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I am delightted that meember of thee AMPERE
Managemen
M
nt Committeee, Dr Lambeert Feher,
o
offered
to in
nitiate a disccussion on the
t future
o microwavve and high frequency processing
of
p
t
through
a SWOT an
nalysis. Reaaders are
e
encouraged
to read thiss article and comment
o issues th
on
hat are relevant to their field of
a
activity.
The interesting aspect here is that Dr
F
Feher
havingg been in accademia for a number
o years haas a few years
of
y
ago moved
m
to
i
industry
so he brings a different peerspective
a to where our industryy should movve and the
as
d
direction
it must follow through
h various
i
initiatives.
I am also very pleased that this
t
issue
i
introduces
a article on Electrosurgeery, which
an
i an enabling technollogy for surgeons to
is

perform evver more co
omplex proce
edures with
minimally invasive teechniques, resulting
r
in
reduced patient comp
plications an
nd recovery.
As the au
uthor of thiis article, ex‐EUG
e
PhD
student, Dr Mark Marsshal, states in
n his article,
h matured
I quote, “TToday this teechnology has
from the Operating Theatre intto Doctor's
surgeries and is apttly called Office‐based
O
Surgery”.
The Aftertthought piecce in this isssue focuses
on the wo
onder mateerial graphen
ne and the
role microwave eneergy may play
p
in its
production
n.
AC (Ricky) Metaxas
EUG St Joh
hn’s College
Cambridgee UK
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by Dr Lambert Feh
her
Directtor New Tech
hnologies
Advan
nced Polymers Science
Johnso
on Controls GmbH,
Germaany

acquiring assets in A
Asia, the U..S. and thee
countries of the EEuropean Union
U
weree
unstinting advocates o
of globalizattion. Now itt
may seem
m that Westeern nations were neverr
committed
d to econom
mic interdep
pendence ass
the roles in the upcom
ming future are
a about to
o
change.

IIt is a key issue for AM
MPERE Asso
ociation to
a
analyze
currrent objectives and ou
utlooks for
Processing
H
High
Frequeency and Microwave
M
f
from
today’s state to future
f
potentials and
n
needs.
The global socieeties are afffected by
s
strong
sociaal and econ
nomy changges where
t
technologies
s empower access
a
to co
ompete on
g
global
markket develop
pments. These ideas
w
were
put fo
orward in th
he 1960’s in a ground
b
breaking
an
nd thoughtt‐provoking work of
M
Milton
Friedman and such changes have been
c
continuously
y accelerateed since th
he 1980s.
A
After
all in 2012/2013,, globalization meant
W
Western
com
mpanies buyying one another and

A strong demand
d
on re‐industriallization mayy
be conclu
uded for Eu
urope and the US to
o
reinforce their
t
business assets. Production iss
directly affected
a
by costs on work and
d
investment capital. As work and ru
unning costss
main comparatively high,,
in US and Europe rem
the return on investment (ROI) has to be high
h
while the investment on capital expenses iss
targeted to minimize. The future outlook on
n
production
n costs shows that energy/carbon
n
intensity has
h to redu
uce continuo
ously to bee
competitivve on global markets. Products
P
willl
change and will be reeduced by th
heir price ass
energy costs especcially in Europe
E
willl
continuoussly increase until 2025. The changee
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of products will primarily be affected by the
choice of advanced materials and their value

chain as recycling and sustainability issues get
more and more important.

Figure 1. Mega‐Trends that affect HF‐Processing Technologies and Demands

Figure 2. EU‐Demands in areas of production and mobility

For production, the need on energy efficiency
and energy conversion impacts directly on
costs. Selective and fast processing is offered
by High Frequency and Microwave Processing.
Moreover the basic technology components,
sources and the theoretical/engineering back‐
up are well known and globally accessible at
moderate prices. But, being a technology
founded in the 1950s, High Frequency and
Microwave Technology have NOT been turned
to an overall governing means in production.
Considering household cooking, a domestic
microwave oven has been accepted and sold
in hundreds of millions, while it is accepted
that domestic microwave ovens will not

replace conventional cooking of meals. So,
what is now success or better the lack of
success for microwave technology as we
reflect on a number of contradictions? It is the
lack of knowledge on materials (for food: how
to cook easily an excellent healthy meal in a
domestic microwave oven). For industry, it is
the lack of knowing how to heat or process a
specific material/product and the cost
involved. R&D is paramount in solving these
problems, however, the resources needed to
achieve success can be quite extensive while
the risk of failures are also quite high.
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For the catering industry, major advances
have been achieved (let alone minor
innovations e.g. Inverter technology), where
for example the products (food) are tailored
to suit to the applied microwave energy by
specific industrial microwavable products. A
similar development will occur for industrial
products, if microwave energy is utilized. The
core paradigm of AMPERE Association, the
"processing" of materials is therefore a key
asset on how to analyze procedures and
costing structures for advanced selective and
energy efficient production. Microwave
processing can be therefore indentified as a
transformational technology of strategic
industrial impact. But there is competence of
other technologies. To assess the state of the
art, a SWOT analysis is proposed for further
discussion. The SWOT gives emphasis in the
fields of weaknesses and threads as the
arguments about the strengths are compelling
themselves. As an example, induction
technology, the sister of HF‐heating operating
at lower frequencies, has a strong industrial
relation to existing steel and metal
manufacturing companies. HF‐Processing is
not yet established in a similar manner to

their related materials and upcoming product
fields.
As a proposal to promote and foster HF‐
Processing, a stronger relation to the EU on
R&D funding is highly desirable. It is also
proposed to establish more basic science
within an applied research programme. As a
starting point for AMPERE, a step‐by‐step EU
project funding coordination is proposed by
the author, and assisted by a professional
agency of high reputation, by reviewing of
potentially relevant calls in the EU Framework
(currently FP7). As opportunities on
applications are excellent, the technical
requirements and funding needs should be
actively discussed within the AMPERE
community. This proposal, the information of
which could be continuously updated and
monitored on the AMPERE website, will be
discussed in the next AMPERE Management
Committee meeting to be held in Brussels in
March. Members will be informed in a
separate note of the outcome of such a
discussion

Figure 3. EU‐focused analysis on current strengths, opportunities, weaknesses and threads on HF‐Processing
Technology
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by Dr Maark Marshall
Nuvorigo
o Limited
Wokingham Berks, UK
Consultant at Strategic
S
Surgical.

Intrroduction
‘Eleectrosurgery’’ is a proceess that usses high
freq
quency electtrical energyy to achieve surgical
effeects with meedical devicees where thee patient
form
ms part of the electrical circuit. Effects
include cutting, coagulating, sealin
ng and
fulggurating
t
tissue
at
the
s
surgical.
Elecctrosurgery contrasts with
w
‘Electrocautery’
wheere the elecctric current is used to heat an
elecctrode that is then brought into contact
with
h the patien
nt, thereforee, no currentt passes
thro
ough the patient
p
which is a common
c
misconception.
Thee traditional stainless‐ssteel scalpeel often
refeerred to as ‘cold‐steel’ (Figure
(
1) has been
used by surgeo
ons for skin
n incisions and
a
fine
disssection becaause of its precision.
p
However,
these scalpel in
ncisions resu
ults in bleeding that
urgical site and therefo
ore, the
obsscure the su
surggeons’ effecctiveness. Reliable tecchniques
for bleeding control
c
weree limited until the
arrival of electricity within the op
perating
envvironment and the developmeent of
Elecctrosurgery.
Histtory
Histtory has taught us that human bein
ngs have
used heat in the form of
o cautery to
t treat
trau
uma and disease.
d
A technolo
As
ogy has
advvanced this rudimentaryy heating co
ould be
produced by using elecctric curren
nt. The
prin
ry were
nciples of modern‐day
m
E
Electrosurge
reportedly deveeloped circa 1920 by William
W
T
Bovvie an eccenttric inventorr with a docttorate in
plan
nt physiologgy [1]. Todaay, this coree Radio
Freq
quency (RF) technology is
i used in miillions of

surgical pro
ocedures ann
nually, it is re
eported thatt
the Electrrosurgical industry iss currentlyy
growing at 10% each yeear and is use
ed in 80% off
all
surggical
pro
ocedures
performed
d
worldwide[2]. The ‘Bovvie’ legacy continues
c
to
o
this day and
d the brand‐‐name to anyy healthcaree
professionaal is as synonym
mous with
h
Electrosurgery as the n
name ‘Strayffield’ is with
h
Industrial RF application
ns.
Principal off operation
The high frequency electrical energy iss
delivered frrom the ElectroSurgical Unit
U (ESU) to
o
the patientt to cut or coagulate tissue.
A
voltage graadient at the tip of the
t
surgicall
instrument induces current flow
w and heatt
generation within the resistive tisssue. Thiss
energy is applied
a
at high frequencies so thatt
nerve and muscle stim
mulation ceases and thee
ough the patient
p
with
h
current can pass thro
minimal neuromuscularr stimulation
n and no riskk
of electrocu
ution.
During cutting the vo
oltage gradient is high
h
enough thaat tissue is vaporised and closelyy
surroundingg tissue shrinks to stem from
m
bleeding ass shown by Figure 1, the degree off
shrinkage and
a the thermal margin depends on
n
many facto
ors. Coagulattion is achie
eved with a
lower vo
oltage grad
dient thatt preventss
vaporisation but with sufficient currrent densityy
to causes tissue
t
necro
osis (desiccattion). Thiss
tissue effecct is obtained by the acttivation of a
naturally occurring
o
bio
ological path
hway called
d
the coagulaation cascadee. The path
hway can bee
activated by tissuee injury/sttress from
m
mechanical, chemical or thermal so
ources. Thiss
results in the converrsion of fre
eely flowingg
blood to blood‐clots via severaal biologicall
elements. A graphical example of this processs
is the heatting of an eegg until the
e clear partt
turns whitee. The whitee colour meaans that thee
original cleaar protein has been den
natured akin
n
to the visual results seeen with Ele
ectrosurgicall
coagulation
n. Energy delivery mechaanisms
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Conventional ESU’s deliver RF energy in one of
two ways, as either a Monopolar or Bipolar
current source; the fundamental difference is
that of the current path. Monopolar energy is
provided via active element(s) on the surgical
instrument and current is returned to the ESU
via a return‐pad fixed to the patient body as
shown by Figure 2. The simplicity of Monopolar
delivery affords electrically‐simple instruments
to be made cheaply and also allows RF energy
to augment conventional surgical instruments
such as forceps.
The Monopolar “Pencil”
shown in Figure 1 is such a simple
electrosurgical instrument and is used in
myriad of surgical procedures.
Bipolar energy in contrast is provided with
both active and return element(s) within close
proximity at the instrument tip where the
patient tissue bridges the two. Figure 3 shows
the localised current flow of the bipolar
instrument that minimises collateral tissue
damage and prevents off‐site burns that can
result from a dislodged Monopolar return‐pad
(Figure 2). Bipolar Electrosurgery has a
fundamental localized‐and‐controllable current

advantage and is preferred where minimal
collateral tissue damage is required such as
during brain surgery.
The inherent problem with Electrosurgery is
that the required generation of heat causes
tissue sticking primarily at the active electrode,
causing
instrument
degradation
and
undesirable smoke as the ESU tries to
overcome the high impedance desiccated
tissue (char) stuck to the instrument. Like
resistive heating, this type of `radiant` heating
requires power levels that if not controlled
result in burning and destruction of unintended
tissue. Using Saline (referred to as under‐water
or wet field) to couple RF electrical energy to
tissue inhibits such undesirable effects.
However, the saline solution is limited to
specific surgical applications where the surgical
site can be flooded, such as TransUrethral
Resection of the Prostate (TURP). A procedure
to remove excess tissue on the prostate that is
a result of a condition called Benign Prostate
Hyperplasia (BPH).

Figure 1 Traditional steel‐scalpel vs Electrosurgical cutting.

5

ELECTROSURGERY

Figure 2 Monopolar application of electrosurgical energy.

Figure 3 Bipolar application of electrosurgical energy.

Types of Electrosurgery
The clinical effect of Electrosurgery is
derived from heat that is efficiently
delivered to the patients’ tissue. This heat
energy can be sourced from electrical
energy, light energy, radio wave energy, or
even mechanical energy.
As far as the
tissue effect is concerned, it does not matter
what the original energy source, as long as it
gets converted in some fashion to heat. This

fundamental requirement has resulted in
numerous
types
of
Electrosurgery,
unfortunately many still reside as Patent
applications.
Typically ESU’s operate at 100’s of kilohertz
although there are other manufacturers
using higher frequencies to produce
differing clinical effects. For example ‘XO
Odontosurge’ market a low power 27MHz
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Electrosurgical system aimed specifically at
soft‐tissue dental applications. Another
example is ‘Ellman’ who use 4MHz claiming
their equipment makes use of lower
biological
impedances
at
higher
frequency[3]. Such higher frequency
Electrosurgical instruments also take
advantage of the inverse relationship
between penetration depth and frequency,
thereby reducing collateral tissue damage.
In the case of ultrasonic coagulation, the
rapid vibration of the tuned ultrasonic
element induces heating in essentially the
same fashion as the production of fire by
rubbing sticks together (although the rate of
vibration is very much higher and the
process is more controllable). The design of
ultrasonic instruments must pay particular
attention to the acoustic resonances of the
instrument to maximise the use of the
available energy.
Microwaves have also been used in
Electrosurgery to exploit the beneficial HF
effects but perhaps most importantly
dielectric coupling from instrument to
patient via non stick surfaces such as PTFE.
A typical application is microwave
endometrial ablation whereby the MW
energy is used to seal bleeding on the
endometrial wall and the instrument must
not stick to the desiccated tissue upon
removal. The benefit of non‐stick surgical
instruments can’t be overlooked as this also
prevents infections passing from instrument
to patient.
An Argon Beam Coagulator (ABC) is a high‐
frequency, highly directional torch, used to
perform non contact surgery. The inert
Argon gas under pressure passes through a
high‐voltage RF field and the molecular
structure or free radicals are excited in such
a way as to ignite the gas forming plasma.
The inside diameter of the tube is small and
shaped to produce a narrow flame that
extends from the distal end of the
instrument. The gas flow naturally blows
fluid from the surgical site clearing the field,

allowing the plasma beam to coagulate the
tissue. However, the flip‐side of using Argon
in this manor is the possibility of venous gas
embolisms occurring in the patient.
When first introduced, Lasers were
promoted for many surgical applications.
The advantage of using a laser is that since
its output is monochromatic, one can
selectively heat certain tissue elements
which have the right absorption spectrum of
the laser light used, while sparing other
tissue elements for which the laser light is
not absorbed. Once the light energy is
absorbed, heat is produced, and the
physico‐chemical process of protein
denaturing is achieved.
This selective
process is called photocoagulation and is
used commonly for procedures in
Ophthalmology (eye surgery) and laser‐
angioplasty where a laser is used to burn
away plaque within an artery.
Other
applications include cosmetic surgery, with
the resurfacing of the dermis layer of skin.
Summary
Undergoing a medical procedure is never a
pleasant experience, but for some people,
the thought of going under the knife is
enough to make them put off surgery for as
long as possible. However, engineering
research and development within the field
of Electrosurgery has found solutions to
these fears. Electrosurgery is an enabling
technology for surgeons to perform ever
more complex procedures with minimally
invasive techniques, resulting in reduced
patient complications and recovery. Today
this technology has matured from the
Operating Theatre into Doctor's surgeries
and is today called Office‐based Surgery.
References
[1] O'Connor JL, Bloom DA, “William T. Bovie and
electrosurgery”,
Surgery.
1996
Apr;119(4):p390‐6
[2]Bovie
Medical
Corportation,
http://boviemed.com/financials.asp
[3]http://www.intranet.ellman.com/documents/
Art‐Department/C/CC09021BVFa.pdf
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NORDIC DRYING CONFERENCE NDC 2013
“The sixth in the series of drying and
dewatering conferences will be held at the
Danish Technological Institute and the
Norwegian University of Science and
Technology during June 5 to 7, 2013.
For more information contact: Dr. Svetlana
Goncharova‐Alves
at ndc2013@netgrp.teknologisk.dk
HES‐13
First announcement and Call for Papers
HES ‐13 Heating by Electromagnetic Sources
May 21 ‐ 24, 2013
Padova (Italy)
For more information visit www.hes13.org
or e‐mail Fabrizio Dughiero or Michele
Forzan at hes13@dii.unipd.it
SONOCHEMISTRY AND MICROWAVES 2013
Summer school, on microwaves and
sonochemistry (Sonochemistry is any
chemical reaction that is initiated by sound
or ultrasound)
Five days event aimed at postgraduate
students, Post‐docts and young researchers
with an interest in expanding their
knowledge in ultrasound and microwaves
technologies. The course will include both
theoretical and practical classes.
Topics: Ultrasound, Microwaves, Synthesis,
Extraction, Green technologies,
Environmental processing.
3‐7 June, Torino, Italy 2013
For more information browse the site:
http://www.europeansocietyofsonochemistry.com/

IMPI Congress 2013
The 47th IMPMI Symposium will be held at
Providence Biltmore Hotel, Providence,
Rhode Island, USA, 25‐27 June 2013
For more information contact Executive
Director Molly Poisant

Tel: +1 804 559 6667
molly.poisant@impi.org or browse at
www.impi.org
Microwave and Flow Chemistry Conference
2013
Enabling Technologies for Discovery, Process
and manufacturing
20‐23 July 2013
Silverado Resort and Spa
Napa Valley California
United States
For more information contact Emma Scarlett
at www.zingconferences.com or visit:
www.zingconferences.com/index.cfm?page
=conference&intConferenceID=112
PIERS 2013
Progress in Electromagnetics Research
Symposium (PIERS)
Stockholm, Sweden, 12‐15 August, 2013
http://www.piers.org/piers2013Stockholm/
For more information contact The
Electromagnetics Academy
Email: tpc@piers.org
http://emacademy.org/
http://piers.org/
14th International AMPERE Conference 2013
The 14th International AMPERE conference
on Microwave and High Frequency Heating
will be staged at National Centre for
Industrial Microwave Processing which is
based at Nottingham University, UK. The
conference will be held during 16‐19
September 2013. As with previous
conferences in the series the first day will be
dedicated to staging short course(s). Details
will be published online in due course
www.ampereeurope.org
EHE2013
The next International Conference on
Electromagnetic
Fields,
Health
and
Environment, will be held in Porto, Portugal,
from 19th to 21st September, 2013.
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For

more

information

browse

at:

http://www.apdee.org/index.php?pageid=1578

AN AFTERTHOUGHT: GRAPHENE AND MICROWAVES
There is currently intense research relating
to the production and use of graphene 1.
Graphene is a form of carbon one atom thick
arranged in a honeycomb structure and it
exhibits some remarkable properties such as
its strength, it is optically transparent and
has good electrical conductivity. It was
discovered by Professors Andre Geim and
Konstantin Novoselov from the University of
Manchester who as a result were awarded
the Nobel Prize for Physics in 2010.

Figure 1. Graphene‐the future of electronics?

The challenge today is how to produce
grapheme on a large scale at reasonable
cost. Sheets of one atom thick are difficult to
work with such as isolating these and
connecting them to other materials. How
close are we to producing graphene
transistors to replace the present day silicon
ones which will surely revolutionise the
electronics industry?
Could microwave energy play some role in
this quest? Research has been conducted on
1

Production and Processing of Graphene and 2d
Crystals. Extended Review, Materials Today,
15(12) December 2012, Francesco Bonaccorso1,
Antonio Lombardo1, Tawfique Hasan1, Zhipei
Sun1, Luigi Colombo2, and Andrea C. Ferrari1
1Cambridge University, Eng. Dept, Cambridge,
UK 2Texas Instruments Inc., Dallas, Texas, USA

the interaction of microwaves with graphite
oxides in the production of grapheme.
Microwave assisted exfoliation techniques
are also prominent as for example in the
synthesis of large quantities of highly
modified graphite which uses a microwave‐
sparks‐assisted halogenation reaction. The
resulting graphite halide can easily be
exfoliated into monolayer graphene in
organic solvents.
Reducing
the
temperature
during
production is important for most
applications, and here is where the use of
plasma assisted or plasma enhanced CVD
(Chemical Vapour Deposition)1 processes
come into their own. The use of plasmas to
reduce
the
temperature
during
growth/deposition was extensively exploited
in the growth of nanotubes and amorphous
carbon. Graphene was grown by plasma
enhanced CVD using methane at 500 oC but
the quality of the films was not equivalent to
exfoliated or thermal CVD graphene. A
review paper on a CVD technique at
substrate temperatures around 300 °C by a
microwave plasma sustained by surface
waves (surface wave plasma chemical
vapour deposition, SWP‐CVD) has just been
published 2. Another electrically biased
technique is that of the inductively coupled

2

Low tempearure graphene synthesis using
microwave plasma CVD, J.Physics D:applied
Physics, 46(6), January 2013, Takatoshi Yamada,
Jaeho Kim, Masatou Ishihara and Masataka
Hasegawa, Nanotube Research Center, National
Institute of Advanced Industrial Science and
Technology
(AIST)/Technology
Research
Association for Single Wall Carbon Nanotube
(TASC) 1-1-1 Higashi, Tsukuba, Ibaraki 3058565, Japan
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plasma CVD to grow grapheme on 150 mm
Si wafers.
Allied to the above developments for
production of graphene, THz microwaves, in
the region of 100 GHz are easily transmitted
through graphene and this can be usefully
exploited in future applications such as in
active
devices
and
systems
for
communication,
radar
and
sensing
applications over a frequency range from
hundreds of megahertz to terahertz. Finally,
graphene can be inserted in plastics to
increase their electrical conductivity,
however, to microwave engineers this
concept is not new as carbon black has been
an additive to rubber to increase their
absorption of microwave energy in the well
established
process
of
microwave
vulcanisation.
A new research facility at Cambridge
University is starting with £25m pledged
from industry (£13m) and government
(£12m). The idea is to produce graphene on
a large scale using CVD methods. The work
will focus on taking graphene from a state of
raw potential to a point where it can
revolutionise flexible, wearable and
transparent electronics. One aspect if the
research will focus on graphene in super‐
capacitors and batteries for energy storage
with the ultimate aim of energy storage for
electric vehicles, storage on the grid, as well
as boosting the energy storage possibilities
of personal devices such as MP3 players and
mobile phones. However, healthcare and
electronics are singled out as potential
growth areas.
Looking further into the future the National
Institute of Graphene is set to open in 2015
linked to the University of Manchester
where graphene was first discovered with a
grant of £61m. The European Union (EU) has
also pledged around one billion euros as a
platform for emerging technologies. To
quote a recent announcement, “The EU’s

Graphene Flagship is a joint, co‐ordinated
research initiative of unprecedented scale. It
brings together an academic and industrial
network from 17 different countries and 126
research groups. Together, they will work on
graphene
development
programmes
designed to cover the entire value‐chain,
from
production
through
to
the
manufacturing
of
graphene‐based
components and systems integration”.
However, Europe apart, much larger effort,
judging by the number of patents and R&D
funds by commercial companies for
graphene production, is taking place in the
USA, Japan, China and South Korea 3.
Research suggests that the areas attracting
much attention are displays, memory chips,
inks, batteries and biomedical applications.
One can only speculate what role microwave
energy may have in this fast moving field.
A.C. Metaxas
St John’s College, Cambridge

3

Early patterns in commercial activity in
Graphene, Journal of Nanopart Res 14:811, 2012,
Springer, Phillip Shapira1, Jan Youtie2 and Sanjay
Arora3
1
Manchester Institute of Innovation Research,
Manchester Business School, Manchester,
1,3
School of Public Policy Georgia Institute of
Technology, Atlanta, USA, 2Energy Innovation
Institute, Georgia Institute of Technology,
Atlanta, USA
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AMPERE DISCLAIMER

The information contained in this Newsletter is given for the
benefit of AMPERE members
All contributions are believed to be correct at the time of printing
and AMPERE accepts no responsibility for any damage or liability
that may result from information contained in this publication
Readers are therefore advised to consult experts before acting on
any information contained in this Newsletter
Association of Microwave Power in Europe for Research and
Education (AMPERE Europe)
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