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Int, C. H05b 9/06 

U.S. C. 219-10.55 12 Claims 

ABSTRACT oF THE DISCLOSURE 
There is disclosed a microwave heating apparatus which 

includes a source of microwave power which generates 
microwaves having a given operating wavelength. A mi 
crowave structure is connected to the source of micro 
wave power. The structure includes a conductive base 
plate from which extend a plurality of T-shaped cross 
section microwave elements disposed in regular array. 
The elements are spaced from each other by a distance 
which is so much smaller than the free-space operating 
wavelength of the microwaves that the microwaves prop 
agate along the structure with a phase velocity which is 
less than the free-space velocity of the microwaves. 

animals 

The present invention refers to apparatus for heating 
materials by means of microwave energy from a micro 
WaWe SOrce, 
An object of the invention is to provide e.g. the paper 

and wood industry with a simple and reliable device for 
heating and for drying of paper, pulp and other cellulose 
products, wood, glue, dyes etc. In this device the heating 
(drying) power can be controlled simply and instantane 
ously by temperature and humidity sensors. Another ob 
ject of the invention is to provide a simple device for 
heating, boiling and frying foodstuffs. In such a device the 
preparation times will be much shorter than for conven 
tional methods. 

Apparatus according to this invention is characterized 
in that a microwave source is coupled to a microwave 
structure having the property that the microwave energy 
propagates along the structure while remaining concen 
trated to a narrow region near the structure and in that 
the material to be heated is placed in or passes this nar 
row region. 
The invention will be described in detail in connection 

with the accompanying schematic drawings, where 
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FIG. 1 shows a heating device with central microwave 
power input, 

FIG. 2 shows a part of the device of FIG. 1 seen from 
above and with some field lines indicated, 

FIG. 3 shows a part of the device of FIG. 1 with indi 
cated field lines, 

FIG. 4 shows a modified cross section of the elements 
for a device according to FIG. 1, 

FIG. 5 shows the vertical distribution of energy between 
two elements of the device, 
FIG. 6 shows a modification of the arrangement of 

FIG. 2, 
FIG. 7 shows heating device with circumferential power 

input, and 
FIG, 8 shows a modification of the device of FIG. 1 

such that the power is fed in at one end of the structure. 
The device shown in FIG. 1 comprises a microwave 

input 10-11 and a microwave structure (heating table) 
13-14-15. The input consists of a waveguide 10 and a 
coupling loop 11 for the microwave power. The heating 
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table consists of a number of mutually similar T-shaped 
metal elements 14 mounted on a metal base plate 13. The 
coupling loop 11 has one end directly connected to one of 
the elements 14, the other end projects into the central 
part of the waveguide 10. Thus the microwave power 
from the waveguide 10 is fed into and propagated both 
Ways by the microwave structure formed by the elements 
14 and the base plate 13. At either end of this structure 
there have been placed essentially vertical metal plates 15 
furnished with slit-shaped quarter-wavelength chokes 16. 
The purpose of the metal plates 15 is to reflect back to 
wards the center of the structure that part of the micro 
wave power that has not been absorbed in the material 
to be heated. The material is passed through the slits 16 
and immediately above the elements 14. To protect the 
microwave source against excessive reflected power-for 
instance when no material to be heated is present in the 
device-energy absorbers 17 have been placed adjacent to 
the metal plates 15. The energy absorbers 17 can com 
prise glass tubes with water running through them in 
which part of the excess microwave power will be ab 
sorbed and converted to heat. 
From FIG. 2 it is seen that the elements 14 are elon 

gated and extend perpendicular to the direction of trans 
mission of the microwave power along the microwave 
structure (heating table) 13-14-15. Further, the elements 
are arranged in such a way that the distance between 
corresponding points on adjacent elements is less than half 
the free-space operating wavelength of the microwaves. 
This distance can either be constant as shown in FIG. 1 
or can increase gradually away from the input (increas 
ing phase velocity) or can decrease gradually (decreasing 
phase velocity). 
A microwave structure such as the one shown in FIGS. 

1-3 has the property that the microwaves propagate with 
a phase velocity that is less than the free-space velocity. 
The microwave energy will then be closely bound to the 
microwave structure. The field configuration is outlined 
in FIGS. 2-3. The electric field (solid lines) is mainly 
concentrated near the gaps between the flanges of adja 
cent elements, whereas the magnetic field lines (broken 
lines) mainly close round the webs of the elements 14. 
The concentration of the electric field-with consequent 
high energy density-close to the upper surface of the 
microwave structure can be made more pronounced by 
means of elements having sharp edges as shown in FIG. 4. 

FIG. 5 shows schematically how the electric microwave 
energy is distributed along a vertical line between two 
elements of the type shown on the left in the figure. It is 
seen that the energy is concentrated near the level of the 
flanges and decreases exponentially above the structure. 
The material to be heated (dried) is placed on top of 

the structure (heating table) where it will be exposed to 
strong electric fields. Dissipation in the material will 
cause part of the microwave power to be converted into 
heat inside the material and the propagating wave will 
be damped. Because the field concentrates near to the gaps 
between the elements 14 there exists a risk of local burns 
in solid materials. This can be avoided if such materials, 
e.g. paper, are made to move along the structure. If the 
dielectric constant of the material is greater than that of 
air, the electric energy will tend to concentrate in the 
material. The exponential decrease of the energy density 
will also be less marked and the microwave power can 
permeate and heat even fairly thick materials. 

FIG. 6 shows a modified microwave Sructure. Instead 
of elongated elements 14 as in FIG. 2 the elements 64 
are essentially rectangular when seen from above. The 
elements 64 comprise a vertical stem and a horizontal 
flange so that a vertical section through an element will 
Still be similar to that shown in FIG. 5. The elements 
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64 are arranged in a regular two-dimensional array on 
a base plate 13 in such a way that the distance between 
corresponding points on two diagonally adjacent elements 
is less than half the free-space operating wavelength of 
the microwaves. The elements then form a plane micro 
wave structure that allows the microwaves to propagate 
in several directions with a phase velocity less than the 
free-space velocity. The field configuration is such that 
the electric field is concentrated to the region between 
the edges of the flanges of the T-shaped elements 64 
and the magnetic field lines mainly close around the stems 
of these elements. 
The embodiment shown in FIG. 7 comprises a number 

of concentric circular elements 74 with T-shaped cross 
Section. The elements are mounted on a circular base 
plate 13. A vertical reflector tube 75 is connected to the 
rim of the base plate. The microwave power is fed in 
from a circularly cylindrical waveguide 70. The coupling 
loops 71 have one end connected to the inner wall of 
the tube 75, the other end projects into the wave-guide 
70. The advantage of this circumferential power input 
is that the attenuation of the microwaves due to energy 
absorption in the material will be counteracted by the 
geometric focussing of the waves. 

In the embodiment shown in FIG. 8 one part 82 of 
the microwave structure (heating table) has a compara 
tively small curvature and the other part 83 has a greater 
curvature. The microwave input 80-81 is connected to 
a reflector 15 at the free end of the second part 83. 
The elements 84 of the microwave structure 82-83 are 
T-shaped as in the abovedescribed embodiments. The 
material to be heated (dried), e.g. a paper web 89, touches 
the slightly curved part 82 of the microwave structure. 
Many other possible arrangements come within the 

Scope of the invention as defined in the appended claims. 
Thus the microwave structure can be made cylindrical 
and arranged for internal or external heating of tubes. 
In general the shape of the structure may be adapted 
to suit the material for which it is to be used. 

Further, the T-shaped elements and base plate need 
not be made separately but may, for instance, be manu 
factured by bending (corrugating) sheet-metal, e.g. 
copper, to obtain the desired profile. In this way micro 
wave structure will be made up of a continuous copper 
Surface without soldering joints which will decrease the 
undesirable losses of microwave power. At the same time 
the manufacturing procedure should be both simple and 
inexpensive. 
The microwave input can also be modified in several 

ways. Thus the microwave structure may form an integral 
part of a microwave generator, for instance a distributed 
transistor amplifier. 
What is claimed is: 
1. Heating apparatus utilizing microwave power com 

prising a source of microwave power wherein the micro 
waves have a given operating wavelength, and a micro 
Wave structure connected to said source of microwave 
power, said microwave structure including a plurality of 
mutually similar microwave element spaced from each 
other in a reglar array, the distance between correspond 
ing points of adjust microwave elements being so much 
Smaller than half the free-space operating wavelength 
of the microwaves and said microwave elements cooperat 

4. 
ing with each other so that the microwaves propagate 
along the microwave structure with a phase velocity less 
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than the free-space velocity whereby microwave energy 
is concentrated in the microwave structure itself and in 
a region adjacent to the microwave structure. 

2. Apparatus according to claim 1 wherein said micro 
wave structure comprises a conductive base plate and the 
microwave elements are elongate elements made of con 
ductive material and having a generally T-shaped cross 
Section, the foot of each element being in immediate elec 
tric contact with said conductive base plate. 

3. Apparatus according to claim 2 wherein the gen 
erally T-shaped cross-section of the microwave elements 
has a gradual transition between its cross arm and its 
long arm and that the cross arm has a sharp edge. 

4. Apparatus acording to claim 2 wherein the T-shaped 
elements and the base plate are manufactured integral 
ly by bending sheet-metal to obtain the desired profile. 

5. Apparatus according to claim 2 wherein the micro 
wave elements are shaped as concentic circles. 

6. Apparatus according to claim 5 wherein the micro 
Wave source is connected to the circumference of the 
circular structure. 

7. Apparatus according to claim 1, wherein said micro 
Wave structure comprises a conductive base plate, and 
said microwave elements are arranged in a two-dimen 
sional array, said elements being made of conductive 
material and of a substantially T-shaped cross-section 
having a top flange and a stem, the stems of the elements 
being in immediate electric contact with the conductive 
base plate. 

8. Apparatus according to claim 1 wherein the micro 
Wave structure is bent and comprises at least one part 
with small curvature and a second part with more pro 
nounced curvature, said microwave source being con 
nected to the second part. 

9. Apparatus according to claim 1 wherein the micro 
wave source is connected to a central part of the micro 
Wave structure. 

10. Apparatus according to claim 1 wherein the micro 
Wave structure includes, along at least one edge, a con 
ductive surface member disposed perpendicular to the 
direction of propagation of the microwaves for reflect 
ing microwave power toward the material to be heated. 

11. Apparatus accordingto claim 10 wherein the con 
ductive Surface member includes an opening for passage 
of the material to be heated. 

12. Apparatus according to claim 1 wherein the micro 
Wave structure includes microwave energy absorber 
means for absorbing such microwave power as has not 
been absorbed in the material to be heated. 
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