
;e3e,+,$$%|'d'(+6>+T+|25 March 2004 1 HEAT-SHRINKABLE TUBE, HEAT-SHRINKABLE
SHEET, AND METHOD OF SHRINKING THE SAME Backgound of the Invention: This
invention relates to a heat-shrinkable tube and a heat-shrinkable sheet
each of which can be used for insulating and/or protecting a connecting
portion between wires or cables, and to methods of shrinking the tube and
sheet, respectively. Generally, the cables have conductors and insulators
coating on the conductors for insulating and protecting the conductors,
respectively. In order to connect the cables to each other, the insulators
must be partially removed from a connecting portion between the cables to
establish electric connection between the conductors. Therefore, it is
assumed that the conductors are exposed as an exposed part in the
connecting portion. For assuring electric insulation of the exposed part
from surroundings, use is sometimes made of a heat-shrinkable tube. The
heat-shrinkable tube is produced by a process comprising the steps of
forming a thermoplastic polymeric material, such as polyethelene, into a
tubular member having a tubular shape, cross-linking the thermoplastic
polymeric material of the tubular member to an appropriate extent,
expanding or stretching the tubular member at a temperature not lower than
a softening point thereof to form an expanded tubular member having an
expanded shape, and cooling the expanded tubular member to a room
temperature with its expanded shape maintained. When the heat-shrinkable
tube thus obtained is heated again to the temperature not lower than the
softening point, the heat-shrinkable tube tries to recover its initial   25
March 2004 2 shape before expansion. In other words, the heat-shrinkable
tube shrinks when it is heated. Therefore, if the heat-shrinkable tube is
used in the connecting portion of interconnection between the cable and the
object, it is possible to form a protection/insulation layer tightly fitted
to an outer periphery of the connecting portion. Through the similar
process, a heat-shrinkable sheet is also produced and used in addition to
the heat-shrinkable tube. The heat-shrinkable tube or the heat-shrinkable
sheet is used not only in the connecting portion of interconnection between
the cable and the object as mentioned above but also in various other
fields. In a heating operation for the purpose of shrinking the
heat-shrinkable tube or the heat-shrinkable sheet when it is used, use may
be made of a special electric heater designed therefor. Sometimes, an
ordinary electric heater such as a hair drier or a gas torch is used. In
the latter case, the result of the heating operation largely depends upon
the skill of an operator. If uniform heating is unsuccessful, deformation
or local "scorch" may be caused to occur. In the worst case, the tube will
be broken. In the meanwhile, a connecting operation for connecting a
telephone cable extended between utility poles requires the operator to
work at a high place. In this event, another risk is associated with such
high-place work in addition to the above-mentioned trouble in the heating
operation itself. Depending upon a working place, it may be very difficult
to use the heater of the above-mentioned type in the heating operation.
Summary of the Invention: It is therefore an object of this invention to
provide a heat-shrinkable tube and a heat-shrinkable sheet which enable a
shrinkage-inducing operation to be reliably and efficiently performed
irrespective of the skill of an operator.   25 March 2004 3 It is another
object of this invention to provide a heat-shrinkable tube and a
heat-shrinkable sheet which facilitate a heating operation. It is still
another object of this invention to provide a shrinking method for the
heat-shrinkable tube and the heat-shrinkable sheet mentioned above. Other
objects of the present invention will become clear as the description
proceeds. According to an aspect of the present invention, there is
provided a heat-shrinkable tube which comprises a tubular member being
shrinkable in response to heat and having a cylindrical surface, and a thin
film formed on at least a part of the cylindrical surface and made of a
magnetic loss material which has a high magnetic loss characteristic. The
thin film has a first phase comprising a first one of Fe, Co, and Ni and
has a second phase comprising an insulator containing at least one element
other than Fe, Co, and Ni. 



According to another aspect of the present invention, there is provided a
heat-shrinkable sheet which comprises a sheet member in response to heat
and having a flat surface, and a thin film formed on at least a part of the
flat surface and made of a magnetic loss material which has a high magnetic
loss characteristic. The thin film has a first phase comprising a first one
of Fe, Co, and Ni and has a second phase comprising an insulator containing
at least one element other than Fe, Co, and Ni. According to still another
aspect of the present invention, there is provided a method of shrinking
the heat-shrinkable tube, comprising the steps of disposing an oscillator
in the vicinity of the thin film and making the oscillator irradiate
electromagnetic radiation towards the thin film, so that the thin film
generates the heat. According to yet another aspect of the present
invention, there is provided a method of shrinking a heat-shrinkable tube,
comprising the steps of disposing a conductive wire in vicinity of the thin
film and supplying an   25 March 2004 4 alternating current to the
conductive wire to make the conductive wire irradiate electromagnetic
radiation towards the thin film, so that the thin film generates the heat.
According to a further aspect of the present invention, there is provided a
method of shrinking the heat-shrinkable sheet, comprising the steps of
disposing an oscillator in the vicinity of the thin film and making the
oscillator irradiate electromagnetic radiation towards the thin film, so
that the thin film generates the heat. According to a still further aspect
of the present invention, there is provided a method of shrinking a
heat-shrinkable sheet, comprising the steps of disposing a conductive wire
in vicinity of the thin film and supplying an alternating current to the
conductive wire to make the conductive wire irradiate electromagnetic
radiation towards the thin film, so that the thin film generates the heat.
Brief Description of the Drawing: Fig. 1 is a perspective view of a
heat-shrinkable tube according to a first embodiment of this invention when
it is used; Fig. 2 is a plan view of a heat-shrinkable sheet according to a
second embodiment of this invention; Fig. 3 is a sectional view of the
heat-shrinkable sheet illustrated in Fig. 2; and Fig. 4 is a sectional view
of the heat-shrinkable sheet illustrated in Fig. 2 when it is rolled. Fig.
5 is a schematic view showing a granular structure of M-X-Y magnetic
composition; Fig. 6A is a schematic sectional view showing a structure of a
sputtering apparatus which was used in examples;   25 March 2004 5 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 ~ ~ of the
distribution constant circuit of Fig. 12A; Fig. 12C is an equivalent
circuit with a length P 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. Referring to Fig. 1,
description will be made of a heat-shrinkable tube according to a first
embodiment of this invention.   25 March 2004 6 In Fig. 1, the
heat-shrinkable tube depicted by a reference numeral 1 is applied to a
connecting portion of interconnection between communication 



cables 2. The heat-shrinkable tube 1 was produced by a process which will
presently be described. At first, a thin film of a magnetic loss material
was deposited to a thickness of 5 a m by sputtering by the use of a
disk-shaped Fe target and a chip-like AI203 target. It is noted here that
the magnetic loss material is a magnetic shielding material having a high
magnetic toss characteristic. The depositing condition of the thin film is
shown in Table 1. Table 1 Vacuum Degree before Deposition10-6 Torr or
lessAtmosphere during DepositionArPower SupplyRFFe~ 100mmTarget AIz03 5mm x
5mm x 2mm The thin film was subjected to the fluorescent X-ray analysis to
examine the composition thereof. As a result, the composition of
Fe~2Al~y0~~ was observed. It has also been found out that the thin film
comprises a first phase of Fe and a second phase of AI203 and that the
second phase is a continuous phase while the first phase is dispersed in
the second phase. The impedance of the thin film was measured to examine
the frequency-dependent characteristic of an imaginary part (u ") of a
complex permeability (u=u' +ja "). As a result, it has been revealed that
the resonance frequency is around 70D MHz. Herein, the imaginary part of
the complex permeability is a factor contributing to the magnetic loss
characteristic and may be called a loss term.   25 March 2004 7 Next, a
material comprising a mixture of low-density polyethylene and dicumyl
peroxide was prepared and formed into a tubular member having a thickness
of 1 mm and an outer diameter of 10mm. Through a cross-linking reaction and
an expanding step, an expanded tubular member having a thickness of 0.85mm
and an outer diameter of 30mm was obtained. The above-mentioned thin film
was transferred and adhered to an outer one of cylindrical surfaces of the
tubular member to obtain the heat-shrinkable tube 1. When the
heat-shrinkable tube 1 is irradiated by electromagnetic radiation having a
frequency around the resonance frequency of the thin film, the thin film
generates heat. Therefore, after the heat-shrinkable tube 1 is fitted to an
outer periphery of the connecting portion of interconnection between the
communication cables 2, it is possible to easily shrink the heat-shrinkable
tube 1 without using any special heater. For example, an oscillator (not
shown) for producing the electromagnetic radiation is disposed in the
vicinity of the thin film of the heat-shrinkable tube 1. By driving the
oscillator to irradiate the electromagnetic radiation onto the thin film,
the thin film generates heat. Alternatively, it is possible to make use of
the electromagnetic radiation emitted from a transmission line disposed in
the vicinity of the thin film or a power supply connected to the
transmission line. At any rate, since the shrinkage of the heat-shrinkable
sheet 3 can be triggered from a remote place, it is possible to remarkably
improve the safety during a work on a utility pole or a work for an
underground communication cable. When the thin film generates heat, the
heat-shrinkable tube 1 shrinks. 



As a result, a protection/insulation layer is formed around the connecting
portion of interconnection between the communication cables 2. This layer
comprises a magnetic loss material so as to exhibit a high-frequency noise
shielding function. For example, the heat-shrinkable tube having an outer
diameter of 30mm is applicable to the connecting portion of interconnection
between data   25 March 2004 8 communication cables each having an outer.
diameter of about 20mm. The thin film of the magnetic loss material may be
formed throughout an entire area of the cylindrical surfaces of the tubular
member or locally, for example, in a lattice pattern. Furthermore, the thin
film may be formed only in at least a part of one or both of the
cylindrical surfaces of the tubular member. Next referring to Figs. 2 and
3, description will be made of a heat shrinkable sheet according to a
second embodiment of this invention. The heat-shrinkable sheet depicted by
a reference numeral 3 in Figs. 2 and 3 was produced by a process which will
presently be described. A material comprising a mixture of low-density
polyethylene and dicumyl peroxide was prepared and formed into a sheet
member having a pair of ribs 4 thereof. Through a cross-linking reaction
and an expanding step, an expanded sheet member 5 was obtained. On one of
flat surfaces of the expanded sheet member 5,_a thin film 6 of a magnetic
loss material similar to that used in production of the heat-shrinkable
tube in Fig. 1 is transferred as thin film segments in a stripe pattern.
Like the thin film of the heat-shrinkable tube illustrated in Fig. 1, the
thin film 6 comprises a first phase of Fe and a second phase of AI203 and
that the second phase is a continuous phase while the first phase is
dispersed in the second phase. For example, the heat-shrinkable sheet 3 has
a dimension of 150mm x 170mm. The thin film 6 is formed as the thin film
segments each of which has a width of 10mm and which are arranged at spaces
of 10mm. The heat-shrinkable sheet 3 has the rib 4 formed at the opposite
ends thereof. When the heat-shrinkable sheet 3 is used, the heat-shrinkable
sheet 3 is rolled so that the ribs 4 face each other, as illustrated in
Fig. 4. The ribs 4 are fixed to each other by a clip-like jig (not shown)
to bring the heat-shrinkable sheet 3 into a cylindrical shape. The
heat-shrinkable sheet 3 is advantageous in that the connecting portion of
interconnection between the communication   25 March 2004 9 cables can be
covered by the heat-shrinkable sheet 3 even after the communication cables
2 have been connected to each other. After the heat-shrinkable sheet 3 is
rolled into the cylindrical shape to cover the connecting portion of
interconnection between the communication cables 2, it is possible to
easily shrink the heat-shrinkable sheet 3 without using a special heater.
For example, an oscillator (not shown) for producing electromagnetic
radiation is disposed in the vicinity of the thin film of the
heatshrinkable sheet 3. By driving the oscillator to irradiate the
electromagnetic radiation onto the thin film, the thin film generates heat.
Alternatively, it is possible to make use of the electromagnetic radiation
emitted from a transmission line disposed in the vicinity of the thin film
or a power supply connected to the transmission line. At any rate, since
the shrinkage of the heat-shrinkable sheet 3 can be triggered from a remote
place) it is possible to remarkably improve the safety during a work on a
utility pole or a work for an underground communication cable. 



Heat generation in the thin film causes the shrinkage of the heat
shrinkable sheet 3. As a result, a protection/insulation layer is formed
around the connecting portion of interconnection between the communication
cables 2. This layer comprises a magnetic loss material so as to exhibit a
high-frequency noise shielding function. The thin film of the magnetic loss
material may be formed throughout an entire area of the flat surfaces of
the sheet member or locally, for example, in a lattice pattern.
Furthermore, the thin film may be formed only in at least a part of one or
both of the flat surfaces of the sheet member. In the foregoing
embodiments, the thin film is deposited by sputtering. It will be noted
that use may be made of other various techniques, such as gas deposition,
CVD, and vapor deposition. In the foregoing, the thin film is transferred
after it is deposited separately. Alternatively, the thin film can be   25
March 2004 10 applied after it is pulverized. In the foregoing, the first
phase comprises Fe. Alternatively, use may be made of Co, Ni, or a mixture
of a plurality of elements selected from Fe, Co, and Ni. The second phase
is an insulator containing at feast one element other than the element or
elements contained in the first phase. Next, various examples of the
magnetic loss material will be described in detail. The magnetic loss
material exhibits the conductivity within a frequency range smaller than
several tens MHz. As the magnetic loss material, use may be made of a
narrow-band magnetic loss material which 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 a " with respect to a real part u' of relative permeability,
such that the maximum value a "max of the imaginary part a " (which may be
called a magnetic loss term) is present within a frequency range between
100MHz and 1 OGHz 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 a " is 50% of the
maximum a "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 a S~ ~ cm and 700 a S~ ~ cm. As the
magnetic loss material, use may also be made of a wide-band magnetic loss
material which 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   25 March
2004 11 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 a " with
respect to a real part a ' of relative permeability, such that the maximum
value a "max of the imaginary part a " is present within a frequency range
between 100MHz and 10GHz 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 S2 ~ cm. In each of the narrow-band
magnetic loss material and the wide-band magnetic loss material, 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 wideband 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 art 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 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.   25 March 2004 12 



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") a "
of the relative permeability. As a magnetic substance 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. 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   25 March 2004 13
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 2. Table 2 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~zAl~~OI~. The film sample 1 had 2.0 micrometer ( a m) in thickness, 530
micro ohm centimeters ( a S2  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. From the measured impedance variation in response to frequency
variation, the   25 March 2004 I4 permeability frequency response ( a "-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 ( a
"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 a "50 of the maximum value a "ma%, to center frequency of said
bandwidth. The relative bandwidth bwr was 148%. Example 2 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
Fe,~A122034. The film sample 2 had 1.2 micrometer ( a m) in thickness, 2400
micro ohm centimeters ( a S2 ~ 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-1~/Ms(M)}
X 100 was 44.5%. The a"-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 a "-f response has a broadband
characteristic. A relative bandwidth bwr of film sample 2 was also
confirmed as 181 by the similar way as in Example 1.  



25 March 2004 15 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
Fee6A1608. The comparative sample 1 had 1.2 micrometer ( a m) in thickness,
74 micro ohm centimeters (u 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 Example 2 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 Fe~9A13404~. The comparative sample 2 had 1.3
micrometer ( a m) in thickness, 10,500 micro ohm centimeters (u S2 ~ cm) in
DC specific resistance. The magnetic characteristic of comparative sample 1
exhibited superparamagnetism.   25 March 2004 16 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 3. 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 3 Vacuum degree
before sputtering<1 x 10-6 TorrAtmosphere Ar+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 4. Table 4
Film thickness1.5 a m{Ms(M-X-Y)/Ms(M)}x 10051.9%a ~~max520f ( ~,~
"max)830MHzbwr1759'o 



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 5. 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.
25 March 2004 17 Table 5 Vacuum degree before sputtering<1 X 10-6
TorrAtmosphereAr gasElectric PowerRF TargetsCo (diameter of 100mm) and
AIz03 chip (130 pieces) (chip size: 5mm x 5mm X 2mm) The properties of film
sample 5 are show in Table 6. Table 6 Film thickness1.1 a
m{Ms(M-X-Y)/Ms(M)}X 10064.7%u  max 850f( a "m~)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 7. The partial pressure ratio of Nz 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 7 Vacuum
degree before sputtering<1 X 10-6 TorrAtmosphereAr+N2 gasElectric PowerRF
TargetsCo (diameter of 100mm) and AI chip (170 pieces) (chip size: 5mm x
5mm x 2mm)  



25 March 2004 18 The properties of film sample 6 are show in Table 8. Table
8 Film thickness1.2 a m{Ms(M-X-Y)/Ms(M)}x 10032.7%a ~max 350f( ~~ "max)1
GHzbwr191 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 9. 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 9 Vacuum degree before sputtering<1 x 10'6 TorrAtmosphereAr
gasElectric PowerRF TargetsNi (diameter of 100mm) and AI203 chip (140
pieces) (chip size: 5mm x 5mm x 2mm) The properties of film sample 4 are
show in Table 10. Table 10 Film thickness1.7 a m{Ms(M-X-Y)/Ms(M)}x
10058.2%a ~~max280i f(~c'~max)240MHzbwr169%   25 March 2004 19 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 11. The partial pressure ratio of Nz
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 11
Vacuum degree before sputtering<1 x 10-6 TorrAtmosphereAr+Nz gasElectric
PowerRF TargetsNi (diameter of 100mm) and 



AI chip (100 pieces) (chip size: 5mm x5mm x 2mm) The properties of film
sample 10 are show in Table 12. Table 12 Film thickness1.3 a
m{Ms(M-X-Y)/Ms(M)}x 10076.2%a "max410f(!.c "max)170MHzbwr158% 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 13. 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.   25
March 2004 20 Table 13 Vacuum degree before sputtering<1 x 10-6
TorrAtmosphereAr gasElectric PowerRF TargetsFe (diameter of 100mm) and Ti02
chip (150 pieces) (chip size: 5mm x 5mm x 2mm) The properties of film
sample 9 are show in Table 14. Table 14 Film thickness1.4 a
m{Ms(M-X-Y)/Ms(M)}x10043.6%a ~~max920f( a "",~)1.SGHzbwr188% 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 15. The partial pressure ratio of OZ
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
15 Vacuum degree before sputtering<1 x 10'6 Torr IAtmosphereAr+02
gasElectric PowerRF TargetsFe (diameter of 100mm) and 



Si chip (130 pieces) (chip size: 5mm x5mm x2mm)   25 March 2004 21 The
properties of film sample 10 are show in Table 16. Table 16 Film
thickness1.5 a m{Ms(M-X-Y)/Ms(M)}X10055.2%a ~~max 920f( a"max)1.2GHz
bwr182% 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 17. 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 17 Vacuum degree before sputtering<1 x
10'i 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 18. Table 18 Film thickness1.8 a
m{Ms(M-X-Y)/Ms(M)}x 10077.4%a ~~max1 B00f(u'~max)450MHzbwr171%   25 March
2004 22 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 19. 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 19 Vacuum degree before sputteringr1 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 20. Table 20 Film thickness1.9 a
m{Ms(M-X-Y)/Ms(M)}x10059.3%a nmax 950f( a "max)680MHzbwr185% 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 21. The thin film was heat-treated at a temperature of 3D0C for two
hours in vacuum under magnetic field and obtained a film sample 13.   25
March 2004 23 Table 21 Vacuum degree before sputtering<1 x 10-6
TorrAtmosphereAr gasElectric PowerRF TargetsFeSOGoso (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 22. Table 22 Film thickness1.6 a
m{Ms(M-X-Y)/Ms(M)}x 10059.3%u'~max72~f( ~ "max)1.1 GHzbwr180% 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 23. 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 23 Vacuum degree before sputtering<1 X 10-6 TorrAtmosphere flowing
rateOz at 3.0 sccmElements in crucible 28 and 29Fe and AI The properties of
film sample 14 are show in Table 24.   25 March 2004 24 Table 24 Film
thickness1.1 a m{Ms(M-X-Y)/Ms(M)}x 10041.8%a ~~max 590f( a
"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 a m. For a comparison, a sheet of known
composite magnetic material having dimensions of 20mm x 20mm x 1.Omm. 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 25 shows magnetic
properties of both of the test piece and comparative test piece. Table 25
Film sample 1Comparative test piecea "/700MHzabout 1800about 3.0bwr148196
As seen from Table 25, 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 a
"max of the imaginary  



25 March 2004 25 part of relative permeability and thickness of the piece d
, 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 ( a "max X b ). 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 6 ). Now, providing that the magnetic sample forms a
distribution constant circuit having a length of 2 as shown in Fig. 12A, an
equivalent circuit was calculated for a unit length of D ~ 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 March 2004
26 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.   25
March 2004 27 THE CLAIMS 1. A heat-shrinkable tube comprising: a tubular
member being shrinkable in response to heat and having a cylindrical
surface; and a thin film formed on at least a part of said cylindrical
surface and being made of a magnetic loss material which has a high
magnetic loss characteristic) said thin film having: a first phase
comprising a first one of Fe, Co, and Ni: and a second phase comprising an
insulator containing at least one element other than Fe, Co, and Ni) 



wherein said second phase is continuous, said first phase being dispersed
in said second phase. 2. The heat-shrinkable tube according to claim 1)
wherein said first phase further comprising a second one of Fe, Co, and Ni,
said second one being. mixed to said first one. 3. The heat-shrinkable tube
according to claim 2, wherein said first phase further comprising a third
one Fe, Co, and N1, said third one being mixed to said first and. said
second ones. 4. A heat-shrinkable tube comprising: a tubular member being
shrinkable in response to heat and having a cylindrical surface; and a thin
film formed on at least a part of said cylindrical surface and being made
of a magnetic loss material which has a high magnetic loss characteristic.
said thin film having: a first phase comprising a first one of Fe, Co, and
Ni; and a second phase comprising an insulator containing at least one
element other than Fe, Co, and N1, wherein said second phase is continuous,
said first phase being dispersed in said second phase, wherein said thin
film 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,
and/or Ni, X being element or elements other than M and Y, and Y being F,
N, and/or O) said M-X-X magnetic composition having a concentration of M in
the composition so that said M-R-Y magnetic Composition has a saturation
magnetization of 3580% of that of the metallic bulk of magnetic material
comprising M alone, said magnetic composition having the maximum value
1.~."max of an imaginary part lt." of relative permeability in a frequency
range of 0.1-10 gigahertz (GHz). 5. A heat-shrinkable sheet comprising: a
sheet member being shrinkable in response to heat and having a flat
surface; and a thin film formed on at least apart of said flat   25 March
2004 28 Surface and made of a magnetic loss material which has a high
magnetic loss characteristic, said thin film having: a first phase
comprising a first one of Fe, Co, and Ni; and a second phase comprising an
insulator containing at least one element other than Fe, Co, and Ni.
wherein said second phase is continuous, said first phase being dispersed
in said second phase. 6. The heat-shrinkable sheet according to claim 5,
wherein said first phase further comprising a second one of Fe) Co, and Ni)
said second one being mixed to said first one. 7. The heat-shrinkable sheet
according to claim 6. wherein said first phase further comprising a third
one Fe, Co, and N1) said third one being mixed to said first and said
second ones. 8. A heat-shrinkable sheet comprising. a sheet member being
shrinkable in response to heat and having a flat surface: and a thin film
formed on at least a part of said flat surface and made of a magnetic loss
material which has a high magnetic loss characteristic, said thin film
having: a first phase comprising a first one of Fe. Co, and Ni; and 



a second phase comprising an insulator containing at least one element
other than Fe) Co) and Ni) wherein said thin film 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, and/or Ni, X being element
or elements other than M and Y, and Y being F, N, and/or O) said M-X-Y
magnetic composition having a concentration of M 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 It"max of an imaginary part
N." of relative permeability in a frequency range of 0.1-10 gigahertz
(GHz). 9. A method of shrinking a heat-shrinkable tube comprising: a
tubular member being shrinkable and having a cylindrical surface; and a
thin film formed on at feast a cylindrical surface and being made of a
material which has a high magnetic loss said thin film having: a first
phase comprising a first Ni; and in response to heat part of said magnetic
loss characteristic) one of Fe) Co, and a second phase comprising an
insulator containing at   25 March 2004 29 least one element other than Fe,
Co, and Ni, wherein said second phase is continuous, said first phase being
dispersed in said second phase) the method comprising the steps of:
disposing an oscillator in the vicinity of said thin film; and making said
oscillator irradiate electromagnetic radiation towards said thin film, so
that said thin film generates said heat. 10. A method of shrinking a
heat-shrinkable tube comprising: a tubular member being shrinkable in
response to heat and having a cylindrical surface; and a thin film formed
on at least a part of said cylindrical surface and being made of a magnetic
loss material which has a high magnetic loss characteristic, said thin film
havlng: a first phase comprising a first one of Fe, Co) and Ni; and a
second phase comprising an insulator containing at least one element other
than Fe, Co, and Ni, wherein said second phase is Continuous, said first
phase being dispersed in said second phase, the method comprising the steps
of: disposing a conductive wire in vicinity of said thin film; and
supplying an alternating current to said conductive wire to make said
conductive wire irradiate electromagnetic radiation towards said thin film,
so that said thin film generates said heat. 11. A method of shrinking the
heat-shrinkable sheet Comprising: 



a sheet member being shrinkable in response to heat and having a flat
surface: and a thin film formed on at least a part of said flat surface and
made of a magnetic loss material which has a high magnetic loss
characteristic, said thin film having: a first phase comprising a first one
of Fe, Co, and Ni; and a second phase comprising an insulator containing at
least one element other than Fe, Co) and Ni) the method comprising the
steps of: disposing an oscillator in the vicinity of said thin film; and
making said oscillator irradiate electromagnetic radiation towards said
thin film, so that said thin film generates said heat. 12. A method of
shrinking a heat-shrinkable sheet comprising: a sheet member being
shrinkable in response to heat and having a flat surface; and   25 March
2004 29A a thin film formed on at least a part of said fiat surface and
made of a magnetic loss material which has a high magnetic loss
characteristic, said thin film having: a first phase comprising a first one
of Fe, Co, and Ni; and a second phase comprising an insulator containing at
least one element other than Fe, Co, and Ni) the method comprising the
steps of: disposing a conductive wire in vicinity of said thin film; and
supplying an alternating current to said conductive wire to make said
conductive wire irradiate electromagnetic radiation towards said thin film,
so that said thin film generates said heat. 13. A method of shrinking the
heat-shrinkable sheet as claimed in claim 6, comprising the steps of:
disposing an oscillator in the vicinity of said thin film; and making said
oscillator irradiate electromagnetic radiation towards said thin film, so
that said thin film generates said heat. 14. A method of shrinking a
heat-shrinkable sheet as claimed in claim 6, comprising the steps of:
disposing a conductive wire in vicinity of said thin film; and 



supplying an alternating current to said conductive wire to make said
conductive wire irradiate electromagnetic radiation towards said thin film,
so that said thin film generates said heat.
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