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MICROWAVE APPLICATOR
This invention relates to applicator apparatus for ap-
plying microwave energy- to the material to be treated
and relates particularly to such apparatus which oper-
ates continuously with the material being continuously
introduced to and removed from the apparatus.

BACKGROUND

Microwave ovens wherein microwave energy is ap-
plied to foodstuffs and other materials to be heated are
now well-known: Some of the ovens are of the batch
type where materials are put in the overn, the door
closed, and the microwave energy turned on. Other
ovens now in commercial use are designed for continu-
ous operation and in which the material to be treated
is passed on a conveyor through an inlet opening
through a heating chamber or cavity and then out
through an outlet opening. Such a continuous applica-
tor is shown in the U S. Pat. No. 3,365,562 to Jeppson.

Because it is necessary in the microwave applicators
of the continuous type to have openings through which
material can be passed into and out of the heating cav-
ity there has been a problem of keeping the microwave
energy from leaking out through these openings. This
leakage represents a loss of energy but the more impor-
tant consideration is that the energy which leaks out in
this-way passes into the atmosphere and presents a ha-
zard to persons who may be in the vicinity. As the use
of continuous microwave applicators has become
greater more notice is taking of the radiation hazard
and there is needed in ‘this art apparatus which will
avoid the emission of even any small amounts of micro-
wave radiation into:the atmosphere. :

Apparatus is described in U.S. Pat. No. 3,365,562
which includes an end: section into which water or
other lossy liquid is circulated so- that energy which
tends: to leak out of the treatment:chiamber comes into
access with the water and the energy so absorbed in the
water is carried away. Although this attenuation sub-
stantially reduces the leakage there remains a small but
still objectionable amount of energy. which is passed
into the atmosphere, and what is desired is an improved
structure which will stop the passing of even small
amounts of energy into the atmosphere while at the
same time avoiding any objectionable reflections back
to the system. What is needed is some simple structure
easily fabricated which will accomplish the desired pur-
pose. ‘

SUMMARY OF THE INVENTION

I have discovered that by the inclusion in the applica-
tor of an-attenuation section having a special lining and
" internal passages the purposes above described can be
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accomplished. The special lining may. take the form of 33

a coating.of a material which is lossy to microwave en-
ergy. The passages may be formed by spaced plates ex-
tending across the section adjacent to one wall of the
section. Preferably also such plates have a lining of this
same kind'of material which is:lossy. to microwave en-
ergy. A more detailed. disclosure of my applicator in-
cluding the improved attenuating section is given in the
following drawings and detailed description:

THE DRAWINGS

One embodiment:of my.invention is shown in-the ac-
companying drawings-in-which:
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FIG. 1 is a perspective view of my improved applica-
tor apparatus;

FIG. 2 is an enlarged perspective view of the im-
proved attenuation section of the applicator with one
corner broken away to shown the interior structure;

FIG. 3 is an enlarged broken sectional view taken
along the plane of lines 3—3 of FIG. 2;and

FIG. 4 is an enlarged broken sectional view taken
along the plane of line 4—4 of FIG. 2.

DETAILED DESCRIPTION

As illustrated, the improved applicator includes the
central heating section A, an end attenuating channel
B having an intermediate attenuation section C~1 and
a second attenuation section C-2.

The heating section A is formed by a metal casing 10
which is rectangular in cross section having spaced
broad walls 11 at the top and bottom and sidewalls 12
at the front and rear. A source of microwave energy 13
communicates with the interior cavity 14 and micro-
wave energy permeates this cavity. The walls 11 and 12
of the cavity are of metal and are good electrical con-
ductors which means they reflect the microwave en-
ergy back and forth across the cavity and so contain the
energy within the cavity until it is absorbed by the prod-
uct being treated or leaks out through the openings
which necessarily are provided. :

A conveyor 15 having a belt 16 made of a material
such as Teflon, which is a plastic having the character-
istic of being transparent to microwave energy. This.
belt may be made of any flexible material which has
this characteristic. The belt is shown as_ running be-
tween the rollers 17 and 174, and for purpose of expla-
nation is taken as moving in the direction shown by ar-
rows 18. ’ :

Pieces of food or other material to be treated, 19,
may be placed on the conveyor belt and through opera-
tion of the conveyor pass through the inlet opening 20
into the heating cavity and then out of the heating cav-
ity through opening 21. In FIG. 1 a door 22 is shown
in open position exposing the material 19 being con-
veyed longitudinally of the heating cavity. The door is
for purposes of illustration only and is unnecessary for
the proper operation of the applicator. The length of
the heating cavity should be sufficient to allow for the
desired heat treatment of the material 19 as may be re-
quired, taking into consideration the speed of the con-
veyor, etc.

The attenuation channel B communicates with the
interior of the heating cavity at opening 21 and has its
section C-1 adjacent this cavity. On the interior of sec-
tion C-1 is a structure 23 of rectangular cross section
made suitably of a plastic material which is transparent
to microwave energy and about this is a tube 24 also
made of a plastic or other material transparent to mi-
crowave energy and wound about this structure 23.
Water or other lossy material may be circulated
through the tube 24.

The structure 23 communicates on its interior with
the opening 21 and the conveyor belt 16, with the ma-
terial 19 thereon, passes longitudinally through struc-
ture 23.

Microwave energy which leaks out of opening 21
from the interior of cavity 14 may pass through the
walls of structure 23 through the walls of tube 24 and
be absorbed in the water or other lossy liquid circulated
through this tube. The outer walls of section C-1, being
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metallic, reflect any energy which may reach them
back into the lossy liquid. Thus there is substantial at-
tenuation of the energy which leaks through opening
21.

The attenuation channel B has its second attenuation
section C-2 adjacent to section C-1 with its interior
communicating through outlet opening 25 of section
C-1, and the opening 21, with the heatmg cavity. This
section has a metal outer casing which is rectangular in
cross section having top and bottom broad walls 26 and
27 and sidewalls 28 and 29 (see particularly FIGS. 2 to
4). These walls are metallic and, therefore, reflect mi-
crowave energy. Lining the top wall 26 is a sheet 30
which may be a composition of materials including
powdered iron and inert materials bound together with
a binding material such as an epoxy resin. Such a mate-
rial is manufactured by the Microdry Corporation of
San Ramon, Calif. and sold under the trademark
CRYOCOTE. This composite material is a good ab-
sorber of microwave energy and has a dialectic con-
stant of between 1 and 10. The sheet 30 of this material
is secured to the top wall 26 by an adhesive such as an
epoxy adhesive. Likewise sheet 31, of similar material
is secured to the bottom broad wall 27 and sheets 32
and 33 are secured to the left and right sidewalls re-
spectively. Each of these sheets of absorbing material
may be of the order of about % inch thick, for example.
Skid strips 31a extend over the lining layer 31 and the
conveyor belt 16 may slide over these skids.

Inside the section C-2 are the spaced metal plates 35
which extend horizontally between the sides of the cas-
ing transversely of the end channel and transverse to
_ the general direction of the flow of any energy tending
to pass through the channel. These plates are supported
at their ends by the support members 36 which are se-
cured to the casing.

- As seen more clearly in FIG. 4 the spaced plates 35
provide between them the passages 37 which lead from
the interior of section C-2 and extend upwardly to the
top wall. The ends of these passages are closed by the
layer of lossy material 30 carried by the top wall. I pre-
fer that the plates 35 be mounted in parallel arrange-
ment with even and uniform spacing between them so
that the vertical passages 37 will be rectangular in cross
section from their open bottom ends to their top ends.

Secured on one side of each of plates 35 and within
each of passages 37 is a layer or strip of lossy material
38. This strip 38 extends along substantially the whole
side of plate 35 and its top edge meets the top layer 30.
It may have a thickness such as about a % inch, for ex-
ample. The lower edges 35a of the plates are turned
rearwardly so as to come under the edges of strips 38
and serve to hold these strips. Further, it is an improved
feature that the end portions of plates 35 be turned for-
wardly as indicated at 35b of FIG. 3 so that the inturned
edge portions form at least a part of the sides of the pas-
sageways 37, and the edges of these portions 355 abut
against the strips 38 attached to plates 35 so as to deter-
mine the spacing between the plates and keep the
plates in their uniform, parallel, evenly spaced relation.
This structure also. helps in manufacture since the
plates may be placed simply one against the other with-
out the need for measurement.

The height of plates 35 and strips 38, and conse-
quently the depths of the passages 37, should be deter-
mined to a substantial extent by the frequency used in
exciting the heating chamber. Frequencies in common
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use for industrial heating purposes may be either 2450
HMz or 915 HMz, these frequencies bemg approved
for such purposes by government agencies; but my in-
vention may, of course, be used with other frequencies.
These passages are dead-end passages, having their
upper ends blocked by lining 30 and top plate 26. I pre-
fer that the width of the metallic plates 35 and therefor
the depth of the passages 37, be of the order of % the
wave length of the selected frequency. This depth may
be within the range of % to % wave length, preferably
not greater than % wave length of the predetermined
frequency.

~ To demonstrate the preferred size of my improved
attenuation section I take, for example, an excitation
frequency of 2450 HMz. For this frequency I provide
a section about 8 inches long with a breadth of about
10 inches and a height of about 4% inches. This accom-
modates an end opening of about 3 inches in height
with space in the upper part of the casing for the special
internal structures. The sheets which provide the inter-
nal linings along the walls may be about one-fourth
inch thick. The plates 35 may be about one-half inch
apart and extend in height about 1 inch (the wave
length for 2450 HMz is about four inches). The lossy
strips which are secured to the plates 35 may also be
about one-quarter inch in thickness.

" OPERATION

In operation, the microwave energy which passes
through the first attenuation section C-1 enters the in-
terior of section C-2 where it meets the lossy dry mate-
rial of sheets 31, 32 and 33 lining the interior of the
metal casing, and also passes into the mouths of pas-
sages 37 between plates 35 and proceeds by reflection
between the plates 35 until it is absorbed by the mate-
rial 38 or by the material 30 at the end of the passages.
Substantially all of the microwave energy which enters
section C-2 is absorbed therein, with practically none
being permitted to be discharged to the atmosphere.
We have found that the attenuation applicable to the
reduced amounts of the energy passed into section C-2
is very efficient, reducing by a factor of more than 5 to
1 the energy which is permitted to be passed on.

We find that while the provision of the water load in
section C-1 is efficient to remove most of the micro-
wave energy tending to leak from the heating chamber
it is not practical to attempt to remove enough of the
energy by this method to satisfy all requirements. Fur-
ther, it is not practicable to have in addition to the
water load attenuation any device such as a reject filter.
A reject filter is necessarily limited in size to a wave
guide propagating energy in a single mode at the fre-
quency which has been selected. What is desired is a
device such as I have described which will handle mul-
ti-mode transmission of energy, and which can be con-
structed in a practical size to accommodate the ap-
proved frequency ranges.

In the foregoing description I have described an at-
tenuation channel structure B which is in communica-
tion with the outlet opening from the heating cavity. It
may be observed that if the conveyor belt 16 were run
in the opposite direction the opening 21 would, in such
case become the inlet opening and the attenuator sec-
tion C-1 and C-2 would be guarding against leakage of
energy issuing from the inlet opening to the heating
cavity.
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I'prefer to provide an attenuation section C-1a simi-
lar to section C-1 but guarding against energy passing
through the opening 20 and another attenuation sec-
tion similar to section C-2 which canbe adjacent sec-
tion C-1a to attenuate energy which may pass through
section C-la.

Conveniently, water may. be circulated into the coil
24 through pipe 40 and then into the coil 24a of sec-
tion C-1a by means of pipe 41 and discharged through
pipe 42.

Further, and particularly if the amount of energy
Jleaking through opening 21 is:not great, the attenuator
section C-2 may be used exclusively for absorbing the
energy leaking through the opening of the heating cav-
ity. This may be done by not circulating the lossy liquid
through section C-1 or by omitting this section alto-
gether so that all energy passing through the outlet
opening in the heating cavity enters the heating section
C-2 and is attenuated therein.

I believe that the efficiency of my improved attenuat-
ing section C-2 may be due in part to the fact that the
microwave energy .absorbing material contained
therein has a dialectic constant of from 1 to 10, usually
between 2 to 5, which contrasts with the dialectic con-
stant of water which is 80 or more, so that at the inter-
face between air and water the dialectic ratio is about
80 to | whereas at the interface between air and ab-
sorbing material the dialectic ratio is usually not more
than 5 to 1. This condition is believed to permit less re-
flection of energy when directed against our absorbing
material (and consequently more efficient absorption)
than would be the case where the energy moves against
water. Further, the passages within my section C-2 be-
tween the plates 35 must receive the energy which
moves toward the top broad wall, and this energy is not
reflected back but it is absorbed therein. My improved
attenuation section C-2 may, therefore, be used as the
sole means of attenuation whenever the energy to be
dissipated is not so great as to develop a large amount
of heat. When the energy to be dissipated is so large as
to require special radiation and carrying away of heat
I prefer to use the C-1 section in front of the C-1 atten-
uator section.

In the foregoing detailed description I have set forth
preferred embodiments of my invention and have given
specific examples of structure and modes of practicing
the invention, but it is understood that many changes
and variations may be made, all within the spirit of the
invention and scope of the appended claims.

What I claim is:

1. Microwave Applicator Apparatus comprising a
casing providing a heating cavity and having openings
through which material to be treated may be passed
into and out of said cavity, means for exciting said cav-
ity with microwave energy, an attenuating channel hav-
ing its one end in communication with one of said
openings and - having at its other end an opening
through which said material may be passed, said chan-
nel having conducting outer walls and having at one
section thereof between said ends a lining adjacent to
said outer walls formed of a sheet material which is
lossy to microwave energy, a flat side of said sheet ma-
terial being in contact with said walls, said section con-
taining a plurality of passageways leading from the inte-
rior thereof to one of said outer walls, said passageways
being formed by spaced plates of conducting material
extending across said section.
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2. Microwave Applicator Apparatus comprising ‘a
casing providing a heating cavity and having openings
through which material to be treated may be passed
into and out of said cavity, means for exciting said cav-
ity with microwave energy, and an attenuating channel
having its-one end in communication with one of said
openings and having at its other end an opening
through which said material can be passed, said chan-
nel having conducting outer walls and containing at
one section thereof a plurality of passageways leading
from the interior of the channel to one of the outer
walls, said passageways being formed by spaced plates
of conducting material extending across. said section.

3. Apparatus as set forth in claim 2 wherein each of
said passageways contains a material which is lossy to
microwave energy.

4. Apparatus as set forth in claim 2 wherein said pas-
sageways have closed ends and have a layer of said ma-
terial across their ends and along at least one sidewall
thereof. .

5. Apparatus as set forth in claim 2 wherein said sec-
tion is rectangular in cross section with broad top and
bottom walls and wherein said passageways are vertical
and extend upwardly from the interior of said section
to their ends at said top broad wall.

6. Apparatus as set forth in claim 2 wherein said
means is for exciting said cavity at a predetermined fre-
quency and wherein said passageways have a depth of
from one-eighth to three-eighth of the wave length of
said predetermined frequency.

7. Apparatus as set forth in claim 6 wherein said pas-
sageways have a depth of about one-fourth wave length
of said predetermined frequency.

8. Apparatus as set forth in claim 2 wherein said
plates have a lining on one side thereof formed of a
lossy material and wherein said plates are uniformly
spaced and in planes parallel with each other whereby
said passages are of uniform width throughout their
depth.

9. Apparatus as set forth in claim 2 wherein said
channel has an intermediate section between said heat-
ing cavity and said one section, means for circulating
a lossy liquid through said intermediate section
whereby microwave energy passing from said cavity
into said one section' may be at least partially absorbed
in said lossy liquid. .

10. Apparatus as set forth in claim 9 wherein said
plates are lined on one side with a layer of lossy mate-
rial.

11. In a microwave applicator an attenuator section
having an open passage from one end to the other
through which materials to be treated by the applicator
may be passed, an outer metal casing, a plurality of
spaced metal plates.in said casing providing passages
leading from the interior to one wall of said casing, said
plates having a lining on one side thereof of a material
lossy to microwave energy, whereby microwave energy
entering said passages is absorbed in said lining.

12. Apparatus as set forth in claim 11 wherein said
plates have their end portions turned forwardly with
the end edges abutting the adjacent plates whereby the
spacing between said plates is determined by the length
of said forwardly turned end portions.

13. Apparatus as set forth in claim 11 wherein said
frequency is about 2450 HMz and the depth of said
passages is about 1 inch.
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