
;e3eNN\X|6To}v26 July 2004 1 RADIATOR CAPABLE OF CONSIDERABLY SUPPRESSING A
HIGH-FREQUENCY CURRENT FLOWING IN AN ELECTRIC COMPONENT Background of the
Invention' This invention relates to a radiator which is for radiating heat
generated by an electronic component upon energization to prevent an
increase in temperature of the electronic component and which is attached
to the electronic component itself or to a circuit board or a housing with
the electronic component mounted thereon. In the field of electronic
communication, use is made of electronic apparatuses and data processing
apparatuses with various electronic components mounted thereon. These
electronic components are generally mounted on a circuit board provided
with a conductive pattern. These electronic components may be various
semiconductor active devices including a random access memory (RAM), a
read-only memory (ROM), a microprocessor (MPU), a central processing unit
(CPU), and an image processor arithmetic logic unit (IPALU). Generally,
these semiconductor active devices are used at a high frequency and
operated at a high speed. To this end, the semiconductor active devices are
highly integrated in accordance with a circuit layout and provided with a
plurality of terminals (generally called a lead frame) for use in signal
processing to be formed into a chip of a semiconductor integrated circuit
device (IC) or a semiconductor large-scale integrated circuit device (LSI).
26 July 2004 2 The semiconductor active device of the type described has an
operation speed and a signal processing speed each of which i5 very high.
In order to perform a high-speed operation with a further integrated
structure, the device is designed to be used 2t a high frequency in a
frequency band between several tens PAHz and Several GHz. Accordingly, a
radiator attached t0 the semiconductor active device is required to be
further improved in radiation efficiency. In the meanwhile, if such a high
frequency within the frequency band between several tens MHz and several
GHz is used at the semiconductor active device, a high-frequency (harmonic)
current flows through the terminals of the semiconductor actNe device 2nd
the radiator itself. The high-frequency current may be conducted to other
electronic components, signal paths including the terminals, or apparatuses
and devices with the electric/electronic components mounted thereon. The
high-frequency current becomes a factor of causing electromagnetic
interference which adversely affects the operation of the electronic
components to result in an operation error or Which deteriorates basic
functions cf the electronic components. Therefore, such high-frequency
current must be removed or suppressed. In existing electronic components or
radiators, however, consideration is not sufliciently made of the
countermeasure against the high-frequency current. Therefore, it is
difficult to prevent the occurrence of the electromagnetic interference
resulting from the high frequency current. Summary of the Invention It is
therefore art object of this invention to provide a radiator of a high
trequency current suppressing type which is capable of sufficiently and
consideraoly suppressing a high-frequency current to prevent occurrence of
electromagnetic interference even if an electronic component is used at a
high ~equency within a frequency band between several tens biHa and several
GHz, or to at least provide a useful alternative.   26 July 2004 -3
According to a preferred aspect of the present invention, there is provided
a radiator for use in radiating heat generated by an electronic component,
the radiator having a principal surface facing the electronic component,
the radiator comprising a highfrequency current suppressor attached to the
principal surface for attenuating a highfrequency current flowing through
the radiator and having a frequency within a frequency band between several
tens MHz and several GHz, the high-frequency Current suppre5svr being made
of a magnetic substance of a map etc composition comprising M, X and Y,
where M is a metallic magnetic material consisting of Fe, Co, and/or Ni, X
being element or elements other than M. and Y, and Y being F, N) and/or O,
the M-X-Y magnetic 



10 composition having a concentration of M in the composition so that the
M-X-Y magnetic composition has a saturation magnetization of 35-80% of that
of the metallic bulk of magnetic material comprising M alone, the magnetic
composition having the maximum value ,u"m"; of an imaginary part N." of
relative permeability in a frequency range of 0.1-10 gigahertz (Glue). 15
According to one embodiment of the present invention, the radiator further
comprises a heat-conductive sheet excellent in heat conductivity and formed
on the highfrequency current suppessor. According to another embodiment of
tyre present invention) the radiator further comprises an insulating sheet
excellent in electrical insulation and formed on the high20 frequency
current suppressor. Brief Description of the Draw-in~ Fig. lA is a side
view of a radiator of a high-frequency current suppressing type 25
according to a first embodiment of this invention; Fig. 1S is a side view
showing the radiator illustrated in Fig. 1A in a state where it is mounted
on a circuit hoard; Fib. 2 is a side view of a radiator of a high-frequency
current suppressing type a.ccording to a second embodiment of this
invention in a state where it is mounted on a 30 circuit board; Fig. 3 is a
side view of a radiator of a high-frequency current suppressing type   26
July 2004 -4 according to a third embodiment of this invention; Fig. 4 is a
side view of a radiator of a high-frequency current suppressing type
according to a fourth embodiment of this invention; Fig, 5 is a schematic
view showing a granular structure of M-X-Y magnetic 5 composition; Pig. 6A
is a schematic sectional view showing a structure of a sputtering apparatus
which was used in examples;   26 July 2D04 Fig. 6B is a schematic sectional
view showing a structure of a vapor deposition apparatus which was used in
examples; Fig. 7 is a graphical view showing a permeability frequency
response of film sample 1 in Example 1; Fig. 8 is a graphical view showing
a permeability frequency response of 



film sample 2 in Example 2; Fig. 9 is a graphical view showing a
permeability frequency response of comparable sample 1 in Comparable
Example 1; Fig. 10 is a schematic and perspective view of a test apparatus
for testing a noise suppressing effect of magnetic samples; Fig. 11A is a
graphic view showing a transmission characteristic of film sample 1; Fig.
11 B is a graphic view showing a transmission characteristic of comparable
sample of composite magnetic material sheet; Fig. 12A is a distribution
constant circuit with a length ~ showing a magnetic material as a noise
suppressor; Fig. 12B is an equivalent circuit with a unit length D ~ of the
distribution constant circuit of Fig. 12A; Fig. 12C is an equivalent
circuit with a length ~ of the distribution constant circuit of Fig. 12A;
Fig. 13A is a graphic view showing a frequency response of an equivalent
resistance R of film sample 1 in Example 1; and Fig. 13B is a graphic view
showing a frequency response of an equivalent resistance R of comparative
sample of a composite magnetic material sheet. Desription of the Preferred
Embodiments' Referring to Fig. 1A, description will be made of a radiator
of a high frequency current suppressing type according to a first
embodiment of this  



26 July 2004 6 invention. The radiator 1 illustrated in Fig. 1 A comprises
a plurality of fins 1 a arranged at a predetermined space from one another,
a base plate 1 b having a principal surface or an upper surface fixed to
one ends of the fins 1 a, and a high-frequency current suppresser 2 in the
form of a film formed on an opposite surface or a lower surface of the base
plate 1 b. Referring to Fig. 1 B, the radiator 1 in Fig. 1 is mounted on a
printed circuit board 4. The printed circuit board 4 has a principal
surface or an upper surface with a semiconductor integrated circuit device
5 mounted thereon as an electronic component. Around the semiconductor
integrated circuit device 5, a high-frequency current suppresser 3 is
formed as a film. The radiator 1 is mounted on the circuit board 4 so that
the high-frequency current suppresser 2 is brought into contact with the
semiconductor integrated circuit device 5 and the high-frequency current
suppresser 3. As a result, the radiator 1 is attached to the printed
circuit board 4 with the upper surface and the peripheral surface of the
semiconductor integrated circuit device 5 covered with the high-frequency
current suppressers 2 and 3. The high-frequency current suppresser 2 is
adhered to each of the semiconductor integrated circuit device 5 and the
high-frequency current suppresser 3 by the use of an adhesive or a
double-sided adhesive tape. Each of the high-frequency current suppressers
2 and 3 is a thin-film magnetic substance and exhibits the conductivity
within a frequency range smaller than several tens MHz. With this
structure, even if the semiconductor integrated circuit device 5 is used at
a high frequency in a frequency band between several tens MHz and several
GHz, the high-frequency current suppressers 2 and 3 sufficiently and
considerably attenuate the high-frequency current flowing through terminals
of the semiconductor integrated circuit device 5 and through the radiator 1
itself.   26 July 2004 7 Therefore, it is possible to prevent occurrence of
electromagnetic interference and to remove an adverse affect of the
electromagnetic interference. Thus, a combination of the high-frequency
current suppressors 2 and 3 serves to attenuate the high-frequency current
flowing through the radiator 1 itself and having the frequency within the
frequency band between several tens MHz and several GHz. Referring to Fig.
2, description will be made of a radiator of a highfrequency current
suppressing type according to a second embodiment of this invention.
Similar parts are designated by like reference numerals and will not be
described any longer. In the radiator 1 illustrated in Fig. 2, the base
plate 1 b is provided with a recessed portion 6 formed on its lower surface
to receive the semiconductor integrated circuit device 5. On the lower
surface of the base plate 1 b including the recessed portion 6, the
high-frequency current suppressor 2 is formed as a film. When the radiator
1 is attached to the circuit board 4, the recessed portion 6 is faced to
the semiconductor integrated circuit device 5. As a result, the upper
surface and the peripheral surface of the semiconductor integrated circuit
device 5 are covered with the high-frequency current suppressor 2 alone.
Therefore, no high-frequency current suppressor is required to be formed on
the circuit board 4. The high-frequency current suppressor 2 is adhered to
each of the semiconductor integrated circuit device 5 and the circuit board
4 by the use of an adhesive or a double-sided adhesive tape. With this
structure, even if the semiconductor integrated circuit device 5 is used at
the high frequency within the frequency band between several tens MHz and
several GHz, the high-frequency current suppressor 2 sufficiently and
considerably attenuates the high-frequency current flowing through the
terminals of the semiconductor integrated circuit device 5 and through the
26 July 2004 



8 radiator 1 itself. Therefore, it is possible to prevent occurrence of
electromagnetic interference and to remove an adverse affect of the
electromagnetic interference. Thus, the high-frequency current suppressor 2
alone serves to attenuate the high-frequency current flowing through the
radiator 1 itself and having the frequency within the frequency band
between several tens MHz and several GHz. Referring to Fig. 3, description
will be made of a radiator of a high frequency current suppressing type
according to a third embodiment of this invention. Similar parts are
designated by like reference numerals and will not be described any longer.
In the radiator 1 illustrated in Fig. 3, the high-frequency current
suppressor 2 formed on the lower surface of the base plate 1 b is provided
with a heat-conductive sheet 7 which is attached to the lower surface of
the highfrequency current suppressor 2 and which is excellent in heat
conductivity. The heat-conductive sheet 7 is adhered to the high-frequency
current suppressor 2 by the use of an adhesive or a double-sided adhesive
tape. With this structure also, the above-mentioned effects are obtained.
In addition, because of provision of the heat-conductive sheet 7, heat
transfer to the radiator 1 is promoted. Thus, the heat radiation
characteristic is improved. Referring to fig. 4, description will be made
of a radiator of a high frequency current suppressing type according to a
fourth embodiment of this invention. Similar parts are designated by like
reference numerals and will not be described any longer. In the radiator 1
illustrated in Fig. 4, the high-frequency current suppressor 2 formed on
the lower surface of the base plate 1 b is provided with an insulating
sheet 8, such as a polyimide film, which is attached to the lower surface
of the high-frequency current suppressor 2 and which is excellent in
electrical insulation. The insulating sheet 8 is adhered to the
high-frequency   9 26 July 2004 current suppresser 2 by the use of an
adhesive or a double-sided adhesive tape. The high-frequency current
suppressers 2 and 3 can be formed by sputtering or vapor deposition. In
addition to the sputtering or the vapor deposition mentioned above)
chemical vapor deposition (CVD), ion beam deposition, gas deposition, and
pattern transfer may be used upon forming the high-frequency current
suppressers 2 and 3. Each of the high-frequency current suppressers 2 and 3
is a thin-film magnetic substance having a thickness between 0.3 and 20 a m
and exhibits the conductivity within a frequency range smaller than several
tens MHz. 



As a material for each of the high-frequency current suppressers 2 and 3,
use may be made of a narrow-band magnetic loss material which has an MX-Y
composition as a mixture of components M (M being at least one of Fe, Co,
and Ni), Y (Y being at least one of F, N, and O), and X (X being at least
one element other than those contained in M and Y) and which has a
permeability characteristic, given as a relationship between a frequency
and an imaginary part ~, " with respect to a real part ~.' of relative
permeability, such that the maximum value I~ "max of the imaginary part u"
(which may be called a magnetic loss term) is present within a frequency
range between 100MHz and lOGHz and that a relative bandwidth bwr is not
greater than 200% where the relative bandwidth bwr is obtained by
extracting a frequency bandwidth between two frequencies at which the value
of u" is 50% of the maximum ~.'~max and normalizing the frequency bandwidth
at the center frequency thereof. It is assumed here that the narrow-band
magnetic loss material has saturation magnetization between 80% and 60% of
that of a metal magnetic material comprising the component M alone and a
d.c. electric resistance between 100 ~c S2 ~ cm and 700 ~c S2 ~ cm. As the
material for each of the high-frequency current suppressers 4a, 4b, and 5,
use may also be made of a wide-band magnetic loss material which   l0 26
July 2004 has an M-X-Y composition as a mixture of components M (M being at
least one of Fe, Co, and Ni), Y (Y being at least one of F, N) and 0), and
X (X being at least one element other than those contained in M and Y) and
which has a permeability characteristic, given as a relationship between a
frequency and an imaginary part I~" with respect to a real part u' of
relative permeability, such that the maximum value ~. "m~ of the imaginary
part ~c " is present within a frequency range between 100MHz and lOGHz and
that a relative bandwidth bwr is not smaller than 150% where the relative
bandwidth bwr is obtained by extracting a frequency bandwidth between two
frequencies at which the value of a " is 50% of the maximum a "maX and
normalizing the frequency bandwidth at the center frequency thereof. It is
assumed here that the wide-band magnetic loss material has saturation
magnetization between 60% and 35% of that of a metal magnetic material
comprising the component M alone and a d.c. electric resistance greater
than 500 a ~ ~ cm. In each of the narrow-band magnetic loss material and
the wide-band magnetic loss material used as the high-frequency current
suppressors 4a, 4b, and 5, the component X is at least one of C, B, Si, AI,
Mg, Ti, Zn, Hf, Sr, Nb, Ta, and rare earth elements. The component M is
present in a granular structure where particles or grains of the component
M are dispersed in a matrix of a compound of the components X and Y The
particles have an average particle size between 1 nm and 40nm. The
narrow-band or the wide-band magnetic loss material has an anisotropic
magnetic field of 47400 A/m or less. Preferably, the M-X-Y composition of
the wide-band or the narrow-band magnetic loss material is an Fe-AI-O
composition or an Fe-Si-O composition. In the foregoing, description has
been made of the case where the semiconductor integrated circuit device is
used as the electronic component. However, this invention is also
applicable if the electronic component is a different semiconductor active
device including a semiconductor large-scale   is Duly Zooa m integrated
circuit device, a logic circuit device such as a microprocessor, a central
processing unit, and a image processor arithmetic logic unit) or the like.
The radiator may be attached to the circuit board or a housing to which the
electronic component is mounted. In either event, as each of the
high-frequency current suppressors 2 and 3, use is made of a thin-film
magnetic substance which is small in volume and which is a magnetic loss
material having a large imaginary part (i.e., a "magnetic loss term") u."
of the relative permeability. As a magnetic swbstance which can be
increased in magnetic loss term, a granular magnetic material is known.
Specifically, in case where the concentration of magnetic metal particles
in the granular magnetic material falls within a particular range,
excellent magnetic loss characteristic can be obtained in a high-frequency
region. Next, description will be made as to granular structure and
production methods of M-X-Y magnetic composition. Referring to Fig. 5 in
which schematically shows the granular structure of M-X-Y magnetic
composition, particles 11 of metallic magnetic material M are uniformly or
evenly distributed in a matrix 12 consisting of X and Y. Referring to Fig.
6A, a sputtering apparatus shown therein was used for producing samples in
the following examples and comparative examples. The sputtering apparatus
has a conventional structure and comprises a vacuum container 20, a shutter
21, an atmospheric gas source 22, a substrate or a glass plate 23, chips 24
(X or X-Y), a target 25 (M), an RF power source, and a vacuum pump 27. The
atmospheric gas source 22 and the vacuum pump 27 are connected to the
vacuum container 20. The substrate 23 confronts to the target 25 on which
chips 24 are disposed. The shutter 21 is disposed in front of the substrate
21. The RF power source 26 is connected to the target 25.   



26 July 2004 12 Referring to Fig. 6B, a vapor deposition apparatus shown
therein was also used another apparatus for producing samples in the
following examples and comparative examples. The vapor deposition apparatus
has a conventional structure and has vacuum container 20, atmospheric gas
source 22, and vacuum pump 27 similar to the sputtering apparatus but has a
crucible 28 including materials (X-Y) in place of chips 24, target 25 and
RF power source 26. A thin film of M-X-Y magnetic composition was made on a
glass plate by use of the sputtering apparatus shown in Fig. 6A at a
sputtering condition shown in Table 1. Table 1 ~ Vacuum degree before
sputtering<1 X 10-6 TorrAtmosphereAr gasElectric PowerRF TargetsFe
(diameter of 100mm) and AI203 chip (120 pieces) (chip size: 5mm X 5mm X
2mm) The film sample 1 produced was analyzed by a fluorescent X-ray
spectroscopy and confirmed as a film of a composition Fe~2A11~0. The film
sample 1 had 2.0 micrometer ( ~. m) in thickness, 530 micro ohm centimeters
( ~. ~ ~ cm) in DC specific resistance, 18 Oe in anisotropy field (Hk), and
16,800 Gauss in saturation magnetization (Ms). A percent ratio of the
saturation magnetization of the film sample 1 and that of the metallic
material M itself {Ms(M-X-Y)/Ms(M)}x 100 was 72.2%. 



In order to measure a permeability frequency response, the film sample 1
was formed in a ribbon like form and inserted in a coil. Under application
of a bias magnetic field, an impedance variation of the coil was measured
in response to frequency change of AC current applied to the coil. The
measurement was several times for different values of the bias magnetic
field.   13 26 July 2004 From the measured impedance variation in response
to frequency variation, the permeability frequency response ( ~c "-f
response) was calculated and is shown in Fig. 7. It will be noted from Fig.
7 that the imaginary part of relative permeability has a high peak or the
maximum value ( a "max) and rapidly falls either side of the peak. The
natural resonance frequency (f( a "max)) showing the maximum value ( l~
"max) is about 700 MHz. From the a "-f response, a relative bandwidth bwr
was determined as a percentage ratio of bandwidth between two frequency
points which shows the imaginary part of relative permeability as a half
value ~. "SO of the maximum value ~. "max, to center frequency of said
bandwidth. The relative bandwidth bwr was 148%. Ex~ar I In a condition
similar to that in Example 1 but using of 150 AI203 chips, a film sample 2
was formed on a glass plate. The film sample 2 produced was analyzed by a
fluorescent X-ray spectroscopy and confirmed as a film of a composition
Fe44A1220aa. The film sample 2 had 1.2 micrometer ( ~c m) in thickness,
2400 micro ohm centimeters ( u. ~ ~ cm) in DC specific resistance, 120 Oe
in anisotropy field (Hk), and 9600 Gauss in saturation magnetization (Ms).
It will be noted that film sample 2 is higher than film sample 1 in the
specific resistance. A percent ratio of the saturation magnetization of the
film sample 2 and that of the metallic material M itself {Ms(M-X-Y)/Ms(M)}
x 100 was 44.5%. The ~. "-f response of film sample 2 was also obtained in
the similar manner as in Example 1 and shows in Fig. 8. It is noted that
the peak has also a high value similar to that in film sample 1. However,
the frequency point at the peak, or the natural resonance frequency is
about 1 GHz and the imaginary part of relative permeability gradually falls
either side of the peak so that the ~. "-f response has a broadband
characteristic.   14 26 July 2004 



A relative bandwidth bwr of film sample 2 was also confirmed as 181% by the
similar way as in Example 1. Comparative Example 1 In a condition similar
to that in Example 1 but using of 90 AI203 chips, a comparative sample 1
was formed on a glass plate. The comparative sample 1 produced was analyzed
by a fluorescent X-ray spectroscopy and confirmed as a film of a
composition Fe86A1608. The comparative sample 1 had 1.2 micrometer (um) in
thickness, 74 micro ohm centimeters ( a S2 ~ cm) in DC specific resistance,
22 Oe in anisotropy field (Hk), 18,800 Gauss in saturation magnetization
(Ms), and 85.7% in a percent ratio of the saturation magnetization of the
comparative sample 1 and that of the metallic material M itself
{Ms(M-X-Y)/Ms(M)}X 100, and. was 44.5%. The a "-f response of comparative
sample 1 was also obtained in the similar manner as in Example 1, and is
shown in Fig. 9. It will be noted from Fig. 9 that the imaginary part u" of
relative permeability of the comparative sample 1 has a high peak at a
frequency about 10 MHz but rapidly reduces at the higher frequency range
than 10 MHz. It can be supposed that this reduction is caused by generation
of eddy current due to the lower specific resistance. Comparative Exams In
a condition similar to that in Example 1 but using of 200 AI203 chips, a
comparative sample 2 was formed on a glass plate. The comparative sample 2
produced was analyzed by a fluorescent X-ray spectroscopy and confirmed as
a film of a composition Fe19A134O4~. The comparative sample 2 had 1.3
micrometer (~. m) in thickness, 10,500 micro ohm centimeters (~. S2 ~ cm)
in DC specific resistance. The magnetic characteristic of comparative
sample 1 exhibited superparamagnetism.   15 26 July 2004 ExamIpe 4 A thin
film of M-X-Y magnetic composition was made on a glass plate by the
reactive sputtering method using the sputtering apparatus shown in Fig. 



6A at a sputtering condition shown in Table 2. The partial pressure ratio
of N2 was 20%. The thin film was heat-treated at a temperature of 300C for
two hours in vacuum under magnetic field and obtained a film sample 4.
Table 2 Vacuum degree before sputtering<1 x 10-6 TorrAtmosphereAr+N2
gasElectric PowerRF TargetsFe (diameter of 100mm) and AI chip (150 pieces)
(chip size: 5mm X 5mm X 2mm) The properties of film sample 4 are show in
Table 3. Table 3 Film thickness1.5 ~. m{Ms(M-X-Y)/Ms(M)}X 10051.9%~'
~~max520f( 1~. ",T,~)830MHzbwr175% Exam Ip a 5 A thin film of M-X-Y
magnetic composition was made on a glass plate by using the sputtering
apparatus shown in Fig. 6A at a sputtering condition shown in Table 4. The
thin film was heat-treated at a temperature of 300C for two hours in vacuum
under magnetic field and obtained a film sample 5.   26 July 2004 16 Table
4 Vacuum degree before sputtering<1 X 106 TorrAtmosphereAr gasElectric
PowerRF TargetsCo (diameter of 100mm) and AI203 chip (130 pieces) 



(chip size: 5mm X 5mm X 2mm) The properties of film sample 5 are show in
Table 5. Table 5 Film thickness1.1 ~c m{Ms(M-X-Y)/Ms(M)}X 10064.7%~'
"max850f( ~' "max)800MHzbwr157% A thin film of M-X-Y magnetic composition
was made on a glass plate by the reactive sputtering method using the
sputtering apparatus shown in Fig. 6A at a sputtering condition shown in
Table 6. The partial pressure ratio of N2 was 10%. The thin film was
heat-treated at a temperature of 300C for two hours in vacuum under
magnetic field and obtained a film sample 6. Table 6 Vacuum degree before
sputtering<1 X 10-6 TorrAtmosphereAr+NZ gasElectric PowerRF TargetsCo
(diameter of 100mm) and AI chip (170 pieces) (chip size: 5mm X 5mm x 2mm)
17 The properties of film sample 6 are show in Table 7. Table 7 Film
thickness1.2 ~. m~Ms(M-X-Y)lMs(M)}X 10032.7%a ~~max350f( ~''~max)1
GHzbwr191 Exam Ip a 7 26 July 2004 A thin film of M-X-Y magnetic
composition was made on a glass plate by using the sputtering apparatus
shown in Fig. 6A at a sputtering condition shown in Table 8. The thin film
was heat-treated at a temperature of 300C for two hours in vacuum under
magnetic field and obtained a film sample 7. 



Table 8 Vacuum degree before sputtering<1 x 10-6 TorrAtmosphereAr
gasElectric PowerRFNi (diameter of 100mm) andTargetsAI203 chip (140
pieces)(chip size: 5mm X 5mm X 2mm) The properties of film sample 4 are
show in Table 9. Table 9 Film thickness1.7 a m{Ms(M-X-Y)/Ms(M)}X 10058.2%~'
~~max280f( Ja. "max)240MHZbwr169%   18 Exa~e 8 26 July 2004 A thin film of
M-X-Y magnetic composition was made on a glass plate by the reactive
sputtering method using the sputtering apparatus shown in Fig. 6A at a
sputtering condition shown in Table 10. The partial pressure ratio of N2
was 10%. The thin film was heat-treated at a temperature of 300C for two
hours in vacuum under magnetic field and obtained a film sample 8. Table 10
Vacuum degree before sputtering<1 X 10-6 TorrAtmosphereAr+Nz gasElectric
PowerRF TargetsNi (diameter of 100mm) and AI chip (100 pieces) (chip size:
5mm X 5mm X 2mm) The properties of film sample 10 are show in Table 11.
Table 11 Film thickness1.3 a m{Ms(M-X-Y)/Ms(M)}x 10076.2%a
"max410f(~'~max)170MHZbwr158% Examp A thin film of M-X-Y magnetic
composition was made on a glass plate by using the sputtering apparatus
shown in Fig. 6A at a sputtering condition 



shown in Table 12. The thin film was heat-treated at a temperature of 300C
for two hours in vacuum under magnetic field and obtained a film sample 9.
19 Table 12 26 July 2004 Vacuum degree before sputtering<1 X 10-6
TorrAtmosphereAr gasElectric Power ~RF TargetsFe (diameter of 1 OOmm) and
Ti02 chip (150 pieces) (chip size: 5mm X 5mm X 2mm) The properties of film
sample 9 are show in Table 13. Table 13 Film thickness1.4 ~c
m{Ms(M-X-Y)/Ms(M)}X 10043.6%~' ~~max920f( ~ ~~max)1.SGHzbwr188% Exam I A
thin film of M-X-Y magnetic composition was made on a glass plate by the
reactive sputtering method using the sputtering apparatus shown in Fig. 6A
at a sputtering condition shown in Table 14. The partial pressure ratio of
02 was 15%. The thin film was heat-treated at a temperature of 300C for two
hours in vacuum under magnetic field and obtained a film sample 10. Table
14 Vacuum degree before sputtering<1 X 10-6 TorrAtmosphereAr+02 gasElectric
PowerRFFe (diameter of 100mm) andTargetsSi chip (130 pieces)(chip size: 5mm
X 5mm X 2mm)   20 26 July 2004 



The properties of film sample 10 are show in Table 15. Table 15 Film
thickness1.5 a m{Ms(M-X-Y)/Ms(M)}X 10055.2%u' ~~max920f( ~'
~~max)1.2GHzbwr182% Exam Ip a 11 A thin film of M-X-Y magnetic composition
was made on a glass plate by using the sputtering apparatus shown in Fig.
6A at a sputtering condition shown in Table 16. The thin film was
heat-treated at a temperature of 300C for two hours in vacuum under
magnetic field and obtained a film sample 11. Table 16 Vacuum degree before
sputtering<1 x 10-6 TorrAtmosphereAr gasElectric PowerRF TargetsFe
(diameter of 100mm) and Hf03 chip (100 pieces) (chip size: 5mm x 5mm X 2mm)
The properties of film sample 11 are show in Table 17. Table 17 Film
thickness1.8 a m{Ms(M-X-Y)/Ms(M)}X 10077.4%~ ~~max1800f ( !~ "max)450M H
zbwr171   21 26 July 2004 Exam Ip a 12 A thin film of M-X-Y magnetic
composition was made on a glass plate by using the sputtering apparatus
shown in Fig. 6A at a sputtering condition shown in Table 18. The thin film
was heat-treated at a temperature of 300C for two hours in vacuum under
magnetic field and obtained a film sample 12. 



Table 18 Vacuum degree before sputtering<1 X 10-6 TorrAtmosphereAr
gasElectric PowerRF TargetsFe (diameter of 100mm) and BN chip (130 pieces)
(chip size: 5mm X 5mm X 2mm) The properties of film sample 12 are show in
Table 19. Table 19 Film thickness1.9 ~. m{Ms(M-X-Y)/Ms(M)}X10059.3%a
~~max950f ( ~''~max)680M HZbwr185% Exam In a 13 A thin film of M-X-Y
magnetic composition was made on a glass plate by using the sputtering
apparatus shown in Fig. 6A at a sputtering condition shown in Table 20. The
thin film was heat-treated at a temperature of 300C for two hours in vacuum
under magnetic field and obtained a film sample 13.   26 July 2004 Table 20
Vacuum degree before sputtering<1 X 10-6 TorrAtmosphereAr gasElectric
PowerRF TargetsFeSOCoso (diameter of 100mm) and AI203 chip (130 pieces)
(chip size: 5mm X 5mm X 2mm) The properties of film sample 13 are show in
Table 21. Table 21 Film thickness1.6 ~. m{Ms(M-X-Y)/Ms(M)}X10059.3%a
"max720f(~"max)l.iCaHzbwr180% Example 14 



A thin film of M-X-Y magnetic composition was made on a glass plate by
using the vapor deposition apparatus shown in Fig. 6B at a condition shown
in Table 22. The thin film was heat-treated at a temperature of 300C for
two hours in vacuum under magnetic field and obtained a film sample 14.
Table 22 Vacuum degree before sputtering<1 x 10-6 TorrAtmosphere flowing
rate02 at 3.0 sccmElements in crucible 28 and 29Fe and Af The properties of
film sample 14 are show in Table 23.   26 July 2004 23 Table 23 Film
thickness1.1 ~c m{Ms(M-X-Y)/Ms(M)}X10041.8%~' ~~max590f( ~
~~max)520MHzbwr190% Now, description will be made as to tests relating to
noise suppressing effect of sample films and comparative samples, using a
test apparatus shown in Fig. 10. A test piece was film sample 1 with
dimensions of 20mm X 20mm X 2.0 ~. m. For a comparison, a sheet of known
composite magnetic material having dimensions of 20mm X 20mm X 1.0mm. The
composite magnetic material comprising polymer and flat magnetic metal
powder dispersed in the polymer. The magnetic metal powder comprises Fe, AI
and Si. The composite magnetic material has a permeability distribution in
quasi-microwave range and has the maximum value of the imaginary part of
relative permeability at a frequency about 700 MHz. Table 24 shows magnetic
properties of both of the test piece and comparative test piece. Table 24 



~c"/700MHzFilm sample 1 about 1800Comparative test piece about3.0bwr148196
As seen from Table 24, the film sample 1 is about 600 times more than
comparative test piece in the maximum value of the imaginary part of
relative permeability. Since the noise suppressing effect is generally
evaluated from a value of a product ( a "max X 6 ) of the maximum value u.
"max of the imaginary   26 July 2004 24 part of relative permeability and
thickness of the piece 8 , the thickness of the comparative test piece of
the composite magnetic material sheet was selected 1 mm so that the both of
test pieces have the similar values of (u"maXX S )~ Referring to Fig. 10,
the test apparatus comprises a micro-strip line 61 having two ports,
coaxial cables 62 connected to the two ports, and a network analyzer (not
shown) connected across the two ports. The micro-strip line 61 has a line
length of 75mm and a characteristic impedance of 50 ohms. The test piece 63
was disposed at a region 64 on the micro-strip line 61 and the transmission
characteristic S21 was measured. The frequency response of S21 are shown in
Figs. 11 A and 11 B for film sample 1 and the comparative sample,
respectively. With respect to use of film sample 1, it will be noted from
Fig. 11 A that S21 reduces above 100 MHz, becomes to the minimum of -lOdB
at a frequency of 2 GHz and then increases above 2 GHz. On the other hand,
with respect to use of comparative sample, it will be noted from Fig. 11 B
that S21 gradually reduces and becomes to the minimum of -lOdB at a
frequency of 3GHz. The results demonstrate that S21 is dependent on the
frequency distribution of the permeability and that the noise suppressing
effect is dependent on the product of ( a "max X 8 ). Now, providing that
the magnetic sample forms a distribution constant circuit having a length
of l' as shown in Fig. 12A, an equivalent circuit was calculated for a unit
length of A~ from transmission characteristics S11 and S21, as shown in
Fig. 12B. Then, the equivalent circuit for the length ~ was obtained from
the equivalent circuit for the unit length D ~, as shown in Fig. 12C. The
equivalent circuit of the magnetic sample comprises series inductance L and
resistance R and parallel capacitance C and conductance G, as shown in Fig.
12C. From this, it will be understood that the change of transmission 



25 26 July 2004 characteristic of the micro-strip line caused due to
disposition of the magnetic substance on the micro-strip line is mainly
determined by the equivalent resistance R added in series. In view of the
above, a frequency response of the equivalent resistance R was measured.
The measured data were shown in Figs. 13A and 13B for the film sample 1 and
the comparative sample, respectively. It will be noted from these figures
that the equivalent resistance R gradually reduces in the quasi-microwave
range and is about 60 ohms at about 3 GHz. It is seen that the frequency
dependency of the equivalent resistance R is different from that of the
imaginary part of relative permeability which has the maximum value at
about 1 GHz. It will be supposed that this difference will be based on the
gradual increase of a ratio of the product and the sample length to the
wavelength.   26 July 2004 -26 THE CLAIlI-i5: 1. A radiator fez use in
radiating heat generated by an electronic component, said radiator having a
principal surface facing said electronic component, said radiator S
comprising a high-frequency current suppresser attached to said principal
surface for attenuating a high-frequency current flowing through said
radiator and having a frequency within a frequency band between several
tens MHz and several GHz, wherein said highfrequency current suppresser is
made of a magnetic substance of a magnetic composition comprising M, X and
Y, where M is a metallic magnetic material consisting of Fe, Co, 10 and/or
Ni, ~`i being element oz elements other than M and Y, and Y being F, N,
and/or O, said M-:~i-Y magnetic composition having a concentration of bs in
the composition so that said M :X-Y magnetic composition has a saturation
magnetization of 35-80% of that of the metallic bulk of magnetic material
comprising M alone, said magnetic composition having the maximum value
~"m,;~ of an imaginary part w" of relative permeability in a frequency 15
range of 0.1-10 gigahertz (GHz). 2. A radiator as claimed in claim 1,
further comprising: a base plate having said principal surface and an
opposite surface opposite to said principal surface; a,-td 20 a plurality
of fins standing up from said opposite surface to have a predeternined
space from one another, said fins being formed integral with said base
plate. 3. A radiator as claimed in claim 1 or 2, wherein said
high-frequency current suppresser is deposited on said principal surface by
sputtering. 25 4. A radiator as claimed in claim 1 or 2, wherein said
hi<gh-frequency current suppresser is deposited on said principal surface
by vapor deposition. 5. A radiator as claimed in any one of claims 1 to 4,
wherein sod electronic 30 component is a semiconductor active device used
in a high frequency band and operable at 



a high speed, said electronic component including one of a semiconductor
integrated   26 July 2004 -27 circuit device, a semiconductor large-scale
integrated circuit device, and a logic circuit device. 6. .4 radiator as
claimed in any one of claims 1 to 5, further comprising a heats conductive
sheet excellent in heat conductivity and fowled on said high-frequency
current suppresser. 7. A radiator as claimed in any one of claims I to 5,
further comprising an insulating sheet excellent in electrical insulation
and formed on said high--frequency current 10 suppresser. 8. A radiator as
claimed in any one of claims I through 7, further comprising a double-sided
adhesive tape arranged to use in adhesion, IS 9. A radiator as claimed in
any one of claims 1 through 8, wherein said highfrequency current
suppresser has a thickness between 0.3p, m and 20C m. I0. A radiator as
claimed in any one of claims 1 through 9; wherein said highfrequency
current suppresser is a thin-film magnetic substance. 20 11. . A radiator
as claimed in claim 1, wherein said magnetic substance having saturation
magnetization between 5O% and 60% of that of a metal magnetic material
comprising the component M alone. 2~ 12. A radiator as claimed in claim
l.or 11, wherein said magnetic substance having a d.c, electric resistance
between 100p. SZ ~ cm and 700 p f? ~ cm. 13. A radiator as claimed in claim
1, which has a permeability frequency response of a relatively broad band
where a relative bandwidth bwr is 150% or more, said relative 30 bandwidth
bwr is determined as a percentage ratio of bandwidth between two frequency
points which shows the imaginary part of relative permeability as a half
vale p,"so of the   26 July 2004 -2S maximum value of p."",~~, to center
frequency of said bandwidth. 14. A radiator as claimed in claim 13, wherein
said magnetic substance having saturation magnetization between 60% and 35%
of that of a metal magnetic material 5 comprising the component bf alone.
15. A radiator as claimed in claim 13 or 14, wherein said magnetic
substance having a d.c. electric resistance greater than 500 It S2 - cm. l0
16. A radiator as claimed in any one of claims 1 and 11 to 15, wherein the
component X of said magnetic substance is at least one selected from C, B,
Si, AI, M~, Ti, Zn, I~f, Sr, Nb, Ta, and rare earth elements. 



17. A radiator as claimed in any one of claims 1 and I 1 to 16, wherein the
component 15 M of said magnetic substance is present in granular structure
where particles or grains of the component M arc dispersed in a matrix of a
compound of the components X and Y. 18. A radiator as claimed in claim 17,
wherein said magnetic substance is formed so that said particles in the
granular structure have an average particle sire between Inn and 20 40nm.
19. A radiator as claimed in any one of claims 1 and 11 to 1 S, wherein
said magnetic substance has an anisotropie magnetic field of 4 7400A/m or
less. 25 20. A radiator as claimed in any one of claims 1 and 11 to 19,
wherein the M-?C-Y composition is an Fe-Al-O composition. 21. A radiator as
claimed in any one of claims I and I 1 to 19, wherein the M :~-Y
composition is an Fe-Si-O composition. JO
.Aq.AxY.A).AAhM,.A8].Ah.A8Y.A.AY-.A8E.AY .A.AU.APu.Ah.A.A.A=.AG.AI.A8yh .AE
.Aqu.APAh.A".Ahm.AU.A) v%
!lUbzupkfa[V]caU]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]c^a]ca]ca]ca]caU]ca]ca]ca]c
^a]ca]caU]ca]ca]caU]ca]ca]ca]c^a]ca]caU]ca  <Y)a;V k x z
^%&&(3(|wqlgb]W]U]ca]ca]ca]ca]caU]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!3(5(+.///h0l111g22!4h445P5556I6
777R:1<4<O<R<t??@ztoid^Ylgb]W]U]]caU]ca]caV]ca]caV]ca]ca]caU]caU]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca
@@@@CGGGIIILOO"OgOOO=PPPP$QrQQQQQQQQQQ}xrmgb\Wlgb]W]]ca]c^a]ca]c^a]ca]c^a]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]caU]ca]ca]caU]ca]ca]ca]ca]ca]ca]caV]ca]
caV]ca
QQQQ?R~RRShSSS"TiTTUGUUUUUXXXXYUYZ[X[[]]]d]]zupke_ZU]ca]caU]caU]ca]ca]ca]ca
]ca]ca]ca]ca]ca]c^a]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]c^a!]]]^[^`a`aaBbvbbcMccccccc8ddd!edeleeefRfZfffg~ytoje`ZU]ca]c^a]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^aU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]
ca]ca]ca]ca]c^a!g]ggghhhh-h/h;
hdhlhhhh^iiijjjkk0k8kkkkkll+l}xsnid_Zje`ZU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]c^a]ca]caU]caU]ca]ca]ca]ca
+l7lDlllkmsm'n\ndnnnnnnn'opTp]p}ppppppqEqNqqqqq{vqlgb]Wje`ZU]]c^a]ca]ca]ca]
ca]ca]ca]ca]ca]c^a]ca]c^a]ca]ca]ca]ca]caU]ca]c^a]ca]caV]ca]ca]ca]ca]ca]ca]c
a]ca]caU]ca]c^a
qqDrrrrrrrsss!s%sPsXssssMtTttt8uuuuuuuvvv}xrmgb\Wje`ZU]]caU]ca]ca]c^a]ca]c^
a]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]c^a]ca]c^a]ca]c^a]caU]ca]ca]ca]ca
]ca]ca]ca vv:wGwww$xpxyxxx)y`yiyyyyyyy2zzz{
{({={w{{{||r||ytoje`[U]c^a]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]c^aU]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca!||\}}}}~
~x~~~~~"fFOS^%)mH~ytoje`[V]]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]c^a]ca]
ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca!H,x7'47#lFBnzupkfa\
V]U]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]caV]ca]caV]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!6O\apY%%27V3!u&{upkfa\W]U]ca]ca]ca]ca]ca]caU
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]
ca]ca]ca!XUKNY%%27V3!u&{upkfa\W]U]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca
Uva?!`x!10%&'()-8 lx!10% &'()-8! x10%NN&'()-
x10%&'()-(x10%&'()-(#(10%&'()-%{\=@10%&'()-#(10%&'()- 10 10
10)x!10%&'()-!xx!10%&'()-8!x!10%&'()-8  



!|}zX9.=
10H3"10%&'()-!x!10%<<&'()-!x!10%&'()-x!10%&'()-!xx!10%&'()-!~x!10%&'()-}~gE
= 10H! X`$10%*h*h&'()-H!&xX`$10%0h0h&'()-H!X`$10%<h<h&'()-Hp10% h&'()-@#10%
h&'()- 10 108lzX9.= 10 h9 10% h&'()-\!(5$10% h h&'()-!.$10%hh&'()-!.$10% h
h&'()-+10% h&'()-!X`$10% h h&'()-HjH= 10 h9
1!\#10%``&'()-X!8"10%``&'()-8@10%`&'()-8p10%`&'()-(#h(10%`&'()- 10 h 10
hRSTUb rS4 10 p10%&'()- 8H10%&'()-  810%&'()-!Rh10%&'()-h 10`` 10`` 10``!
"10%``&'()-X <YdErS4 10 p10 10%&'()-Pp10%&'()- 10%&'()-P10%&'()-
010%&'()-8P 10%&'()-Y)adErS4 10 



p10 !010%&'()-H10%&'()- x10%&'()-h 10%&'()- ((10%&'()-PH(10%&'()-;dErS4 10
p10 p,10%&'()-*X10%&'()- (10%&'()-'X10%&'()- 8%X10%&'()-X#(10%&'()-V dErS4
10 p10(710%&'()-510%&'()-310%&'()-110%&'()-0010%&'()-P.`10%&'()- h i j k x
z  !`A 10 phXx!10%&'()-  `hXx!10%h&'()- x10%&'()-#(10%&'()- 10 10
10`910%&'()-!%^%&&#($(%(&(z[PE: 10 10 10 1084 10%&'()-!x@)!10%&'()-8
@)!10%&'()-8 !hXx!10%(J(J&'()- !~hXx!10%&'()- &(3(5()*+-^?PE: 10
10P!10%&'()-!8X!10%&'()- !8X!10%&'()- 8X!10%&'()-
x10%&'()-(#(10%&'()--T..//////{\= 



10 1x10%&'()-@#(10%&'()- 10 10 104
10%&'()-!P!10%&'()-!P!10%&'()-/h0l111g22dE{\= 10 1 10%&'()-
!10%&'()-0P10%&'()-  h10%&'()- p 10%&'()-`XP10%&'()-2!4h445P55dE{\= 10
1-10%&'()- 8+x10%&'()- p)!10%&'()-'( 10%&'()- %X10%&'()-
10%&'()-p556I677777xmbC 10 1x10%&'()- 10 10 10h4 10%&'()-(210%&'()- 0P
10%&'()-. 10%&'()- 77'829:R:>^?mbC 10 1px!10%&'()-(
!!10%&'()-!!10%ff&'()-!10%&'()-!10%&'()-(#10%&'()->q?r?s?t??CCwFuS4
10X#0!10%&'()-(!8!10%66&'()-8!10%&'()-10%&'()-P 10 10 10!px!10%&'()-(
wFGGGGGGQHHuV4 



10!f@ 10%&'()-p@ 10%&'()-p10%&'()-(#(10%&'()- 10ZZ 10ZZ
10ZZ!X#0!10%ZZ&'()-(HI#KKoLLOOzX9.4 10*`!10%&'()-
!`!10%""&'()-x!`!10%&'()-x!`!10%&'()-x`!10%&'()-x!@
10%&'()-pOOOO"OgOOO=PmN/   10%&'()-8h10%&'()- X 10%&'()-P (10%&'()-
10%&'()-#10%&'()- 10 10=PPPP$QrQQdEmN/   10%XP10%&'()-10%&'()-8
10%&'()-8810%&'()-Xx10%&'()-8x 10%&'()-8QQQQQQQQpQ9/
HvXv10%&'()-vv10%&'()-vHvv10%&'()-vv10%&'()-vP10%&'()-QQQQQQR RuV7/
v10%&'()-vv10%&'()-vv10%&'()-vHv10%&'()-vHvv10%&'()-vv10%&'()-v
R=R>R?R~RRShSnM,/ +H!10%!&'()-8 *@ 10%!&'()-  8(@ 10%!&'()-8(
&10%!&'()-v10%&'()-vHvv10%&'()-vhSSS"TiTTU|[:,/ +H! 6x10%!&'()-   5
10%!&'()-   0310%!&'()-8 P110%!&'()-8  /p10%!&'()-  -10%!&'()-
UGUUUUUUUUXvU4 H!10%!&'()-  @#(10%!&'()- X10%!&'()-10!10!10! :X 10%!&'()-
810%!&'()-UXXXYUYYZ|[:vU4  ! 10%!&'()-@ ! 10%j &'()-@  10%!&'()-8 10%!&'()-
@10%!&'()-8 H10%!&'()-Z[X[[] ]]]]|obU4 X10%0H!0&'()-10!10!10!
00H!10%!&'()-@  h. 10%!&'()- p,x10%!&'()-8  *X10%!&'()-8]]d]]]]^|[:bU4
PH10%0H!0&'()-   



10%0H!0&'()-     10%0H!0&'()- P10%0H!0&'()-   X10%0H!0&'()-
#(10%0H!0&'()-^[^`a`aaBb|[:bU4   ,@10%0H!0&'()-   *  10%0H!0&'()- hX
10%0H!0&'()-  10%0H!0&'()-  Px!10%0H!0&'()-
(810%0H!0&'()-BbvbbcMccc|[:bU4   710%0H!0&'()-  510%0H!0&'()-
3810%0H!0&'()- 1!10%0H!0&'()-8  0010%0H!0&'()- P. 10%0H!0&'()-ccccccc8ddvU4
10%0!&'()-8  H10%0!&'()-   10%0!&'()- 10%0!&'()- 100H!0100H!0100H!0
`9010%0H!0&'()-dd!edeleee|\<vU4 *10%0!&'()-4*10%0!&'()-4 X10%0!&'()-
10%0!&'()-  h10%0!&'()-  h 10%0!&'()-8eeeeeeeexX@4
*10%0!&'()-4*10%0!&'()-4*10%0!&'()-4*10%0!&'()-4eeeeefffdL14*10%0!&'()-4*10
%0!&'()-4*10%0!&'()-4*10%0!&'()-4*10%0!&'()-4*10%0!&'()-4fRfZfifrfsfff~fJ*p
.#10%!&'()-p.#10%!&'()-'p.#10%!&'()-p.#10%!&'()- h!10%!&'()- h
10%!&'()-ffffffffxX@p.#10%!p.#10%!&'()-p.#10%!&'()-1p.#10%!&'()-p.#10%!&'()
-ffffffg]gpO. h1P10%!&'()- h(/10%!&'()- h
`-10%!&'()-p.#10%!&'()-1p.#10%!&'()-p.#10%!&'()-]gggggghhhvU4 h hX10%
&'()-h h10% &'()-h h(#(10% &'()-.10!&10!10! h410%!&'()-
h2!10%!&'()-h.h<h=hHhOhPh_hkS74 h @10% &'()--B@ @10% &'()-@10% &'()-1B@@10%
&'()-@10% &'()-_hbhchdhlhhhhkK+4@10% &'()-@10% &'()-@10% &'()-@10%
&'()-@10% &'()-B@@10% &'()-hhhhh iiikK34r6Jr10%p &'()-6Jr10%p &'()- 10%p
&'()- X10%p &'()-@10% &'()-B@i+i1i2i:i>i?iKipX<46Jr10%p &'()-rr6Jr10%p
&'()-6Jr10%p &'()-r6Jr10%p &'()-6Jr10%p &'()-KiRiSiWi\i]i^iisX74 (P%10%p
&'()- r6Jr10%p &'()-r6Jr10%p &'()-6Jr10%p &'()-r6Jr10%p &'()-iijjjjk|\<74
110%p &'()-p110%p &'()-p `010%p &'()- , 10%p &'()-8 ( 10%p &'()- ' 10%p
&'()- kkkkk+k.k/kxX@4 *110%p &'()-p110%p &'()-p*110%p &'()-p110%p
&'()-p*/k0k8kSkhkkkkdL14110%p &'()-p*1110%p &'()-p110%p &'()-p110%p
&'()-p110%p &'()-p110%p &'()-pkkkkkkkkkvV6 10% &'()- 10% &'()- 10% &'()-
10% &'()- p10% &'()-p10p 10p 10p kkklll llxX@6 10% &'()- 10% &'()- 10%
&'()- 



10% &'()-ll l!l%l)l*l+lpX=6 10% &'()- 10% &'()- 10% &'()- 10% &'()- 10%
&'()-+l7lDlllkmsm|[:=6 @ 10% &'()- !10% &'()-  P10% &'()-  10% &'()- (#(10%
&'()-  (10% &'()-smmmmmmmmkS76!10% &'()-R&H0!10% &'()-R!10% &'()-RH!10%
&'()-R!10% &'()-RmmmmmmmnsW76!10% &'()-R!10% &'()-RH!10% &'()-R!10%
&'()-RH!10% &'()-Rnnn%n&n'n\ndnyX76 /10% &'()- (@,x10% &'()-!10%
&'()-RH!10% &'()-R!10% &'()-RHdnsn{n|nnnnnkS76$8110% &'()-($8110%
&'()-$8110% &'()-$8110% &'()-$8110% &'()-nnnnnnnnsW76$8110% &'()-$8110%
&'()-$8110% &'()-$8110% &'()-$8110% &'()-nnnnnnnnndC$81 (#(10% &'()- 10%
&'()- 10% &'()-10 10 10 $8110% &'()-n'opTp]p}pp|\<dCH10% &'()-|H10% &'()-|
10% &'()- ( 10% &'()-P `!10% &'()- 10% &'()-hppppppppxX@C<H10% &'()-|H10%
&'()-|<H10% &'()-|H10% &'()-|<pppppq qqdL1CH10% &'()-|<H10% &'()-|H10%
&'()-|H10% &'()-|H10% &'()-|H10% &'()-|qEqNq]qeqfq}qq~fJ*%x10%!&'()-
%x10%!&'()- Bx'%x10%!&'()- %x10%!&'()-  `$`10%!&'()-
10%!&'()-qqqqqqqqxX@%x10%!Bx%x10%!&'()- %x10%!&'()- Bx1%x10%!&'()-
%x10%!&'()- BxqqqqqqqDrpO. `3P10%!&'()-P  110%!&'()-P
/10%z&'()-%x10%!&'()- 1Bx%x10%!&'()- %x10%!&'()- DrrrrrrrrrvU4
"(10%0!&'()-  10%0!&'()- pp10%0!&'()-10!&10!10!  7 10%!&'()-h X5(
10%!&'()-8rs&s's2s9s:sKskS74
N10%0!&'()-X-N!N10%0!&'()-XN10%0!&'()-X1NN10%0!&'()-XN10%0!&'()-XKsNsOsPsXs
tssskK+4N10%0!&'()-XN10%0!&'()-XN10%0!&'()-XN10%0!&'()-XN10%0!&'()-XNN10%0!
&'()-XssssssttkK34T<10%!&'()-<10%!&'()- P10%!&'()-  



10%!&'()-N10%0!&'()-XNttt
t)t-t.t:tpX<4<10%!&'()-T<10%!&'()-<10%!&'()-T<10%!&'()-<10%!&'()-:tAtBtFtKt
LtMtTtsX74
(#10%2&'()-<10%!&'()-T<10%!&'()-<10%!&'()-T<10%!&'()-Tttt8uuuu|[;74
NP110%!&'()-. 010%!&'()- x*10%!&'()- (`!10%!&'()- & 10%!&'()-
%10%!&'()-uuu
vvv$v'vsW74NP110%!&'()-.NP110%!&'()-.NP110%!&'()-.NP110%!&'()-.NP110%!&'()-
.'v(v)vDvEvMvbvcvxX@4NP110%!&'()-.NP110%!&'()-.NP110%!&'()-.NP110%!&'()-.cv
dvvvvvvvvwjI
10%!&'()-h10!.10!10!NP110%!&'()-.NP110%!&'()-.NP110%!&'()-.vvvvvvww~fJ*$10%
!&'()-$10%!&'()-T$$10%!&'()-$10%!&'()- P10%!&'()-
10%!&'()-wwwww'w.w/wxX@$10%!T$$10%!&'()-$10%!&'()-T$1$10%!&'()-$10%!&'()-T$
/w3w8w9w:wGwwwpO. h10%p &'()-  10%p &'()-  (10%p
&'()-$10%!&'()-1T$$10%!&'()-$10%!&'()-w$xpxyxxxxx}]E)l!10%p &'()-XHl!10%p
&'()-Xl!10%p &'()-X h@ 10%p &'()- x10%p &'()- X 10%p
&'()-xxxxxxxxsW7l!10%l!10%p &'()-Xl!10%p &'()-XH1l!10%p &'()-Xl!10%p
&'()-XHl!10%p &'()-Xxx y'y(y)y`yiylK* /10%p &'()- @,10%p &'()-l!10%p
&'()-XHl!10%p &'()-Xl!10%p &'()-Xl!10%p &'()-XiyxyyyyyyykS7 /r>110%p
&'()-r>110%p &'()-r>110%p &'()-r>110%p &'()-r>110%p &'()-yyyyyyyysW7
/r>110%p &'()-r>110%p &'()-r>110%p &'()-r>110%p &'()-r>110%p
&'()-yyyyyyyy2zdC/r>1  x10%H H&'()-  (10%H H&'()- ph10%H H&'()-810p 10p 10p
r>110%p &'()-2zzz{ {@{O{|\<dC/$10%H H&'()-"$10%H H&'()-" 810%H H&'()- 810%H
H&'()- 8  X 10%H H&'()- 8X10%H H&'()-O{P{[{b{c{r{u{v{xX@C/T$$10%H
H&'()-"$10%H H&'()-"T$$10%H H&'()-"$10%H H&'()-"T$v{w{{{{{{{dL1C$10%H
H&'()-"T$$10%H H&'()-"$10%H H&'()-"$10%H H&'()-"$10%H H&'()-"$10%H
H&'()-"{|||&|'|=|C|~fJ*6!10% &'()-6!10% &'()-'6!10% &'()-6!10% &'()- 8h@
10% &'()- 8 x10% &'()-C|D|L|P|Q|^|f|g|xX@6!10% 6!10% &'()-6!10% &'()-16!10%
&'()-6!10% &'()-g|k|p|q|r|||\}pO. 8p/@ 10% &'()- 8-10% &'()- 8 +10%
&'()-6!10% &'()-16!10% &'()-6!10% &'()-\}}}}}}}}}vV6 8pn10% &'()-pn10%
&'()- 8P10% &'()- 10%   &'()-P10 10 110  8310% &'()-}}}~~~~~xX@6 8pTnpn10%
&'()-pn10% &'()-Tn pn10% &'()-pn10% &'()-Tn~~ ~A~Y~v~w~x~dL16 pn10%
&'()-Tnpn10% &'()-pn10% &'()-pn10% &'()-pn10% &'()-pn10%
&'()-x~~~~~~~~~fJ*B10%p &'()-B10%p &'()-T'B10%p &'()-B10%p &'()- `10%p
&'()-  10%p &'()-~~~~~xX@B10%p TB10%p &'()-B10%p &'()-T1B10%p &'()-B10%p
&'()-T"fpO. & 10%p &'()-  $10%p &'()-  #(10%p &'()-B10%p &'()-1TB10%p
&'()-B10%p &'()-FOo~~fJ*d/10%p &'()-d/10%p &'()-d/10%p &'()-d/10%p &'()-
.10%p &'()- (X 10%p &'()- yXK>d/10%10p 10p  (610%p &'()-d/10%p &'()-1d/10%p
&'()-d/10%p &'()-%4=>TqY=>d/10%l610% &'()-N&l610% &'()-l610% &'()- h10%
&'()- p10% &'()-h10p TZ[dhiu|sW7>d/l610% &'()-l610% &'()-N'l610% &'()-l610%
&'()- Nl610% &'()-|}yX7>d/ 0 10%0!&'()-  h(10%0!&'()-l610% &'()-Nl610%
&'()-l610% &'()-N)mH|[:7>d/  @ `!10%0!&'()- `( 10%0!&'()-  10%0!&'()-
!10%0!&'()-  X10%0!&'()-  10%0!&'()-,x|[?7>d/  6,10%0!&'()- 8+10%0!&'()-
'10%0!&'()- % 10%0!&'()- #P10%0!&'()- "( 10%0!&'()-_A7>d/  '
6,10%0!&'()-6,10%0!&'()-6,10%0!&'()-6,10%0!&'()-6,10%0!&'()-7kJ)
p510%0!&'()- @3X10%0!&'()-,6,10%0!&'()-'
6,10%0!&'()-6,10%0!&'()-6,10%0!&'()-$%&'47vU4 P@ 10%Hx!H&'()- 10%Hx!H&'()-
"h(10%Hx!H&'()-100!100!100!' H9( 10%0!&'()- P7 10%0!&'()-#lF|[:vU4
00!10%Hx!H&'()-  



h(10%Hx!H&'()- h 10%Hx!H&'()-   10%Hx!H&'()-' h 10%Hx!H&'()- P
10%Hx!H&'()-Bn|[NA410Hx!H10Hx!H10Hx!H .!10%Hx!H&'()- ,10%Hx!H&'()-
+X10%Hx!H&'()-' ()(10%Hx!H&'()-  H'10%Hx!H&'()-6|[:NA410  10%0!&'()-8
010%0!&'()- ( 10%&'()-P ( 10%0!&'()-P' #(10%0!&'()- 10%0!&'()-LMNO\apvU4
XpH$10%#&'()- @10%#&'()- p10%#&'()- "h(10%#&'()-100!100!100! H
10%0!&'()-Y|[:vU4   `- "10%#&'()- (($10%#&'()-  $ "10%#&'()-  $ "10%&'()-
xXpH$10%#&'()- xXpH$10%#&'()-%"#$%2|obU6 "(10%&'()-10#10#10# x6$10%#&'()-
6$10%#&'()- 1 "10%#&'()- `010%#&'()-27V3bAbU6 " X(80$10%$&'()-
(80$10%$&'()- @0$10%&'()-#10%&'()-hp8"10%&'()-X10%&'()-3!|[NA410$"10$10$
x(50$10%$&'()-H (50$10%$&'()-H X%H$10%$&'()- ) <%H$10%$&'()- X %H$10%$&'()-
u&|[:NA410 $10%$&'()-X 10%$&'()-  8"10%$&'()- 8p10%$&'()- ) X10%$&'()-X
"(10%$&'()-&XU|[:NA410 +"10%$&'()- "'0$10%$&'()-X h%"10%$&'()-P
x80$10%,"&'()-h) 80$10%$&'()-hX $10%$&'()-XUKN|[:NA410 +"10%$&'()-
"'0$10%$&'()-X h%"10%$&'()-P (810%$&'()-) 5 "10%$&'()-X `0$10%$&'()-
Normal" "Heading 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c"
"Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A
"Default Paragraph Font~
Tj%%,4s<DLRZ`dhkosvz~&N$N3(@Q]g+lqv|HNopqrstuvwxyz{|} Y !&(-/257>wFHO=PQQ
RhSUUXZ]^Bbcdeefff]gh_hhiKiik/kkkl+lsmmndnnnnppqqqDrrKsst:tTtu'vcvvw/wwxxiy
yy2zO{v{{C|g|\}}~x~~T|23&UN}~6Times New RomanArialCourier New"h Root
EntryWordDocument   !"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


