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(57) ABSTRACT

In a high-frequency module, mounting lands arranged to
mount at least one filter device having at least one set of an
unbalanced terminal and two balanced terminals are provided
at one side of a substrate top surface, and mounting lands
arranged to mount at least one element electrically connected
to the filter device are arranged at the opposite side. At least
two of a plurality of connection terminals provided on a
substrate bottom surface are respectively connected to con-
ductor patterns connected to via-hole conductors penetrating
the substrate within a mounting area for mounting the filter
device via connection lines and are arranged at a pitch which
1s less than the pitch of the via-hole conductors.

3 Claims, 9 Drawing Sheets
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HIGH-FREQUENCY MODULE INCLUDING
CONNECTION TERMINALS ARRANGED AT

A SMALL PITCH

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present 1invention relates to high-frequency modules,
and particularly, to a high-frequency module including a sur-
face acoustic wave device or a boundary wave device.

2. Description of the Related Art

Conventionally, high-frequency modules including a sur-
face acoustic wave filter are used 1n mobile phones and other
suitable devices.

For example, a high-frequency module 1, as illustrated in
an electric circuit diagram 1n FIG. 16 and a perspective view
in FIG. 17, includes an inductor 4 that 1s arranged across
balanced output terminals 3a and 3b of a surface acoustic
wave element 3 on a top surface of an isulating substrate 2,
the surface acoustic wave element 3 and the inductor 4 are
connected through connection lines 5 provided on the top
surface of the insulating substrate 2, and a terminal of the
inductor 4 and a connection terminal (not shown) are pro-
vided on the bottom surface of the msulating substrate 2 and
connected by a via-hole conductor (not shown) 1n the insu-
lating substrate 2 (See, for example, Japanese Unexamined

Patent Application Publication No. 2003-142981).

When the configuration of the conventional art described
above 1s used, for example, a high-frequency module 10a 1n
which a plurality of surface acoustic wave filters 18 and
inductors 16 are mounted on a top surface 13a of an insulating
substrate 13 may be provided, as 1illustrated 1n a perspective
view 1n FI1G. 8, a cross-sectional view 1n FIG. 9, an exploded
perspective view 1n FIG. 10, and a perspective view of 1nsu-
lating substrate top and bottom surfaces in FIGS. 11A and
11B.

In this case, as 1llustrated in F1G. 9 and FIGS. 11 A and 11B,
mounting lands 34 for mounting the inductors 16, and con-
nection terminals 26 on a bottom surface 13b of the insulating
substrate 13 are respectively connected to opposite ends of
via-hole conductors 44. Thus, the pitch Pa of the mounting
lands 34 for mounting the inductors 16 and the pitch of the
connection terminals 26 on the bottom surface 13b of the
insulating substrate 13 must be substantially equal.

Meanwhile, for high-frequency modules for mobile
phones and other suitable devices, a reduced size and a
decrease 1n the pitch of connection terminals are required.

To decrease only the pitch of connection terminals, as 1n a
high-frequency module 10b illustrated 1n a perspective view
in FIG. 12 and a perspective view 1n FIG. 13 of an insulating
substrate bottom surface viewed from the top surface side,
extension portions 37 extending from the mounting lands for
mounting iductors are provided on a top surface 14a of an
insulating substrate 14, and via-hole conductors are provided
downward from the extension portions 37, so that a pitch Pb
of connection terminals 28 on the bottom surface 14b of the
insulating substrate 14 may be decreased. In this case, an
extra space 14x for providing the extension portions 37 1s
required on the insulating substrate 14. This causes an
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increase in the dimensions of the product, and thus has
adverse eflects on the reduction 1n size of high-frequency

modules.

To decrease the pitch of connection terminals while main-
taining a reduced product size, as 1n a high-frequency module
10c illustrated 1n a perspective view 1n F1G. 14, a plan view 1n
FIG. 15A of an insulating substrate top surface, and a per-
spective view 1in FIG. 15B of an insulating substrate bottom
surface viewed from the top surface side, the size of elements
17 to be mounted on a top surface 15a of an insulating sub-
strate 15 may be decreased. In this case, it 1s necessary to
select the elements 17 having a size suitable for the pitch of
connection terminals 27 on a bottom surface 15b of the 1nsu-
lating substrate 15. Thus, a pitch Pc of the connection termi-
nals 27 1s restricted by the size of the elements 17. In addition,
there 1s a limitation i1n the manufacturing technique for
decreasing a distance between via-hole conductors. There-
fore, the pitch Pc of the connection terminals 27 can only be
decreased to a certain extent.

SUMMARY OF THE INVENTION

To overcome the problems described above, preferred
embodiments of the present mvention provide a high-fre-
quency module which enables the pitch of connection termi-
nals to be freely decreased without an adverse effect on size
reduction.

A high-frequency module according to a preferred
embodiment of the present invention includes (a) a substrate
in which a plurality of connection terminals arranged to be
connected to another circuit [is] are provided on one main
surtace thereof, and a plurality of mounting lands are pro-
vided on the other main surface thereof, (b) at least one filter
device having at least one set of an unbalanced terminal and
two balanced terminals, which 1s mounted at one side of the
other main surface of the substrate, and (c) at least one ele-
ment electrically connected to the filter device, which 1s
mounted at the opposite side to the filter device on the other
main surface of the substrate. The plurality of mounting lands
includes at least two balanced mounting lands connected to
the balanced terminals of the at least one filter device, and at
least two element mounting lands connected to the at least
one element. On the other main surface of the substrate, at
least two connection wires are arranged so as to connect the
at least two balanced mounting lands and the at least two
element mounting lands, vespectively. On the one main sur-

Jace of the substrate, at least two connection lines are pro-

vided. In a mounting area of the substrate, via-hole conduc-
tors ave provided so as to penetrate the substrate from the one
main surface to the other main surface. At least two of the
plurality of connection terminals (hereinafter referred to as
“specific connection terminals™) are arranged on the one main
surface of the substrate at the same side as the at least one
clement so as to be spaced 1Irom the via-hole
conductors[penetrating the substrate from inside a mounting
area for mounting the filter device on the other main surface
of the substrate to the one main surface of the substrate], and
are connected to first ends of the at least two connection lines.
[At least two connection lines respectively electrically con-
necting the specific connection terminals and the via-hole
conductors are provided on the one main surface of the sub-
strate.] First ends of via-hole conductors are connected to the
at least two balanced mounting lands, and second ends of
via-hole conductors arve connected to second ends of the at
least two connection lines. The pitch of the specific connec-
tion terminals connected to the at least two connection lines 1s
less than the pitch of the [via-hole conductors respectively]
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element mounting lands electrically connected to the specific
connection terminals via the at least two connection wires, the
at least two balanced mounting lands, the via-hole conduc-
tors, and the at least two connection lines.

With the above-described configuration, by setting the
pitch of the specific connection terminals to be less than the
pitch of the via-hole conductors connected to the specific
connection terminals via the connection lines, the pitch of the
specific connection terminals can be decreased. Since the
specific connection terminals can be designed without being
restricted by the pitch of the via-hole conductors, the size of
the high frequency module can be reduced.

Specifically, when via-hole conductors are provided below
mounting lands of elements and connection terminals are
provided near the ends of the via-hole conductors on the other
side of the substrate, as 1n the conventional art, the pitch of the
connection terminals 1s restricted by the pitch of the mounting
lands of the elements. However, there 1s no such restriction in
the above-described configuration.

Note that the filter device may be any type of filter device,
such as a SAW filter utilizing a surface acoustic wave and a

BAW filter utilizing a bulk wave.

Preferably, the filter device (1) includes at least two sets of
the unbalanced terminal and the two balanced terminals and
includes at least two sets of filters corresponding to at least
two bands, and (2) 1s arranged on the other main surface of the
substrate so that the balanced output terminals are adjacent to
the elements.

In this case, the pitch of the connection terminals (specific
connection terminals) connected to the balanced terminals of
the filter device can be decreased.

Preferably, the elements are inductors connected 1n parallel
across at least one set of the two balanced terminals of the
filter device.

In this case, the characteristics of the filter device can be
improved by the inductors. The pitch of the specific connec-
tion terminals can be set regardless of the size of the elements
(inductors ), which facilitates the selection of the elements.

According to preferred embodiments of the present imnven-
tion, 1t 1s possible to freely decrease the pitch of the connec-
tion terminals without adversely effecting downsizing and
without causing characteristic degradation.

Other features, elements, processes, steps, characteristics
and advantages of the present mvention will become more
apparent from the following detailed description of preferred
embodiments of the present mnvention with reference to the
attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view ol a surface acoustic wave
device according to a preferred embodiment of the present
invention.

FIG. 2 1s a cross-sectional view of the surface acoustic
wave device shown 1n FIG. 1.

FIG. 3 1s an exploded perspective view of the surface
acoustic wave device shown 1n FIG. 1.

FI1G. 4 1s a plan view of a top surface of a substrate, and a
perspective view ol a bottom surface of the substrate viewed
from the substrate top surface side of the surface acoustic
wave device shown in FIG. 1.

FIG. 5 1s an electric circuit diagram of a high frequency
module using the surface acoustic wave device shown in FIG.
1.

FIG. 6 1s a graph of the insertion loss of an inductor.

FI1G. 7 1s a graph of the output impedance of an inductor.
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FIG. 8 1s a perspective view of a conventional surface
acoustic wave device.

FIG. 9 1s a cross-sectional view of the conventional surface
acoustic wave device shown 1n FIG. 8.

FIG. 10 1s an exploded perspective view of the conven-
tional surface acoustic wave device shown 1n FIG. 8.

FIG. 11A 1s a plan view of a substrate top surface, and FIG.
11B 1s a perspective view of a substrate bottom surface
viewed from the substrate top surface side of the conventional
surface acoustic wave device shown 1n FIG. 8.

FIG. 12 1s a perspective view ol a conventional surface
acoustic wave device.

FIG. 13 1s a perspective view of a substrate bottom surface
ol the conventional surface acoustic wave device shown 1n
FIG. 12.

FIG. 14 1s a perspective view of a conventional surface
acoustic wave device.

FIG. 15A 1s a plan view of a substrate top surface, and FIG.
15B 1s a perspective view of a substrate bottom surface
viewed from the substrate top surface side of the conventional
surface acoustic wave device shown in FIG. 14.

FIG. 16 1s an electric circuit diagram of a conventional
surface acoustic wave device.

FIG. 17 1s a perspective view ol a conventional surface
acoustic wave device.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

PR.

(L]
By

ERRED

In the following, preferred embodiments of the present
invention will be described with reference to FIGS. 1 to 7.

As 1llustrated 1n a perspective view 1n FIG. 1, 1n a surface
acoustic wave filter device 10, two SAW filter devices 18a and
18b and four inductors 16 are mounted on a top surface of a
printed substrate 12.

The SAW filter devices 18a and 18b are balanced output
type dual SAW filters 1n each of which two sets of SAW filters
having one unbalanced input electrode and two balanced
output electrodes are provided. The inductors 16 are match-
ing elements arranged to provide matching between the indi-
vidual SAW filters of the SAW filter devices 18a and 18b.

As 1illustrated 1n FIG. 2, which 1s a cross-sectional view
taken along a line II-1I in FIG. 1, via-hole conductors 40 and
42 extending from a top surface 12a to a bottom surface 12b
are provided 1n the printed substrate 12. The via-hole conduc-
tors 40 and 42 are made of a conductive material.

As illustrated in an exploded perspective view in FIG. 3 and
a plan view in FIG. 4 of the top surface 12a of the printed
substrate 12, on the top surface 12a of the printed circuit
substrate 12, mounting lands 30, 31, 32, and 39 arranged to be
connected to external electrodes (not shown) of the SAW
filter devices 18a and 18b are disposed 1n individual areas 15
for mounting the SAW filter devices 18a and 18b.

Specifically, in each of the areas 15, two mounting lands 31
respectively connected to the unbalanced signal input elec-
trodes of the SAW filter devices 18a and 18b (hereinatter also
referred to as “unbalanced mounting lands™) are arranged at
opposite sides of one of the mounting lands 30 connected to
ground electrodes (not shown) of the SAW f{ilter devices 18a
and 18b, along one side 12p of a pair of opposing sides of the
top surface 12a of the printed substrate 12. On the other side
12g of the pair of opposing sides of the top surface 12a of the
printed substrate 12, four mounting lands 32 respectively
connected to the balanced input electrodes of the SAW filter
devices 18a and 18b (hereinaiter referred to as “balanced
mounting lands™) are arranged. Two mounting lands 39 con-
nected to other ground electrodes (not shown) of the SAW
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filter devices 18a and 18b are arranged between the mounting
lands 30 and 31, and the mounting lands 32.

Eight mounting lands 34 respectively connected to elec-
trodes of the four inductors 16 (hereinatfter also referred to as
inductor mounting lands) are arranged along the other side
12q of the pair of opposing sides of the top surface 12a of the

printed substrate 12.

The eight inductor mounting lands 34 are respectively elec-
trically connected to the eight balanced mounting lands 32
through connection lines 33. The eight inductor mounting,
lands 34 are arranged 1n a substantially straight line along the
other side 12q of the pair of opposing sides of the top surface
12a of the printed substrate 12 and the eight mounting lands
32 are arranged 1n a substantially straight line along the other
side 12q of the pair of opposing sides of the top surface 12a of
the printed substrate 12.

As 1llustrated 1n a perspective view 1n FI1G. 4 of the bottom
surtace 12b of the printed substrate 12 viewed from the side of
the top surface 12a, on the bottom surface 12b of the printed
substrate 12, four unbalanced signal input terminals 21a, 21b,
21c, and 21d defining connection terminals for connecting to
another circuit and two ground terminals 20 are arranged
along one side 12s of a pair of opposing sides of the bottom
surtace 12b of the printed substrate 12. In addition, four pairs
of balanced signal output terminals 22a and 22b, 23a and 23b,
24a and 24b, and 25a and 25b defining connection terminals
are arranged along the other side 12t of the pair of opposing
sides of the bottom surface 12b of the printed substrate 12.

In FIGS. 3 and 4, black ellipses represent ends of via-hole
conductors 40a and 40b, and 42a and 42b. As illustrated in
FIG. 4, the balanced signal output terminals 22a and 22b, 23a
and 23b, 24a and 24b, and 235a and 25b are respectively
connected to one end of connection lines 23. The other end 24
of the connection lines 23 are respectively connected to the
ends 42b of the via-hole conductors 42. The other ends 42a of
the via-hole conductors 42a are connected to the balanced
mounting lands 32.

The imnductor mounting lands 34 and the balanced signal
output terminals 22a and 22b, 23a and 23b, 24a and 24b, and
25a and 25b are connected via connection wires 33, the via-
hole conductors 42, and the connection lines 23 and are not
directly connected through the opposite ends of the via-hole
conductors. Thus, the pitch P of the balanced signal output
terminals 22a and 22b, 23a and 23b, 24a and 24b, and 25a and
25b can be set to be less than the pitch of the inductor mount-
ing lands 34.

The surface acoustic wave device 10 1s mounted on a
substrate of an antenna circuit module and defines portions
indicated by reference numerals 10a and 10b 1n an antenna
circuit AC2 illustrated in FI1G. 5. In the circuit diagram 1n FIG.
5, portions corresponding to the unbalanced signal input ter-
minals 21a, 21b, 21c, and 21d and the balanced output termi-
nals 22a and 22b, 23a and 23b, 24a and 24b, and 25a and 25b
are denoted by the same reference numerals. The SAW filter
device 18a 1s defined by SAW filter circuits SAW1 and
SAW2, and the SAW filter device 18b 1s defined by SAW filter
circuits SAW3 and SAW4. The inductors 16 are defined by
coils .61, .62, .63, and 1.64.

In the antenna circuit AC2, a low-pass filter circuit LPF1 1s
provided in a signal path connecting an antenna terminal ANT
and a diplexer circuit DP. In the diplexer circuit DP, alow-pass
filter LPF 2 1s provided in a signal path connecting to a switch
circuit SW12, and a high-pass filter HPF 1s provided 1n a
signal path connecting to a switch circuit SW34.

The switch circuit SW12 performs switching of signal
paths for GSM8350/EGSM systems.
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The balanced SAW filter circuit SAW1 1s connected 1n a
signal path connecting the switch circuit SW12 to receiving
terminals RX1a and RX1b. The coil 61 1s connected across
the recerving terminals RX1a and RX1b. This SAW filter
circuit SAW1 passes signals 1in a reception frequency band of
GSMR850 standard (about 0.869 GHz to about 0.894 GHz)
and attenuates signals at other frequencies.

The balanced SAW filter circuit SAW2 1s connected 1 a
signal path connecting the switch circuit SW12 to receiving
terminals RX2a and RX2b. The coil .62 1s connected across
the recerving terminals RX2a and RX2b. This SAW filter
circuit SAW2 passes signals 1n a reception frequency band of
EGSM standard (about 0.925 GHz to about 0.960 GHz) and
attenuates signals at other frequencies. A low-pass filter LPF3
1s provided in a signal path connecting the switch circuit
SW12 and a transmission terminal TX12.

The balanced SAW filter circuit SAW3 1s connected 1n a
signal path connecting the switch circuit SW34 to receiving
terminals RX3a and RX3b. The coil .63 1s connected across
the receving terminals RX3a and RX3b. This SAW f{ilter
circuit SAW3 passes signals 1n a reception frequency band of
a DCS system (about 1.805 GHz to about 1.880 GHz) and
attenuates signals at other frequencies.

The balanced SAW filter circuit SAW4 1s connected 1n a
signal path connecting the switch circuit SW34 to receiving
terminals RX4a and RX4b. The coil L64 1s connected across
the recerving terminals RX4a and RX4b. This SAW filter
circuit SAW4 passes signals 1in a reception frequency band of
a PCS standard (about 1.930 GHz to about 1.990 GHz) and
attenuates signals at other frequencies.

With this circuit configuration, the antenna switching AC2
performs switching of signal paths between one antenna por-
tion and each of the four transmission/reception systems of
GSMS850, EGSM, DCS, and PCS systems.

The high-frequency module described above allows the
pitch of the connection terminals to be freely decreased with-
out adversely effecting downsizing.

Specifically, by connecting the lower ends of via-hole con-
ductors provided on lower portions of the balanced output
terminals of SAW filters and connection terminals through
connection line, the pitch of terminals on a product bottom
surface can be freely changed.

Since elements and connection terminals can be connected
through a path 1n a space 1n which SAW filters and elements
are arranged, downsizing of products can be achieved.

In addition, the element si1ze can be selected without regard
to the intervals of terminals on the bottom surface. This
increases the degree of freedom 1n element selection, and the
downsizing of elements permits downsizing of substrates and
high-frequency modules.

Atpresent, IC terminals with a pitch of about 0.50 mm have
become the mainstream along with their downsizing. Thus,
the pitch of about 0.50 mm 1s also required for balanced signal
input terminals of a high-frequency module. By using the
high-frequency module according to this preferred embodi-
ment, balanced signal input terminals with a pitch of about
0.50 mm can be obtained even when an inductor having a size
of about 1.0xabout 0.5 mm with a good Q) 1s used as the coil
[.61 1n FIG. 5. On the other hand, to obtain balanced signal
input terminals with the about 0.50 mm pitch 1n the conven-
tional art, 1t 1s necessary to use an inductor having a size of
about 0.6xabout 0.3 with a bad Q as the coil L61 in FIG. 5.

FIG. 7 illustrates output impedances of the balanced signal
output terminals 22a and 22b of the SAW filter circuit SAW1
obtained when an inductor of about 1.0 mmxabout 0.5 mm
s1ze with a good Q and an inductor of about 0.6 mmxabout 0.3
s1ze with a bad Q were used. The solid line represents the
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output impedance obtained when the inductor of about 1.0
mmxabout 0.5 mm size was used, and the chain line repre-

sents the output impedance obtained when the inductor of

about 0.6 mmxabout 0.3 mm size was used. FIG. 6 1s a graph
comparing the insertion loss of the inductor of about 1.0
mmxabout 0.5 mm size and the insertion loss of the inductor
of about 0.6 mmxabout 0.3 mm size.

It can be seen from FIG. 7 that the pass band characteristic
1s degraded to a lesser extent when the inductor of about 1.0
mmxabout 0.5 mm size with a good Q) 1s used as the coil L61
according to an example of preferred embodiments of the
present invention.

Note that the present invention 1s not limited to the pre-
terred embodiments described above, and may include vari-
ous modifications.

For example, the filter device to be mounted on a substrate
1s not limited to a SAW (surface acoustic wave) device, and
instead may be a BAW (bulk wave) device. In addition, an
clement other than an inductor may be connected to the filter
device.

While preferred embodiments of the present invention
have been described above, 1t 1s to be understood that varia-
tions and modifications will be apparent to those skilled 1n the
art without departing the scope and spirit ol the present inven-
tion. The scope of the present mnvention, therefore, 1s to be
determined solely by the following claims.

What 1s claimed 1s:

1. A high-frequency module comprising;:

a substrate [having] including a first main surface and a
second main surface, [and including] a plurality of con-
nection terminals arranged to be connected to another
circuit and provided on the first main surface of the
substrate, and a plurality of mounting lands provided on
the second main surface;

at least one filter device mounted at a first side of the second
main surface of the substrate, the at least one filter device
including at least one set of an unbalanced terminal and
two balanced terminals; and

at least one element mounted at a second side opposite to
the first side of the second main surface of the substrate,
the at least one element being electrically connected to
the at least one filter device; wherein

the plurality of mounting lands includes at least two bal-
anced mounting lands connected to the balanced termi-
nals of the at least one filter device and at least two
element mounting lands connected to the at least one
element;
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at least two connection wires are provided on the second
main surface of the substrate, respectively connecting
the at least two balanced mounting lands and the at least
two element mounting lands;

at least two connection lines ave provided on the first main
surface;

via-hole conductors ave provided in a mounting area of the
substrate to mount the at least one filter device so as to
penetrate the substrate from the second main surface to
the first main surface;

at least two of the plurality of connection terminals define
specific connection terminals[and], which are arranged
on the first main surface of the substrate at the second
side[,] so as to be spaced from the via-hole
conductors[penetrating the substrate from inside a
mounting area for mounting the at least one filter device
on the second main surface of the substrate to the first
main surface of the substrate], and which are connected
to first ends of the at least two connection lines;

[at least two connection lines respectively electrically con-
necting the specific connection terminals and the via-
hole conductors are provided on the first main surface of
the substrate; and] first ends of the via-hole conductors
are respectively connected to the at least two balanced
mounting lands, and second ends of the via-hole con-
ductors are vespectively connected to second ends of the
at least two connection lines;: and

a pitch of the specific connection terminals connected to
the first ends of the at least two connection lines 1s less
than a pitch of [the via-hole conductors respectively
electrically] the at least two element mounting lands
connected to the specific connection terminals via the at
least two connection wires, the at least two balanced
mounting lands, the via-hole conductors, andthe at least
two connection lines.

2. The high-frequency module according to claim 1,
wherein the at least one filter device includes at least two sets
of the unbalanced terminal and the two balanced terminals
and at least two sets of filters corresponding to at least two
bands, and the swvo balanced terminals are arranged on the
second main surface of the substrate, so as to be adjacent to
the at least one element.

3. The high-frequency module according to claim 1,
wherein the at least one element 1s an inductor connected in
parallel across [at least one set of] the two balanced terminals
of the at least one filter device.
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