United States Patent 119

Johnston et al,

(o 3,851,131
[45] Nov. 26, 1974

(54] MULTIMODE MICROWAVE CAVITIES FOR
MICROWAVE HEATING SYSTEMS

[75] Inventors: Donald A. Johnston; Walter A. Voss,
both of Edmonton, Alberta, Canada -

[73] Assignee: Canadian Patents and Development
Limited, Ottawa, Ontario, Canada

[22] Filed:  June 28, 1973
[21] Appl. No.: 374,753

[52] US.CL......... 219/10.55, 333/24 R, 333/83 R
{511 Imt.Cl....ccvevennnnn. HO5b 9/06, HOlp 7/06
[58] Field of Search................. 333/83 R; 219/10.55

[56] References Cited

UNITED STATES PATENTS
1,910,147 5/1933  Bruce...ooccvueveeeciirenennn, 343/806
2,521,993 9/1950  Parker......occeovvciveeennnnn. 333/83 R

2,637,001 4/1953  Pierce..coevrevrernirnnnnen. 333/73 W
2931992 4/1960 Caroselli....ccoevvunenne.e... 333/83 R

3,221,132 1171965  Staats........cccoeevcverveernnnnn. 333/j83 R
FOREIGN PATENTS OR APPLICATIONS
1,471,131 111967 France.......ooceveveeeenan., 219/10.55

OTHER PUBLICATIONS
Huang, H. F., “A Microwave Apparatus For Rapid

Heating of Threadlines,” Jr. of Microwave. Power,
Vol. 4, 1969, pp. 288-293.

Van Koughnett, A. L. “A Microwave Applicator for
Filamentary ‘Materials,” Jr. of Microwave Power, Vol.
7, 1-1972, pp. 17-22.

Primary Examiner—Archie R. Borchelt
Assistant Examiner—Wm. H. Punter
Attorney, Agent, or Firm—James R. Hughes

[571 ABSTRACT

The present invention pertains to a new, smaller multi-
mode cavity which may be used as a threadline heater
fed by a variety of coupling structures or it may be
used to advantage as a means for coupling energy to a
larger cavity. The cavity consists of four side walls and
two end walls with a number of spaced metallic vanes
placed within the cavity transverse to the desired elec-
tric field forming a multimode cavity having a number
of small resonators which may be tuned in any con-
ventional manner such as by simple bolt.

g 5 Claims, 8 Drawing Figures

V 9
]
H
|y
T
|
Ly
T I
by = /:ﬁl b
B ) 3 D
|
h
e -
[ !
S > @1
N
i
. A .
L 14
U 9% 2
N 3 —|
V- 7 i
I’-{T 2
|
\ 14 |5
- 12 :
% i
o
g 7 |
RS :
// m ]
// L 1
(\___,‘(
0 | '3




PATENTE, 10v261374 3,851,131
‘SHEEI 10F 4

Neeasennwns

PRIOR ACT

Zin

f ORIGINAL




3,851,131

SHEET 2 0F 4

PATENTE, 101261974

= o
ey N Vaun vl L
||||||| g _ _ . )
RN U JRNR— - ' J
_,_ ' j\ { ﬁ \_
"/ \ -/
N of
R
i

B
Z
3
FIG.3

; |2
= K=="J Ao—-2 - (it |
oieae S s A et I v B Wt RN




PATENIL:;DVQSIQM 3.851,131

SHEET BOF 4
| I
ey
e——m— 1
N | N :
@MWH . 4 ] | >|2 :20
@m |3)/ 19/a
»|5 . : -] -
: |o// 2/ dﬂl‘}\g 3




PATENTEL 026 874 o 3,851,131
SHEET 4 OF 4




3,851,131

1

MULTIMODE MICROWAVE CAVITIES FOR
MICROWAVE HEATING SYSTEMS

This invention relates to microwave heating system
and more particularly to small multimode microwave
applicators for use primarily in threadline type applica-
tions such as the heating of fabric filaments, fiberglass
rods, yarns, sausages etc., and secondly as sub-
structures in larger cavities.

Microwave systems for such use generally consist of
a magnetron producing microwave power, a transmis-
sion line or waveguide to carry the power, a coupling
structure to apply power to a cavity or applicator and
lastly the load to be heated.

The wave in the transmission line excites electric and
magnetic fields in the coupling structure, which in turn
excites standing wave (resonant) fields in the cavity.
The load absorbs power from these fields, and the char-
acter of the standing wave fields depends strongly on
the size, shape and placement of the load.

Microwave threadline driers normally use a single
mode, which is tuned to the frequency of the applied
power usually -in the ISM (Industrial, Scientific and
‘Medical) bands, 915+25MHz and 245050 MHz. A
filament or such is threaded within an outer metallic
wall and is heated or otherwise processed. The electric
vectors are almost always parallel to the filament since
this gives maximum heating. These electric and mag-
netic fields are excited in the cavity by an inlet trans-
mission structure and a coupling structure such as a
simple loop.

Each mode or spatial orientation of the fields has a
specific preferred frequency. At other frequencies this
mode stores energy badly. It is common for the usable
frequency range of the applicator to be much less than
the ISM bands and the tuning of the cavity to a particu-
lar magnetron or other power source becomes a very
tedious and expensive task. If the dielectric properties
or the size of the filament change, the cavity becomes
detuned, often to a frequency outside of the ISM bands.
The amount of detuning is proportional to the ratio-of
load to cavity volume and increases with electric field
strength. However, it is desirable to maintain high field
strength to produce maximum energy absorption.

The techniques used to overcome this problem have
detuned the magnetron from its preferred frequency to
one which is optimized for the magnetron-cavity-
filament system as a whole. It is the purpose of this in-
vention to introduce a type of cavity which places less
stringent requirements on the magnetron power source
and which gives less chance of operating a high power
system in one of the communication bands.

For examples of the prior art of threadline micro-
wave power applicators see U.S. Pat. No. 2,364,526 is-
sued Dec. 5, 1944, to C. W. Hansell and the article “A
Microwave Apparatus for Rapid Heating of Thread-
lines” by Huang, in the Journal of Microwave Power 4
(4) p. 288, (December 1969).

On the other hand conventional microwave ovens
use multimode cavities, which are large enclosures in
which several orientations of the fields in the inside
give rise to roughly the same frequency. This means
that if the load detunes-one mode to a frequency which
is not within the magnetron’s band, another one is
available to accomodate the new loading condition. It

is also true that the absorption of energy in the load

broadens each mode so that the whole band is more or
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2

less acceptable to any replacement magnetron. See

“‘Some Factors Affecting Energy Conversion in a Mul-

timode Cavity”, by James, Tinga and Voss, Journal of
Microwave Power 1 p. 97 (1966).

These structures are large and only one third of the
modes have electric vectors which are parallel to a
chosen filament direction. The size reduces the sensi-
tivity to detuning, but it is primarily used as a technique
for obtaining large numbers of modes. The patterns of
fields in a mode have zero tangential electric field
strength at the walls and in addition have nulls in other
planes through the cavity. The spacing between these
null planes is about % wavelength except in the special
case when the electric vectors are perpendicular to the
metallic walls.

In present multimode systems, where coupling struc-
tures such as loops, horns, straps or probes are used,
the presence of standing wave fields in the vicinity of
a coupling structure causes voltages to be induced in it,
and since the transmission line is connected to it, a
wave may be returned to the magnetron. This is re-
flected power, which causes problems of back-
bombardment of the cathode by electrons, reduced
power output and efficiency, and decreases tube life.
Present coupling structures in use are all susceptible to
such large power reflections back to the source, i.e. the
(magnetron) generator and have necessitated develop-
ment of very rugged magnetrons or other stringent
measures to circumvent the problem; e.g. using isola-
tors, a type of power absorbing one-way flow structure
within the transmission lines.

It is therefore an object of the present invention to
provide a new,; smaller, multimode microwave cavity.

Another object of the present invention is to provide
a new multimode applicator for threadlme heating ap-
plications.

Still another object of the present invention is to pro-
vide a small multimode applicator which is capable of
supplying a mode at the frequency of the magnetron
even when loaded with varying loads and simulta-
neously producing high field strength in a controlled
direction.

Still another object of the invention is to provide a
multimode cavity with coupling structure which reduce
power reflections to the source.

These and other objects are achieved by a small cav-
ity having four side walls and two end walls, and a num-
ber of spaced metallic vanes placed within the cavity
transverse to the desired electric field thus forming a
multimode cavity having a number of small resonators
which may be turned in any conventional manner such
as by simple bolts. When used for threadline heating
applications, openings are provided in the end walls as
well as through the vanes, thus allowing a rod or fila-
ment, etc., load to move through the cavity. When used
as a subsystem openings are provided in one of the
walls to allow power to flow from the small multimode
cavity to a larger cavity. In addition, any conventional
coupling structure, such as a loop, probe, etc., may be
used to couple power to the cavity, however in the pre-
ferred embodiment, a slow wave coupling structure
which may form an integral part of the cavity structure,
is used.

In the drawings which illustrate embodiments of the
invention,
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FIG. 1 is a schematic view of a conventional thread-
line applicator, '

FIG. 2 is a graph showing the effect caused by the
coupling of several resonators,

FIG. 3 is an isometric view of an embodiment of the
invention as used for threadline heating.

FIG. 4 is an isometric view of one form of a transmis-
sion line slow wave coupling structure,

FIG. 5 is a cross sectional view of a threadline em-
bodiment with a slow wave coupling structure,

FIG. 6 is an isometric view of a waveguide slow-wave
coupling device as an integral part of the cavity,

FIG. 7 is a cross sectional view of an embodiment of
the invention as a subsystem for a larger cavity.

FIG. 8 is a cross sectional view still another embodi-
ment of the invention as a subsystem for a larger cavity.

Conventional threadline driers, an example of which
is shown in FIG. 1, use a single mode usually in the ISM
bands. The device consists of outer metallic walls 1,
end walls 2 and a collar 3 forming an opening 4 at each
end of the cavity. Electric and magnetic fields are ex-
cited in the cavity by an inlet transmission structure 5
and a coupling structure 6 in such a manner that the
electric vectors 8 are almost always parallel to a thread-
line type load, filament 9, since this gives maximum
heating within the load. '

In reducing the size of multimode structures to a size
desired for threadline type applications while retaining
the option of operating the source in one of several
modes, it has been determined that reducing the size
reduces the Q of the cavity, broadening each mode for
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a given load, and causes more overlapping of modes. A '

further fortunate fact is that when several resonators all
operating at the same frequency are coupled together,
the modes of the resulting system are spread in fre-
quency. The amount of the spreading is proportional to
the amount of coupling of stored energy between reso-
nators. In FIG. 2 this effect is shown for a system of
four resonators, The vertical axis represents the input
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impedance seen at the coupling structure. The individ- .

ual peaks represent modes and the dotted line shows
the overall input impedance. f, is the resonant fre-
quency of the individual resonators.

-InFIG. 3 a structure is shown which meets the above
requirements. Metallic plates 13 have been introduced
into a small cavity 10 transverse to the desired electric
field. Each of these plates 13 provides a plane for
charges and currents to reside on, eliminating the need
for half wavelength spacing between nulls. The spaces
14 between pairs of plates 13 may be alternately
viewed as waveguide resonators operating in a TE, o,
mode. The resonators are individually tuned to one or
more of the ISM frequencies and are coupled at the
ends 11 and the holes 12 in the plates. The load 9 is
placed parallel to the electric field for maximum power
absorption as in FIG. 3 or perpendicular to it if mini-
mum absorption is desired. Each resonator may be
tuned by a simple bolt 15, preferably smoothed and
plated to lower metal losses.

This structure permits adjustment of the bandwidth
by simply increasing or decreasing coupling at either
the ends or the holes. Stagger tuning is also possible.
The field strength may be adjusted in the case of very
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heavy loads such as sausages by placing the load ina -

region of low field strength, as at the ends.

4

The reflection from the cavity is also very dependant
on the coupling structure chosen which in FIG. 3 is
shown as a simple loop 6.

FIG. 4 shows the basic structure of a slow wave cou-
pling device 16 which induces standing fields in a cavity
10. The transmission structure 5 is shown as a coaxial
transmission line. The actual path of the wave 17 is
long compared to the net forward travel 18 and the var-
iations in the induced fields. The spacing between
straight sections gives control over preferred modes of
wave launching. For example, if the conductor is made
1 cm wide, 1 cm between adjacent 13 cm long parts of
the conductor and % cm above the ground plane, or
wall of the cavity, very broad modes are observed at
both 915 and 2,450 MHz. The length may be varied
indepently of these frequency considerations. Many
other combinations give excellent coupling at one or
more of the ISM bands and larger structures are less
likely to suffer arcing problems. The slow wave struc-
ture 16 is fed from the centre and its characteristic im-
pedance is adjusted to twice that of the transmission

" structure, since two sections are effectively connected

in parallel.

However the slow wave structure may also be fed
from either end.

The preferred threadline applicator is again shown in
FIG. 5, however it is combined with a shielded slow
wave coupling structure with coupling device 16 cen-
trally connected to transmission line 5. A shield 19,
which consists of a metallic plate with openings 20 to
permit coupling from the structure to the resonators,
has been added to permit reduced mutual reactance
with the fields in the cavity. Charges and currents on
the shield form locations where the cavity fields may
terminate, and only the remaining fields are present on
the coupling structure. This may be necessary in the
case of small and/or lightly loaded cavities. This cou-
pling structure has been found to markedly decrease
problems of reflections due to residual fluctuations in
loading.

Another form of coupling structure is shown in FIG.
6 as an-integral part of the cavity 10, Both the coaxial
and waveguide transmission coupling structures may be
manufactured as a integral part of the cavity structure
or they may be detachably mounted on the cavity.

Many sources are designed to feed a waveguide
transmission line 21. Instead of introducing a wave-
guide to coaxial transmission line transition, a wave-
guide slow wave structure 22 may be used. The wave
follows a sinuous path in the chamber 23. Its energy
leaks into the cavity 10 through coupling holes or slots
24. The path is inside sections of rectangular wave-
guide whose phase velocity may be kept low by those
skilled in the art. Multipath and other slow wave struc-
tures will perform the same function.

In addition to the use of the small multimode cavity
in threadline heating applications, it may be used for
the production of free chemical radicals in the gaseous
phase from plasmas contained in tubes by inserting the
tube into the cavity, as above, through its openings at
either end. For example, with the cavity operating in
the 91525 MHz band at 10 watts, the structure is ca-
pable of igniting and sustaining the argon-mercury arc
of a common fluorescent tube.

Yet other applications of the small multimode cavity
are shown in FIGS. 7 and 8.
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In FIG. 7 the end of the vaned cavity 10 has been

used and the energy is coupled into a larger cavity 25,
the design of which is well known to those skilled in the

art. The modes of the two cavities combine to give a

multimode microwave oven with small size and hith-

erto unattainable mode density. A dielectric cover 26
isolates the two cavities for sanitation. The coupling be-
tween cavities can take many forms. In addition to the
example of FIG. 7 it is possible to couple at the sides,
through a slot array as shown in FIG. 8. The vaned cav-
ity 10 then forms a slow wave coupler, with attendant
advantages of lower reflected power and better energy

distribution. ,

We claim:

1. A multimode microwave applicator comprising:

a cavity having two pairs of parallel side walls and
parallel end walls;

a coupling structure connected to a transmission line
and mounted through a first one of said walls for
providing power to said cavity;

a number of spaced metallic vanes mounted within
the cavity transverse to the electric field, forming
resonators within said cavity; and

asecond one of said walls consisting of a slotted array
coupled to a further cavity.

2. A multimode microwave applicator comprising;

a cavity having two pairs of parallel side walls and
parallel end walls; and

a coupling structure to provide power to the cavity
through one of said walls, said coupling structure
including a square wave shaped conductor
mounted within the cavity in spaced relationship to
said one wall and connected to a coaxial transmis-
sion line to conduct power to said conductor, and,
a perforated metallic plate mounted within the cav-
ity in spaced relationship to said conductor; and

a number of spaced metallic vanes mounted within
the cavity transverse to the electric field forming
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resonators within said cavity.

3. A multimode microwave applicator comprising:

a cavity having two pairs of parallel side walls and
parallel end walls;

a coupling structure adapted to be connected to a
transmission line, said coupling structure including
a chamber mounted on one wall of said cavity with
metallic vanes mounted within the chamber to
form reversing sections of rectangular waveguide
and openings in the walls of said waveguide to cou-
ple power to said cavity; and

a number of spaced metallic vanes mounted within
the cavity transverse to the electric field forming
resonators within said cavity.

4. A multimode microwave applicator comprising:

a cavity having two pairs of parallel side walls and
parallel end walls; and

a coupling structure to provide power to the cavity
through one of said walls, said coupling structure
including a square wave shaped conductor
mounted within the cavity in spaced relationship to
said one wall and connected to a coaxial transmis-
sion line to conduct power to said conductor, and
a perforated metallic plate mounted within the cav-
ity in spaced relationship to said conductor.

5. A multimode microwave applicator comprising:

a cavity having two pairs ‘of parallel side walls and
parallel end walls; and

a coupling structure adapted to be connected to a
transmission line, said coupling structure having a
chamber mounted on one wall of said cavity with
metallic vanes mounted within the chamber to
form reversing sections of rectangular waveguide
and

openings in the walls of said waveguide to couple

power to said cavity.
* * * *® *



