
2 September 2004 -I_ MICROWAVE ABSORBING STRUCTURE This invention relates
to a microwave absorbing  structure or medium which comprises a composite
composed of domain-separated, nancscale (e.g. 1-100 nm) 5 Ferro- or
ferri-magnetic particles and an electrical  insulator in the form of a
non-conducting matrix.  Microwave absorbent materials are those which do
not reflect incident electromagnetic microwave  radiation. Metals act as
mirrors to these waves, as  10 they reflect incident radiation to keep
their electric field (E) equal to zero at the surface. To remove or
decrease such reflection, a material must have a large  depth of
penetration so that the incident radiation can  be cancelled or
attenuated. To achieve a large depth :.5 of penetration, materials
composed of magnetic  particles dispersed in a non-conductive matrix can
be  used. Further, when the particles are not in contact,  the resistance
of the material is increased. Enhancing  the absorption qualities of the
material, the magnetic 20 particles can be considered gyromagnetic
oscillators in  that they absorb, store, then emit energy at different
moments of time after being subjected to an incident  wave. This
absorption is strongest at a natural  ferromagnetic resonance frequency
for the material, 25 which depends on the inherent magnetic properties
such  as the anisotropy. The time-delayed energy emission  being out of
phase attenuates or cancels the incident  microwaves. such materials could
be used to decrease  EMI (electromagnetic interference) which affect 30
computers and telecommunications, to shield cellular  telephone users from
microwave radiation, or to act as  a radiation absorber for controlling
the radiation  pattern in a microwave antenna. US Patents Nos. 3951904,
4480256 and 5574961, the  



35 content of each of which is hereby incorporated by 2 September 2004 -2
reference, relate to microwave absorbing structures,  and their uses. The
tee " ferromagnetic" is often used in the art to embrace materials which
are either ".ferromagnetic"  5 or "ferrimagnetic". The present invention
may be utilized to prepare microwave absorbing structures  containing
Ferro- or Ferri-magnetic nanoscale  particles. According to a first aspect
of the present  invention, there is provided a microwave absorbing
structure which comprises a non-conductive matrix  within which are
embedded a plurality of spatially- separated ferro- or ferri-magnetic
particles, each of which particles has a largest dimension no greater than
25 100nm, said particles having been prepared by a process    which
includes a step in which the particles are formed within an organic
macromolecular shell.   .  The matrix material within which the particles
are embedded may, if desired, be supported on a support  member, for
example to provide sufficient rigidity to  the structure as a whole.
Alternatively,  the matrix  material may be applied, or formed on, or
otherwise associated with the surface of an object or article which
requires microwave attenuation. Preferably, the ferro- or ferri-magnetic
particles  have a largest dimension no greater than 5onm, more  preferably
no greater than 15nm. 



Preferably, the particles do not vary in their  largest dimension by more
than about l0?, preferably by no more than 5t. This narrow size
distribution can  allow the microwave absorbent material to be tuned to
specific frequency band if desired. In the present invention, the distance
between  adjacent particles is preferably as small as possible a 35 to
aglow for the widest range of packing densities. 2 September 2004 --3 is
important, however, that neighbouring particles are  sufficiently
separated from each other so as not  conduct, Typically, the lower limit
on the spacing of  the domains is about 2 nm. The separation of the 5
particles may be, for example, up to about 1pxm. Using  the invention, the
volume fraction (packing density)  may be varied (by changing the particle
size and  spacing) as necessary for the desired application. Normally, the
nanoparticles will be generally 10 spherical in shape, in which case the
largest dimension  will refer to the diameter of the particle. in some
circumstances, other particle morphologies may be  established in which
case the size of the particles is  referred to in terms of the largest
dimension. 3.5 As a result of the process by which they are  formed, each
of the ferro- or ferri-magnetic particles  is initially at least partially
accommodated within an  organic macromolecule. In one embodiment, the
microwave absorbing structure of the invention 20 comprises the particles
still accommodated within the  organic macromolecules within which they
are formed.  This coating on the particles inhibits aggregation and
oxidation, also helping them to be domain-separated and  conductively
disconnected. In this embodiment, the 25 organic macromolecular shell may
be functionalised (see  



below) . In another embodiment, the organic macromolecular  shell is
removed to leave the nanoparticle itself. In  this embodiment, the protein
shell can not be relied 30 upon to isolate particles from each other. It
is  necessary, instead, to ensure that the particles are  dispersed in the
matrix in such a way that they are not  able to contact with each other.
This may be achieved,  for example, by a process in which a mixture of the
35 nanoparticles and particles of a binder are spray 2 September 2004 -4
coated on to a substrate thereby forming a thin matrix layer containing
the nanoparticles supported or. a  substrate. In yet a further embodiment,
the organic rigid 5 macromolecular shell may be carbonized to provide a
carbon layer surrounding a nanoparticle core. In this  embodiment, the
carbon layer is sufficient to  conductively isolate. particles in the
matrix. The term macromolecule here means a molecule, or  10 assembly of
molecules, and may have a molecular weight  of up 1500kD, typically less
than 500kD. The macromolecule should be capable of  accommodating or at
least partially accommodating the  ferro- or ferri-magnetic particle, and
may therefore 15 comprise a suitable cavity capable of containing the
particle; such a cavity will normally be fully enclosed  within the
macromolecule_ Alternatively, the  macromolecule may include a suitable
opening which is  not fully surrounded, but which nevertheless is capable
20 of receiving and supporting the magnetic particle; for  example, the
opening may be that defined by an annulus  in the macromolecule. Suitable
organic macromolecules which may be used  



in the invention are proteins having a suitable cavity  25 or opening for
accommodating a nanoscale particle Presently preferred is the protein
apoferritin (which  is ferritin in which the cavity is empty). However,
other suitable proteins include, for example, flagellar  L-P rings and
virus capsids. 30 The ferro- or ferri-magnetic material may be a  metal, a
metal alloy or an M-type or spinel ferrite.  The metal, metal alloy or
ferrite may contain one or  more of the following: aluminium, barium,
bismuth,  cerium, chromium, cobalt, copper, dysprosium, erbium, 35
eurotium, gadolinium, holmium, iron, lanthanum, 2 September 2004 -5
lutetium, manganese, molybdenum, neodymium, nickel,  niobium, palladium,
platinum, praseodymium, promethium.,  samarium, strontium, terbium,
thulium, titanium,  vanadium, ytterbium, and yttrium. The metal, metal 5
alloy or ferrite preferably contains cne or more of the  following:
cobalt, iron and nickel. In one embodiment of the microwave absorbing
structure of the invention, the particles are  accommodated or otherwise
encased within the organic 14 macromolecule, preferably protein coating,
that 15 inhibits aggregation and oxidation, and which also  provides a
surface which can be functionalised. For  example, functionalising the
surface may help the  protein to be dispersed into a liquid which is then.
allowed to harden or cure to form a matrix within which  the particles are
embedded. In this embodiment, the ferro- or ferri-magnetic  material
chosen is preferably a metal, such as cobalt,  iron, or nickel; or a metal
alloy; or an M-type 20 ferrite The present invention most preferably makes
use of  



the iron storage protein, ferritin, whose internal cavity is used to
produce nanoscale magnetic particles.  Ferritin has a molecular weight of
400kD. Ferritin is 25 utilised in iron metabolism throughout living
species  and its structure is highly conserved among them. It  consists of
24 subunits which self-assemble to provide  a hollow shell roughly 12 nm
in outer diameter. It has  an B nm diameter cavity which normally stores
4500 30 iron(III) atoms in the form of paramagnetic  ferrihydrite.
However, this ferrihydrite can be  removed (a ferritin devoid of
ferrihydrite is termed  "apoferritin") and other materials may be
incorporated.  The subunits in ferritin pack tightly; however there 35 are
channels into the cavity at the 3-fcld and 4-fc'_d 2 September 2004 -6
axes. The presently preferred macromolecule for use in  the invention is
the apoferritin protein which has a  cavity of the order of 8nm in
diameter. The ferro-- or  ferri-magnetic particles to be accommodated
within this 5 protein will have a diameter up to about l5nm in  diameter,
as the protein can stretch to accommodate a  larger particle than one 8nm
in diameter. Ferritin can be found naturally in vertebrates,
invertebrates, plants, fungi, yeasts, bacteria. it can  ~a also be
produced synthetically through recombinant techniques. Such synthetic
forms may be identical to  the natural forms, although it is also possible
to  synthesize mutant forms which will still retain the  essential
characteristic of being able to accommodate a ?5 particle within their
internal cavity. The use of all  such natural and synthetic forms of
ferritin is  contemplated within the present invention. The non-conductive
matrix may be formed in situ.  For example, the components required to
form the so matrix, for example a binder material, may be combined  



with a source of the nanoparticles, and spray coated as  a liquid
suspension on to a substrate, the coating then  being allowed to solidify.
Another possibility is to  provide a hardenable or curable liquid in.
which the 25 nanoparticles are dispersed, and which is then allowed  to
harden or is cured. Prior to hardening, the liquid  may be formed into a
desired shape, such as a fibre  which may, for example, be woven into a
fabric or  combined with other fibres, such as Keviar fibres, and 30 then
spun to form a desired material having superior  strength and microwave
absorbing properties. As an  alternative, prior to hardening, the liquid
material  may be applied to an inert surface, for example by  spraying or
painting., One example of a suitable 35 curable liquid is a hardenable
resin such as vinyl 2 September 2004 -7 resin or epoxy resin. Other
possible matrices include  rubbers, whether natural or synthetic. The
nanoparticles may be prepared by a process in  which a suspension of the
organic macromolecule, 5 typically in an aqueous medium, is combined with
a  source of ions of the appropriate metal or metals which  is to comprise
or consist the nanoparticle.  Alternatively, but presently less preferred,
the source  of metal ions may be present in suspension to which a 10
source of organic macromolecule is added. The mixture of organic
macromolecules and metal  ions may be agitated to ensure homogenization.
Where the nanoparticle is to comprise the  elemental metal, a reduction is
effected, preferably  is under an inert atmosphere, on the suspension
whereby nanoscale metal particles form within the organic  macromolecule
cavity. Where the nanoparticle is a  ferrite, an oxidation is effected
whereby the ferrite  nanoscale particles are formed wi thin the organic 



20 macromolecule cavity. The reduction/oxidation step may  be repeated
between additions of Metal ions (which may  be the same or different in
each cycle) to build up the  nanoparticles. The resultant suspension may
be treated to remove  25 particles not accommodated with a macromolecule,
for  example by a dialysis technique. The encased  nanoparticles may then
be isolated, for example by  magnetic separation or centrifugation, prior
to  formation into the desired microwave absorbing 3o structure as
described above In some embodiments, the macromolecule casing may  be
removed to leave the nanoparticle without a coating.  For example, where
the coating is a protein, this may  be denatured through, for example a pH
change and the 2Z_ denatured protein material removed by, for example, 2
September 2004 -8 d alysis Cr cep zrifugatiOS:. d  In other embodiments,
the casing may be ca.r:ocr we to provide a carbon coating on the panicles.
This may  most preferably be accomplished in suspension by laser  5
pyrolysis. However, an alternative is to isolate the particles and then
carbonize the protein shell, for  example by heating in a furnace, prior
to formation of  the desired microwave absorbing structure as described
above. l,o In a preferred embodiment of the present  invention, the
organic macromolecule is apoferritin- The following method may be utilized
in this preferred  embodiment The process begins with the removal of the
is ferrihydrite core from the native ferritin in aqueous  solution, the
incorporation of ferro- or ferri- magnetically ordered metal particles by,
for example,  



sodium borohydride reduction of an aqueous metal salt  solution into the
ferritin cavities, which may be 2 u followed by the generation of a narrow
size  distribution through ultracentrifugation, and the  dispersion of the
particles in a non- conductive epoxy  resin, from which the desired
microwave absorbing  structure may be formed. 2 A metal alloy core may be
produced inside the  apoferritin protein by sodium borohydride reduction
cf  a selection of water soluble metal salts. Other  reduction methods
include carbon, carbon monoxide,  hydrogen, hydrazine hydrate, or
electrochemical. 3^ Similar reactions may be used for the production of
rare earth/ transition metal alloys. Alternatively, a  suitable solution
may be oxidised to yield an M-type or  spinet ferrite core. Oxidation may
be chemical or  electrochemical to yield the metal ferrite. .. v  in my a
detail, the protein ferritin is used to  2 September 2004 -9 enclose a
farro- or ferri-magnetic particle whose  largest dimension is limited by
the s nm inner diameter  cy ferritin (although as stated above, this is
capable  of flexing to accommodate particles up to about lSnr in 5
diameter). The particles are produced first by  removing the ferrihydrite
core to yield apoferritin.  The may be done by dialysis against a buffered
sodium  acetate solution under a nitrogen flow. Reductive  chelat ;.ors
using, for example, thioglycolic acid may be 1Q used to remove the
ferrihydzite core. This may be  followed by repeated dialysis against a
sodium chloride  solution to completely remove the reduced ferrihydrite
care from solution. once the apoferritin is produced, magnetic  particles
are incorporated in the following ways. The  



first is by reducing a metal salt solution in the  presence of
apoferritin. This is performed in an inert  atmosphere to protect the
metal particles from  oxidation which would lesser their magnetic
properties. 20 A combination of metal salts in solution can also be
reduced to generate alloys, Cr precursor materials.  Another method is to
oxidise a combination of an  iron(II) salt and another metal salt. This
gives a metal ferrite particle which does not suffer negatively  25 from
oxidation. The metal salts which are beneficial include salts of
aluminium, barium, bismuth, cerium,  chromium, cobalt, copper, dysprosium,
erbium, europium,  gadolinium, holmium, iron, lanthanum, lutetium,
manganese, molybdenum, neodymium, nickel, niobium, 3C palladium, platinum,
praseodymium, promethium,  samarium, strontiumr terbium, thulium,
titanium,  vanadium, ytterbium, and yttrium. While the production
procedure detailed uses  native horse spleen ferritin, this invention
should not~ 35 be seen as limited to that source. Ferritin can be  2
September 2004 found in vertebrates, invertebrates, plants, fungi,
yeasts, bacteria, or even produced through recombinant  techniques. in
this invention, one of the advantages of  M ferritin being employed to
fabricate a magnetic  particle through encapsulation, is that it can be
used to select particles of a uniform size. This narrow  size distribution
enhances the monodispersity of the  can allow the microwave absorbent
material to be tined wO to a specific frequency band if desired. When
producing nanoscale particles for use in  microwave absorbing materials,
one concern is the  temperature characteristics of the magnetic particles.
Microwave absorbing materials can be subjected to high 5 temperatures such
as 4OO-60000 near the exhaust of a jet  



engine. At such temperatures, nanoscale particles can  become
superparamagnetic. Superparamagnetic particles  are those which have
permanent magnetic dipole moments,  but the orientations of the moments
with respect to the 20 crystallographic axes fluctuate with time. This can
cause a decrease in the cancellation or attennuation  performance of the
material. By selecting the  materials incorporated into ferritin and the
non- conductive matrix, such temperature and absorption  characteristics
can be addressed. Some specific applications in which the microwave
absorbing structure may be used are as follows.  Cellular phones. A
coating may be provided on the  front of the phone which attenuates
radiation which 3 would normally impinge en the head. a o-frequency (R.)
noisy electronics. As microprocessors get faster, they generate harmonics
which are in the microwave range. This noise may  interfere with
communications or vice-versa, and an 3y attenuative case comprising a
microwave absorbing layer 2 September 2004 in_ accordance with the
invention may be valuable for  computers or processor casings,
Microwave-antennae, Reference is made to US Patent  No. 3951904. The
microwave absorber of the present 5 invention may be used for controlling
the radiation  pattern in a microwave antenna. The invention will ow be
illustrated by reference  to the accompanying, non-limiting examples.
EXAMPLE 1 10 This example illustrates the preparation of  apoferritin from
horse spleen ferritin. Apoferricin  was prepared from cadmium-free native
horse spleen  ferritin by dialysis (molecular weight cut-off of 10-14  kD)
against sodium acetate solution (0.2 M) buffered at 



15 pH 5.5 under a nitrogen flow with reductive chelation  using
thioglycolic acid (0.3 M) to remove the  ferrihydrite core. This was
followed by repeated  dialysis against sodium chloride solution (0.15 M)
to  completely remove the reduced ferrihydrite core from  20 solution.
EXAMPLE 2 This example illustrates the preparation of iron  metal within
apoferritin. The apoprotein was added to  a deaerated AMPSO/sodium
chloride solution (0.1/0.4 M)  25 buffered at pH 8.S to give an
approximate ? mg/ml working solution of the protein which was heated to
60*C. A deaerated iron(II) [for example, as the acetate  salt) solution (1
mg/ml) was added incrementally such  that the total number of atoms added
was approximately 30 500 atoms/apoprotein molecule. This was allowed to
stir at room temperature for one day in an inert  atmosphere. This was
followed by reduction of the  iron (II) salt with sodium borohydride to
iron (0) metal.  The final product yielded a solution of iron particles,
35 each surrounded by a ferritin shell. 2 September 2004 --12  EXVV LE 3
This example illustrates the preparation of cobalt  metal within
apoferritin. The apoprotein was added to a  deaerated .Ac'~IPSO solution
(C.C5 M) buffered at pH 6.5 to  S give an approximate 3 mg/ml working
solution of the protein which was heated to 45aC. A deaerated cobalt(II)
[for example, as the acetate salt] solution (0.1M) was  added
incrementally such that the total number of atoms  added was approximately
500 atoms/apoprotein molecule. -4 This was allowed to stir at this
temperature for one  hour in an inert atmosphere. This was followed by
reduction of the cobalt(Ii) salt with sodium  borohydxide to cobalt(o)
metal. The final product  



yielded a solution of cobalt particles, each surrounded  15 by a ferritin
shell. EXAMPLE 4 This example illustrates the preparation of a  metal
alloy such as yttrium cobalt (YCo5) within  apoferritin. The met-al alloy
followed the 'same 20 procedure as Example 2, but using a 1.5 ratio of-
yttrium(III) (for example, as the acetate salt] to  cobalt(II) (for
example, as the acetate salt). The  final product yielded a solution of
yttrium cobalt  particles, each surrounded by a ferritin shell. 25 EXAMPLE
5 This example illustrates the preparation of a  metal alloy such as
cobalt platinum (Copt) within  apoferritin. The metal alloy followed the
same  procedure as Example 3, but using a 1:1 ratio of 3o platinum(iI)
Cfor example, as the acetate salt) to  cobalt(II) [for example, as the
acetate salt] and a  higher pH (9 . o) . The final product yielded a
solution  of cobalt platinum particles, each surrounded by a  ferritiz
shell. r 3 5 EXAM_"LE 6 2 September 2004 -13 This example illustrates the
preparation of a  metal ferrite such as cobalt ferrite (CoO'Fe2Oa) with=n
apoferritin. The apoprotein was added to a deaerated  AMPSO/sodium
chloride solution (0.1/0.4 M) buffered at 5 pH 8.5 to give an approximate
1 mg/rni working solution  of the protein which was heated to 60 C. . A
deaerated  solution of cobalt(II) for example, as the acetate  salt] and
iron (II) [for example, as the ammonium  sulphate salt] in a ratio of 1:2
was added 10 incrementally and selectively oxidised using  trimathylamine.
The final product yielded a solution of cobalt ferrite particles, each
surrounded by a  



ferritin shell. EXAMPLE 7 15 This example illustrates the incorporation of
the  product of Examples 2-6 into a non-conductive matrix- The product of
Examples 2-4 was freeze dried, milled,  then mixed and dispersed in a
volume ratio of 1/1 with  a two component epoxy resin and applied to a
surface. 20 The final product yielded a microwave absorbing medium 14 2
September 2004 CLAIMS  1. A microwave absorbing structure, which comprises
a non-conductive matrix within which are embedded a plurality of
spatially-separated ferro- or ferri 5 magnetic particles, each of which
particles has a largest dimension no greater than  100nm, said particles
having been prepared by a process which includes a step in  which the
particles are formed within an organic macromolecular shell. A microwave
absorbing structure according to claim 1, wherein the Ferro- or fern 10
magnetic particles have a largest dimension no greater than 50nm. 3. A
microwave absorbing structure according to claim 1, wherein the ferro- or
ferri- magnetic particles have a largest dimension no greater than 15nm.
15 4. A microwave absorbing structure according to claim 1, 2 or 3,
wherein the ferro- or fern-magnetic particles not vary in their largest
dimension by more than about  10%. 5. A microwave absorbing structure
according to claim 1, 2 or 3, wherein the ferro- 20 or fern-magnetic
particles not vary in their largest dimension by more than about  5%. 6. A
microwave absorbing structure according to any preceding claim, wherein
each  of the fern- or ferro- magnetic particles is accommodated within the
organic 25 macromolecule within which it is formed. 7. A microwave
absorbing structure according to any one of claims 1 to 5, wherein  the
organic macromolecular shell has been removed to leave an uncoated
nanoparticle, 30 8, A microwave absorbing structure according to any one
of claims 1 to 5, wherein  the organic macromolecular shell has been
carbonised to provide a carbon layer  surrounding a nanoparticle core. 



15 2 September 2004 9. A microwave absorbing structure according to any
preceding claim, wherein the  organic macromolecule is a molecule, or
assembly of molecules, having a  molecular weight of up to 1500kD. 5 10. A
microwave absorbing structure according to any preceding claim, wherein
the  organic macromolecule is a protein having a suitable cavity or
opening for  accommodating a nanoscale particle. 10 11. A microwave
absorbing structure according to claim 10, wherein the organic
macromolecule is the protein apoferritin. 12. A microwave absorbing
structure according. to any preceding claim, wherein the  Ferro- or
fern-magnetic material is a metal, a metal alloy or an M-type or spinet
15 ferrite 13. The microwave absorbing structure of claim 1, wherein the
non-conductive matrix  comprises a binder, a hardenable or curable liquid
or a rubber. 20 14. A cellular phone comprising a microwave absorbing
structure in accordance with  claim I on its front surface. 15. An
attenuative case comprising a microwave absorbing structure in accordance
with claim 1. 25 16. The attenuative case of claim 15, wherein the case is
a computer or processor case. 17. A microwave antenna comprising a
microwave absorbing structure in accordance  30 with claim 1, 18. Use as a
microwave absorbing structure of a composition comprising a non-
conductive matrix within which -.re embedded a plurality of
spatially-separated 2 September 2004 16 ferro- or fern- magnetic
particles, each of which particles has a largest dimension no greater than
104nm, said particles having been prepared by a process which includes a
step in which the particles are formed within an organic 5macro molecular
shell. est ve a lar h 



l g a es 19. The use of claim 18, wherein the ferro- or fern- magnetic
partic dimension no greater than 50nm. 20. The use of claim 18, wherein
the ferro- or fern- magnetic particles have a largest 10dimension no
greater than 15tun. 21.The use of claim 18, 19 or 20, wherein the ferro-
or fern- magnetic Particles do 1522.not very in their largest dimension by
more than about 10%. The use of claim 18, 19 or 20, wherein the ferro- or
fern- magnetic particles do not very in their largest dimension by more
than about 5%. 23.The use of any of claims 18 to 22, wherein each of the
fern- or ferro- magnetic h it i i s 20c particles is accommodated within
the organic macromolecule within wh formed. 24.The use of any of claims 18
to 22, wherein the organic macromoteculaz shell has 2525.been removed to
leave an uncoated nanoparticle, The use of any of claims 18 to 22, wherein
the organic macromolecular shell has been carbonised to provide a carbon
layer surrounding a nanoparticle core. 26.The use of any of claims 18 to
25. wherein the organic macromolecule is a kD . 30molecule, or assembly of
molecules, having a molecular weight of up to 1500 otein The use of any of
claims 18 to 26, wherein the organic macromolecule is a pr 27.l i e. c
having a suitable cavity or opening for accommodating a nanoscale part 2
September 2004 17 



28. The use of claim 27, wherein the organic rnacromolccule is the protein
apoferritin.  29, The use of any of claims 18 to 28, wherein the fertO-
or. ferri- magnetic material is  a metal, ametal alloy or an M.type or
spinet ferrite. 5 30. The use Of claim 18, wherein the non-conductive
matrix comprises a binder, a  hardenable or curable liquid or a rubber.
31. The use of claim 18, wherein the non-conductive matrix is formed in
situ. 10 32. The use of claim 31 3 wherein the components required to form
the non-conductive  matrix are combined with a source of the nanoparticles
and spray coated as a  liquid suspension onto the substrate, the coating
then being allowed to solidify. 15 31 The use of claim 3 1, wherein the
nanoparticles are dispersed into a hardenable or  curable liquid which is
then applied to an inert surface. 14. The use of claim 33, wherein the
liquid is applied to the inert surface by spraying  or painting. 20 35.
The use of claim 19, wherein the microwave absorbing structure is applied
Lo the  front of a cellular phone. 36. The use of claim I$, wherein the
microwave absorbing structure is comprised in  25 an attenuative case. 37,
The use of claim 36, wherein the attenuative case is a computer or
processor  casing. 30 38, The use of claim 18, wherein the microwave
absorbing structure is used for  controlling the radiation pattern of a
microwave antenna. 


