
SPECIFICATION TITLE OF THE INVENTION SWITCHING DEVICE AND MODULE Field
[0001]A certain aspect of the present invention relates to a switching
device and a module. Background [0002]The rapid spread of wireless devices
as typified by mobile phones has promoted the use of switching devices. For
example, mobile terminals for high frequency communications use a high
frequency switch to select multiple high-frequency signals. The switches
include mechanical switches and switches using a semiconductor transistor.
[0003]Japanese Patent Application Publication No. 2006-109084 (Patent
Document ) and U.S. Patent No. 7848712 (Patent Document 2) disclose
providing an inductor between input-output terminals to improve isolation
characteristics between the input-output terminals of the switch. [0004]The
techniques of Patent Documents 1 and 2 can cancel out parasitic capacitance



between the input-output terminals by a reactance component of the inductor
and improve the isolation characteristics. However, a parasitic capacitance
value between the input-output terminals is small, and thus the inductance
of the inductor is made to be high. This makes downsizing difficult.
SUMMARY OF TI1E INVENTION  [0005]According to an aspect of the present
invention, there is provided a switching device including: a switch that
selects and connects one of input-output terminals to a common terminal;
and a delay line that is connected in parallel to the switch between two
terminals of the input-output terminals and delays a signal by using an
acoustic wave. [0006]According to an aspect of the present invention, there
is provided a module including the above described switching device. BRIEF
DESCRIPTION OF THE DRAWINGS [0007]FIG. IA is a circuit diagram of a switch
used in a switching device, and FIG. 1B is a diagram to explain isolation
of the switch; FIG. 2 is a block diagram of a switching device in
accordance with a first embodiment; 



FIG. 3A is a plan view of a switching device in accordance with a second
embodiment, FIG. 38 is a plan view of a delay line, and FIG. 3C is a
cross-sectional view taken along line A-A in FIG. 38,        FIG. 4A
through FIG. 4C are diagrams respectively illustrating isolation, 1Y211,
and Z Y21 between input-output terminals of a switch;        FIG. 5A
through FIG. 5C are diagrams respectively illustrating isolation,IY211, and
Z Y21 of the delay line and the switch of the second embodiment;
FIG. 6 is a diagram illustrating isolation characteristics of the switching
device in accordance with the second embodiment;        FIG. 7A is a plan
view of a switching device in accordance with a third embodiment, and FIG.
78 is a diagram illustrating isolation characteristics of the switching
device of the third embodiment;          FIG. 8A through FIG. 8C are
diagrams respectively illustrating isolation, ]Y211, and Z Y21 between
input-output terminals of a switch without a delay line;     FIG 9 is a
plan view of a switching device in accordance with a fourth embodiment;
FIG. 10A through FIG. 10C are diagrams illustrating isolation, 121, and Z
Y21 of a delay line and a resonator;        FIG. 11A through FIG. 11C are
diagrams respectively illustrating isolation, IY211, and Z Y21 of the delay
line and the resonator and of the switch and the transmission line;
FIG. 12 is a diagram illustrating isolation characteristics of the
switching device in accordance with the fourth embodiment;        FIG. I3A
and FIG. 13B are plan views illustrating exemplary delay lines used in the
second to fourth embodiments; 



FIG. 14A is a plan view illustrating an alternative exemplary delay line
used in the second to fourth embodiments, and FIG. 14B is a cross-sectional
view taken along line A-A in FIG. 14A; and        FIG. 15A and FIG. 15B are
block diagrams of a module in accordance with a fifth embodiment. DETAILED
DESCRIPTION [00081Hereinafter, a description will be given of embodiments
with reference to the attached drawings. First Embodiment [0009]A
description will be given of a semiconductor switch as an example of a
switch used in a switching device. FIG. IA is a circuit diagram of a switch
used in a switching device. As  illustrated in FIG. IA, a switch 10
includes transistors 12 through 18. The source and the drain of the
transistor 12 are coupled to an input-output terminal T1 and a common
terminal T3, respectively. The source and the drain of the transistor 14
are coupled to an input-output terminal T2 and the common terminal T3,
respectively. The source and the drain of the transistor 16 are coupled to
the input-output terminal Ti and a ground, respectively. The source and the
drain of the transistor 18 are coupled to the input-output terminal T2 and
the ground, respectively. The gates of the transistors 12 through 18 are
coupled to control terminals T4. [0010]FIG. 1B is a diagram to explain
isolation of the switch. As illustrated in FIG. 1B, 



control signals supplied to the control terminals T4 turn on the
transistors 12 and 18, and turn off the transistors 14 and 16. The
transistors 12 and 18 are equivalently represented as resistors R12 and
R18, and the transistors 14 and 16 are equivalently represented as
capacitors C14 and C16. The input-output terminal T1 is coupled to the
common terminal T3, and the input-output terminal T2 is disconnected from
the common terminal T3. As described above, the switch 10 selects and
couples one of the input-output terminals Ti and T2 to the common terminal
T3. This causes a high-frequency signal 64 input from the input-output
terminal TI to be output to the common terminal T3. A signal 60 that is a
part of the high-frequency signal leaks from the input-output terminal T1
to the input-output terminal T2 through the capacitors C14 and (16. This
deteriorates isolation between the input-output terminals TI and T2.
[0011]FIG. 2 is a block diagram of a switching device in accordance with a
first embodiment. A switching device 100 includes the switch 10 and a delay
line 20. The switch 10 is a semiconductor switch or a mechanical switch. An
FET such as a MOSFET (Metal Oxide Semiconductor Field Effect Transistor) or
a bipolar transistor may be used as an active element for the semiconductor
switch. The delay line 20 is connected in parallel to the switch  10
between the input-output terminals TI and T2. It is sufficient if the delay
line 20 is connected between two terminals of the input-output terminals.
[0012]The signal 60 is a signal leaking from the input-output terminal TI
to the input-output terminal T2 through the switch 10. A signal 62 is a
signal flowing from the input-output terminal T1 to the input-output
terminal T2 through the delay line 20. The delay line 20 delays the signal
62 with an acoustic wave. Thus, the adjustment of the delay line 20 enables
to make the signals 60 and 62 have approximately the same amplitude and
opposite phases. Therefore, the signals 60 and 62 cancel out each other,
and the isolation characteristics from the input-output terminal Ti to the
input-output terminal T2 is improved. Moreover, the use of the delay line
20 using the acoustic wave enables to reduce the size compared to the
techniques disclosed in Patent Documents 1 and 2. Second Embodiment [0013]A
second embodiment uses an acoustic wave excited by a comb-shaped electrode
on a piezoelectric layer as the acoustic wave of the delay line. FIG. 3A is
a plan view of a switching device in accordance with the second embodiment,
FIG. 3B is a plan view of a delay line, and FIG. 3C is a cross-sectional
view taken along line A-A in FIG. 3B. As illustrated in FIG. 3A, a
switching device 102 includes the switch 10 and the delay line 20. The
switch 10 has the same structure as that in FIG. IA, and a description
thereof is omitted. The delay line 20 is connected in parallel to the
switch 10 between the input-output terminals Ti and T2. 



[0014]As illustrated in FIG. 3B and FIG. 3C, the delay line 20 includes
IDTs (Interdigital Transducer) 24 and 26 formed on a piezoelectric
substrate 22 (piezoelectric layer). The 1DT 24 (first IDT) includes a pair
of comb-shaped electrodes 24a and 24b. The comb-shaped electrode 24a is
grounded while the comb-shaped electrode 24b is coupled to an input
terminal Tin. The  IDT 26 (second IDT) includes a pair of comb-shaped
electrodes 26a and 26b. The comb-shaped electrode 26a is grounded while the
comb-shaped electrode 26b is coupled to an output terminal Tout. The input
terminal Tin is electrically connected to the input-output terminal T1. The
output terminal Tout is electrically connected to the input-output terminal
T2. The IDT 24 converts an electrical signal input to the input terminal
Tin into a surface acoustic wave 25 of the piezoelectric substrate 22. The
1DT 26 converts the surface acoustic wave 25 of the piezoelectric substrate
22 into an electrical signal, and outputs it to the output terminal Tout.
Other structures are the same as those of the first embodiment, and a
description thereof is omitted . [0015]FIG. 4A through FIG. 4C are diagrams
respectively illustrating isolation, y211, and Z Y21 between the
input-output terminals of the switch. The switch 10 is a switch using a
CMOSFET (Complimentary MOSFET). The isolation is isolation (S21) between
the input-output terminals Ti and T2,IY2 II is an amplitude of Y21 between
the input-output terminals T1 and T2, and Z Y21 is a phase of Y21 between
the input-output terminals T1 and 12. The isolation, 1211, andY21 were
simulated with respect to frequency from 1.5 GHz to 2.5 GlIz. A band 66 is
a band improving isolation characteristics, and is, for example, a transmit
band or a receive band of a mobile terminal using the switching device.
[0016]As illustrated in FIG. 4A, the isolation in the band 66 is
approximately -45 dB. As illustrated in FIG. 4B,1Y211 in the band 66 is
approximately -60 dB. As illustrated in FIG. 4C,   Y2I in the band 66 is
approximately -90. As described above, a capacitive reactance component
(i.e. parasitic capacitance) exists between the input-output terminals Ti
and T2. [0017]FIG. 5A to FIG. 5C are diagrams respectively illustrating
isolation,1Y211, andY21 



of the delay line and the switch of the second embodiment. The solid lines
indicate the delay  line 20, and the dotted lines indicate the switch 10
(same as those in FIG. 4A to FIG 4C). The isolation, Y21[, and Z Y21 were
simulated under the following conditions. Piezoelectric substrate 22: 44
Y-cut lithium tantalate single crystal substrate IDT 24: number of pairs:
2.5 pairs, pitch: 1.98 tun, aperture length: 652 1DT 26: number of pairs: 3
pairs, pitch: 2.00 um, aperture length: 65k Interval between the IDTs 24
and 26: 215 um Xis the wavelength of the acoustic wave. [0018]As
illustrated in FIG. 5A, the isolation of the delay line 20 is greater than
that of the switch 10. As illustrated in FIG. 5B, IY211of the delay line 20
in the band 66 is approximately equal to that of the switch 10. As
illustrated in FIG. 5C, Z Y21 of the delay line 20 in the band 66 is
approximately 90, and has a phase opposite to that of the switch 10. As
described above, the optimization of the 1DTs 24 and 26 enables to make the
signal 60 through the switch 10 have approximately the same amplitude as
and the opposite phase to the signal 62 through the delay line 20.
[0019]FIG. 6 is a diagram illustrating isolation characteristics of the
switching device of the 



second embodiment. The solid line indicates simulation results of isolation
from the input-output terminal TI to the input-output terminal T2 of the
switching device 102. The dotted line indicates simulation results from the
input-output terminals 11 to the input-output terminal T2 of the switch 10
alone. As illustrated in FIG. 6, in the band 66, the isolation
characteristics of the switching device 102 are improved compared to those
of the switch 10 alone as indicated by a hatching region. [0020]In the
second embodiment, the IDT 24 converts an electrical signal input to the
input-output terminal TI into the acoustic wave 25 propagating through the
piezoelectric  substrate 22. The IDT 26 converts the acoustic wave 25
propagating through the piezoelectric substrate 22 into an electrical
signal. As described above, the delay line 20 is formed with the acoustic
wave excited by the comb-shaped electrode formed on the piezoelectric
substrate 22. This enables to improve the isolation characteristics of the
switching device 102 by appropriately designing the IDTs 24 and 26.
Furthermore, the second embodiment can downsize the switching device 102
compared to a technique using an inductor as described in Patent Documents
1 and 2. [0021]As described above, the IDTs 24 and 26 may be formed on the
piezoelectric substrate. Or, the IDTs 24 and 26 may be formed on a
piezoelectric layer on the substrate. Third Embodiment [0022]FIG. 7A is a
plan view of a switching device in accordance with a third embodiment, and
FIG. 7B is a diagram illustrating isolation characteristics of the
switching device of the third embodiment. As illustrated in FIG. 7A, a
switching device 103 includes the switch 10, the delay line 20, and
transmission lines 30. Two transmission lines 30 are connected between the
input-output terminal T1 and the switch 10 and between the input-output
terminal T2 and the switch 10. The transmission line 30 is a stripline
formed in a dielectric substance substrate 32 for example. Other structures
are the same as those of the second embodiment illustrated in FIG. 3A, and
a description thereof is omitted. [0023]Isolation characteristics were
simulated under the assumption that the transmission line 30 has a
characteristic impedance of 50 Q and a length of 1 mm. In FIG. 7B, the
solid line indicates simulation results of isolation from the input-output
terminal T1 to the input-output terminal T2 of the switching device 103 in
FIG. 7A. The dotted line indicates simulation results of isolation from the
input-output terminal T1 to the input-output terminal T2 of the switch 10 



alone. As described in the third embodiment, the delay line 20 can improve
the isolation characteristics even when the transmission line 30 is
connected between the switch 10 and the delay line 20. Ilowever, the
isolation of the switching device 103 in the band 66 deteriorates compared
to that of the second embodiment presented in FIG. 6. [0024]The actual
switching device has a transmission line to electrically connect the switch
10 to the delay line 20. When the transmission line is long, the
improvement effect of the isolation characteristics is small as illustrated
in FIG 7B. To investigate the reason, simulated were isolation,1Y2E, and Z
Y21 of a signal from the input-output terminal TI to the input-output
terminal T2 through the switch 10 and the transmission line 30 without the
delay line 20 in FIG. 7A. [0025]FIG. 8A through FIG. 8C are diagrams
respectively illustrating isolation,1Y211, and   Y2I between the input and
output terminals of the switch without the delay line. As illustrated in
FIG. 8A and FIG. 8B, the isolation andlY211 are approximately the same as
those of FIG. 4A and FIG 4B. As illustrated in FIG. 8C, Z Y2I is at a
negative side more than -90. As illustrated, the transmission line 30
further rotates the phase from -90. Thus, it is considered that the
isolation characteristics are not improved as much as those of the second
embodiment even though the 1DTs 24 and 26 are used as illustrated in FIG.
7B. Fourth Embodiment [0026]FIG. 9 is a plan view of a switching device in
accordance with a fourth embodiment. As illustrated in FIG. 9, a one
terminal-pair resonator 28 is connected between the input-output terminal
T1 and the IDT 24 of the delay line 20. [0027]FIG. 10A through FIG. IOC are
diagrams respectively illustrating isolation, 1211, and 



Z Y21 of the delay line and the resonator of the fourth embodiment. The
solid lines indicate  the resonator 28, and the dotted lines indicate the
delay line 20. Isolation, 1Y21, andY21 were simulated under the following
conditions. Piezoelectric substrate 22: 440 Y-cut lithium tantalate single
crystal substrate IDT 24: number of pairs: 8.5 pairs, pitch: 1.97 um,
aperture length: 722, 1DT 26: number of pairs: 18.0 pairs, pitch 1.97 gm,
aperture length: 72k Interval between the IDTs 24 and 26: 0.46 um Resonator
28: number of pairs: 14 pairs, pitch: 2.0 um, aperture length:172c Xis the
wavelength of the acoustic wave. [0028]1Y211 of the delay line 20 in the
band 66 is approximately equal to that of the switch10. Z Y21 of the delay
line 20 in the band 66 is approximately 90. As described above, it is
difficult to shiftY21 from 90 by using only the delay line 20. The
resonance 



point and the anti-resonance point of the resonator 28 are located in the
band 66. [0029]FIG. 11A through FIG. 11C are diagrams respectively
illustrating isolation, IY211, and    Y2I of the delay line and the
resonator and of the switch and the transmission line of the fourth
embodiment. The solid lines indicate the delay line 20 and the resonator
28, and the dotted lines indicate the switch 10 and the transmission line
30. As illustrated in FIG. 11B, Y211 of a signal transmitted through the
delay line 20 and the resonator 28 is approximately equal to that of a
signal transmitted through the switch 10 and the transmission line 30. As
illustrated in FIG. I IC,Y21 of the signal transmitted through the delay
line 20 and the resonator 28 is slightly less than 90. This makes the
signal transmitting through the delay line 20 and the resonator 28 have an
opposite phase to the signal transmitting through the switch 10 and the
transmission line 30. [0030]FIG. 12 is a diagram illustrating isolation
characteristics of the switching device of  the fourth embodiment. The
solid line indicates simulation results of isolation from the input-output
terminal T1 to the input-output terminal T2 of a switching device 104. The
dotted line indicates simulation results of isolation from the input-output
terminal TI to the input-output terminal T2 of the switch 10 alone. As
illustrated in FIG. 12, in the band 66, the isolation characteristics of
the switching device 104 are improved compared to those of the switch 10
alone. In addition, the isolation characteristics are improved compared to
those of the third embodiment. [00311In the fourth embodiment, the
resonator 28 is connected in series with the delay line 20 between the
input-output terminals T1 and T2. The design constant of the resonator 28
can be optimized in addition to the delay line 20, and thus the isolation
characteristics can be optimized even when the transmission line 30 exists.
The fourth embodiment describes a case where the resonator 28 is connected
between the 1DT 24 and the input-output terminal T1, but a resonator may be
connected between the IDT 26 and the input-output terminal T2. In addition,
resonators may be connected between the 1DT 24 and the input-output
terminaland between the IDT 26 and the input-output terminal T2. The
resonator may be a resonator other than a one terminal-pair resonator.
[0032]FIG. I3A and FIG. 13B are plan views illustrating exemplary delay
lines used in the 



second to fourth embodiments. As illustrated in FIG. I 3A, reflectors 27
may be located at both sides or a single side of the IDTs 24 and 26 in the
propagation direction of the acoustic wave. As illustrated in FIG. 1313,
11)Is 24c and 24d may be coupled to the input terminal Tin. In addition,
two or more IDTs may be coupled to the output terminal Tout, and two or
more IDTs may be coupled to both the input terminal Tin and the output
terminal Tout. A surface acoustic wave is described as an example of the
acoustic wave excited by the comb-shaped electrode, but  a boundary
acoustic wave or a Love wave may be used as the acoustic wave. [0033]FIG.
14A is a plan view illustrating an alternative exemplary delay line used in
the second to fourth embodiments, and FIG. I4B is a cross-sectional view
taken along line A-A in FIG. 14A. As illustrated in FIG. I4A and FIG. 148,
a piezoelectric thin film resonator 42 is located on a substrate 40 through
an air-space 48, and a piezoelectric thin film resonator 46 is stacked on
the piezoelectric thin film resonator 42 through a piezoelectric layer 44 .
The piezoelectric thin film resonator 42 (second piezoelectric thin film
resonator) is formed by stacking a lower electrode 41, the piezoelectric
layer 44, and an upper electrode 43. The piezoelectric thin film resonator
46 (first piezoelectric thin film resonator) is formed by stacking a lower
electrode 45, the piezoelectric layer 44, and an upper electrode 47. A
resonance region 49 is a region where the lower electrode 41 or 45 overlaps
with the upper electrode 43 or 47 across the piezoelectric layer 44.
[0034]The upper electrode 47 of the piezoelectric thin film resonator 46 is
coupled to the input terminal Tin, and the lower electrode 45 is grounded.
The lower electrode 41 of the piezoelectric thin film resonator 42 is
coupled to the output terminal Tout, and the upper electrode 43 is
grounded. The input terminal Tin is coupled to the input-output terminal
T1, and the output terminal Tout is coupled to the input-output terminal
T2. A thickness vibrator 39 of the piezoelectric thin film resonator 46
excites the acoustic wave 25 in the piezoelectric layer 44. As described
above, the piezoelectric thin film resonator 46 converts an electrical
signal input to the input terminal Tin into the acoustic wave 25
propagating through the piezoelectric layer 44. The acoustic wave 25
propagates from the piezoelectric thin film resonator 46 to the
piezoelectric thin film resonator 42. The piezoelectric thin film resonator
42 converts the acoustic wave 25 into an electrical signal, and outputs it
to the output terminal Tout.  [0035]As described above, the acoustic wave
excited by the thickness vibrator using the piezoelectric layer 44 may be
used for the delay line 20 and/or the resonator 28. The piezoelectric thin
film resonators 42, 46 may be located on the substrate 40 through an
acoustic multilayer film reflecting the acoustic wave. 



Fifth Embodiment [0036]A fifth embodiment is an exemplary module including
any one of the switching devices of the first through fourth embodiments.
FIG. 15A and FIG. 158 are block diagrams of a module in accordance with the
fifth embodiment. As illustrated in FIG. 15A, a module 106 includes the
switching device 100 and filters 52 and 54. The filter 52 is connected
between the input-output terminal T1 and a terminal T5. The filter 54 is
connected between the input-output terminal T2 and a terminal T6. The
common terminal T3 is coupled to an antenna 50. Both the terminals T5 and
T6 are transmit terminals, or receive terminals, or one of the terminals Ts
and T6 is a transmit terminal and the other one is a receive terminal.
[0037]As illustrated in FIG. 158, a module 108 includes the switching
device 100 and duplexers 70 and 74. The duplexer 70 includes a transmit
filter 71 and a receive filter 72. The transmit filter 71 is connected
between the input-output terminal Ti and a terminal T7. The receive filter
72 is connected between the input-output terminal TI and a terminal TR. The
duplexer 74 includes a transmit filter 75 and a receive filter 76. The
transmit filter 75 is connected between the input-output terminal T2 and a
terminal T9. The receive filter 76 is connected between the input-output
terminal T2 and a terminal T10. The common terminal T3 is coupled to the
antenna 50. [0038]As described in the fifth embodiment, the input-output
terminals T1 and T2 may be coupled to the filter or the duplexer. An
acoustic wave filter may be used for the filter or the  duplexer.
[0039]Although the embodiments of the present invention have been described
in detail, it is to be understood that the various change, substitutions,
and alterations could be made hereto without departing from the spirit and
scope of the invention. 



CLAIMS What is claimed is: I.A switching device comprising: a switch that
selects and connects one of input-output terminals to a common terminal;
and         a delay line that is connected in parallel to the switch
between two terminals of the input-output terminals and delays a signal by
using an acoustic wave. 2. The switching device according to claim 1,
wherein         the delay line converts a first electrical signal input to
a first terminal of the two terminals into the acoustic wave propagating
through a piezoelectric layer, and converts the acoustic wave propagating
through the piezoelectric layer into a second electrical signal and outputs
the second electrical signal to a second terminal of the two terminals. 3.
The switching device according to claim 1, wherein         the acoustic
wave is an acoustic wave excited by a comb-shaped electrode formed on a
piezoelectric layer. 



4. The switching device according to claim 1, wherein the delay line
includes: a first IDT that converts a first electrical signal input to a
first terminal of the  two terminals into the acoustic wave propagating
through a piezoelectric layer; and               a second IDT that converts
the acoustic wave propagating through the piezoelectric layer into a second
electrical signal and outputs the second electrical signal to a second
terminal of the two terminals.  5. The switching device according to claim
1, wherein        the acoustic wave is an acoustic wave excited by a
thickness vibrator using a piezoelectric layer. 6. The switching device
according to claim I, wherein the delay line includes:               a
first piezoelectric thin film resonator that converts a first electrical
signal input to a first terminal of the two terminals into the acoustic
wave propagating through a piezoelectric layer; and 



a second piezoelectric thin film resonator that converts the acoustic wave
propagating through the piezoelectric layer into a second electrical signal
and outputs the second electrical signal to a second terminal of the two
terminals.  7. The switching device according to any one of claims 1 to 6,
further comprising: a resonator connected in series with the delay line
between the two terminals.  8. The switching device according to any one of
claims 1 to 7, wherein the switch is a semiconductor switch.   9. A module
comprising: the switching device according to any one of claims 1 to 8.
10. The module according to claim 9, further comprising: filters connected
to the two terminals. 




