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Abstract

The scarcity of suitable radio specirum for indoor ra-
dio commaunications under the regulatory consirainis
has prompted endeavors to investigate means of uti-
lizing the valuable channel bandwidths available within
these consirainis. The interference potential of the mi-
crowave oven is characterized in an ailempt to render
the ISM band it occupied useful for indoor radio com-
munications. The characterization process included an
in-depth power speciral measurement of the radiaiion.

A theoretical model of the radiation characterisiics is

then proposed. The interference characterization re-
sulls point to a possible valuable frequency bandwidth
that may be available for high speed indoor communica-
lions usage in the “low cost® consumer product arena.

1 Introduction

The advent of the regulatory rulings regarding the
much relaxed power emission levels and bandwidth oc-
cupancy requirements of the 2.4 Ghs ISM band using
spread spectrum technique, has spurred interest in its
exploitation for indoor communications. 2.4 Ghs is also
well within the implementation realm of the low-cost,
high-frequency silicon technology. :

The ISM band of 2400-2483.5 Mhs is designated by
FCC Part 16 Subpart C, 15.247 for spread spectrum
usage. The similar lower band of 902-928 Mhs is ex-
tremely congested, and narrow for regular LAN opera-
tions. The higher band of 5725-5850 Mhs is currently
limited by the cost of technology for consumer prod-
ucts. Unfortunately, the 2.4 Ghs band supports the
wide spread use of microwave ovens. As a result of the
omnipotence interference potential of microwave oven
spurious radiations, as well as the ubiquity of its use

that coincides with the indoor communications oper-
ation domains, utilization of this band for communi-
cations and other ISM purposes has been largely-ig-
nored. Moreover, the hardware cost to operate at this
frequency band was perceived as beyond what a “low
cost” market place could bear only a few years ago.

It is therefore appropriate to investigate the charac-
teristics of microwave oven radiation so that this valu-
able ISM band can be reclaimed for suitable communi-
cations usage.

An interference power spectrum measurement effort
was expended(1] in characterising the radiation char-
acteristics. The measurement was conducted with var-
ious resolution bandwidths equally distributed across
the interference specirum. The measurement results
present a compact interference behaviour that can be
readily identified. A theoretical model was formulated
to describe the observed speciral phenomenon so as
to facilitate designs to accommodate this interference
source in the communications channel.

2 Measurément Setup

The measurement was conducted using a Hp 8566 spec-

trum analyser calibrated using its internal automatic
calibration procedure. A test antenna was designed
to provide an overall return loss performance of bet-
ter than 10 dB over the-measurement frequency range.
The performance of the test antenna was calibrated by
a HP 8753 network analyser coupled with a Hp 85046A
S parameter test set. The intent was to prevent the test
antenna in exerting a significant frequency Tesponse of
its own onto the test results.

Figure 1 shows the calibration results of the test an-
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tenna used.

The measurement was conducted within the near
field region at the bore-sight of the oven door. The
following near field assumptions were made[2]:-

o The radiation near field region of the radiation is
determined by the smallest dimension D of the
oven using the following relationship.

2D2
where d is the distance from the oven door.
A is the wavelength. :

e D represents the effective radiation antenna di-
mension of the oven.

o The effective radiation propagation is directed
from the oven door.

The reason for conducting the measurements within
the near field of the oven under test was to elimi-
nate any possible radiation antenna effect that may be
present from the oven. Precaution was also taken to
select a constant load for the oven. It was determined
arbitrarily that a 12 os water load at an initial tem-
perature of about 26 degree C was to be used. For
“Max-hold” spectrum measurements, a fixed 10 sec-
ond cooking time is used. The measurement time for
“Zero frequency span” time domain measurements is
one single sweep. The same test conditions were used
to ensure the uniformity of the test environment. Sev-
eral makes of ovens were tested using the measurement
regime shown in Figure 2. This represents over 30 mea-
surements per oven.

3 Measurement Results

Specirum measurements with various resolution band-
widths and sweep times are necessary to determine the
complicated interference characteristics as observed.
Representative plots are shown in Figures 3a, 3b, 3c,
3d.

The following general observations were made:-
e The interference radiation emission is synchronous

to the 60 Hz mains frequency and the interference
energy exists only for half of the period.

e The interference power measured was approxi-
mately proportional to the measurement resolu-
tion bandwidth. This relationship held true from
30 Hs to 3 Mhs bandwidth.

o There were very rapid amplitude bursting charac-
teristics which might have a rise time much shorter
than 300 nsecs.

o There was no evidence of a detectable single fre-
quency spectrum line during the measurement.
The rapid and abrupt amplitude variation be-
haviour precluded this possibility.

o In the wide frequency span measurement, it could
be seen that the detected signal levels in the mea-
surement results were not exactly reduced by the
same amount of the resolution bandwidth reduc-
tion. This phenomenon implied that the spectra
measured was not really white. The small amount
of error indicated the impulsive nature of the sig-
nal where the effective impulsive resolution band-
width is related to the amplitude response V(t) of
the impulse [3]:-

Vor

Plimpiee = T v @0

()

Figure 3a shows a representative plot of this mea-
surement.

‘e A typical plot for the narrow frequency span mea-

surement is shown in Figure 3b. The need to limit
the resolution bandwidth to 1 Khs in this case is
governed by the resolution bandwidth filter shape
factor K and frequency span F,pqn where[4],

KF,
Tawup—h‘me 2 BVI‘V’;M

res

®)

o Figure 3c shows the fine gra.m structure of -the
impulse characteristics in a wide resolution band-
width time domain measurement. An observation
can be made that the interference can in fact ex-
ist for up to 8 milliseconds at any given frequency
within the frequency range. The fine oscillatory
power variations are most likely caused by an im-
pulse that approaches a Delta function with re-
spect to the filter bandwidth at 3 Mhs. The mea-
sured |S(t)|? is a result of an impulse such that,
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x| 0)
-cos(x(f2 + f1)(t — 1)) (4)

where f, and f; are the lower and the upper fre-
quencies of the resolution filter.

e Narrow resolution bandwidth time domain mea-
surement shows a near perfect impulse response of
the 10 Hs resolution bandwidth as shown in Figure
3d.

4 An Interference Model

From the measurement effort described above, a theo-
retical model of the interference signal structure is pro-
posed as shown in Figure 4a. Since the 60 Hz compo-
nent is clear, it is only of interest to investigate the time
window when the interference exists. A time series for
this general basic structure can be written as,

m-—1
S@) = Y, bS(t-kay
k:—(m—l)
m+n-—1
k—m+1
{—— =
£y (55

[5(2 + kAL) + 6(t — kAL (5)

The corresponding Fourier Transform is,

sin(2m=1)wAd]
s3]
n—-1 E+1
1=
& *zﬂ ( n+ 1)
+[2 cos[(k + m)wAt] (8)

S(w) =

A more compact equation can be derived from Equa-
tion (6) without significantly affecting the accuracy
from that of the proposed model. It can be obtained
by making n = 1. Then, the Fourier Transform is sim-
plified to,

There are two derivatives of this general basic model.
If one takes At =0 at some interval between —m and
m, the resultant wave shape will represent most of the
interference structures observed, as depicted in Figure
4b. One cen also expect a break in the impulse train
for & few multiples of Afs. This is shown in Figure 4c.
The value of At was determined to be approximately
3 psecs, and n is between 1 to 10. There is also a low
frequency amplitude envelope function which is omit-
ted. This interference structure has a carrier frequency
of 2.46 Ghs.

The study of this interference model will hopefully
point to a number of solutions that can result in effi-
cient use of this band.

5 Conclusion

A detailed study of the interference characteristics of
microwave ovens is presented. A theoretical representa-
tion of the interference structure is also proposed. The
aim is to stimulate efforts in reclaiming this valuable
spectrum resource for indoor communications use.
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Figure 2: The spectrum measurement regime over the measurement
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