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[57] 	 ABSTRACT 

A surface acoustic wave filter. The filter includes two filter 
tracks which are parallel to each other. Each track has an 
input interdigital transducer, reflector and output interdigital 
transducer. This distance between the input transducer and 
output transducer is the same in both tracks. The distance 
between the output transducer and reflector is different in the 
two tracks. The electrical connection is in opposite phase in 
either the inputs or outputs, but not both. Electrode fingers 
are arranged in groups of two and have widths and spacings 
related to the wavelength. 

17 Claims, 15 Drawing Sheets 
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SURFACE ACOUSTIC WAVE FILTER WITH 
FIRST AND SECOND FILTER TRACKS AND 
BALANCED OR UNBALANCED TERMINALS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a surface acoustic wave 

filter for use in, for example, high-frequency circuits in radio 
communication devices. 

2. Related Art of the Invention 	 10 

The electromechanical components using a surface acous-
tic wave have received attention in the tide toward higher 
density of hardware due to the following fact, that is, the 
acoustic velocity of the wave is several km/s, and the energy 15  
of the wave has a property of concentrating on the surface 
of a propagation medium. Also, with the advance of thin film 
forming technology and surface processing technology 
which have enabled the development of an interdigital 
transducer (below, referred to as IDT) electrode, and the 20  
transformation and expansion thereof, they have been 
applied to practical use for radar delay lines and band-pass 
filters for television receivers. At present, they have come in 
wide use as filters of RF and IF stages in transmitter-receiver 
circuits of radio communication devices. In recent years, 

25 
there has been under way the increasing development of 
portable telephones, digital cordless telephones, and the like 
with the digitization of mobile communication devices. This 
results in an expanded occupied bandwidth per channel. 
Especially, IF filters for use in a CDMA (code division 

30 
multiplex) which has attracted attention in recent years have 
been required to have characteristics excellent in broad-band 
and extremely flat group delay time deviation and selectivity 
for differentiating between adjacent-channel signals and 
desired signals. 

35 
Conventionally, as surface acoustic wave filters suitable 

for an IF stage, resonator type surface acoustic wave filters 
and transversal type surface acoustic wave filters are well 
known. The resonator type surface acoustic wave filter has 
narrow-band and steep cut-off characteristics, and also small 40 
insertion loss and device size, while being inferior in group 
delay time characteristic. On the other hand, the transversal 
type surface acoustic wave filter has large insertion loss and 
device size, while having a broad-band and flat group delay 
time deviation characteristic. From the foregoing features, 45 
the transversal type surf ace acoustic wave filter is suitable 
for use as IF filter in CDMA(code division multiple access). 

Below, a description will now be given to a conventional 
transversal type surface acoustic wave filter. 

FIG. 15 is a block diagram showing a transversal type 5o 
surface acoustic wave filter in accordance with prior art. 
Referring now to FIG. 15, the reference numeral 151 
denotes a single crystal piezoelectric substrate. On the 
piezoelectric substrate 151, is formed an electrode pattern, 
which enables the excitation of a surface acoustic wave. The 55 
reference numeral 152 represents an input IDT electrode 
pair, from which an output IDT electrode pair 153 is formed 
at a prescribed distance, thus forming a transversal type 
surface acoustic wave filter. 

With the surface acoustic wave filter configured as 60 

described above, various weights are assigned to the input 
and output IDT electrode pairs 152 and 153, alternatively, 
any one of, or both of the input and output IDT electrode 
pairs 152 and 153 are set to be a unidirectional IDT electrode 
pair, or the like. This determines the frequency characteris- 65 

tics of the filter, thus implementing the filter characteristic 
with a broad bandwidth and being flat within the passband. 

2 
Incidentally, a reduction in size and weight of portable 

remote terminals has proceeded in recent years, with which 
miniaturization has been also required of the surface acous-
tic wave filter of the IF stage. Further, the balanced input and 
output of ICs in stages around that of the IF filter has 
advanced, and the balanced input and output type has been 
also required of the IF filter strongly. Excellent attenuation 
amount outside the passband has been also required for 
differentiating between adjacent-channel signals and desired 
signals. 

However, in the case where steep attenuation character-
istics in the vicinity of the passband is obtained with the 
above-described transversal type, sufficient weighting is 
required of the input and output IDTs. This entails a problem 
that each length of the input and output IDTs is increased, 
which leads to a difficulty in miniaturization thereof. 
Further, weighting results in a difference in configuration 
between the upper electrode and the lower electrode of the 
IDT electrode pair 152, which creates a problem of bad 
balancing. 

SUMMARY OF THE INVENTION 

A surface acoustic wave filter of the present invention 
comprises: 

a piezoelectric substrate; a first filter track having a first 
input interdigital transducer, a first reflector, and a first 
output interdigital transducer disposed therebetween; 
and a second filter track having a second input inter-
digital transducer, a second reflector, and a second 
output interdigital transducer disposed therebetween on 
said piezoelectric substrate, 

wherein said first filter track and said second filter track 
are substantially arranged in parallel to each other, 

the distance between said first input interdigital transducer 
and said first output interdigital transducer is equal to 
the distance between said second input interdigital 
transducer and said second output interdigital 
transducer, 

the distance between said first output interdigital trans-
ducer and said first reflector differs from the distance 
between said second output interdigital transducer and 
said, second reflector by (na,+a,/4) (n: natural number), 
assuming that the wavelength of the surface acoustic 
wave is X, 

an electrical connection mutually in opposite phase is 
established for any one of between said first input 
interdigital transducer and said second input interdigi-
tal transducer, or between said first output interdigital 
transducer and said second output interdigital 
transducer, while an electrical connection mutually in 
phase is established for the other, and 

each positive electrode and negative electrode of respec-
tive output interdigital transducers of said first and 
second filter tracks are both so configured that, 

electrode fingers are arranged in groups of two in a cycle 
of X, each of the electrode fingers has a width along the 
surface acoustic wave propagation direction of 
approximately X/8, while the center-to-center distance 
between the two electrode fingers of the one group is 
X/4, and the space between adjacent, one pair of elec-
trode fingers of said positive electrode and one pair of 
electrode fingers of said negative electrode is X/2. 

A surface acoustic wave filter of the present invention, 
comprises: 

a piezoelectric substrate; a first filter track having a first 
input interdigital transducer, and a first output inter- 
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3 
digital transducer; and a second filter track having a 
second input interdigital transducer, and a second out-
put interdigital transducer on said piezoelectric 
substrate, 

wherein said first input interdigital transducer and said 
first output interdigital transducer are arranged at a 
prescribed distance from each other, 

said second input interdigital transducer and said second 
output interdigital transducer are arranged at a pre-
scribed distance from each other, 

said first filter track and said second filter track are 
substantially arranged in parallel to each other, 

said first filter track and said second filter track have a 
symmetrical construction along the surface acoustic 
wave propagation direction as axial direction, 

both the lower electrode of said first input interdigital 
transducer and the upper electrode of said second input 
interdigital transducer are grounded, 

both the lower electrode of said first output interdigital 
transducer and the upper electrode of said second 
output interdigital transducer are grounded, 

the upper electrode of said first input interdigital trans-
ducer and the lower electrode of said second input 
interdigital transducer form balanced type input 
terminals, and 

the upper electrode of said first output interdigital trans-
ducer and the lower electrode of said second output 
interdigital transducer form balanced type output ter-
minals 

A surface acoustic wave filter of the present invention 
comprises: 

a piezoelectric substrate; a first filter track having a first 
input interdigital transducer, and a first output inter-
digital transducer; and a second filter track having a 
second input interdigital transducer, and a second out-
put interdigital transducer on said piezoelectric 
substrate, 

wherein said first input interdigital transducer and said 
first output interdigital transducer are arranged at a 
prescribed distance from each other, 

said second input interdigital transducer and said second 
output interdigital transducer are arranged at a pre-
scribed distance from each other, 

said first filter track and said second filter track are 
substantially arranged in parallel to each other, 

said first filter track and said second filter track have such 
an asymmetrical construction that if said first filter 
track is shifted in the surface acoustic wave propaga-
tion direction with respect to said second filter track by 
an integral multiple of X/2 (X: wavelength of the surf 
ace acoustic wave propagating on the piezoelectric 
substrate), said first filter track and said second filter 
track have a symmetrical construction along the surface 
acoustic wave propagation direction as axial direction, 

both the lower electrode of said first input interdigital 
transducer and the upper electrode of said second input 
interdigital transducer are grounded, 

both the lower electrode of said first output interdigital 
transducer and the upper electrode of said second 
output interdigital transducer are grounded, 

the upper electrode of said first input interdigital trans-
ducer and the lower electrode of said second input 
interdigital transducer form balanced type input 
terminals, and 

4 
the upper electrode of said first output interdigital trans-

ducer and the lower electrode of said second output 
interdigital transducer form balanced type output ter-
minals. 

5 	A surface acoustic wave filter of the present invention 
comprises: 

a piezoelectric substrate, an input interdigital transducer, 
and an output interdigital transducer formed at a pre-
scribed distance from said input interdigital transducer, 

10 	on said piezoelectric substrate, 
wherein any one of said input interdigital transducer or 

said output interdigital transducer is a single phase 
uni-directional transducer (SPUDT), and 

assuming that a difference between the frequency flh of 
15 	the pole on a high-pass side closest to the center 

frequency and the frequency ill of the pole on a 
low-pass side closest to the center frequency in the 
impulse response characteristic of said input interdigi-
tal transducer is All, while a difference between the 

20 
	frequency f2h of the pole on a high-pass side closest to 

the center frequency and the frequency f21 of the pole 
on a low-pass side closest to the center frequency in the 
impulse response characteristic of said output interdigi-
tal transducer is Af2, the interdigital transducer having 

25 	the smaller one of said All and Af2 is a SPUDT 
electrode. 

A communication device of the present invention com-
prises: said surface acoustic wave filter according to any one 

30 
of the present invention: a signal processing circuit for 
processing a signal by the use of said filter; a transmitter for 
transmitting the signal processed by said signal processing 
circuit, and a receiver for receiving an electronic radio wave. 

The foregoing configuration results in a small-sized sur-
face acoustic wave filter having balanced type input and 
output terminals, with low insertion loss, flat passband 
characteristics, and excellent attenuation characteristics in 
the vicinity of the passband. 

BRIEF DESCRIPTION OF THE DRAWINGS 
40 	FIG. 1 is a block diagram of an electrode pattern of a 

surface acoustic wave filter in accordance with a first 
embodiment of the present invention; 

FIG. 2 is a diagram illustrating the operation of the 
surface acoustic wave filter in accordance with the present 

45  invention shown in FIG. 1; 
FIG. 3 is a block diagram of an electrode pattern of a 

surface acoustic wave filter in accordance with a second 
embodiment of the present invention; 

FIG. 4 is a block diagram of an electrode pattern of a 
so surface acoustic wave filter in accordance with the second 

embodiment of the present invention; 
FIG. 5 is a block diagram of an electrode pattern of a 

surface acoustic wave filter in accordance with a third 

55 
embodiment of the present invention; 

FIG. 6 is a block diagram of an electrode pattern of a 
surface acoustic wave filter in accordance with the third 
embodiment of the present invention; 

FIG. 7 is a block diagram of an electrode pattern of a 
60  surface acoustic wave filter in accordance with the third 

embodiment of the present invention; 
FIG. 8 is a block diagram of an electrode pattern of a 

surface acoustic wave filter in accordance with a fourth 
embodiment of the present invention; 

65 	FIG. 9 is a block diagram of an electrode pattern of a 
surface acoustic wave filter in accordance with a fifth 
embodiment of the present invention; 
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5 
FIG. 10 is a block diagram of an electrode pattern of a 

surface acoustic wave filter in accordance with the fifth 
embodiment of the present invention; 

FIG. 11 is a block diagram of an electrode pattern of a 
surface acoustic wave filter in accordance with a sixth 
embodiment of the present invention; 

FIG. 12 is a block diagram of an electrode pattern of a 
surface acoustic wave filter in accordance with a seventh 
embodiment of the present invention; 

FIG. 13 is a diagram of the impulse response character-
istics of input and output IDT electrode pairs of the surface 
acoustic wave filter shown in FIG. 12; 

FIG. 14 is a block diagram of an electrode pattern of a 
surface acoustic wave filter in accordance with the seventh 
embodiment of the present invention; and 

FIG. 15 is an electrode pattern diagram of a conventional 
surface acoustic wave filter. 

PREFERRED EMBODIMENT OF THE 
INVENTION 

Below, a description will now be given to the embodi-
ments of the present invention with reference to drawings. 

(Embodiment 1) 
FIG. 1 is an electrode pattern block diagram showing a 

first embodiment of a surface acoustic wave filter according 
to the present invention. On a single crystal piezoelectric 
substrate 11 shown in FIG. 1, is formed an electrode pattern 
in stripline of a periodic structure, enabling the excitation of 
a surface acoustic wave. On the piezoelectric substrate 11, 
are formed a first filter track 12 and a second filter track 13. 
The first filter track 12 is comprised of an input IDT 14, an 
output IDT 15, and a reflector 16. Similarly, the second filter 
trackl3 is comprised of an input IDT 17, an output IDT 18, 
and a reflector 19. The distance W1 between the input IDT 
14 and the output IDT 15 of the first filter track 12 is equal 
to the distance W3 between the input IDT 17 and the output 
IDT 18 of the second filter track 13. Assuming that the 
wavelength of the surface acoustic wave is X, the distance 
W2 between the output IDT 15 and the reflector 16 of the 
first filter track 12 differs from the distance W4 between the 
output IDT 18 and the reflector 19 of the second filter track 
13 by na,+a,/4 (n: natural number). 

The input IDTs 14 and 17 are single phase uni-directional 
transducers (SPUDTs). Further, the input IDT 14 and the 
input IDT 17 are electrically connected in phase with each 
other (that is, the arrangements of their respective electrode 
fingers are mutually equal), while the output IDT 15 and the 
output IDT 18 are electrically connected in opposite phase 
to each other (that is, the arrangements of their respective 
electrode fingers are displaced from each other), thus form-
ing balanced type terminals, respectively. 

In the output IDT 15 of the first filter track 12, electrode 
fingers are arranged in groups of two in a cycle of X at both 
of a positive electrode 15a and a negative electrode 15b, 
respectively. Each of the electrode fingers has a width along 
the propagation direction of surface acoustic wave of 
approximately X/8, while the center-to-center distance 
between the two electrode fingers of the one group is X/4. 
Further, the space between adjacent, one pair of electrode 
fingers of the positive electrode 15a and one pair of elec-
trode fingers of the negative electrode 15b is X/2. That is, the 
space H between the central point of the one pair of 
electrode fingers and the central point of the other pair of 
electrode fingers is X/2. Hereinafter, an IDT configured in 
such a manner is referred to as double electrode. 

T 
Similarly, the output IDT 18 of the second filter track 13 

also constitutes the double electrode. That is, in the IDT 18, 
electrode fingers are arranged in groups of two in a cycle of 
X at both of a positive electrode 18a and a negative electrode 

5  18b, respectively. Each of the electrode fingers has a width 
along the propagation direction of surface acoustic wave of 
approximately X/8, while the center-to-center distance 
between the two electrode fingers of the one group is X/4. 
Further, the space between adjacent, one pair of electrode 
fingers of the positive electrode 18a and one pair of elec- 

lo  trode fingers of the negative electrode 18b is X/2. 
As to the surface acoustic wave filter configured as 

described above, the operation thereof will now be described 
below. 

15 	The propagation path of a surface acoustic wave is 
considered in the embodiment 1 of the present invention 
shown in FIG. 1. The respective surface acoustic waves 
excited at the input IDTs 14 and 17 reach the output IDTs 15 
and 18. However, these surface acoustic waves cannot be 

20  extracted as electric signal from the output IDTs 15 and 18 
due to the fact that the electric phase difference between the 
output IDT 15 of the first filter track 12 and the output IDT 
18 of the second filter track 13 is 1800. Then, these surface 
acoustic waves pass through the output IDTs 15 and 18 to be 

25  reflected by the reflectors 16 and 19, respectively. In the 
reflection, the distance W2 and the distance W4 are mutually 
different, and hence the surface acoustic waves become 180° 
out of phase with each other. The electrical phase difference 
between the output IDT 15 of the first filter track 12 and the 

30 
output IDT 18 of the second filter track 13 is 0°, and hence 
the out-of-phase surface acoustic waves can be extracted as 
output signal there. 

Thus, the surface acoustic wave propagation path is 
folded back by the use of the reflector, resulting in steep 

35 attenuation characteristics in the vicinity of the passband 
without an increase in number of electrode fingers of the 
input and output IDTs. On the other hand, with the conven-
tional surface acoustic wave filter shown in FIG. 15, the 
surface acoustic wave excited at the IDT 152 can be received 

40 at the output IDT 153 to be extracted as electric signal. 
Therefore, the number of electrode fingers of the input and 
output IDTs must be largely increased in order to obtain 
steep attenuation characteristics in the vicinity of the pass-
band. Accordingly, the surface acoustic wave filter of this 

45 embodiment shown in FIG. 1 is largely reduced in filter size 
as compared with the prior art surface acoustic wave filter 
shown in FIG. 15. 

Further, the output IDT 15 of the first filter track 12 and 
the output IDT 18 of the second filter track 13 are double 

so electrodes. Accordingly, as shown in FIG. 2, the surface 
acoustic waves each reflected at the end face of its respective 
electrode finger have a phase difference of X/2 to be 
canceled, which enables the suppression of the internal 
reflection. Consequently, the surface acoustic waves propa-
gated from the input IDTs 14 and 17 to the reflectors 16 and 
19 are not disturbed at the output IDTs 15 and 18 to pass 
therethrough, which enables the implementation of filter 
characteristics being flat within the passband. 

Also, in the embodiment 1 of the present invention shown 
60 in FIG. 1, the input IDT 14 of the first filter track 12 and the 

input IDT 17 of the second filter track 13 are uni-directional 
transducers such as single phase unidirectional transducer 
(SPUDT). Accordingly, the bi-directional loss at the input 
IDTs can be reduced to implement low-loss filter character- 

65 istics. 
It is noted that, the input IDT 14 of the first filter track 12 

and the input IDT 17 of the second filter track 13 can 
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it 
properly be double electrodes each with an electrode finger 
width of X/8. In this case, the internal reflection can be 
suppressed to implement filter characteristics with broad and 
flat passband. 

Also, the reflection coefficients of the reflectors 16 and 19 
are set as roughly 1, which causes the surface acoustic waves 
reaching the reflectors 16 and 19 to totally reflect. This 
results in no leaking surface acoustic wave, enabling the 
implementation of low-loss filter characteristics. 

(Embodiment 2) 
FIG. 3 is a block diagram of an electrode pattern showing 

a second embodiment in accordance with the present inven-
tion. The difference from the embodiment 1 shown in FIG. 
1 is in that on each of a reflector 36 of a first filter track 32 
and a reflector 39 of a second filter track 33, weighting based 
on the width along the surface acoustic wave propagation 
direction of the electrode finger is performed. This enables 
the expansion of the degree of freedom of filter design. 
Alternatively, weighting based on the position of the elec-
trode finger, and weighting based on the combination of the 
foregoing two terms can be carried out. 

FIG. 4 is a block diagram of an electrode pattern in which 
the reflector 36 of the first filter track 32 and the ref lector 
39 of the second filter track 33 are each comprised of at least 
two or more reflectors each having a different reflection 
characteristic. Referring now to FIG. 4, a reflector 46 of a 
first filter track 42 is comprised of reflector electrodes 46a, 
46b, and 46c each having a different reflection characteristic, 
while a reflector electrode 49 of a second filter track 43 is 
comprised of reflectors 49a, 49b, and 49c each having a 
different reflection characteristic. The use of such a configu-
ration enables the expansion of the degree of freedom of 
filter design, and hence the desired reflection characteristic 
can be obtained with ease. 

It is noted that, as shown in FIG. 1 in the embodiments 1 
and 2, the input IDTs are electrically connected in phase with 
each other, while the output IDTs are electrically connected 
in opposite phase to each other. However, even if the input 
IDTs are electrically connected in opposite phase to each 
other, while the output IDTs are electrically connected in 
phase with each other, the same effects can be obtained. 

(Embodiment 3) 
FIG. 5 is a block diagram of an electrode pattern showing 

a third embodiment of the surface acoustic wave filter in 
accordance with the present invention. The difference from 
the embodiment 1 shown in FIG. 1 is as follows: in the 
embodiment 1, a connection is provided between the upper 
electrode 14a of the input IDT 14 of the first filter track 12 
and the lower electrode 17b of the input IDT 17 of the 
second filter track 13 to form one of the balanced type input 
terminals. Meanwhile, a connection is provided between the 
lower electrode 14b of the input IDT 14 of the first filter 
track 12 and the upper electrode 17a of the input IDT 17 of 
the second filter track 13 to form the other of the balanced 
type input terminals. Thus, the balanced type input is imple-
mented. On the other hand, in the embodiment 3 shown in 
FIG. 5, the upper electrode 54a of an input IDT 54 of a first 
filter track 52 and the lower electrode 57b of an input IDT 
57 of a second filter track 53 form balanced type input 
terminals. Meanwhile, the lower electrode 54b of the input 
IDT 54 of the first filter track 52 and the upper electrode 57a 
of the input IDT 57 of the second filter track 53 are 
grounded. 

The routing of wiring in the foregoing manner provides 
parallel to series connections of the cross capacities of the 
IDTs, which can raise the impedance of the filter without a  

8 
reduction in cross width of the IDTs. In the case where the 
foregoing routing of wiring is not carried out, an increase in 
impedance of the filter requires the cross capacity of the 
IDTs controlling the impedance of the filter to be reduced. 

5 This requires the cross width of the IDTs to be made small. 
As a result, the diffraction effect of surface acoustic waves 
is enhanced, resulting in deterioration in attenuation char-
acteristics on the high frequencies side. However, the fore-
going configuration enables an increase in impedance of the 

to filter without reducing the cross width of the IDTs to 
implement filter characteristics with good attenuation char-
acteristics on the high frequencies side. 

It is noted that, in the embodiments 1, 2, and 3, the 
description is given with filters of the balanced type input 

15  and output configuration being taken as examples. However, 
even with the unbalanced type as shown in FIG. 6, or even 
if the input and output terminals are configured wherein the 
one is of a balanced type, while the other is of an unbalanced 
type as shown in FIG. 7, the same filter characteristics can 

20  be implemented. 
It is noted that the routing of wiring for the input IDTs is 

described in FIG. 5. However, the same effects can be 
obtained for the output IDTs. 

25 
(Embodiment 4) 
FIG. 8 is a block diagram of an electrode pattern showing 

a fourth embodiment of the surface acoustic wave filter in 
accordance with the present invention. On a piezoelectric 
substrate 81, are formed a first filter track 82 and a second 

30 filter track 83. The first filter track 82 is comprised of an 
input IDT 84, a multi-strip coupler 85, and a reflector 86. 
Similarly, the second filter track 83 is comprised of an input 
IDT 87, a multi-strip coupler 85, and a reflector 88. The 
input IDT 84 of the first filter track 82 and the input IDT 87 

35 of the second filter track 83 have the same electrode con-
figuration. Similarly, the reflector electrode 86 of the first 
filter track 82 and the reflector electrode 88 of the second 
filter track 8 have the same electrode configuration. 

The distance W5 between the input IDT 84 and the 

40 multi-strip coupler 85 of the first filter track 82 is equal to the 
distance W7 between the input IDT 87 and the multi-strip 
coupler 85 of the second filter track 83. The distance W6 
between the multi-strip coupler 85 and the reflector elec-
trode 86 of the first filter track 82 differs from the distance 

45 W8 between the multi-strip coupler 85 and the reflector 
electrode 88 of the second filter track 83 by na,+a,/4 (n: 
natural number). Further, the input IDT 84 of the first filter 
track 82 and the input IDT 87 of the second filter track 83 
are electrically connected in phase with each other to form 

5o balanced type input terminals, while the upper electrode 85a 
and the lower electrode 85b of the multi-strip coupler 85 
form balanced type output terminals. 

In the multi-strip coupler 85, both the positive electrode 
85a and the negative electrode 85b are comprised of double 

55 electrodes, respectively. That is, in both the electrodes, 
electrode fingers are arranged in groups of two in a cycle of 
X. Each of the electrode fingers has a width along the surface 
acoustic wave propagation direction of approximately X/8, 
while the center-to-center distance between the two elec- 

60 trode fingers of the one group is X/4. Further, the space H 
between adjacent, one pair of electrode fingers of the posi-
tive electrode 85a and one pair of electrode fingers of the 
negative electrode 85b is X/2. 

As shown in FIG. 8, even if the multi-strip coupler 85 is 
65 used in place of the output IDTs, the same filter character-

istics as those in the embodiment 1 of the present invention 
of FIG. 1 can be implemented, and a routing electrode for an 
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output terminal can be taken out easily, or the length of the 
routing electrode can be reduced, which enables a reduction 
in resistance loss. This results in the implementation of 
low-loss filter characteristics. 

(Embodiment 5) 

FIG. 9 is a block diagram of an electrode pattern showing 
a fifth embodiment of the surface acoustic wave filter in 
accordance with the present invention. On a piezoelectric 
substrate 91, are formed a first filter track 92 and a second 
filter track 93. The first filter track 92 and the second filter 
track 93 have a symmetrical construction with respect to the 
surface acoustic wave propagation direction as axial direc-
tion. The first filter track 92 is comprised of an input IDT 94 
and an output IDT 95. Similarly, the second filter-track 93 is 
comprised of an input IDT 96 and an output IDT 97. Further, 
there is provided a connection between the lower electrode 
94b of the input IDT 94 of the first filter track 92 and the 
upper electrode 96a of the input IDT 96 of the second filter 
track 93 to form a terminal, which is then connected to an 
earth. Similarly, there is provided a connection between the 
lower electrode 95b of the output IDT 95 of the first filter 
track 92 and the upper electrode 97a of the input IDT 97 of 
the second filter track 93 to form a terminal, which is then 
connected to an earth. It is noted that a spacing of 10 X or 
more between the first filter track 92 and the second filter 
track 93 is preferably allowed. This ensures the prevention 
of mutual interference. 

The difference between this embodiment and the conven-
tional surface acoustic wave filter shown in FIG. 15 is as 
follows: that is, the electrodes 152a and 152b each con-
nected to the input terminal pair in the prior art example of 
FIG. 15 have mutually different electrode configurations, 
while, in this embodiment, the electrodes 94a and 96b each 
connected to the input terminal pair have the same electrode 
configuration. It is noted that the electrodes 94b and 96a also 
have the same electrode configuration. Similarly, the elec-
trodes 95a and 97b each connected to the output terminal 
pair have the same electrode configuration. Also, 95b and 
97a have the same electrode configuration. 

Namely, with the two-track configuration as described 
above, the electrodes each connected to the respective input 
and output terminal pairs have the same configuration, 
respectively. As compared with the conventional surface 
acoustic wave filter shown in FIG. 15, the balancing 
between terminals when the balanced type operation is 
effected is largely improved. This results in improvements in 
amount of attenuation outside the passband and insertion 
loss. Giving attention to the amount of attenuation outside 
the passband, assuming that the center frequency of the filter 
is fo, it is found to be fo±5 MHz in the case of a filter having 
a passband of 1.3 MHz, thus it is improved by about 10 dB 
as compared with the prior art surface acoustic wave filter 
shown in FIG. 15. 

Also, in this embodiment, in the case where the input and 
output IDTs 94, 95, 96, and 97 of the first filter track 92 and 
the second filter track 93 each has withdrawal weighting, 
one electrode of the respective input and output IDTs is 
provided with dummy electrodes 944, 955, 966, and 977 at 
the portions from which IDT electrodes have been thinned 
out, respectively, in order to adjust the acoustic velocity of 
the surface acoustics waves. FIG. 9 illustrates such an 
electrode configuration that the dummy electrodes are pro-
vided at the lower electrodes 94b and 95b of the input and 
output IDT electrode pair s 94 and 95 of the first filter track 
92 and the upper electrodes 96a and 97a of the input and 
output IDTS 96 and 97 of the second filter track 93. 

10 
However, such an electrode configuration is also conceiv-
able that dummy electrodes are provided at the upper 
electrodes 94a and 95a of the input and output IDTs 94 and 
95 of the first filter track 92 and the lower electrodes 96b and 

5 97b of the input and output IDTs 96 and 97 of the second 
filter track 93. As in the embodiment of FIG. 9, in such an 
electrode configuration that dummy electrodes are provided 
at the lower electrodes 94b and 95b of the input and output 
IDTs 94 and 95 of the first filter track 92 and the upper 

to electrodes 96a and 97a of the input and output IDTs 96 and 
97 of the second filter track 93, the connecting section 
between the IDT electrode 94b and the IDT electrode 96a, 
and the connecting section between the IDT electrode 95b 
and the IDT electrode 97a are connected to an earth, that is, 

15 the dummy electrodes are grounded. This reduces the sus-
ceptibility to the influences of stray capacitance and the like 
due to the dummy electrodes, resulting in an improvement 
in insertion loss. 

FIG. 10 is a block diagram of an electrode pattern in 
20  which the input and output IDTs 94, 95, 96, and 97 of the 

first filter track 92 and the second filter track 93 are single 
phase uni-directional transducers (SPUDTs) in the embodi-
ment of the present invention of FIG. 9. The SPUDT 
electrode is a unidirectional electrode, and it is of an 

25  electrode configuration having a reflector in the inside of the 
IDT. 

Referring now to FIG. 10, there is illustrated such an 
electrode configuration that reflector electrodes 1044, 1055, 
1066, and 1077 are provided at the lower electrodes 104b 

30 and 105b of input and output IDTs 104 and 105 of a first 
filter track 102, and the upper electrodes 106a and 107a of 
input and output IDTs 106 and 107 of a second filter track 
103, respectively. However, such an electrode configuration 
is also conceivable that reflector electrodes are provided at 

35 the upper electrodes 104a and 105a of the input and output 
IDTs 104 and 105 of the first filter track 102, and the lower 
electrodes 106b and 107b of the input and output IDTs 106 
and 107 of the second filter track 103. As in the foregoing 
case of FIG. 10, in such an electrode configuration that 

40 reflector electrodes are provided at the lower electrodes 
104b and 105b of the input and output IDTs 104 and 105 of 
the first filter track 102 and the upper electrodes 106a and 
107a of the input and output IDTs 106 and 107 of the second 
filter track 103, respectively, the connecting section between 

45 the IDT electrode 104b and the IDT electrode 106a, and the 
connecting section between the IDT electrode 105b and the 
IDT electrode 107a are connected to an earth. The resulting 
electrode configuration becomes less susceptible to the 
influences of the stray capacitance, and the like of the 

so dummy electrodes and the reflector electrodes as compared 
with the latter case. This results in excellent characteristics 
in insertion loss and amount of attenuation outside the 
passband. 

55 
(Embodiment 6) 

FIG. 11 is a block diagram of an electrode pattern 
showing a sixth embodiment of the surface acoustic wave 
filter in accordance with the present invention. Referring 
now to FIG. 11, on a piezoelectric substrate 111, are formed 

60  a first filter track 112 and a second filter track 113. The first 
filter track 112 and the second filter track 113 have the 
construction as follows. 

The first filter track 112 is comprised of an input IDT 114 
and an output IDT 115. Similarly, the second filter track 113 

65 is comprised of an input IDT 116 and an output IDT 117. 
Here, the first filter track 112 is shifted in the surface 
acoustic wave propagation direction with respect to the 
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11 12 
second filter track 113 by an integral multiple of X/2 (X: 
wavelength of the surface acoustic wave propagating on the 
piezoelectric substrate). Consequently, both the tracks form 
a symmetrical construction with respect to the surface 
acoustic wave propagation direction as axial direction. 
Conversely, it can also be said that the two tracks having a 
symmetrical construction with respect to the surface acous-
tic wave propagation direction as axial direction are mutu-
ally shifted in the surface acoustic wave propagation direc-
tion by an integral multiple of X/2 (X: wavelength of the 
surface acoustic wave propagating on the piezoelectric 
substrate), resulting in the construction of FIG. 11. 

There is provided a connection between the lower elec-
trode 114b of the input IDT 114 of the first filter track 112 
and the upper electrode 116a of the input IDT 116 of the 
second track 113 to form a terminal, which is then connected 
to an earth. Meanwhile, there is provided a connection 
between the lower electrode 115b of the output IDT 115 of 
the first filter track 112 and the upper electrode 117a of the 
output IDT 117 of the second filter track 113 to form a 
terminal, which is then connected to an earth. 

In this step, the first filter track 112 and the second filter 
track 113 are arranged with being mutually shifted in the 
surface acoustic wave propagation direction by an integral 
multiple of X/2. Accordingly, the first filter track 112 and the 
second filter track 113 will not be acoustically influenced 
with each other. Therefore, it is unnecessary to ensure a 
sufficient distance between the first filter track 112 and the 
second filter track 113, and hence it becomes possible to 
implement a substantial downsizing of the device size. 

(Embodiment 7) 
FIG. 12 is a block diagram of an electrode pattern 

showing a seventh embodiment of the surface acoustic wave 
filter in accordance with the present invention. Referring 
now to FIG. 12, on a piezoelectric substrate 121, are formed 
a first filter track 122 and a second filter track 123. The first 
filter track 122 and the second filter track 123 have the 
construction as follows. 

The first filter track 122 is comprised of an input IDT 124 
which is a bidirectional electrode and an output IDT 125 
which is a SPUDT electrode. Similarly, the second filter 
track 123 is comprised of an input IDT 126 which is a 
bidirectional electrode, and an output IDT 127 which is a 
SPUDT electrode. Here, the first filter track 122 is shifted in 
the surface acoustic wave propagation direction with respect 
to the second filter track 123 by an integral multiple of X/2. 
Consequently, both the tracks form a symmetrical construc-
tion with respect to the surface acoustic wave propagation 
direction as axial direction. Conversely, it can also be said 
that the two tracks having a symmetrical construction with 
respect to the surface acoustic wave propagation direction as 
axial direction are mutually shifted in the surface acoustic 
wave propagation direction by an integral multiple of X/2 (X: 
wavelength of the surface acoustic wave propagating on the 
piezoelectric substrate), resulting in the construction of FIG. 
12. 

Further, there is provided a connection between the lower 
electrode 124b of the input IDT 124 of the first filter track 
122 and the upper electrode 126a of the input IDT 126 of the 
second track 123 to form a terminal, which is then connected 
to an earth. Meanwhile, there is provided a connection 
between the lower electrode 125b of the output IDT 125 of 
the first filter track 122 and the upper electrode 127a of the 
output IDT 127 of the second filter track 123 to form a 
terminal, which is then connected to an earth. 

In conventional surface acoustic wave filters, with a 
transversal filter using bi-directional electrodes as input and 

output IDTs, a large amount of attenuation can be obtained 
in the vicinity of the passband. However, the input and 
output IDTs are bi-directional electrodes, and hence a large 
ripple occurs within the passband under the influence of TTE 

5  (Triple Transit Echo). A filter for use in an IF stage of a 
digital mobile communication device is required to have flat 
in-passband characteristics, and hence it must be used in a 
state of impedance mismatching in order to suppress TTE, 
resulting in a very large insertion loss. On the other hand, in 

10 
the case where SPUDT electrodes are used as input and 
output IDTs, the TTE level is very small in a state of 
impedance matching. This results in a filter with flat 
in-passband characteristics and low insertion loss. However, 
the amount of attenuation in the vicinity of the passband 

15  deteriorates for implementing a uni-directional property. In 
the surface acoustic wave filter of the seventh embodiment 
of the present invention shown in FIG. 12, the one electrode 
pair is of bi-directional electrodes, while the other is of 
SPUDT electrodes. This enables suppression of the TTE 

20  level in a state of impedance matching. Thus, it becomes 
possible to implement a surface acoustic wave filter with 
flatter in-passband characteristics and lower insertion loss as 
compared with the transversal filter using bi-directional 
electrodes as input and output IDT electrode pairs, and more 

25  excellent in amount of attenuation in the vicinity of the 
passband as compared with the surface acoustic wave filter 
using SPUDT electrodes as input and output IDTS. 

Also, in this embodiment, referring now to FIG. 13, 
assuming that a difference between the frequency flh of the 

30 pole on a high-pass side closest to the center frequency and 
the frequency f1l of the pole on a low-pass side closest to the 
center frequency in the impulse response characteristic 131 
of the input IDTs is Afl, while a difference between the 
frequency f2h of the pole on a high-pass side closest to the 

35  center frequency and the frequency f21 of the pole on a 
low-pass side closest to the center frequency in the impulse 
response characteristic 132 of the output IDTs is Af2, in the 
case where the IDTs having the smaller Af (in this case, the 
output IDTs 125 and 127) is set to be SPUDT electrodes, the 

40 characteristics of the output IDTs 125 and 127 exhibit an 
increase in side lobe level due to the use of the SPUDT 
electrodes, which is canceled by trap of the characteristics of 
the other input IDTs 124 and 126. Consequently, as the 
whole filter, the side lobe level can be suppressed to obtain 

45  an excellent attenuation amount in the vicinity of the pass-
band. 

As described above, this embodiment can implement a 
filter excellent in balancing to achieve improvements in 
amount of attenuation outside the passband and insertion 

50 loss. 
It is noted that a description has been given to the example 

in which two filter tracks are used as shown in FIG. 12 in this 
embodiment. However, as shown in FIG. 14, assuming that 
the configuration of only one filter track is adopted, and the 

55 IDT having the smaller Af (in this case, an output IDT 143) 
is a SPUDT electrode, an improvement in attenuation char-
acteristics in the vicinity of the passband can be imple-
mented in the same manner as in this embodiment. 

Also, the above-described filter of the one-track configu- 
6o ration is assumed to be a balanced type filter in FIG. 14. 

However, even if it is assumed that such a configuration of 
input and output terminals is adopted in which the one is of 
a balanced type, while the other is of an unbalanced type, the 
same effects can be obtained. Thus, the present invention can 

65 implement a small-sized and low-loss surface acoustic wave 
filter excellent in amount of attenuation in the vicinity of the 
passband. 
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Also, as a piezoelectric substrate in the present invention, 
it is preferable that a ST cut-quartz excellent in temperature 
characteristics is used. However, LiTaO3, LiNbO3, 
Li2B4O7, La3Ga5SiOl4, and the like can be used as a 
substrate. Further, as electrode materials, it is preferable to 
use aluminium of which the film thickness is easy to control, 
and having a relatively small density, however, a gold 
electrode can also be used. 

It is noted that, the communication device of the present 
invention is a communication device characterized by 
including the surface acoustic filter described above, a signal 
processing circuit for conducting a signal processing using 
the filter, a transmitter for transmitting the signals processed 
by the signal processing circuit, and a receiver for receiving 
an electronic radio wave. 

What is claimed is: 
1. A surface acoustic wave filter, comprising: 
a piezoelectric substrate; a first filter track having a first 

input interdigital transducer, a first reflector, and a first 
output interdigital transducer disposed therebetween; 
and a second filter track having a second input inter-
digital transducer, a second reflector, and a second 
output interdigital transducer disposed therebetween on 
said piezoelectric substrate, 

wherein said first filter track and said second filter track 
are substantially arranged in parallel to each other, 

the distance between said first input interdigital transducer 
and said first output interdigital transducer is equal to 
the distance between said second input interdigital 
transducer and said second output interdigital 
transducer, 

the distance between said first output interdigital trans-
ducer and said first reflector differs from the distance 
between said second output interdigital transducer and 
said second reflector by (na,+a,/4) (n: natural number), 
assuming that the wavelength of the surface acoustic 
wave is X, 

an electrical connection mutually in opposite phase is 
established for any one of between said first input 
interdigital transducer and said second input interdigi-
tal transducer, or between said first output interdigital 
transducer and said second output interdigital 
transducer, while an electrical connection mutually in 
phase is established for the other, and 

each positive electrode and negative electrode of respec-
tive output interdigital transducers of said first and 
second filter tracks are both so configured that, 

electrode fingers are arranged in groups of two in a cycle 
of X, each of the electrode fingers has a width along the 
surface acoustic wave propagation direction of 
approximately X/8, while the center-to-center distance 
between the two electrode fingers of the one group is 
X/4, and the space between adjacent, one pair of elec-
trode fingers of said positive electrode and one pair of 
electrode fingers of said negative electrode is X/2; 

wherein both said first input interdigital transducer and 
said second input transducer are unidirectional trans-
ducers. 

2. A surface acoustic wave filter according to claim 1, 
wherein at least one or more interdigital transducers of said 
first input interdigital transducer, said second input inter-
digital transducer, said first output interdigital transducer, 
and said second output interdigital transducer have a with-
drawal weighting. 

3. A communication device, comprising: said surface 
acoustic wave filter according to claim 1; a signal processing 
circuit for processing a signal by the use of said filter; a 
transmitter for transmitting the signal processed by said 

14 
signal processing circuit, and a receiver for receiving an 
electronic radio wave. 

4. A surface acoustic wave filter according to claim 1, 
wherein said uni-directional transducer is a single phase 

5 uni-directional transducer (SPUDT). 
5. A surface acoustic wave filter according to claim 1, 

wherein each positive electrode and negative electrode of 
respective input interdigital transducers of said first and 
second filter tracks are both so configured that, 

10 	electrode fingers are arranged in groups of two in a cycle 
of X, each of the electrode fingers has a width along the 
surface acoustic wave propagation direction of 
approximately X/8, while the center-to-center distance 
between the two electrode fingers of the one group is 

1s 	X/4, and the space between adjacent, one pair of elec- 
trode fingers of said positive electrode and one pair of 
electrode fingers of said negative electrode is X/2. 

6. A surface acoustic wave filter according to claim 1, 
wherein each reflection coefficient of said first reflector and 

20  said second reflector is approximately 1. 
7. A surface acoustic wave filter according to claim 1, 

wherein said first reflector and said second reflector are 
weighted by the width of said electrode finger. 

8. A surface acoustic wave filter according to claim 1, 
25  wherein said first reflector and said second reflector are 

weighted by the position of said electrode finger. 
9. A surface acoustic wave filter according to claim 1, 

wherein said first reflector and said second reflector are 
weighted by a combination of the width and the position of 

30 said electrode finger. 
10. A surface acoustic wave filter according to claim 1, 

wherein said first reflector and said second reflector are 
configured by two or more reflectors each having different 
reflection characteristics. 

35 	11. A surface acoustic wave filter according to claim 1, 
wherein said first input interdigital transducer and said 
second input interdigital transducer are electrically con-
nected in phase with each other, and said first and second 
output interdigital transducers are implemented by one inter- 

40 digital transducer. 
12. A surface acoustic wave filter comprising: 
a piezoelectric substrate; a first filter track having a first 

input interdigital transducer, a first reflector, and a first 
output interdigital transducer disposed therebetween; 

45 	and a second filter track having a second input inter- 
digital transducer, a second reflector, and a second 
output interdigital transducer disposed therebetween on 
said piezoelectric substrate, 

wherein said first filter track and said second filter track 

5o 	
are substantially arranged in parallel to each other, 

the distance between said first input interdigital transducer 
and said first output interdigital transducer is equal to 
the distance between said second input interdigital 
transducer and said second output interdigital 
transducer, 

ss 	
the distance between said first output interdigital trans- 

ducer and said first reflector differs from the distance 
between said second output interdigital transducer and 
said second reflector by (na,+a,/4) (n: natural number), 
assuming that the wavelength of the surface acoustic 

60 	wave is X, 
an electrical connection mutually in opposite phase is 

established for any one of between said first input 
interdigital transducer and said second input interdigi-
tal transducer, or between said first output interdigital 

65 	transducer and said second output interdigital 
transducer, while an electrical connection mutually in 
phase is established for the other, and 
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each positive electrode and negative electrode of respec-
tive output interdigital transducers of said first and 
second filter tracks are both so configured that, 

electrode fingers are arranged in groups of two in a cycle 
of X, each of the electrode fingers has a width along the 
surface acoustic wave propagation direction of 
approximately X/8, while the center-to-center distance 
between the two electrode fingers of the one group is 
X/4, and the space between adjacent, one pair of elec-
trode fingers of said positive electrode and one pair of 
electrode fingers of said negative electrode is X/2; 

wherein the upper electrode of said first input interdigital 
transducer and the lower electrode of said second input 
interdigital transducer form balanced type input 
terminals, and the lower electrode of said first input 
interdigital transducer and the upper electrode of said 
second input interdigital transducer are grounded. 

13. A surface acoustic wave filter, comprising: 
a piezoelectric substrate; a first filter track having a first 

input interdigital transducer, and a first output inter-
digital transducer; and a second filter track having a 
second input interdigital transducer, and a second out-
put interdigital transducer on said piezoelectric 
substrate, said first filter track and said second filter 
track having the same filter response, 

wherein said first input interdigital transducer and said 
first output interdigital transducer are arranged at a 
prescribed distance from each other, 

said second input interdigital transducer and said second 
output interdigital transducer are arranged at a pre-
scribed distance from each other, 

said first filter track and said second filter track are 
substantially arranged in parallel to each other, 

said first filter track and said second filter track have a 
symmetrical construction along the surface acoustic 
wave propagation direction as axial direction, 

both the lower electrode of said first input interdigital 
transducer and the upper electrode of said second input 
interdigital transducer are grounded, 

both the lower electrode of said first output interdigital 
transducer and the upper electrode of said second 
output interdigital transducer are grounded, 

the upper electrode of said first input interdigital trans-
ducer and the lower electrode of said second input 
interdigital transducer form balanced type input 
terminals, and 

the upper electrode of said first output interdigital trans-
ducer and the lower electrode of said second output 
interdigital transducer form balanced type output ter-
minals; 

wherein both of said first input and output interdigital 
transducers and said second input and output interdigi-
tal transducers are single phase uni-directional trans-
ducers (SPUDTs), 

reflector electrodes are provided at the lower electrode of 
the input SPUDT electrode pair of said first filter track, 
and the upper electrode of the input SPUDT electrode 
pair of said second filter track, respectively, and 

reflector electrodes are provided at the lower electrode of 
the output SPUDT electrode pair of said first filter 
track, and the upper electrode of the output SPUDT 
electrode pair of said second filter track, respectively. 

14. A surface acoustic wave filter according to claim 13, 
wherein dummy electrodes are formed at the lower electrode 
of said first input interdigital transducer and the upper 
electrode of said second input interdigital transducer, 
respectively, to conduct a withdrawal weighting, and 

dummy electrodes are formed at the lower electrode of 
said first output interdigital transducer and the upper 

16 
electrode of said second output interdigital transducer, 
respectively, to conduct a withdrawal weighting. 

15. A surface acoustic wave filter according to claim 13, 
wherein said first filter track and said second filter track are 

5 formed at a distance of 10 u or more from each other. 
16. A surface acoustic wave filter, comprising: 

a piezoelectric substrate; a first filter track having a first 
input interdigital transducer, and a first output inter-
digital transducer; and a second filter track having a 

to 	second input interdigital transducer, and a second out- 
put interdigital transducer on said piezoelectric 
substrate, said first filter track and said second filter 
track having the same filter response, 

15 	wherein said first input interdigital transducer and said 
first output interdigital transducer are arranged at a 
prescribed distance from each other, 

said second input interdigital transducer and said second 
output interdigital transducer are arranged at a pre-
scribed distance from each other, 

20 
said first filter track and said second filter track are 

substantially arranged in parallel to each other, 
said first filter track and said second filter track have such 

an asymmetrical construction that is said first filter 
25 	track is shifted in the surface acoustic wave propaga- 

tion direction with respect to said second filter track by 
an integral multiple of X/2 (X: wavelength of the surface 
acoustic wave propagating on the piezoelectric 
substrate), said first filter track and said second filter 
track have a symmetrical construction along the surface 

30 	acoustic wave propagation direction as axial direction, 
both the lower electrode of said first input interdigital 

transducer and the upper electrode of said second input 
interdigital transducer are grounded, 

35 	
both the lower electrode of said first output interdigital 

transducer and the upper electrode of said second 
output interdigital transducer are grounded, 

the upper electrode of said first input interdigital trans-
ducer and the lower electrode of said second input 
interdigital transducer form balanced type input 

40 	terminals, and 
the upper electrode of said first output interdigital trans-

ducer and, the lower electrode of said second output 
interdigital transducer form balanced type output ter-
minals. 

45 	17. A surface acoustic wave filter, comprising: 

a piezoelectric substrate, an input interdigital transducer, 
and an output interdigital transducer formed at a pre-
scribed distance from said input interdigital transducer, 
on said piezoelectric substrate, 

so 
wherein any one of said input interdigital transducer or 

said output interdigital transducer is a single phase 
uni-directional transducer (SPUDT), and 

assuming that a difference between the frequency flh of 

ss 	the pole on a high-pass side closest to the center 
frequency and the frequency ill of the pole on a 
low-pass side closest to the center frequency in the 
impulse response characteristic of said input interdigi-
tal transducer is 4fl, while a difference between the 
frequency f2h of the pole on a high-pass side closest to 

60 	the center frequency and the frequency f21 of the pole 
on a low-pass side closest to the center frequency in the 
impulse response characteristic of said output interdigi-
tal transducer is Af2, the interdigital transducer having 
the smaller one of said All and Af2 is a SPUDT 

65 	electrode. 
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