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Introduction
Electromagnetic susceptors, understood as transductors of energy, from radiative to thermal, are of
high interest when combined with materials that are
non-efficient by themselves in a heating process using
microwave technology. Susceptors can be either
embedded into the material (as filaments, powders,
etc.) or attached to them as a supplementary layer
added on their interfaces.
The loss factor modelled as the imaginary part of
the complex permittivity of a material can predict the
result of the pyroelectric effects that underlies during
its microwave heating process. Such mechanisms
have a dependence on temperature, hence the heating
process rate may evolve with time as the temperature
varies. Furthermore, the heat transfer coefficient can
also vary with the temperature. Both, the loss factor
and the heat transfer coefficient are involved in the
heat transfer equation, and their dependence with the
temperature can largely justify the thermal runaway
effects. Such effects are noticeable when the heat
generation and transfer rates overcome the period of
time required by any artifacts introduced inside a
microwave exposure chamber for leveling the
volumetric heating uniformity.
This study focuses on determining the complex
permittivity of several susceptors at the 2.45-GHz
frequency, in the temperature range 30-70 °C.

a water bath (Balneum Mariae), using a boiling
recipient pre-heated in a domestic microwave oven.
While the sample temperature was naturally cooling
down towards the room temperature, as rules the
Newton’s law of cooling, the measurements of the
dielectric constant and the loss factor were performed
using the dielectrometer, and the temperature using an
optical fiber temperature sensor (OpSens OTG-A)
along with a signal conditioner (OpSens TempSens),
following the methodology presented in the
literature1. The experimental setup is shown in Fig. 1.
In order to get a fixed reference point for the
temperature probe, the robust configuration depicted
in Fig. 2 was designed. Such configuration is aimed to
keep the fiber as straight as possible within the tube
(adding 2 extra drilled caps), in order to avoid its
crushing on the cap edges (inserting a Styrofoam piece
into the outermost cap hollow), and to keep the fiber
tip at a constant distance d from the tube bottom
(sticking a stop-tape around the fiber).
The distance d = 23 mm was chosen to be as
closest as possible to the measurable tube segment
(which occupies part of the dielectrometer cavity)
without getting into it for avoiding any possible
disturbance in the complex permittivity measurements
and get the most accurate temperature readings.
The tested materials are listed on Table 1. The
density is a quotient of two variables, so its uncertainty
has been estimated accordingly by computing the
following equation:

Materials and methods

All the materials under test were solids in the form of
∆𝑚𝑚
∆𝑣𝑣
∆𝜌𝜌 = 𝜌𝜌 � 𝑚𝑚 + 𝑣𝑣 �,
powders. The samples were contained in test tubes for
being measured with the dielectrometer ITACA’s
Dielectric Kit for Vials. The test tubes containing the where m and v stand for the mass and volume,
samples were heated previously up to around 90°C in respectively, and Δ denotes the uncertainties.
2
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For each material, the measurement protocol
was repeated at least 3 times in order to get averaged
values of their dielectric properties vs. temperature at
2.45 GHz.

Figure 3: Volumeter designed with a parallax error control
(4.7 ± 0.1 cm3 readable)

Figure 1: Experimental setup.

The raw data was processed under a Matlab
platform. Each recorded measurement was
interpolated to get a resolution of 0.1°C, and then
trimmed to get all the set ready within the same
temperature range (and values) for the averaging
process, as shown in Fig. 4.
Results
The averaged dielectric constant and loss factor curves
versus temperature at the frequency of 2.45 GHz for
each material listed in Table 1 are shown in Figs. 511. The values discretized at the temperatures of 30°C,
50°C and 70°C are listed conveniently in Table 2.
Finally, the graphical comparison among all the
materials is depicted in Figs. 12, 13.

Figure 2: Detail of the temperature sensor configuration:
weak (left) and robust (right) schemes.

Table 1. Tested materials
Material
Activated Charcoal
Silicon Carbide
Silicon Dioxide
Aluminum
Copper
Copper Oxide
Titanium Oxide

Chemical
formula
C
SiC
SiO2
Al
Cu
CuO
TiO2

CAS
number
7440-44-0
409-21-2
7631-86-9
7429-90-5
7440-50-8
1317-38-0
1217-70-0

Mass
(g)*
1.2
8.7
4.0
3.7
26.9
15.0
4.0

Volume
(cm3)*
4.0
4.6
4.6
3.6
4.8
4.7
3.9

* Uncertainty of ± 0.1. ** Density uncertainty is greater than 5%.

3

Density
(kg/m3)
300 ± 30**
1890 ± 60
870 ± 40
1360 ± 60
5600 ± 100
3190 ± 90
1030 ± 50
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Figure 4: Raw data resampled for a resolution of 0.1°C, and trimmed.
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Figure 5: Averaged dielectric constant and loss factor for activated charcoal at 2.45 GHz
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Figure 6: Averaged dielectric constant and loss factor for Silicon Carbide at 2.45 GHz.
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Figure 7: Averaged dielectric constant and loss factor for Silicon Dioxide at 2.45 GHz.
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Figure 8: Averaged dielectric constant and loss factor for Aluminum at 2.45 GHz.
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Figure 9: Averaged dielectric constant and loss factor for Copper at 2.45 GHz.
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Figure 10: Averaged dielectric constant and loss factor for copper oxide at 2.45 GHz.
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Figure 11: Averaged dielectric constant and loss factor for Titanium Oxide at 2.45 GHz.
Table 2. Complex relative permittivity values of the materials at 2.45 GHz vs. temperature.
Material
Activated charcoal
Silicon carbide
Silicon dioxide
Aluminum
Copper
Copper oxide
Titanium oxide

Chemical
formula
C
SiC
SiO2
Al
Cu
CuO
TiO2

Complex relative permittivity 𝜀𝜀𝑟𝑟∗ (2.45 GHz, 𝑇𝑇)
T=30°C
T=50°C
T=70°C
14.69 – j 6.06
14.5 – j 5.72
14.47 – j 5.37
11.45 – j 2.00
11.72 – j 1.65
11.87 – j 1.35
2.94 – j 0.48
3.06 – j 0.57
3.16 – j 0.70
18.44 – j 0.30
17.67 – j 0.27
17.12 – j 0.25
14.63 − j0.26
13.82 – j 0.22
13.17 – j 0.20
4.05 – j 0.13
4.10 – j 0.14
4.13 – j 0.16
4.28 – j 0.04
4.27 – j 0.04
4.27 – j 0.04
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The silicon-carbide and active-charcoal loss-factor
curves shown in Fig. 4 are decreasing as the
temperature increases, with slopes of around
−0.016/°C and −0.017/°C respectively. This means
that they are good candidates for being
electromagnetic susceptors, where the thermal
runaway must be controlled. On the other hand, the
loss factors of silicon dioxide and titanium oxide
increase with temperature, hence they might be
interesting susceptors to be considered where the
application requires forcing a thermal runaway.
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Regarding the dielectric constant, the susceptor
might also be chosen for impedance mismatch
considerations. For instance, copper or aluminum,
instead of being good susceptors due to their low loss
factor, they might be helpful where the introduction of
partial shielding effect is required. Oxides of titanium
and copper are neither good susceptors by themselves,
also because of their low losses, but they show a
relatively low dielectric constant which can be useful
in combination with good susceptors to improve the
impedance matching and achieve a better energy
absorption.
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parameters increased over the measureable limits of
the dielectrometer. Moreover, while the sample was
being heated, it was volumetrically expanded,
probably due to the expansion of the air with
temperature.
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Figure 12: Curves for the dielectric constant (a) and the loss
factor (b) vs. temperature of the listed materials at 2.45 GHz.
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New Device for Controlling the Evolution of Materials
Under Microwave Field Using Doppler Effect
T-H. Vuong1*, J. David1, J.W. Tao1, M. Boussalem2, F. Choubani2
Laplace UMR5213, 2 rue C. Camichel, Toulouse 31071, France
Sup’Com de Tunis,-Rte de Raoued Km 3,5, Ariana – 2083, Tunis, Tunisia
*E-mail: Tan-Hoa.Vuong@enseeiht.fr
1

2

Introduction

microwave processing is one of the original aspects of
the principle.
The use of microwaves as a source of energy in
The Doppler principle is illustrated in Fig. 1. The
material-processing
procedures
has
brought
frequency shift of the signal reflected by the moving
advantages and disadvantages, in particular
target is given by
difficulties in measuring the physical quantities of the
f
material (e.g. temperature). Indeed, the usual sensors
f d = 2V 0 cos φ ,
(apart from those using an optical fiber) cause
c
disturbances and create microwave leaks during the where f0 is the transmitter’s frequency, c is the speed
emission phase of the microwave-power source. For of light, V is the speed of the target, φ is the angle
example, a problem often encountered concerns the between the microwave (plane-wave) propagation and
measurement by metal thermocouples of the the target directions. For φ = 0 , the Doppler shift is
temperature of the product to be treated during the
f d = 2V λ .
microwave heating. In addition, when chemicals (e.g.
acids) are to be treated, measurements at the core of
where λ is the wavelength. Figure 2 shows the basic
the product by contact are virtually impossible.
diagram of the device for controlling the evolution of
In this paper, we present the development of a
the material under microwave field, using the Doppler
system for controlling the evolution of a material
effect1.
under microwave field, without sensors in contact
with the material. The system we developed using the
Doppler effect led to a patent filed at the National Diode detector-mixer
Institute of Industrial Property (INPI). Our objective We refer to this device as a detector-mixer because of
was to obtain a compact and cheap system, and the the mixing effect that takes place between the echo
first application concerned is a mineralization system signal received from the loaded applicator and the
for chemical analyses.
reference signal which leaks to the device due to the
non-ideal coupler. In order to further reduce the cost,
we have chosen to realize this detector-mixer with
common diodes, as illustrated in Figs. 3 and 4.
Moreover, we can determine the load impedance
by placing several detectors at a distance equal to λ/8
from one another as shown in Fig. 5 for a 6-port
assembly.

Operating principle
By causing an electromagnetic wave to propagate in
the material to be heated, the appearance of gas
bubbles due to heating will result in a Doppler signal
due to the high rate of expansion of its bubbles. By
comparing the spectrum of the Doppler signal with a
template, it should be possible to control the heating
process1-5.
In the case of microwave heating, we do not need
an additional microwave source because the
electromagnetic wave used to carry the energy will
also serve as a signal reference to create the Doppler
echo. The use of the same electromagnetic heating
signal to transport information to control the

Figure 1: Doppler effect created by a moving target.
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Figure 2: Diagram of the device.

Figure 3: The diode detector-mixer scheme.
Figure 5: A 4-detector cascade to set the load impedance.

Doppler acquisition and signal processing
The Doppler signal acquisition can be done using
specified data acquisition cards. In our device, we use
the PC sound card (personal computer) as a Dopplersignal acquisition card, because these sound cards are
very inexpensive and very common. In addition, we
employ inexpensive software codes for recording and
Fast Fourier Transform (FFT) processing (such as
Speclab, Winspec32, and Analyzer2000). By
comparing the spectrum of the received signal with a
pre-recorded template, we can generate a control
signal for the microwave-generator power.

Figure 4: The detector response for 50-Ω and 10-MΩ gauges
in parallel to a 30-pF capacitor.

10
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Example of industrial application –
Mineralization for EUROPSOL
Chemical analyses often need to resort to the
mineralization of a product in order to separate the
various components. The mineralization process is
usually carried out in a hot acid medium. This
imposes several difficulties for their automation. To
raise the temperature of the medium, conventional
heaters are slow and it is very difficult to control
thermal runaway. Moreover, these heating modes
have a very high thermal inertia. For example, the
electric hot plate needs a few minutes for its
temperature drop. Microwave heating seems more
appropriate because of its faster rate, better
volumetric uniformity, and lack of thermal inertia
constraint (which enables the product’s core heating).
The microwave applicator is presented in Fig. 6.

(a) Before the reaction

(b) Early reaction

(c) Start of runaway

(d) The controlled chemical reaction

Figure 6: Applicator without load

Figure 7: Typical spectrograms of the different phases of
mineralization process.

The signal evolution during the mineralization
process is presented by spectrograms in Figs. 7a-d.
11
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high
power,
wave-matter
interaction,
dielectrics
characterization, mobile communication, electromagnetic
compatibility, antennas, and microwaves sensors. He is
interested in electromagnetics applied to medical and military
environments.

This original device is simple, efficient and perfectly
adapted to the process of microwave heating. In
particular, it is of great interest with respect to
chemical processes under microwaves. A fine FFT
analysis of the Doppler signal by an FPGA (Xilink)
substitute for the computer allows us to propose a
system to embark for the control of industrial
chemical processes.
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Modeling Temperature Field Dynamics During Microwaves-Assisted
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subjected to a microwave field, the heating is initially
Introduction
Microwave (MW) technology gained attention as a dominated by the contribution of polar molecules,
process intensification method in the last few decades, and, as the temperature increases, the ionic conduction
due to some unique advantages: volumetric and will prevail, after a specific threshold value. The
selective heating1-4. The former is responsible for the relative contribution of these two heating mechanisms
high heating rates, characteristic to MW interactions depends on the mobility and concentration of the ions,
5
with polar/ionic liquids, while the latter is a peculiarity and on the relaxation time of the polar molecules .
The efficiency of MW heating depends on
of MW heating of heterogeneous mixtures –
frequency
and temperature of the liquid/solid phase,
depending upon their dielectric properties, one phase
could heat-up faster than the other; no other heating being directly proportional to the dielectric loss
tangent, tan (δ ) = ε '' ε ' , where δ is the loss angle, ε '
technique is capable of such discriminative heating.
Subjected to an electromagnetic field in the MW is the dielectric constant, proportional to the amount
domain (300 MHz – 300 GHz), absorbing materials of energy absorbed, while ε '' is the effective
may suffer dielectric losses due to interactions with dielectric loss (loss factor), indicating the ability of a
the electric field (EF), based on ionic conduction and medium to dissipate the absorbed energy as heat. Both
dipole rotation, which lead to heating. In an alternating factors depend upon MW frequency, f, and
EF, charged carriers (ions, electrons, protons) are temperature, T:
εS − ε∞
subjected to a forced convective transport in opposite
ε=' ε ∞ +
,
(1)
2
directions (electrophoretic migration), which should
1 + ( 2π f ) τ 2
follow the EF. These forth and back movements of
2π f τ ⋅ ( ε S − ε ∞ )
σ
.
(2)
ions are responsible for a supplemental friction
=
+
ε"
2 2
2π f ε 0
1 + ( 2π f ) τ
between themselves and with the rest of the molecules,
which generates heat. Polar molecules attempt to align
When ions are present in solutions, the ionic
to the alternating EF, colliding with neighboring losses, which are functions of conductivity, σ, and free
molecules (oscillating or not), thus generating heat4. space permittivity, ε , are added to the dielectric loss;
0
A liquid with only polar molecules (i.e., pure
solutions are well
water) will experience smaller dielectric losses with data for water and aqueous
6,7
documented
and
interpreted
.
the increase of temperature2; the kinetic energy of the
Both static and high-frequency permittivity, ε s
molecules increases, thus diminishing the relative gain
in energy due to oscillations. When ions are present in and ε ∞ , respectively, vary linearly with temperature,
the liquid phase, they should be in balanced while the relaxation time, τ, follows an Arrhenius-like
concentration, for the sake of neutrality. Although dependency:
their kinetic energy increases with temperature as
ε S = aS ⋅ T + bS
(3)
well, when in an oscillating EF, the opposite ions must
move in opposite directions, therefore their collisions
ε ∞ = a∞ ⋅ T + b∞
(4)
between themselves and with the surrounding
Eτ T
τ= τ 0 ⋅ e
(5)
molecules will increase, accordingly. So, dielectric
Unfortunately, there are no simple, additive
losses will increase, as well, as opposite to the pure
polar liquids. Therefore, as a salted solution is rules to compute the permittivity for mixtures of
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liquids, but rather complex relationships. According to the working space is very low, non-harmful to the
Ref.8, Kraszewski relationship, in which the volume operator in the present case, maximum 5 V/m (Fig. 2).
fractions, xi, are used as weights, gives better results:

=
ε * x1 ε1* + x2 ε 2* .

(6)

The permittivity of vegetable materials depends
on frequency, temperature, humidity/moisture (M) as
well as ash (A) contents. For the current operating MW
frequency (2.45 GHz), the relationships for both
dielectric constant and loss factor are of empirical
nature. The second order polynomials9 in T, M and A,
with the polynomial coefficients (ci) are found through
regression upon experimental data:
Figure 1: The geometry of the applicator.
ε =ε '− jε '' =c0 + c1T + c2 M + c3 A + c4T ⋅ M
(7)
+ c5T ⋅ A + c6 M ⋅ A + c7T 2 + c7 M 2 + c9 A2
The selective heating and its effects upon heat
and mass transfer is key in understanding the
intensification of the microwave assisted extraction
(MAE)3. When the temperature increases over a
threshold value, specific to each vegetable, the matrix
heats faster than the surrounding liquid, and, as such,
thermally-induced structural damages may appear,
causing cell-rupture1 (various mechanisms being
proposed for the latter).
To the best of the authors’ knowledge, there is
no possibility of measurement of this selective
heating. In the present paper, we analyze the favorable
conditions for the selective heating to act, and model
the temperature field dynamics during the MAE
process using a mono-mode applicator in Comsol®.

Figure 2: The standing wave in the empty applicator.

The key role of this geometry is to concentrate
the E field in the test tube filled with 10 ml of
water/ethanol solution, placed in the center of the
waveguide (Fig. 3).

Results
The applicator with the standing electric wave
The monomode MW applicator, in which vegetables
are discontinuously processed in ethanol/water
solutions (50/50 %vol.), to extract active principles, is,
in fact, a hollow metallic rectangular prism (cuboid),
with width and height corresponding to WR 340 guide
(see Fig. 1). On the left of the applicator in Fig. 1 is
the inlet rectangular port for the TE10 mode. The
length of the applicator is designed to ensure a
standing wave, through reflection on the right metallic
wall shown in Fig. 2. The working space is delimited
by a cylinder, placed central to the waveguide, having
on top another cylinder through which the test tube
could be introduced into the working space (Fig. 1).
This geometry ensures that the electric wave exiting

Figure 3: The E-field concentration in the test tube with the
liquid phase placed in the working space

The present modeling study of the interactions
between the microwaves and the liquid/solid
suspension, for which the permittivity dependency
upon temperature is considered, has three stages:
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a) stressing the heating dynamics of the liquid phase
only, disregarding natural convection;
b) emphasizing the selective heating of the solid
phase (vegetable) placed in the water/ethanol
solution, disregarding natural convection;
c) highlighting the way natural convection, induced
by the non-uniform heating of the liquid phase
under gravity, changes the dynamics of the heating
of liquid/solid phases.
The operating mode is adiabatic, thus avoiding
the decrease of the liquid temperature due to heat
transferred to the thermal agent. This decrease could
hinder the vegetable selective heating – if a difference
in temperatures of solid and liquid phases would
appear, it could be attributed to the delay in the heat
transferred form the solid to the liquid, the latter being
cooled down faster by the thermal agent, than the
vegetable by the surrounding liquid.

March 12, 2018

Due to the specific way the liquid phase is
heated, a small hotspot developed in the center of the
liquid phase, where the intensity of the microwave
field is maximum, overheated near the boiling point of
the mixture. The surrounding liquid, much larger in
volume, has a temperature near the average value,
while the rest is barely heated to 3-4 degrees (Fig. 6).
(a)

Heating dynamics of the liquid phase (natural
convection disregarded)

(b)

Not only the temperature modifies, during the heating
of the liquid phase (Fig. 4), but also the E field, due to
the change with temperature of the solution
permittivity (Fig. 5). Quite remarkably, the intensity
of the E field, expressed as the electric field RMS
norm, EFN, increases as the temperature of the liquid
phase raises, up to 4.3x103 V/m, significantly higher
than the intensity of the E field in the empty applicator
(see Fig. 2). Due to the adiabatic operating regime, the
maximum temperature increases heavily (Fig. 4), but
the lack of convective mixing creates large
temperature gradients in the liquid volume (Fig. 6).

Figure 5: The E-field distribution change with temperature (a) at
the beginning of the process, and (b) at the end of the process.

Figure 4: The temperature time profile for the liquid phase – Tmax
represents the maximum, Tave, the average, and Tmin, the Figure 6: A ZX cut plane through the liquid phase temperature,
to emphasize the gradients of temperature and the specific
minimum of temperatures
heating in the microwave field at the end of the process.
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As the temperature of the liquid increases, its
specific absorption rate (SAR) decreases, due to the
decrease of the loss tangent; therefore, the heating rate
becomes lower and lower, for the overheated region
(Fig. 7, SARmax), although the intensity of the E field
increases with temperature (Fig. 8, EFNmax), but not as
fast as the loss tangent decreases. The regions where
temperature is close to the average value (Fig. 6)
experience an increase of SAR (Fig. 7, SARave), since
the decrease of the loss tangent is compensated by the
increase of the intensity of EF (Fig. 8, EFNave). Thus,
on average, the heating rate tends to increase – see the Figure 8: EFN profiles for the liquid phase.
curves for the maximum and average/minimum
temperatures (Fig. 4).
Selective heating of vegetable (natural convection
disregarded)
To study if the selective heating occurs, a sphere of
vegetable material with 0.5-mm diameter, for which
the permittivity is dependent on temperature, was
placed in the center of the liquid phase, where
temperature increased faster. Since the natural
convection is disregarded, there will be no sleep
velocity between the solid and the liquid phases.
Therefore, heat is transferred only through diffusion
between the two phases.
The grain of vegetable is too small to change the
behavior of the liquid phase, for which the temperature
profiles remain the same. The temperature of the
vegetable material follows closely the maximum
liquid temperature, due to the position where the grain
was placed (Fig. 9).

Figure 9: A ZX cut plane through the liquid/solid phases, the
latter placed where the microwave irradiation is maximum.

To emphasize the selective heating, six points
were chosen in the liquid phase, near the surface of the
sphere, on the x, y, and z axes, which pass through its
center – North (TN), South (TS), West (TXW), East
(TXE), Front (TYW) and Rear (TYE) (Fig. 10). In
these points, the temperature is recorded, together
with the temperature in the center of the grain, TC
(Fig. 11). The temperature profiles show that,
although the selective heat is active, with the
temperature in the center of the grain being higher than
any temperature of the liquid surrounding it, the gap is
rather small, maximum 0.66 K, quite close to the one
quoted in the literature6.

Figure 7: SAR profiles for the liquid phase.
Figure 10: The whereabouts of the points for probing the
temperature in the liquid surrounding the vegetable grain and
in its center.
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stays significantly lower. After 40s of heating, the
temperature surrounding the vegetable is slightly
under 400C (Fig. 15, see Fig. 4 for comparison).

Figure 11: The temperatures in the center of the grain and in the
points surrounding it, for the last 5 s of the simulation.

To have a clearer picture of this gap, the
difference between TC and the average temperature of Figure 12: Difference between TC and TL,ave and the vegetable
the six surrounding points
average temperature.
TL , ave = (TN + TS + TXE + TXW + TYE + TYW ) / 6 ,

is presented in Fig. 12.
At the beginning of the process, when the
dielectric properties of the liquid phase are higher than
that of the vegetable (as shown in Fig. 13 for the
dielectric loss tangent profiles), the difference
between the temperature of grain and of the
surrounding liquid is negative, since the latter heatsup faster. But, as the temperature of the vegetable
material grows over the threshold, the selective
heating starts acting, so the difference becomes
positive and increases over 0.65 K.
The selective heating of the solid phase (natural
convection considered)

Figure 13: Loss tangent for vegetable and the liquid surrounding
it, computed at TL,ave.

Any fluid placed in a confined space and subjected to
heating (direct or through a heat transfer area)
develops, under the influence of gravity, a specific
internal movement, known as natural convection –
rotating cells generating local mixing. When heating
is produced by microwaves, (a) the fluid in the rotating
cells moves from the middle of the test tube towards
the walls, and (b) the fluid gets thermally stratified
(Fig. 14), due to the place where the E field is
concentrated (Fig. 9).
This local mixing makes the fluid better
homogenized and, although the average temperature
time trajectory remains the same as when the natural
convection is disregarded, the minimum temperature
gets higher in time, while the maximum temperature Figure 14: The temperature map with the velocity current lines.
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Therefore, to reach the same final temperature
for the vegetable as in the former case, the irradiation
time should be prolonged to 160 s. As the result of
natural convection, the liquid overheated zone
occupies the top, the under-heated, the bottom, and the
property of the vegetable to concentrate the E field is
more apparent (Fig. 14). The selective heating is
present and more important (up to 0.76 K), due to the
increased temperature difference between the
vegetable grain and the surrounding liquid (Fig. 16).

Figure 17: Difference between the E field in the center of the
vegetable and the averaged E field in the liquid surrounding it
(see Fig. 10) against the vegetable average temperature.

Conclusions
The temperature field dynamics during the
microwaves assisted extraction of active principles
from vegetables was modeled in Comsol®, first
disregarding, then considering natural convention
effects. The selective heating of vegetable was
emphasized, which depends strongly upon the local
Figure 15: The temperature time profile for the liquid phase temperature field and fluid dynamics.
subjected to natural convection (see notations in Fig. 4).

For further reading:
1. F. Chemat, G. Cravotto (Eds.), Microwave-assisted
Extraction for Bioactive Compounds, Springer, 2013.
2. A. de la Hoz and A. Loupy, Microwaves in Organic
Synthesis, 2012, Wiley-VCH Verlag & Co. KGaA,
Weinheim, Germany.
3. N. Flórez, E. Conde, H. Domínguez, Journal of Chemical
Technology & Biotechnology, 2015, 90, 590.
4. H. F. Zhang, X. H. Yang, Y. Wang, Trends Food Sci Tech,
2011, 22, 672.
5. M. D. Luque de Castro, L. S. Castillo-Peinado, in: K.
Knoerzer, P. Juliano and G. Smithers (Eds.), Extraction,
Separation, Component Modification, and Process
Intensification, Elsevier, 2016.
Figure 16: Difference between TC and TL,ave and the vegetable
6. C. S. Lee, E. Binner, C. Winkworth-Smith, R. John, R.
average temperature.
Gomes, J. Robinson, Chem. Eng. Sci. 2016, 149, 97.
At the beginning of the process, the liquid still 7. S. G. Camelia Gabriel, Edward H. Grant, Edward H. Grant,
gets heated faster, but the vegetable starts being
Ben S. J. Halstead, and D. Michael P. Mingos, Chem. Soc.
preferentially heated at lower temperatures than in the
Rev., 1998, 27, 213.
previous case. At the end of the process, EFN starts 8. A. Álvarez, J. Fayos-Fernández, J. Monzó-Cabrera, M. J.
decreasing faster for the solid than for the surrounding
Cocero, R.B. Mato, Jour. Food Engineering, 2017, 197, 98.
liquid, which, in combination with the heat transfer 9. O. Sipahioglu, S.A. Barringer, Jour. Food Sci., 2003, 68, 234.

from the solid to the liquid, determines a decrease in
temperature difference between phases (Fig. 17).
19

AMPERE Newsletter

Issue 95

Acknowledgment
The authors acknowledge the financial support received from
the Competitiveness Operational Program 2014-2020, Action
1.1.4: Attracting high-level personnel from abroad in order to
enhance the RD capacity, Project P.37.471 (Ultramint),
Contract 47/05.09.2016.

About the Authors
Prof.
Vasile
Lavric
(University
POLITEHNICA of Bucharest) graduated
from
University
POLITEHNICA
of
Bucharest with an M.Sc. in chemical
engineering and obtained the Ph.D. at the
same university, in the domain of
bioengineering. His research interest
covers several domains like time scales of
(bio)chemical processes, systems optimization and optimal
control, process integration and intensification, artificial neural
networks
and
evolutionary
algorithms,
biological/biochemical/chemical reactors. He co-authored over
100 peer-reviewed papers in these areas. In 1998 he was the
recipient of the “Nicolae TECLU” award of the Romanian
Academy's Chemical Division for “The applications of artificial
neural networks in chemical engineering”. He coordinated
numerous fundamental and applied research projects.
E-mail: lavric.vasile@gmail.com

Prof. Ioan Calinescu (University
POLITEHNICA of Bucharest) received his
chemical engineering education (M.Sc.
and Ph.D.) from University POLITEHNICA
of Bucharest. His research interest
includes the use of microwave, electronbeam and ultrasound in intensifying
processes related to biomass processing
and biofuels production, as well as
removing various pollutants from the gaseous or liquid media.
He co-authored over 85 peer-reviewed papers in these areas. He
is a doctoral supervisor with 15 PhD students who supported his
doctoral thesis under his guidance. He has coordinated
numerous research projects funded by government or industrial
companies.
E-mail: ioan.calinescu@upb.ro

20

March 12, 2018

AMPERE Newsletter

Issue 95

March 12, 2018

Low-Noise, High-Efficiency and High-Quality Magnetron
for Microwave Oven
N. Kuwahara1*, T. Ishii1, K. Hirayama2, T. Mitani2, N. Shinohara2
1
2

Panasonic corporation, 2-3-1-3 Noji-higashi, Kusatsu City, Shiga, 525-0058, Japan
Research Institute for Sustainable Humanosphere, Kyoto University Gokasho, Uji, Kyoto, 611-0011, Japan
*E-mail: Kuwahara.nagisa@jp.panasonic.com

Introduction

ExB drift motion. The gyration of the electrons
resonates
to a number of resonators at the anode. A
Nowadays, the considerations of energy-efficiency
bunching effect occurs hence the microwave field is
performance in microwave ovens are also required due
amplified by the rotating electron pole, which leads to
to environmental concerns. However, stricter
oscillations.
restrictions on electromagnetic noise are also
promoted all over the world. Therefore, we have been
required to develop a magnetron which properly meets
the CISPR standard (dictated by the Comité
International Spécial des Perturbations Radioélectriques) and yet operates at high efficiency.
However, the magnetron’s efficiency and noise
parameters have a trade-off relation, which makes it
difficult to satisfy the condition of low noise and high
efficiency r. We solved the problem using Panasonic
industrial magnetron technology, and also succeeded
in achieving high-quality devices.
Methodology
1. Theory of magnetron efficiency
The magnetron’s efficiency η is given by:


η = ηc  1 −


2

mv
2eV

 ra + rc


ω
,
 ≅ ηc  1 −

 ra − rc n eB m − ω 

Figure 1: The action space of magnetron

(1)

where ηc is the circuit’s efficiency, e, m and v are the
electron charge, mass, and velocity, respectively, V is
the anode voltage; ra and rc are the anode and cathode
radiuses, respectively, ω is the angular frequency, n is
the number of resonators, and B is the magnetic field.
It is necessary to reduce the electron velocity v
in order to raise the magnetron efficiency (1). In this
trend, the action space size is narrowed, the magnetic
field is intensified, and the number of anode resonators
is increased.
2. Noise generation factor of magnetron
The magnetron is a cylindrical structure with coaxial
cathode and anode (Fig. 1). The electrons perform a
rotational motion due to the radial electric field and
the axial magnetic field. This rotation is termed the

The noise generation factors that have been
reported in the past are as follows:
• Noise synchronized with the surrounding electron.
• Noise by ion plasma vibration.
• Noise by ion relaxation vibration.
• Noise by intermodulation.
The noise is divided roughly into three bands (Fig. 2):
• Fundamental wave at 2.45 GHz.
• Line noise and radiation noise.
• High harmonic noise.
The methods of noise control studied earlier are:
• Electronic motion control at both axial ends.
• Axial magnetic field uniformity.
• Electrical discharge suppression.
• Oscillation frequency band narrowing.
• Space charge layer width decrease.
• The π-1 oscillation mode separation and control
(increase the resonance Q value).
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Figure 2: Magnetron’s noise bands.

3. Approach to high efficiency and low noise
We used the theory mentioned above and CAE to
achieve both low noise and a high efficiency. The
details are described below.
We analyzed the magnetron operation using
CST Particle Studio (hereafter, CST PS), which is a
solver module of CST STUDIO SUITE. This
simulator can analyze grain motion in three
dimensions by using Maxwell’s and motion equations
of charged particles (hereafter, particles). We modeled
and simulated two magnetron shapes (QV and J
versions, for a high-efficiency and low-noise
specifications, respectively) for actual microwave
ovens. The two models are shown in Figs. 3a, b. First,
we simulated each model in a uniformed magnetic
field distribution. The particle distributions are shown
in Fig. 4, and the output voltage changes in timeline
are shown in Fig. 5.
Figures 4a, b show that the kinetic energy of the
particles reaching the anode in J-version is higher than
that of QV-version, and also more particles reach the
anode vane. In addition, Fig. 5 shows that the time in
which the voltage amplitude increases and stabilizes is
shorter in QV-version. Consequently, as shown in
Table 1, we succeeded to reproduce the feature that
QV-version is more efficient than J-version.
However, the difference between the theoretical
efficiency value and that calculated was about 2-6%.
It causes that the electron efficiency loss is reduced
due to the radial component of the velocity of the
particles, accelerated in the cavity resonator. This
effect is not included in the theoretical efficiency.
Figure 6 shows the result of the frequency
spectra obtained by applying a Fast Fourier Transform
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(FFT) to the output voltage time variation. We could
not find the spectrum for frequencies below 1 GHz.
The reasons are because we could not reproduce the
limitation of time resolution in the simulation, and the
filament temperature change due to secondary
electron emission and back bombardment.
The next simulation was carried out using actual
magnetic field distribution as shown in Fig. 7. As a
result, the calculated efficiency of both QV-version
and J-version decreased about 10% in the actual
magnetic field compared with a uniform magnetic
field as shown in Table 1. We presumed that it was
because the particles in the central portion in the axial
direction were likely to be pulled out to the anode
portion, and because the number of particles entering
into the cavity resonator was increased and the kinetic
energy increased more than in the case of the uniform
magnetic field. Regarding the noise performance, the
frequency spectrum other than the fundamental wave
(around 2.45 GHz) became higher in the actual
magnetic field than in the uniform magnetic field.
Thus, in order to achieve high efficiency, while
ensuring low noise, it is best to make the actual
magnetic field close to the uniform magnetic field,
after reducing the electron motion space (the anode
inner radius; ra and the cathode outer radius; rc).
In order to be close to the uniform magnetic
field, we focused on the ratio (hereafter ‘the current
ratio’) by separating the anode into three parts at equal
intervals in the axial direction, and calculating the
anode current of each portion. For that we define three
separated parts the anode A side, the anode central
part, and the anode K side from the anode vane on the
output end side. As a result of obtaining an optimal
solution that makes the current ratio as uniform as
possible, as shown in Table 2, we successfully
established a U-version that improves the efficiency
by 5% while the current ratio is equivalent to Jversion.
4. Approach to high quality
Regarding the factors that cause variations in the
production process, we again checked the influence of
the frequency spectrum by simulation and some
experiments. As shown in Fig. 8, we found that the
most adverse effect took place when the coaxial
displacement of the electron motion in space occurred,
that is, in the active space between the anode inner
radius ra and the cathode outer radius rc.
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(a) QV-version

March 12, 2018

(b) J-version

Figure 3: Magnetron model

(a) QV-version

(b) J-version
Figure 4: Particle distribution

(a) QV-version

(b) J-version

Figure 5: Evolution of the output voltage with time
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(a) QV-version

(b) J-version

Figure 6: Frequency spectrum from FFT

(a) QV-version

(b) J-version

Figure 7: Magnetic field distribution

Figure 8: Axial and radial particle distribution (coaxial displacement)
Table 1. Comparison of efficiencies
Magnetron
Type

Current High-efficiency
QV-version

Current Low-Noise
J-version

Theory calculation value
Equation (1)

77.6%

74.9%

CAE results
Uniform magnetic field

76.4%

68.4%

CAE results
Actual magnetic field

66.6%

56.9%

I
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It was also noticed that the frequency change
increased due to altering the distance between the
cathode and the anode in the axial direction.
Therefore, we also incorporated the technologies of
industrial magnetrons and reexamined the dimensions,
jigs and equipment, for a stabilized quality design.
Results
The performance of the newly developed magnetron
using a waveguide measurement system is shown in
Table 3. The noise performance on a microwave oven
is shown in Fig. 10. In addition, the durability test
results are shown in Fig. 11, which show that the life
time has been longer than 5,000 hours (while the
magnetron is still working).

Figure 11: Durability test data

Table 2. Comparison of efficiencies
Magnetron
Type

QV-version

J-version

New
U-version

Total anode current

1.88 A

1.98 A

1.92 A

A-side
Center
K-side
CAE results, efficiency

8.2 %
67.0 %
24.8 %
66.6 %

23.5 %
43.7 %
32.8 %
56.9%

24.6 %
41.3 %
34.1 %
62.0 %

Table 3. Comparison of specifications to the present Panasonic magnetrons
Magnetron
Type
Efficiency
For CISPR11
Stability to load

(a) 30-300MHz

Current
High-efficiency
QV-version
75 %
Not so Good
Not so Good

Current
Low-Noise
J-version
72 %
Good
Good

(b) 300-1000MHz

(c) 1.4-3.7GHz

Figure 10: Noise performance in microwave oven
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U-version
74 %
Good
Good
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Discussion
The theoretical efficiency is derived assuming an ideal
orthogonal electromagnetic field. Therefore, we
proved that it was possible to obtain high efficiency
and low noise by forming an ideal orthogonal
electromagnetic field over the entire axial direction of
the active space. Furthermore, by improving the
manufacturing precision of the structure and
production methods, we also confirmed securing high
reliability.
Conclusion
In this study, we have successfully developed a new
magnetron U-version with high efficiency, low noise
and high quality by optimizing the part shaping, while
utilizing electromagnetic field distribution analysis
and electron motion analysis. With this achievement,
we were able to add new magnetrons in our product
list, which should be possible to be deployed all over
the world.
For further reading:
1.

K. Hirayama, T. Mitani, N. Shinohara, K. Kawata, and N.
Kuwahara, "3D Particle-in-cell simulation on efficiency and
back-bombardment of an oven magnetron", 17th
International Vacuum Electronics Conference (IVEC2016),
Monterey, USA, Apr. 2016.
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Computational Verification of Heating Mechanisms at Radio and
Microwave Frequencies Using Density Functional Theory
Shozo Yanagida1* and Takeko Matsumura2
Osaka University, Suita, Osaka, Japan
Minerva Light Laboratory, Kyoto, Japan
*E-mail: yanangida@mls.eng.osaka-u.ac.jp
1
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Introduction

propose in this study that the radio and MW frequency
heating may be explained as due to thermoMatsuo and Seki succeeded of heating a cyclohexanol upconversion.
solution under irradiance of radio frequency wave, at
0.81 and 10.1 MHz, stating that radio frequency
Results and Discussion
heating results from dielectric loss factor1. As for
effective microwave (MW) heating of water, Verification of radio frequency heating of cyclodielectric loss of water between 0 to 100οC is shown hexanol solution
in the wavelength range 0.01-10 cm, equivalent to Supposing that cyclohexanol solution consists of a
respective 3 THz - 0.3 GHz (the microwave 2.45-GHz cyclohexanol monomer, and its hydrogen-bonded
frequency corresponds to a 12.2-cm wavelength). In dimer and trimer, they are molecular-modeled,
order to find out what is molecularly taking place in respectively, using the B3LYP exchange-correlation
cyclohexanol and water under respective radio and functional, and the 6–31G(d) basis set in the Spartanmicrowave irradiances, molecular alignment of their 16 PC-installed software (Wavefunction, Inc. Irvine,
liquid state are modeled at the molecular level on the CA). In this analysis we obtain the formation energy
basis of density-functional theory (DFT) using the (∆E), the energy levels of the lowest-unoccupied and
B3LYP exchange-correlation functional and the 6– the highest-occupied molecular orbitals (ELUMO and
31G(d) basis set with Spartan 16 (Wavefunction, Inc.
EHOMO, respectively), the electron transfer gap (∆Et,
Irvine, CA). It is worth noting that DFT-based
calculated from ELUMO and EHOMO), the infrared
molecular modeling (DFT/MM) calculates not only
(IR) absorption with high intensity, and a series of far
the infrared (IR, 4000-500 cm-1) but also far infrared
infrared (FIR) peak absorptions, as listed in Table 1.
(FIR, >500 cm-1) spectra and below. In addition, as
The intense IR absorptions are assigned to O-H
absorption peaks in IR can recognize bond vibration,
stretching. Interestingly, the lower peak absorptions in
absorption peaks in FIR also recognize intermolecular
FIR (0-200 cm-1) are assigned to a concerted cyclovibration of aggregated molecules. On the basis of an
hexane ring vibration and the other upper peaks to Ointermolecular vibration analysis in FIR region, we
H and C-H concerted bending of cyclohexanol.
Table 1: DFT-based calculations for IR/FIR spectra of liquid-state cyclohexanol
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Formation of cyclohexanol trimer is the most
exothermic (∆E=-18.6 kcal/mol), giving the highest
dipole moment of 3.12 debye. In addition, intense two
absorption peaks in IR are assigned to O-H stretching,
and interestingly, some peak absorption in broad FIR
absorption calculated in the region, 0-234 cm-1 can be
assigned to a concerted cyclohexane ring vibration of
all cyclohexanol rings, as shown in Fig. 1. The trimer
undergoes concurrent absorption and emission of
radio and MW frequency, i.e., FIR/IR energy, giving
heat by final thermal emission of the thermoupconverted O-H stretching energy. Then, such
intermolecular concerted vibration predicts that the
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radio-frequency-induced heating phenomenon could
be explained as due to thermo-upconversion rather
than molecular friction and/or dielectric loss.
Figure 2 shows the three dimensional (3D) and
electron density structures of cyclohexanol trimer.
The trimer has the least electron transfer gap (∆E), and
the electrostatic potential indicates that the trimer
locates in the potential between 2.44 and –2.02 eV.
The trimer is very easily energized by the low energy
of the radio frequency energy. The energized trimer
emits and absorbs higher radio frequency, undergoing
successive thermo-upconversion to the O-H stretching
energy.

Figure 1: DFT-based IR/FIR spectra of hydrogen-bonded trimer of cyclohexanol

Verification of microwave heating of water solution
Conceivable water aggregates (H2O)n(n=1-6) and ice
model of piled-[(H2O)6]2 3,4 are divided into three
water aggregates, i.e., at high-temperature liquid
state, at liquid state, and at low-temperature state (Fig.
3), which is on the basis of O-H stretching
wavenumber in DFT/MM-based IR data in Table 2.

In general, the wavenumber above 3600 cm-1 is
assigned to free O-H bond observable at hightemperature liquid water state, and the wavenumber
below 3000 cm-1 to hydrogen-bonded OH that are
observable at low-temperature liquid or crystal water
states. All water aggregates at liquid state will be
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heated up by thermo-upconversion under MW
irradiation as suggested by intense absorption of OHstretching and effective and sequential absorption in
FIR region.
It is reported that dielectric loss of pure water
depends on wavenumber of IR/FIR and temperature,
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and of the temperature increases, the absorption
wavenumber increases with decreased intensity2. In
Fig. 4, IR/FIR spectra of ts-(H2O)3 and piled-[ts(H2O)3]2 are shown as a water model of low
temperature and of high temperature, respectively.

Figure 2: Hydrogen-bonded structure and electron density structure of cyclohexanol trimer (C6H11OH)3

Figure 3: Hydrogen-bonded H2O aggregates (H2O)n for n=1-6.
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Table 2: DFT-based IR/FIR spectra analysis of hydrogen-bonding H2O alignments

Figure 4: DFT-based IR/FIR spectra of triad symmetry H2O, ts(H2O)3 as a high-temperature water model,
and piled [ts(H2O)3]2 as a low-temperature water model.
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The ts(H2O)3 model starts to absorb at longer
wavenumber of FIR and the emission from the OHstretching is not strong. As for the electron density
structure (Fig. 5), the large ∆Et (eV) 9.33 eV and the
electrostatic potential gap of 7.75 eV rationalize that
FIR starts at longer wavenumber when compared with
other water aggregates.
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On the other hand, DFT-based IR/FIR spectrum
of the piled-[(H2O)3]2 verifies effective heating under
MW irradiance as a result of thermo-upconversion.
The electron density analysis supports the effective
heating by smaller ∆Et (eV), 8.36 eV and smaller
electrostatic potential gap of 4.72 eV (Fig. 6). We
further state that the piled-[(H2O)3]2 may contribute to
the high density of water around 4 degree.

Figure 5: Hydrogen-bonded structure and electron density structure of triad symmetry (H2O), ts(H2O)3.

Figure 6: Hydrogen-bonded structure and electron density structure of piled [ts(H2O)3].
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Conclusions

About the Authors:

Liquid-state molecules interact with each other via
van der Waals and Coulomb interactions, giving
various alignments of their aggregates, which may be
called amorphous states of liquid. DFT-based
molecular modeling (DFT/MM) can characterize each
aggregate in amorphous state as one non-covalent
bonding molecule, giving an electron density energy
structure for each aggregate. In addition, DFT/MM of
molecular aggregates verifies and predicts
electromagnetic absorption spectra such as IR/FIR and
UV/Vis.5, 6) The proposed thermo-upconversion
mechanism for radio and MW frequency heating is a
DFT-predicted mechanism. We conclude that MWassisted quick and clean organic synthesis will be
called “MW thermo-catalytic synthesis”, because
reactants aggregate each other via van der Waals and
Coulomb interactions, being heated up instantly by
thermo-upconversion of the aggregated reactants
under MW irradiance.
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An Interview with Mr. Robert F. Shiffmann – IMPI’s President
The first discovery of Mr. Robert (Bob) Schiffmann in
the field of microwave ovens and microwave heating
was both accidental and serendipitous, as he describes
it. In 1959, with a Bachelors degree in Pharmacy and
a Masters degree in Analytical and Physical
Chemistry, Bob left Purdue University to pursue
research on radioactive pharmaceuticals. However,
that never happened because he answered an
advertisement in the New York Times for a "Physical
chemist with a sense of humor". He became a research
scientist for DCA Food Industries Inc. (Donut
Corporation of America), tasked with studying the
physics and chemistry of doughnuts involving some
very sophisticated science (heat transfer, fluid
dynamics, bubble physics, chemical interactions of
various ingredients, change of state, change in
volume, and much more).
While studying the heat-transfer characteristics
of frying oils, Bob saw a co-worker put a sandwich on
a plate inside what he thought was a large chrome
refrigerator; but when he saw that the sandwich
became hot while the plate remained cold, he realized
this was something other than a refrigerator; in fact, it
was a Raytheon Radarange, a microwave oven
weighing approximately 300 kg, somewhat over 1.5m high, containing two 800-W water-cooled
magnetrons. Bob had never heard of a microwave
oven and, questioning his coworker, learned that the
heating was by a kind of radar. Intrigued, Bob put his
own sandwich in the oven and it also came out hot
while the plate remained cold. He then scooped some
hot fat out of a fryer, dropped some raw dough into it,
and placed it in the microwave oven where it fried!
This was the basis of his first patent, and ultimately
resulted in manufacture and sale of 25 large industrial
microwave donut fryers into bakeries around the
world. After that, Bob spent his time microwaving
everything he could think of: baking, drying, frying,
heating, etc. During this time, he also invented
microwave doughnut proofing, the procedure whereby
yeast is stimulated causing dough to rise. Bob's
procedure reduced the normal 45 to 60-minute process
to 4 minutes. Again, this resulted in the manufacture
and sale of numerous microwave donut proofers in the
United States, Canada and Europe.
In 1971, Bob left DCA to become a minor
partner in a two-man consulting company, Bedrosian

and Associates, consultants on product and process
development. Other than an initial project on the
microwave frying of breaded chicken parts, for many
years there was very little microwave-related work, so
Bob spent his time developing numerous consumer
food and nonfood products, many of which reached
the marketplace. In 1977, Bob studied the microwave
performance of paperboard versus aluminum foil
packaging, much of that research is still being quoted
today. It was during this time that Bob invented the
multi-probe thermocouple temperature measuring
system that today is known as the thermocouple
hedgehog used in laboratories all over the world.

Bob Schiffmann in his laboratory (a picture from an article in
Discover, titled “The Little Waves That Could”, Nov. 1989. The
figure caption was “Microwave researcher Robert Schiffmann
stands by the technology’s greatest success story”).

In 1978, Bob formed his own consulting
company, R. F. Schiffmann Associates Inc., and since
1982 has devoted all of the company's time to
microwave-related research and development. Since
its formation, Bob’s company has serviced well over
150 clients in areas as diverse as food, pharmaceuticals, medical devices, aerospace, packaging,
metallurgy, foundry, and much more. In 1980, he and
his team developed a sophisticated laboratory
microwave oven. In that same year he began a
program that resulted in the development of the first
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full line of high-quality plastic cookware for microwave ovens. Also at that time, he developed a
continuous microwave and infrared system for
cooking 30,000 sausage patties per hour, a highly
profitable system that ran, without problems, for 10
years. Another highly successful system he developed,
that has been operating in South Africa for over 10
years, is the microwave production of muesli.
There were numerous other microwave systems
that reached the pilot stage in various food and
nonfood industries, including the aerospace and
pharmaceutical and personal care product industries.
Bob and his team also developed numerous
microwavable food products for some of the major
food processing companies. There were also a number
of research programs, such as determining the cause
for spontaneous fracture glass jars during
microwaving, and as a result developed a test
procedure that predicted jar failure resulting from
changes in the production or shipping of products
these jars. He also developed a procedure for the
conversion of hematite to magnetite at very high
efficiency, but unfortunately this never reached
commercialization.
Bob has 28 US patents, with numerous foreign
analogies, covering inventions including various
microwave devices such as conveyor-chokes and
environmental control systems for microwave
applicators; process patents for microwave frying and
dough proofing systems, industrial bread baking
systems, continuous extrusion and cooking of skinless
frankfurters; the manufacture caramel-coated
microwave popcorn; microwave packaging systems,
and more.
Bob has been teaching microwave technology
courses internationally since 1973. He has also chaired
over 20 international microwave conferences. He has
over 50 technical publications on microwave energy,
and has contributed to numerous textbooks in many
areas of microwave applications and technology.
Bob joined IMPI (International Microwave
Power Institute) in 1967, was elected its Secretary in
1970, and then President in 1973 (a position he held
for 10 years), followed by becoming Chairman of the
Board of Governors for two years. He was reelected
IMPI’s president in 2010, a position he holds today.
He is also a Founding Member of AMPERE;
Honorary Member of the UK Microwave Technology
Association; Emeritus Member of the Institute of
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Food Technologists and Sigma Xi; and an Honorary
Visiting Professor at the Kunming University of
Science and Technology, and a Certified Food
Scientist (IFT).

Bob Schiffmann and the “secrets of the microwave” on the cover
page of ADWEEKS’ MARKETING WEEK, April 23, 1990.

Among his many awards, that stand out in Bob's
mind, are a Fellow of the Int’l Microwave Power
Institute (1983) and the Ricky Metaxas Pioneer Award
(2012) granted to him by his peers.
Today, Bob spends most of his time as an expert
and expert witness in numerous legal actions. He has
served in this capacity in 40 cases to date, including
patent infringement, product liability, medical malpractice, breach of contract, felony murder, and more.
We asked Mr. Schiffmann to share with us his
experience and views in this interview to AMPERE
Newsletter. Bob has kindly agreed to respond to our
questions, as follows:
Q. Mr. Schiffmann, among the so many projects, initiatives, and
developments that you have led in the 56 years of your
microwave-heating career, which would you consider as the
most significant ones?

A. There have been so many products and processes
in which I have been involved, that it's hard to select
the most significant ones. One of the joys of my
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consultancy is that no one ever came to me with an
easy project – if it was easy they would've done it
themselves – so I ended up with the difficult-to-solve
projects. That suited my nature, because I love hard
problems, the harder the better. Also, early in my
career, I made a decision that I was not interested in
just spending my time finding interesting information
with which I would fill up my laboratory notebooks,
but rather I wanted to work on things that ended up as
something I could look at in a manufacturing plant, or
hold in my hand, or see on the shelves of
supermarkets, and know that I'm the one who did it.
So, I've been satisfied many times over, and my clients
have benefited because of that.
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something new when the company has done the same
thing for the last 50 years; or to introduce a new
product into the marketplace, because that's risky – it
might fail, and that will affect the bonuses of many
people in a company. It's a bitter lesson, but I've
learned that while most companies profess to want to
introduce new products, many are reluctant to do so
because of the potential for poor performance or
failure in the consumer's eyes. In the case of new
processes this might involve a capital expense of
hundreds of thousands or even millions of dollars, plus
all the installation and startup costs, Also, they are
likely to have amortized their standard equipment, so
most companies don't want to gamble on the new
microwave-system, so it's easier to say "no".
Q. You have been working with magnetrons for over 5 decades,
and now you - also as IMPI’s President - promote the solidstate technology which revolutionize the microwave-heating
field. What is your vision regarding the solid-state vs.
magnetron microwave heating technologies?

Bob Schiffmann and the Metaxas award (2012)
Q. Based on your experience with over one hundred projects
and companies, how would you characterize the more
successful ones? Can you identify any specific profile that
features success stories in microwave-heating?

A. There is an important lesson that one has to learn in
my business: "Don't fall in love with your own idea".
That's because many of the things that I've worked on,
while being technically successful and that met the
cost objectives, in most cases, never reached the
marketplace or the production plant. There are many
reasons for this, including the reluctance to adopt

A. The future of solid-state technology in the
microwave-heating market is exciting. Right now, the
hardware is far too expensive, except for dedicated
systems where equipment cost is not important, for
example in medical applications. However, with more
and more use of this technology, the price of the solidstate hardware will come down significantly. Consider
that in 1968 a single transistor sold for $10, while
today it's possible to buy 2 billion transistors for $1100
– probably the result of computers and the gaming
market. The kind of solid-state technology I’m talking
about is unlikely to see that kind of growth, but it will
be significant. Looking at it from the point of view of
applications to microwave processing of large
quantities of materials, some of these require hundreds
of kilowatts, and today's power transistors produce
only a few hundred watts, so the challenge is very big.
Then there's the consumer microwave oven market; in
this case, I believe the idea that millions of microwave
ovens are sold annually has gotten in the way of a
realistic assessment of the likelihood of replacing the
four-dollar magnetron and its power supply with a
solid-state system. Yes, I believe that there is some
potential for real cooking in these ovens, however, it's
not engineers buying these ovens but ordinary
consumers, who all believe that you can't cook in a
microwave oven, and are disappointed by today's
microwave ovens marketed as providing real cooking
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opportunities, which most consumers find to be very
disappointing. Then there's the question of cost: one
can go to Walmart, or similar discount stores, and buy
a microwave oven for $59 and if anything goes wrong
with it, simply throw it away. What I've seen so far is
a projection of these solid-state cooking ovens costing
hundreds of dollars. Do you really expect consumers
to throw away their current microwave ovens in place
of one of these? Obviously there will be some highend consumers who will do that, but for the average
consumer – I don't think so. And because the footprint
of one of these new ovens will be large, say the
equivalent of current microwave ovens, there is not
that much counter space available to have both. So I
think there are many challenges ahead.

resistance to change and to adopt a different way of
doing something. In 1980, I created a unique
system for the production of sausage patties; it had
enormous economic benefits. The user insisted on
running a pilot operation that produced 30,000 oneounce patties before committing to the production
system. The final production system was so
successful that it ran trouble-free for 10 years
before it was shut down when the company was
bought, because the product produced by the
microwave system was much too good when
compared to that being produced in several plants
by the purchaser. By the way, the payback time for
the entire system, not just the microwave, was 5
months!

Q. During the years, microwave ISM technologies have been
found as potentially applicable in many fields. However, they
still have an image of a promise that has not yet been fully
fulfilled. Do you share this opinion? What in your view are
the obstacles limiting the more massive penetration of
microwave technologies into potential markets?

When they are properly applied, microwave
systems often do as well as or better than conventional
systems and may have other advantages, sometimes
with unique results. These are the really exceptional
systems. And, yes, I believe that there is enormous
potential out there still waiting to be discovered or
rediscovered. But, you also have to overcome the fact
that there are many conventional systems that have
been in operation for many years and are unlikely to
be supplanted. It’s important to stop promoting these
as microwave systems, but rather focus upon the
processes in which microwave will be part of those
systems when they provide a real benefit, not because
of the glamour of the word microwave, but because
there is a real benefit, especially an improvement in
the ROI (return on investment). A weather-stripping
manufacturer wants a superior way of extruding and
vulcanizing rubber, it may include a microwave
component, but that’s incidental to a reason for
purchasing it, as long as it meets his quality and ROI
goals.

A. IMPI was organized in 1966 because of the
potential for microwave industrial processing of
materials. I joined IMPI in 1967, and attended my first
IMPI symposium in 1968, at which Joel Elman, a vice
president at Litton Industries, predicted a large
consumer microwave oven market, and few in the
audience believed him. Today there are well over 1
billion microwave ovens in the world, but not that
many industrial microwave systems, perhaps
somewhat over 1200 worldwide (although there are
far more RF processing systems in operation). Why?
The answers are myriad and could take up pages, but
to boil them down to the most important:
• The generation of microwave energy is expensive;
therefore, microwave equipment is often far more
expensive than conventional heating systems.
• Microwaves use electrically generated power that
is far more costly to produce than steam or hot air
that may be able to do the same thing, maybe not as
quickly or efficiently, but at much lower cost.
• Nearly everybody has a microwave oven, but they
really don't understand microwave-heating, and
this is not usually taught to engineers at
universities. So, often expectations of what microwaves can do are unrealistic.
• Probably the biggest obstacle is inertia – the

Q. Looking from the outside, it seems that IMPI is doing very
well during the last years. Actually it seems that IMPI has
been revived under your leadership. Can you tell us what is
the secret…? How IMPI has been recovered, and what are
your future plans for IMPI?

A. I'm happy to tell you the secret, its name is Molly
Poisant – IMPI’s Executive Director. Molly is a
human dynamo who has, like me, taken IMPI, and all
it stands for, into her life and personality, and shares a
love of the Institute with me. Yes, I've done some good
things for IMPI in the 18 years I've been its President
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(I sometimes wonder if it's because I am doing good
job or because nobody else wants to take on all that
work?), but I believe strongly, a belief that I know is
shared by all of the IMPI’s Board of Governors and
the members, that IMPI would not be what it is today
without Molly.
Since I began my second period as president in
2010, IMPI has doubled its membership, has added 16
corporate members, and added to its products
significantly. We now produce a bimonthly
newsletter, five webinars annually, and a Fall Short
Course that is aimed primarily at the food industry,
plus our annual symposium. We are currently going
through a reassessment of our goals and considering
refocusing the content of our symposia, as well as
adding hands-on workshops. We see IMPI as a living,
breathing society that grows and changes with time.
Q. The Journal of Microwave Power and Electromagnetic Energy
(JMPEE) has been published by IMPI since 1966. JMPEE is
probably the only archived Journal dedicated to microwaveheating, and as such is extremely important to the
community at large (including non-IMPI members).
Unfortunately, we live in an era that sanctifies bibliometric
rating and impact factors. What are your intentions for
JMPEE in this regard?
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conference and distributes its own publications. What is your
opinion regarding the possibility to truly join forces and to
establish a united international organization that will
conduct an annual int’l conference on microwave-heating,
and publish a high-impact Journal and magazine dedicated to
microwave-heating?

A. Looking back historically, IMPI was the only game
in town for many years; however, beginning in 1980,
a number of important new societies were formed,
dealing with microwave energy and all its
ramifications. Each of these societies has its own
identity and goals and I don't see the possibility of
them all melding together into one big society, but we
have done the next best thing. These societies have
banded together to pool their resources in the form of
MAJIC, a loose consortium made up of the
Microwave Working Group, AMPERE, the Japanese
Microwave Society, IMPI, and the Chinese
Microwave Society. Currently, each society maintains
its separate identity, continuing its own activities.
However, once every four years they gather at a
Global Congress for Microwave Energy Applications
(GCMEA): Japan (2008), USA (2012), Spain (2016)
and our next meeting will be in Chengdu, China in
2020. Each has been a high-quality conference. This
is working very well, and while there is a book of
proceedings that is produced for each of these
conferences, there is no separate high-impact journal
or magazine as you suggest. It certainly would be nice
if that were possible, however, my sense is that each
of these societies wishes to remain independent and I
think that's very important. I've been fortunate enough
to attend conferences of each of the societies and am
impressed by their quality, so this concept of
remaining separate but coming together every four
years will continue.

A. The Journal of Microwave Power and Electromagnetic Energy is IMPI’s crown jewel. We've been
fortunate to have a number of wonderful editors,
including you Eli, who maintained a high standard for
the Journal. Several years ago the IMPI Board struck
a deal with the very fine British publishing house
Taylor and Francis to take over the management and
mechanics of producing the Journal while we maintain
editorial control currently under the direction of Prof.
Juan Aguilar-Garib. As a result, we've watched the
growth in the quality of the Journal in terms of the
Q. How do you see the structured tension between the secrecy
impact factors, and the number of submissions for
required to maintain intellectual property, and the rapid
publication. I believe we will be able to maintain this
spread of open knowledge essential for the development of
very high standard, despite the growth of free online
new technologies? How is this tension reflected in
journals, about half of which, according to the New
microwave-heating associations like IMPI, which gathers
scientists and technologists together with businessmen and
York Times, are anything but high quality and don't
entrepreneurs, with almost contradicting interests in terms
provide peer review, something which JMPEE has
of exposure and secrecy?
provided from its inception in 1966. Hence, we see a
bright and growing future for our Journal.
A. You asked a very important question, and it's one
Q. The relatively small microwave-heating community world- with which IMPI is struggling right now. As your
wide is divided into several independent associations, in US, readers are probably aware, about half of IMPI’s
Europe and Asia. Each association organizes its own members are from the food industry, primarily that
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part related to microwave ovens. During the 1970’s
and 1980’s there were many papers presented at IMPI
symposia related to the technical issues surrounding
microwave ovens, e.g. magnetron design and
performance, power supplies, etc., but today, the
microwave oven has become a commodity, most of
them made in China, and while in those earlier
decades the large microwave oven manufacturers such
as Amana, Litton, Sharp, etc. always appeared at IMPI
symposia, often presenting papers, we never see any
of them now. The other dilemma we face is because
those members employed by large food companies
attend to learn about what's new in microwaves,
microwavable foods, packaging, etc. but are not
allowed to speak, or present their latest research or
product development, because their employers see this
as proprietary information. This creates a limitation on
the kind of papers that will be presented. We have had
great success with special sessions such as an
excellent session on Food Safety at IMPI 51, and we
shall continue to provide the special sessions. As a
result, we are in very deep discussions now about
program and activities to maintain and strengthen
IMPI’s future.
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microwave heating, I was so enamored of it that I
thought its potential was enormous and would be
adopted everywhere. In my over 50 years of working
with microwaves, I have been involved with numerous
industrial systems in the food and other industries, but
only a small number resulted in significant
commercial systems, even when they offered
significant increases in ROI. It's time for us to face the
fact that microwave energy can provide a unique
means of heat transfer that can have great beneficial
effects in various applications, but that’s not enough
to result in a commercially operating system. I've also
learned, that these potential applications must be user
driven, i.e. that the user, in this case a manufacturer,
needs to recognize that there is a potential to improve
its process and bottom line if microwave energy can
somehow be incorporated with, or replace his present
system. But this means that we have to educate the
user and that's not easy.

Q. As a consultant, you have served as an expert witness in cases
including microwave oven injuries. How would you evaluate
the various safety issues associated with microwaves? What
is the proper distinction between real safety issues and
myths, and how shall our community provide a reliable
information in this regard to the media and public?
Q. About 25 years ago, in the New Orleans Institute of Food
Technologists (1992), you gave an invited keynote speech
A. I love being an expert witness; it's usually a lot of
titled “The future of microwave processing in the food
industry”. Which of your predictions have materialized (and fun despite often being very hard work. I always feel
which have not) in the recent quarter of century? How do like Sherlock Holmes because I invariably find
you see now the future of microwave processing in the food something about which the attorneys knew nothing,
industry?
and this often led to a breakthrough in the case in favor

A. Microwave processing never achieved its great
potential within the food and even nonfood industries.
I have been fortunate enough to have been involved in
the development of a number of major food processing
systems, all but one of which have been shut down for
various reasons. The industrial microwave business is
still looking for that "killer app" that John F. Gerling
has spoken about many times, i.e. an application of
microwave heating that is so essential that it leads to
many installations rather than just a single system.
Even when the microwave heating system provides
such enormous benefits, including great energy
savings opportunities, as for example a hybrid means
of baking bread, its adoption may be unlikely. This
again is due to the inertia that exists within industry,
the resistance to change what they have been doing for
decades. When I was young and new to the field of

of the client. As you've indicated, many of my cases
relate to injuries occurring in microwave ovens. The
microwave oven is rarely at fault, although I am
presently an expert in a case involving a fire that
occurred in a microwave oven. Most of the injury
cases are related to products that have gotten too hot
in the ovens, or may have erupted, thereby injuring
consumers. I usually do quite a bit of laboratory work
in order to identify the cause of the injury. In some
cases, I've identified products that should never be
microwaved even though they are sold as being
"microwavable". In one case, the manufacturer
changed its cap supplier and didn't test the product
with the new cap; had they done proper testing it
would have revealed the problem immediately. The
lack of proper testing is usually at the root of most
injury cases. Manufacturers simply don't know how to
test their microwaveable products, sometimes running
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tests in one or two microwave ovens and think they've
done a good job. I test them in numerous microwave
ovens and also under varying conditions, such as
where to place the product in the oven. I had a serious
injury case a few years ago in which a small 1-ounce
container of a wax-based product heated to only 140°F
at the edge of the turntable, but to over 410°F when
placed in the center of the injured parties’ microwave
oven, resulting in melting of the polypropylene
container and causing a serious burn injury to the
plaintiff.
As to your question about myths vs. reality, this
is a battle that I fight on a daily basis. The Internet is
a wonderful source of knowledge, but it is also an
incredible source of misinformation. There are so
many myths out there about microwave ovens and
microwave heating; the two leading myths are (1) that
the radiation for microwave ovens is dangerous, so
don't stand in front of the oven while it's operating;
and (2) microwave-heating destroys the nutrients in
foods and may even cause cancer. Obviously, both
statements are nonsense; microwave energy leaking
from an oven can't hurt you; and many peer-reviewed
papers have shown that microwave cooking retains
nutrients as well as or better than any other means of
cooking, especially in vegetables and fish. But try to
convince consumers who come to believe all these
nonsensical rumors on the web – it's a difficult thing
to try to do. You are fighting what is known as
“confirmation bias”.

March 12, 2018

Q. Who is the person whom you would consider as the most
influential on your professional life?

A. Let me direct my answers to the three people
who've been most influential upon my professional
life:
• Howard Roth, my first boss in industry, who taught
me that doing good research is fine, but it doesn't
mean anything unless you're able to convince
people of your results. In my first project working
under Howard, I solved a major problem in a few
days but it took me approximately a year of intense
work to convince the management of the
importance and accuracy of my results.
• Jim Jolly, one of IMPI's earliest presidents, an
executive at Varian Associates, with whom I
worked very closely in my early days of applying
microwaves to industrial processing. It was Jim
who convinced me to join IMPI, then a brand-new
organization, and here I am today.
• Bill Brown of Raytheon, a wonderful man who said
to me, while we were hiking during my first IMPI
Board meeting in 1970 (I was IMPI’s new
secretary), that “one day you'll be IMPI’s president
and I'll be there to help you”.

Q. You were honored the first “Ricky Metaxas Pioneer Award”
in 2012, and you are well acknowledged as a leader and
founder in the microwave-heating field. How in your view
should young students be attracted to join the microwaveheating field? How may the worldwide community support
Q. In this era of awareness to “healthy food”, microwave
them in the development of early-stage careers in the field?
processing seems to have an image of a yet “suspected”
technology. What is your expert opinion in this regard?
A. First, let me thank my peers for this award; it is

A. As I stated in the previous question, microwave
cooking is an extremely healthy way of cooking. The
two reasons for the loss of vitamins and nutrition in
general are the lose of water-soluble vitamins, and the
destruction of those that are thermal labile. Well,
microwave cooking generally uses very little, if any,
water, depending upon the water that naturally occurs
inside the fish or vegetables, and also, since it heats
the food directly you don't have to heat the air to some
very high temperature, or the water to boiling, in order
to get the interior hot, so there is good retention of
heat-sensitive vitamins. Even with prepared foods,
because the air stays cold inside the oven and you're
only heating the food, not the air, it means that it's
more gentle heating or reheating of the products.

easily the most important award I've ever received. It
was, and still is, a humbling experience to have
received such a wonderful recognition from all my
peers.
Students are essential to the continuing health
and the future of the microwave-heating field. We
must find a way of exciting and encouraging students
to recognize and utilize microwave heating in their
endeavors. Such things as scholarships, workshops,
and internships are essential to exposing students to
the many uses and applications of microwave energy.
I would like to see microwave technology become part
of the curriculum in courses relating to engineering
and the various sciences. Microwave-heating has a
place in all of these; just look at the terrific work going
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on in microwave assisted chemistry. There are many
challenges out there for the young student and
entrepreneur, in fields as diverse as medicine,
materials processing, food technology, chemistry, etc.
Every time I energize a microwave oven in my
laboratory or in the kitchen, or operate an industrial
microwave conveyor system, I still look at whatever is
being heated by the microwaves and wonder, “how is
it doing that?”
Q. What would be your experienced advice to a young engineer
or entrepreneur in the field of microwave-heating?
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diverse things as aeronautics, medical devices,
chemistry, and much more.
Now as to the young engineer and entrepreneur,
the critical thing is to become adept in science: study
not only your various engineering courses, but also
lots of physics and chemistry, biochemistry, physical
chemistry, etc. It's important that you remain curious
about the world around you – did you ever wonder
about the adhesive properties that makes duct tape
stick the wall? Or, ever watch honey dripping from the
spoon? That's the kind of thing that fascinates me, and
when I do face a new problem, I immediately start
thinking of the physics that surrounds it. You know,
the bubble physics that applies to polyurethane foam
is the same as that in a cake, except you can eat one of
them.
Besides all the sciences, the other thing I urge
young engineers to study in-depth is statistics. You are
going to need it in order to do good research, and
product or process development. How will you know
that what you're seeing is real unless you are able to
validate it statistically? So, I guess what I'm
suggesting is an eclectic outlook on the world and the
passion to apply what you know to those things you're
trying to learn about.

A. When you look at my academic background you
have to ask "How did this guy ever become a
microwave – heating expert? After all, he graduated as
a pharmacist." That's true, but my academic years
were filled with disciplines that most engineers or
students of the sciences never study, as I did: anatomy,
physiology, botany, microbiology, analytical as well
as inorganic and organic chemistries, physics, nuclear
physics, biochemistry, statistics, mathematics of all
kinds, and more. The result of this is that I can read
and understand texts and papers in these various
disciplines, maybe not as an expert, but with enough
understanding. When all this was combined with my
insatiable curiosity (I have a mind like a garbage can)
and my total fascination with microwave energy and Q. We are grateful, Mr. Schiffmann, for this inspiring interview,
which sheds some light on your leading contributions to the
microwave heating, this led, after many years to
microwave-heating technology over more than half a
become something of a microwave-heating expert. I
century. Thanks also for sharing with us your experience and
started in the food industry where I first discovered
views, as an inventor, scientist, entrepreneur, and a leader.
microwave-heating and went on to work in such
We wish you, Bob, all the best!
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Notes from the SmarterWorld RF Energy Summit
Heinz Arnold
WEKA FACHMEDIEN GmbH
E-Mail: harnold@weka-fachmedien.de
www.elektroniknet.de, www.smarterworld.de
The SmarterWorld RF Energy Summit was held on Oct. 17, 2017
in Erding (close to Munich), Germany. The meeting was
organized by the RF Energy Alliance (RFEA). The following is a
reflection of this meeting as presented by Mr. Heinz Arnold on
behalf of the meeting’s organizers.

How RF energy is changing the world?
Semiconductor lasers have changed the world as have
low-cost mass storage devices. The fact that light can
be controlled electronically has revolutionized
lighting technology. And now, the generation of RF
energy using solid-state RF energy technology is
leading to a similar revolution:
“We are at a turning point. In many industries,
we no longer have to explain what it is all about.
Developers in some sectors have already become
aware and they want to know exactly how they can use
RF energy in their systems,” said Dr. Klaus Werner,
Executive Director of the RF Energy Alliance, at the
SmarterWorld RF Energy Summit. Here, SmarterWorld brought together the tight-knit community of
pioneers in the field of transistors and amplifiers with
manufacturers of the other components needed to
build RF energy subsystems. Since integrators and
representatives of the supply chain as well as potential
users from a wide variety of industrial sectors were
also present, the participants were able to obtain
comprehensive information about what the new
technology is capable of and how it can be used
efficiently and economically.
In his overview of the current technical and
economic status of RF energy technology, Dr. Klaus
Werner indicated one thing in particular: 2017 is the
year of the breakthrough; very different products for
various markets will already be appearing next year.
And above all: “Prices are falling by 25 to 30 percent
per year,” says Klaus Werner. They have now reached
a price level that allows them to demonstrate their
advantages over previous systems, under practical
conditions of use – and to penetrate into quantities that
will further drive prices down. This in turn presents
the opportunity to enter into an increasing number of

markets – including consumer-like markets. This is
also reflected in the experience of the component
manufacturers. They are experiencing that the new
technology is gaining momentum, the first products
are already available on the market, and in 2018 many
more products will follow according to the opinion of
most of the participants. The markets where RF energy
ensures that the cards will be reshuffled include
microwave ovens, industrial heating and drying
processes, cleaning and activation of sensitive
surfaces, plasma lamps, engine ignition systems,
medical technology and many other sectors, as shown
in some presentations at the SmarterWorld RF Energy
Summit.

The RF Energy Alliance is setting the course:
The RF Energy Alliance (RFEA) plays a major role in
this. It was founded with the goal of building complete
ecosystems, developing standards, and producing a
roadmap. The members of the RFEA therefore cover
the entire supply chain: Manufacturers of transistors
and amplifiers are included together with
manufacturers of electromechanical components such
as connectors, cables, printed circuit boards, antennas,
cooling systems and end users from different sectors.
The RFEA wants to contribute towards ensuring
that all companies work together and be certain that
they are going in the right direction. “It is equally
important to inform all potential users about the
opportunities offered by the technology and how it can
be used correctly. Expanding this knowledge is
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extremely important,” explains Dr. Klaus Werner.
“That’s why an event like the SmarterWolrd RF
Energy Summit gives a fresh impetus to the entire RF
energy community because it provides a valuable
means to inform and educate the participants.”
Until now, the good old tube technology has
been used, particularly magnetrons, which, however,
cannot be controlled. This even had a certain
advantage: Because it was hardly possible to regulate
anything anyway, complex processes did not have to
be developed for this. Magnetrons are relatively easy
to use. With their disadvantages, such as the
unavoidable mismatch, users simply had to live with
them.
Fantastic opportunities – for those in the know…
Now, however, solid-state RF energy offers
manufacturers the fantastic opportunity to control the
process very precisely. However, they do not get this
fantastic opportunity completely for nothing, as Klaus
Werner emphasizes: “In order to be able to adapt the
control loop precisely to the respective process, the
process itself must be understood in detail and the
users have to learn a lot and know exactly what they
are doing. That means hard work!” This is exactly why
he considers it important that the RF Energy Alliance
conveys this knowledge.
Those who successfully go through this learning
phase are richly rewarded: for example, the energy can
be adjusted reproducibly, in the range from microjoule
(µJ) to megajoule (MJ) – this was nowhere near
possible with the relatively easy to use magnetrons.
One of the major advantages is that the energy can also
be switched off within microseconds (µs). In addition,
the devices work reliably over a long period of time
and they are very robust. Due the fact that solid-state
RF energy generation – in contrast to magnetrons –
takes up little space, the hardware can be flexibly
partitioned.
Because component manufacturers know that in
most case end users are not, and do not want to
become, experts in the development of RF systems,
the first friendly development environments are
already available thus making it unnecessary for the
user to delve deeply into the details of the underlying
RF technology. This is another sign that solid-state RF
technology is now so mature that it will penetrate into
the real world with all its economic implications.
“This is exactly what the RF Energy Alliance has set
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out to do: to accelerate market acceptance and thus
growth,” says Klaus Werner.
All participants at the SmarterWorld RF Energy
Summit were convinced that this time has now come,
and demonstrated it with presentations. They showed
how efficiency and flexibility can continue to
increase, while costs decrease, and what interesting
opportunities for completely new applications emerge,
from cancer treatment and mass spectrometric
analysis of substances with the help of portable
devices within a matter of minutes and directly on-site,
through to transportation of food over long distances
using microwave preservation with no chemicals.
The manufacturers of components and subsystems were surprised in the end at how RF energy
technology opens up completely new opportunities in
different applications and the potential it has to bring
about sustainable change in entire market sectors. This
is especially important because these systems can now
also be networked in the Internet of Things (IoT) and
thus also make it possible to develop new business
models. Therefore, one thing is already clear today:
the second SmarterWorld RF Energy Summit will
take place in October 2018 in order to keep all
involved parties updated on the current status and to
show how the technology works, how it can be
controlled and how it can be economically integrated
into different devices.
(a)

(b)

New amplifiers presented at the summit: (a) A 300-W, 32-V
LDMOS amplifier at 2.4-2.5 GHz by NXP. (b) A compact 1.2-kW,
902-928 MHz demo board for industrial heating applications by
Ampleon.
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Ricky's Afterthought:

The rationale for establishing AMPERE Awards
A. C. (Ricky) Metaxas
Life Fellow, St. John’s College, Cambridge, UK
E-mail: acm33@cam.ac.uk

At one of our Management Committee (MC) meetings
in Delft, we discussed the rationale of issuing awards
at our biennial international conferences. The
rationale behind awards is very simple. We wish to
recognise eminent scientists, engineers, and indeed
other disciplines too, in the field of RF or Microwave
heating because of the excellent work they have
carried out over the years. Further, AMPERE also
wishes to acknowledge younger researchers who are
in the process of establishing a name in our domain of
work.
Every association worth its salt* issues awards
to their members. The IEEE, NASA, IET, MRS,
Institute of Physics, Royal Society and many
European bodies or companies all issue annual awards
to recognise outstanding achievements in a number of
areas. These are not only national awards, for
example, the Institute of Physics awards the Isaac
Newton Medal to recognise international physicists.
The decision to introduce a number of awards is
not only prestigious but signals the maturity of an
association from its embryonic stage to a fully-fledged
entity which is internationally recognised. In our case
although AMPERE is a European based association its
members span the five continents and participation in
its biennial meeting is broad and wide. After the first
conference entitled Microwave and High Frequency
Heating held at St John’s College, Cambridge, UK in
1986, where just over fifty persons participated, it has
been run every two years and we now have an active
MC of eighteen eminent scientists and engineers and
its biennial meetings attract on average well over 100
participants.
In the early days of our association, the only
recognition we bestowed on anyone was the
Fellowship which I started in the mid-nineties, and it
was left to myself as President on whom to bestow
such an award. Further, just prior to the conference at
Cracow, Poland, I put forward the idea of a new
award, the “AMPERE Medal” for outstanding
43

contributions in the field of Industrial Microwave or
RF Heating. It was to be the highest honour that our
organization could offer, and was given to an
individual of considerable gravitas who had worked
tirelessly promoting the use of RF/microwave energy.
It is not intended for a young researcher who is in the
process of establishing a name in the field. The
AMPERE Medal idea was accepted by the MC but
there were no formal procedures for deciding who
would be the recipient.
At our meeting in Delft it was decided to
formalize the procedure for nominating and awarding
these honours and also to introduce a third award for a
most promising young researcher. I was given the task
of establishing firm criteria for all three awards which
will come into force at our next biennial meeting in
Spain in September 2019 under the auspices of
Professor Jose Catala-Civera and his team at the
Universitat Politècnica de València.
At our meeting in Delft, we established
guidelines which I am in the process of implementing
in order to come up with a set of procedures as to who
would participate in these procedures together with
appropriate time-tables. I invite any AMPERE
member who wishes to contribute to this process to
email me their views, and I will take these into
consideration, however, members of the MC will
receive draft reports of my current thinking within the
next few months.
It is interesting to add that Prof. Jon Binner,
whose AMPERE Fellowship was announced at our
Delft meeting this year, was so delighted when he
learned of his award that on receiving the certificate
promised, prompted by our President I hasten to add,
to edit his post-nominal letters to include “Fellow of
AMPERE”.
* By the way, the expression “worth its salt” may have its origin
in the fact that Roman soldiers were given an allowance of salt
as part of their pay.
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Upcoming Events
IMPI-52: The 52nd Annual Microwave Power Symposium
June 26-28, 2018, Long Beach, California, USA
Website: http://impi.org/symposium-short-courses/
MD-10: Xth Int’l Workshop on Microwave Discharges:
Fundamentals and Applications
Sept. 3–7, 2018, Zvenigorod, Russia
Website: http://www.fpl.gpi.ru/md-10/

National Conference of Microwave Energy Applications in
Chemical Engineering
August 16-18, 2018, Chengdu China
Hosted by Prof. Kama Huang, Sichuan University
E-mails: kmhuang@scu.edu.cn
wuliscu@126.com

About AMPERE Newsletter
AMPERE Newsletter is published by AMPERE, a European non-profit association devoted to the promotion of microwave and
RF heating techniques for research and industrial applications (http://www.AmpereEurope.org).

Call for Papers
AMPERE Newsletter welcomes submissions of articles, briefs
and news on topics of interest for the RF-and-microwave
heating community worldwide, including:
• Research briefs and discovery reports.
• Review articles on R&D trends and thematic issues.
• Technology-transfer and commercialization.
• Safety, RFI, and regulatory aspects.
• Technological and market forecasts.
• Comments, views, and visions.
• Interviews with leading innovators and experts.
• New projects, openings and hiring opportunities.
• Tutorials and technical notes.
• Social, cultural and historical aspects.
• Economical and practical considerations.
• Upcoming events, new books and papers.

AMPERE Newsletter is an ISSN registered periodical
publication hence its articles are citable as references.
However, the Newsletter's publication criteria may differ from
that of common scientific Journals by its acceptance (and even
encouragement) of news in more premature stages of ongoing efforts.
We believe that this seemingly less-rigorous editorial
approach is essential in order to accelerate the circulation of
ideas, discoveries, and contemporary studies among the
AMPERE community worldwide. It may hopefully enrich our
common knowledge and hence exciting new ideas, findings
and developments.
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suggestion in this regard) to the Editor in the e-mail address
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