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HIGH PuRFORMANCE DOOR SEaL FOR MICROWAVE OVEN

5,0hkawa, [l,Watanabe and K.Kaneko
Consumer Products Research Center Hitachi Ltd.
292 Yoshida-cho, Totsuka-ku, Yokohama 244, Japan

I.Kikuchi

Hitachi Heating :.ippliances Co,., Ltd.

No,3-1, Shin Toyofuta, Kashiwa-shi,

Chiba-ken, 277 Japan

ABSTRACT

A novel choke structure for microwave oven doors which does not require absorbing materials and metal contact
is described. By utilizing periodic square wave shaped metal sheets inserted into a groove of a choke, it is pos-
sible to suppress the maximum leakage power density below 0,02mW/crf in the closed door position, and below 0,1
mW/cr? in the slightly opened door position(about 4mm of gap between the door and the oven), for a microwave oven
designed for 500W level using the standard load of 275ml of water, #ith no load, the maximum leakage power density
is O.1m¥%/cr? in the closed position and 0,5mv/cm?in the slightly opened door position.

Introduction

An ordinary door seal for a microwave oven is made
up of a quater wavelength choke based on the transmis-
sion line theory, absorbing materials and metal contact,
In the absence of absorbing materials or in the cace of
roughly metal contact, the leakage level abruply in-
creases, However we have developed a novel door seal
which does not require absorbing materials and metal
contact, This new door seal is characterized by low lev-
el leakage power density even with a fairly large gap
between the door flange and the oven flange, for example,
a level of O.1mw/cm2with a 3mm uniform gap. We have
named it "Wavy Door Seal'.

Theoretical Investigation of Wavy Door Seal

A sketch of wWavy Door Seal geometry is shown in
Fig.1., Periodic square wave like metal sheets play an
important part in this door seal., Wavy Door Seal has a
paticularly complicated structure that we will not ana-
lyze rigorously here., Thus we will proceed to the analy-
sis under the following assumptions:

(1) A periodic square wave like metal sheet is mount-
ed in parallel plate waveguide, as shown in Fig,2, and
is not coupled with the door flange, the sash plate etc.

(2) The incident wave to a wavy metal sheet is a uni-
form plane wave, That is,

Eit=J Vo(ba) % exp(-ideX—jl?) (1)

Ko = (72— OF)% | o= fopind (2)

where ko is a phase constant of free space,

(3) The secondary electromagnetic fields induced by
the incident wave have no y-component in the magnetic
field,

(4) A1l components of a wWavy Door Seal are perfect
conductors,

(5) Utilizing the transmission linel representation
for electromagnetic fields whose direction of transmis-
sion line are selected in z-direction, the fields are
expanded into E-type modes, 4,2

Boundary conditions are zero tangential components
of electric field on surface So, Syand S,. From these
conditions we can obtain the simultaneous integral equ-
ations of unknown electric current distribution Jo,, Jy
and J,, on the surface So, S; and S, respectively, if-
ter some modifications these equations yield variational
expressions of equivalent circuit parameters of a wavy
metal sheet., It is too difficult to find out accurate
forms of unknown functions, J,, J3y and J,. Thus employ-
ing the following forms, we can make up approximate
solutions.

TO=To(0) = 6 {1 -7} {1 -CEYP) %
+01(22D] 1-@ZYFT B {1 -, 7 ) (3)
V-T ()= fo + fs (22/d) (4)

where (B, f,, ¢3 and ¢y are unknown constants,

metal sash plate )
oven cavity wall

s

ven tlange

i

door periodic square wave shaped
metal sheet

Fig.,1 Sketch of "Wavy Door Seal" geometry in micro-
wave oven,

*Z

Ty ]
yd

P
/ incident wave

¥ig,2 A Wavy letal Sheet mounted in parallel plate
waveguide and coordinate system,

Bquivalent circuit parameters of a Wavy Metal Sheet

Under the above assumptions, we can obtain the
equivalent circuit parameters of a Wavy lMetal Sheet for
a T-type circuit shown in Fig,3, as follows:
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Whole equivalent circuit of vWavy Door Seal

Fig.4 shows an analytical model of a Wavy Door
Seal wnich is infinitely long into or out of the plane
of Fig.4. In this model three other discontinuities,
i.e., E-plane bifurcation, E-plane step and E-plane
corner of parallel plate waveguide exist in addition to
a Wavy lietal Sheet, Utilizing the results given in
"JAVEGUIDE HANDBOOK" for these, we can construct the
whole equivalent circuit, as shown in Flg.S. Each of
the equivalent circuit parameters corresponds to the

following discontinuities:

G:Radiation conductance looking outward from the tip
of sash plates.

jBa:Capacitance caused by E-plane step of parallel
plate waveguide,

jXo, JX4, JXz:Reactances of E-
waveguide,

1:ne:Ideal transformer corresponds to the jump of
characteristic impedance of waveguide,

J4otanked, :Input impedance looking to the right from
terminal Tj4.

In this circuit we define the attenuation by the

followine equation,

plane bifurcation of

(aB) (8)

ATTENUATION= -20log, (Vout/Vin)

Behavior of wWavy Door Seal

The cutoff effect of Wavy Door Seal appears as the
superposition of two effects, The first effect is caused
by a Wavy letal Sheet, In the equivalent circuit jx is
always capacitive, but jX varies from capacitance to
inductance in prportion as the gap A decreases. Ifdis
selected properly, jX yields zero and then output volt-
age Vout becomes zero by this series resonance, The sec-
ond effect is caused by resonant cavity, i,e., the par-
allel resonant circuit made of jZjytan#,d, and -jX, also
makes Vout zero,

Jlumerical results

Attenuation as a function of frequency of VWavy
Door Seal is shown in Fig.6, and its dimensions of the
analyzed model is nearly equal to those of one and one
third times Fig.4., In this figure lower resonant fre-
quency Fg corresponds to series resonance, and higher
resonant frequency Fp corresponds to parallel resonance,
and cooperation of the two resonances results in a
large attenuation above 50dB over wide frequency range.
In proportion to the gap a4 between the door flange
and the oven flange, the series resonant frequency
moves to a higher frequency and the parallel resonant
frequency moves oppositely, and at 5mm of gap a4 the
difference between both resonant frequency becomes no
more than 50IHz, At this point the two effects of at-
tenuation operate on the same frequency range, and in
consequence the Wavy Door Seal keeps a lower leakage
level for the fairly large gap aj, compared with a con-
ventional quater wavelength choke, This effect becomes
clearer in oven tests,

In Fig,7 attenuation as a function of incident an-
gle is shown, Its dimensions of the analyzed model is
the same as Fig.é, however frequency F and gap ajs are
fixed(2,45GHz and 1mm, respectively), It can be seen
that in the usual quater wavelength choke the leakage
level increases in proportion to the angle of incident
wave, For example, if choke has a wave of incident an-
gle 45 deg., it operates effectively at 70% of designed
frequency, and its frequency deviation corresponds to
700MHz in a microwave oven operated at 2450NMHz, However
the Wavy Door Seal's leakage level is in reciprocal pro-
portion to the incident angle, This feature is very im-
portant, because in actual microwave ovens which make
use of a stirrer or a turning table for uniform heating
many modes exist and the angle of incidence is distrib-
uted between O and 90 deg.,.

It shoud be noted that results given by Fig,7 do
not provethe existance of a stop band due to the Wavy
Door Seal in x~direction., Because we treated the prob-
lem as the power flow of z-direction, we can conclude
only that incident power from the oven cavity is re-
flected into the cavity by Wavy Door Seal and conse-
quently leakage power through the door yields a very
low level,
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Fig.6 Frequency characteristics of Wavy Door Seal
Dimensions: p=30.0, p, =15.0, d=7.5, c=25.0, d,=19.45,
d,=28,0, d3=11.75, d4=25.0, a,=29.0, az=a;+5.0,
a4=3.0

1

™ 80r

b/

s

2 60

£

< F =245 GHz
20l a,=1 mm

0 20 40 60 80

Angle of incidence © (deg.)

Fig,7 Attenuation vs, angle of incidence,
Dimensions: p=30,0, p,=15.0, d=7.5, ¢=25.0,d,=19.45,
d,=28,0, d3=11.75, d4=25.0, a=30,0, a,=29.0, a3=6.0,
a4=300

Oven Tests

In Fig,8 the maximum leakage power density vs. gap
a4 is for a new model, MRO-5100, which employs the Wavy
Door Seal and which is now on sale only in Japan., The
most important feature of this seal is that a low leak-
age level is maintained even though a fairly large gap
exists between the door flange and the oven flange.
This feature makes a latching mechanism unnecessary in
our model, In Fig,8 interlock switches are short-cir-
cuited to show the actual performance of preventing
leakage power; however actual products are adjusted so
that these switches operate and and turn off the power
supply below 4mm of gap aj. In this position leakage
level is about O.1mW/cm? With no load the maximum leak-
age power density is O.1mW/cm and O,5mid/crf, in the
closed door position and the opened door position (
about 4mm of gap), respectively,
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Fig.,8 Maximum leakage power density vs. gap ag.
Measured conditions: (1) Absorbing materials such as
ferrite absorbers are not employed.

(2) When adjusting the door to the oven, 1mm of spac-
ers are inserted between the door flange and the oven
flange,

(3) Therefore upon opening the door gradually, gap a4
on the door handle side(which corresponds to the gap aq
in Fig.8) inceases: however the gap a4 on the door
hinges side is kept about 1mm,

(4) Latching mechanism is not employed,

Conclusion

Wavy Door Seal is designed under presupposed con-
dition of floating the door from the oven, Its advan-
tages in comparison to other door seal techniques are:

(1) Wavy Door Seal has yielded not only a very low
leakage level but one that has proved consistently low
in production, thus showing no marked sensitivity to
dimensional tolerances caused when fitting up the oven
with a door;

(2) it prevents the increase of leakage caused by
the loosening of the door hinges or latching mechanism

with age,
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USE OF A REVERBERATING CHAMBER IN MICROWAVE OVEN CHOKE DESIGN

Ronald R. Lentz
Litton Microwave Cooking
1405 Xenium Lane North

Minneapolis, Minnesota

55440

A reverberating room has been used to measure total oven leakage over a wide frequency

range to aid in choke seal design.

Choke improvements observed using the reverberating

room are also seen in the HEW leakage test results.

Introduction
In the testing of microwave oven choke
designs there is a need for a rapid means of
assessing a choke's effectiveness. A system

for testing the leakage over a wide band of
frequencies is desired so that a design can
be quickly tuned for best performance in the
ISM band. The reverberating chamber is well
suited to these measurements and has the ad-
ditional advantage that test personel are not
exposed to high level leakage should the
choke design prove to be faulty.

Measurement System

The reverberating chamber has the ability
to measure the total power emitted by a de-

1,2

vice placed inside. The average received

field strength is nearly independent of the
position of the radiating structure within
the chamber unless the structure is placed
close to a wall (say less than one wave-
length). This has been confirmed with the
reverberating room shown in Fig. 1 using a
variety of radiating devices in many po-
sitions inside the chamber.

The measurement system shown in Fig. 1
actually measures the average value of the
attenuation in decibels between the radiat-
ing device and the pick up antenna inside
the room. The test bed consists of an oven
cavity opening into a 0.5 inch thick wrought
aluminum tool plate. Chokes may be built up
on the plate's surface or built into the
doors which are laid upon the plate for test.
The system is calibrated by removing the
door from the test bed. The received signal
is then recorded several times as a function
of frequency; each time with a different
network analyser gain setting.

The door to be tested is placed on the
test bed and a frequency scan recorded. The
process is repeated for a variety of gaps
between the tool plate and the door. The
resulting graphs clearly show the frequencies
at which the choke is most effective. The
size of the choke or amount of dielectric
loading can be changed to tune the choke to
2450 MHz. Of course, the measured attenu-
ation vs. frequency characteristics do not
satisfy current HEW leakage test proceedures;
hence that test must also be performed.
Experiments indicate that reverberating room
results are reflected in the outcome of the

standard HEW leakage test.
Results

The results of a reverberating room
leakage test on one door with choke before
and after modification are shown in Fig.2.
The modification has reduced the total
leakage by about 7dB in the ISM band.
Using the standard HEW leakage test, the
door had a maximum leakage level 5.4dB
lower after modification; thus confirming
the measurements made in the reverberating
room.

TOP VIEW OF REVERBERATING ROOM
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Fig. 1. Experimental Configuration for
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Conclusion

The swept frequency, total leakage
measurements made in the reverberating room
provide a very useful choke seal design
aid.
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