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(57) 	 ABSTRACT 

A receiving filter of a SAW separator that prevents tempera-
ture increase, and enables to improve electric power-
resisting property and attains high performance. A series 
arms and parallel arms of a transmitting filter and receiving 
filter are equipped with ladder type filters comprising SAW 
resonators. In the receiving filter, the number of pairs of 
finger electrodes of a parallel arm resonator P1 arranged at 
the first stage viewed from input side is larger than the 
number of pairs of finger electrodes of parallel arm resona-
tors P2, ... at other stages. Or interdigitated width of finger 
electrodes of the parallel resonator at the first stage is made 
longer than interdigitated width of finger electrodes of each 
of parallel resonators at other stages. 

14 Claims, 8 Drawing Sheets 
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RECEIVING FILTER OF A SAW SEPARATOR 
WITH GREATER ELECTRODE 

INTERDIGITATED WIDTH IN FIRST STAGE 
PARALLEL RESONATOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a surface acoustic wave 
(SAW) receiving filter to be used in a radio frequency (RF) 
filter that is used in compact mobile communication devices 
such as cellular phones and so forth. 

2. Description of Related Art 

Recently the development of compact-size and light-
weight mobile communication device terminals such as 
cellular phones and so forth has been progressed. Along with 
the development, compact size and high performance of 
parts to be used therein are required, and so is the develop-
ment of SAW elements. 

Since a SAW separator is a device that will greatly 
contribute to making an RF portion compact, there is a great 
demand for its practical applications. 

An RF portion shown in FIG. 7 comprises an antenna 101, 
an ANT terminal 102 that is connected to the above antenna, 
a transmitting filter 103 and a separator line 107 that are 
respectively connected to the above ANT terminal, a trans-
mitting terminal (Tx terminal) 104 that is connected to the 
above transmitting filter, an electric power amplifier 105 that 
is connected to the above transmitting terminal, a receiving 
filter 108 that is connected to the above separator line, and 
a receiving terminal (Rx terminal) 109 that is connected to 
the above receiving filter. 

The SAW separator 110 comprises the transmitting filter 
103, the receiving filter 108 and the separator line 107, and 
such a SAW separator are required to have its characteristics 
including compact size, low insertion loss of a pass band, 
large attenuation in an attenuation band, and so on. 

Since the SAW separator 110 is arranged at output line of 
the electric power amplifier 105 at the final stage, electric 
power load from 1 to 2 W is imposed on the transmitting 
filter 103, while electric power load around 1 W is imposed 
on the receiving filter 108, therefore, excellent electric 
power-resisting property is required to the SAW separator. 

Conventionally, a dielectric wave separator has been used 
in such a field and apt to make volume large, which has been 
a problem with the prior art. 

In the transmitting filter 103 and the receiving filter 108, 
used in general is a ladder type filter as shown in FIG. 8. The 
filter is equipped with series arm SAW resonators Sl, S2 and 
S3, and parallel arm SAW resonators P1, P2, P3 and P4. The 
series arm SAW resonator 51 at a first stage has interdigi-
tated width of 50 µm and number of pairs of 100, the series 
arm SAW resonator S2 at a second stage has interdigitated 
width of 50 µm and number of pairs of 100, and the series 
arm SAW resonator S3 at a third stage has interdigitated 
width of 50µm and number of pairs of 100. The parallel arm 
SAW resonator P1 at a first stage has interdigitated width of 
70 am and number of pairs of 70, the parallel arm SAW 
resonator P2 at a second stage has interdigitated width of 
110 µm and number of pairs of 80, the parallel arm SAW 
resonator P3 at a third stage has interdigitated width of 110 
µm and number of pairs 80, and the parallel arm SAW 
resonator P4 at a fourth stage has interdigitated width of 70 
µm and number of pairs of 70. 

FIG. 9 is a diagram showing a symbol of each of the 
respective SAW resonators (S1—S3, P1—P4) in FIG. 8, and 

FIG. 10 is a diagram showing a lumped parameter equiva-
lent circuit therein. These respective resonators are arranged 
with their comb-shape electrodes or interdigital electrodes 
mutually engaged as shown in FIG. 11. 

5 	In FIG. 11, reference numerals 10a and 10b show comb- 
shape type electrodes or interdigital electrodes, and they are 
engaged with each other, and reference numeral 12 shows a 
pair of finger electrodes, while the code D shows a inter-
digitated width of the finger electrodes. 

10 	Usually, each of the resonators has finite Q, and there will 
occur electric power loss that decreases this Q value. A 
resistance component that causes this electric power loss 
generates heat when electric power is supplied to the 
resonator, and this heat causes damage on electrodes. This 

15  fact is known to those skilled in the art. Especially in the 
case of a receiving filter of a SAW separator, attention 
should be given to heat generating at electrodes of a parallel 
arm at a first stage. 

In the circuit structure shown in FIG. 8, in order to prevent 
20 the above damage, a method wherein the number of pairs of 

the input stage resonator 51 of series arm is made larger than 
the number of each of other series arm resonators S2 and S3 
is known in the field. (Refer to, for example, Japanese 
Unexamined Patent Publication (TOKKAIHEI) No.6 

25  (1994)-29779.) 
However, in the above receiving filter of conventional 

SAW separator, no measures are taken on the number of 
pairs in parallel arm resonators. Accordingly, when electric 

30 power is applied to a parallel arm resonator at a first stage, 
heat is generated or released in electrodes at the first stage, 
and the heat causes damage on electrodes, which has been 
a problem to the conventional SAW separator. 

For example, a receiving filter of the structure shown in 
35  FIG. 8 has been employed in a SAW separator. When 

electric power is applied to the SAW separator, a transmit-
ting filter and a receiving filter employed in the SAW 
separator are broken. 

A ladder type filter shown in FIG. 8 is well known as one 
40 wherein comb-shape electrodes are melted off owing to heat 

generated by current flowing through series arms (Sl, S2, 
S3) and parallel arms (P1, P2, P3, P4). Especially in oper-
ating a cellular phone, parallel arms in a receiving filter of 
a SAW separator generate more heat than series arms. The 

45 parallel arm at a first stage generates heat most among the 
respective parallel arms, whereby electrodes of parallel arms 
are broken, and consequently the receiving filter is broken. 
Accordingly, measures to enhance electric power-resisting 
properties of parallel arms (P1, P2, P3, P4) have been 

5o required. 
In view of the above circumstances, an object of the 

present invention is to provide a receiving filter of a SAW 
separator with high resistance to electric power and with 
high performance by preventing temperature thereof from 

55 rising. 

SUMMARY OF THE INVENTION 

In order to achieve the above object, according to a first 
aspect of the present invention, there is provided a receiving 

60  filter that is used in a SAW separator and that comprises a 
ladder type filter, wherein 

the ladder type filter has plural stages of series arms and 
plural stages of parallel arms wherein each of the input 
side stages thereof is the first stage and each of the 

65 	output side stages thereof is the last stage, 
each of the series arms and parallel arms comprises a 

SAW resonator, 
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the parallel arm at the first stage comprises one SAW 	resistance value of the whole comb-shape electrodes, and 

resonator as a parallel arm resonator, and 	 also to prevent temperature thereof from increasing. 

the number of pairs of finger electrodes of the parallel arm 
resonator at the first stage is made larger than the 
number of pairs of finger electrodes of each of the 
parallel arm resonators at other stages. 

According to a second aspect of the present invention, 
there is provided a receiving filter that is used in a SAW 
separator and that comprises a ladder type filter, wherein 

the ladder type filter has plural stages of series arms and 
plural stages of parallel arms wherein each of the input 
side stages thereof is the first stage and each of the 
output side stages thereof is the last stage, 

each of the series arms and parallel arms comprises a 
SAW resonator, 

the parallel arm at the first stage comprises one SAW 
resonator as a parallel arm resonator, and 

the interdigitated width of finger electrodes of the parallel 
arm resonator at the first stage is made longer than 
intergigitated width of finger electrodes of each of the 
parallel arm resonators at other stages. 

According to a third aspect of the present invention, there 
is provided a receiving filter that is used in a SAW separator 
and that comprises a ladder type filter, wherein 

the ladder type filter has plural stages of series arms and 
plural stages of parallel arms wherein each of the input 
side stages thereof is the first stage and each of the 
output side stages thereof is the last stage, 

each of the series arms and parallel arms comprises a 
SAW resonator, 

the parallel arm at the first stage comprises a series circuit 
of plural SAW resonators as a parallel arm resonator, 
and 

the number of pairs of finger electrodes of the parallel arm 
resonator at the first stage is made larger than the 
number of pairs of finger electrodes of each of the 
parallel arm resonators at other stages. 

According to a fourth aspect of the present invention, 
there is provided a receiving filter that is used in a SAW 
separator and that comprises a ladder type filter, wherein 

the ladder type filter has plural stages of series arms and 
plural stages of parallel arms wherein each of the input 
side stages thereof is the first stage and each of the 
output side stages thereof is the last stage, 

BRIEF DESCRIPTION OF THE DRAWINGS 

s 	The foregoing and other objects, features and advantages 
of the present invention will be better understood from the 
following description taken in connection with the accom-
panying drawings, in which: 

10 	FIG. 1 is a schematic diagram showing a structure of a 
receiving filter of a SAW separator as a first preferred 
embodiment of the present invention; 

FIG. 2 is a schematic diagram showing a structure of a 
receiving filter of a SAW separator as a second preferred 

1s embodiment of the present invention; 

FIG. 3 is a schematic diagram showing a structure of a 
receiving filter of a SAW separator as a third preferred 
embodiment of the present invention; 

FIG. 4 is a schematic diagram showing a structure of a 
20 receiving filter of a SAW separator as a fourth preferred 

embodiment of the present invention; 

FIG. 5 is a schematic diagram showing a structure of a 
receiving filter of a SAW separator as a fifth preferred 

25  embodiment of the present invention; 

FIG. 6 is a schematic diagram showing a structure of a 
receiving filter of a SAW separator as a sixth preferred 
embodiment of the present invention; 

FIG. 7 is a block line diagram showing a main portion in 
30 an RF circuit including a SAW separator, in a mobile 

communication device, for example, a cellular phone; 

FIG. 8 is a circuit diagram of a ladder type filter to be used 
in a transmitting filter and receiving filter; 

FIG. 9 is a circuit symbol diagram showing a SAW 
35 resonator to be used in a ladder type filter; 

FIG. 10 is a equivalent circuit diagram of a SAW reso-
nator to be used in a ladder type filter; 

FIG. 11 is a plane view showing one example of a 

40 structure of comb-shape electrodes or interdigital electrodes 
in a SAW resonator to be used in a ladder type filter; 

FIG. 12 is an equivalent circuit diagram of a receiving 
filter of a usual SAW separator shown in FIG. 7; and 

FIG. 13 is a diagram showing an electrical resistance 
45 value of a parallel arm resonator arranged at a first stage of 

a receivin filg ter of a SAW separator, and a synch etic 
each of the series arms and parallel arms comprises a 	resistance excluding the parallel arm resonator arranged at 

SAW resonator, 	 the first stage. 
the parallel arm at the first stage comprises a series circuit 

of plural SAW resonators as a parallel arm resonator, so 	DESCRIPTION OF THE PREFERRED 
and 	 EMBODIMENTS 

interdigitated width of finger electrodes of parallel arm 
resonator at the first stage is made larger than inter-
digitated width of the finger electrodes of each of the 
parallel arm resonators at other stages. 

In any of the structures mentioned above, it is possible to 
make a structure wherein preferably both the number of 
pairs and interdigitated width of finger electrodes of an 
interdigital electrode at the first stage are made larger and 
longer than those of finger electrodes of interdigital elec-
trodes at other stages. 

According to a receiving filter of each of the structures 
mentioned above under the present invention, current flow-
ing through each of finger electrodes of comb-shape elec-
trodes of the parallel arm resonator arranged at a first stage 
may be reduced, and temperature is prevented from rising 
thereat. As a consequence, it is possible to reduce an electric 

With reference to the drawings, preferred embodiments 
according to the present invention will hereinafter be 

ss explained in detail. 

FIG. 1 is a schematic diagram showing a structure of a 
receiving filter of a SAW separator as a first preferred 
embodiment of the present invention. 

In the structure according to the first preferred 
6o embodiment, a receiving filter of a SAW separator is a ladder 

type filter comprising SAW resonators. The receiving filter 
is equipped with a series arm 20 and a parallel arm 30. The 
SAW resonators constituting the series arm are referred to as 
series arm resonators 51, S2, S3,. .. , respectively. The SAW 

65 resonators constituting the parallel arm are referred to as 
parallel arm resonators P1, P2, P3, ... , respectively. The 
series arm and the parallel arm of the receiving filter 
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comprise plural stages. In each of the arms, a stage at an 
input terminal (IN, E) side is defined as a first stage, and a 
stage at an output terminal (OUT, E) side is defined as a last 
stage. In the preferred embodiment, the first stage comprises 
one SAW resonator. 

Further, the number of pairs of finger electrodes of a 
parallel arm resonator P1 arranged at the first stage is made 
larger than the number of pairs of finger electrodes of each 
of the parallel arm resonators P2, ... , at other stages. 

By the way, the number of pairs of finger electrodes is 
shown by Mi  (i=1, 2, ... ). While interdigitated width of 
finger electrodes is shown by Di  (i=1, 2, ... ). 

Herein, the number of pairs Ml  of finger electrodes of the 
parallel arm resonator P1 at the first stage is set at 140 
(pairs), and the number of pairs M2, ... of finger electrodes 
of each of the parallel arm resonators P2, ... in the following 
stages is set at 80 (pairs). By the way, except for the structure 
of the parallel arm resonator P1, the structure of the receiv-
ing filter of the standard SAW separator shown in FIG. 8 
may be used as it is without modification thereof. 

As mentioned above, according to the first preferred 
embodiment of the present invention, the number of pairs 
Mi  of finger electrodes in comb-shape electrodes of the 
parallel arm resonator P1 arranged at the first stage is 
increased, so that the current flowing through each of finger 
electrodes will be reduced, and thus, increase in temperature 
thereof will be avoided. 

Namely, even if the total amount of current flowing 
through a parallel arm resonator is same as that in a 
conventional structure, the current density per one finger 
electrode is reduced in proportion to increase in the number 
of pairs of finger electrodes. Accordingly, the heat release 
value of each finger electrode is reduced. As a consequence, 
the heat release value and temperature per unit finger 
electrode, and the heat release value and temperature of the 
whole parallel arm are lower than those of a conventional 
structure. 

Therefore, according to the first preferred embodiment of 
the present invention, it is possible to improve the electric 
power-resisting property of the receiving filter. 

Next, explanations will be given to a second preferred 
embodiment according to the present invention. 

FIG. 2 is a schematic diagram showing a structure of a 
receiving filter of a SAW separator as the second preferred 
embodiment of the present invention. 

In the structure according to the second preferred 
embodiment, like the structure of the above-mentioned first 
preferred embodiment, a first stage is constructed by one 
SAW resonator, and interdigitated width Dl  of finger elec-
trodes of a parallel arm resonator P1 arranged at the first 
stage is made longer than interdigitated width D21 ... , of 
finger electrodes of each of parallel arm resonators P2, ... , 
at other stages. 

Herein, the interdigitated width Di  of the finger electrodes 
of the parallel arm resonator P1 is set at 140 µm, while the 
interdigitated width D2  of the finger electrodes of each of the 
parallel arm resonators P2, ... , are set at 110 µm. By the 
way, except for the structure of the parallel arm resonator P1, 
the structure of a receiving filter of a standard SAW sepa-
rator shown in FIG. 8 may be used as it is without modifi-
cation thereof. 

As mentioned above, according to the second preferred 
embodiment of the present invention, interdigitated width of 
finger electrodes in comb-shape electrodes or interdigital 
electrodes of the parallel arm resonator P1 arranged at the 

6 
first stage is increased, thereby reducing the current flowing 
through each of the finger electrodes, and avoiding increase 
in temperature thereof. 

Accordingly, like in the above-mentioned first preferred 
5 embodiment, even if the total amount of current flowing 

through a parallel arm resonator is same as that in a 
conventional structure, the heat release value and tempera-
ture per unit finger electrode, and the heat release value and 
temperature of the whole parallel arm are reduced respec- 

lo tively as compared with the case of a conventional structure. 
As a result, according to the second preferred embodiment 
of the present invention, it is possible to improve the electric 
power-resisting property of the receiving filter. 

In the next, explanations will be given to a third preferred 
15 embodiment according to the present invention hereinafter. 

FIG. 3 is a schematic diagram showing a structure of a 
receiving filter of a SAW separator as the third preferred 
embodiment of the present invention. 

In the structure according to the third preferred 
20  embodiment, a first stage comprises one SAW resonator, and 

the number of pairs Mi  and the interdigitated width Di  of 
finger electrodes of the parallel arm resonator P1 arranged at 
the first stage are made larger and longer respectively, than 
the number of pairs M21.  . . , and interdigitated width 

25  D21 ... , of finger electrodes of each of the parallel arm 
resonators P2, ... , at other stages. 

The interdigitated width Di  of the finger electrodes of the 
parallel arm resonator P1 is set at 140 µm, and the number 
of pairs Mi  thereof is set at 140 (pairs). The interdigitated 

30 width D2  of the finger electrodes of each of the parallel arm 
resonators P2, ... , is set at 110 µm, respectively, and the 
number of pairs M2  thereof is set at 80 (pairs). By the way, 
except for the structure of the parallel arm resonator P1, the 
structure of the receiving filter of the standard SAW sepa-
rator shown in FIG. 8 may be used as it is without modifi-
cation thereof. 

As mentioned above, according to the third preferred 
embodiment of the present invention, the number of pairs 

40 
and interdigitated width of finger electrodes in comb-shape 
electrodes of the parallel arm resonator P1 arranged at the 
first stage are increased, thereby reducing current flowing 
through each of the finger electrodes, and avoiding increase 
in temperature thereof. 

45 	
As a consequence, like the above-mentioned first and 

second preferred embodiments, according to the third pre-
ferred embodiment of the present invention, it is possible to 
improve the electric power-resisting property of the receiv-
ing filter. 

so 	A fourth preferred embodiment according to the present 
invention will hereinafter be explained. 

FIG. 4 is a schematic diagram showing a structure of a 
receiving filter of a SAW separator as the fourth preferred 
embodiment of the present invention. 

ss 	In the structure according to the fourth preferred 
embodiment, different from the above-mentioned first 
through third preferred embodiments, a first stage comprises 
plural SAW resonators. In the fourth preferred embodiment, 
a series circuit comprising two SAW resonators is employed. 

60 The number of pairs M1_1  and M1_2  of finger electrodes of 
each of plural parallel arm resonators P1_1  and P1_2, which 
are arranged at the first stage and connected in series to each 
other, is made larger than the number of pairs M21...  , of 
the finger electrodes of each of the parallel arm resonators 

65 P2, ... , at other stages. 
In a structural example, the number of parallel arm 

resonators, which are arranged at the first stage on the input 
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side and connected in series to each other, is two units. For 
instance, the number of pairs M1_1  and M1_2  of the finger 
electrodes of the first and second parallel arm resonators 
(P1: PI_i, P1_2) which are arranged at the first stage and 
connected in series to each other, is set at 140 (pairs), and the 
number of pairs M21...  , of the finger electrodes of each of 
the parallel arm resonators P2, ... , is set at 80 (pairs). By 
the way, except for the structure of the parallel arm resonator 
P1, the structure of a receiving filter of a standard SAW 
separator shown in FIG. 8 may be used as it is without any 
modification thereof. 

As mentioned above, according to the fourth preferred 
embodiment of the present invention, two parallel arm 
resonators are arranged at the first stage on the input side and 
connected in series to each other, and the number of pairs of 
the finger electrodes of comb-shape electrodes is made 
larger than those of parallel arm resonators at other stages. 
As a result, the electric voltage that is applied to the series 
circuit is divided by the first and second parallel arm 
resonators P1_1  and P1_2  to provide them with lower voltage, 
respectively. Therefore, the current flowing through each of 
the finger electrodes of the first and second parallel arm 
resonators may be reduced, and accordingly, increase in 
temperature of the first and second parallel arm resonators 
may be prevented. 

Consequently, like the above-mentioned first preferred 
embodiment, according to the fourth preferred embodiment 
of the present invention, it is possible to improve resistance 
to the electric power of the receiving filter. 

Next, explanations will be given to a fifth preferred 
embodiment according to the present invention. 

FIG. 5 is a schematic diagram showing a structure of a 
receiving filter of a SAW separator as the fifth preferred 
embodiment of the present invention. 

In the structure according to the fifth preferred 
embodiment, like the structure of the above-mentioned 
fourth preferred embodiment, a first stage comprises a series 
circuit comprising two units of SAW resonators. Interdigi-
tated widths D1_1  and D1_2  of finger electrodes of plural 
parallel arm resonators P1_1  and P1_2, which are arranged at 
a first stage on the input side and connected in series to each 
other, are made longer than interdigitated widths D21 ... , of 
finger electrodes of parallel arm resonators P2, ... , at other 
stages. 

According to the structural example, two parallel arm 
resonators are arranged at the first stage on the input side and 
connected in series to each other. For instance, interdigitated 
widths D1_1  and D1_2  of the finger electrodes of the first and 
second parallel arm resonators (Pl: P1.1, P1_2) are set at 140 
µm respectively, and the interdigitated widths D2  of the 
finger electrodes of the parallel arm resonators P2, ... , at 
other stages are set at 110 µm. By the way, except for the 
structure of the parallel arm resonator P1, the structure of a 
receiving filter of a standard SAW separator shown in FIG. 
8 may be used as it is without any modification thereof. 

As mentioned above, according to the fifth preferred 
embodiment of the present invention, two parallel arm 
resonators are arranged at the first stage and connected in 
series to each other, and the interdigitated width of finger 
electrodes of the comb-shaped electrodes is made longer 
than those of the parallel arm resonators at other stages. As 
a consequence, the electric voltage that is applied to the 
series circuit is divided by the first and second parallel arm 
resonators P1_1  and P1_2  to provide them with lower voltage, 
respectively. Therefore, the current flowing through each of 
the finger electrodes of the first and second parallel arm 

8 
resonators may be reduced, and accordingly, increase in 
temperature of the first and second parallel arm resonators 
may be prevented. 

As a result, like the above-mentioned second preferred 
5 embodiment, according to the fifth preferred embodiment of 

the present invention, it is possible to improve resistance to 
the electric-power of the receiving filter. 

Next, explanations will be given to a sixth preferred 
embodiment according to the present invention hereinafter. 

10 
	FIG. 6 is a schematic diagram showing a structure of a 

receiving filter of a SAW separator as the sixth preferred 
embodiment of the present invention. 

In the structure according to the sixth preferred 
15  embodiment, like the structure of the above-mentioned 

fourth and fifth preferred embodiments, a first stage com-
prises a series circuit having two SAW resonators connected 
to each other. The numbers of pairs M1_1  and M1_2  and 
interdigitated widths D1_1  and D1_2  of finger electrodes of 

20  the first and second parallel arm resonators (P1: P1_1, P1_2) 
which are arranged at a first stage and connected in series to 
each other, are made larger and longer, respectively than the 
numbers of pairs M2, M3  and M, and interdigitated widths 
D2, D3  and D, of parallel arm resonators P2, P3 and P4. 

25 	In the structural example as shown in FIG. 6, the receiving 
filter of the SAW separator is equipped with, for example, 
three series arm SAW resonators 51, S2 and S3. 
Additionally, interdigitated width and the number of pairs of 
each of the series arm resonators 51, S2 and S3 are respec- 

30 tively set as follows. Sl: interdigitated width of 50 µm and 
the number of pairs of 100, S2: interdigitated width of 50µm 
and the number of pairs of 100, and S3: interdigitated width 
of 50 µm and the number of pairs of 100. In addition, the 
receiving filter is equipped with, for example, four parallel 

35 arm resonators P1 (P1_1, P1_2), P2, P3 and P4. Interdigitated 
width and the number of pairs of each of the parallel arm 
resonators P1 (P1_1, P1_2), P2, P3 and P4 are set as follows, 
respectively. P1_1: interdigitated width D1_1  of 140 µm and 
the number of pairs M1_1  of 140, P1_2: interdigitated width 

40 D1.2 of 140 µm, and the number of pairs M1_2  of 140, P2: 
interdigitated width D2  of 110 µm, and the number of pairs 
M2  of 80, P3: interdigitated width D3  of 110 µm, and the 
number of pairs M3  of 80, and P4: interdigitated width D, 
of 70 µm, and the number of pairs M4  of 70. 

45 	As mentioned above, according to the sixth preferred 
embodiment of the present invention, two parallel arm 
resonators are arranged at the first stage on the input side and 
connected in series to each other, and the number of pairs 
and the interdigitated width of the finger electrodes of each 

s0 of the comb-shape electrodes are made larger and longer 
respectively than those of parallel arm resonators at other 
stages. As a consequence, the electric voltage that is applied 
to the series circuit is divided by the first and second parallel 
arm resonators P1_1  and P1_2  to provide them with lower 

55 voltages, respectively. Therefore, the current flowing 
through each of the finger electrodes of the first and second 
parallel arm resonators may be reduced to prevent tempera-
ture thereof from increasing. 

As a result, like the above-mentioned first and second 
60 preferred embodiments, according to the sixth preferred 

embodiment of the present invention, it is possible to 
improve resistance to the electric power of the receiving 
filter. 

In the meanwhile, whether a receiving filter can maintain 
65 its high performance or not depends on whether character-

istics of the receiving filter changes or not when electrodes 
of a conventional structure at the first stage of parallel arm 
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In the following explanations, a conventional receiving 
filter used for comparison has the structure shown in FIG. 8 
having the number of stages, the number of pairs and the 
interdigitated width already explained. A receiving filter of 25 

the present invention may be any of the structures defined in 
the above preferred embodiments, but as a representative, 
the structure according to the sixth preferred embodiment 
explained with reference to FIG. 6 was employed. 

First, the electric current flowing through each of series 
30 

arm and parallel arm of a receiving filter in a usual SAW 
separator shown in FIG. 8 is obtained. 

are changed into electrodes of an innovative structure having 
resistance to electric power. If the characteristics of the 
receiving filter do not change between the conventional 
structure and the innovative one, then it leads to that the 
receiving filter maintains its high performance. This corre-
sponds to a case where the equivalent LC value (L: induc-
tance and C: capacitance) of a first stage parallel arm having 
electric power-resisting finger electrodes is made approxi-
mately the same as that of a first stage parallel arm having 
conventional finger electrodes. As a consequence, by deter-
mining the number of pairs and interdigitated width of finger 
electrodes without changing the equivalent LC value of the 
parallel arm resonators arranged at the first stage, it is 
possible to maintain the high performance characteristics of 
a SAW resonator. 

On the basis of the data obtained through experiments, it 
will hereinafter be explained concretely that it is possible to 
improve electric power-resisting properties, and also to 
maintain high performance characteristics of a SAW sepa-
rator. 

The resistance value of each resonator of the receiving 
filter of the SAW separator is obtained from the Q values and 
the equivalent LC values of respective resonators. FIG. 9 is 
a symbol showing each of SAW resonators, while FIG. 10 is 
a diagram showing a lumped parameter equivalent circuit of 
each of the SAW resonators. The admittance Y of the lumped 
parameter equivalent circuit in FIG. 10 is given by the 
following equation (1): 

Y=[WCo+(1+i L1C )xWC1/(1—i L1C )2]/Q+jY0 	 (1) 

wherein, W=2 Otf, Yo: admittance in the case of Q=c, Co: 
static capacitance, C1: motional capacitance, Li: motional 
inductance. 

FIG. 12 is an equivalent circuit diagram of a receiving 
filter of a usual SAW separator mentioned above. 

In this figure, RS1 is a resistance value of a series arm 
resonator arranged at a first stage, RS2 is a resistance value 
of a series arm resonator arranged at a second stage, RS3 is 
a resistance value of a series arm resonator arranged at a 
third stage, and RP1 is a resistance value of a parallel arm 
resonator arranged at a first stage, RP2 is a resistance value 
of a parallel arm resonator arranged at a second stage, RP3 
is a resistance value of a parallel arm resonator arranged at 
a third stage, and RP4 is a resistance value of a parallel arm 
resonator arranged at a fourth stage. 

The series arms and the parallel arms in the lumped 
parameter equivalent circuit of the receiving filter shown in 
FIG. 8 have series arm resistance values shown in TABLE 
1, and parallel arm resistance values shown in TABLE 2, at 
the central frequency [f0=836.6 (MHz)] of transmitting 
band. 

TABLE 1 

RS1(Q) RS2(Q) RS3(Q) Remarks 

5  fO = 836.6 (MIHz) - 	0.3632 	0.3632 	0.3632 
resistance value 

TABLE 2 
10 

RP1(Q) 	RP2(Q) 	RP3(Q) RP4 (Q) 

fO = 836.6 (MIHz) - 	1.268 	0.5906 	0.6339 	1.268 
resistance value 

15 
FIG. 13 is a diagram showing the resistance value of the 

parallel arm resonator arranged at the first stage of the 
receiving filter of the SAW separator shown in FIG. 12, and 
the synthetic resistance of the parallel arm resonators other 

20 than the parallel arm resonator arranged at the first stage. 
As shown in FIG. 13, the resistance value RP1 of the 

parallel arm resonator arranged at the first stage and the 
synthetic resistance RR of other parallel arm resonators than 
the above parallel arm resonator arranged at the first stage 
are shown. 

The resistance value (RP1) of the parallel arm resonator 
arranged at the first stage is as shown below: 

RP1=1.268 (Q) 	 (2) 

While the synthetic resistance (RR) of other parallel arm 
resonators than the parallel arm resonator arranged at the 
first stage is as shown below: 

35 

RR=0.7060 (Q) 
	

(3) 

As is apparent from the values of RP1 and RR, the 
resistance value RP1 of the parallel arm resonator P1 

4o arranged at the first stage is about 1.8 times as large as the 
synthetic resistance RR of the parallel arm resonators other 
than the parallel arm resonator P1 arranged at the first stage. 
Therefore, with respect to the electric power-resisting prop-
erty of the receiving filter, attention should be paid to the 

45 parallel arm resonator P1 arranged at the first stage. When 
electric power is applied to the receiving filter, current flows 
through the resistor of the parallel arm resonator at the first 
stage, thereby causing to generate heat thereat, which in turn 
causes the comb-shape electrodes to be melted off. 

5o 	The electric power-resisting property of the receiving 
filter also relates to the number of comb-shape electrodes 
constituting the SAW resonator. As has been already 
explained, the receiving filter is constructed so that the 
number of pairs in the parallel arm resonator P1 arranged at 

55 the first stage is 70 (pairs), and the number of pairs in the 
series arm resonator 51 is 100 (pairs). In view of the current 
flowing through each of comb-shape electrodes, the current 
is in proportion to the reciprocal number of the ratio of the 
number of pairs in P1 and that in Sl. Therefore, the amount 

60 of the current that flows through P1 is (100/70=) 1.43 times 
as large as that of the current that flows through Sl. From 
this facts, it is known that the parallel arm resonator P1 (210) 
arranged at the first stage is weak in its electric power-
resisting property. 

65 	As a consequence, since resistance ratio of RP1/RR is 
about 1.8, it is known that the electric power-resisting 
property of the parallel arm resonator P1 (210) arranged at 
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12 
a first stage is about 1.8x1.43=2.57 times as weak as that of 
the series arm resonator Si arranged at a first stage. 

In contrast, according to the preferred embodiments of the 
present invention, the number of pairs of the finger elec-
trodes of the parallel arm resonator Pi arranged at the first 
stage is increased, and/or, the interdigitated width of the 
finger electrodes is made longer, whereby the current flow-
ing through respective comb-shape electrodes is reduced. As 
a result, the electric power-resisting property of the receiv-
ing filter is improved. 

Now, the LC values of a lumped parameter equivalent 
circuit of a resonator are designated as A and B before and 
after the increase of the number of pairs of the finger 
electrodes, and/or the increase of the interdigitated width of 
finger electrodes, respectively. In that case, the LC value A 
is approximately equal to the LC value B thereby obtaining 
high performance characteristics of a receiving filter. 

TABLE 3 shows the initial characteristics of a receiving 
filter in a SAW separator for conventional Code Division 
Multiple Access (CDMA: one of U.S. standards regarding 
digital automobile and cellular telephones using spectral 
diffusion technology) and the characteristics after lapse of 
300 hours with applied electric power of 2.5 W, while 
TABLE 4 shows the initial characteristics of a receiving 
filter in a SAW separator for CDMA according to the present 
invention, and the characteristics after lapse of 300 hours 
with applied electric power of 2.5 W. 

These data were measured as described below. In the 
structure shown in FIG. 7, electric power of 2.5 Watt was 
output to the output terminal 104 in the electric power 
amplifier 105, and this electric power was applied to the 
Tx-Filter 103. After lapse of 300 hours in this status with 
electric power being applied, the transmission amount from 
the ANT terminal 102 to the output terminal 109 of the 
Rx-Filter 108 was measured. From these measured data, the 
results shown in TABLE 3 and TABLE 4 have been 
obtained, respectively. 

TABLE 3 

824 	849 	869 	894 
(MHz) 	(MHz) 	(MHz) 	(MHz) 

Initial 	 39.6 dB 	37.4 dB 	3.84 dB 	2.93 dB 
After 300 H 	40.4 dB 	37.9 dB 	4.24 dB 	2.90 dB 

TABLE 4 

824 	849 	869 	894 
(MHz) 	(MHz) 	(MHz) 	(MHz) 

Initial 	 56.2 dB 	51.1 dB 	3.20 dB 	2.97 dB 
After 300 H 	55.4 dB 	51.4 dB 	3.14 dB 	2.95 dB 

As is clear from the above TABLE 4, according to the 
receiving filter for a SAW separator of the present invention, 
(a) at 824 MHz, the initial attenuation amount is 56.2 dB, 
while attenuation amount after 300 hours appears 55.4 dB, 
(b) at 849 MHz, the initial attenuation amount is 51.1 dB, 
while attenuation amount after 300 hours appears 51.4 dB, 
(c) at 869 MHz, the initial attenuation amount is 3.20 dB, 
while attenuation amount after 300 hours appears 3.14 dB, 
and (d) at 894 MHz, the initial attenuation amount is 2.97 
dB, while attenuation amount after 300 hours appears 2.95 
dB, thus stable characteristics are attained even after lapse of 
300 hours, and power electric resistance is improved in 
comparison with the conventional characteristics in TABLE 
3. 

As this invention may be embodied in several forms 
without departing from the spirit of essential characteristics 
thereof, the above preferred embodiments are therefore 
illustrative and not restrictive, since the scope of the present 

5 invention is defined by the appended claims rather than by 
the description preceding them, and all changes that fall 
within meets and bounds of the claims, or equivalence of 
such as meets and bounds are therefore intended to be 
embraced by the claims. 

10 	For instance, the number of pairs and interdigitated width 
of finger electrodes of a parallel arm at the first stage are not 
limited to those shown in the respective preferred embodi-
ments mentioned above. These number of pairs and inter-
digitated width are basically restricted by the size of a 

15 receiving filter. Nevertheless, it is possible to set the number 
of pairs at, for example, 200 pairs, and to increase the 
interdigitated width, for example, up to around 200 tm or 
more. 

As mentioned heretofore, according to the present 
20 invention, it is possible to attain the following effects. 

The number of pairs of the finger electrodes of the 
comb-shape electrodes of the parallel arm resonator Pi 
arranged at the first stage is made larger than that of the 
finger electrodes of parallel arm resonators at other stages, 

25 whereby the current flowing each of the finger electrodes at 
the first stage may be reduced, and temperature increase may 
be prevented. Consequently, it is possible to improve the 
electric power-resisting property. 

The interdigitated width of the finger electrodes of the 
30 comb-shape electrodes of the parallel arm resonator Pi 

arranged at the first stage is made longer than that of the 
finger electrodes of parallel arm resonators at other stages, 
whereby the current flowing each of the finger electrodes at 
the first stage may be reduced, and temperature increase may 

35 be prevented. Accordingly, it is possible to improve the 
electric power-resisting property. 

The number of pairs and the interdigitated width of the 
finger electrodes of the comb-shape electrodes of the parallel 
arm resonator Pi arranged at the first stage are made larger 

4o and longer respectively than those of the finger electrodes of 
parallel arm resonators at other stages, whereby the current 
flowing each of the finger electrodes at the first stage may be 
reduced, and temperature increase may be prevented. 
Accordingly, it is possible to improve the electric power- 

45 resisting property. 
A series resonating circuit is arranged at the first stage 

viewed from the input side, wherein two units of parallel 
arm resonators are connected in series, and the number of 
pairs of the finger electrodes of the comb-shape electrodes is 

5o made larger than that of the finger electrodes of parallel arm 
resonators at other stages, whereby, the electric voltage that 
is applied to each of the parallel arm resonators P1_1  and P1.2 
arranged at the first stage viewed from the input side is 
divided and reduced accordingly. Therefore, the electric 

55 current flowing each of the finger electrodes is reduced 
further, as a consequence, temperature increase may be 
prevented. Accordingly, it is possible to improve the electric 
power-resisting property. 

A series resonating circuit is arranged at the first stage 
60 viewed from the input side, wherein two units of parallel 

arm resonators are connected in series, and the interdigitated 
width of the finger electrodes of the comb-shape electrodes 
is made longer than that of the finger electrodes of the 
parallel arm resonators at other stages, whereby, the electric 

65 voltage that is applied to each of the parallel arm resonators 
P1_1  and P1_2  arranged at the first stage is divided and 
reduced accordingly. Therefore, the electric current flowing 
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each of the finger electrodes may be reduced, as a result, 
temperature increase may be prevented. Consequently, it is 
possible to improve the electric power-resisting property. 

A series resonating circuit is arranged at the first stage 
viewed from the input side, wherein two units of parallel 5 

arm resonators are connected in series, and the number of 
pairs and the interdigitated width of the finger electrodes of 
the comb-shape electrodes are made larger and longer 
respectively than those of the finger electrodes of the parallel 
arm resonators at other stages, whereby, the electric voltage to 
that is applied to each of the parallel arm resonators P1_1  and 
P1_2  arranged at the first stage is divided and reduced 
accordingly. Therefore, the current flowing each of the finger 
electrodes may be reduced, and temperature increase may be 
prevented. As a consequence, it is possible to improve the 15 

electric power-resisting property. 
What is claimed is: 
1. A receiving filter that is used in a SAW separator and 

comprises a ladder type filter, wherein 
said ladder type filter has plural stages of series arms and 20 

parallel arms wherein each of input side stages thereof 
is a first stage and each of output side stages thereof is 
a last stage, 

each of said series arms and parallel arms comprises a 
SAW resonator, 	 25  

said parallel arm at the first stage comprises one SAW 
resonator as a parallel arm resonator, 

the number of pairs of finger electrodes of said parallel 
arm resonator is greater than the number of pairs of 

30 
finger electrodes of parallel arm resonators at other 
stages, and 

an interdigitated width of said finger electrodes of said 
parallel arm resonator at the first stage is greater than an 
interdigitated width of finger electrodes of each of said 35  
parallel arm resonators at the other stages. 

2. A receiving filter set forth in claim 1, wherein 
said SAW separator includes a transmitting filter, and 
said transmitting filter comprises a ladder type filter 

whose series arms and parallel arms are formed by 40 

SAW resonators, respectively. 
3. A receiving filter that is used in a SAW separator and 

comprises a ladder type filter, wherein 
said ladder type filter has plural stages of series arms and 

parallel arms wherein each of input side stages thereof 45  
is a first stage and each of output side stages thereof is 
a last stage, 

each of said series arms and parallel arms comprises a 
SAW resonator, 

said parallel arm at the first stage comprises one SAW 
50 

resonator as a parallel arm resonator, and 
interdigitated width of said finger electrodes of said 

14 
each of said series arms and parallel arms comprises a 

SAW resonator, 

said parallel arm at the first stage comprises a series 
circuit of plural SAW resonators, 

the number of pairs of finger electrodes of each of said 
plural SAW resonators at the first stage is greater than 
the number of pairs of finger electrodes of each of said 
parallel arm resonators at other stages, and 

an interdigitated width of said finger electrodes of each of 
said plural SAW resonators at the first stage is greater 
than an interdigitated width of finger electrodes of each 
of said parallel arm resonators at other stages. 

6. A receiving filter set forth in claim 5, wherein 
said SAW separator includes a transmitting filter, and 

said transmitting filter comprises a ladder type filter 
whose series arms and parallel arms are formed by 
SAW resonators, respectively. 

7. A receiving filter set forth in claim 5, wherein said 
plural SAW resonators at said first stage have the same 
number of pairs of said finger electrodes. 

8. A receiving filter set forth in claim 7, wherein 

said SAW separator includes a transmitting filter, and 

said transmitting filter comprises a ladder type filter 
whose series arms and parallel arms are formed by 
SAW resonators, respectively. 

9. A receiving filter set forth in claim 5, wherein of said 
plural SAW resonators at said first stage have the same 
number of pairs and the same interdigitated width of said 
finger electrodes. 

10. A receiving filter set forth in claim 9, wherein 

said SAW separator includes a transmitting filter, and 
said transmitting filter comprises a ladder type filter 

whose series arms and parallel arms are formed by 
SAW resonators, respectively. 

11. A receiving filter that is used in a SAW separator and 
comprises a ladder type filter, wherein 

said ladder type filter has plural stages of series arms and 
parallel arms wherein each of input side stages thereof 
is a first stage and each of output side stages thereof is 
a last stage, 

each of said series arms and parallel arms comprises a 
SAW resonator, 

said parallel arm at the first stage comprises a series 
circuit of plural SAW resonators, and 

an interdigitated width of said finger electrodes of each of 
said plural SAW resonators at the first stage is greater 
than an interdigitated width of finger electrodes of each 
of said parallel arm resonators at other stages. 

12. A receiving filter set forth in claim 11, wherein 

parallel arm resonator is greater than interdigitated 	said SAW separator includes a transmitting filter, and 

width of finger electrodes of each of said parallel arm 55 	said transmitting filter comprises a ladder type filter 
resonators at other stages. 	 whose series arms and parallel arms are formed by 

4. A receiving filter set forth in claim 3, wherein 	 SAW resonators, respectively. 

said SAW separator includes a transmitting filter, and 	13. A receiving filter set forth in claim 11, wherein said 

said transmitting filter comprises a ladder type filter 	plural SAW resonators at said first stage have the same 

whose series arms and parallel arms are formed by 60 interdigitated width of said finger electrodes. 

SAW resonators, respectively. 	 14. A receiving filter set forth in claim 13, wherein 

5. A receiving filter that is used in a SAW separator and 	said SAW separator includes a transmitting filter, and 
comprises a ladder type filter, wherein 	 said transmitting filter comprises a ladder type filter 

said ladder type filter has plural stages of series arms and 	whose series arms and parallel arms are formed by 
parallel arms wherein each of input side stages thereof 65 	SAW resonators, respectively. 
is a first stage and each of output side stages thereof is 
a last stage, 
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