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(57) ABSTRACT 

An electromagnetic wave absorber comprises: an electro 
magnetic wave reflector made of a metal plate; a tile-shaped 
first electromagnetic wave absorber Section containing fer 
rite as a magnetic material and having Surfaces one of which 
is adjacent to the wave reflector; and a Second electromag 
netic wave absorber Section adjacent to the other Surface of 
the first wave absorber section. The second wave absorber 
Section includes a Structure and a dielectric loSS material. 
The Structure includes a plurality of plate-shaped elements 
each of which is made of a magnetic loSS material. These 
elements have Surfaces that are located with Specific spacing 
and orthogonal to the other surface of the first wave absorber 
Section. The dielectric loSS material is located at least part of 
the Spaces between adjacent ones of the elements of the 
Structure. 
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ELECTROMAGNETIC WAVE ABSORBER 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to an electromagnetic 
wave absorber used for an anechoic chamber and So on. 

0003 2. Description of the Related Art 
0004. An anechoic chamber has been used as a facility 
for testing electromagnetic compatibility (EMC), Such as 
measuring electromagnetic wave noise generated by an 
electronic apparatus with accuracy. The anechoic chamber 
has four walls and a ceiling on entire Surfaces of which 
electromagnetic wave absorbers are placed to prevent elec 
tromagnetic waves from reflecting off the Surfaces of the 
walls and the ceiling. In this chamber a turntable is provided, 
and measurement of radiation noise generated by an elec 
tronic apparatus placed on the turntable is performed, for 
example. 

0005. An electromagnetic wave absorber that is widely 
used for an anechoic chamber is made up of an electro 
magnetic wave reflector of metal; a ferrite tile, that is, an 
electromagnetic wave absorber made of plate-shaped (tile 
shaped) sintered ferrite; and a wedge-shaped or pyramid 
shaped dielectric loSS material. These components are 
Stacked in this order. 

0006 There are anechoic chambers of different sizes, 
Such as a 10 meter-test-range chamber and a 3 meter-test 
range chamber, Since the distance between a measuring 
instrument and an electronic apparatus varies depending on 
the Size and So on of the electronic apparatus whose radia 
tion noise is to be measured. 

0007. The regulation imposed on the radiation noise of 
electronic apparatuses Strongly demands that emission of 
Strong electromagnetic waves to the outside should be 
avoided. Therefore, to perform measurement of radiation 
noise with high reliability, a high-quality anechoic chamber 
that exhibits high measurement accuracy, Stability and 
repeatability is required. 

0008. When an anechoic chamber facility is built, it is 
desired that each wave absorber is as Small as possible in 
size, considering the limitations imposed on the construction 
Site and costs. When radiation noise is measured, however, 
the region required for measurement depends on the area of 
the metal floor Surface allocated and the size of the mea 
Suring antenna and So on. It is thus required to make the 
thickness of each of wave absorbers placed on the entire 
inner walls of the chamber as Small as possible, while 
maintaining the region required for measurement in the 
chamber. 

0009. As thus described, thin electromagnetic wave 
absorbers that exhibit an excellent electromagnetic wave 
absorbing characteristic are desired for anechoic chambers. 
0010 FIG. 13 and FIG. 14 illustrate examples of exter 
nal appearances of electromagnetic wave absorbers that 
have been used for the 10 meter-test-range chamber and the 
3 meter-test-range chamber. Each of the absorbers shown is 
made up of an electromagnetic wave reflector 101 of metal, 
a ferrite tile 102 and a dielectric loss material 103 that are 
stacked in this order. The dielectric loss material 103 of the 
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wave absorber of FIG. 13 is wedge-shaped. The dielectric 
loss material 103 of the wave absorber of FIG. 14 is 
pyramid-shaped. The thickness of a practically available 
wave absorber is about 100 to 200 cm for the 10 meter-test 
range chamber and about 40 to 60 cm for the 3 meter-test 
range chamber. 
0011. The electromagnetic wave absorber made of the 
combination of ferrite and dielectric loSS material, Such as 
the ones shown in FIG. 13 and FIG. 14, requires the 
dielectric loSS material having a Some degree of thickness, to 
obtain well-balanced wave absorbing characteristics in both 
a VHF band of 30 to 300 MHZ and a UHF band of 300 MHZ 
and greater. Therefore, the minimum thickness of the dielec 
tric loss material of the wave absorber is about 100 cm for 
the 10 meter-test-range chamber, and about 30 cm for the 3 
meter-test-range chamber. AS thus described, it is difficult in 
prior art to implement thin wave absorbers that exhibit 
excellent electromagnetic wave absorbing characteristics. 
0012. A recently-known electromagnetic wave absorber 
utilizes a composite magnetic loSS material, in place of the 
dielectric loSS material, which is made of a resin Such as 
polypropylene mixed with ferrite powder and formed into a 
hollow pyramid. However, the electromagnetic wave 
absorbing characteristic of this wave absorber is reduced in 
the vicinity of 30 MHz, that is, the minimum frequency of 
radiation noise measurement. It is therefore difficult to apply 
this absorber to an anechoic chamber that requires high-level 
characteristics. To solve this problem, the thickness of the 
absorber may be increased. However, if the thickness of the 
absorber is increased, the size of the chamber is required to 
be increased to obtain a greater effective Space in the 
chamber, which will impose a limitation on the building site 
and increase building costs. In addition, the composite 
magnetic loSS material Simply made of a resin mixed with 
ferrite powder requires an increase in proportion of the 
ferrite powder or an increase in thickness of the magnetic 
loSS Substance in order to increase the magnetic loSS. Manu 
facturing costs are thereby increased. 

OBJECT AND SUMMARY OF THE INVENTION 

0013. It is an object of the invention to provide an 
electromagnetic wave absorber having a reduced thickness 
and an excellent electromagnetic wave absorbing character 
istic. 

0014) An electromagnetic wave absorber of the invention 
comprises: an electromagnetic wave reflector; a first elec 
tromagnetic wave absorber Section made of plate-shaped 
Sintered ferrite and having Surfaces one of which is adjacent 
to the wave reflector; and a Second electromagnetic wave 
absorber Section adjacent to the other Surface of the first 
wave absorber section. The second wave absorber section 
includes: a Structure including a plurality of plate-shaped 
elements each of which is made of a magnetic loSS material, 
the elements having Surfaces located with Specific spaces 
each of which is created between adjacent ones of the 
elements, the Surfaces being located in a direction interSect 
ing the other Surface of the first wave absorber Section; and 
a dielectric loSS material located in at least part of the Spaces 
each of which is created between adjacent ones of the 
elements of the Structure. 

0015 According to the electromagnetic wave absorber of 
the invention, an excellent electromagnetic wave absorbing 
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characteristic is achieved by the first and Second wave 
absorbing Sections. In addition, it is possible to reduce the 
thickness of the Second wave absorbing Section and to 
thereby reduce the entire thickness of the wave absorber. 
0016. According to the electromagnetic wave absorber of 
the invention, the Surfaces of the elements of the Structure 
may be orthogonal to the other surface of the first wave 
absorber Section. 

0.017. According to the electromagnetic wave absorber of 
the invention, the Second wave absorbing Section may be 
entirely plate-shaped. 
0.018. According to the electromagnetic wave absorber of 
the invention, each of the elements of the Structure may have 
a thickness in a range of 0.5 to 2.5 mm inclusive, and the 
Spaces each of which is created between adjacent ones of the 
elements may fall within a range of 10 to 50 mm inclusive. 
0.019 According to the electromagnetic wave absorber of 
the invention, each of the elements of the Structure may have 
a permittivity of 10 or smaller. 
0020. According to the electromagnetic wave absorber of 
the invention, the elements of the Structure may contain 
ferrite. In this case, the ferrite that the elements contain may 
be Ni-Zn-type ferrite or Mn-Mg-Zn-type ferrite, and an 
amount of the ferrite that the elements contain may fall 
within a range of 70 to 85 weight % inclusive. 
0021 According to the electromagnetic wave absorber of 
the invention, the dielectric loSS material may contain con 
ductive particles. 
0022. According to the electromagnetic wave absorber of 
the invention, each of the Spaces created between adjacent 
ones of the elements may be filled with the dielectric loss 
material. In this case, the dielectric loSS material may 
contain conductive particles, and an amount of the conduc 
tive particles that the dielectric loSS material contains may 
fall within a range of 1 to 11 grams per liter inclusive. 
0023. According to the electromagnetic wave absorber of 
the invention, the Surfaces of the elements of the Structure 
may be covered with the dielectric loSS material. In this case, 
the dielectric loSS material may contain conductive particles, 
and an amount of the conductive particles in an entire 
Volume of the Second wave absorbing Section including an 
interior Space thereof may fall within a range of 1 to 11 
grams per liter inclusive. 
0024. According to the electromagnetic wave absorber of 
the invention, the following configuration is possible. Each 
of the elements of the Structure is made of a base that is made 
of a hydrous inorganic compound or a resin and contains 
ferrite powder. The surfaces of the elements of the structure 
are orthogonal to the other surface of the first wave absorber 
Section. The elements are arranged in one direction, or 
arranged to form any of a grid, a honeycomb and a corru 
gated shape. The dielectric loSS material is made of a base 
that is made of a foam, a hydrous inorganic compound or a 
resin and contains carbon or graphite. 
0.025. Other and further objects, features and advantages 
of the invention will appear more fully from the following 
description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.026 FIG. 1 is a perspective view of an example of a 
configuration of an electromagnetic wave absorber of an 
embodiment of the invention. 
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0027 FIG. 2 is a perspective view of another example of 
the configuration of the electromagnetic wave absorber of 
the embodiment. 

0028 FIG. 3 is a plot showing examples of electromag 
netic wave absorbing characteristics of wave absorbers of a 
first example of the embodiment of the invention. 
0029 FIG. 4 is a plot showing examples of electromag 
netic wave absorbing characteristics of wave absorbers of 
the first example. 
0030 FIG. 5 is a plot showing examples of electromag 
netic wave absorbing characteristics of wave absorbers of 
the first example. 
0031 FIG. 6 is a plot showing examples of electromag 
netic wave absorbing characteristics of wave absorbers of a 
Second example of the embodiment of the invention. 
0032 FIG. 7 is a plot showing examples of electromag 
netic wave absorbing characteristics of wave absorbers of a 
third example of the embodiment of the invention. 
0033 FIG. 8 is a plot showing the range of complex 
relative permeability of the second wave absorber section of 
the wave absorber of the embodiment of the invention that 
achieves a return loSS of 20 dB or greater at a frequency of 
100 MHz, wherein the permittivity of the magnetic loss 
material is used as a parameter. 
0034 FIG. 9 is a plot showing the range of complex 
relative permeability of the second wave absorber section of 
the wave absorber of the embodiment that achieves a return 
loss of 20 dB or greater at a frequency of 100 MHz, wherein 
the amount of graphite that the dielectric loSS material 
contains is used as a parameter. 
0035 FIG. 10 is a plot of electromagnetic wave absorb 
ing characteristic of reference wave absorbers to be com 
pared with the wave absorber of the embodiment of the 
invention. 

0036 FIG. 11 is a plot of electromagnetic wave absorb 
ing characteristic of reference wave absorbers to be com 
pared with the wave absorber of the embodiment of the 
invention. 

0037 FIG. 12 is a view used for describing the coeffi 
cient pertinent to the characteristic of the wave absorber of 
the embodiment of the invention. 

0038 FIG. 13 is a perspective view of an example of 
external appearance of the related-art electromagnetic wave 
absorber. 

0039 FIG. 14 is a perspective view of another example 
of external appearance of the related-art wave absorber. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

0040. A preferred embodiment of the invention will now 
be described in detail with reference to the accompanying 
drawings. FIG. 1 is a perspective view of an example of a 
configuration of an electromagnetic wave absorber of the 
embodiment of the invention. FIG. 2 is a perspective view 
of another example of the configuration of the wave 
absorber of the embodiment. As shown, the wave absorber 
comprises: an electromagnetic wave reflector 10 made of a 
metal plate; a first electromagnetic wave absorber Section 11 
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made of plate-shaped sintered ferrite, and a Second electro 
magnetic wave absorber Section 12. A Surface of the first 
wave absorber section 11 is adjacent to the wave reflector 
10. The second wave absorber section 12 is adjacent to the 
other Surface of the first wave absorber section 11. 

0041. The second wave absorber section 12 incorporates 
a structure 21 and dielectric loSS materials 22. The Structure 
21 includes a plurality of plate-shaped elements 21a each of 
which is made of a magnetic loSS Substance. The elements 
21a are placed with Specific spacing Such that Surfaces 
thereof intersect one of the Surfaces of the first wave 
absorber section 11 opposite to the reflector 10. The dielec 
tric loSS materials 22 are locates at least part of the Spaces 
each of which is created between adjacent ones of the 
elements 21a of the structure 21. The entire second wave 
absorber Section 12 may be plate-shaped, for example. 
0042. The first wave absorber section 11 converts elec 
tromagnetic wave energy to thermal energy through the use 
of the magnetic resonance loSS of ferrite, and thereby 
absorbs radio waves. 

0043. The second wave absorber section 12 has the 
following configuration. The elements 21a of the Structure 
21 contains ferrite. The structure 21 is made of a sheet 
(hereinafter called ferrite paper) of hydrous inorganic com 
pound as a base that contains ferrite powder, or a sheet of a 
resin as a base that contains ferrite powder. The ferrite paper 
may be formed by molding a mixture of ferrite powder and 
hydrous inorganic compound, or may be formed through a 
paper fabricating technique, using ferrite powder and a 
fiber-shaped base made of hydrous inorganic compound. 
Alternatively, the ferrite paper may be formed by applying 
ferrite powder to a fiber-shaped base made of hydrous 
inorganic compound, or impregnating this base with ferrite 
powder. The sheet made of ferrite and a resin may be formed 
by molding a mixture of ferrite powder and the resin. 
0044) The elements 21a of the structure 21 may be 
arranged in one direction, or may form a grid, a honeycomb 
or a corrugated shape, for example. FIG. 1 illustrates an 
example of arrangement in which the elements 21a form a 
grid. FIG. 2 illustrates an example of arrangement in which 
the elements 21a are honeycomb-shaped. 
0045. As will be described later, the ferrite that the 
elements 21a of the structure 21 contain is preferably 
Ni-Zn-type ferrite or Mn-Mg-Zn-type ferrite. The 
amount of ferrite in the elements 21a preferably falls within 
the range of 70 to 85 weight 9% inclusive. 
0.046 Each of the elements 21a preferably has a thickness 
in the range of 0.5 to 2.5 mm inclusive. The space between 
adjacent ones of the elements 21a preferably falls within the 
range of 10 to 50 mm inclusive. The permittivity of the 
elements 21a is preferably 10 or smaller. 
0047. Each of the dielectric loss materials 22 may be 
located Such that the Spaces each of which is created 
between adjacent ones of the elements 21a of the Structure 
21 are filled with the dielectric loss materials 22. Alterna 
tively, the dielectric loSS materials 22 may cover the Surfaces 
of the elements 21a. To have the spaces each of which is 
between adjacent ones of the elements 21a filled with the 
dielectric loSS materials 22, the dielectric loSS materials 22 
may be made of a base of a foam, a hydrous inorganic 
compound, or a resin, for example, that contains carbon or 
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graphite as conductive particles. The amount of carbon or 
graphite in the dielectric loSS materials 22 preferably falls 
within the range of 1 to 11 grams per liter inclusive when the 
Spaces each of which is between adjacent ones of the 
elements 21a are filled with the dielectric loss materials 22. 

0048. To cover the surfaces of the elements 21a of the 
Structure 21 with the dielectric loSS materials 22, the mate 
rials 22 may be formed by applying a conductive coating 
that contains carbon or graphite as conductive particles to 
the Surfaces of the elements 21a. The amount of carbon or 
graphite in the entire Volume of the Second wave absorber 
Section 12 including the interior Space preferably falls within 
the range of 1 to 11 grams per liter inclusive when the 
dielectric loSS materials 22 cover the Surfaces of the ele 
ments 21a. 

0049. A method of designing the electromagnetic wave 
absorber of this embodiment and the characteristics thereof 
will now be described. The load impedance Z * (the asterisk 
indicating a complex number) at the interface between the 
first and Second layers of a multilayer electromagnetic wave 
absorber is given by the following equation (1), as the 
normalized input impedance of a single-layer electromag 
netic wave absorber. 

0050. Next, if load impedance Z * obtained in the front 
surface of the (n-1)" layer is known, load impedance Z, of 
the n" layer is obtained from the following equation (2). 

0051) Therefore, the reflection coefficient of the multi 
layer wave absorber is obtained from the following equation 

(0.052) Z, is the normalized intrinsic impedance of the 
in layer and written as Z=V(u/e). Y is the propa 
gation constant of the n" layer and written as Y, *=(21/2) 
V(u, *e, *). d, is the thickness of the n" layer. Jo is the 
wavelength of incident wave in vacuum. u, is the complex 
relative permeability of the n" layer and written as u, * = 
4,'-ja,".e., is the complex relative permittivity of the n" 
layer and Written as e=e, -je,". 
0053 For comparison with the electromagnetic wave 
absorber of the embodiment of the invention, FIG. 10 shows 
electromagnetic wave absorbing characteristics of a refer 
ence electromagnetic wave absorber made up of an electro 
magnetic wave reflector, a ferrite tile and a Styrofoam 
containing graphite and having a thickness of 20 cm that are 
Stacked in this order, wherein the amount of graphite con 
tained is varied. AS the amount of graphite increases, the 
return loSS of this wave absorber decreases in a frequency 
band of 30 to 300 MHz, and increases at a frequency of 1 
GHz or greater. 

0054 Therefore, it is noted that the dielectric loss mate 
rial Simply containing graphite and having a thickness of 20 
cm is not capable of exhibiting an excellent electromagnetic 
wave absorbing characteristic in a wide frequency band of 
30 to 1000 MHz, even though the balance in wave absorbing 
characteristic is achieved between the VHF band of 30 to 
300 MHz and at the frequency of 1 GHz or greater. 



US 2001/0024121 A1 

0.055 The characteristic of the electromagnetic wave 
absorber of the embodiment of the invention will now be 
described, referring to the configuration in which the Spaces 
each of which is between adjacent ones of the elements 21a 
of the structure 21 are filled with the dielectric loss material 
22 as an example. 
0056. The complex relative permeability u, and the 
complex relative permittivity e, of the Second wave 
absorber section 12 are written as follows in terms of 
composite electrical constant, where u, and ea are the 
complex relative permeability and the complex relative 
permittivity, respectively, of the magnetic loSS material 
making up each of the elements 21a, and u, and e, are 
the complex relative permeability and the complex relative 
permittivity, respectively, of the dielectric loSS material 22 
with which the Spaces each of which is between adjacent 
ones of the elements 21a are filled. 

0057 K is the electric field void ratio. K is the magnetic 
field void ratio. As shown in FIG. 12, b1 is the thickness of 
each of the elements 21a (magnetic loss material) measured 
in the direction of electric field. b2 is the space between two 
of the elements 21a neighboring along the direction of 
electric field. a1 is the continuous length of each of the 
elements 21a measured in the direction of magnetic field. a2 
is the Space between two of the elements 21a neighboring 
along the direction of magnetic field. The elements 21a 
nearly infinitely contiguous in the direction of magnetic field 
are dealt with in the calculation and rectangular Stripline 
measurement. 

0.058. The complex relative permittivity e, of the second 
wave absorber Section 12 is nearly equivalent to the complex 
relative permittivity e, of the dielectric loSS material 22 
with which the Space between adjacent ones of the elements 
21a is filled, if ea of each of the elements 21a (magnetic 
loss material) is 10 or smaller, the thickness of each of the 
elements 21a is 0.5 to 2.5 mm, and the space between 
adjacent ones of the elements 21a is 10 to 50 mm. The 
complex relative permeability is written as u =K+(1- 
K) u. 
0059. As thus described, in order to improve the electro 
magnetic wave absorbing characteristic of the wave 
absorber of the embodiment in the VHF band of 30 to 300 
MHz, the thickness of each of the elements 21a and the 
Space between adjacent ones of the elements 21a are deter 
mined Such that the complex relative permeability and the 
complex relative permittivity of the second wave absorber 
Section 12 in front of the first wave absorber section 11 are 
al, se, that is, K+(1-K)use, (the layer in front of 
the first wave absorbing Section 11 is made free Space 
impedance), So that the wave absorbing characteristic of the 
first wave absorber section 11 is fully exerted. At the 
frequency of 1 GHz or greater, a good electromagnetic wave 
absorbing characteristic is obtained, owing to the Synergistic 
effect of the magnetic loss (u") of the elements 21a 
(magnetic loss material) and the dielectric loss (e.") of the 
dielectric loSS material 22. 
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0060 FIG. 8 and FIG. 9 show the result of calculation 
for obtaining the range of u," and u", that is, the range of u, 
that achieves a return loSS of 20 dB or greater at a frequency 
of 100 MHz, wherein the thickness of the second wave 
absorber section 12 is 20 cm, and the permittivity e, of the 
magnetic loss material (the element 21a) and the amount of 
graphite that the dielectric loSS material 22 contains are used 
as parameterS. 

0061. As shown in FIG. 8, as the permittivity u, * of the 
magnetic loss material (the element 21a) increases, the real 
term of u, of u, increases. AS the amount of graphite in the 
dielectric loSS material 22 increases, the value of u, 
increases. Therefore, it is preferred that the permittivity of 
the magnetic loSS material is low and the amount of graphite 
in the dielectric loSS material 22 is Small, So that an increase 
in the amount of magnetic particles charged between the 
elements 21a and an increase in the thickness of the ele 
ments 21a are Suppressed. To reduce the permittivity of the 
magnetic loSS material, ferrite contained therein is prefer 
ably Ni-Zn-type ferrite or Mn-Mg-Zn-type ferrite. 
0062) To Suppress an increase in the amount of magnetic 
particles charged between the elements 21a and an increase 
in the thickness of the elements 21a, in particular, it is 
preferred that the permittivity of the magnetic loSS material 
is 10 or Smaller and the amount of graphite contained in the 
dielectric loSS material 22 is 11 gram per liter or Smaller. 
0063) To obtain an excellent electromagnetic wave 
absorbing characteristic at a frequency of 1 GHz or greater, 
the amount of graphite contained in the dielectric loss 
material 22 is preferably 6 gram per liter or greater. 
0064. If carbon is used for conductive particles contained 
in the dielectric loSS material 22, the amount of carbon 
contained therein is preferably 3 grams per liter or Smaller 
So as to Suppress an increase in the amount of magnetic 
particles charged between the elements 21a and an increase 
in the thickness of the elements 21a. 

0065. To obtain an excellent electromagnetic wave 
absorbing characteristic at a frequency of 1 GHz or greater, 
the amount of carbon contained in the dielectric loSS mate 
rial 22 is preferably 1 gram per liter or greater. 
0066. When the spaces each of which is between adjacent 
ones of the elements 21a of the structure 21 are filled with 
the dielectric loSS material 22, the amount of conductive 
particles contained therein preferably falls within the range 
of 1 to 11 grams per liter inclusive, considering the fact that 
the appropriate amount of conductive particles contained 
varies depending on the factorS Such as the type of conduc 
tive particles Such as carbon or graphite, or the grain 
diameter of the conductive particles. When the dielectric 
loSS materials 22 are placed to cover the Surfaces of the 
elements 21a of the Structure 21, the amount of conductive 
particles contained in the entire Volume of the wave absorber 
Section 12 including the interior Space preferably falls within 
the range of 1 to 11 grams per liter inclusive. 
0067. As thus described, an excellent electromagnetic 
wave absorbing characteristic is obtained in a wide fre 
quency band of 30 MHZ and greater, according to the wave 
absorber of the embodiment wherein the second wave 
absorber section 12 is placed in front of the first wave 
absorber section 11, the second absorber section 12 incor 
porating: the Structure 21 that includes the elements 21a 
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made of magnetic loSS material; and the dielectric loSS 
materials 22 located at least part of the Spaces each of which 
is between adjacent ones of the elements 21a. 
0068. Each of the wave reflector 10 and the first wave 
absorber section 11 has a thickness sufficiently smaller than 
the second wave absorber section 12. It is therefore possible 
that the wave absorber of this embodiment is as thin as 20 
cm. It is thus possible to implement a thin electromagnetic 
wave absorber as thin as or thinner than one fiftieth of the 
wavelength of 30 MHz wave (10 meters). 
0069. According to the electromagnetic wave absorber of 
the embodiment, a low-priced anechoic chamber that exhib 
its high performance will be implemented. 

0070) Examples of the embodiment of the invention will 
now be described. 

FIRST EXAMPLE 

0071. In a first example ferrite vinyl chloride resin sheets 
were utilized. Each of these sheets was made of vinyl 
chloride resin mixed with 85 weight 9% of Mn-Mg-Zn 
type ferrite powder. The sheets were arranged to form a grid 
with a Spacing of 20 mm to make the Structure 21. Each 
Space between adjacent ones of the elements 21a of the 
structure 21 was filled with the dielectric loss material 22 
made of molded Styrofoam containing graphite. The Second 
wave absorber section 12 as shown in FIG. 1 was thus 
fabricated. 

0.072 In the first example nine types of second wave 
absorber Sections 12 having the above-described configura 
tion were fabricated. These sections 12 had different thick 
nesses of 0.5 mm, 1.0 mm and 2.0 mm. The amounts of 
graphite the molded Styrofoam contained were 6, 8 and 11 
grams per liter. For comparison with the Sections 12, refer 
ence Samples made of only a dielectric loSS material and 
having no ferrite vinyl chloride resin sheets were fabricated. 

0.073 Next, each of the nine types of second wave 
absorber Sections 12 and the reference Samples was placed 
on the front Surface of a 6.8-mm-thick ferrite tile provided 
as the first wave absorber section 11 backed with a metal 
plate as the wave reflector 10. Nine types of electromagnetic 
wave absorbers of this example and reference electromag 
netic wave absorbers were thus fabricated. Electromagnetic 
wave absorbing characteristics of these wave absorbers were 
measured through the use of a rectangular Stripline. Accord 
ing to this measurement, an amount of reflection was 
obtained for the reference while the terminating portion was 
Shorted, and an amount of reflection was then obtained while 
each of the wave absorbers was inserted to the terminating 
portion. The ratio of this amount to the reference was 
determined to obtain the return loSS. 

0074 FIG. 3 to FIG. 5 show examples of electromag 
netic wave absorbing characteristics obtained where the 
amounts of graphite were 6, 8 and 11 grams per liter. FIG. 
10 shows the electromagnetic wave absorbing characteristic 
of the reference wave absorbers that incorporated the refer 
ence Samples, in place of the Second wave absorber Section 
12. The wave absorbers of the first example of the embodi 
ment of the invention exhibited better characteristics in a 
frequency band of 50 to 400 MHz and a band around 1 GHz, 
compared with the reference wave absorbers. 
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0075 According to this example thus described, the wave 
absorbers that achieved a balance between the VHF band of 
30 to 300 MHz and the UHF band of 300 MHz and greater 
were implemented. 

0076 A preferred thickness of the ferrite vinyl chloride 
resin sheets making up the Structure 21 relates to the spacing 
with which the sheets are arranged. For example, when the 
spacing is 20 mm, a preferred thickneSS is 1.0 mm or greater. 
When the spacing is 10 mm, a preferred thickness is 0.5 mm 
or greater. When the Spacing is 50 mm, a preferred thickness 
is 2.5 mm or greater. The resin with which ferrite is mixed 
may be any resin as long as it is capable of being plate 
shaped. 

SECOND EXAMPLE 

0077. In a second example ferrite paper was utilized. This 
paper was made of hydrous inorganic compound consisting 
of glass fiber, aramide fiber and magnesium Silicate whose 
weight ratio was 2:1:1 with which 70 weight 9% of 
Mn-Mg-Zn-type ferrite powder was mixed. Sheets of this 
paper were arranged to form a grid with a spacing of 20 mm 
to make the Structure 21. This paper was formed through a 
paper fabricating technique and pressing. Each Space 
between adjacent ones of the elements 21a of the Structure 
21 was filled with the dielectric loss material 22 made of 
molded Styrofoam containing graphite. The Second wave 
absorber section 12 as shown in FIG. 1 was thus fabricated. 

0078. In the second example three types of second wave 
absorber Sections 12 having the above-described configura 
tion were fabricated. The ferrite paper had a thickness of 1.0 
mm. The amounts of graphite contained in the molded 
Styrofoam were 6, 8 and 11 grams per liter, respectively. For 
comparison with the Sections 12, reference Samples made of 
only a dielectric loSS material and having no ferrite paper 
were fabricated. 

0079 Next, each of the three types of second wave 
absorber Sections 12 and the reference Samples was placed 
on the front surface of a 6.8-mm-thick ferrite tile provided 
as the first wave absorber section 11 backed with a metal 
plate as the wave reflector 10. Three types of electromag 
netic wave absorbers of this example and reference electro 
magnetic wave absorbers were thus fabricated. Electromag 
netic wave absorbing characteristics of these wave absorbers 
were measured through the use of a rectangular Stripline. 
According to this measurement, an amount of reflection was 
obtained for the reference while the terminating portion was 
Shorted, and an amount of reflection was then obtained while 
each of the wave absorbers was inserted to the terminating 
portion. The ratio of this amount to the reference was 
determined to obtain the return loSS. 

0080 FIG. 6 shows examples of electromagnetic wave 
absorbing characteristics of the above-mentioned three types 
of wave absorbers. FIG. 10 shows the electromagnetic wave 
absorbing characteristics of the reference wave absorbers 
that incorporated the reference Samples, in place of the 
Second wave absorber section 12. The wave absorbers of this 
second example of the embodiment of the invention exhib 
ited better characteristics in a frequency band of 50 to 400 
MHz and a band around 1 GHz, compared with the reference 
wave absorbers. 
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0081. According to this example thus described, the wave 
absorbers that achieved a balance between the VHF band of 
30 to 300 MHz and the UHF band of 300 MHz and greater 
were implemented. 

0082) According to the above-described result, the 
amount of ferrite that the ferrite paper contains is preferably 
70 weight % or greater, and preferably 85 weight % or 
Smaller, according to the result of the first example and 
practicality. 

THIRD EXAMPLE 

0.083. In a third example ferrite paper was utilized. This 
paper was made of hydrous inorganic compound consisting 
of glass fiber, aramide fiber and magnesium Silicate whose 
weight ratio was 2:1:1 with which 70 weight 9% of 
Mn-Mg-Zn-type ferrite powder was mixed. Sheets of this 
paper were arranged to form a honeycomb to make the 
Structure 21. This paper was formed through a paper fabri 
cating technique and pressing. The Space between adjacent 
ones of the elements 21a of the structure 21 was 20 mm. 
Next, a conductive coating that contains graphite was 
applied to Surfaces of the elements 21a to form the dielectric 
loss materials 22. The second wave absorber section 12 as 
shown in FIG. 2 was thus fabricated. 

0084. In the third example three types of second wave 
absorber Sections 12 having the above-described configura 
tion were fabricated. The ferrite paper of these sections 12 
had a thickness of 1.0 mm. The amounts of graphite con 
tained in the entire Volume of the respective Second wave 
absorber Sections 12 including the interior Space were 6, 8 
and 11 grams per liter, respectively. For comparison with the 
Sections 12, reference Samples made of a honeycomb 
shaped Structure, having a thickness of 20 cm and having no 
magnetic loSS, to which a conductive coating containing 
graphite was applied, were fabricated. 

0085 Next, each of the three types of second wave 
absorber Sections 12 and the reference Samples was placed 
on the front Surface of a 6.8-mm-thick ferrite tile provided 
as the first wave absorber section 11 backed with a metal 
plate as the wave reflector 10. Three types of electromag 
netic wave absorbers of this example and reference electro 
magnetic wave absorbers were thus fabricated. Electromag 
netic wave absorbing characteristics of these wave absorbers 
were measured through the use of a rectangular Stripline. 
According to this measurement, an amount of reflection was 
obtained for the reference while the terminating portion was 
Shorted, and an amount of reflection was then obtained while 
each of the wave absorbers was inserted to the terminating 
portion. The ratio of this amount to the reference was 
determined to obtain the return loSS. 

0.086 FIG. 7 shows examples of electromagnetic wave 
absorbing characteristics of the above-mentioned three types 
of wave absorbers. FIG. 11 shows the electromagnetic wave 
absorbing characteristics of the reference wave absorbers 
made of the reference Samples, in place of the Second wave 
absorbing section 12. The wave absorbers of this third 
example of the embodiment of the invention exhibited better 
characteristics in a frequency band of 50 to 400 MHz and a 
band around 1 GHz, compared with the reference wave 
absorbers. 
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0087. According to this example thus described, the wave 
absorbers that achieved a balance between the VHF band of 
30 to 300 MHz and the UHF band of 300 MHz and greater 
were implemented. 
0088. The present invention is not limited to the forego 
ing embodiment but may be practiced in Still other ways. For 
example, the conductive particles that the dielectric loSS 
material contains are not limited to carbon or graphite but 
may be metal powder or metal fiber. 
0089. According to the electromagnetic wave absorber of 
the invention described So far, an excellent electromagnetic 
wave absorbing characteristic is achieved by the first and 
Second electromagnetic wave absorbing Sections. In addi 
tion, it is possible to reduce the thickness of the Second wave 
absorbing Section and to thereby reduce the entire thickness 
of the wave absorber. 

0090. Obviously many modifications and variations of 
the present invention are possible in the light of the above 
teachings. It is therefore to be understood that within the 
Scope of the appended claims the invention may be practiced 
otherwise than as Specifically described. 

What is claimed is: 
1. An electromagnetic wave absorber comprising: 
an electromagnetic wave reflector; 
a first electromagnetic wave absorber Section made of 

plate-shaped sintered ferrite and having Surfaces one of 
which is adjacent to the wave reflector; and 

a Second electromagnetic wave absorber Section adjacent 
to the other Surface of the first wave absorber section; 
wherein the Second wave absorber Section includes: 

a structure including a plurality of plate-shaped elements 
each of which is made of a magnetic loSS material, the 
elements having Surfaces located with Specific Spaces 
each of which is created between adjacent ones of the 
elements, the Surfaces being located in a direction 
intersecting the other surface of the first wave absorber 
Section; and 

a dielectric loSS material located in at least part of the 
Spaces each of which is created between adjacent ones 
of the elements of the structure. 

2. The electromagnetic wave absorber according to claim 
1 wherein the Surfaces of the elements of the Structure are 
orthogonal to the other surface of the first wave absorber 
Section. 

3. The electromagnetic wave absorber according to claim 
1 wherein the Second wave absorbing Section is entirely 
plate-shaped. 

4. The electromagnetic wave absorber according to claim 
1 wherein each of the elements of the Structure has a 
thickness in a range of 0.5 to 2.5 mm inclusive, and the 
Spaces each of which is created between adjacent ones of the 
elements falls within a range of 10 to 50 mm inclusive. 

5. The electromagnetic wave absorber according to claim 
1 wherein each of the elements of the Structure has a 
permittivity of 10 or smaller. 

6. The electromagnetic wave absorber according to claim 
1 wherein the elements of the Structure contain ferrite. 

7. The electromagnetic wave absorber according to claim 
6 wherein the ferrite that the elements contain is Ni-Zn 
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type ferrite or Mn-Mg-Zn-type ferrite, and an amount of 
the ferrite that the elements contain falls within a range of 70 
to 85 weight % inclusive. 

8. The electromagnetic wave absorber according to claim 
1 wherein the dielectric loSS material contains conductive 
particles. 

9. The electromagnetic wave absorber according to claim 
1 wherein each of the Spaces created between adjacent ones 
of the elements is filled with the dielectric loss material. 

10. The electromagnetic wave absorber according to 
claim 9 wherein the dielectric loSS material contains con 
ductive particles, and an amount of the conductive particles 
that the dielectric loSS material contains falls within a range 
of 1 to 11 grams per liter inclusive. 

11. The electromagnetic wave absorber according to 
claim 1 wherein the Surfaces of the elements of the structure 
are covered with the dielectric loSS material. 

12. The electromagnetic wave absorber according to 
claim 11 wherein the dielectric loSS material contains con 
ductive particles, and an amount of the conductive particles 
in an entire Volume of the Second wave absorbing Section 
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including an interior Space thereof falls within a range of 1 
to 11 grams per liter inclusive. 

13. The electromagnetic wave absorber according to 
claim 1 wherein: 

each of the elements of the Structure is made of a base that 
is made of a hydrous inorganic compound or a resin and 
contains ferrite powder; 

the Surfaces of the elements of the Structure are orthogo 
nal to the other Surface of the first wave absorber 
Section; 

the elements are arranged in one direction, or arranged to 
form any of a grid, a honeycomb and a corrugated 
shape; and 

the dielectric loSS material is made of a base that is made 
of a foam, a hydrous inorganic compound or a resin and 
contains carbon or graphite. 


