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3 Claims.

w’I’his invention relates to electron control de-
ces. .

The principle of effecting electron multipli-
cation by causing successive secondary emission
by electron impact has proven an effective means
for intensifying an electron flow, In tubes of
the image dissector and photoinultiplier type,
this principle has been used most advantage-
ously. In such arrangements, a series of sec-
ondary-emissive surfaces is maintained at in-
creasing positive potentials and an electron
emitted from one surface is accelerated to strike
agalnst a next succeeding surface with a velocity
sufficient to eject a plurality of secondary elec-
trons. This action is repeated in succeeding
stages, producing increasing intensification of
the electron stream. For example, this increase

may be at & rate of the order of 3 to 7, depend- -

ing upon the voltage between stages and, of

course, upon the electron-emissive material em-

ployed for the electrodes.

Heretofore, this principle of amplification has
been useful in the simple form above described
only for the purpose of amplifying an electron
stream such as, for example, the modulated elec-
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tron stream produced at the scanning aperture

of an image dissector tube or produced from the
cathode of a photoelectric cell,

It is desirous to utilize the electron multipli-
cation principle not only for simple arrange-
ments providing current amplification but. to
provide voltage amplification in various electron
control arrangements, such as voltage amplifiers,
oscillators, modulators, detectors and the like.

Heretofore, certain electron multiplier ar-
rangements have been utilized wherein the first
secondary electron emitting electrode constituted
the anode of a conventional thermionic tube. In

such arrangements, the electron fow to the first .

secondary-emissive electrode was varied by im-
pressing a signal voltage upon the control grid
disposed between the cathode and this el2ctrode.
While this method is both simple and useful for
some applications, it s subject to certain. seri-
ous limitations hereinafter more specifically de-

scribed.

“The total output current of an electron mul-

tiplier is limited by the permissible current
density in the output stage, or stages previous
thereto. An attempt to overcome this imitation
leads to electrode structures of undesirably large
dimensions and to uneconomical operating con-
ditlons. For the purpose of explaining the ef-
fects of the current limitation, the electron mul-
tiplier can be compared with a direct coupled
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thermionic amplifier of the conventional type
comprising a plurality of stages. If the current
in the first stage of such an amplifier comprises
an A, C, component and a D. C. component,
whereby a portion of the latter is not modulated
by the A. C. signals, both components will be
proportionately amplified in subsequent stages.
In a resistance capacity coupled thermionic
amplifier of the conventional type, it is possible
to have a plate current comprising a small A, C.
component and a large D. C. component having
& large unmodulated portion in the first - stage
thereof. The current in the following stage,
however, can have an increased A. C. component,
a D. C. component of the same magnitude and a
decreased unmodulated portion thereof. Thus,
comparing the two, it will readily be seen that
for the same permissible output current, the
useful A. C. signal component of the resistance
capacity coupled amplifier can obtain higher -
values than in the direct. coupled amplifier,
8ince substantially the same conditions prevail
for an electron multiplier as for a direct coupled
thermionic amplifier, the disadvantage of such
devices as hitherto constructed and operated for
voltage amplification is evident.

In order to reduce the unmodulated portion of
the D. C. component in an electron multiplier, it
has been proposed to operate the conventional -
thermionic input electrode structure of the
multiplier in the so-called retarding fleld region,
that means, at an extremely low plate current.
However, if the total output current is limited
to a given value, this measure also has no par-
ticular advantage for voltage amplification since
it is impractical to utilize a current multiplica-
tion ratio of over 20 for a total permissible out-
put current of 5§ milliamperes. At 5 milliamperes

‘output current and a multiplication ratio of 20,

the input current to the multiplying structure is
250 microamperes. A thermionic input electrode
structure having a mutual conductance of 500
micromhos can be readily designed for an anode
current of 250 microamperes, and no advantage
would be derived from the use of & weaker plate
cwrent and a poorer mutual conductance,
which would then only necessitate an increase
to the above value by means of electron multi-
plication. : .

It is an object of the present invention to pro-
vide an improved electron control device utiliz-
ing the principle of secondary emission electron
multiplication and suitable for use as a voltage
amplifier, oscillator, modulator, detector or other
electron control device.
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In accordance with the present invention,
there is provided a vacuum tube device com-
prising a plurality of electrodes disposed in se--
ries. Means are further provided for effecting
the passage of an electron current successively
between the electrodes, which' means includes
means for applying to.successive ones of said
electrodes successively higher operating poten-
tials providing - predetermined potential gradi-
onts therebetween. These means may include,
for the purpose of developing an initial:electron
.current, any sultable source of electrons such as,
for example, a thermionic cathode or a photo-.
electric cathode.

controlling the potential: gradients, thereby to
control the current.as, for example, by applying
a signal thereto. - An output. electrode is pro-
vided for utilizing the controlled current. ‘

For a better undestanding of the-invention,
together with other and further objects thereof,
reference -is had to the following description
taken in connection with the accompanying
drawings, and its scope will be pointed. out in
the appended claims.

In the accompanying drawings ;

PFlg. 1 is a schematic ‘diagram illustrating an
- eleetron’ control device, embodying the present
_invention, utilized as an amplifier; -

* Pig. 2 1s an exploded view of certain elements
of ‘the device of Fig. 1;

"Pig. 31s"a graph illustrating ‘the operating
characteristics of &  conventional  thermionic
grid ‘control type of electron multiplier and of
a multiplier in accordance with the present. in-
vention; and :

TFig. 4 is a graph illustrating the operating
characteristics of a resistance capacity coupled
amplifier comprising several stages.

Referring now .more particularly to the pre-
" ferred embodiment of the invention which is {l-
lustrated in the accompanying drawings, in Fig.
1 there is'shown schematically an electron mul-
tiplier device embodying an:envelope { contain-
ing a photoelectric cathode 2 and a series of sec-
ondary-emitting- electrodes: 3A, 3B, 3C, and 3D,
arranged in juxtaposition, as shown.- More par-
ticularly, each of. these electrodes comprises an
L-shaped member having disposed on the inner
surface thereof a material, preferably caesium
oxide, adapted to emit photoelectrons or ‘sec-
ondary electrons.. The electrodes 3A—3D are
also provided with a screen portion as shown.
Adjacent the electrode 3D are positioned an
electror collecting ‘screen 10 and ‘& plane sec-
ondary-electron emissive electrode 4.

The «lectrodes 2, 3A, 38B,-3C, 8D, 4 and 10 are
held in position by suitable conducting rods SA,
8B, §C, 5D, 5E, 5F, and §G, which extend through
a re-entrant stem 6 formed in the ‘envelope |
as shown. Disposed: opposite the open sides of
the electrode assembly: are .control electrodes 1
and 8 (Figure 2), each of which comprises & thin
metallic -plate provided: with an insulating sur-

face’ TA' and 8A respectively, facing the -elec-
For' the purpose of providing-

trode structure.
an initial source of electrons, there is' disposed
outside the tube envelope | .a source of light in
the form of an incandescent lamp (| having a
lens portion IIA fused to its glass bulb. The
lamp is so positioned as to direct-its light upon
the  inner. photoelectric -surface of the- elec-
trode 2.

For the purpose of applying operating poten-
tials to the electrodes 2, 3A, 3B, 8C, 3D, 4 and
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10, there is provided a voltage ddvider 12 having
its opposite ends connected to a’source of uni-
directional voltage indicated at 13, 14.  Taps 5
are connected at suitable points along.the volt-
age divider by way of suitable leads to the con-
necting rods 5A, 5B, 8C, 8D, 5E, 5F, and 8G
and to the several electrodes, as-shown. : A sliid-
able tap 16 is provided on the voltage divider 12

" in-order to apply - an:adjustable direct-current’

10

There is disposed, outside of -
the path of sald current, suitable: means for-.
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-potential to the control electrodes 1, 8 by way of

a resistor 1T whose function will be described
shortly. An operating potential is applied to the
collector electrode 10 by way of a suitable re- -
sistor 18. ]

By-pass condensers 18.are connected between
the taps 15 and (€ in order to provide a low im-
pedance path for the amplified signal currents. .
The photoelectric electrode 2, acting-as the cath-
ode of primary. electrons, is connected to. the
most negative fixed tap 18 on the voltage divider
by means of a suitable lead, as indicated.

For the purpose of applying a signal to the
control electrodes T-and 8, an input .circuit indi-
cated by.the terminals 20 and -2l is provided,
the terminal .2/ being preferably grounded as
shown, and the .terminal .20 being connected by
way of a ‘suitable couplmg condenser 22 to the
electrodes T and 8.

The electron. multiplier device which haf- been
described is suitable for use as an amplifier, par-
ticularly ~an amplifier. of radio-frequency sig-
nals. In the operation of this device, with suf-

" ficlent light impinging upon the photoelectric sur-
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face of the electrode 2, electrons are emitted
therefrom and directed toward the first electrode -
3A. These electrons impinge upon-the second-
ary -emissive surface of this electrode,  thereby -

_causing a plurality of electrons to be emitted

therefrom which in turn:are: directed, by virtue
of the higher operatlng potential applied thereto,
to- the secondary-emissive electrode ‘3B - where
again the impinging .electrons effect the emis-

. slon of secondary electrons, thus effecting & mul-
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tiplicatfon. of the current. . This process 1 re-
peated throughout the succeeding stages,: a final

* multiplication :taking place at the electrode 4.
*The screens attached to electrodes 3A, 3B, 3C,
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3D serve to accelerate the flow of electrons.
~ The signal to be amplified is applied to the
terminals 20 and 21 and hence, by way.of con-
denser 22 and resist.or {1, -to the control- elec--
trodes 1 and 8. This signal effects a variation
in the voltage gradient between the successive
electrodes, and thereby. modulates the stream-of.
electrons with successive multiplication through:
the path along ‘which . these electrons.aredis-
posed. The modulated multiplied electron stream
is collected by the electrode .10 and produces:
the amplified: output. signal across: the -output
resistor ‘18, to the ends of which the output ter-.
minals 23, 24 are coupled by way. of blocking con-
densers. 25 and 28, respectively. - The advantages
obtained by the tube embodying the present. in-
vention may be best understood by rererence to
the curves of Figs. 3 and %. . .
In Fig. 3, curve | shows the current in the first
stage of a three-stage electron multiplier vary-
ing in intensity in accordance with a signal volt-
age:In a certain'relation determined by the mu-
tual conductance of the input electrode structure;
curve 2 shows the current after intensification
by electron multiplification in a second multiplier
stage, and curve ‘3 shows ‘the current after. in-
tensification in a third multiplier stage. In each .
case the ordinates have been marked with: the
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letters A, B and C, designating the alternating
component of the current, the direct-current
component and the unmodulated portion of the
direct-current Component respectively. These
curves show ‘that the ratio of the alternating
component to the direct-current component re-
mains constant throughout the multiplier and,
while the absolute value of the mutual conduct-
ance increases, the ratio of the mutual conduct-
ance to the direct-current component remains
constant. Thus, with g limited output current,
a large portion of the direct-current component
is not utilized for signal amplification due o the
low value of the ratio of mutual conductance .to
direct-current component, ‘

In Fig. 3, curves f, 2’ and '3’ show the cur-
rent in three successive stages of an electron mul-
tiplier in accordance with the present inven-
tion.. From these characteristics it is to be seen
that the ratio of the alternating component of
the current to its direct-current component in-
Creases from stage to stage since, with the par-
ticular type of electron control provided by the
present invention, the ratip of mutual conduct-
ance to direct-current component increaseg in
each successive multiplier stage, as will be shown
presently, -

In Pig. 4, curves |, 2 and 3 illustrate the plate
current in three successive stages of .a conven-
tional resistance capacity coupled thermionic am-
plifier. It is readily seen, by comparison of the
curves 1, 2’ and 8’ of Fig. 3 with those of Fig. 4,
that the operating characteristics of the multi-
‘plier, according to the present invention, are
similar to those of a conventional thermionic
voltage amplifier. However, the use of an elec-
tron multiplier for this purpose has the great
advantage of being a far simpler means of accom-
plishing voltage amplification.

In order to point out more specifically the ad-
vantage of the electron multiplier of the present
invention over multipliers hitherto constructed,
1t can be shown mathematically that the ratio of
the over-all mutual conductance to the  direct-
current component in the output stage is n times
greater than the same ratio for the input elec-
trode structure, whereby n designates the num-
ber of stages in which the electron stream has
been multiplied. Since this ratio is constant in
multipliers in which electron control is effected
In one stage only, a tremendous increase in the
ratio -of mutual conductance to -direct-current
component is obtained in multipliers in accord-
ance with the present invention,

Considering now the method of electron con-
trol utilized in the present invention, it is found
that the effect of the potentials applied to the
control electrodes 1 and 8 Upon the intensity of
the electron stream is substantially the same as
that produced by potentials applied to g ‘con-
ventional control grig disposed in the path of
the electron stream. Thus, for a steady condi-
tion, the following laws are valid:

Eeff~ Eg+LBp
and :
Y 3/2

i=CX Beffte O (ﬂii—@-’)

wherein Eeff designates the effective voltage be-
tween two successive electrodes, Eg the control
electrode potential, Ep the steady potential dif-
ference between successive electrodes, u the am-
plification factor, i the current flowing between
successive electrodes, and C a constant,
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* the electrode 3B,
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insulated surfaces

3

Considering first the term Eg, it is found that
a different steady potential of the control elec-

are held at the
multiplier stage,
by meansg of the

broper bias potential for the first
comprising electrodes 2 and 3A,

sliding tap 15 on the voltage divider | 2, While

the control electrode is shown to be negatively
biased with respect to the photoelectric cathode
2,1t may conveniently be adjusted to the proper
polarity and magnitude of bias by adjusting the

‘sliding tap 15,

While the bias for the first multiplying stage
is shown as what is commonly referred to as “bat-
tery bias,” the following stages are self-bjased as
will be explained Presently, Opposing the open
sides of the electrodes 34, 3B, 3¢, 3D, there is
disposed the insulated surfaces 1B and 8B of the
control electrodes 1 and 8, A number of elec-
trons emitted by the electrode 3A impact the
1B and 8B and produce sec-
ondary emission therefrom which iIs attracted to
which is the most positive elec-
trode in the cloge proximity of the point of im-
pact. According to whether the secondary-
emission ratio is greater or smaller than 1, the
Insulated surfaces

electrons. The value of secondary emission Just

 referred to determines whether the equilibrium

potential will approach that of the more negative
electrode 3A or that of the more positive elec-
trode 3B. -

The thickness of the insulation 1B and 8B de-
termines the capacity between 1ts exposed surface
and the metallic portion of the control electrodes
T and. 8. This capacity is one of the factors en~
tering into the time constant of the self-biasing
arrangement comprising the insulation 7B and
8B and the input resistor 7. Since the capacity
is inversely broportional to the thickness of the
Insulation, thinner insulation is useq for tubes
to be operated. at lower frequencies,

In this manner, the control electrode bias for
each multiplying stage automatically adjusts it-
self to a predetermined value with respect to the
direct~current operating potentials of the ad-
Jacent electrodes,

Referring now to the second equation above set
forth, it may be noted that the current flow
throughout -the multiplier -does not remain con-
stant but is intensified in each 8uccessive stage.

The following then holds true for the ntt stage,
designating any stage in the multiplier tute con-
sidered:

) 3/2
=i X Kn=Cx (W}

Wwherein: in designates the current in the nth
mmultiplier stage, #1 the current in the first multi-
Dlier stage, K the ratio of output to input current
for & multiplier stage, n the number of stages, C.
& constant, Egn the steady grid bias of the nth
stage, un the amplification factor of the nib stage
and Epn the steady voltage applied between the
electrodes of the nth multiplier stage.

This shows that with inereasing current the
term '

1
_ ;—rzEpn




4

must also -increase, since Eg remains constant

-. for each stage, as previously described. This ren-

ders three possibilities. for operation of the de--:

vice: First, that the amplification factor remains
constant and the voltage between successive ‘elec-
trons is successively. increased; second, that the
potential between successive electrodes remasains

" constant and the amplification factor for succes-

sive stages is decreased; and, third, that both are
varied as just described. The proper variations
are. readily computed from the above equation.

However; it is not the object of this description .

‘to.show the mathematics of such a computation.

1t will thus be seen that the present invention
provides an_ electron: control. device whereby a
stream ‘of electrons is repeatedly -subjected  to
the controlling influence of a signal potential in
order -to. obtain -a high:amplification of signal
voltages.

While there has been described what is at pres- -

" ent. considered ‘the preferred embodiment ‘of the
invention, it will be obvious to those skilled in
the art that various changes and modifications
may be made. therein without departing from

. the invention, and it is, therefore, aimed in the .

appended claims to cover all such changes and

10
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cent said electrodes and disposed outside the.
path of said current for:controlling said electro-
static flelds to control said .current, means for
applying an input signal to said control means
and an output electrode for utillzlng sa.id con-
trolled current.

2. A vacuum tube device comprising 8- plural-
ity of secondary-electron emissive electrodes dis-~
posed in ‘series, means for effecting the passage
of -an electron current. successively between said
electrodes; Including means. for applying. to suc-
cessive ones of said electrodes. successively higher
operating potentials providing electrostatic fields
therebetween, control means adjacent sald elec-
trodes and disposed outside and. extending at
least over a portion of the path of said current
for controlling said electrostatic flelds to control

““said current, means for applying an input signal

modifications as fall within the true spirit and :

scope of the invention.

Iclaim: |

1. A vacuum: tube devlce comprising a ‘plu-
rality of secondary-electron emissive electrodes
disposed in series, means for effecting the pas-
sage of an electron current successively between
said electrodes, including means for applying to
successive ones of said electrodes successively
higher operating potentials providing electro-
static flelds therebetween, control means adja-
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to said control means and an output electrode

for utilizing said controued current.

3. A vacuum tube device comprislng a plural-
ity of secondary-electron emissive electrodes dis-

‘posed In series, means for effecting the passage

of an electron current successlvely between said
electrodes, including means for. applying to suc-
cessive ones of sald electrodes successively: higher
operating potentials providing electrostatic fields
therebetween, electrode means adjacent said elec-
trodes and disposed . outside .and extending at
least over a portion of the path of said current -
for controlling sald electrostatic flelds to control
said current, means for applying an input signal
to said control means thereby to-develop & signal
current, and an output electrode for utilizing said
signal current.

PHILO T. FARNSWORTH.



