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Synopsis

A Barkhausen-Xurz type electron tube with a confining d.c. mag-
netic field, the so-called Osaka Tube, was designed and fabricated to
operate at 2.5 mm wave length with a purpose to study the possibility
of its practical fabricability. Oscillation was detected at a wave~
length of 2.5 mm at a magnetic field of 4,000 gauss and an anode vol~
tage of 800 volts. No special precision machining was adopted, and
therefore the output and efficiency were not the prime purpose of this
experiment other than to find the possibility of oscillation. Owing
to the restricted cathode area of 0.1 mm2, it was anticipated that at
best an emission current of 1 mA would be drawn. However, actually,
an emission current of 4 mA resulted, which indicates that further
reduction of operating wave length may be possible. Problems still
remain in the mechanical tuning construction and also in the improve-
ment of efficiency, the solution of which lies in the precision of the
machining process.

Design Procedure

This work is a continuation of our previous studies(l)~(3)on Osaka
Tube in the longer nillimeter wave region. The present work was aimed
at designing an Osaka Tube in the shorter millimeter waves capable of
operating at comparatively low anode voltage and magnetic field.

These requirements necessitates the reduction of the electrode dimen-~
sions. Thus, a choice of 0.5 mm for the distance between the cathode
and repeller necessarily results in a distance of 0.1 mm between the
repeller and the anode where the spacing becomes closest, since the
anode comprising the cavity resonator must be located between the ca-
thode and repeller.

The cavity resonator was machined from a copper disc, (Fig. 1 & 2).
Here, it was ‘noticed that the precision of welding to ensure the conduc-
tivity of the internal wall of the cavity poses a problem.

The basic relation that governs the electrode dimensions and the
operating parameters with regard to the operation frequency is given in
Fig. > together with the computed results. Here, the computed curve
shows the relation between the anode voltage and the magnetic field with
respect to thé operating frequency. he letter n in the formula and
figure denotes the order of the dwarf 2)'r(3)wstve. Frequencies of 100
GC, 120 GC and 150 GC represent the central frequencies of the cavity
resonators which are to be determined by the designated dimension of the
cavity, other dimension as Dx, Dy, etc. being kept constant.
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Experimental Results

Figs. 4, 5 and 6 illustrate the anode currentie:gemus =mode voltage
characteristics-uider constant magnetic field withildh, hea %er input as a
parameter. P o

Fig. 7 shows the current versus voltage charafeaerdsti <s at constant
heater input of 1.10 amp. with the magnetic field 4. 4par=meter. From
these figutes it is inferred that the electrons arifiifyrly well formed
into bunches that describe to-and-fro oscillationsis agempe<ted. However,
while oscillations readily result with tubes of lajeeer dimensions designed
for lower frequencies, the range of oscillation inihphis ex tremely short
wave region is seen to be small.

An example of the oscillating chuaracteristicsis g5 follows.

Vp = 800 “volts Order of dwarf Wie ae, n = 15
B =4000 gauss . Heater pover, Ph= 8 watts
Iy = 200 p amp. Wavelength, A= 2,6 mm
Output power, Po= 10 n watts.
The descrepancy of the operating wavelength aj- the designed value

may have resulted from the expansion of the cathoditugterepesller distance
during mounting of the electrode parts.

The efficiency and output are expected to be lprgouved if more precise
machining is adopted as well as higher voltage andu eameti < field are
applied for lower n value operation. These aspectirvggain to be compared
with conventional millimeter tubes.

" A NEW DESIGN OF OSAKA TUBE IN THEo((GC EIAVGE

The conception of Design

The possibility of fabricating an Osaka Tube §+ {1 120 GC Band was
verified in the foregoing report. Although elaborijefm of machining pro-
cess to improve the output and efficiency for the ) g¢ twabe is necessary,
a design of the Osaka Tube in the 300 GC band willl = proposed.

. An axial symmetrical reentrant type cavity rewmsmgior wwas adopted for
the Osaka Tube up to 120 GC, which proved to be a ypocsuess, However, there
seems to be a limitation with this type of cavity 4+ i m=chining process
as well as in the effective coupling between the elgtcotron «—urrent and the
cavity, which seems to be around 150 GC. As a COulpre=mmeaseare, a sort of
slow wave structure will be proposed to replace thtps~sgntr =ant type cavity,
whereby forced oscillation due to electron currenty 3If higher order dwarf
waves will be excited, which in turn, through feedilc) fox~ms the electron
current into more discrete higher order dwarf wave I canchin .

The interaction of electron beam and the fiellpteofithe resonant structure
was analyzed and reported (4). According to the awyfwis, the fundamental
component of dipoélé radiation from an electron beanfy.ity scquare wave confi=
guration of bunching may be expressed as,

- l2zwe 12nc

number of electrons that constitute thp (pole

= _ Mo 2, b _ Bo (. Ry =
4Po (qodl) wg = ==0—(Ne dg)e(ﬁ)(m;__;ﬁ)

dg = interaction gap dimension
Vp = anode voltage
Dy = cathode-to-repeller distance
e = electron charge
m = electron mass

Since the effective dipole moment and the effyf~iy arrgular frequency
for the nth order dwarf wave are 1/n and n folds oljp=y fursdamental radia-
tion, respectively, the radiation power of the nthyp—jr dwwarf wave becomes,



..3_

—  Uo ¢ 2¢2eVpy 2 a2
dPy = g5o=(Nedg/n) (-—-—p-me) nk = n2ap,

Actually, formation of sharp bunching may be hindered by the space
charge effect and therefore the output may not reach the above value.

As a rough estimate, assuming an electron current_of 1 mA at an angu-
lar frequency of 2m-3-10l1l rad./sec.. we have N & 3:102. If d, = 0.1 mm
and w= 21-3+1010, we have dPp =10~10 watts. If there are 5 stots along
a total length of lmm, the radiation power is estimated to be about 107° -
watts.

Infra-red radiation may be possible with similar construction, though
the radiation may not be ideally coherent.

In Fig, 8 are illustrated the construction of the proposed Osaka Tube.

Conclusion

An Osaka Tube was designed and fabricated in the short millimeter
region for the purpose to study the practical limitation in fabrication.
Preliminary experiments indicated that it was still possible to reduce
the wavelength below 2 millimeters., Difficulties of fabrication at this
wavelength compares favorably with those encountered with klystrons.
However, actual precision machining problems remain to be solved if the
absolute output power and efficiency are to be questioned. These will be
best solved with the cooperation of manufacturing companies excelling in
the field of micro wave electron tubes.
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“¥ig. 8 Electrode Construction of 300 GG Osaka Tube.
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