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This invention relates to magnetron beam switching
tubes and particularly to an improved magnetically
shielded tube of this type and method of making the
same,

One type of magnetron beam switching tube is shown
and described in U. S. Patent 2,721,955 to Sin-Pih Fan
et al. This tube includes a central longitudinal cathode
and a plurality of groups of electron beam receiving
electrodes arrayed about the central cathode. A cylin-
drical permanent magnet coaxial with the tube provides
a magnetic field which operates in conjunction with
controlled electrostatic fields within the tube to switch
an electron beam from one group of electrodes to an-
other in a predetermined pattern.

Many applications and systems have been devised in
which tubes of the foregoing type are employed. In
packaging such systems, it is desirable to mount the
tubes in close physical relationship. However, when
such tubes are operated in close proximity, for example
closer than about four inches center-to-center, their mag-
netic fields interact and their operation is impaired.

An object of the present invention is to provide an
improved magnetron beam switching tube and method of
making the same.

Another object of the invention is to provide an im-
proved magnetron beam switching tube which may be
operated in close physical relationship with other tubes
of the same type or with other magnetic devices with-
out having its operation impaired.

In brief, 2 magnetron beam switching tube, according
to the invention, includes a glass envelope containing a
central longitudinal cathode and a plurality of electron
beam receiving electrodes positioned around the cathode.
A hollow cylindrical permanent magnet coaxially aligned
with the tube is secured to the tube envelope and a
hollow cylindrical magnetic shield is mounted coaxial
with the tube and is secured to the magnet. The shield
is of such size relative to the tube that an optimum
magnetic field having substantially parallel lines of force
is provided within the tube and promotes optimum op-
eration of the tube.

In assembling the above-described tube, magnet, and
shield according to the invention, the tube is first pre-
pared in its entirety. Next, the magnet is magnetized
to saturation and it is centered and secured within the
shield in the desired physical relationship. Next, the as-
sembly of magnet and shield is again treated to provide
the desired level of magnetization of the permanent mag-
net. Finally, the tube is secured within the magnet in
the desired physical and electrical relationship.

The invention is described in greater detail by refer-
ence to the drawing wherein:

" Fig. 1 is an exploded perspective view of a magnetron
beam switching tube assembly embodying the invention;

Fig. 2 is an elevational view partly in section of the
tube assembly of Fig. 1;

Fig. 3 is a sectional view along the line 3—3 in Fig, 2;
and
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Fig. 4 is a flow chart of the method of assembling
the tube of Fig. 1.

A shielded magnetron tube assembly 10 includes a
magneiron beam switching tube 11 which is a multi-
position beam tube of the type shown and described
in U. S. Patent No. 2,721,955 to Sin-Pih Fan et al.
The tube 11 includes a glass envelope 12 having a base
14 through which pins 1§ extend. The tube 11 con-
tains (Fig. 3) a central axially positioned longitudinal
cathode 18 surrounded by several concentric arrays of
electrodes. On a circular locus nearest to the cathode
are longitudinally elongated beam-forming and holding
electrodes 20, called spade electrodes. Beyond the spade
electrodes on another circular locus are similar longi-
tudinally elongated output or target electrodes 22, posi-
tioned so as to cover the inter-spade spaces and to collect
beam current flowing into such spaces. Between one
edge of each spade and the near edge of its target elec-
trode is a longitudinal rod-like switching grid electrode
24. These grid electrodes also are on a circular locus
centered on the cathode 18. An open-ended cylindrical
permanent magnet 26 surrounds the tube 11 and is co-
axial therewith and is secured thereto by a suitable in-
sulating cement 25. The magnet 26 is longer than the
tube electrodes and has an upper end 27 and a lower
end 28. :

The tube 11 employs crossed electric and magnetic
fields, provided by the proper potentials applied between
the cathode and the other tube electrodes and by the
magnet 26, respectively, to direct an electron beam to
each of the output electrodes in succession. In operation
of the tube 11, the cathode 18 is heated to ifs electron-
emission temperature and suitable positive potentials
are applied to the spades 20 and target electrodes 22,
The magnet strength is such that the axial magnetic
field provided within the tube thereby is great enough to
hold the tube in magnetron cut-off so that electrons
rotate about the cathode and do not flow to any of the
target clectrodes. However, if one of the spade elec-
trodes is reduced in potential to about half its previous
potential, the voltage gradients within the tube are dis-
torted and a beam will form. This electron beam grazes
the low potential spade and strikes the adjacent target
electrede. A small portion of the electron beam also
flows to this spade. With a suitable series resistor in-
terposed in the connection of each spade to ifs positive
voltage supply, this small portion of the beam current
produces an IR voltage drop which enables the spade -
to hold the beam stably in place once it grazes that spade,

The switching grid electrodes 24 upset this stable
beam holding condition when a suitable negative poten-
tial is applied to the grid which is in the same inter-
spade space as is the beam. As this grid becomes nega-
tive, the beam fans out across the target electrode and
some of it strikes the next spade electrode. This frac-
tion of beam current produces another IR voltage drop
which lowers the potential of this next spade. With a
lowered potential on the next spade, the beam switches
over to the next target. This switching action occurs at
a very rapid rate, the time required to switch from one
target to the next being in the order of one-tenth of a
microsecond.

According to the invention in order to be able to op-.
erate’ two or more magnetron beam switching tubes in’
close physical relationship and, if desired, in contact
with each other without having their operation adversely
affected due to interacting magnetic fields, a low re-
luctance magnetic shield 30 is provided as part of the
tube assembly 18. The shield 30 is preferably a hollow
cylindrical metal pipe open at both ends, upper end 32
and lower end 34, and mounted coaxial with and sur-
rounding the tube 11 and magnet 26. The shicld is
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'secured directly to the magnet in any suitable fashion,
for example by means of :a plurality of non-magnetic
screws 36 of brass or the like and. is preferably of:low
réluctance material which will not retain magnetism, for
example drawn low carbon steel. The. magnetic.shield
30 is preferably longer than the magnet 26; however, as
a practical matter, since the tube pins 16 must be acces-
sible, the lower end of the shield should not obstruct them.
For convenience, it is satisfactory for the lower end 34
of the shield to be substantially flush with the lower end
28 of the magnet while its upper end 32 extends approxi-
mately one-third of its length beyond the end of the
tube :and the magnst. The inner wall of the shield is
spaced far enough from the magnet so that effective shield-
ing is obtained. For the tube under consideration, this
spacing may-be no less than about one-quarter of an inch.

The preferred method of making the tube assembly 18
including tube 2%, magnet 26, and shield 3¢ is set out
in the flow chart of Fig. 4 and comprises, essentially,
preparing two separate sub-assemblies which are put to-
gether to form the completed product. The first sub-
assembly comprises the tube 11 itself which is assembled
and processed to completion in accordance with standard
vacunm tube techniques. The second sub-assembly com-
prises the magnet 26 and shield 38 and this sub-assembly
is prepared in the -following manner:

First, the magnet 26 is magnetically saturated and then
it is inserted into the shield 3¢ which has previously been
provided with a suitable non-magnetic centering jig (not
shown). The jig holds the magnet centered within the
shield and coaxial therewith. The magnet is inserted into
the shield with its south pole or upper end 27 first and
with .its lower end 28 or.north pole flush with the lower
end 34 of the shield 30. ‘With the shield and magnet thus
properly coaxially positioned and aligned, the screws 36
are tightened into contact with the magnet and the second
sub-assembly is thus completed. - When the magnet is
assembled with the shield, it loses some of its magnetism.
Accordingly, the sub-assembly of magnet and shield is
treated .in a suitable magnetizing apparatus to provide
magnetic saturation and then it is demagnetized to the
desired level of magnetism.

Next, the two sub-assemblies are put together to pro-
vide the completed magnetron assembly 10. This as-
sembly operation is accomplished by inserting the tube
11 into the magnet 3% with its base or stem adjacent to
the north pole of the magnet. The tube is adjustably
positioned within the magnet by means of strips of rubber
or the like (not shown) which are flexible and allow
the position of the magnet with respect to the tube to
be.adjusted to provide the desired electrical characteristics
for the tube. After the desired adjustment has been made,
a suitable plastic material, such as Araldite, Silastic .or
the like is injected into the space between -the tube and
the magnet. The potting material is allowed to harden
and then the resilient strips are removed, whereupon,
the space between the tube and the magnet is completely
filled with the plastic material. The plastic material is
then cured as required, for example by baking.

In a2 magnetron tube assembly of the type described
above, the size and characteristics of the magnet which is
employed are determined among other things by the de-
sired magnetron cut-off, the operating voltages of the tube
electrodes, the size of the tube, and the permissible size
of the magnet. In one magnetron beam switching tube
in which the principles of the invention are employed,
the tube envelope length was about 2.5 inches and the
diameter was about 1.1 inches, and the electrodes were
about 1 inch long. The magnet employed had a length
of :about 1.75 inches and a diameter of about 1.5 inches.
The:shield had an outside diameter of about 2.25 inches,
a wall thickness of about 0.1 inch and a length of dbout
2.5 inches. The tube had a magnetron cut-off .of about
200 volts and a desired.operating itarget:output.current.of
about 5.5 milliamperes. To achieve these electrical speci-

10

30

35

40

45

50

55

70

75

4

fications, the magnet had a_saturation level of about 600
gauss before it was securad within the shield and in the
final shield and magnet assembly it had a magnetism
level of about 400 gauss. It is to be understood that for
other sizes of tubes and magnets and to obtain other elec-
trical characteristics, the physical and electrical charac-
teristics of the magnet might be different. In addition, the
principles of the invention may be employed with other
types of tubes which employ electric and magaetic fields
in their operaticn.

One important advantage of tubes embodying the in-
vention lies.in the fact that they may be made reproduci-
bly with substantially identical electrical characteristics
and they may be operated in close proximity to each other
or to other magnetic devices without having their operat-
ing characteristics changed or impaired. In addition, the
shield improves the shape of the lines of magnetic flux
within the -tube whereby improved tube operation is
achieved. A tube assembly consiructed as described above
is also quite rugged and may be handled freely without
danger -of damage.

What is claimed is:

1. A magnetron tube assembly comprising a magne-
tron beam switching tube including a central longitudinal
cathode and a plurality of groups of electron beam re-
ceiving and controlling electrodes arrayed about said
cathode, a hollow cylindrical magnet coaxial with said
tube, and a low reluctance open-ended hollow cylindrical
magnetic shield positioned - coaxially with said tube and
said magnet and completely surrcunding said tube and
magnet.

2. A magnetron tube assembly comprising a magnetron
beam switching tube including-a central longitudinal cath-
ode and a plurality of groups of electron beam receiving
and controlling electrodes arrayed about said cathode, a
hollow cylindrical magnet coaxial with said tube, and a
low reluctance open-ended hollow cylindrical magnetic
shield positioned coaxially about said tube and said mag-
net and completely surrounding said tube and magnet, the
upper end of said shield extending beyond the upper end
of said magnet.

3. A -magnetron tube assembly comprising a magne-
tron beam switching tube including a central longitudinal
cathode and a plurality of groups of electron beam re-
ceiving and controlling electrodes arrayed about said
cathode, a hollow ‘cylindrical magnet coaxial with said
tube and having a length greater than the lengths of said
electrodes, and a low reluctance open-ended hollow cylin-
drical magnetic shield positioned about said tube and said
magnet and coaxial therewith, said shield being longer
than said magnet and completely enclosing said magnet.

4. A magnetron tube assembly including a magnetron
beam switching tube having a central longitudinal cathode
and a-plurality of -groups of electron beam receiving elec-
trodes “arrayed ‘about -said ‘cathode, a hollow cylindrical
magnet coaxial with said tube envelope and having a
length greater than the Iengths of said electrodes and a
low reluctance open-ended hollow cylindrical magnetic
shield positioned coaxially about and completely enclos-
ing said tube and said magnet, the upper end of said
shield extending approximately one-third of its length be-
yond the upper end of said magnet,

‘5. The method of making a magnetron tube assembly
comprising the steps of preparing a magnetron beam
switching tube, magnetically saturating a magnet, center-
ing said magnet within a magnetic shield and securing
said magnet in coaxial relation with said shield, again
magnetically saturating the magnet, reducing the mag-
netism of the magnet to a desired operating level, -and
securing ‘said beam ‘switching tube within said magnet.

6. The method of making a magnetron tube assembly
comprising the steps of preparing -a magnetron beam
swiiching tube, magnetically ‘saturating a magnet, center-
ing said magnet within a magnetic shield and securing
said magnet in coaxial relation with said shield with the
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ends of said shield extending beyond the ends of said
magnet, again magnetically saturating the magnet, reduc-
ing the magnetism of said magnet to a desired operating
level, and securing said beam switching tube within said
magnet.

7. The method of making a magnetron tube assembly
comprising the steps of preparing a magnetron beam
switching tube, magnetically saturating a magnet to
be used with said tube, centering said magnet within

a cylindrical magnetic shield and securing said magnet in 1

coaxial relation with said shield, said magnet and shield
having one of their adjacent ends substantially in align-
ment while the other end of the shicld extends about one-
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third of its length beyond the other end of the magnet,
again magnetically saturating the magnet, reducing the
magnetism of the magnet t» a desired operating level,
and securing said beam switching tube within said magnet.
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