode, and an additional electrode, which is
ordinarily a grid. A pentode is a five-electrode type of thermionic tube
containing an anode, a cathode, a control electrode, and two additional
electrodes, which are ordinarily grids.

The symbols for tetrodes and pentodes are similar to those for triodes,
the various grids being shown in the relative positions that they occupy
in the tubes. A special symbol, shown in Fig. 3-8b, is often used for
screen-grid tetrodes. '

The Screen-grid Tetrode.—One stimulus to the development of
multigrid tubes was the necessity of reducing the capacitance between
the grid and plate of the triode. If a vacuum tube used in a voltage
amplifier has high grid-plate capacitance, the relatively large variations
of plate voltage may induce appreciable variations of grid voltage. If
the phase relations are correct, this induced grid voltage may add to the
impressed alternating voltage in such a manner as to cause the amplifier to
oscillate (see Sec. 10-28). This difficulty imposes a limit upon the ampli-
fication that can be attained in radio-frequency amplifiers. For some
years the problem was solved by ‘‘neutralizing.”” Neutralization consists
in connecting the grid through a small variable condenser to a point
in the output circuit whose voltage is opposite in phase to that of the
plate. The condenser may be adjusted so that it balances out, or
neutralizes, the effect of the grid plate capacitance. Difficulties of
adjustment, circuit complications, and the cost of patent royalties made it
advantageous to solve the problem by removing the cause, rather than
by counteracting it. This was accomplished by introducing between
the control grid and the plate another grid, the screen grid, the purpose -
of which is to shield the grid from the plate, and thus reduce the grid-to-
plate capacitance.! Further reduction in capacitance between the grid
and the plate was attained by placing the control-grid terminal at the top
of the tube, instead of on the base. The screen-grid tetrode proved to
have other characteristics which are fully as important as its low grid-
to-plate capacitance.

The general construction of the elements of a type 24A screen-grid
tetrode is shown in Fig. 3-8a. The screen grid consists of two cylinders
of fine-mesh screening, one of which is between the plate and the control
grid and the other outside of the plate. These two cylinders are joined
at the top by an annular disk, which completes the shielding. The
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potential of the screen is normally intermediate between the quiescent
- potentials of the cathode and the plate. The positive voltage of the
screen draws the electrons away from the cathode. Some of these
electrons strike the screen and result in a screen current which usually
performs no useful function; the rest pass through the screen grid and
into the field of the plate, which causes them to be drawn to the plate.
Since the electrostatic field of the plate terminates almost completely on
the screen, the capacitance between the plate and the grid is very small.
Furthermore, variations of plate voltage have little effect on the plate
current. The control-grid voltage, on the other hand, is just as effective
as in the triode. The change in plate current resulting from a change
in plate voltage at constant grid voltage 1s '

small, and the ratio of the change in plate Cathooe, /gﬁ’.ﬂr of

voltage to the change in grid voltage, {7 1:HI 11 %
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has high plate resistance and high amplifica- g‘,;fge” e =
tion factor. By proper choice of control- (y (b}
grid structure and spacing of electrodes the Fig. 3-8.—(a) Electrode struc-

] ture of heater-type screen-grid
transconductance can also be made high. tetrode. (5) Tube symbols for

A screen-grid tetrode can therefore be filamentary and heater-type

. screen-grid tetrodes.
designed tohave the same transconductance |
as that of an equivalent triode and very much higher amplification factor
and plate resistance.

In Fig. 3-9 is shown a family of plate characteristics for a typical
screen-grid tetrode, the type 24A. The negative slope of the character-
istics at plate voltages lower than the screen voltage is the result of
secondary emission from the plate. At zero plate voltage there is a small
plate current which results from those electrons which pass through the
sereen with sufficient velocity to reach the plate. As the plate voltage
ig raised, more and more electrons are drawn to the plate after passing
through the screen. The velocity with which they strike the plate
increases with the plate voltage and, when ¢, is about 10 volts, becomes
sufficiently high to produce appreciable secondary emission from the
plate. Because the screen is at a higher voltage than the plate, these
secondary electrons are drawn to the screen. Since the secondary
electrons move in the: direction opposite to that of the primary electrons,
they reduce the net plate current. If the plate is not treated to reduce
secondary emission, the number of secondary electrons leaving the plate
may exceed the number of primary electrons that strike the plate, and so
the plate current may reverse in direction. This is shown by the dashed
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curve of Fig. 3-9, which is for the old type 24A tube, with untreated
plate. ]
It 1s to be expected that all secondary electrons emitted by the plate
will return to the plate when the plate voltage is higher than the screen
voltage. The rise in plate current starting at voltages considerably
lower than the screen voltage shows, however, that many secondary
electrons return to the plate while the screen is still positive relative to
the plate. The reason for this is the retarding field at the plate pro-
duced by electron space charge between the screen and the plate. (It will
be explained in Sec. 3-11 how tubes may be designed so that this space
charge prevents secondary electrons emitted by the plate from going
to the screen even at plate voltages much lower than the screen voltage.)
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Fra. 3-9—Typical screen-grid tetrode plate characteristics at 90-volt screen voltage, ecs.

As the plate voltage approaches the screen voltage, the field at the plate
produced by the screen voltage becomes less than the retarding field
of the space charge and so the slower-moving secondary electrons are
returned to the plate. At voltages higher than that at which all second-
ary electrons are returned to the plate, secondary emission from the plate
has no effect upon the plate current, which is then determined almost
entirely by the screen- and control-grid voltages. Since very little of the
plate field penetrates to the cathode, further increase of plate voltage
has only a small effect upon the plate current. The increase of
plate current at plate voltages higher than the screen voltage is accounted
for partly by increase in the number of secondary electrons from the
screen that are drawn to the plate.

3-9. The Space-charge Tetrode.—Instead of using the inner grid
of a tetrode as the control electrode and applying a positive voltage to
the second grid, it is possible to operate the tube by applying a small
positive voltage to the inner grid and using the second grid as the control
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electrode.! The positive voltage on the first grid overcomes the effect
of the space charge in the vicinity of the cathode, and thus increases the
plate current and the transconductance. Some of the electrons are
drawn to the positive inner space-charge grid, but the remainder pass
through this grid and into the region controlled by the second grid and the
plate. The effect is in some respects the same as though the cathode
were placed much closer to the control grid in a triode. A high negative
voltage on the second grid prevents the electrons from passing to the -
plate and returns them to the positive space-charge grid. As the negative
control-grid voltage is reduced, more electrons pass to the plate and fewer
to the space-charge grid. Thus, the plate current increases, and the
space-charge—grid current decreases ‘ 10 4
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todes have much better characteristics than space-charge tetrodes, space-
charge tetrodes are now used only in special applications, some of which
will be discussed in later chapters.

3-10. The Pentode.—For most applications the curved portions of
the characteristic curves of screen-grid tetrodes at plate voltages lower
than the screen voltage are undesirable. In amplifiers, excessive dis-
tortion results if the tube is operated in this region and, if the cireuit
containsinductance and capacitance, oscillation may occur (see Sec. 10-17).
Restriction of operation to the region to the right of the plate-current
dip reduces the output voltage or power that can be obtained at a given
value of operating plate voltage.

By the use of a ribbed plate and special treatment fo reduce secondary
emission, it is possible to design tetrodes whose characteristic curves
do not have portions with negative slope. The type 48 tetrode is an
example of guch a tube. The effects of secondary emission can also be
reduced or eliminated by preventing the secondary electrons emitted by
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