SPECI FI CATI ON TI TLE OF THE | NVENTI ON SW TCHI NG DEVI CE AND MODULE Fi el d

[ 0001] A certain aspect of the present invention relates to a switching

devi ce and a nodul e. Background [0002] The rapid spread of wirel ess devices
as typified by nobile phones has pronoted the use of sw tching devices. For
exanple, nmobile termnals for high frequency conmunications use a high
frequency switch to select nmultiple high-frequency signals. The sw tches

i ncl ude nmechani cal switches and switches using a sem conductor transistor.
[ 0003] Japanese Patent Application Publication No. 2006-109084 (Patent
Docunment ) and U.S. Patent No. 7848712 (Patent Docunent 2) disclose
provi di ng an i nductor between input-output termnals to inprove isolation

characteristics between the inpypreutipUridgrm nals of the switch. [0004] The
techni ques of Patent Documents 1 and 2 can cancel out parasitic capacitance

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 1) 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 THE INVENTION



bet ween the input-output termnals by a reactance conponent of the inductor
and inprove the isolation characteristics. However, a parasitic capacitance
val ue between the input-output termnals is snmall, and thus the inductance
of the inductor is nmade to be high. This makes downsizing difficult.
SUMVARY OF TI 1E I NVENTI ON [ 0005] According to an aspect of the present
invention, there is provided a switching device including: a switch that

sel ects and connects one of input-output termnals to a conmon term nal;
and a delay line that is connected in parallel to the switch between two
termnals of the input-output termnals and delays a signal by using an
acoustic wave. [0006] According to an aspect of the present invention, there

is propwheed a i i i WtEehimghdevdesre BRI EF
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of the sw lagramof a switching device in

accor deﬁlra%edeﬂytlﬂe Bhat i Shn &R inf%nél;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. 1A 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. 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;

FIG. 4A through FIG. 4C are diagrams respectively illustrating isolation, [Y21], and
£ Y21 between input-output terminals of a switch;

FIG. 5A through FIG. 5C are diagrams respectively illustrating isolation, [Y21|, and
£ 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. 7B is a diagram illustrating isolation characteristics of the switching device of the third

embodiment;



FIG 3Ais a plan view of a switching device in accordance with a second
enbodi nent, FIG 38 is a plan view of a delay line, and FIG 3Cis a

cross-sectional view taken along line AAAin FIG 38, FIG 4A
through FIG 4C are diagrans respectively illustrating isolation, 1Y211,
and Z Y21 between input-output termnals of a switch; FIG 5A
through FIG 5C are diagrans respectively illustrating isolation,IY211, and

Z Y21 of the delay line and the switch of the second enbodi nent;

FIG 6 is a diagramillustrating isolation characteristics of the sw tching
device in accordance with the second enbodi nent; FIG 7Ais a plan
view of a switching device in accordance with a third enbodi nent, and FI G

78 is a diagnamA {hlxérl%t‘lrl:%' sfdgar'b%%QQHSQ&pGB%gRU%Jaﬁ% &81a06n,121 | St chi ng
device of the third enbodi nent; FI 8A through FIG 8C are

di agra%il%?@etnii?{;ﬁjt]\égiplg#féﬁ%ﬁfs O@gs%vmﬁai Rlth@Ra dbi¥gdide; and Z Y21 between

i :
i nput -out put termna a swtc thout a delay I'i ne; FIG9 is a
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di agrans respective strating 1solation, Y211, and Z Y21 of the delay
line a )Hﬂ%e%S%QQQBQB"and of the switch and the transnission |ine;
s a

FIG 121 |agran1|TIustrating i solation characteristics of the
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and FIG 13B are plan-views | at1 ng exe y sed in the
second P o) lf SR Qelgmx%delng‘%ﬁet résonator 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. 13A 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
[0008] Hereinafter, 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. 1A is a circuit diagram of a switch used in a switching device. As



FIG 14A is a plan viewillustrating an alternative exenplary delay |ine
used in the second to fourth enbodi nents, and FIG 14B is a cross-sectional
view taken along line AAAin FIG 14A; and FIG 15A and FIG 15B are
bl ock diagranms of a nodule in accordance with a fifth enbodi nent. DETAI LED
DESCRI PTI ON [ 00081Herei nafter, a description wll be given of enbodi nents
with reference to the attached draw ngs. First Enbodi nent [0009] A

description will be given of a sem conductor switch as an exanple of a
switch used in a switching device. FIG IAis a circuit diagramof a swtch
used in a swtching device. As illustrated in FIG 1A a switch 10

i ncludes transistors 12 through 18. The source and the drain of the
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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 T1 and T2 to the common terminal T3.
This causes a high-frequency signal 64 input from the input-output terminal T1 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 C16.
This deteriorates isolation between the input-output terminals T1 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



control signals supplied to the control termnals 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 Cl4 and Cl16. The input-output termnal Tl is coupled to the
comon termnal T3, and the input-output termnal T2 is disconnected from
the common termnal T3. As described above, the switch 10 sel ects and
coupl es one of the input-output termnals Ti and T2 to the comon term nal
T3. This causes a high-frequency signal 64 input fromthe input-output
termnal Tl to be output to the common termnal T3. A signal 60 that is a
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second enbgggﬂy es an acoustic wave excited by a conb-shaped el ectrode
on a pﬁ%?ﬁ P “F“ ayer as the acoustic wave of the delay line. FIG 3Ais
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swi tch I%g ax?(?%%%a lg Qgrolsgg%%loglf w talt<en a%ngalknsé ATIA 1%@% -5% 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. 1A, and a description thereof is omitted. The delay line
20 is connected in parallel to the switch 10 between the input-output terminals T1 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 IDT 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
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[0014] As illustrated in FIG 3B and FIG 3C, the delay |line 20 includes

| DTs (Interdigital Transducer) 24 and 26 fornmed on a piezoelectric
substrate 22 (piezoelectric layer). The 1DT 24 (first IDT) includes a pair
of conb-shaped el ectrodes 24a and 24b. The conb-shaped el ectrode 24a is
grounded whil e the conb-shaped el ectrode 24b is coupled to an i nput

termnal Tin. The |1DT 26 (second IDT) includes a pair of conb-shaped

el ectrodes 26a and 26b. The conb-shaped el ectrode 26a is grounded while the
conb- shaped el ectrode 26b is coupled to an output term nal Tout. The i nput
terminal Tinis electrically connected to the input-output termnal T1. The
output termnal Tout is electrically connected to the input-output term nal

T2, Theyt 51(sehn8 DY Bk RN &Jne(?f{c()hw%aslhap%dg:%{rodlé?,@% atd2ddhe Thaput ter m nal
Tininto a surface acoustic wave 25 of the piezoelectric substrate 22. The
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22 into an ectrical signa outputs it to the output termnal Tout.
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approxbll{ ly -45 dB. As illustrated in FIG 4B, 1Y211 in the band 66 is
appr oxi 'y -60 dB. As illustrated in FIG 4C, Y2l in the band 66 is
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CMOSFET (Complimentary MOSFET). The isolation is isolation (S21) between the

input-output terminals T1 and T2, |Y21] is an amplitude of Y21 between the input-output
terminals T1 and T2, and £ Y21 is a phase of Y21 between the input-output terminals T1 and
T2. The isolation, [Y21], and £ Y21 were simulated with respect to frequency from 1.5 GHz
to 2.5 GHz. 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, [Y21] in the band 66 is approximately -60 dB.  As illustrated in FIG. 4C,
Z Y21 in the band 66 is approximately -90°.  As described above, a capacitive reactance
component (i.e. parasitic capacitance) exists between the input-output terminals T1 and T2.
[0017] FIG. 5A to FIG. 5C are diagrams respectively illustrating isolation, Y21}, and £ Y21

of the delay line and the switch of the second embodiment.  The solid lines indicate the delay



of the delay line and the switch of the second enbodi ment. The solid |ines
indicate the delay line 20, and the dotted lines indicate the swtch 10
(sane as those in FIG 4A to FIG 4C). The isolation, Y21[, and Z Y21 were
simul ated under the follow ng conditions. Piezoelectric substrate 22: 44
Y-cut lithiumtantal ate single crystal substrate |IDI 24: nunber of pairs:
2.5 pairs, pitch: 1.98 tun, aperture |length: 652 1DT 26: nunber of pairs: 3
pairs, pitch: 2.00 um aperture length: 65k Interval between the |IDTs 24
and 26: 215 um Xis the wavel ength of the acoustic wave. [0018] As
illustrated in FIG 5A the isolation of the delay |line 20 is greater than
that of the swtch 10. As illustrated in FIG 5B, |Y21llof the delay |ine 20

in th I I t
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descri b e optlnlzatlon the 1D and 26 enables to nmake the
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and t he opposi ase to the sig ay line 20.
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IDT 26: number of pairs: 3 pairs, pitch: 2.00 um, aperture length: 65X

Interval between the IDTs 24 and 26: 2.15 pm
A is 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, |[Y21| of the delay line 20 in the band 66 is approximately
equal to that of the switch 10.  As illustrated in FIG. 5C, £ 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 IDTs 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 T1 to the input-output terminal T2 of the switching device 102. The
dotted line indicates simulation results from the input-output terminals T1 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 T1 into the acoustic wave 25 propagating through the piezoelectric



second enbodi nent. The solid line indicates sinulation results of isolation
fromthe input-output termnal Tl to the input-output termnal T2 of the
switching device 102. The dotted line indicates sinmulation results fromthe
i nput-output termnals 11 to the input-output termnal T2 of the switch 10
alone. As illustrated in FIG 6, in the band 66, the isolation
characteristics of the switching device 102 are i nproved conpared to those
of the switch 10 alone as indicated by a hatching region. [0020]1n the
second enbodi nent, the IDI 24 converts an electrical signal input to the
input-output termnal Tl into the acoustic wave 25 propagati ng through the
pi ezoel ectric substrate 22. The I DT 26 converts the acoustic wave 25
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FI G ragram i 'l'ustrating Ion characteristics of the
smﬁtchbg&mg%%Hg%d f the third enbodinment. As illustrated in FIG 7A a
swi t chi'ng tevi c8°103 includes the switch 10, the delay line 20, and
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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



al one. As described in the third enbodi nent, the delay |line 20 can i nprove
the isolation characteristics even when the transmssion line 30 is
connected between the switch 10 and the delay line 20. |l owever, the

i solation of the switching device 103 in the band 66 deteriorates conpared
to that of the second enbodi nent presented in FIG 6. [0024] The act ual
switching device has a transmssion line to electrically connect the switch
10 to the delay line 20. Wien the transm ssion line is long, the

i nprovenent effect of the isolation characteristics is small as illustrated
in FIG 7B. To investigate the reason, sinulated were isolation,1Y2E, and Z
Y21 of a signal fromthe input-output termnal Tl to the input-output
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output termnals o e swmtch without the delay line. As illustrated in

Fl G &]Jé%'gﬁa&?b Hgﬁgv%htg e {3 1%2bﬂﬂe@\Qgélxgé-ée\@@eqO@th@%bﬁ@@@héfeﬁ&@te§ane as

those o 4A IlTustrated in FIG 8C, Z Y2l is at a
feglf‘ht %%ﬁtegﬁggﬁﬁ RhbARen? ?’“Bﬁ?‘f‘é%t SRS TG 8% onelder od that the
enbod {1gnt °ei‘é"’.&"g%ﬁ%ﬂ%‘*’“ﬁﬁ%@f%‘ﬁmﬁ'aané%égaﬁﬁ“ﬂ‘é?&cg’?a? e F e
15 Cou LT KORSOLEL i e e RSl e

L N e b T L
di agr a\r{/grerlso?ﬁ%%,t IIY\Q?I, chf li ysi oiae; & gxgal 'ﬁ%%l &Lt n?)ﬂt-o&tg\qt]temﬁﬁﬂ T1 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, [Y21], and
Z Y21 between the input and output terminals of the switch without the delay line.  As
illustrated in FIG. 8A and FIG. 8B, the isolation and |Y21[ are approximately the same as those of
FIG. 4A and FIG. 4B. Asillustrated in FIG. 8C, £ Y21 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 IDTs 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. 10C are diagrams respectively illustrating isolation, [Y21|, and

Z Y21 of the delay line and the resonator of the fourth embodiment.  The solid lines indicate



Z Y21 of the delay line and the resonator of the fourth enbodi nent. The
solid lines indicate the resonator 28, and the dotted lines indicate the
delay line 20. Isolation, 1Y21, andY21l were sinul ated under the foll ow ng
conditions. Piezoelectric substrate 22: 440 Y-cut lithiumtantal ate single
crystal substrate |IDT 24: nunber of pairs: 8.5 pairs, pitch: 1.97 um
aperture length: 722, 1DT 26: nunber of pairs: 18.0 pairs, pitch 1.97 gm
aperture length: 72k Interval between the IDTs 24 and 26: 0.46 um Resonat or
28: nunber of pairs: 14 pairs, pitch: 2.0 um aperture length:172c Xis the
wavel ength of the acoustic wave. [0028]1Y211 of the delay line 20 in the
band 66 is approximately equal to that of the switchl0. Z Y21 of the del ay

7%, 2 S0 el e, g2 1
r€SOoNaPGE simulated under the following conditions.

Piezoelectric substrate 22: 44° Y-cut lithium tantalate single crystal substrate

IDT 24: number of pairs: 8.5 pairs, pitch: 1.97 pm, aperture length: 72X

IDT 26: number of pairs: 18.0 pairs, pitch 1.97 um, aperture length: 72

Interval between the IDTs 24 and 26: 0.46 um

Resonator 28: number of pairs: 14 pairs, pitch: 2.0 um, aperture length:17A
X\ is the wavelength of the acoustic wave.
[0028] |Y21] of the delay line 20 in the band 66 is approximately equal to that of the
switch10. £ Y21 of the delay line 20 in the band 66 is approximately 90°.  As described
above, it is difficult to shift £ Y21 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, [Y21], and
Z Y21 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,
IY21| 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. 11C, £ 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
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poi nt and the anti-resonance point of the resonator 28 are |located in the
band 66. [0029] FIG 11A through FIG 11C are di agrans respectively
illustrating isolation, 1Y211, and Y2l of the delay line and the
resonator and of the switch and the transmssion line of the fourth
enbodi ment. The solid lines indicate the delay Iine 20 and the resonator
28, and the dotted lines indicate the swtch 10 and the transm ssion |ine
30. As illustrated in FIG 11B, Y211 of a signal transmtted through the
delay line 20 and the resonator 28 is approximately equal to that of a
signal transmtted through the switch 10 and the transm ssion line 30. As
illustrated in FIG | IC Y21 of the signal transmtted through the del ay

line 2@ anghhteéhbolRsAnat e sdfd lise Mmbicatdt bihul£ivH rdsiRNoB6b atidn Forieiies t he
signal transmtting through the delay line 20 and the resonator 28 have an

0pposi {BuPNARE tdrRidal®1 & SR put-b@PSTEitihA A2 ITaQUGBhihHBead t0ah TBe apged he
transm ssion line 30. [OO30]J]FIG 12 is a diagramillustrating isolation

char acfyerih$itacsSsi@lilati B@xe%ﬂ%st&hid]‘egloqefmn?@le(ﬁfput Bhl?utft@h'ﬁlhﬁl Tenoekt ipitoutdiie
solid line indicates sinulation results of ol ation fromthe 1 nput-out put

t er m n@lmifdi 0o thesvi iUl BdHeP U s § @d’smlt@@lin ITIZ} of, 11@th%‘Ma¥1@56 N demiige 104. The
dotted line indicates simulation results of isolation fromthe i nput - out put

term n@larauerlgt‘?csto'?%e' s@@l‘dﬁmgl&ﬂb@ Iéﬁrmlgﬁbvéﬁzcom paledo Btkd GMnd Owadone. As

illustrated in FIG the band 6 the isolation characteristics of

the swibehi Rg,JeNLE & LOa@nEnhiPeAYRY 2LOMRANVRE cbRpdBPRAaNG drite Mt ch 10

alone. Inaddition, the isolation characteristics are inproved conpared to
those gfpddagedihi rd embodi ment. [00311In the fourth enbodi ment, the
resonat or é8 I's connected in series with the delay line 20 bet ween t he

| nput - gjak put tlr?cj'g: f?}@rjgg d{m'od%ggwt-rt%e ﬁégglgat??? ?@0&1@&%3 eri®f with el RBQNALOr 28

can be optim ze tion to t ine 20, and thus the rsolation

h t
char gg%ﬁ;@&é%qg%lﬁ@gt-pﬁ @gg aﬁ@ﬁl SYE. wm&r %5@%%%%@&%%% sts.

es case e resonator 28 I's connected

bet weep, é}nﬁ% }Q-rm%édlﬂgrq (!%l@ g%l%’”ﬁe ‘éaHa’huE ﬂ{e%&ﬁlon%arapt_@ttlst?s Lgs@nator may be

connecte tween the I nput -out put term na I n addition,

resonaj a;?[[n% eR Gvhel? pﬁq&}%ﬂlsggﬁ YY5ERY % &s 1Dfhe&dudy gmf)&ﬁm'e&%%cr@ég R U%}se

termn et'ween and™t he i nput-output term na
N R T
lines %%grgtdrr}'nagf%% connected between the IDT 26 and the input-output terminal T2. In addition,
resonators may be connected between the IDT 24 and the input-output terminal T1 and 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. 13A and FIG. 13B are plan views illustrating exemplary delay lines used in the
second to fourth embodiments.  As illustrated in FIG. 13A, 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. 13B, IDTs 24¢ 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
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second to fourth enbodi ments. As illustrated in FIG | 3A, reflectors 27
may be | ocated 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 termnal Tin. In addition,
two or nore |IDTs may be coupled to the output termnal Tout, and two or
nore | DTs may be coupled to both the input termnal Tin and the out put
terminal Tout. A surface acoustic wave is described as an exanple of the
acoustic wave excited by the conmb-shaped el ectrode, but a boundary
acoustic wave or a Love wave may be used as the acoustic wave. [0033]FI G
14A is a plan view illustrating an alternative exenplary delay |line used in

t he Se@@dlﬁ‘ndér?aﬁ&léﬁ& fahiodi e RaSe ndf Ge ibdd asifdhcbestia vaivess- secti onal  vi ew
taken along [ine AAAin FIG 14A As illustrated in FIG [4A and FIG 148,

a pi ezpekgyct rirgGtiiANns & blamvi@s PNt Mg 4R altémitheakedplary ®iubstiusatia o t hrough
an air-space 48, and a piezoelectric thin filmresonator 46 is stacked on

the pi @ZORI BFsriCenitiidinditd, Bhd BRONAB O a ddsstRE@IANVIBWRAIRE QRNBERE ACAliayer 44 .
The piezoelectric thin filmresonator 42 (second piezoel ectric thin film

resonagief J4A S AQNNBEhilYinFi8CKIANMIFIGOME, a Bl@bdis@betlfilnt RGoRi@z08s ectriC
| ayer 44, and an upper electrode 43. The piezoelectric thin filmresonator

46 (Fipstedbied QRsERE 4D %rg@ghrhnfa‘nl-srﬁh&eﬁg) ARt PpikzdedectRy R iIRYreSndfk up @ a | ower
el ectrode 45, the piezoelectric layer 44, and an upper el ectrode 47. A

resonafg&ed 69D élz%el'eérlé’-tl{u?gln@Pes%b%reﬁutthl%u% WBlez8IQGET @GS 441 Ome45 overl aps
with the upper electrode or 47 across the piezoelectric |ayer 44.

[ 0034] Jibe,c\i r%&hf%'fﬁﬁtréé?ﬁl%of’m?z &Ec&n‘&%l&béé&ﬁ&ﬁ% Filn® rdsBidtor) il Brfi&mgnat or 46 is
coupled to the input termnal Tin, ‘and the [ower electrode 45 is grounded.

The I o r@tf%w'epggctt%&e af tfn@ﬁe%e%ﬁﬁ:l l§§%tr '2114 Canﬁ'&h'ﬁ phdr! e@cfr@@é)@at qfhed2 s

coupl e e ouf put term nal he upper el ectrode 43 is

groun d]glgzoe-re@ﬁlc tHRYIm r@go%t'ar‘h @rg't ﬂlézogl@ytm: @ﬂn fn tr&@ndt@r@ W roRHE PR st&c‘f('il@ nal

T1, and the output term na I's couple he 1 nput - out put term nal

T2. A Iu kBRSSod¢i4Br Ak rezgeg%&tflc fa?ﬁ' B 87O Elrél&:ufoeé mvf'Apasza@a?@@?ég% 46

eXC|tes e acoustic pl ezoe ctrlc l'ayer . As descri bed

above, 44 ﬂ% Rki 8& %hr%%é foSel bdrdb '4F“ Er@§ Q\V@Fag§ w‘%@ tfgég.{jpégtr élécn%ﬁe & SFH i cal

si gnal 1 nput e Input termna inint stic wave

propaggl.iig Jﬁéﬂ%ﬁ@ukhéwphf203|ECtr'C | ayer 44. The acoustic mave 25

propagates romthe piezoelectric thin filmresonator 46 to the

pi ezoet/()%gﬁ I ic ]thlg' 8 r ehéarf)@é@ﬁ@fttgé Fl%goelel:ﬂ?c tane{?lgxetjeg(fnta{o!r 46 lislﬂuoﬂ eB lt(mhreesonat or

42 convert's the acoustic wave 2 nto an electric si gnal , n outputs it

tot heg]BgtttQ 1n£lelrnmaanessg\lxlfgr eleckx%gésﬁ fs‘?%gﬁﬁ&ﬁ' : eZOgTQQrVQeCUIOB?4PGPtlH§t IC wave

excite e thi’ vi brator ectric layer 44 may be

used f ez&e&%n%eth%zf’ll}nig?o#é%r %g%l/cgé %Q? t{l)@% a{t%{n%l%% TOIP%T@& ﬁ?g{:}edrl c thin

filmresonat rate h an

acoust élgctm'(ﬁle t45 llgé/rg{mc{eid.l MR é ifnbgtctgxinﬂgaltT%is%ggﬁga {octhxvﬂ’l\f)ﬁt-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.
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Fifth Enbodi nent [0036] A fifth enbodi nent is an exenpl ary nodul e i ncl udi ng
any one of the switching devices of the first through fourth enbodi nents.
FIG 15A and FIG 158 are block diagrans of a nodule in accordance with the
fifth enmbodinment. As illustrated in FIG 15A, a nodule 106 includes the

swi tching device 100 and filters 52 and 54. The filter 52 is connected
between the input-output termnal T1 and a termnal T5. The filter 54 is
connected between the input-output termnal T2 and a term nal T6. The
common termnal T3 is coupled to an antenna 50. Both the termnals T5 and
T6 are transmt termnals, or receive termnals, or one of the termnals Ts
and T6 is a transmt termnal and the other one is a receive termnal.

[ 0037] 935] | UKty RE@Mell BbdUeGhe A8Shsti@whaRAixcRedlBBthE HGLIMEESvibladr sWhi diei ng
devi ce 100 and dupl exers 70 and 74. The dupl exer 70 includes a transmt

filterpiéderbficaayced®ive bk ubddabr the del-zﬂﬂﬁné p@iEdrithd tekdrfor 28. | $heonnect ed
betmeen the input-output termnal Ti and a termnal T7. The receive filter

72 s GenRReRANRAGHIMESHNkIE 420 @y&na? ¥t Ri¢htell O McN@bstbke ANWrauch @h BEdRlic TR The
dupl exer 74 includes a transnit filter 75 and a receive filter 76. The

transnhbh, k;g&l%ﬁeuggqua%@ggdwggtmeen the input-output termnal T2 and a
term nal T§ The receive filter 76 is connected between the input-output

t er m nplay Enadnét erm nal T10. The common terminal T3 is coupled to the
antenna 50. [0038] As described in the fifth enbodi nent, the input-output

term ngjose Tl a0d il emBBYnRE: IQQHQJ(&I% 419 nidagief 1hélﬁ<ﬁﬁg Ay &QQ)I”@WETng An

acoustic wave filter may be used for"the filter or 'the duplexer.

[0039] (ﬂ\g&g‘dgmetﬁhﬁ tl%@p@pfoﬁﬁf?@ﬁbeélmten@ PERS €54 ah VRN 590reNAVE& hagimédsscri bed

in detall, it is to understood that the various change, substitutions,

and al Eﬁ{oﬁﬁ e%@cc%ﬂﬂ}xg: Bfn TRAgmHNEIRUMN T houfiiudeRal thima. fsoMmtdiRIesSer i t and

scope O e I nvention.
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 TS 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. 15B, 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 T1 and a terminal T7. The
receive filter 72 is connected between the input-output terminal T1 and a terminal T8. 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
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CLAIMS What is clainmed is: |I.A switching device conprising: a swtch that
sel ects and connects one of input-output termnals to a common term nal;
and a delay line that is connected in parallel to the switch
between two termnals of the input-output termnals and del ays a signal by
usi ng an acoustic wave. 2. The sw tching device according to claim1,
wherei n the delay line converts a first electrical signal input to
a first termnal of the two termnals into the acoustic wave propagating

t hrough a piezoelectric layer, and converts the acoustic wave propagating
t hrough the piezoelectric layer into a second el ectrical signal and outputs
the second electrical signal to a second termnal of the two termnals. 3.
The swidptdkeng device according to claim1, wherein t he acoustic
wave is an acoustic wave excited by a conb-shaped el ectrode fornmed on a

pi ezoejoesdyr i ¢ Ald¥EER 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.
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4. The switching device according to claim1, wherein the delay line
includes: a first IDT that converts a first electrical signal input to a
first termnal of the two terminals into the acoustic wave propagating

t hrough a piezoelectric |ayer; and a second IDT that converts
t he acoustic wave propagating through the piezoelectric layer into a second
el ectrical signal and outputs the second electrical signal to a second
termnal of the two termnals. 5. The switching device according to claim

1, wherein the acoustic wave is an acoustic wave excited by a
t hi ckness vibrator using a piezoelectric layer. 6. The sw tching device
according to claiml, wherein the delay |line includes: a

first p!ezoelectric thin filmresogatgams hat converts a first electrical
signal input to a first termnal of the two termnals into the acoustic
wave propagating through a piezoelectric |ayer; and

What is claimed is:

l. 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
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a second piezoelectric thin filmresonator that converts the acoustic wave
propagating through the piezoelectric layer into a second el ectrical signal
and outputs the second electrical signal to a second term nal of the two
termnals. 7. The switching device according to any one of clains 1 to 6,
further conprising: a resonator connected in series with the delay |ine
between the two termnals. 8. The switching device according to any one of
clainms 1 to 7, wherein the switch is a sem conductor swtch. 9. A nodul e
conprising: the switching device according to any one of clainms 1 to 8.
10. The nodul e according to claim9, further conprising: filters connected
to the two term nals.

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 1, 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.
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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.
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