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7 Claims.

This.invention relates to improvements in ultra
high frequency electronic devices, and particu-
larly to an electronic device in which the oper-
ating parameters are controlled by an oscillating
eleciric lens.

In ultre high freguency electronic devices the
trensit time and the course or path of the elee-
trons are importent factors.
electron may e altered by subjecting the elec-
- $ron o the infiuence of & magnetic or electro-
stetic Beld. If the feld is appropristely shaped,
an electric lens will be formed. Flectrons pass-
ing through such & lens will be focused just as
light waves are focused by & conventional lens.

Whils such electric lenses have been used in
glectron microscopes, to form images of electron
transparvent seesimens, and in other electronic
devices, these lsnses are adjusted primerily to ob-
tain a fAxed focus.
invention, means are provided whereby an elec-

The path of an
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As an object of the present
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tric lens of oscillatory focsl length may be used

to amplify or to modulate ulira high frequency
currents. Another object is in the provision of
means, in an ulire high frequency smplifier, for
focusing elesirons upon different portions of a
resonan$ output circuit as & function of the input
gurrents whereby amplification is obtained. An-
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- other object is to provide mesns for modulating -

ultre high frequency oscillations by directing

clectrons through & focusing field which is varied

at the modulation frequency.

The invention will be described by referring to
the sccompanying drawing, in which Fig. 1is e
schematic llustration of an electron lensg; Figure
2 is & circuit diagram of one embodiment of the
invention; Figure 3 is & circuit diagram of an
embodiment of the invention in which push-pull
operation is employed; Figures 4 and 5 are frag-
mentary views of modified output circuits; and
Pigure 6 is & graph representing the operating
.characteristics of the invention. "Similar refer-
_ence cheracters indicate similar elements.
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Referring to Fig. 1, if & pair of hollow cylinders -

@ and b are suitably polarized, an electric lens will
be formed. The cusved lines C indicate the field
through which are passed the electrons to be

focused. Ths focal lengths f1 and fz are mdl-‘

cated by the equa.tion

i= _'\/Va B

" where Ve and Vb a.re, respectively, the potentials
‘of the cylinders. -As the ratio of the.cylinder
potentials increases, both focal lengths decrease.
Iﬂ an alternating potential is applied to one of
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‘upon the outer electrode 21.

" the cyunders s variation in the focal lengths of
the lens will be produced. Under the infiuence -
of such o lens, the passing electrons will cover
g varinble ares, at & fixed distance from the lens,
as the focus changes.

One application of the variable electric lens to
an ultra high frequency device is illustrated in
Fig. 2. Within an evacuated envelope { are
mounted an electron gun 3, a first hollow cylin-
drical clectrode 5, & second hollow cylindrical
electrode 7, & thn'd hollow cylindrical electrode
§, and an output circuit {§. The three hollow
cyhndrical electrodes form an electron lens in
which the center electrode is connected through
a transformer secondary winding {8 and @ bias-
ing winding 5 to ground. The primary wind-

ng 17 is connected to & source of signals to be
ampliﬁed or applied to modulate an ultra high
frequency oscillation as hereinafter described. -

The output circuit is preferably of the con-

-centric line type and includes & pair of concen- -

trically arranged electrodes 19, 21 which are con-
nected, respectively, to the inner and outer con-
ductors. The output circuit is bissed positively
by means of & battery 23. The outputb connection:
may ke made by coupling 0 the line or by & con-

‘ductive. connection. to points of suitable imped-

ance between the inner and outer conductors,
The output elrcuit may include a feedback con--
nection 25. - This connection cogsists of a tuned
circuit 27. which may be connected to the first
cylindrical electrode 8, or other electrode inter-
mediate the output circuit and the gun 8.  The
tuned circuit is coupled to the output circuit 4
by & primary winding 28 and a connection 3{ to
the inner electrode of the outbut circuit. The
feedback circuit, which may be of the concentric
line type, is used to establish regeneration or ultra
high frequency oscillations. If no regeneration
or self-oscillation is required, the feedback cir-

cuit may be eliminated.

The mode of operation is as follows: Electrons
from the electron gun § are directed through the
several cylindrical electrodes. §, ¥, 9 toward the
concentric electrodes 18, 2{. - The lens is ad-

justed by varying the bias {5 until the electrons

are focused on.the inner electrode {9 in the
absence of signals. The transformer 13, {1 con-
nections are adjusted so that the potential of an
applied signal will change the focus of the lens
and will cause some of the electrons to impinge
The adjustment may
be made so that an appled signal of one polarity
will focus the electrons on the inner electrode,
and the signal of opposite polarity will focus the
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majority of the clectrons on the outer electrode.
16 should be understood thet not all of the elec-
trons focused on the outer electrode will fall on
. that clectrode because the impinging electrons
will cover a disc shape area, which will include
the inner electrode. In any event, if the fre-

- quency of the cutpub civeuit is suitably adjusted, -

the alternate focusing of the clectrons will estab-

lish amplified signel cun‘ents in the output cir-

cuit,

The feedback circult may be adjusted to estab-
lish ultra high freguency oscillations, and these
oscillations may be modulated by applying the
moduleting signel to the lens clectrode. The
moduinting signals will vary the focus of fhe
lens, and hence will vary the electron beama im-
pigning on the electrodes of the output eciveuls,
The resultent ulira high frequency currenis
flowing in the output circuit will be modula ted
at signsel freguency.

in the srrangemeni of Fig. 2, & .smgle adiusk-
‘able focus electric lens is used im the empliffer
or oscillator. The invention is not limited o a

single lens, bub may be used to advaniage with a
plurality of lenses and with push-pull. input as
shown in Fig. 3. In the space betwesn the gun 8
and the outpui electrodes (9, 20 are arranged
two push-pull controlled lenses 83, 86. The fArst
lens 38 includes two hollow cylindrical electrodes
© 87, 39 which are -connected to the balanced
secondary of an inpub transformer §{. The cen-
ter-fap of the secondary may bes comnected
through a bigsing betiery (8 to ground. The pri-
mary of the inpuf transformer 4§ is connected to
the source 43 of currenis which are to be ampli-
fied. The second lens 3§ includes similar elec-
trodes 07, 39 which are connected through a
similar transformer &0 to the inpubt source 43.
A phasing civcult 45 may be included in the con-
nections to one of the lenses so thati the phase of
the currents applied to the lenses may be prop-
erly adjusted. While the device of FFig.. § hss
been described as an amplifier, it may be used as
"an oscillator by coupling the output and input
circuits as described in connection with Fig. 2
Instead of using inductive coupling the capacitive
coupling hetween the lens clements meay ke used
to couple the gutput to the input..

If the meximum variation of local length is de-
sired, both the electron beam velocity and the

electrode spacings should. be so adjusted that a-

half period is required for an electron transit
from the first lens to the second lens.
transit time through a lens should be a half
period or less. Thus adjusted, the device will
pass electrons through successive lenses at the
- same part of the cycle. The phasing circuit 45
permits other adjustments of phase and transit
times to be made with respect to the circuit ele-
ments between which the phasing circuit is inter-
posed.:
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ferences. The diameter of the inner electrode
ghould be made approximately equal to the di-
ameter of the electron beam with no high fre-
quency voltage applied to the lens. The diameter

- of the oufer electrode should bhe made equal to

the diameter of the electron beam with the max-
imum high frequency voltage applied to the lens.

Instead of focusing the electron beamr on alter-
nate electrodes which are connected to the reso-
nent circuit, the beam may be alternately focused
on the outer portion 53 and then on the inner
portion 58 of a rescnant cavity §7, as shown in
Fig. 5. ‘The elecirons passing through apertures
in the cavity establish waves therein. The out- .
put currents are induced in a coupling loop 59.
A positively biased target electrode 6§ is posi-
tioned behind the apertures in the resonant cav-
ity. It should be understocod that the electrons
moeving through the cavity give up energy just
as the electrons impinging on the target elec
trodes (0 and 2( give up energy. In either mode
of gperation the device may be adjusted to oper-
ate obout the reference line marked O or either
of the reference lines marked 63 and 88 of Pig. €
by suitebly biasing the lens. If the device is -
biaged fo operaie about the point O, freguency
doubling will take place if the potentials applied
to the lens extend from —E to +E.°

I cisim as my invention:

1. An electronic device including in combina-
tion 2 source of -clectrons, en output circuit in-

" eluding electrodes upon which electrons from said
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gource are impinged, means for feeding energy

“from said output circuit to vary the electrons

Aowing from -said source thereby to establish
ultra high frequency oscillations, an electric lens
of varlable focus loceted between said source and

- sald electrodes, and means for applying a modu-
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letion signal to said lens to vary its focal length
and thus to focus electrons from said source upon
first one then the other of said electrodes so that
said ultrg high frequency’ oscﬂlatlons are modu-
Iated.

2, An electromc device including an electron
sotirce, an cutput circuit including a pair of con-
centrically disposed electrodes of opposite in-
stantaneous polarity, an €lectric lens of variable
focal length entirely disposed between said source
and said electrodes, means for directing electrons
from, said source through said lens to one of said
electrodes, and -means for varying the focal
length of said lens to direct said electrons upon
the other of said electrodes.

‘3. An electronic device including an electron
source, an output circuit including a pair of con-
centrically disposed electrodes of opposite in--
stantaneous polarity, a pair ‘of electric lenses of
variable focal lengths disposed between said

- source and said electrodes, means for directing

As the focal length of the lens isvaried some ;

* velocity modulation will occur. Electrons con-
verging upon the nearer or inner electrode 19

‘ will have been accelerated in passing through the

lens system and will have a ghorter overall tran= -

sit time. In some. cases this velocity’ modula-
tion may be large enough to distort the wave

form of the amplified currents. By extending the . ..

outer electrode 81 with respect to the inner elec-

trode 48, as shown in Fig. 4, the distances to the
"~ electrodes may be arranged to compensate for the
_ differences in transit times.

‘Moreover, by curv- :
ing the electrodes the efficiency may be increased
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electrons from said source through said lenses to -
one of 3aid electrodes, and means for applying
potentials in push-pull relation to said pair of
lenses to vary their focal lengths. to direct said

- electrons upon the other of said electrodes.

4. A device according to claim 2 in which said-
pair of electrodes are positioned at different dis- -

'tances from the center of said lens along its axis,

5. A device according to claim 2 in which said
palr of electrodes form curved surfaces for com-
pensating for differences in electron transit -

. times,

6. An electronic device including a source of .

electrons, a resonant cavity including a pair of -
" electrpde surfaces separated by an aperture for .

by turther compensating for the translt time gif- u pamnc electrons throuzh said cavity. an electtic
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lens disposed between sald source and seid sur-

faces, means for directing elecirons from z0dd .

source through said lens upon said surfaces, and

means for varying the focus of said lens 80 that
said elestrons alternately impinge on said sur-
_ faces and pass through said aperbure. .
7. An electronic device for generating Wlira-
high frequency poientials including in combing-

tion, a source of electroms, an outpud ci;'cim b

5
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cluding clectrodes upon which electrons from
s2dq source are impinged, an electric lens of vari- .
ebls focus dlsposed between said source and seid
electrodes, and means for feeding energy from
seld oulnut cirewitto said lens to.vary the elec-
twons Sowing from said source thereby to estab-
lisk high frequency pscillations, ]

ERNEST G. LINDER.



