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[57] ABSTRACT

A microwave beam tube operating above 4GHz is min-
iaturized by designing the electron gun to produce an
electron beam having a microperveance within the
range of 0.8 to 2.2, A periodic permanent magnet beam
focusing structure is provided which employs ring-
shaped permanent magnets having a coercive force in
excess of 2,000 gauss, whereby the length, size, and
weight of the tube, for a given gain and output power,
are reduced substantially.

7 Claims, 6 Drawing Figures
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1
MINIATURIZED TRAVELING WAVE TUBE

DESCRIPTION OF THE PRIOR ART

Heretofore, periodic permanent magnet focused
traveling wave tubes operating above 4GHz have been
built utilizing samarium cobalt ring magnets or other
high coercive force (2,000 to 6,000 oersteds) ring mag-
nets. However, in these prior designs, the magnets of
high coercive force were merely employed in conjunc-
tion with increased anode voltage to increase the fo-
cused beam power of the tube without redesigning the
electron optics of the tube to utilize a higher perveance
beam.

SUMMARY OF THE PRESENT INVENTION

The principal object of the present invention is the
provision of an improved miniaturized microwave
beam tube.

In one feature of the present invention, the electron
gun is designed to produce a beam of electrons having
a microperveance within the range of 0.8 to 2.2. Peri-
odic ring-shaped permanent magnets having a coercive
force in excess of 2,000 oersteds are employed around
the beam path for developing a periodic beam focusing
magnetic field path, such focusing field within the
beam having a peak intensity in excess of 2,000 gauss,
whereby the size of the tube can be substantially de-
creased and the efficiency of the tube substantially im-
proved for microwave interaction at a frequency above
4GHz.

In another feature of the present invention, the ring-
shaped permanent magnets are made of a rare earth co-
balt material wherein the rare earth component is se-

lected from the group consisting of Y, Sc, La, Ce, Pr,

Nd, Sm, Eu, Gd, Eb, Dy, Ho, Er, Tm, Yb, and Lu.

In another feature of the present invention, the ring
magnets have a ratio of outside diameter to inside di-
ameter falling within the range of 1.3 to 3.0.

In another feature of the present invention, the mi-
crowave tube is designed for a power output of less
than 100 watts c.w. (continuous wave).

In another feature of the Ppresent invention, the mi-
crowave energy developed is centered at a frequency
above 8GHz.

Other features and advantages of the present inven-
tion will become apparent upon a perusal of the follow-
ing specif' cation taken in connection with the accom-
panying drawmgs wherem

BRIEF DESCRIPTION OF THE DRAW]NGS

FIG. 1 is a schematic longitudinal sectional line dia-
gram of a microwave tube incorporating features of the
present invention,

FIG. 2 is an enlarged detailed view of a portion of the
structure of FIG. 1 delineated by line 2—2,

FIG. 3 is a plot of circuit length in inches, beam volt-
age in KV, and interaction efficiency in percent, all vs.
microperveance of the beam for an X-band 20 watt
c.w. travelmg wave tube,

FIG. 4 is a plot of coercive force in oersteds vs. ratio
of outer to inner diameter for an Alnico 8 ring-shaped
permanent magnet and a similar magnet made of sa-
marium cobalt,

FIG. 5 is a plot of coercive force in oersteds vs. mi-
croperveance of the beam depicting the beam focusing
ranges for Alnico 8 and samarium cobalt for various
tube designs, including a C-band traveling wave tube
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2

operating at various output powers, and for 20 watt
c.w. traveling wave tubes at X-band and 20 GHz, and

FIG. 6 is a plot of output power in watts and satura-
tion gain in db vs. frequency in GHz for the 20 watt c.w.
X-band traveling wave tube of FIG. 1.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now to FIG. 1, there is shown a traveling
wave amplifier tube 1 incorporating features of the
present invention. The microwave traveling wave tube
1 includes an electron gun assembly 2 for forming and
projecting a beam of electrons 3 over an elongated
beam path 4 to a beam collector structure § disposed
at the terminal end of the beam path 4.

A microwave circuit 6, such as a tape helix slow wave
circuit, is disposed intermediate the gun 2 and the col-
lector 5 along the beam path 4 for cumulative electro-
magnetic interaction with the beam 3 for amplifying
microwave energy applied to the upstream end of the
microwave circuit 6 to produce an amplified micro-
wave signal extracted from a downstream end of the
circuit 6 by a suitable output RF coupling means.

A conventional evacuated envelope structure 7,
shown in dotted lines, encloses the electron gun, slow
wave circuit 6 and collector 5. A periodic permanent
magnet beam focus structure 8 is disposed surrounding
the beam path 4 intermediate the gun 2 and collector
§ for focusing the electron beam 3 through the micro-
wave circuit 6.

Referring now to FIG. 2, the beam focus magnetic
structure 8 is shown in greater detail. The periodic per-
manent magnet focus structure 8 includes a series of
ring-shaped permanent magnets 9 made of a perma-
nent magnet material having a coercive force prefera-
bly higher than 2,000 oersteds. Examples of such per-
manent magnet material includes the rare earth cobalt
magnet materials wherein the rare earth component of
the magnet is selected from the group consisting of Y,
Sc, La, Ce, Pr, Nb, Sm, Eu, Gd, Tb, Dy, Ho, Er, Pm,
Yb, and Lu. Such rare earth cobalt magnet materials
are disclosed and claimed in copending U.S. applica-
tion Ser. No. 164,066 of L. R. Falce filed July 19, 1971-
and assigned to the same assignee as the present inven- .
tion. In ring-shaped magnets the peak magnetic field
1ntens1ty H, produced on the axis of the magnet, for fo-
cusnng the beam 3, is approximately equal to the coer-
cive force of the magnet material. o

Adjacent ring magnets 9 are spaced by rmg-shaped :
magnetic pole plates 11, as of iron, having inner annu-
lar flange portions 12. The pole pieces 11 are spaced
apart by metallic annular non-magnetic spacers 13.
The annular pole pieces 11 and spacers 13 are brazed
together at their adjoining faces to form the hollow cy-
lindrical vacuum tight envelope 7 of the tube 1. The
ring-shaped magnets 9 are preferably axially cut to
form two half ring members which are then slipped
over the envelope 7 and retained, by retaining rings,
not shown, between the pole pieces 11.

The helical slow wave circuit 6, not shown in FIG. 2,
is supported in the conventional manner via three lon-
gitudinally directed ceramic support rods, as of boron
nitrate, spaced at 120° intervals around the outside of
the helix. An interference fit is obtained between the
helix, the helix suppoftt rods, and the inside cylindrical
bore of the envelope 7, formed by the inside surface of
the annular pole piece flanges 12 and the non-magnetic
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spacer 13 to facilitate thermal conduction from the
helix 6 to the envelope 7.

Referring again to FIG. 1, the electron gun 2 is de-
signed with a microperveance in the range of 0.8 t0 2.2,
where microperveance is defined as the beam current
divided by the 3/2 power of the beam voltage. Mi-
croperveance is a convenient parameter because the
required magnetic focus field is proportional to the
square root of the microperveance. In a typical exam-
ple, the microperveance of the electron gun 2 is 1.0,
the area convergence of the spherically concave cath-
ode emitter 14 and anode is 13.5 to 1, which gives a
cathode loading of 2 amps per square centimeter. The
cathode emitter 14 is preferably a dispenser cathode.
The diameter of the cathode button for a 20 watt X-
band tube is 0.0845 inch and its spherical radius is
0.086 inch.

The electron gun 2 includes a centrally apertured
anode 15 through which the electron beam 3 is pro-
jected into the region of the slow wave circuit 6 and pe-
riodic permanent magnet structure 8. The electron gun
2 has a modulating anode 16 such that the tube 1 can
be operated under dual mode conditions, i.e., pulsed or
c.w. The cathode 14, modulating anode 16, and anode
15 are stacked between ceramic cylinders, not shown,
of 0.342 inch O.D. and 0.254 1.D. to reduce the diame-
ter of the gun 2 to be compatable with the miniature
periodic permanent magnet structure 8.

Heretofore, 20 watt X-band traveling wave tubes
have been designed employing Alnico 8 ring-shaped
permanent magnets for focusing the beam. Alnico 8
has a maximum coercive force of approximately 1,500
oersteds; this limits the design of the gun to approxi-
mately a microperveance of 0.6 as shown in FIG. §. As
a consequence, the prior art tube had a relatively low
efficiency (on the order of 12 percent, as indicated in
FIG. 3), required a beam voltage of approximately 2.5
KV, and had an overall circuit length of approximately
3.75 inches.

In the present invention, a higher coercive force mag-
net material is utilized, such as samarium cobalt, which
has the coercive force in oersteds vs. ratio of outer to
inner magnet diameter d,/d; shown by curve 21 of FIG.
4. By selecting the ratio of outer diameter to inner di-
ameter of the magnetic rings 9 to be approximately 1.5,
a coercive force in oersteds of approximately 3,000 is
obtained. When stabilized for thermal effects at 2,500
oersteds, this yields a peak axial magnetic beam focus-
ing field intensity within the beam of approximately
2,250 gauss. This then permits.a gun microperveance
of 1.0 for an X-band 20 watt tube as shown by curve
22 of FIG. 5.

By utilizing a microperveance of 1.0, the beam volt-
age is reduced to approximately 1,750 volts, the circuit
length is reduced to approximately 2.3 inches, and the
efficiency of the tube is increased to approximately 15
percent. However, by designing the electron gun 2 with
a higher microperveance of 2.0, the beam voltage can
be reduced to approximately 1,250 volts, the circuit
length reduced to approximately 1.5 inches, and the ef-
ficiency increased to approximately 20 percent for an
X-band traveling wave tube operating with a power
output of approximately 20 watt c.w. and employing
periodic permanent magnets having a coercive force of
approximately 5,500 oersteds as shown in FIGS. 3 and
5.
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Thus, the use of rare earth cobalt magnets, having a
relatively high coercive force as illustrated by samar-
ium cobalt in FIG. 5, permits use of tubes utilizing elec-
tron guns having microperveances in the range of 1.0
to 2.0. This allows either increasing the power output
of the tube at a given frequency, such as C-band, as in-
dicated by the C-band curves 22, 23 and 24 or the de-
sign of microwave tubes utilizing a gun 2 having a mi-
croperveance in the range of 1.0 to 2.0 at higher fre-
quency ranges than were heretofore achievable. For
example, Alnico 8 could not have been used for focus-
ing a 1.0 to 2.0 microperveance electron beam for a 20
watt tube at X-band. The maximum microperveance
that could be employed with such a magnetic material
was 0.6.

Since the magnetic field required to focus an electron
beam depends directly on the square root of the beam
microperveance and inversely on the beam diameter,
the greater the microperveance, the greater the re-
quired magnetic field. Since beam diameter is inversely
proportional to the frequency of the tube, the required
focusing field increases directly with frequency. The
higher the frequency range of the tube, the greater the
required focusing field for a given microperveance.

This is roughly illustrated by curves 22, 23 and 24 of
FIG. 5 where the C-band curve for 2,000 watts corre-
sponds roughly to the curve for a 20GHz tube at 20
watts c.w. An X-band tube to produce 20 watts c.w.
corresponds roughly to a C-band tube producing 200
watts c.w., and a C-band 20 watt curve corresponds
roughly to an X-band 2 watt curve.

In a 20 watt X-band tube of the present invention, the
output performance of the tube is shown in FIG. 6. The
c.w. power output, as illustrated by curve 30, is greater
than 20 watts over the range of 8 to 12GHz and the sat-
urated gain, curve 31, is greater than 40db over the
range of 8 to 12GHz. The tube has an overall size that
permits it to fit inside a standard X-band waveguide so
that the outer diameter of the magnets was less than 0.4
inch; the magnet outer to inner diameter ratio is 1.5,
with the magnet coercive force being 2,500 oersteds
after temperature stabilization. This permitted focusing
of a beam with a microperveance of 1.0. The weight of
the tube, with the focusing magnet, was 3 ounces; its
overall size was 0.35 inch by 0.75 inch by 5.0 inches. .
The tube had an overall efficiency including heater
power of 20 percent,

The miniaturization of medium power traveling wave
tubes by the use of rare earth cobalt magnets, such as
samarium cobalt, is applicable throughout the C, X and
Ku-band frequency ranges. At lower frequencies, con-
ventional magnets have always been strong enough,
and existing tubes have already achieved their mini-
mum size. ]

Octave bandwidth is readily available from the minia-
turized tubes of the present invention. Miniaturization
can be effectively applied at c.w. power levels from mil-
liwatts up to 50 watts and at peak power levels up toa
few hundred watts.

Although the present invention has been descnbed
thus far for focusing the beam of a traveling wave tube,
it is also applicable in general to other linear beam
tubes, such as backward wave oscxllators klystrons,
and the like.

What is claimed is:

1. In a miniaturized periodic permanent magnet fo-
cused microwave beam tube, means for forming and
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projecting a beam of electrons of a microperveance
within the range of 0.8 to 2.2 over an elongated beam
path, microwave circuit means disposed along said
beam path in microwave energy exchanging relation
with the beam for cumulative electron interaction with
the beam to develop microwave energy on said micro-
wave circuit, such developed microwave energy being
of a frequency above 4GHz, periodic ring-shaped axi-
ally polarized permanent magnet means having a coer-
cive force in excess of 2,000 oersteds and disposed co-
axially of and along said beam path for developing a pe-
riodic magnetic beam focusing field of an intensity
within the beam path in excess of 2,000 gauss for focus-
ing the electron beam through said microwave circuit.

2. The apparatus of claim 1 wherein said microwave
circuit means is a slow wave circuit.

3. The apparatus of claim 1 wherein said ring-shaped
permanent magnets are made of a rare earth cobalt ma-
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terial wherein the rare earth material component is se-
lected from the group consisting of, Y, Sc, La, Ce, Pr,
Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu.

4. The apparatus of claim 1 wherein said ring mag-
nets have a ratio of outer diameter to inner diameter
falling in the range between 1.3 and 3.0.

5. The apparatus of claim 1 including means for ex-
tracting the developed microwave energy from said mi-
crowave circuit as output microwave power, and
wherein the output microwave power is in a range less
than 100 watts c.w.

6. The apparatus of claim 1 wherein said microwave
energy developed on said circuit is centered at a fre-
quency above 8GHz.

7. The apparatus of claim 1 wherein said microwave

circuit is a helix slow wave circuit.
* * * * *



