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(54) TRANSFORMER DEVICE

(67)  Two wire materials for coils can be efficiently
processed into the same winding state and a configura-
tion in which various characteristics and a cost thereof
fall within a predetermined range is formed.

Provided is a transformer device to be mounted in a
LAN for networking, in which a wire material 11A for a
primary coil and a wire material 11B for a secondary coil
are wound around an annular core 31 to allow a signal
component to pass from the wire material 11A for the

primary coil to the wire material 11B for the secondary
coil, wherein the wire material 11A for the primary coil is
formed of a one-layer insulating wire material, and the
wire material 11B for the secondary coil is formed of a
three-layer insulating wire material, respectively, and the
wire materials are wound around the core 31 in the form
of a twisted wire (11) formed by intertwisting two insulat-
ing wire materials 11A and 11B.
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Description
RELATED APPLICATION

[0001] This application claims the priority of Japanese
Patent Application No. 2017-066589 filed on March 30,
2017, which is incorporated herein by reference.

BACKGROUND OF THE INVENTION
Field of the Invention

[0002] The present invention relates to a transformer
device used in a LAN for networking or the like, and more
specifically, to a transformer device formed by winding a
wire material for a primary coil and a wire material for a
secondary coil around an annular core such as a toroidal
core.

Description of the Prior Art

[0003] Inrecent years, size reduction of a transformer
device used in a LAN for networking or the like has been
strongly demanded, and a material formed by winding a
wire material for a primary coil and a wire material for a
secondary coil around a small core has been known.
[0004] As one of such technologies, a technology is
known, in which a transformer device is formed, upon
winding a wire material for a primary coil and a wire ma-
terial for a secondary coil around a toric core such as a
toroidal core, by winding a bifilar coil 211 formed by ad-
joining a primary coil 211A and a secondary coil 211B
therearound (see FIG. 15) to reduce leakage flux (Patent
Document 1 described below).

[0005] This Patent Document 1 discloses a material in
which a three-layer insulating coil is used as a wire ma-
terial for a bifilar wound coil.

[0006] Such a three-layer insulating coil has a high
withstand voltage, and when the coil is used as the wire
material, the wire material for the primary coil and the
wire material for the secondary coil can also be wound
around the core by allowing both into close contact with
each other evenwithout interposing a separate insulating
tape or the like between the wire material for the primary
coil and the wire material for the secondary coil.

Related Prior Art

[0007] Patent Document 1: Japanese Laid-Open Pat-
ent Publication No. H7-029755(A)

SUMMARY OF THE INVENTION

[0008] However, according to the Patent Document 1
described above, upon simultaneously winding a plurality
of wire materials for coils around a core by bifilar winding,
a difference in holding force is unavoidably produced
among the wire materials for the coils, resulting in diffi-
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culty in processing the wire materials for the coils into a
winding state, and characteristics have been liable to be
degraded.

[0009] Further, when a three-layer insulating wire is
used as the wire material, while the use has an advantage
of capability of increasing a withstand voltage, the use
may cause a problem of excessive increase of a cost to
be over the range which can be allowed by a user in a
cost aspect.

[0010] When such a coil is selected, the best coil is not
necessarily required in terms of characteristics, and the
coil is required to satisfy characteristics according to an
application and a purpose thereof and to be formed into
a balanced configuration in such a manner that the coil
falls within a predetermined range according to the ap-
plication and the purpose also in terms of cost.

[0011] The present invention has been made in view
of the circumstances described above, and an object of
the present invention is to provide a transformer device
in which two wire materials for coils can be efficiently
processed into the same winding state and a configura-
tion in which various characteristics and a cost thereof
fall within a predetermined range is formed.

[0012] Inorder to solve the problems described above,
a transformer device according to the present invention
has features described below.

[0013] More specifically, the transformer device ac-
cording to the present invention includes a transformer
device to be mounted in a LAN for networking, in which
a wire material for a primary coil and a wire material for
a secondary coil are wound around an annular core to
allow a signal component to pass from the wire material
for the primary coil to the wire material for the secondary
coil,

wherein the primary coil wire is formed of a one-layer
insulating wire material, and the secondary coil wire is
formed of a three-layer insulating wire material, respec-
tively, and a twisted wire formed by intertwisting the two
insulating wire materials is wound around the core.
[0014] In this case, the annular core is preferably
formed into a toroidal core.

[0015] The annular core may be processed into a ma-
terial in which a closed magnetic path is formed by com-
bining a pair of U-shaped cores or a pair of E-shaped
cores.

[0016] Moreover,the twisted wire is preferably splitinto
a first split wire to be wound around a part on one side
of the core and a second split wire to be wound around
apart on the other side of the core, and the first split wire
and the second split wire are electrically bonded thereto
in a first terminal pin in the wire material for the primary
coil and in a second terminal pin in the wire material for
the secondary coil, respectively.

[0017] A twisting pitch of the twisted wire between the
one-layer insulating wire material and the three-layer in-
sulating wire material is preferably adjusted to 3 mm or
more and 10 mm or less.

[0018] A wire diameter of each of a conducting wire of
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the one-layer insulating wire material and the three-layer
insulating wire material which constitute the twisted wire
is further preferably adjusted to 0.2 mm or more and 0.45
mm or less.

[0019] Moreover, atotal thickness of a coatingmember
of the one-layer insulating wire material and a coating
member of the three-layer insulating wire material inter-
posed between individual conducting wires of the wire
material for the primary coil and the wire material for the
secondary coil is preferably adjusted to 0.1155 mm or
more and 0.1430 mm or less.

[0020] Accordingtoatransformerdevice of the present
invention, a primary coil and a secondary coil are each
formed as a twisted wire formed by intertwisting a one-
layer insulating wire material and a three-layer insulating
wire material into a spiral form, and wire materials can
be wound therearound in a state in which two wire ma-
terials for coils are intertwisted, and therefore a plurality
of wire materials for coils can be processed into the same
winding state in each of the wire materials for the coils.
Moreover, the wire materials can be formed into a closer
contact state with each other in comparison with a case
where coils are wound therearound by bifilar winding,
and characteristics can be improved such that imped-
ance can be adjusted to a stabilized value in a high-fre-
quency band. Moreover, workability during winding the
wire material for the coil around the core is also improved.
[0021] In the transformer device of the present inven-
tion, either the primary coil or the secondary coil is applied
as the one-layer insulating wire material and the other is
applied as the three-layer insulating wire material. There-
fore, upon intertwisting the primary coil and the second-
ary coil, a certain degree of withstand voltage can be
secured to maintain the characteristics, and simultane-
ously a significant rise of a production cost can be sup-
pressed.

[0022] In addition, such a technology is known, in
which a material formed by intertwisting a wire material
for a primary coil and a wire material for a secondary coil
into a twisted form is used as an air-core coil without
using a core to improve conversion efficiency and to
achieve size reduction of a device (Japanese Laid-Open
Patent Publication No. H4-328812(A)). However, the
technology described above is completely different from
the invention of the present application in a direction of
a technical idea in a point of using no core. Moreover,
because the material has no core, leakage of magnetic
flux is unable to be prevented, and reduction of induct-
ance is unable to be avoided, and therefore the technol-
ogy is different from the present invention in the direction
of the technology also in these points described above.
[0023] Further scope of applicability of the present in-
vention will become apparent from the detailed descrip-
tion given hereinafter. However, it should be understood
that the detailed description and specific examples, while
indicating preferred embodiments of the invention, are
given by way of illustration only, since various changes
and modifications within the spirit and scope of the in-

10

15

20

25

30

35

40

45

50

55

vention will become apparent to those skilled in the art
from this detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The present invention will become more fully
understood from the detailed description given herein be-
low and the accompanying drawings which are given by
way of illustration only and thus are not limitative of the
present invention.

FIG. 1 is a schematic view showing a main part of a
transformer device according to an embodiment of
the present invention.

FIG. 2 is a schematic view showing a form of a coil
before winding a wire in the embodiment shown in
FIG. 1.

FIG. 3 is a perspective view showing an overall con-
figuration of a transformer device according to the
embodiment of the present invention.

FIG. 4 is a conceptual diagram showing a connection
relationship between pins and wire materials for coils
of the transformer device shown in FIG. 3 when
viewed from a back side of the transformer device.
FIG. 5 is a conceptual diagram showing a winding
wire relationship between a core and two kinds of
wire materials for coils.

FIG. 6 is a graph showing a change in frequency
characteristics of passage loss (insertion loss) when
a coil twisting pitch is changed with regard to the
present embodiment.

FIG. 7 is a graph showing a change in frequency
characteristics (primary side) of reflection loss (re-
turn loss) when a coil twisting pitch is changed with
regard to the present embodiment.

FIG. 8 is a graph showing a change in frequency
characteristics (secondary side) of reflection loss
(return loss) when a coil twisting pitch is changed in
the embodiment.

FIG. 9 is a graph showing a change in frequency
characteristics of passage loss (insertion loss) when
a coil diameter is changed with regard to the present
embodiment.

FIG. 10 is a graph showing a change in frequency
characteristics (primary side) of reflection loss (re-
turn loss) when a coil diameter is changed with re-
gard to the present embodiment.

FIG. 11 is a graph showing a change in frequency
characteristics (secondary side) of reflection loss
(return loss) when a coil diameter is changed with
regard to the present embodiment.

FIG. 12 is a graph showing a change in frequency
characteristics of passage loss (insertion loss) when
a coil coating thickness is changed with regard to
the present embodiment.

FIG. 13 is a graph showing a change in frequency
characteristics (primary side) of reflection loss (re-
turn loss) when a coil coating thickness is changed
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with regard to the present embodiment.

FIG. 14 is a graph showing a change in frequency
characteristics (secondary side) of reflection loss
(return loss) when a coil coating thickness is
changed with regard to the present embodiment.
FIG. 15 is a schematic view showing a form of a coil
before winding a wire in a conventional technology.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0025] Hereinafter, an embodiment of a transformer
device according to the present invention will be de-
scribed with reference to the drawings described above.
[0026] FIG. 1 is a schematic view showing a configu-
ration of a transformer device according to the present
embodiment, and FIG. 2 shows a twisted coil 11 related
to FIG. 1in a state before winding a wire around a core 31.
[0027] AsshowninFIG.2,the twisted coil 11 is formed
of atwisted wire formed by intertwisting, into a spiral form,
a one-layer insulating wire (for example, a polyurethane
enameled wire (such as UEW), ordinarily also referred
to as an insulating wire) 11A formed by performing one-
layer insulation coating on a conducting wire by a copper
material or the like, and a three-layer insulating wire (such
as TEX and TIW) 11B formed by performing three-layer
insulation coating on the conducting wire by the copper
material or the like.

[0028] Thus, the twisted coil 11 is configured in such
a manner that individual insulating wires 11A and 11B
are intertwisted into the spiral form. Thus, upon winding
the twisted coil around the core 31, the individual insu-
lating wires 11A and 11B can be uniformly crossed with
magnetic flux. Moreover, two insulating wires 11A and
11B canbe processed into almost the same winding state
relative to the core 31 in a closer contact state to reduce
magnetic leakage flux, and simultaneously impedance
in a high-frequency band can be adjusted to a stabilized
value.

[0029] The twisted coil 11 is wound around the annular
core 31 at a substantially uniform pitch in a state of a
twisted wire in which two kinds of insulating wires are
intertwisted.

[0030] As the annular core 31, a material ordinarily re-
ferred to as a toroidal core (including not only a circular
shape, but also an elliptical shape, a barrel shape, a rec-
tangular shape or the like in an annular cross section) is
preferably used, butis not necessarily limited to the toroi-
dal core. For example, the core may be a material in
which a closed magnetic path is formed by butting a pair
of U-shaped cores or a pair of E-shaped cores with each
other. In addition, the shape is notlimited to a toric shape,
and may be formed into a polygonal annular shape.
[0031] A main material of the core include ferrite, per-
malloy, a silicon steel plate and the like, and a magnetic
material other than the material described above can also
be used, and a dust core can also be used.

[0032] FIG. 3 is a perspective view showing an overall
configuration of a transformer device according to the
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present embodiment.

[0033] More specifically, as described above, the
transformer device has a transformer body 1 formed by
winding a twisted coil 11 formed by intertwisting two kinds
of insulating wires around a toroidal core (formed into
almost a rectangular shape in a cross section having an
annular shape) 31 in a circumferential direction at almost
the same pitch, and a bobbin 41 for housing the trans-
former body 1, and six terminal pins 51(1) to 51(6) which
extend from the bobbin 41 in a downward direction in the
figure, and are electrically connected hereto in end parts
of predetermined insulating wires 11A and 11B of the
twisted coil 11.

[0034] The bobbin 41 has left and right step parts (the
step parton a deep side (right side in the figure) is hidden
by a front wall part 42) 44 formed between the front wall
part 42 and a rear wall part 43, a recessed part 46 sur-
rounded on four sides by the front and rear wall parts 42
and 43 and the left and right step parts 44, and a pair of
circuit board butting parts 45A and 45B projecting from
abottom part of the recessed part 46 toward a downward
direction in the figure.

[0035] Moreover, the transformer device has primary
side terminal pins 51(1) to 51(3) which extend from a
lower surface of the step part 44 on a left side in the figure
in the bobbin 41 to a downward direction in the figure,
and are arranged in parallel to each other, and secondary
side terminal pins 51(4) to 51(6) which extend from the
lower surface of the step part (not shown) 44 on a right
side in the figure in the bobbin 41 to the downward direc-
tion in the figure, and are arranged in parallel to each
other.

[0036] The transformerbody 1 is stored therein in such
a manner that, in a state in which a central axis extends
in a direction of the front and rear wall parts 42 and 43,
a partthereofis fitted into the recessed part 46 described
above. Moreover, among parts of the twisted coil 11
wound therearound, the end parts of the one-layer insu-
lating wire (such as UEW) 11A being a primary side coil
are electrically connected to the terminal pins 51(1) to
51(3), and meanwhile, the end parts of the three-layer
insulating wire (such as TEX and TIW) 11B being a sec-
ondary side coil are electrically connected to the terminal
pins 51(4) to 51(6).

[0037] Moreover, the pair of circuit board butting parts
45A and 45B each are a columnar member long in a
front-rear direction and having a bottom surface formed
into a planar form, and are formed into almost the same
shape. When the transformer device is mounted on a
circuit board (not shown), operation of bringing the trans-
former device to relatively close toward the circuit board
is performed by placing the transformer device in a pre-
determined position. Upon the operation, the terminal
pins 51(1) to 51(6) are first passed through through-holes
of the circuit board (not shown), and then the bottom sur-
faces of the circuit board butting parts 45A and 45B are
butted on a surface of the circuit board. Thus, relative
movement of the transformer device is stopped. More
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specifically, a distance between a bottom surface of the
bobbin 42 and the surface of the circuit board is regulated
by the circuit board butting parts 45A and 45B, and the
terminal pins 51(1) to 51(6) are exposed above the sur-
face of the circuit board over a predetermined length from
root parts thereof.

[0038] More specifically, aspacinginwhichthe primary
side coil and the secondary side coil are to be connected
can be secured in the root parts of the terminal pins.
[0039] FIG. 4 shows an arrangement of individual ter-
minal pins 51(1) to 51(6), and a connection state of coils
to the terminal pins 51(1) to 51(6) when the terminal pins
51(1) to 51(6) are viewed from a back side of the trans-
former device shown in FIG. 3. Moreover, FIG. 5 shows
a winding state of primary side coils (UEW) 11A1 and
11A2 and secondary side coils (TEX) 11B1 and 11B2
wound around a core 31A.

[0040] In addition, as shown in FIG. 5, the twisted coil
11 to be wound around the core 31A is split into a first
twisted coil 111A to be wound around a part on a left side
of the core 31A in the figure, and a second twisted coil
111B to be wound around a part on a right side of the
core 31A in the figure, and both coils are configured to
be electrically coupled to the terminal pin 51(1) in the
primary side coil, and to the terminal pin 51(4) in the sec-
ondary side coil, respectively.

[0041] The end parts of the one-layer insulating wire
(UEW) 11A being the primary side coil are configured to
be electrically connected to the terminal pins 51(1) to
51(3), and meanwhile, the end parts of the three-layer
insulating wire (TEX) 11B being the secondary side coil
are configured to be electrically connected to the terminal
pins 51(4) to 51(6).

[0042] More specifically, as shown in FIG. 5 (see FIG.
4), the primary side coil (UEW) 11A1 (first twisted coill
111A) which extends from the terminal pin 51(2) (a sym-
bol S standing for START is provided), and is started in
winding the wire around the core 31A is wound around
the part on the right side of the core 31A, in the figure,
and then connected to the terminal pin 51(1). Meanwhile,
the primary side coil (UEW) 11A2 (second twisted coill
111B) is connected to the terminal pin 51(1), in the figure,
and wound around the part on the left side of the core
31A, and then connected to the terminal pin 51(3) (a sym-
bol F standing for FINISH is provided).

[0043] Meanwhile, the secondary side coil (TEX) 11B1
(first twisted coil 111A) which extends from the terminal
pin 51(6) (a symbol S standing for START is provided),
and is started in winding the wire around the core 31A is
wound around the part on the left side of the core 31A,
inthe figure, and then connected to the terminal pin 51(4).
Meanwhile, the secondary side coil (TEX) 11B2 (second
twisted coil 111B) is connected to the terminal pin 51(4),
in the figure, and wound around the part on the right side
of the core 31A, and then connected to the terminal pin
51(5) (a symbol F standing for FINISH is provided) .
[0044] Incidentally, regarding to what degree a twisting
pitch P of the twisted coil 11 should be adjusted, what is
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important is whether or not a shape as the twisted coil
can be actually kept and whether or not winding work
can be efficiently performed.

[0045] If the twisting pitch P of the twisted coil 11 is
adjusted to a level less than 3 mm, it becomes hard to
maintain a linear shape of the twisted wire, resulting in
difficulty in satisfactorily winding the wire around the core
31. Onthe other hand, if the twisting pitch P of the twisted
coil 11 is over 10 mm, it becomes hard to suppress loos-
ening or untwisting of twist during winding the wire for
the twisted coil 11, and efficiency of the winding work is
significantly reduced.

[0046] Accordingly, from the viewpoints described
above, it is preferably to set the twisting pitch P of the
twisted coil 11 to the range:

3mm £ P <10 mm

in efficiently winding the twisted coil 11 around the core
31 in an original shape.

[0047] Itis further preferably to set the twisting pitch P
to the range:

4mm £P L9 mm

[0048] Thus, the working effect described above can
be further secured.

[0049] However, in the case where the twisting pitch
P of the twisted coil 11 is set in the range of 3 mm or
more and 10 mm or less, itis hard to use such a material
unless the material can maintain a satisfactory state also
in view of the characteristics. Then, in the range in which
the twisting pitch P of the twisted coil 11 is 3 mm or more
and 10 mm or less, verification has been made on wheth-
er or not a satisfactory value can be obtained in view of
the characteristics (frequency characteristics of passage
loss (insertion loss), frequency characteristics of reflec-
tion loss (return loss) (primary side: between terminal
pins 51(2) and 51(3)) and frequency characteristics of
reflection loss (return loss) (secondary side: between ter-
minal pins 51(5) and 51(6))).

[0050] FIG. 6 represents each graph showingfrequen-
cy characteristics of passage loss (insertion loss) when
a coil twisting pitch P is changed with regard to the
present embodiment.

[0051] In the twisted coil 11 being an evaluation object
upon obtaining the graph shown in FIG. 6, the twisting
pitch P is changed from 3 mm to 10 mm at an increment
of 1 mm, and each graph in FIG. 6 to FIG. 8 shows a
change in the characteristics for a material having each
pitch. In addition, a primary side coil of the twisted coil
11 at this time is a one-layer insulating wire (2UEW:
0.0155 mm-thick) 11A, and a secondary side coil of the
twisted coil 11 is a three-layer insulating wire (TEX-E:
0.1 mm-thick) 11B. A coil diameter D is 0.23 mm (the
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same in the graphs shown in FIG. 7 and FIG. 8).
[0052] As shown in FIG.6, verification has been made
in such a manner that the frequency characteristics of
passage loss (insertion loss) become more satisfactory
accordingly as the twisting pitch P is reduced, and are
within an allowable range at least in the region from 3
mm to 10 mm in P.

[0053] FIG. 7 represents each graph showing frequen-
cy characteristics of reflection loss (return loss) (primary
side: between terminal pins 51(2) and 51(3)) when a caoll
twisting pitch P is changed with regard to the present
embodiment.

[0054] AsshowninFIG. 7, verification has been made
in such a manner that the frequency characteristics of
reflection loss (return loss) (primary side) become more
satisfactory accordingly as the twisting pitch P is reduced,
and are within an allowable range at least in the region
from 3 mm to 10 mm.

[0055] FIG. 8 represents each graph showing frequen-
cy characteristics of reflection loss (return loss) (second-
ary side: between terminal pins 51(5) and 51(6)) when a
coil twisting pitch P is changed with regard to the present
embodiment.

[0056] AsshowninFIG. 8, verification has been made
in such a manner that the frequency characteristics of
reflection loss (return loss) (secondary side) become
more satisfactory accordingly as the twisting pitch P is
reduced, and are within an allowable range at least in
the region from 3 mm to 10 mm.

[0057] Next, verification has been made on a coil di-
ameter D of a conducting wire of insulating wires 11A
and 11B of a twisted coil 11 as to whether or not a sat-
isfactory value can be obtained in view of characteristics
(frequency characteristics of passage loss (insertion
loss), frequency characteristics of reflection loss (return
loss) (primary side: between terminal pins 51(2) and
51(3)) and frequency characteristics of reflection loss (re-
turn loss) (secondary side: between terminal pins 51(5)
and 51(6)), when the diameter is adjusted to an ordinarily
used range of 0.20 mm or more and 0.45 mm or less.
[0058] In addition, referring to as the coil diameter in
the description of the present application represents a
cross sectional diameter of the conducting wire, exclud-
ing the insulation coating.

[0059] FIG. 9represents each graph showing frequen-
cy characteristics of passage loss (insertion loss) when
a coil diameter D is changed with regard to the present
embodiment.

[0060] In a twisted coil 11 being an evaluation object
upon obtaining the graph shownin FIG. 9, a coil diameter
D is sequentially changed from 0.2 mm to 0.45 mm, and
each graph in FIG. 9 to FIG. 11 shows a change in the
characteristics for a material having each diameter.
[0061] Inaddition, a primary side coil of the twisted coil
11 at this time is a one-layer insulating wire (2UEW:
0.0155 mm-thick), and a secondary side coil of the twist-
ed coil 11 is a three-layer insulating wire (TEX-E: 0.1000
mm-thick), and a twisting pitch P of the twisted coil 11 is
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5 mm (the same in the graphs shown in FIG. 10 and FIG.
11).

[0062] As shown in FIG.9, verification has been made
in such a manner that the frequency characteristics of
passage loss (insertion loss) become more satisfactory
accordingly as the coil diameter D is increased, and are
within an allowable range at the coil diameter D at least
in the region from 0.2 mm to 0.45 mm.

[0063] FIG. 10 represents each graph showing fre-
quency characteristics of reflection loss (return loss) (pri-
mary side: between terminal pins 51(2) and 51(3)) when
a coil diameter D is changed with regard to the present
embodiment.

[0064] AsshowninFIG. 10, verificationhas been made
in such a manner that the frequency characteristics of
reflection loss (return loss) (primary side) become more
satisfactory accordingly as the coil diameter D is in-
creased, and are within an allowable range at least in the
region from 0.2 mm to 0.45 mm.

[0065] FIG. 11 represents each graph showing fre-
quency characteristics of reflection loss (return loss)
(secondary side: between terminal pins 51(5) and 51(6))
when a coil diameter D is changed with regard to the
present embodiment.

[0066] AsshowninFIG. 11, verificationhas beenmade
in such a manner that the frequency characteristics of
reflection loss (return loss) (secondary side) become
more satisfactory accordingly as the coil diameter D is
reduced, and are within an allowable range at least in
the region from 0.2 mm to 0.45 mm.

[0067] Next, with regard to a coating thickness (thick-
ness of an insulating material coating a circumference of
a metal conducting wire) T of the twisted coil 11, either
1UEW (0.0230 mm-thick) or 2UEW (0.0155 mm-thick)
each ordinarily used is selected for a primary side coil,
and either TEX-E (0.1000 mm-thick) or TIW-2 (0.1200
mm-thick) each ordinarily used is selected for a second-
ary side coil, and a total coating thickness T has been
set by combining coating thicknesses of individual insu-
lating wires 11A and 11B selected. Thus, with regard to
the coating thickness T, a combination of TEX-E (0.1000
mm-thick) and 1TUEW (0.0230 mm-thick) results in a
thickness of 0.1230 mm, a combination of TEX-E (0.1000
mm-thick) and 2UEW (0.0155 mm-thick) results in a
thickness of 0.1155 mm, a combination of TIW-2 (0.1200
mm-thick) and 1TUEW (0.0230 mm-thick) results in a
thickness of 0.1430 mm, and a combination of TIW-2
(0.1200 mm-thick) and 2UEW (0.0155 mm-thick) results
in a thickness of 0.1355 mm.

[0068] More specifically, verification has been made
as to whether or not a satisfactory value can be obtained
by measuring four twisted coils 11 in which a coating
thickness T is changed as an object to be measured in
view of characteristics (frequency characteristics of pas-
sage loss (insertion loss), frequency characteristics of
reflection loss (return loss) (primary side: between termi-
nal pins 51(2) and 51(3)) and frequency characteristics
of reflection loss (return loss) (secondary side: between
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terminal pins 51(5) and 51(6)), when the coating thick-
ness T is adjusted in the range of 0.1155 mm or more
and 0.1430 mm or less.

[0069] FIG. 12 represents each graph showing fre-
quency characteristics of passage loss (insertion loss)
when a coil coating thickness T is changed with regard
to the present embodiment. In the twisted coil 11 being
an evaluation object upon obtaining the graph shown in
FIG. 12, acoil coating thickness T is changed from 0.1155
mm to 0.1430 mm in four stages, and the graph in FIG.
12 shows each change in the characteristics for a mate-
rial having each thickness.

[0070] In addition, a twisting pitch P of the twisted coil
11 at this time is 5 mm and a coil diameter D is 0.20 mm
(the same in the graphs shown in FIG. 13 and FIG. 14).
[0071] AsshowninFIG. 12, verification has beenmade
in such a manner that the frequency characteristics of
passage loss (insertion loss) become more satisfactory
accordingly as the coil coating thickness T is reduced,
and are within an allowable range at least in the region
from 0.1155 mm to 0.1430 mm.

[0072] FIG. 13 represents each graph showing fre-
quency characteristics of reflection loss (return loss) (pri-
mary side: between terminal pins 51(2) and 51(3)) when
a coil coating thickness T is changed with regard to the
present embodiment.

[0073] AsshowninFIG. 13, verification has beenmade
in such a manner that the frequency characteristics of
reflection loss (return loss) (primary side) become more
satisfactory accordingly as the coil coating thickness T
is reduced, and are within an allowable range at least in
the region from 0.1155 mm to 0.1430 mm.

[0074] FIG. 14 represents each graph showing fre-
quency characteristics of reflection loss (return loss)
(secondary side: between terminal pins 51(5) and 51(6))
when a coil coating thickness T is changed with regard
to the present embodiment.

[0075] AsshowninFIG.14, verification has been made
in such a manner that the frequency characteristics of
reflection loss (return loss) (secondary side) become
more satisfactory accordingly as the coil coating thick-
ness T is reduced, and are within an allowable range at
least in the region from 0.1155 mm to 0.1430 mm.
[0076] As described above, the embodiment of the
present invention is described, but the present invention
is not limited to the material in the embodiment described
above, and the embodiments can be modified in various
manners.

[0077] For example, all of the coil twisting pitch P, the
coil diameter D and the coil coating thickness T are pref-
erably set to set values verified in the embodiment for
the twisted coil 11 described above. However, even if
one or two of the elements are out of the verified range,
the transformer device can have satisfactory character-
istics to a certain degree.

[0078] Moreover, constituent materials of the core, the
conducting wire of the coil, the bobbin and the insulation
coating are not limited to the materials in the embodiment

10

15

20

25

30

35

40

45

50

55

described above, and various other materials can be
used.

[0079] The invention being thus described, it will be
obvious that the same may be varied in many ways. Such
variations are not to be regarded as a departure from the
spirit and scope of the invention, and all such modifica-
tions as would be obvious to one skilled in the art are
intended to be included within the scope of the following
claims.

Claims

1. A transformer device to be mounted in a LAN for
networking, in which a wire material for a primary
coil and a wire material for a secondary coil are
wound around an annular core to allow a signal com-
ponent to pass from the wire material for the primary
coil to the wire material for the secondary coil,
wherein the wire material for the primary coil is
formed of a one-layer insulating wire material and
the wire material for the secondary coil is formed of
a three-layer insulating wire material, respectively,
and a twisted wire formed by intertwisting the two
insulating wire materials is wound around the core.

2. Thetransformerdevice accordingtoclaim 1, wherein
the annular core is formed into a toroidal core.

3. Thetransformerdevice accordingtoclaim 1, wherein
the annular core is processed into a material in which
a closed magnetic path is formed by combining a
pair of U-shaped cores or a pair of E-shaped cores.

4. The transformer device according to any one of
claims 1 to 3, wherein the twisted wire is split into a
first split wire to be wound around a part on one side
of the core and a second split wire to be wound
around a part on the other side of the core, and the
first splitwire and the second split wire are electrically
bonded thereto in a first terminal pin in the wire ma-
terial for the primary coil and in a second terminal
pin in the wire material for the secondary coil, re-
spectively.

5. The transformer device according to any one of
claims 1 to 4, wherein a twisting pitch of a twisted
wire between the one-layer insulating wire material
and the three-layer insulating wire material is adjust-
ed to 3 mm or more and 10 mm or less.

6. The transformer device according to any one of
claims 1 to 4, wherein a twisting pitch of the twisted
wire between the one-layer insulating wire material
and the three-layer insulating wire material is adjust-
ed to 4 mm or more and 9 mm or less.

7. The transformer device according to any one of
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claims 1 to 6, wherein a wire diameter of each of a
conducting wire of the one-layer insulating wire and
the three-layer insulating wire which constitute the
twisted wire is adjusted to 0.2 mm or more and 0.45
mm or less.

The transformer device according to any one of
claims 1 to 7, wherein a total thickness of a coating
member of the one-layer insulating wire material and
a coating member of the three-layer insulating wire
material each interposed between individual con-
ducting wires of the wire material for the primary coil
and the wire material for the secondary coil which
constitute the twisted wire is adjusted to 0.1155 mm
or more and 0.1430 mm or less.
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FIG.1
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FIG.3

TRANSFORMER DEVICE ’

/

ONE-LAYER

INSULATING WIRE; 11A
THREE-LAYER
INSULTING WIRE;11B

TWISTED COIL;11
BOBBIN;41

T THREE-LAYER
] ! INSULTING
ONE-LAYER o WIRE;']'] B
INSUL?’{L&\IG N
WIRE; -
~~— 45B

X 51(4)
51(1)
51(2)



EP 3 382 724 A1

FIG.4
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FIG.5

WINDING DIAGRAM

11A2 31A

111B

THREE-LAYER
INSULTING
WIRE

TMA ONE-LAYER
INSULATING

WIRE

11A1

12



EP 3 382 724 A1

Obd-—

[zH] AONINDINA
000°000°000°L 000'000°001 000°000°01 000°000°L

00000}

00001

00s'¢-

000 ¢-

000G L-

000 L~

006 0~

gt %08

SOILSIHFLOVHVHO AONINDIH4-SSOT NOILHISNI

9°'9I4

HOLld ONILSIML TIOO
Ag d3SNvO d9ONVHO

0000

[ap] SSOT NOILYISNI

13



EP 3 382 724 A1

Obd—-—

000°000°000°L

[ZH] SOILSIYIALOVEHVHO AONINDIYA
000°000°001 000'000°01 000°000°L

000'001

00001

000°0G-

000Gy~

000°0p-

000°Ge-

000°0¢-

000°Ge-

\\

AN

s
AN

o -

000°0c-

[ap] SSOTNYNLIY

000°GlL-

000°0L-

000°G-

((¢) aNV (2) NIaIM1I9)SOILSINTLOVEYHD
AONINODIHA-SSOT NHNLIY

YA E |

HOLld ONILSIML 1100
A8 dISNVO FONVHO

0000

14



EP 3 382 724 A1

Obd——

000°000°000°L

[ZH] SOILSIYILOVEVHO AONINOINA
000°000°00L 00000001 000°000°L

000°00L

00001

000°0G-

000°Gy-

000°0%-

000°GE-

0000t~

000°Ge-

000°0¢-

[gp] SSOT NHNLIY

000°GL-

N

R S

000°0L-

000°G-

((9) ANV (S) NIIMLIY)SOILSIHILOVHVHD
ADNINDIHA-SSOT NHNLIH

8°9Id4

HOLld ONILSIML TI0O
A8 d3ISNVD 39NVHO

0000

15



EP 3 382 724 A1

v'0

TR
920 ——
STAVIEEEEE
€20 =

¢0—

[zH] ADNZINDIYA

000°000°000'L 000°000°001 000°000°0L 000°000°}

000°00}

00001

00ge-

000¢-

00G°¢c-

000°¢-

00G1-

0001~

00G°0-

0000

SOILSIH31OVHVYHO AONINOIH4-SSOT NOILHISNI

6 9Ol4

d31dNWvIAd TI0O
Ag d34SNVO 49NVHO

0080

[ap] SSOT NOILHASNI

16



EP 3 382 724 A1

000°000°000°}

000°000°001

000°000°01

[ZH] SOILSIMALOVEHVHO ADNINDIHL

000°000°}

000°001

000°01

000°0G-

000°GY-

0000~

000°G¢e-

000°0¢-

000°Ge-

e 4

000°0¢-

000°'GL-

74

s

0000L-

000°G-

((g) ANV (2) NIIMLIG)SOILSIYILOVEVHD

0L°91d

AONINDIYH4-SSOT NdNLIY

d313INVIA TIOD

A8 d3aSNVO FAONVHO

0000

[gp] SSOT NHNLIY

17



EP 3 382 724 A1

000°000°000°}

000°000°001

000°000°01

[ZH] SOILSIMALOVEVHO ADNINDIY

000°000°}

000°001

000°0L

000°0G-

000°GPy-

000 0%-

000°G¢e-

000°0¢-

000°Ge-

000°0¢-

000°GL-

000°0L-

000°G-

((9) ANV (8) NIIMLIF)SOILSIHILOVEHVHD

LL°OIH

AONINDIHA-SSOT NdNL3IY

d313NVIA 10D

Ag d3SNVO IONVHO

0000

[gp] SSOT NHNLIY

18



EP 3 382 724 A1

MINZ+MIL-—
MINL+MIL ——
MINZ+X3L------
MIN L +XT L e

[ZH] SOILSIYALOVEVHD AONINDIYS
000°000°000°L 000'000°001 000'000°0L 000°000°L 000'001

00001

Ge-

ml

Ge

Ggo

%

SOILSIHILOVEHVYHO AONINDIY4-SSOT NOILYISNI

¢L Old

SSIANMOIHL ONILYOO
OO A8 A4SNYO d9ONVYHO

[ap] SSOT NOILHISNI

19



EP 3 382 724 A1

MINE+MIL-—
MINL+MIL——
MINE+XIL ==~~~
MINL+XT ] e

000°000°000°L

[ZH] SOILSIYTLOVEVHO AONINOIYS
000000001 000'000°'0L 000°000°L 000°001

000°0L

Gy-

Oov-

ge-

0¢-

&

0c-

Gl-

OL-

RO

4
&
-

((2) ANV (2) NIIMLID)SOILSIHTLOVHEYHD
AONINODIHA-SSOT NHNLIY

ELOIH4

SSINMOIHL ONILYOD
1O A8 d3SNVO FIONVHO

[ap] SSOTNHNLIY

20



EP 3 382 724 A1

000°000°000°L

[ZH] SOILSIHILOVEVHO AONINDIYAS
000°000°001 000°000°0L 000°000°} 000001

000°0L

MINC+MIL--—

MINL+MIL——

Gk

MINE+X31L------

W

MINL+XT L e

((9) ANV (S) NTIMLIG)SOILSIYILOVEHYHD
AONINDIYA-SSOT NHNLIY

7L OId4

SSANMOIHL ONILVOD
MO0 A8 dISNVO FONVHO

[ap] SSOTNYNLIY

21



EP 3 382 724 A1

FIG.15
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