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MAGNETRON HAVING SPURIOUS SIGNAL 

SUPPRESSION MEANS ‘ 

The present invention relates to the structure of a 
magnetron used especially for a microwave oven, and 
more particularly to the structure of a spurious signal 
suppression means or noise eliminating ?lter for use 
with such a magnetron. 
For better understanding of the prior art and the 

present invention the following specification should be 
read with the aid of the attached drawings, in which: 
FIG. 1 shows an example of a conventional magne= 

tron in its front view, partially broken; 
FIG. 2 is a cross section taken along the line II-II in 

FIG. 1; 
FIG. 3 shows an example of a filter used with a mag 

netron accordingto the present invention, in the per 
spective view, partially broken; 
FIGS. 4a to 4c show in plan views examples of a mi 

crostrip type transmission line and a meander line 
which are used as filter elements and constitute the fil 
ter as shown in FIG. 3; . 
FIG. 5 shows an embodiment of a magnetron accord 

ing to the present invention, in the front view, partially 
broken; 
FIG. 6 is a cross section taken along the line VI-VI 

in FIG. 5; and 
FIG. 7 illustrates the attenuation characteristics. 
In a magnetron a wave of fundamental frequency, its 

harmonics and waves of VHF and UHF, are fed out of 
the cathode circuit during oscillation. It is'therefore 
necessary to provide the magnetron with a noise- _‘ 
eliminating ?lter (hereinafter referred to simply as “fil 
ter”) with can kill the noise waves from the cathode 
circuit of the magnetron so as to prevent in?uence on 
television, radio and wireless communications. 
Such a ?lter usually takes the form of a combination ' 

of an inductor and a ‘capacitor, connectedwith the"; 
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cathode terminal of the magnetron. The conventional 
way of providing such a filter will be described in detail 
with the aid of the drawings. ' a 
FIGS. 1 and 2 show in partially broken front view and 

cross section a conventional magnetron witha filter,' 
the parts except principal ones being omitted. In F IG. 

for heat dissipation with cooling ?ns 2 made of alumi 
num or copper. A permanent magnet 3 supplies mag 
netic ?ux through yokes 4 and‘4a into the operating 
space (not shown) in the center of the anode 1. An an 
tenna 5, supported by an insulating cylinder 6 of for ex 
ample glass, serves to emit into an oven such as a mi 

2 
of the insulator 9 which is not fixedito the yoke 4a are 
fixed by means of a screw 11c a te‘fininal lug 12a pres 
sure-connected with the cathode lead 8 and a terminal 
lug 12b pressure-connected with one end of an induc 
tor 13 consisting ofa insulator-coated copper wire sole 
noid coil and a ferrite rod-(not shown) inserted in the 
coil to absorb noises. On that end of the capacitor 10 
which is not fixed to the'yoke 4a are fixed by means of 
a screw 11d a terminal'l'ug 12c pressure-connected with 
the othernend of the. inductor 13 and a terminal lug 12d 
which is pres’surei3iconnected with one end of a cathode 
lead-out "'wire 14 whose other end is pressure 
corinected with a terminal lug 12e. The device accord 
ing to the present invention has such cathode leads 8, 
insulators 9, capacitors l0, inductors 13, and cathode 
lead-out wires 14, all in pairs, as shown in FIG. 2. The 
inductor 13 and the capacitor 10 constitute a filter. In 
contact with the cooling ?ns 2 is provided a shield case 
15 of metal such as aluminum, in the form of a hollow 
cylinder. The shield case 15 is cramped onto the fins 2 
by means of a metal belt 16 and these three members 
are fixed to each other through spot welding etc. The 
shield case 15 serves also as a wind-cooling duct. A lid 
17 to close the top end 18 of the shield case 15 is ?xed 
to the case 15 by means of a self-tapping screw 19 after 
the attachment of the filters has been completed. A 
multiplicity of perforations 20 are cut through the main 
surface 17a of the lid 17 to allow the air for forced 
cooling to be fed toward the fins 2. The cathode lead 
out wires 14 are taken out of the case 15 through perfo~ 
rations 15c cut in the shield case'l5. ‘ 

7 -~ ,f With this structure, in which the filters are consti 
t'uted of inductors 13 and capacitors 10 of lumped con 
stant type, the filtering effect is satisfactory for noises 
at VHF and below, but the filters lose their function 
‘considerably at UHF and microwave frequencies. 

"Namely, the vinductor 13 becomes capacitive at ex 
'._tremely high frequencies, due to its distributed capaci- ' 
tances. And at such high frequencies the capacitor 10 
will have a large reactance due to its metal electrodes 
10a and 10b, and moreover highly dielectric material 
such as barium titanate used in the capacitor 10 rapidly 

; .loses its electrostatic capacitance with the increase in 

1 an anode 1 having a well-known structure is provided frequency. For these reasons, the capacitor 10 cannot 
, ‘serve as a stable capacitance element, either. The noise 
waves propagating through the cathode leads 8 have 
two different modes; one in which current alternates its 

‘1 direction along the cathode leads 8 just as the heater 
50 

crowave oven high frequency electromagnetic waves ‘. 
generated in a cavity resonator (not shown) de?ned in . 
the anode l, to heat raw food to be cooked. A cathode 
(not shown), which is disposed near the center of the 
anode 1 to form the operating space together with the 
anode 1 and serves to supply electrons necessary to 
maintain the high frequency oscillation, is rigidly sup- . 
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ported on and electrically connected with a plurality of 60 
cathode support bars not shown in the ?gurefThose 
ends of the cathode support bars which are not con- ‘ 
nected with the cathode, are drawn remote from‘the 
antenna 5, embedded into an insulating cylindrical 
stem 7 ‘of for example ceramic to be fixed and ?nally 
soldered there to one end of a cathode lead 8. An insu 
lator 9 and a capacitor 10 are fixed by means of screws 

I 11a and 11b on the yoke 4a at their ends. On that end 
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current does, and the other in which current flows par 
allel through the cathode leads 8 and returns through 
ground. In the former mode, the LC filters are arranged 
in series so that the effect of attenuation is additive. 
while in the latter inode the ?lters are parallel to each 
other so that the amount of attenuation'is halved. 
I Moreover, spurious waves due to the radiation from 
the cathode leads8 and the inductors 13 are received 
by the cathode lead-out wires 14 and therefore with the. I 
increase in frequency the noise attenuation characteris 
‘tics ofthe filters are deteriorated and also the fre 
quency characteristics become extremely nonuniform. 
Especially, at 2.45 GHz, which is the fundamental fre 
quency of a magnetron used for a ‘microwave oven}, the 
wave leakage from‘ the cathode lead 8 is considerable 
vso that such a conventional ?lter as having a small 

. amount of attenuation is not satisfactory from the 
standpoint of safety. Moreover, the leakage of the fun 
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damental waves adversely affects the quality of the pic 
ture of UHF telgyision systems. 

Further, in order to operate the conventional magne 
tron a voltagevtfrom the commercial supply is applied to 
the terminal._,l'ugs 12e of the cathode lead-out wires 14 
so as to heafthe cathode filament while a high negative 
voltage,(w‘ith respect to the anode) is empressed be 
tweengihe terminal lugs 12e so as to excite the electrons 
intotoiscillation. In this case, the path between the cath 
odei'léad-out wires 14, through which a rather heavy 
current to heat the cathode filament ?ows, consists of 
zi’mixltiplicity of parts and therefore junction points, say 
‘about ten such points, so that the reliability of these 
tjunctions is lowered, and that the multiple parts need 
* a plurality of different fabrication steps. 

It is therefore one object of the present invention to 
y‘provide a magnetron in which the leakage of high fre 

nv quency noise waves is effectively prevented. 
Another object of the present invention is to provide 

a magnetron which is simple in construction and can be 
easily fabricated. 
A further object of the present invention is to provide 

a magnetron which can be produced at lower cost. 
An additional object of the present invention is to 

provide afilter for use with a magnetron, which is easily 
fabricated, has a low production cost and has an excel 
lent attenuation characteristic for high frequency 
“noise signals.’ 7‘ 

' The feature of the present invention is the use ofa fil 
ter consisting of microstrip type transmission line of a 
filter element and a microwave attenuating substance. 
According to the present invention is proposed a 

magnetron comprising an anode; a cathode de?ning an 
operating space together with the anode; a plurality of 
cathode support bars to support the cathode; cathode 
leads connected with the plural cathode support bars 
and cathode lead-out wires connected with an external 
source, to supply electric power from the source for the 
cathode; a filter for eliminating noise signals, con 
nected between the cathode leads and the cathode 
lead-out wires; a stem to connect the cathode support 
bars with the cathode leads in vacuum condition; and 
a shield case to contain therein the filter and the stem, 
wherein the filter consists ofv at least two microstrip 
type transmission lines for choking at least one prede 
termined frequency component of an’ electromagnetic 
wave propagating therethrough and microwave attenu 
ating substance for attenuating the wave over a wide 
frequency range. 
Now, the present invention will be described by way 

of example with the aid of the attached drawings. 
FIG. 3 shows in perspective view, partially broken, an 

embodiment of a filter for use with a magnetron, ac 
cording to the present invention. In FIG. 3 is shown a 
filter 21 consisting of a pair of inner conductors 22 and 
23 disposed near andparallel to each other and of an 
insulating microwave attenuating material (hereafter 
referred to as “microwave absorbing layer") of, for ex 
ample, rubber mixed with ferrite powder or sintered 
ferrite plate. These inner conductors are made of good 
conductor such as copper or aluminum and have a 
form of strip whose cross sectional area is large enough 
to withstand a current of 10 to 20 amperes for heating 
the cathode, and each inner conductor is formed into 
a predetermined pattern so as to provide filtering char 
acteristic as described’later. The inner conductors hav 
ing such a pattern may be obtained by the punching 
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4 
through of a conductor plate having a suitable thick 
ne‘ss. The microwave absorbing layers 24a, 24b and 240 
serve to rigidly support the inner conductors 22 and 23 
at a constant distance from each other and also to 
cover them except their end portion. An outer conduc 
tor 25 of conductive material envelops the microwave 
absorbing layers 24 except their portions where the 
inner conductors 22 and 23 are drawn out. The outer 
conductor 25 may be made ofa thin metal sheet, plated 
film or vapor-deposited film since it is free from the 
heater current. An insulating layer 26 of a material hav 
ing a high breakdown voltage may be inserted between 
the microwave absorbing layers 24 and the outer con 
ductor 25 so as to increase the withstand voltage be 
tween the inner and outer conductors if the insulation 
against a voltage of several thousand volts applied usu 
ally between the inner and outer conductors cannot be 
assured solely by the microwave absorbing layers 24. 
The inner conductors 22 and 23 shown in FIG. 3 

have such patterns as shown in FIGS. 4a and 4b. Each 
inner conductor may have one of the patterns or may 
have a meander line (flat crenellation transmission 
line) as shown in FIG. 40 inserted in a portion of the 
transmission line having one of the patterns along 
transmission direction. The theory on the microstrip 
type transmission line teaches that there is a relation 
ship between the length l of the projection 27 or 27a of 
the inner conductor shown in FIG. 4a or 4b and the 
wavelength A of the electromagnetic wave in free space 
for which the amount of attenuation becomes maxi 
mum, such that 

I: A /4 m 

where e and p. are the mean dielectric constant and 
magnetic permeability of the medium surrounding the 
transmission line in question. In the embodiment shown 
in FIG. 3, the medium consists of the microwave ab~ 
sorbing layer 24a, 24b and 24c of ferrite material. The 
noise signals generated by the magnetron have high 
electric field intensity specifically at the fundamental 
frequency, second harmonic and third harmonic but 
not over the entire‘frequency band. Accordingly, the 
values of] are calculated from the above equation by 
substituting the'values of the frequencies correspond 
ing to the fundamental oscillation, second harmonic 
and third‘ harmonic for A in the equation. The projec 
tions 27 and 27a (usually a plurality of such projections 
27, 27a, ) are arranged in series as shown in FIG. 
3, so that there is obtained a selective attenuation char 
acteristic having peaks of attenuations corresponding 
to the frequencies especially desired to be attenuated. 
The inventor used in thier experiments microwave ab 
sorbing layers of ferrite material having the means val 
uesofe and it such that e = 3 and p. = 20. In this case, 
the value of I for which the fundamental frequency of 
2.45 GHz of a magnetron for a microwave oven is spe 
ci?cally attenuated, is about 4 cm while the values for 
the second and third harmonics are respectively about 
2 cm and 1.3 cm. Therefore, if the inner conductors 22 
and 23 are provided with projections having suitable 
values of l, a noise eliminating filter can be obtained 
which is well adapted for a magnetron used in a micro 
wave oven. It should here be noted that the value of! 
calculated from the above equation depends on the os 
cillation frequency corresponding to the‘ purpose of ap 
plication of the magnetron and to the associated mate 
rial used as the microwave absorbing layers. 
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The meander line as shown in FIG. 4c serves to in 
crease the effective length of interaction between the 
microwave abosrbing layers and the surface waves, and 
provides an attenuation characteristic over a broader 
frequency band. It should also be noted that the shape 
of the projection provided in the surface wave trans 
mission line is not limited to a rectangular one as shown 
in FIG. 4a and FIG. 4b but may be modified variously, 
e.g., elliptic, as is apparent from the general theory on 
filters. 
FIGS. 5 and 6 are respectively a partially broken 

front view and a cross sectional view of a magnetron 
embodying the present invention, provided with a filter 
having such a structure as described above, these fig 
ures corresponding respectively to FIGS. 1 and 2. The 
same reference numerals and characters are applied to 
like parts or elements as in FIGS. 1 and 2, and the de 
scription of the like constituents is omitted. In FIGS. 5 
and 6, a filter '21, which has a structure as shown in 
FIG. 3, has inner conductors 22 and 23 whose exten 
sions 22a and 23a are bent so as to be inserted into a 
pipe connector 30 fixed to an insulating cylindrical 
stem 7 and to be pressure-connected there. The pipe 
connector 30 is electrically connected in the stem 7 
with cathode support bars not shown in these figures. 
The ends of the other extensions 22b and 23b of the 
inner conductors 22 and 23 are formed into integral 
terminal lugs 22c and 23c to which an external power 
source is coupled. The outer conductor 25 of the filter 
21 is fixed to and electrically connected with the side 
wall of a shield case 15, through a crater-like opening 
15a in the side wall of the shield case 15. The opening 
15a is so formed as to have a good contact at high fre 
quencies with the outer conductor 25. 

In the magnetron having such a structure as de 
scribed above, the microwave absorbing characteristic 
due to the ferrite is superposed on the attenuation char 
acteristic of the surface wave transmission line type of 
filter and a very effective attenuation characteristic can 
be obtained by determining the lengths [of the projec 
tions 27 and 270 corresponding to the frequency spec 
tra of noise signals, so that undesirable leakage of mi 
crowaves from the shield case hardly takes place. 
FIG. 7 illustrates the results of the comparative meas 

urements of attenuation characteristics exhibited re 
spectively by a filter according to the present invention 
and a conventional filter, the solid curve A correspond 
ing to the present invention and the dotted curve B to 
the prior art. In the embodiment of the present inven 
tion which is involved to obtain the characteristic curve 
A, transmission lines having such a shape as shown in 
FIG. 4b are used as inner conductors 22 and 23, and 
the values of! for the projections are tuned to the fun 
damental frequency of 2.45 GHz and the third har 
monic of 7.35 GHz which have the greatest tendency 
of leaking into the cathode circuit. According to the 
present invention, as depicted by the solid curve A in 
FIG. 7, an especially large amount, i.e., peak, of attenu 
ation occurs on the ?at portion of the curve A over a 
wide range of frequencies, attributable to the absorp 
tion loss of the ferrite, at the fundamental frequency 
and the third harmonic, so that the proposed filter is 
highly suited to prevent noise signals from the magne 
tron since it can almost completely cut off the higher 
harmonic noises inevitable with the conventional ?l 
ters. The reason why the peak attenuations occur is as 
follows. Through the filter according to the present in 
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vention are considerably attenuated noise waves having 
modes in which the waves propagate parallel through 
the two cathode leads and return through ground since 
microwave attenuating material such as ferrite is filled 
between the inner conductors 22 and 23 and the outer 
conductor 25. Moreover, according to the filter em 
bodying the present invention, having the structure as 
described above, the cathode leads which tend to radi 
ate noise waves can be made short enough and the filter 
itself, shielded by the ferrite layers and the outer con 
ductor, radiates no electromagnetic wave. Accord 
ingly, the leakage of microwaves through, for example, 
the vent holes of the shield case can be reduced so that 
the radiation of the noise waves from the magnetron as 
a whole can be reduced. 
The dotted curve B shows the relationship between 

the amount of attenuation and the frequency, exhibited 
by such conventional filters as shown in FIGS. 1 and 2 
in which L = SILH and C = 500 pF for frequency of l 
KHz. As seen from the characteristic curve B, the con 
ventional filter'can no longer perform a proper filtering 
function at and above UHF and the filter has no effect 
at some specific frequencies. > 
The inner conductors as constituents of a filter ac 

cording to the present invention are in the form of a 
strip and lend themselves readily to mass production 
using press-stamping. Moreover, according to the pres 
ent invention, there is no need for expensive filter ele 
ments such as a barium titanate ceramic capacitor 
whose breakdown voltage is unstable and a conductor 
wound inductor which is hard to fabricate so that the 
resultant magnetron is less expensive in production 
cost and much improved from the standpoint of fabri 
cation ef?ciency. Further, the reduction of the number 
of parts due to the elimination of the capacitors and the 
inductors results in the reduction of the junction points 
so that the reliability of the junction points is much im 
proved, and fewer parts need a smaller space and weigh 
less so that the resultant magnetron can be reduced in 
size and weight. 
The microwave absorbing layer 24 shown in FIG. 3 

is divided into three sublayers 24a, 24b and 24c but 
they may be integrally formed with the same material 
or may be formed separately with different kinds of ma 
terials. The sublayer 24a disposed between the inner 
conductors may be a ferrite plate or simply an ordinary 
insulating sheet. Various combinations of ferrite plate, 
ordinary insulating sheet, and rubber mixed with ferrite 
powder are also possible for the composite layer 24. In 
order to increase the effective frequency band width, 
it is perferable to form the sublayers 24a, 24b and 24c 
of different kinds of materials. The insulating layer 26 
may be omitted in case where a very high withstand 
voltage is not required. The shape of the outer conduc 
tor is not limited to that described in this speci?cation 
and shown in the attached drawings, either. Other mod 
i?cations will be readily thought of by those skilled in 
the art, within the scope of the present invention. 
What we claim is: 
l. A magnetron comprising an anode and a cathode 

to define an operating space together with said anode; 
a plurality of cathode support bars to support said cath 
ode; cathode leads connected with said plural cathode 
support bars and cathode lead-out wires connected 
with an external power source to supply electric power 
from said source for said cathode; a ?lter to eliminate 
noise signals connected between said cathode leads and 
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said cathode lead-out wires; a stem to connect said 
cathode support bars with said cathode leads in vac 
uum condition; and a shield case to contain therein said 
filter and said stem, wherein said filter includes at least 
two microstrip type transmission lines having a configu 
ration for choking at least one predetermined fre 
quency component of an electromagnetic wave propa 
gating therethrough and microwave attenuating sub 
stance covering said transmission lines for attenuating 
the wave over a wide frequency range. 

2. A magnetron as claimed in claim 1, wherein said 
filter comprises said microstrip type transmission lines 
disposed near and substantially parallel to each other, 
serving as inner conductors; an outer conductor envel 
oping portions of said inner conductors; said micro 
wave attenuating substance being filled between said 
inner conductors and between said inner conductors 
and said outer conductor. 

3. A magnetron as claimed in claim 2, wherein each 
of said inner conductors has at least one projection 
whose length is such as to choke at least one predeter 
mined frequency of the wave propagating through said 
conductor. 

4. A magnetron as claimed in claim 3, wherein each 
of said inner conductors has a meander line inserted in 
a portion thereof surrounded by said microwave atten 
uating substance. I 

5. A magnetron as claimed in claim 2, wherein said 
outer conductor is electrically connected with said 
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8 
shield case, and wherein the extension of one end of 
said inner conductors is drawn out of said shield case 
to serve as one of said cathode lead-out wires while the 
extension of the other end of said inner conductor is 
bent toward said stem to serve as one of said cathode 

leads. 
6. A magnetron as claimed in claim 5, wherein each 

of said inner conductors has at least one projection 
whose length is such as to choke at least one predeter 
mined frequency of the wave propagating through said 
conductor. 

7. A magnetron as claimed in claim 6, wherein each 
of said inner conductors has a meander line inserted in 
a portion thereof surrounded by said microwave atten 
uating substance. 

8. A magnetron as claimed in claim 2, wherein said 
microwave attenuating substance is one selected from 
among sintered ferrite and rubber containing ferrite. 

9. A magnetron as claimed in claim 2, wherein an in 
sulating layer is provided between said microwave at 
tenuating substance and said outer conductor‘ 

10. A magnetron as claimed in claim 2, wherein each 
of said inner conductors has at least one looped portion 
whose length along the normal to the inner conductor 
is such as to choke at least one predetermined fre~ 
quency of the wave propagating through said conduc 


