April 30, 1946. A. V. HAEFF 2,399,223

BELECTRON DISCHARGE DEVICE

Filed Jan. 18, 1941 5 Sheets-Sheet 1
Frg. 7 Frg. 2 o 9.5
o :»__%%_:»
S A =R
O —r & | e
D ‘ ‘ :1:_:
10 /1 10 S - ff
i\/z
Frg.3 Fig. 4
cC G S A c 6 5 4
Fig.9
(U G 51 S2 53 ot

\g

INPUT 7 ouTPUT

- INVENTOR.
ANDREW V. HAEFF

BY

ATTORNEY.




2,399,223

A. V. HAEFF

ELECTRON DISCHARGE DEVICE

5 Sheets-Sheet 2

Filed Jan. 18, 1941

avoios
o —

April 30, 1946.

Lyt .
gy B
59, | St N &
Y NS o
. g ¥ 3
EY Q8
659 TN
3 +_ -l.
ol il ¥
“ 3
....... <
AINISa OL
A
\\N’ +|Ln.| qu
44 MW\&%
\ rmWN‘I“mwTHuNu.ﬁuuvplﬁnnn - ﬁ
\N 't\ EI-N N\
lev. | &C; 14 ...\.il!..\\ﬂ\ﬁu.«.\/\m,\ m%\ 54
AILM gy | S| T AL —
..... ﬁ\ il Xz 4
6 ! £ I
JOLITTI00 oY 85 | e W Nier
ﬁ 7ok 4 o8 bF
FE LN || A
LIN212 ¥NVL_— N
Lndino 9%
e
VI
Vel
U




2,399,223

A. V. HAEFF

April 30, 1946.

ELECTRON DISCHARGE DEVICE

5 Sheets-Sheet 3

Filed Jan. 18, 1941

KW
i)
N
- ayoil oL IW M
1o a\w $
+_ P Q
L1212 INVL U LT S
- 10dino—" | N
=—9/ Yaid
s
= ZH— EH T= .
+ == _
= N
68 . Y7 M
, 1 5 90/ S04 v&w 00/ , sanrg o1
SN © % A - %@ 6] |
PGS - 6 N J N |
] P 7 AN B P Gos
wy//P//,_ 72 N\ e 7 6
R 80
{ wax m&w wa / (LY
%6 v ey
QIONTT05 _—
ONISNIOS

£8—

8

Zt b1

ATTORNEY.




April 30, 1946. A. V. HAEFF 2,399,223
ELECTRON DISCHARGE DEVICE

Filed Jan. 18, 1941 5 Sheets-Sheet 4

/- — Y -

s
©

COLLECTOR

—15%

1 + !
. o] oo a]g[a]]——

148y

N W N /47’ :
i

70 LOAD

S |
[
& 8 )
QLE: -
]
o )
X R
i
S
V.
Ny
| +
N I
o I+
Q ,-—a|||——‘
) > INVENTOR.
g % ANDREW V. HAEFF
%WG%W

ATTORNEY.




April 30, 1946. A. V. HAEFF - 2,399,223

ELECTRON DISCHARGE DEVICE

Filed Jan. 18, 1941 5 Sheets—-Sheet 5
f4a<—|—
177 i 178

159 Frg. 74

N\ _~COLLECTOR

171y

INVENTOR.
ANDREW V. HAEFF

’

VO a4

ATTORNEY.




Patented Apr. 30, 19456

2,399,223

UNITED STATES PATENT OFFICE

2,399,223
ELECTRON DISCHARGE DEVICE

Andrew V. Haeff, East Orange, N. J., assignor to
Radie Corporation of Ameriea, a corperation

of Delaware

Application January 18, 1941, Serial No. 395,029
(CL 250—217.5)

50 Claims.

My invention relates to electron discharge de-
vices and associated circuits having improved op-
erating characteristics and particularly suitable
for use at ultra-high frequencies.

It has been demonstrated that tubes utilizing
conventional grids for controlling current are well
adapted for operation at ultra-high frequencies
and retain their characteristic advantage of pos-
sessing high transconductance. However, one of
the difficulties encountered in operating amplify-
ing tubes at ulira-high frequencies is the pres-
ence of considerable loading in the input circuit
which results in an excessive amount of power
being required to drive the tube. This decreases
the effective power gain of the tube when oper-
ated as an amplifier.

The fundamental causes of high input loading
are: (1) Ohmic and radiation resistance Iosses
due to high circulating currents in electrodes and
leads; (2) electron loading which results from
the interaction of the electron stream with the
circuit, including degenerative or regenerative
effects caused by lead impedance,

In order to reduce ohmic resistance losses it is
necessary to use internal leads and external con-
ductors made of high conductivity material and
having large peripheries. In addition inter-elec-
trode capacitances must be reduced as much as
possible in order to minimize circulating cur-
rents, To reduce radiation losses a thoroughly
shielded circuit of conventional design or closed
type “cavity” resonators must be used.

The principal object of my invention is to pro-
vide an electron discharge device and associated
circuit having means for substantially reducing
or completely neuiralizing electron loading when
the device is used at ultra-high frequencies,

It is also an object of my invention to provide
an electron discharge device having means for
minimizing ohmic and radiation resistance losses
when the device is used at ultra-high frequencies.

The novel features which I believe to be char.
acteristic of my invention are set forth with par-
ticularity in the appended claims, but the inven-
tion itself will best be understood by reference to
the following description taken in connection
" with the accompanying drawing in which Figures

1 and 2 are diagrammaitic representations of elec- .

trodes and the movement of electrons between the
electrodes; Figures 3 and 4 are diagrammatic rep-
resentations of conventional tubes and methods
of operating the same; Figures 5 and 6 are curves
- representing the relationship of the electron load-
-/ing (conductance) and the transit time of the
~.~electrons of the tubes in Figures 3 and 4; Pigures
7 to 10 inclusive are diagrammatic representa-
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tions of tubes and circuits made according to my
invention for practicing my invention; Figure 11
is a longitudinal section of an electron discharge
device made according to my invention; Figure
1le is a section taken along the line {{a—Ifa of
Figure 11; Figures 12, 13 and 14 are longitudinal
sections of modifications of an electron discharge
device made according to my invention; and Fig-
ure 14a is a section taken along the line {8a—I{8q
of Figure 14,

In order to understand better the effect of elec-
tron loading, the mechanism of interaction be-
tween the electron stream and the electrodes to
which circuits may be connected will be reviewed.
Consider a system of two electrodes 18 and f!
as shown in Figure 1. Assume that electrons
travel from the electrode {8, which may be a
cathode, to the electrode if, which may be an
anode. During electron transit an image charge
appears on the electrodes equal in magnitude to
the total charge present at any moment within
the interelectrode space. The division of the
image charge between the two electrodes de-
pends, in general, upon the instantaneous distri-
bution of charges moving within the interelec-
trode space and upon the confizuration of the
electrodes. The current induced in an electrode
due to motion of a charge is equal to the rate of
time variation of the induced image charge on
the electrode due to the moving charge, The
total instantaneous current induced in the elec-
trode by the electron stream will be found by
summing the individual currents induced by all
charges moving within the interelectrode space.
If a voltage exists between electrodes {§ and 1
the displacement current due to the interelec-
trode capacitance must be also taken into ac-
count, - .

Consider now a three-electrode system formed,
for example, by a cathode 16, a control grid 12
and the plate 11 of a triode. Two spaces have
to be considered. The total current induced in
the intermediate electrode 12 (Figure 2) is con-
tributed by moving charges in both spaces,
10—12 and 12—, and the total current is equal
to the vector sum of the two currents., The
bower generated or absorbed by the electron
stream within the spaces 16—{2 and 12—f{ de-
pends upon the respective current, voltage and
the phase angle between the current and voltage

* In each space. Thus the power generated or ab-

55

sorbed within the spaces 10—{2 and §2—i f, will
be:

Wie-12=it0-12 Vio-12 cos Q10-12
Wig—11=f12-11 Vi2~11 cos P12-11

In a more general case, such as g low-u triode,
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when there may exist considerable penetration of
of the electric fields from space 12-—{( into space
§0—12, one must also consider direct-interaction
between electrodes (1—I10, so that a power
Wie-11==i10-11 V1io—11 coS pi0—1:1 &lso must be taken
into account.

In order to reduce the electron loading the total
power must be reduced to a minimum. This can
be accomplished by choosing currents, voltages
and their respective phases in such a way that
the total power W=Wi-24+Wi34+Wi-1+4...isa
minimum.

In a conventional negative grid tetrode op-
erated at low frequencies the input electrode
loading will be negligibly small if the driving
voltage is applied in a conventional manner be-
tween the grid and the cathode so that the volt-
age also appears between the control grid G and
the screen S. (See Figure 3.) The R.-F, elec-
tronic current passing in the G—8 space is very
- nearly equal and opposite in phase to the current

in the C—G space so that the total driving power
is very nearly zero (W=iVo-g—iVa-smV). HOWa
ever, in a circuit shown in Figure 4 where the
driving voltage is applied between the grid and
the cathode only, but does not appear between
the grid and the screen, the loading will be very
severe at low frequencies, Thig loading is due to
the fact that even though a current, equal to
C—G space current, flows in the G—S space, no
voltage is present in this region and hence no
negative power is developed in the G—S space
to balance the power absorbed in the C—G space.
As the driving frequency is increased the cir-
cuit. of Figure 3 will exhibit electron loading
which initially will increase with frequency. This
loading is due to the fact that with increasing
electron transit time with respect to a period of
the driving frequency the amplitudes and phases
of currents in the C—G and G—S spaces change
in such a manner that the amounts of power
absorbed and generated in the two spaces no
longer balance each other. For the case of a
high-u control grid when the spacings and D. C.
voltages are such that the G—S electron transit
time is negligible compared to C—G transit time
an analysis shows that the electron loading (con-
ductance) will vary with transit time as shown
in Figure 5. Here the ordinates of the curve
represent the ratio G/Gmo where G=conduc-~
tance of the grid G due to electron motions and
Gmo=transconductance of the grid G at very
low or zero frequency, that is when the transit
. time of the electron is negligible in comparison
to the time of one cycle of the frequency of the
applied voltage. The abscissae represent the
ratio v/T, that is the ratio of the transit time of
the electron to the period of oscillation of the
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applied alternating voltage. The electron load-

ing increases rapidly with transit time, reaches a
maximum at the value of transit time r equal to
0.85 of the oscillation period T and then, under
ideal conditions, passes through zero and becomes
negative. In the case of circuit shown in Figure
4 the variation of electron loading with transit

time will be as shown in Figure 6. Starting with

its maximum value at low frequency the loading
decreases with increasing frequency.

. These curves indicate that for certain. values
of electron transit angle, that is for certain values
of the ratio of

T transit time

T period of oscillation

the loading will be small even for conventional
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input circuits.. However, the values of frequency
and operating voltages for these optimum condi-
tions frequently lie outside the useful operating
range of the tube. The tubes could be designed
for this optimum condition but, in general, this
may necessitate: & compromise, so that high
transconductance may be partly sacrificed. The
present invention provides means for neutraliz-
ing electron. loading for a wide range of fre-
quencies and operating voltages without any
sacrifice of the useful characteristics of the tube,
such as high transconductance.

A general scheme is that in addition to the
driving voltage applied between the cathiode and
grid, a voltage is developed between the control
grid and the screen of such a magnitude and
phase as to generate power in the grid-screen

space and this power is fed back into the cathode- .

grid circuit, so that it will balance the power ab-
sorbed in the cathode-grid space.

A schematic diagram of such a circuit is repre-
sented in Figure 7. An impedance Za is intro-
duced between the screen S and the grid G of
such magnitude and phase angle that the current
ia-s will produce a voltage Vi across this im-

- pedance. The power Wi=ia-sVa cos (ig—sV2)

generated in the G—S space is then fed to the
grid-cathode circuit Z: by means of a coupling
circuit Zo. The impedances Z: and Zz usually take
the form of tuned circuits and the coupling im-
pedance Zo may be the inter-electrode capaci-
tance or an auxiliary coupling element.

A modification of the circuit shown in Figure
T is represented schematically in Figure 8, where
the impedance Zsz is shown introduced between
the screen 8 and the cathode C rather than be-
tween the screen 8 and the control grid G. The
coupling between the circuits Z: and Zz is pro-
vided by the control grid to screen capacitance
or it can be suplemented by an auxiliary coupling
circuit Zo. In Figures 7 and 8 conventional out-
put circuits with output impedances (Z) con-
nected between the anode and the screen are
shown. However, other types of output circuits
can be used, since the input loading neutraliza-
tion scheme here proposed in no way depends
upen the extraction of energy from the output

- circuit.

Figure 9 shows schematically the input loading
neutralization circuit in combination with an in-
ductive type output circuif. Here the output cir-
cuit is connected between the two screening elec-
trodes Si: and 82. The suppressor and current
collecting electrodes, represented respectively by
Sz and coll,, are also shown. Figure 10 represents
schematically the input circuif arrangement of
Figure 8 in combination with the inductive-out-
put circuit. In the above circuit diagrams only
the essential R. F. circuits are indicated. Block-
ing, grounding and by-passing condensers which
are used for providing isolation of electrodes for
D. C., so that different D. C. voltages can be ap-
plied to different electrodes, are not shown.

One practical embodiment of my invention
incorporated in ' a  so-called “inductive -output
tube” is shown in detail in Figure 11. -“Inductive
output tubes” and their operation.are described
more fully in my United States Patent 2,237,878,
issued April 8, 1841, and assigned to the Radio
Corporation of America. Briefly this tube com-
prises a cathode for supplying a beam of elec-
trons and a collector for receiving the electrons.
A modulating grid is placed adjacent the cathode
for modulating the beam of electrons which
passes to the collector. Surrounding the heam
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path is & resonant cavity circuit or cavity res-
onator comprising a hollow member having a
passageway extending therethrough through
which the beam passes. The passageway is pro-
vided with & gap lying in a plane transverse to
the beam path. As the modulated beam of elec-

L4

trons passes across this gap, energy is transferred

from the beam to the resonant cavity circuit
which provides the output circuit for the tube
and which can be coupled to a radiator or to an
amplifier.

Referring to Figure 11, the tube is provided
with a concave surface cathode {5 which can be
made of tantalum. This cathode is heated by
electron hombardment from an auxiliary cathode
{6 made for example in the form of a tungsten
spiral and surrounded by a focusing shield or cup
IT for directing the electrons from the filament
to the cathode i{5. The cathode spiral 16 is sup~
plied with heating current by means of leads {8
and 1§ and the main cathode {5 is supported at
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the end of a tubular member (5’ to which the .

cathode lead 26 is electrically connected. The
electron beam-is modulated by means of the grid
21 and passes through a pair of screen and accel-
erating tubular electrode members 22 and 23
separated by gap 24 and the electrons are col-
lected by means of a collector electrode 25 which
is provided with a cooling jacket 26 for cooling
the coliector. The accelerating and screening
electrodes 22 and 23 are cylindrical and conically
shaped to avoid absorbing electron current from
the beam which may tend to spread. The output
circuit is of the closed resonant cavity type and
is formed by two conically shaped metal surfaces
27 and 27’ joined at the periphery by a short
cylindrical section 271. The gap in the resonant
cavity registers with the gap between the accel-
erated electrode members 22 and 23 to which
the conically shaped sides of the resonant cavity
are secured and electrically connected.

In order to practice my invention the cathode
1§ is mounted in the supporting tubular member
28 of cylindrical form, a collar 28 of insulating
material serving to insulate the tubular cathode
extension 15’ from the tubular member 29 but
permitting capacity coupling therebetween. Thus
the leads for the heater and cathode are shielded
by means of the tubular member 29 which serves
as the inner member of a concentric line circuit.
The control grid 21 is supported at the end of a
tubular member 30 of cylindrical form surround-
ing and coaxial with the inner tubular member
29 to form the outer portion of the concentric
line circuit, the ends being closed by disc mem-
bers 31 and 31’. The cathode grid circuit is
formed by the tubular members 29 and 30 which
constitute the inner and outer conductors of a
concentric line shorted by the closure disc 31.
This cathode-grid circuit, which may be referred
to also as.a resonant cavity tank circuit, corre-
sponds to impedance Z: of Figure 9. The large
capacitance between the cathode support or ex-
tension 15’ and cylindrical member 29 serves to
by-pass radio frequency current from the cathode
to the tubular member 29.

The closure member 3f is provided with an
aperture through which the lead wires 18, 19 and
-~ 20 extend and a collar or extension 32 to which
the insulating cup-shaped member 33 is sealed
and through which the conductors pass and are
sealed. The cup-shaped member 33 hermetically
seals the interior of the circuits.

A third tubular member 34 of cylindrical form
is coaxial with and surrounds the other two tubu-
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lar members. It is provided with closure mem-
bers 34’ and 31, a gap 22’ being provided be-
tween the closure member 37’ of tubular member
34 and closure member 3i’ of tubular member 30.
The space between the cylinders 30 and 34 forms
a resonant space which provides an impedance
equivalent to Z: shown in Figure 9 between the
control grid and accelerating or screen elec-
trode 22,

To provide an insulating support between the
accelerating and screen electrodes 22 and 23 to
which a high positive voltage is applied in opera-
tion and the grid 21 to which a negative bias is
applied, the cylinder 34 is supported on the wall
of the tank circuit by the insulating glass cylinder
or collar 35 sealed to the cylindrical collar mem-
bers 36 and 37 supported on the cylindrical mem-
ber 34 and the wall 21’ of the tank circuit respec-
tively. High capacitance between the end por-
tion 37’ of the cylindrical member 34 and the
adjacent wall of the tank serves to by-pass high
frequency circulating current so as to reduce the
radio frequency potentials between the tubular
member 38 and the wall of the tank to a neg-
ligible value. The collector 25 is supported in
like manner from the other wall of the tank cir-
cuit to which is attached the collar extension 38,
the collector cooling jacket being provided with
collar extension 39, both sealed to the insulating
cylindrical member or collar 46.

Independent tuning of all circuits is provided
by means of plunger type condensers, for exam-
ple the outer tubular member 30 is provided with
a collar or extension 4{ surrounding an aperture
in the outer surface of the tubular member.
Sealed to this extension is a re~entrant insulating
tube 42 extending through this aperture and an
aperture in the inner tubular member 28 provided
with the extension 43 surrounding the aperture.
This re-entrant glass tube is preferably made of
low loss glass or of quartz. The tuning plunger
44 is inserted within the re-entrant insulating
tube and may be adjusted by means of the in-
sulating rod 45 attached to the plunger. Varying
the position of the plunger changes the capaci-
tance between the adjacent circuit elements and
thus affords a means for tuning of the internal
circuits. For tuning the screen circuit the same
kind of arrangement is provided at 46, the tubular
member 34 being provided with an aperture
around which extends collar 4{’, the re-entrant
glass tubing extending within the cup-shaped ex-
tension 43’ in the tubular member 30. A like ar-
rangement is shown generally at 47 in“the tank
circuit. .

The coupling between the cathode-grid and
grid-screen circuits, which coupling corresponds
to impedance Zp in Figure 9, is provided by means
of closed loop 50, the position of which is ad-
justable by means of adjusting rod 5{. An ex-
tension 48 on the outer tubular member 34 sur-
rounds an aperture into which a re-entrant glass
portion 48 extends through a registering aperture
in the tubular member 30. The position of the
closed loop 50 determines the degree of coupling.

The driving power to the grid-cathode circuit is
supplied from an R.-F. generator by means of g
loop 52 extending within a re-entrant portion 53
positioned within an aperture in the outer sur-
face of tank member 30. The output from the
tank circuit is obtained by means of a loop 54
extending within a re-entrant glass portion 5%
supported by the tank circuit and extending
through an aperture in the tank circuit.

The outer tubular member 29 is biased nega-
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- slidably supported on the electrode 8¢ by means

tively with respect to the cathode (8 by means of
a voltage source 88. The voltage source 87 places
the cathode I8 at a higher voltage than the heat-
ing filament 16 so that electrons will bombard
the back of the cathode.. The heating current for
the filament is supplied by potential source §58.
The tank circuit is maintained at a highly posi-
tive potential with respect to the cathode by
means of potential source 58 which may be great-
er than the potential source 60 connected be-
" tween the collector and the cathode. :

In operation the input voltage is applied
through the loop 82 to the cathode grid tank cir-
cuit including tubular member 29 and 30. This
causes the grid 21 to modulate the electron stream
from the cathode 18. This modulated beam of
electrons passes by the gap 22’ in the screen-con-
trol.grid circuit delivering energy to the resonant
cavity circuit consisting of the cylinders 30 and
34, which energy is fed back by means of loop
50 in order to minimize the amount of driving
power.: The modulated stream then passes
through the accelerating electrode 22, past the
gap 24 to energize the output tank circuit 21, 27,
215, the decelerated electrons being absorbed by
the collector 25 at a lower velocity. The output
is obtained from the tank circuit by means of
the loop 54 extending within the tank circuit.

It will thus be apparent that by means of the
construction shown in Figure 11 that losses due
to the electron loading effects in the input eircuit
are reduced to & minimum by my invention.
Ohmic and resistance losses due to high circulat-
ing current in electrodes and leads are reduced
to & minimum due to the fact that concentric
lines and resonant cavities used are of high con-
ductivity material and large diameter and due
to the effective by-passing of the radio frequency
currents. Radiation losses are reduced to a mini-
mum because of the shielded circuits. Thus all

three objects contemplated by my invention are -

practiced to provide a tube particularly suitable
for use at ultra-high frequencies at high effi-
cliencies.

In PFigure 12 is shown a longitudinal section of
a modification of my invention in which al] of
the resonant cavity circuits are placed outside
the evacuated envelope 710. The concave spherical-
ly curved cathode 71, which is indirectly heated, is
provided with heater leads 72 and 13, lead 13
serving also as the lead for the cathode. A con-
trol grid T4 is positioned closely adjacent the
cathode and has the same configuration, the
accelerating screen and electrodes 18 and 16 be-
ing supported from the glass envelope by means
of leads 15’ and 716’. The collector 11 is pro-
vided with the radiating fins 78 and the lead and
support wire 79.. A secondary electron suppressor
80 is positioned within the collector adjacent the
mouth of the collector and acts to suppress sec~
ondary electrons generated within the collector.
The tank circuit comprises a pair of flat circular
metal discs 82 and 83 connected together at the
periphery by means of the ring-shaped member
84. The output gap is formed between the two
electrodes 85 and 88 connected to and electrically
supported by the disc-shaped side members of the
tank circuit, the side 82 being provided with an
annular extension 87 into which the cylinder or
collar 88 is slidably fitted to provide a tuning con-
denser for the tank circuit, the collar being pro-
vided with a radially extended lip 89 and ad-
justed by means of insulating rod 80 on the side
of the tank circult. The condenser cylinder is

of the insulating collar members 81 and §2.

The cathode-grid concentric line- circuit com-
prises inner tubular member 83 which serves to
shield the cathode leads and the outer tubular
member 94 coaxial with and concentric with the
inner tubular member 83, the shorting disc 8§
electrically connecting the two tubular members.

. The cathode is capacitively coupled to the inner
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tubular member by means of the cup-shaped ex-
tension 86 electrically connected to the cathode
lead and insulatingly supported on the inner tubu-

lar member by means of the insulating collar 87. -

The grid is electrically connected to the outer
tubular member by means of the spring contacts
98. The resonant cavity for the screen electrode-
grid circuit is provided by means of the outer
tubular member 88 coaxial with and surround-
ing member 84 and shorted by means of the disc-
shaped member 108. The screen electrode-con-
trol grid circuit is tuned by means of the cylinder
103 provided with the adjusting rod {84 and slid-
ably supported on tubular member 94 by means
of the insulating ring-shaped members 108 and
106. To feed back energy from the screen grid-

-control grid circuit to the cathode-control grid

circuit, I provide an L -shaped loop member (07
extending from the space between members 84
and 99 through an aperture into the interior of
tubular member 84, Adjustment is provided by
means of the rod 108. To couple the cathode-
grid circuit to a driver, a loop 189 is provided
extending through an aperture in the tubular
member- 94. The output from the output tank
circuit is obtained by means of the loop {10 ex-
tending within the aperture in the member 84
of the tank circuit. To focus the electron beam
through the tube, solenoids 111 and 112 are pro-
vided for producing a magnetic field in the direc-
tion of the tube axis.

' The grid bias voltage is obtained from the volt-
age source 113 through a voltage divider 113’, the
cathode heating circuit being provided by means
of transformer |14 connected to a voltage source,
The tank circuit is maintained at a highly posi-
tive potential with respect to the cathode by
means of voltage source {15 which may be greater
than voltage source (18 provided with the col-
lector.

The operation of this device is substantially
the same as that shown in Figure 11.

A further modification of my invention is shown
in Figure 13 which is provided with envelope 19
in which all of the electrode and circuit elements
are enclosed, The cathode 120 of concave-shape
is bombarded by means of electrons from cathode
fillament (21 surrounded by the cup-shaped fo-
cusing and shielding member {22, leads 123 and
124 being provided for the heating of fllament
121, and lead 128 being provided for the cathode.
The grid 126 is placed closely adjacent the cath-
ude and the electron beam travels through suc-
cessive accelating electrodes 127 and §28 to the
collector 129 supported on the lead 130 and pro-
vided with the suppressor ring 131 provided with
the lead 132.

The cathode-grid tank circuit comprises the
slightly curved disc-shaped sides (33 and 134
electrically connected at their peripheries by
means of ring-shaped member {38, the inner part
of the circuit being provided with the tubular
extension {35’, which is capacitively coupled to
the cathode extension. 120’, the side |34 support-
ing the grid 126. The screen electrode-control
grid resonant cavity comprises the side wall mem-
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bers 136 and 137 connected at their peripheries by
means of the ring-shaped member §{38. Thus a
second resonant cavity is provided surrounding
the resonant cavity of the cathode-control grid
circuit. The accelerating or screen electrode 127
is secured to the wall {37 of the screen electrode-
control grid circuit. The resonant cavity output
circuit comprises the side wall {37, the side wall
139 and the outer ring member 140 connected
at the peripheries. The ring members 146 and
138 could of course be extensions of each other.
The accelerating electrode {28 is connected to
and supported by the end wall 138.

A coupling and tuning of the circuits is per-
mitted in the same manner as in the other modi-
flcations of the applicant’s invention, that is the
envelope is provided with a number of re-entrant
portions extending through apertures in the vari-
ous tank circuits and providing passageways for
coupling loops or tuning condensers. The driver

circuit is coupled to the grid-cathode circuit by

loop (41 extending within re-entrant portion i48’.
The screen electrode-control grid tank circuit
and the control grid-cathode tank circuit are
inductively coupled to permit feedback by means
of the loop 142 within extension i42’. This loop
is mounted within the re-entrant portion {42’ of
the envelope extending through apertures in the
two tank circuits. Tuning of the cathode-control
grid tank circuit is accomplished by means of
the tuning plunger 143 slidably mounted within
the re-entrant tube 144 extending through ap-
ertures 136’ and 133’ in the tank circuits and
the extensions 133’ and (38’ between which is
provided a gap. Tuning of the screen electrode-
control grid circuit is accomplished by means of
the tuning plunger {45 mounted within the re-
entrant glass tube {86. The plunger 145 enters
a tubular member {49, which is attached to mem-
ber {34, and also projects into a tubular well
{50 connected to the electrode {27. A similar
arrangement. is provided for tuning the output

[5]
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circuit, the plunger {47 being slidably supported -

within the re-entrant tube 148 and coupling ex-
tensions {51 and {52. The output is delivered by
means of the loop 147" mounted within the ex-
tension 148’, which extends through an aper-
ture in the ring-shaped connecting member {406
of the output tank circuit. Healing current is
supplied by means of potential source {52’ and

potential difference for causing bombardment

of the rear surface of the cathode {20 by voltage
source £58. Grid bias is furnished by means of
voltage source (53. The potentials required for
the tank circuit and the collector are provided
respectively by potential sources {55 and §56.

The operation of this form of my invention
corresponds to that in the other modifications
shown,

A still further modification of my invention
is shown in Figures 14 and 14e. This modifica~-
tion is somewhat similar tc the form shown in
Figure 13, but is provided with a multi-element
arrangement of cathode and grid and multi-
cellular accelerating electrodes in order to re-
duce space charge and electron transit time ef-
fects. 'The principles by means of which space
charge effects are reduced in multi-cellular beam
devices is more fully set forth and claimed in
my copending application Serial No. 323,071 filed
March 9, 1940, and assigned to the same assignee
as the present application. Briefily by providing
a2, multi-cellular type arrangement the space
charge effects are substantially eliminated by
maintaining the space potential through the elec-
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trodes at a higher potential than would be the
casg where a single large beam of electrons is
used,

In the arrangement here shown envelope 159
encloses the electrodes and tank circuits. The
cathode comprises a plurality of cathode ele-
ments {68 provided with the supporting cup-
shaped member 16§ and heater and cathode
leads 1682 and (63. The grids 64 are of a
multi-element type and the beams pass through
multi-cellular accelerating electrodes {65 and 166
having passageways registering with the cathodes
and grids, the electrons being coliected by means
of the collector 168 in front of which is mounted
the suppressor §69. Leads {70 and {7f are pro-
vided, respectively, for the collector and the sup-
pressor. The grid-cathode circuit 172 comprises
a member formed by two truncated cones one
of which supports on its interior a tubular ex-
tension 173 capacitively coupled to the cathode
coliar 16f. The other cone supports grid {64.
The screen electrode-control grid circuit com-
prises the wall members 175, 176 and {77, the
wall §76 supporting the screening and accelerat-
ing electrode 165. The output tank circuit com-
prises the wall member {16, a conically shaped
wall member {78, these being electrically con-
nected at their peripheries by means of ring-
shaped member 178 which can be formed as an
extension of the member {77. The accelerating
electrode 166 is supported by the wall member
178. The usual re-entrant glass tubular exten-
sions are provided, the input loop 180 extending
within the re-entrant portion 181, which in turn
extends through the apertures in the circuits
for the screen electrode-control grid tank and
cathode-control grid tank. The output is de-
livered by means of a loop 82 extending with-
in the re-entrant tubular member 183 exfending
within an aperture in the output tank circuit.
Heating voltage is supplied by means of the
voltage source #83 and grid bias by means of
voltage source 184, the output tank voltage being
provided by potential souirce 185 and the collector
voltage by means of potential source {86. A sec-
tion taken along line {4a—I{4e looking towards
the cathode is shown in Figure 14a. The oper-
ation of this device is substantially the same
as that of the other forms described. A coupl-
ing loop not shown, but which may be sub-
stantially like loop 42 in Figure 13, can be used
for coupling the cathode grid and screen and
accelerating electrode resonant cavity tank cir-
cuits 112 and 175,

Tt will be apparent from the above discussion
and description that I have provided an electron
discharge device particularly suitable for use at
ultra-high frequencies since both ohmic and
radiation resistance losses due to high radio
frequency circulating currents in electrodes and
leads have been substantially eliminated, and
because electron loading, which results from in-
teraction of the electron stream and the circuit,
including regenerative or degenerative effects
caused by lead impedance, has also been sub-
stantially neutralized. This is accomplished by
means of leads and external conductors of highly
conducting material and large diameter. The
radiation losses are reduced to a minimum by
thoroughly shielded circuits .comprising closed
type cavity resonators.

While I have indicated the preferred em-
bodiments of my invention of which I am now
aware and have also indicated only one specific
application for which my invention may be em-
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ployed, it will be apparent that my invention is
by no means limited to the exact forms illus-
trated or the use indicated, but that many varia-
tions may be made in the particular structure
used and the purpose for which it is employed
without departing from the scope of my invention
as set forth in the appended claims.

What I claim asnewis:

1. An electron discharge device having a cath-
ode electrode for supplying a stream of electrons
and a collector for collecting said electrons, a
control electrode intermediate said cathode elec-
trode ang said collector and a screen electrode
intermediate said control electrode and collector,
a first impedance connected between said cathode
and control electrode and a second impedance
connected between said control electrode and sald
screen electrode, said second impedance being free
of any direct inductive coupling with said first
impedance, and means electrically .coupling said
impedances together, said last means being cou-
pled only to said impedances for transferring en-
ergy only between said first impedance and said
second impedance.

2. An electron discharge device having a cath-
ode electrode for supplying a beam of electrons
and a collector for collecting said electrons,
control electrode intermediate said cathode elec-
trode and said collector and a screen electrode
intermediate said control electrode and collector,

“a first impedance connected between said cathode
and control electrode, and a second impedance
connected between sald screen electrode and said
control electrode, means electrically coupling said
impedances together, ‘and means intermediate
said screen electrode and said collector for in-
ductively extracting energy from the electron
beam as it moves from said cathode to said col-
lector. :

3. An electron discharge device having a cath-
ode electrode for supplying a beam of electrons
and a collector for collecting said electrons, a
control electrode intermediate said cathode elec-
trode and said collector and a screen electrode
intermediate said control electrode and collector,
a first impedance connected between said cathode
and control electrode, and a second impedance
connected between the control electrode and
screen electrode, and means electrically coupling
said impedances together, said means being cou-
prled only to said impedances for transferring
energy only between said second impedance to
sald first impedance, and means intermediate
sa'd screen electrode and said collector for in-
ductively extracting energy from the electron
beam as it moves from said cathode to said col-
lector.

4. An electron discharge device having a cath-
ode elecirode for supplying a beam of electrons
and a collector for collecting said electrons, a
control electrode intermediate said cathode elec-
trode and said collector for modulating said beam
of electrons and a screen electrode intermediate
said control electrode ang collector, a Arst im-
pedance connected between said cathode and
control electrode, and a second impedance con-
nected between the control electrode and screen
electrode, means electrically coupling said imped-
ances together, said last means being coupled
only to said iImpedances for transferring energy
only between said second impedance to said first
impedance, and a resonant cavity tank circuit
surrounding the path of said beam between the
control electrode and the collector for inductively
abstracting energy from said beam.
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5. An electron discharge device having a cath-
ode electrode for supplying a stream of electrons
and a collector for collecting said electrons, a
control electrode intermediate said cathode elec-
trode and said collector and a screen electrode
intermediate said control electrode and collector,
a tubular member electrically coupled to said
cathode electrode, a first conducting member elec-
trically coupled to said control electrode and said
tubular member and forming with said tubular
member a first tank circuit, a second conducting
member electrically coupled to said screen elec-
trode and said first conducting member and pro-
viding with said first conducting member a second
tank circuit, and coupling means coupling said
tank circuits together. .

6. An electron discharge device having a cath-
ode electrode for supplying a stream of electrons
and a collector for collecting said electrons, a
control electrode intermediate said cathode elec-
trode and said collector and a screen electrode
intermediate said control electrode and collector,
a tubular member electrically coupled to said
cathode electrode, a second tubular member sur-
rounding said first tubular member and electri-
cally coupled to said control electrode and form-
ing with the first tubular member a first tank
circuit, a third tubular member surrounding and
electrically coupled to said second tubular mem-
ber and said screen electrode and providing with
sald second tubular member a second tank circuit,
and mean coupling said tank circuits together.

7. An electron discharge device having a cath-
ode electrode for supplying a stream of electrons
and a collector for collecting said electrons, a
grid electrode intermediate said cathode elec-
trode and said collector and a screen electrode
intermediate said grid and collector, a first con-
ducting member electrically coupled to said cath-
ode electrode, a second conducting member elec-
trically coupled to said grid and surrounding said
first conducting member and forming therewith
a tank circuit, a third conducting member elec-
trically coupled to said screen electrode and sur-
rounding sald second conducting member and
providing therewith a second tank circuit, and
coupling means coupling said tank. circuits to-
gether, and other circuit means having a gap
surrounding the electron stream between the
cathode electrode and collector inductively ex-
tracting energy from said electron stream.

8. An electron discharge device having a cath-
ode electrode for supplying a stream of electrons
and a collector for collecting said electrons, a
control electrode intermediate sald cathode elec-
trode and said collector and a screen electrode
intermediate said control electrode and collector,
a Airst tubular member electrically coupled to said
cathode electrode, a second tubular member elec-
trically connected to said control electrode and
surrounding said first tubular member and form-
ing therewith a concentric line circuit, an im-
pedance electrically connected between said
screen electrode and said second tubular mem-
ber, and coupling means electrically coupling said
concentric line circuit with said impedance.

9. An electron discharge device having a cath-

ode electrode for supplying a stream of electrons -

and a collector for collecting said electrons, a
control electrode intermediate said cathode elec-
trode and sald collector and a screen electrode
intermediate said contro] electrode and collector,
& first tubular member electrically coupled to said
cathode electrode, a second tubular member elec-
trically connected to sald control electrode and
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surrounding said first tubular member and form-
ing therewith a concentric line circuit, an im-
pedance electrically connected between said
screen electrode and said second tubular member
and including g third tubular member surround-
ing said second tubular member and coupling
means electrically coupling said concentric line
circuit with said impedance, and other circuit
means hetween the screen electrode and collector
for inductively extracting energy from said elec-
tron stream as it passes from the cathode elec-
trode to the collector. - :

10. An electron discharge device having a cath-
ode including an elongated cup-shaped member
provided at its closed end with an emitting sur-
face for providing a stream of electrons, a col-
lector electrode for receiving electrons from said
cathode, a cavity resonator surrounding said
cathode and a grid supported adjacent the emit-
ting surface of said cathode by said cavity resona-
tor, said cavity resonator having a gap register-
ing with the space between the cathode and the
~ grid, an auxiliary electrode positioneq between
the grid and the collector and a cavity resonator
coupled to said auxiliary electrode and to the first
cavity resonator, and a - third cavity resonator
surrounding the electron discharge path between
the cathode and collector and provided with a
gap surrounding the discharge path intermediate
the auxiliary electrode and the collector.

11. An electron discharge device having a cath-
ode electrode for supplying a stream of electrons
and a collector electrode for collecting said elec-
trons, a control electrode intermediate said cath-
ode electrode and said collector and a screen elec-
trode intermediate said contro] electrode and col-
lector, a cavity resonator coupled between the
cathode electrode and control electrode, a second
cavity resonator coubled between said control
electrode and said screen electrode, and means
electrically coupling said cavity resonators to-
gether, and a third caviiy resonator having a
passageway therethrough and provided with a gap
surrounding the electron path between the screen
electrode and the collector.

12. An electron gischarge device having a cath-
ode electrode for supplying a stream of electrons
and a collector for collecting said electrons, a con-
trol electrode intermediate the cathode electrode
and the collector for modulating the electrons,
and a screen electrode intermediate said control
electrode and collector, a first tubular member
electrically coupled to the cathode electrode, and
a second tubular member surrounding and coaxial
with said first tubular electrode and electrically
coupled to said control electrode and forming
with said first tubular member a concentric line
tank circuit, and a third tubular member elec-
trically coupled to said screen electrode and sur-
rounding and coaxial with the second tubular
member and providing therewith a cavity resona-
tor, and means coupling said cavity resonator with
said concentric line circuit.

) 13. An electron discharge device having a cath-

ode electrode for supplying a stream of electrons
and a collector for collecting said electrons, a
control electrode intermediate the cathode elec-
trode and the collector for modulating the elec-
trons, and a screen electrode intermediate said
control electrode and collector, a first tubular
member electrically coupled to the cathode elec-
trode, and a second tubular member surrounding
and coaxial with said first tubular electrode and
electrically coupled to said control electrode and
forming with said first fubular member & con-

10

15

20

26

30

35

40

45

86

58

60

a5

70

75

'

centric line tank circuit, and a third tubular
member coupled to said screen electrode and sur-
rounding and coaxial with the second tubular
member and providing therewith a cavity resona-
tor, and means coupling said cavity resonator
with said concentric line cireuit, and a cavity
resonator positioned between the screen electrode
and the collector and having a passageway there-
through and surrounding the discharge path be-~
tween the confrol electrode and cathode, said
passageway being provided with a gap surround-
ing the electron path intermediate the screen
electrode and the collector for inductively extract-
ing energy from the stream of electrons.

14. An electron discharge device having g cath-
ode for supplying a stream of electrons, said
cathode including a tubular portion, a tubular
member surrounding the tubular portion of said
cathode and capacitively coupled thereto, a sec-
ond tubular member coaxial and concentric with
said first tubular member and forming therewith
a coaxial line tank ecircuit, & grid supported by
said second tubular member adjacent the cathode,
an accelerating electrode and a collector for re-
ceiving said electrons, a tank circuit electrically
coupled between said second tubular member and
said accelerating electrode, means coupling said
tank circuit with said coaxial line tank circuit
and output means coupled to the electron stream
for abstracting energy from said electrons.

15. An electron discharge device having a cath-
ode for supplying a stream of electrons, said
cathode including a tubular extension, a tubular
member surrounding the tubular extension of
said cathode and capacitively coupled thereto, a
second tubular member coaxial and concentric
with said first tubular member and forming there-
with g coaxial line tank circuit, 2 grid supported.
by said second tubular member adjacent the cath.
ode, an accelerating electrode and a collector for
receiving said electrons, a cavity resonator elec-
trically coupled between said second tubular mem-
ber and said accelerating electrode, means cou-
pling said cavity resonator with said coaxial line
tank circuit and a cavity resonator inductively
coupled to the electron stream between said grid
and said collector for abstracting energy from
said stream of electrons.

16. An electron discharge device having an
elongated cup-shaped member provided at its
closed end with an emitting surface for provid-
ing a cathode, a collector for receiving electrons
from the cathode, a tubular member coaxial with
and surrounding said cup-shaped member and
capacitively coupled thereto, & second tubular
member surrounding said first tubular member
and forming therewith a concentric line tank
circuit, a grid supported adjacent the catho