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ABSTRACT OF THE DISCLOSURE

A directional coupler which can adjust a degree of coupling
easily and by comparatively low cost is provided. A directional
coupler has a substrate, a 1lst transmission line formed on the
substrate, a 2nd transmission line formed on the substrate, and a
coupling substrate provided with a 3rd transmilission line and a 4th
transmission line which forma coupling part. The coupling substrate
1s attached to the substrate so that the coupling part may be inserted

in the 1st transmission line and 2nd transmission line.
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TITLE OF THE INVENTION

DIRECTIONAL COUPLER

FIELD OF THE INVENTION
[0001] This invention relates toa directional coupler used
for a transmission apparatus of a digital wireless communication

system and a broadcasting system, for example.

DESCRIPTION OF THE BACKGROUND

[0002] In a transmission apparatus of a digital wireless
communication systemand a broadcasting system, a directional coupler
is used for combining process or distributing process of a
transmission signal. As broadening a bandwidth of the transmission
apparatus is requested in recent years, this directional coupler 1is
strongly desired to have a wideband and good characteristic. For
this reason, when the directional coupler is manufactured, a
structure of multi-stage coupling 1s usually used.

[0003] In the directional coupler, 1t may be necessary to
change a degree of coupling between each transmission line. In this

case, a design change of a circuit pattern is obliged and it may be

necessary to exchange the whole substrate which constitutes the

directional coupler.

[0004] As conventional technology related to this kind,
there is a radio frequency filter indicated in JP, PHO06-97766A. 1In
this high pass filter, two signal lines are formed on mutually

different planes and a substrate 1s sandwiched between both lines.
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A degree of coupling is adjusted by choosing thickness of the
substrate sandwiched.

[0005] An example of a directional coupler which has a
multi-stage coupling part considered conventionally is shown in Fig.
12. Directional coupler 300 has coupling parts 302, 304 and 306.
Coupling parts 302, 304 and 306 are formed by transmission line 310
formed on one surface of substrate 308 and transmission line 320
formed on another surface. In coupling parts 302 and 306 with shallow
degree of coupling, transmission lines 310,320 are coupled between
their edges. In coupling part 304 whose degree of coupling 1is
comparatively deep, transmission line 310 counters transmission line
320 via substrate 308, and transmission line 310 and transmilission
line 320 are coupled between the surfaces. In this directional
coupler, substrate thickness tolerance will influence the degree of
coupling greatly depending on the thickness of substrate 308 to be
used. And in order to adjust the degree of coupling, it is required
to exchange substrate 308 whole. Terminals 330 and 340 are connected
with ends of transmission line 320 via through holes 332 and 342.

[0006] In the directional coupler according to the
conventional technology, when the degree of coupling 1s changed, 1t
1s obliged to exchange the whole substrate with other substrate and

a cost 1lncreases sharply.

SUMMRY OF THE INVENTION
[0007] A purpose of this invention is to provide a

directional coupler which can adjust a degree of coupling easily and
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by comparatively low cost.

*
p—

(0008] According to a directional coupler of an

embodiment, the directional coupler has a substrate, a 1lst

transmission line formed on the substrate, a 2nd transmission

line formed on the substrate, and a coupling substrate having a

3rd transmission line and a 4th transmission line which form a
coupling part. The coupling substrate is attached to the
substrate so that the coupling part may be inserted 1n the 1st

transmission line and 2nd transmission line.

r—

(0008a] According to'another embodiment of the

invention there is provided a directional coupler comprlsing: a

first substrate including a first principal surface and a

second principal surface that counters said first principal

surface; a first transmission line formed on said first

r—

principal surface of said first substrate; a second

transmission line formed on said first principal surface of

said first substrate; and a coupling substrate including a

third transmission line and a fourth transmission line forming

a first coupling part, said coupling substrate being attached

to said first substrate so that said first coupling part 1s
inserted in said first transmission line and said second

transmission line; wherein said coupling substrate includes a

first base layer having a third principal surface and a fourth

principal surface that counters said third principal surface,

said third transmission line is formed on said third principal

gr—

surface ot

said first base lavyer, said fourth transmission line

ﬁ

is formed on said fourth principal surface of said first base

layer, and said coupling substrate 1s attached to said first

principal surface of said first substrate so that said third

pr—
—

principal surface of said first base layer counters said first

3
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#

principal surface of said first substrate wherein said first

transmission line and second transmission line have a region 1n

which said first transmission line and saild second transmission

line are close and are parallel and said first transmission

line and saild second transmission line form a second coupling

part at said reglon.

gr—

[0008b] According to still another embodiment of the

invention, there 1s provided a directional coupler comprising:

a substrate having a first principal surface and a second

principal surface that counters said first principal surface; a

gr—

of said substrate; a second transmission line

—

e

first transmission line formed on said first principal surface

formed on said

first principal surface of said substrate; and coupling parts

of m (m 1s natural number) stages connected 1n series and

inserted in said first transmission line and sald second

gr—

transmission line; wherein at least one of said coupling parts

—

of m stages is formed 1n a coupling substrate which 1ncludes: a

first base layer having a third principal surface and a fourth

principal surface that counters said third principal surface; a

third transmission line formed on said third principal surface

gr—

on salid fourth principal surface of said

said coupling substrate 1s attached to said

p—

of said first base layer; and a fourth transmission line formed
first base layer; and

first principal

surface of said first substrate so that said third principal

r—
s

surface of said first base layer counters sald first principal

surface of said first substrate wherein said

-

first transmission

line and second transmission line have a region 1n which said

first transmission line and said second transmission line are

close and are parallel and said first transmission line and

salid second transmission line form a second coupling part at

said region.

3a
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[0009] Fig.

ESCRIPTION OF THE DRAWINGS

1 1s a circuit block diagram showing a

P

directional coupler according to one embodiment of the present

invention.

Fig. 2 1s a

top view of a maln portion composition of

the directional coupler according to the embodlment.

F'1g. 3 1s a

r-

—

perspective view of the main portion

composition of the directional coupler according to the

embodiment.

FFig. 4 1s a

ﬁ

F'i1g. 5 1s a

Fig. 6 1s a

characteristic of the

Fig. 7 1s a

characteristic (1) of

Fig. 8 1s a

characteristic (2) of

side view of the main portion composition

of the directional coupler according to the embodiment.

F

sectional view of a coupling substrate.

table explaining each size and

coupling substrate shown 1n Fig. 5.

coupling characteristic diagram showing

Fig. ©.

coupling characteristic diagram showlng

Fig. o.

3b
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Fig. 9 1s a coupling characteristic diagram showing
characteristic (3) of Fig. 6.

Fig. 10 1is a coupling characteristic diagram showing
characteristic (4) of Fig. 6.

Fig. 11 1s a coupling characteristic diagram showing
characteristic (5) of Fig. 6.

Fig. 12 is a drawing showing a directional coupler of an example

considered conventionally.

DETAILED DESCRIPTION OF THE INVENTION

[0010] Hereinafter, an embodiment of this invention will
be explained in detail with reference to drawings.

[0011] Fig. 1 1s a circult block diagram showing the
directional coupler according to one embodiment of this invention.
In directional coupler 10, transmission lines 11 and 12 are formed
in parallel on an upper surface of substrate 100. Port 1 and port
2 for inputting and outputting an RF (radio frequency) signal are
connected to both ends of transmission line 11. And port 3 and port
4 for inputting and outputting the RF signal are connected to both
ends of transmission line 12.

[0012] In order to combine or distribute the RF signal,
plural stages, for example, three stages of coupling parts 21, 22
and 23 are formed in these transmission lines 11 and 12.

[0013] Fig. 2 shows the directional coupler of this

embodiment which realizes directional coupler 10 shown in Fig. 1.

In directional coupler 10, coupling parts 21 and 23 are formed on
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substrate 100, and coupling part 22 1is formed 1n coupling substrate
200 whichis different formsubstrate 100. Inorder toadjust a degree
of coupling of directional coupler 10, coupling substrate 200 in which
coupling part 22 havingia desired degree of coupling is formed 1is
attached to substrate 100. Coupling part 22 has the deeper degree
of coupling compared with coupling parts 21 and 22.

[0014] On substrate 100 which consists of dielectric, 1lst
transmission line 11b and 2nd transmission line 12b are provided
closely énd 1n parallel and form coupling parts 21 and 23. 1lst
transmission line 11b and 2nd transmission line 12B are missing at
a portion in which coupling part 22 (coupling substrate 200) 1s
provided. Ports 1, 2, 3 and 4 are connected to each both ends of
lst transmission line 11b and 2nd transmission line 12B, respectively.
Furthermore, a conductor (not shown) 1s formed on other principal
surface of substrate 100.

[0015] Coupling part 22 is formed in coupling substrate 200.
In coupling substrate 200, 3rd transmission line 1l1la and 4th
transmission line 12a are formed on both surfaces of a base substance

layer, respectively. 3rd transmission line lla and 4th transmission
line 12a overlap and counter each other in the central part and form
coupling part 22.

[0016] With reference to Fig. 3, coupling substrate 200 will

be explained in detail. Coupling substrate 200 uses printed circuit
boards, each printed circult board has a conductor layer. Coupling
substrate 200 has base substance layer 110 which consists of

dielectric and upper outer layer 112 which consists of dielectric.
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In Fig. 3, 11b and 12b denote transmission lines formed on substrate
100.

[0017] Transmission line 1la is formed on one principal
surface (in Fig. 3, an upper surface) of base substance layer 110,
and transmission line 12a is formed on another principal surface (in
Fig. 3, an undersurface). Transmission lines lla and 1l2a have
overlapped parts 1lal and 12al which are formed in parallel and
overlap at center portions, respectively.

[0018] On the another principal surface of base substance
layer 110, contact parts 13 and 14 are formed in positions which
counter transmission line 11b. And contact parts 15 and 16 are formed
in positions which counter transmission line 12b. Both ends of
transmission line lla are extended from overlapped part 11al to end
portions of base substance layer 110 which counter contact parts 13
and 14. And both ends of transmission line lla are connected with
contact parts 13 and 14 via through holes 31 and 32 which penetrates
base substance layer 110 1in the perpendicular direction. Both ends
of transmission line 12a are extended from overlapped part 12al to

end portions of base substance layer 110 to connect with contact parts

15 and 16.
[0019] Upper outer layver 112 1is formed on base substance
layer 110.

On an outside surface of outer layer 112, a conductor (not shown)
1s provided and this conductor 1s grounded.
[0020] Substrate 200 is attached to the upper surface of

substrate 100, which is a surface on which transmission lines 11D
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and 12b are formed. As a side view is shown in Fig. 4, contact parts
13, 14 (not shown), 15 and 16 formed on the undersurface of coupling
substrate 200 contact transmission lines 11b (not shown) and 12b
formed on the upper surface of substrate 100, respectively. 1In
addition, in Fig. 4, 18 denotes the conductor formed on the back
surface of substrate 100, and 19 denotes the conductor formed on upper
Quter layer 112.

Furthermore, in Fig. 4, transmission lines 1lla and 12a are omitted.

[0021] Contacting portions between transmission lines 11b
and 12b and contact parts 13, 14, 15 and 16 are soldered.
Thereby, coupling substrate 200 is attached to substrate 100, and
coupling part 22 is connected with coupling parts 21 and 23 in series.

[0022] Next, a directional coupler in which a degree of
coupling was designed at 3 dB will be explained with reference to
Fig. 5 through Fig. 11.

[0023] In a design of this directional coupler, coupling
substrate 200 is considered to have a structure shown in Fig. 5. It
1s suppose that pattern width W and pattern gap S are 0.46 mm and
0.1 mm, respectively as a designed value.

[0024] Fig. 5 shows a cross sectional view of coupling

substrate 200. Overlapped parts 1lal and 12al of transmission lines
1la and 12a are provided on both surfaces of base substance laver

110 which consists of dielectric. Upper outer layer 112 1s formed
on one principal surface of base substance layer 110. Conductor 19
i1s formed on an outer surface of upper outer layer 112 and conductor

19 1is grounded. On another principal surface of base substance layer
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110, lower outer layer 114 which consists of dielectric 1s formed.
Conductor 17 is formed in an outer surface of lower outer layer 114
and conductor 17 is grounded. 1In addition, unlike coupling substrate
200 shown in Fig. 2 through Fig. 4, coupling substrate 200 shown in
Fig. 5 has lower outer lavyer 114.

[0025] In this design structure, each of pattern width W
and patterngap S of overlapped part 11al and 12al is variously changed,
as shown in Fig. 6. Coupiing substrate 200 with each size of Fig.
6 1s used as coupling part 22, and coupling substrate 200 1s connected
to substrate 100 shown in Fig. 2 and directional couplers will be
manufactured. The coupling characteristics of these directional
couplers are calculated, respectively. When passband
characteristic K1-2 of port 2 to an input to port 1 and passband
characteristic K1-3 of port 3 to the input to port 1 are calculated,
they become characteristics shown in Fig. 7 through Fig. 11.

[0026] Fig. 7 shows characteristic (1) by the designed value
(pattern gap S is 0.1 mm and pattern width W is 0.46 mm). Each of
passband characteristic K1-2 and passband characteristic K1-3 18 3
dB in a wide band and is very small in deviation.

[0027] Fig. 8 shows characteristic (2) and passband
characteristic K1-2 and passband characteristic K1-3 are large in
deviation. Fig. 9 shows characteristic (3) and passband
characteristic K1-2 and passband characteristic K1-3 are large in
deviation. Fig. 10 shows characteristic (4) and passband
characteristic K1-2 and passband characteristic K1-3 are small in

deviation. And Fig. 11 shows characteristic (5) and passband
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characteristic K1-2 and passband characteristic K1-3 are small in
deviation.

(0028] Actual substrate 200 1s usually manufactured based
on pattern gap S and pattern width W of the above-mentioned designed
value. But, substrate 200 cannot necessarily be manufactured as the
designed value because of errors, such as a size of base substance
layer 100 of dielectric.

[0029] In actual manufacturing, when pattern gap S becomes
0.08 mm owing to the size error of base substance layer 110, two
coupling substrates 200 with pattern width W of 0.46 mm and 0.33 mm
were manufactured. These coupling substrates 200 were applied to
substrate 100 shown in Fig. 2 to manufacture directional couplers
10. And the coupling characteristic of each directional coupler 10
manufactured was measured.

[0030] By directional coupler 10 using coupling substrate
200 with patternwidthwof 0.33 mm, a coupling characteristic similar
to characteristic (4) by the calculated value shown in Fig. 10 was
obtained. And, by directional coupler 10 using coupling substrate

200 with patternwidth wWof 0.33 mm, a coupling characteristic similar
Lo characteristic (2) by the calculated value shown in Fig. 8 was

obtained. 1In coupling characteristic shown in Fig. 8, the deviations
of passband characteristic K1-2 and passband characteristic K1-3 are

large. 1In coupling characteristic shown in Fig. 10, the deviations
of passband characteristic K1-2 and passband characteristic K1-3 are
small. A comparison with Fig. 7 shows that characteristic shown in

Fig. 10 is close to the designed value. Therefore, coupling
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substrate 200 with pattern width Wof 0.33 mm was chosen in this case,
and directional coupler 10 was manufactured.

[0031] In actual manufacturing, when pattern gap S becomes
0.12 mm, two substrates 200 with pattern width W of 0.46 mm and 0.65
mm were manufactured as shown in Fig. 6. These coupling substrates
200 were applied to substrate 100 shown 1in Fig. 2 to manufacture
directional couplers 10. And the coupling characteristics of
directional couplers 10 manufactured were measured. By directional
coupler 10 using coupling substrate 200 with pattern width W of 0.46
mm, a coupling characteristic similar to characteristic (3) by the
calculated value shown in Fig. 9 was obtained. By directional
coupler 10 using coupling substrate 200 with pattern width W of 0.65
mm, a coupling characteristic similar to characteristic (5) by the
calculated value shown in Fig. 11 was obtained. 1In coupling
characteristic shown in Fig. 9, the deviations of passband
characteristic K1-2 and passband characteristic K1-3 are large.
In coupling characteristic shown in Fig. 11, the deviations of
passband characteristic K1-2 and passband characteristic K1-3 are

small. A comparison with Fig. 7 shows that characteristics shown
in Fig. 11 are close to the designed value. Therefore, coupling

substrate 200 with pattern width Wof 0.65 mm was chosen in this case,

and directional coupler 10 was manufactured.

[0032]
In addition, as for the above-mentioned coupling substrate 200
referred to Fig. 5, lower outer layer 114 and conductor 17 are formed.

But, these are not necessarily required and substrate 100 and

10
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conductor 18 are formed instead of them in the embodiment shown in
Fig. 2 through Fig. 4.

[0033] As mentioned above, according to the directional
coupler of this embodiment, coupling part 22 among three stages of
coupling parts 21, 22 and 23 is formed in coupling substrate 200 which
is different from substrate 100. And coupling substrate 200 1is
attached to substrate 100. When adjusting the degree of coupling
to become wideband, it was required to repair substrate 100 itself
conventionally. However, in the case of this embodiment, what 1is
necessary 1s just to choose optimal coupling substrate 200 from
coupling substrates 200 of different pattern width W and pattern gap
S and to exchange coupling substrate 200 with optimal coupling
substrate 200. It is not necessary to modify substrate 100 itself
at all.

[0034] Therefore, according to the directional coupler of
the embodiment of the present invention, the degree of coupling can
be adjusted easily and comparatively by low cost.

[0035] In addition, the above-mentioned embodiment
explained the example of directional coupler 10 which has coupling
parts 21, 22 and 23 of 3-stage constitution. Directional coupler
10 which has more stages of coupling parts is feasible similarly.
Coupling substrate 200 having the coupling part is not restricted
toone and plural coupling substrates 200 may be attached to substrate
100. In addition, in the present invention, it is desirable to form

in coupling substrate 200 the coupling part whose degree of coupling

i1s deeper than other coupling part and in which a manufacturing error

11
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tends to occur.

[0036] According to the directional coupler of the present
invention, even when a directional coupler has only one stage of
coupling part 22, coupling part 22 may be formed in coupling substrate
200 and ports 1, 2, 3 and 4 may be formed in substrate 100.

[0037] Furthermore, the above-mentioned embodiment
explained the example which uses the printed circuilit board for
coupling substrate 200. However, other substrates may be used.

[0038] In the above-mentioned embodiment, transmission
lines 11b and 12b which form coupling parts 21 and 23 are formed on
the same surface of substrate 100. However, transmission line 11b
and transmission line 12b may be formed on different surfaces of
substrate 100, respectively. That 1s, contact parts of transmission
lines 11b and 12b, to which coupling part 22 of coupling substrate
200 is attached, should just be formed on one surface of substrate
100. For example, contact parts of transmission line 11b or 12b
should just be drawn to one surface of substrate 100 via through holes
formed in substrate 100 at the contacting portions between coupling

part 22 of coupling substrate 200 and transmission lines 11b and 12Db.

[0039] Other embodiments or modifications of the present
invention will be apparent to those skilled in the art from
conslideration of the specification and practice of the invention
disclosed herein. It is intended that the specification and example
embodiments be considered as exemplary only, with a true scope and

spirit of the invention being indicated by the following.

12
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CLAIMS:

10

15

20

29

1. A directional coupler comprising:

a first substrate including a first principal surface

and a second principal surface that counters said first

principal surface;

a first transmission line formed on said first

—_—

principal surface of saild first substrate;

a second transmission line formed on said first

principal surface of said first substrate; and

a coupling substrate including a third transmission

line and a fourth transmission line forming a first coupling

part, said coupling substrate being attached to said first

substrate so that said first coupling part is inserted in said

first transmission line and said second transmilission line;

wherein sald coupling substrate includes a first base

layer having a third principal surface and a fourth principal

surface that counters said third principal surface, said third

'--

transmission line is formed on said third principal surface of

said first base lavyer, said fourth transmission line 1s formed

gr—

on said fourth vrincipal surface of said first base lavyver, and
4

sald coupling substrate is attached to said first principal

o
e

surface of said first substrate so that said third principal

’-

surface of said first base layer counters said first principal

'-!
F

surface of said first substrate wherein said first transmission

line and second transmission line have a region in which said

first transmission line and said second transmission line are

close and are parallel and said first transmission line and

13
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form a second coupling part at

sald second transmission line
sald region.

2. The directional coupler according to claim 1, wherein

sald third transmission line is inserted 1in said

first

5 +transmission line and said fourth transmission line 1s 1nserted

in said second transmission line.

3. The directional coupler according to claim 1, whereiln

sald coup.

which a conductor layer 1s formed.

ing substrate includes a printed circuit board on

10 4. The directional coupler according to claim 1, wherein

said coupling substrate 1ncludes:

first base

through holes which are formed 1in said

fourth transmission line and which

layer at both ends of said
h transmission line to sailid third principal

draw said four:

15 surface,

said third transmission line 1s connected to said

First transmission line, and saild fourth transmission line 1s

L1

connected to said second transmission line via said through

holes.

20 5. The directional coupler according to claim 1, wherein

formed by an overlapped part to

said first coupling part 1s

which said third transmission line overlaps with said

fourth

transmission line.

further

0. The directional coupler according to claim 4,

formed on said second principal

25 comprising: a first conductor
"irst substrate; a second base layer provided

s

surface of said

| _—

14
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on said first base layer; and a second conductor formed on saild

second base layer.

7.

sald
have
said

sald

form

The directional coupler according to claim 1, wherein

first transmission line and said second transmission line

a second region in which said first transmission line and

second transmission line are close and are parallel, and

first transmission line and said second transmission line

a second coupling part and a third coupling part at said

second reglions.

38 .
both

The directional coupler according to claim 1, wherein

r— —

ends of said first transmission line and both ends of said

second transmission line are connected to ports, respectively.

J.

The directional coupler according to claim 1, wherein

p— f'b

a degree of coupling of said first coupling part 1s deeper than

that

10.

.

of said second coupling part.

A directional coupler comprising:

a substrate having a first principal surface and a

second principal surface that counters said first principal

g—

surlrace,

.

a first transmission line formed on said first

g—

princlipal surface of said substrate;

a second transmission line formed on said first

g—
.

principal surface of said substrate; and

g—

coupling parts of m (m 1s natural number) stages

connected in series and inserted in said first transmission

line and said second transmilission line;

15
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stages 1S

principal

third tran

fﬁ

ol

on said

CA 02657145 2012-11-07

wherein at lea

formed 1n a co

surface that c

smission line

ﬁ

st one of saild coupling parts of m

H

upling substrate which 1ncludes: a

first base layer having a third principal surface and a fourth

ounters salid third principal surface; a

formed on said third principal surface

of said first base layer; and a fourth transmission line formed

gp—

fourth principal surface of said first base layer; and

said coupling substrate is attached to said first principal

r—
P

surface of

—
pr—

surface of

f—
P+

surface of

line and s

sald first su

sald first ba

sald first su

econd transmilis

bstrate so that said third principal

se layer counters said first principal

bstrate wherein sailid first transmission

sion line have a region 1in which said

first transmission line and said second transmission line are

close and are parallel and said first transmission line and

said second transmission line form a second coupling part at

sald reglio

11.

Il.

The directiona

1 coupler according to claim 10,

wherein sailid coupling substrate includes a printed circult

board on which a conductor layer 1s formed.

12.

The directiona

1 coupler according to claim 10,

wherein said third transmission line 1s inserted in said first

transmission line and said fourth transmission line 1s 1nserted

in sald second transmission lilne.

13.

The directiona

1 coupler according to claim 10,

wherein said coupling substrate further includes: through holes

whilich are

formed 1n said

g
pr—

first base lavyer at both ends of said

fourth transmission line and which draw said fourth

transmission line to said third principal surface, and said

third transmission line 1s connected to said first transmission

16
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line, and said fourth transmission line 1s connected to said

second transmission line via said through holes.

14. The directional coupler according to claim 10,

—

wherein both ends of said first transmission line and both ends

—

of said second transmission line are connected to ports,

respectively.

17
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