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1. 

SURFACE ACOUSTC WAVE FILTER AND 
SAW FILTER PACKAGE 

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

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a SAW (Surface Acoustic 

Wave) filter with an attenuation pole advantageously appli 
cable to, e.g., a transmitter filter or a receiver filter included in 
a mobile communication terminal Such as a cellular phone 
terminal. 

2. Description of the Background Art 
SAW filters with an attenuation pole for the above-men 

tioned application are disclosed in, e.g., Japanese patent laid 
open publication Nos. 93382/1998 and 163808/1998, here 
inafter referred to as Documents 1 and 2, respectively. 
Another SAW filter with an attenuation pole is proposed in 
Sato et al., “Small Loss, Band-Pass Filter Using SAW Reso 
nators, Papers A, the Institute of Electronics, Information 
and Communication Engineers of Japan, Vol. J76-A, No. 2, 
pp. 245-252, 1993 (Document 3 hereinafter). 

Small size, high performance parts are essential with cel 
lular phones and other handy mobile communication termi 
nals that are decreasing in size and weight. Specifically, there 
is an increasing demand for RF (Radio Frequency) parts using 
SAW devices. 

Reference will be made to FIG. 2 for describing a ladder 
type SAW filter disclosed in Document 3. The ladder type 
SAW filter shown in FIG. 2 contributes a great deal to the 
miniaturization of the RF section of the terminals. SAW 
branching filters and other RF devices using the ladder type 
SAW filter have already been developed and partly put to 
practical use. 

FIG. 3 plots an attenuation curve 201 and a return loss 
curve 202 particular to the SAW filter of FIG. 2, which is 
designed for an 800 MHz frequency band application. The 
horizontal and vertical axes indicate the attenuation in MHz 
and the frequency in dB, respectively. The curves 201 and 202 
are derived from a serial arm resonator having 100 pairs with 
the transposition length of 100 micrometer and a parallel arm 
resonator having 70 pairs with the transposition length of 70 
micrometer. 
As shown in FIG. 4, the serial arm resonator has charac 

teristics jX and rs in its imaginary number portion and real 
number portion, respectively. The parallel arm resonator has 
characteristics band rp in its imaginary number portion and 
real number portion, respectively. 
The pass band shown in FIG. 3 ranges from around 863 

MHz to around 911 MHz. As FIGS. 3 and 4 indicate, the 
attenuation range at the high frequency side (higher-fre 
quency attenuation range hereinafter) of the above pass band 
has an attenuation pole at a point where the frequency of the 
serial arm resonator corresponds to infinity (about 42 dB), 
i.e., where the frequency is around 919 MHz. Also, the attenu 
ation range at the low frequency side (lower-frequency 
attenuation range hereinafter) of the pass band has an attenu 
ation pole at a point where the frequency of the parallel arm 
resonator corresponds to Zero, i.e., where the frequency is 
around 855 MHZ. 
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2 
It is to be noted that FIG. 4 additionally shows the real 

number portions of the SAW resonators corresponding to a 
quality factor Q of 500. 
As FIG. 3 indicates, the ladder type SAW filter shown in 

FIG. 2 has a single attenuation pole at each of the lower and 
higher frequency sides of the pass band. Therefore, the lower 
and higher frequency sides have substantially the same char 
acteristic as each other, as well known in the art. 
To meet the ever increasing demand for mobile communi 

cation terminals, the transmitter and receiver frequency bands 
are broadly allocated to both of a mobile communication 
system using a 800 MHz band and a mobile communication 
system using a 2 GHz band. The distance between the trans 
mitter and receiver frequency bands is selected to be small in 
both of the above mobile communication systems. 

For example, with the U.S. CDMA (Code Division Mul 
tiple Access) communication system used in the United 
States and allocating a frequency band of 824 MHZ to 849 
MHz to transmission and allocating a frequency band of 869 
MHz to 894 MHZ to receipt, the receiver frequency band is 
positioned in the higher-frequency attenuation range of the 
transmitter frequency band, so that the attenuation value does 
not have to be so great in the lower-frequency attenuation 
range. However, if the attenuation value in the higher-fre 
quency attenuation range of the transmission band is Small, 
then it is likely that a radio wave radiated from a mobile 
communication terminal turns round into the receiver band of 
the same terminal, lowering the reception quality. 
To examine FIG. 3 from the above-mentioned point of 

view, let the attenuation curve 201 and return loss curve 202 
be shifted to the left, i.e., the lower frequency side. Then, 
attenuation value of about -10 dB occurs in both of the 
higher-frequency and lower-frequency attenuation ranges. 
Such an attenuation value in the higher frequency range is not 
always enough. 
By contrast, the SAW filter having the structure shown in 

FIG. 6, taught in, e.g., Document 1, implements a filter char 
acteristic shown in FIG.S. FIG. 6 shows a SAW filter with an 
attenuation pole LA including a ladder type SAW filter CP1, 
which has the configuration of a two-terminal pair circuit 
shown in FIG. 2, and another two-terminal pair circuit CP2 
comprising a single inductor LX having inductance L. The 
two-terminal pair circuits CP1 and CP2 are serially connected 
to each other. 

In FIG. 5, a downward arrow 1 indicates a point where the 
frequency and attenuation value are 818 MHz and -3.0609 
dB, respectively. An upward arrow 2 indicates a point where 
the frequency and attenuation value are 843 MHz and 
-2.9886 dB, respectively. Further, an upward arrow 3 indi 
cates a point where the frequency and attenuation value are 
863 MHz and -43.794 dB, respectively. In addition, a further 
upward arrow 4 indicates a point where the frequency and 
attenuation values are 888 MHz and -38.099 dB, respec 
tively. 

It will be seen that a SAW filter having the characteristic 
shown in FIG. 5 implements a sufficient attenuation value in 
the higher-frequency attenuation range. Therefore, when 
such a SAW filter is applied to the transmitter band of the 
CDMA communication system used in the United States, it 
allows a minimum of radio wave to turn round into the 
receiver band and thereby enhances high quality transmission 
and reception. 

However, even the filter characteristic shown in FIG. 5 
cannot effect sufficient attenuation in the lower-frequency 
attenuation range. It follows that the filter characteristic avail 
able with the SAW filter taught in Document 1 is not sufficient 
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when applied to the CDMA system in the United States as a 
receiver filter and is therefore likely to degrade the reception 
quality. 
More specifically, if the SAW filter taught in Document 1 

and lacking a good filter characteristic is applied to the 
CDMA system in the United State as a transmitter filter, then, 
the receiver filter fails to reduce the influence of the turn 
round of a radio wave from the transmitter side of the same 
mobile communication terminal to a satisfactory degree. Fur 
ther, the receiver filter cannot sufficiently reduce, e.g., the 
influence of an interference wave that may arrive at the 
mobile communication terminal from another radio commu 
nication apparatus. 
As for systems other than the CDMA communication sys 

tem in the United States, the frequency band allocated to 
transmission is sometimes higher than the frequency band 
allocated to reception. In Such a case, the transmitterfilter and 
receiver filter described above must be replaced with each 
other. 
The SAW filters with an attenuation pole taught in Docu 

ments 1 and 2, whether they be transmitter or receiver filters, 
have the following problems left unsolved. In each of the 
SAW filters with an attenuation pole, a two-terminal pair 
circuit having a single inductance value L forms attenuation 
poles in a finite frequency range. When the attenuation poles 
vary, the attenuation value decreases in the lower-frequency 
attenuation range of the pass band and increases in the higher 
frequency attenuation range of the same. It is therefore quite 
probable that the SAW filter will fail to satisfy a required 
standard in the lower-frequency attenuation range, although 
satisfying a required standard in the higher-frequency attenu 
ation range. 
The inductor LX, FIG. 6, may be provided with an induc 

tance value L great enough to implement a sufficient attenu 
ation value in the higher-frequency attenuation range. In prac 
tice, however, Such a great inductance L is difficult to realize. 

Moreover, if the distance between the attenuation range 
and the pass band, e.g., between the transmitter and receiver 
frequency bands of a single mobile communication terminal 
is as small as about 20 MHz, as stated earlier, then, the SAW 
filter needs a steep filter characteristic. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a polar 
SAW filter forming attenuation poles at each of the lower 
frequency and higher-frequency attenuation ranges of a pass 
band to thereby solve the above-described problems, and 
having a steep characteristic in both of the two attenuation 
ranges. 

In accordance with the present invention, a polar SAW 
filter comprises a band-pass ladder type SAW filter including 
a SAW resonator, and a two-terminal pair circuit serially 
connected to the band-pass ladder type SAW filter and includ 
ing a plurality of inductors. The polar SAW filter has a plu 
rality of attenuation poles in each of the higher-frequency and 
lower-frequency attenuation ranges of a pass band. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The objects and features of the present invention will 
become more apparent from consideration of the following 
detailed description taken in conjunction with the accompa 
nying drawings in which: 

FIG. 1 is a schematic circuit diagram showing a polar SAW 
filter embodying the present invention; 
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4 
FIG. 2 is a schematic circuit diagram showing a conven 

tional, ladder type SAW filter; 
FIG. 3 is a graph plotting the characteristics particular to 

the conventional SAW filter of FIG. 2; 
FIG. 4 plots the characteristics particular to the serial and 

parallel arm resonators included in the conventional SAW 
filter of FIG. 2; 

FIG. 5 is a graph plotting the filter characteristic particular 
to another conventional SAW filter; 

FIG. 6 is a schematic circuit diagram showing the conven 
tional SAW filter having the characteristic of FIG. 5; 

FIG. 7 shows specific transposition lengths and specific 
pair numbers applied to SAW resonators included in the illus 
trative embodiment shown in FIG. 1; 

FIG. 8 shows 30 dB attenuation widths derived from 
attenuation poles that are available with the illustrative 
embodiment; 

FIG. 9 shows specific transposition lengths and specific 
pair numbers applied to SAW resonators included in an alter 
native embodiment of the present invention; 

FIG. 10 shows attenuation poles in a higher-frequency and 
a lower-frequency attenuation range and the 30 dB attenua 
tion width that vary in accordance with an inductance value L 
in the alternative embodiment; 

FIG. 11 is a plan view conceptually showing a specific 
SAW filter package having the configuration shown in FIG. 1 
with its cover removed; 

FIG. 12 is a bisected circuit diagram useful for understand 
ing the operation of the embodiment shown in FIG. 1; 

FIG. 13 is a circuit diagram showing a ladder type equiva 
lent circuit useful for understanding the characteristics of the 
circuit shown in FIG. 12; 

FIG. 14 is an LC equivalent circuit useful for understand 
ing the operation of the embodiment shown in FIG. 1; 

FIG. 15 is a graph plotting the results of simulation con 
ducted to determine the characteristics of the embodiment 
shown in FIG. 1; 

FIG. 16 is a schematic circuit diagram showing the alter 
native embodiment; 

FIG. 17 shows a plan view, similar to FIG. 11, of a specific 
SAW filter package having the configuration shown in FIG. 
16 with its cover removed; 

FIG. 18 is a graph, similar to FIG. 15, plotting the results of 
simulation conducted with the alternative embodiment, 

FIG. 19 shows in a plan view, similar to FIG. 17, a specific 
SAW filter package that may be substituted for the package 
shown in FIG. 17 with its cover removed; and 

FIG. 20 is a schematic circuit diagram, similar to FIG. 1, 
showing an alternative embodiment of the polar SAW filter in 
accordance with the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Generally, a SAW filter including an extensive number of 
SAW resonators achieves ideal filter characteristics, i.e., a 
sufficient attenuation value in both of the lower-frequency 
and higher-frequency attenuation ranges of a pass band with 
sufficient steepness established. It is however important to 
achieve filter characteristics close to the ideal filter character 
istic with a SAW filter which includes a minimum number of 
SAW resonators and is as miniature as possible. 

Today, a SAW filter is extensively used as an RF filter for, 
e.g., cellular mobile communication terminals using a 800 
MHz or 2 GHz frequency band. 

Referring to FIG. 1, in which an embodiment of a polar 
SAW filter in accordance with the present invention is shown, 
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the SAW filter, generally designated by the reference numeral 
10, is applicable to, e.g., the U.S. CDMA communication 
system as a receiver filter included in a cellular phone. The 
SAW filter 10 may, of course, be implemented as a transmitter 
filter, as desired. As shown, the SAW filter 10 includes input 
terminals or ports IN and GND1, output terminals or ports 
OUT and GND2, three SAW resonators SR1 (100), PR1 
(110) and PR2 (111), and three inductors L1 (130), L2 (131) 
and L3 (132), interconnected at six nodes P1, P2, P3, P4, P5 
and P6 as illustrated. 
Among them, the SAW resonator SR1 is interconnected 

between the input terminal IN and the output terminal OUT to 
form a serial arm SAW resonator included in the serial arm 
having nodes P3 and P4. The SAW resonator PR1 (110) 
functions as a parallel arm SAW resonator provided on par 
allel arms that include the nodes P3 and P1. Likewise, the 
SAW resonator PR2 (111) functions as a parallel arm SAW 
resonator provided on parallel arms that include the nodes P4 
and P2. The inductor L2 (131) is connected between the nodes 
P1 and P2. The nodes P5 and P6 are positioned between the 
input terminal GND1 and the output terminal GND2. The 
inductor L1 (130) is connected between the nodes P1 and P5. 
Further, the inductor L3 (132) is connected between the nodes 
P2 and P6. 
The input terminal IN, nodes P3 and P4 and SAW resona 

tors SR1 (100), PR1 (110) and PR2 (111) constitute a two 
terminal pair circuit 30. Likewise, the nodes P1, P2, P5 and 
P6, inductors L1 (130) through L3 (132) and terminals GND1 
and GND2 constitute another two-terminal pair circuit 31. 
The two-terminal pair circuits 30 and 31 are serially con 
nected to each other. It is to be noted that labels L1, L2 and L3 
will sometimes represent the inductance values of the induc 
tors also. 

FIG. 11 shows in a plan view a specific SAW filter package 
10A constructed in accordance with the circuitry of FIG. 1 by 
fine processing, which is customary with the IC (Integrated 
Circuit) fabrication. As shown, the SAW filter package 10A 
includes contact pads 12 and 16, and a piezoelectric Substrate 
21 formed on a package 11. 

Electrode strips 14A and 14B are arranged on the piezo 
electric substrate 21 in the form of a letter at and made of, e.g., 
tungsten. A SAW resonator SR1 (100) is connected to the 
electrode strips 14A and 14.B. Saw resonators PR1 (110) and 
PR2 (111) are connected to the electrode strips 14A and 14B, 
respectively. The SAW resonator 100 includes two grating 
reflectors 100A and 100C and an interdigital transducer 
(IDT) 100B intervening between the reflectors 100A and 
1OOB. 
A comb line electrode 100BA, which constitutes the inter 

digital transducer 100B, is electrically connected to the elec 
trode strip 14A. Another comb line electrode 100BB that 
constitutes the interdigital transducer 100B is electrically 
connected to the electrode strip 14.B. 
The other SAW resonators 110 and 111 are identical in 

configuration with the SAW resonator 100. Specifically, the 
SAW resonator 110 has two grating reflectors 110A and 110C 
and an interdigital transducer 110B intervening between the 
reflectors 110A and 110C. The SAW generator 111 includes 
two grating reflectors 111A and 111C and an interdigital 
transducer 111B intervening between the reflectors 111A and 
111C. 
A comb line electrode 110BA, which constitutes the inter 

digital transducer 110B, is electrically connected to the elec 
trode strip 14A. Another comb line electrode 110BB that 
constitutes the interdigital transducer 110B is electrically 
connected to a contact pad 22, which corresponds to the 
junction P1, FIG.1. Likewise, a comb line electrode 111BA, 
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6 
which constitutes the interdigital transducer 111B, is electri 
cally connected to another contact pad 23 corresponding to 
the node P2, FIG. 1. Another comb line electrode 111BB 
constituting the interdigital transducer 111B is electrically 
connected to the electrode strip 14.B. 

In the illustrative embodiment, the SAW resonators SR1, 
PR1 and PR2 each have a particular transposition length and 
a particular pair number, as shown in FIG. 7. As shown, the 
serial arm resonator SR1 has a transposition length of 55 
micrometers and includes 100 pairs. The parallel arm reso 
nator PR1 has a transposition length of 66 micrometers and 
includes 66 pairs. The parallel arm resonator PR2 has a trans 
position length of 66 micrometers and 66 pairs. 

Referring again to FIG. 11, the contact pad 12 and elec 
trode strip 14A are interconnected by a bonding wire 13 
having a Sufficiently small inductance component. Also, the 
contact pad 16 and electrodestrip 114B are interconnected by 
a bonding wire 15 also having a sufficiently small inductance 
component. On the other hand, bonding wires 17, 18 and 19 
are used as inductors, and each has a desired inductance value 
L. The bonding wires 17, 18 and 19 correspond to the induc 
tors L1, L2 and L3, respectively. In the illustrative embodi 
ment, the bonding wires 17, 18 and 19 have the same induc 
tance value L, e.g., 0.1 mH. 
The SAW filter 10 shown in FIG. 1 differs from the con 

ventional SAW filter shown in FIG. 6 as to, among others, the 
configuration of the two-terminal pair circuit 31. 
The operation of the illustrative embodiment will be 

described with reference to FIGS. 12 and 13. FIG. 12 shows 
the bisected circuit of the polar SAW filter 10. FIG. 13 shows 
a lattice type equivalent circuit useful for understanding the 
operation of the SAW filter 10. 
As shown in FIG. 1, the ladder type SAW filter 10 has three 

SAW resonators SR1 (100), PR1 (110) and PR2 (111) 
arranged in a two stage. It configuration. The two-terminal 
pair circuit 31, including three inductors L1 (130), L2 (131) 
and L3 (132), is serially connected to the two-terminal pair 
circuit 30, as stated previously. The bisected circuit of FIG. 12 
will be used to estimate the operation of the SAW filter 10 and 
to determine a relation between the attenuation pole fre 
quency of the SAW filter 10 and the inductance value L. 
Assume that the circuit of FIG. 12 has an input impedance 

ZF when terminals OUT(1), OUT(2) and E are disconnected, 
and that it has an input impedance ZS when the terminals 
OUT(1), OUT(2) and E are connected, i.e., under a short 
circuited condition. Then, the input impedance ZF is 
expressed as: 

ZF=Z(PR1 (110))+joL1 (130), (1) 

where Z(PR1 (110)) denotes the impedance of the parallel 
arm resonator 110, FIG. 12, and () is equal to 2.0*L*f where 
f denotes frequency, where * denotes multiplication. 

Likewise, the input impedance ZS is expressed as: 

jo(1/(1/L1 (130)+1/L21 (131)), (2) 

where Z(PR1 (110) denotes the impedance of the parallel arm 
resonator 110, FIG. 12, L21 (131) has an inductance value L 
equal to one-half of the inductance value of L2 (131), i.e., L21 
(131)=L2 (131)/2, and Z(SR1 (100)) denotes an impedance 
equal to one-half of the impedance of the serial arm resonator 
100, FIG. 12.” 

Usually, the characteristics of the circuit shown in FIG. 12 
is estimated in terms of the characteristics of the lattice type 
circuit shown in FIG. 13. More specifically, the circuit of FIG. 
13 has an operation transfer coefficient corresponding to the 
characteristic SF of the circuit shown in FIG. 12. The opera 
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tion transfer coefficient is produced by substituting the 
impedances ZF and ZS of expressions (1) and (2) for a fol 
lowing expression: 

Therefore, an attenuation characteristic acco) is expressed 
aS 

where ABS () denotes an absolute value inside the parenthe 
SCS. 

More specifically, the inductance value L forms an attenu 
ation pole frequency in the attenuation band or increases 
attenuation only if either one of the following conditions is 
satisfied: 

The illustrative embodiment is characterized in that ZF and 
ZS represented by expressions (1) and (2) include inductance 
values L1 and L21, respectively. The inductance values L 
included in both of ZF and ZS allow an attenuation pole 
frequency to be formed in the attenuation band by satisfying 
expression (5A) or allows the attenuation value to be 
increased by satisfying expression (5B). This will be 
described more specifically with reference to FIG. 14. 

FIG. 14 shows the LC equivalent circuit of the SAW reso 
nator. When the LC equivalent circuit is used, expression (1) 
is rewritten into: 

where L11 is equal to L1 (130), Cfdenotes the capacitance of 
parallel arms, (D1 denotes Zero of the parallel arms, i.e., a 
point where impedance is Zero, and (02 denotes the pole of the 
parallel arms, i.e., a point where impedance is the maximum 
or the minimum. 

Also, expression (2) is written into: 

where 1/L22=1/L1 (130)+1/L21 (131) hold, Cs denotes the 
capacitance of serial arms, (03 denotes Zero of the serial arms, 
and (04 denotes the pole of the serial arms, i.e. a point where 
impedance is the maximum or the minimum. 

Therefore, by using expressions (6) and (7) and expression 
(5A), which defines a condition for forming an attenuation 
pole, a frequency that implements an attenuation pole is pro 
duced by: 

The illustrative embodiment is characterized in that the 
above expression (8) contains L11 and L22. L22, in particu 
lar, allows an attenuation pole frequency derived from expres 
sion (8) to constitute the lower-frequency attenuation range of 
the pass band. 

Next, the illustrative embodiment will be compared with 
the conventional SAW filter LA shown in FIG. 6. The imped 
ance ZF of the SAW filter LA is produced by: 

where Z(PR1 (110) denotes the impedance of the parallel arm 
resonator 110, FIG. 6, L11 (130) is equal to 2.0*L1 (130), and 
() is produced by co-2.0* at f where f is a frequency. 

Likewise, the impedance ZS of the SAW filter LA is pro 
duced by: 
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8 
where Z(SR1 (100)) denotes an impedance equal to one-half 
of the impedance of the serial arm resonator 100, FIG. 6. 
By comparing the corresponding expressions with each 

other, it will be seen that the illustrative embodiment is far 
different from the SAW filter LA of FIG. 6 in that the imped 
ance ZS includes L. In this case, apole frequency correspond 
ing to expression (8) is expressed as: 

As for the SAW filter LA, a frequency that forms an attenu 
ation pole by using the condition of expression (5A), i.e., 
ZF-ZS is produced by the above-indicated expression (11). 
By contrast, the above-mentioned frequency is produced by 
expression (8). While expression (8) contains both of L11 and 
L22, expression (11) contains only L11. Therefore, in the 
conventional SAW filter LA, an attenuation pole is formed in 
the higher-frequency attenuation range of the pass band. 

FIG. 15 shows characteristic curves representative of the 
results of simulation conducted with the illustrative embodi 
ment. For the simulation, the inductance values of the three 
inductors L1 (130), L2 (131) and L3 (132) included in the 
two-terminal pair circuit 31 were used as a parameter. In FIG. 
15, a characteristic curve L=0 corresponds to the filter char 
acteristic of the conventional two stage, ladder type SAW 
filter shown in FIG. 2. As FIG. 15 indicates, the illustrative 
embodiment is advantageous over the conventional SAW fil 
ter shown in FIG. 2 in the following three respects. 

First, the inductance values L1 (130), L2 (131) and L3 
(132) form attenuation poles LP21, LP31, LP41 and LP22, 
LP32, LP42 in the lower-frequency attenuation range of the 
pass band, which ranges from about 860 MHz to about 900 
MHz. In addition, the inductance values L1, L2 and L3 form 
attenuation poles HP21, H31, HP41 and HP22, HP32, HP42 
in the higher-frequency attenuation range of the above pass 
band. The attenuation poles LP21 and LP22 correspond to 
L=0.1 nEI while the attenuation poles LP31 and LP32 corre 
spond to L=0.2 nH. The attenuation poles LP41 and LP42 
correspond to L=0.4 nH. Likewise, the attenuation poles 
HP21 and HP 22 correspond to L=0.1 nH while the attenua 
tion poles HP31 and HP32 correspond to L=0.2 nH. Further, 
the attenuation poles HP41 and HP42 correspond to L=0.4 
nH. 

Second, as shown in FIG. 8, the attenuation poles particular 
to the illustrative embodiment broaden a 30 dB attenuation 
width, i.e., the width of a frequency band in which the attenu 
ation value is as great as 30 dB or above. For example, as for 
L=0.2 n, the 30 dB attenuation width achievable with the 
illustrative embodiment is 54.5 MHz in the lower-frequency 
attenuation range or 36.5 MHz in the higher-frequency 
attenuation range. By contrast, the 30 dB attenuation width 
available with the SAW filter of FIG. 2 is only 43.5 MHz in the 
lower-frequency attenuation range or only 35.0 MHz in the 
higher-frequency attenuation range. The 30 dB attenuation 
width of the illustrative embodiment is broader than the con 
ventional width by 11.5 MHz in the lower-frequency attenu 
ation range or by 1.5 MHZ in the higher-frequency attenuation 
range. The illustrative embodiment therefore successfully 
improves the attenuation characteristic of a polar SAW filter. 

Third, as shown in FIG. 15, the illustrative embodiment 
maintains the slope between the pass band and the attenuation 
band constant and Sufficiently steep without regard to the 
inductance values L1, L2 and L3. 
As for actual products, filter characteristics required of a 

SAW filter are determined in consideration of an amplifier, a 
modulator and so forth to be built in, e.g., a mobile commu 
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nication terminal together with the SAW filter. The illustra 
tive embodiment can deal with this kind of considerations as 
well. 
As stated above, the two-terminal pair circuit 31 included 

in the illustrative embodiment forms two attenuation poles in 
each of the higher-frequency and lower-frequency attenua 
tion ranges of the pass band. The attenuation value based on 
the variation of the attenuation poles is sufficiently great not 
only in the higher-frequency attenuation range, but also in the 
lower-frequency attenuation range. This satisfies a required 
attenuation standard in both of the higher-frequency and 
lower-frequency attenuation ranges. 

Further, the illustrative embodiment realizes the above fil 
ter characteristics by use of a miniature SAW filter having 
sufficiently small inductance values and is therefore highly 
practical. In addition, the filter characteristics of the illustra 
tive embodiment are sufficiently steep, as stated earlier. 

The illustrative embodiment with the above advantages 
enhances signal reception quality when applied to, e.g., the 
U.S. CDMA system as a receiver filter. The illustrative 
embodiment can, of course, be implemented as a transmis 
sion filter, as desired. 
An alternative embodiment of the present invention will be 

described with reference to FIG. 16. As shown, a polar SAW 
filter, generally denoted with a reference numeral 40, is simi 
lar to the polar SAW filter 10 shown in FIG.1. In the figures, 
identical reference numerals designate like structural ele 
ments. The following description will concentrate on differ 
ences between the SAW filters 10 and 40. 
The SAW filter 40 additionally includes a serial arm reso 

nator SR2 (101), a parallel arm resonator PR3 (112) and an 
inductor L4, interconnected as shown at junctions P7 and P8. 
The serial arm resonator SR2 serves as a SAW resonator 

identical with the serial arm resonator SR1, FIG. 1. The 
parallel arm resonator PR3 serves as a SAW filter identical 
with the parallel arm resonator PR1 or PR2, FIG. 1. The 
inductor L4 may be identical with any one of the inductors L1, 
L2 and L3, FIG.1. Stated another way, the SAW filter 40 has 
a two-terminal pair circuit constituting a four stage, ladder 
type SAW filter arranged in a L configuration and a two 
terminal pair circuit having three inductance values L., i.e., the 
inductors L1 (130), L2 (131) and L3 (132). The two-terminal 
pair circuits are serially connected to each other. 

“FIG. 17 shows in a plan view a specific SAW filter pack 
age 40A constructed in accordance with the circuitry of FIG. 
16. In FIGS. 11 and 17, identical reference numerals desig 
nate like structural elements. As shown, the package 40A 
additionally includes the serial arm resonator SR2 (101), 
parallel arm resonator PR3 (112) and inductor L4 as well as 
contact pads 41 and 43. A bonding wire 42 connects the 
contact pads 41 and 43 and plays the role of the inductor L4. 
In the package 40A, not the electrodestrip 14A but the elec 
trode strip 140 is connected to the contact pad 12 by the 
bonding wire 13 for layout reasons.” 

FIG. 18 shows the results of simulation conducted with the 
transposition lengths and pair numbers shown in FIG. 9 by 
using the inductance value L as a parameter. FIG. 10 shows 
how the attenuation poles in the lower-frequency and higher 
frequency attenuation ranges and the 30 dB attenuation width 
vary in dependent upon the inductance value L. 
As FIGS. 10 and 18 indicate, attenuation poles are formed 

in the lower-frequency and higher-frequency attenuation 
ranges of the pass band in accordance with the inductance 
value L of the inductors L1 through L4. For example, when 
the inductance value L is 0.5 nH, two attenuation poles are 
formed at the frequencies of 851.5 MHz and 841.0 MHz in the 
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10 
lower-frequency attenuation range. The frequencies of 851.5 
MHz and 841.0 MHz respectively correspond to points LP81 
and LP82 shown in FIG. 18. 

It follows from the two attenuation appearing poles that for 
the inductance value L of 0.5 nPH, the 30 dB attenuation width 
is 20.0 MHz in the lower-frequency attenuation range or 12.0 
MHZ in the higher-frequency attenuation range. The illustra 
tive embodiment therefore broadens the 30 dB attenuation 
width by 7 MHz in the lower-frequency attenuation range and 
broadens it by 2 MHz in the higher-frequency attenuation 
range, compared to the conventional, ladder type SAW filter. 
In this manner, the illustrative embodiment remarkably 
improves the attenuation characteristics in the lower-fre 
quency and higher-frequency attenuation ranges and satisfies 
required standards. Moreover, as shown in FIG. 18, the slope 
between the pass band and the attenuation band is sufficiently 
steep without regard to the inductance value L of the inductors 
L1 through L4. 
As stated above, the illustrative embodiment allows the 

attenuation characteristics to be relatively freely controlled in 
both of the lower-frequency and higher-frequency attenua 
tion ranges. The illustrative embodiment, of course, achieves 
the advantages described in relation to the previous embodi 
ment as well. 

While many specific numerical values have been used to 
simplify the description of the previous embodiments, they 
are, of course, only illustrative and do not limit the scope of 
the present invention. While the inductance value L can there 
fore be replaced with any other suitable value, the present 
invention is practicable with Small inductance values L. 

FIG. 19 shows a specific SAW filter package that may be 
substituted for the package 40A of FIG. 17. As shown, the 
package of FIG. 19 includes an electrode pattern 50 that 
serves as an inductance in place of the bonding wire 17 (L2). 
In this manner, the inductor included in the two-terminal pair 
circuit of the present invention can advantageously be imple 
mented by a laminate Substrate package. 

With reference to FIG. 20, an alternative embodiment of 
the invention includes a two-terminal circuit 31a replaced for 
the two-terminal circuit 31 included in the embodiment 
shown in and described with reference to FIG.1. In the figure, 
like elements are denoted with the same reference numerals 
or letters as in FIG.1. With the alternative embodiment, the 
two-terminal circuit 31a includes three inductors L12, L23 
and L13 interconnected into a T configuration, as illustrated. 
More specifically, the inductors L12 and L23 are intercon 
nected in serial with the opposite ends interconnected to the 
nodes P1 and P2. The series of inductors L12 and L23 has its 
intermediate node P51 interconnected to one terminal of the 
inductor L13. The inductor L13 has its another terminal inter 
connected to a common node P56 connected to the ground 
terminals GND1 and GND2. 
The two-terminal circuit 31a will be equivalent to the two 

terminal circuit 31 if the following expressions are satisfied 
between the inductances of the inductors L12, L23 and L13, 
and L1, L2 and L3: 

L13=L1*L3/K, 
where K-L1+L2+L3. For example, with the two-terminal 
circuit 31 of the illustrative embodiment shown in FIG. 1, 
when L1-L2-L3=0.2 nPH, the two-terminal circuit 31a of the 
alternative embodiment will be equivalent to the former if 
L12–L23-L13=0.06 nH. The inductors L1, L2 and L3 may 
be adapted to have inductances which are different from each 
other. 
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In Summary, in accordance with the present invention, a 
polar SAW filter has a plurality of attenuation poles in each of 
the higher-frequency and lower-frequency attenuation ranges 
of a pass band. The SAW filter is therefore not only miniature, 
but also realizes sufficient attenuation in both of the lower 
frequency and higher-frequency attenuation ranges in accor 
dance with the variation of the attenuation poles. 
The entire disclosure of Japanese patent application No. 

2001-3488 filed on Jan. 11, 2001, including the specification, 
claims, accompanying drawings and abstract of the disclo 
sure is incorporated herein by reference in its entirety. 

While the present invention has been described with refer 
ence to the particular illustrative embodiments, it is not to be 
restricted by the embodiments. It is to be appreciated that 
those skilled in the art can change or modify the embodiments 
without departing from the scope and spirit of the present 
invention. 
What is claimed is: 
1. A polar SAW filter comprising: 
a first serial arm SAW resonator having a first and a second 

electrode connected to an input port and an output port, 
respectively; 

a first parallel arm SAW resonator having a first electrode 
connected to the input port; 

a second parallel arm SAW resonator having a first elec 
trode connected to the output port; 

a first inductor having a first terminal connected to a second 
electrode of said first parallel arm SAW resonator and a 
second terminal connected to a ground terminal; 

a second inductor having a first terminal connected to a 
second electrode of said second parallel arm SAW reso 
nator and a second terminal connected to the ground 
terminal; and 

a third inductor having a first terminal directly connected to 
the second electrode of said first parallel arm SAW reso 
nator and a second terminal directly connected to the 
second electrode of said second parallel arm SAW reso 
natOr. 

2. The polar SAW filter in accordance with claim 1, further 
comprising: 

a second serial arm SAW resonator having a first and a 
second electrode connected to the input port and the first 
electrode of said first serial arm SAW resonator, respec 
tively; 

a third parallel arm SAW resonator having a first electrode 
connected to the input port; and 

a fourth inductor having a first terminal connected to a 
second electrode of said third parallel arm SAW resona 
tor and a second terminal connected to the ground ter 
minal. 

3. The polar SAW filter in accordance with claim 2, further 
comprising a Supporting member in a form of package or chip 
on which said polar SAW filter is fabricated, said first, second, 
third and fourth inductors being in a form of electrical con 
nection formed on said Supporting member. 

4. The polar SAW filter in accordance with claim 3, 
wherein said first, second and fourth inductors are inaform of 
bonding wire formed on said Supporting member and con 
necting the second electrodes of said first, second and third 
parallel SAW resonators to the ground terminal. 

5. The polar SAW filter in accordance with claim 3, 
wherein said third inductor is in a form of electrode pattern 
formed on said Supporting member and connecting the sec 
ond electrodes of said first and second parallel SAW resona 
tors to each other. 

6. The polar SAW filter in accordance with claim 3, 
wherein said first, second, fourth and third inductors are in a 
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12 
form of bonding wire formed on said Supporting member and 
connecting the second electrodes of said first, second and 
third parallel SAW resonators to the ground terminal, and the 
second electrodes of said first and second parallel SAW reso 
nators to each other, respectively. 

7. The polar SAW filter in accordance with claim 1, further 
comprising a Supporting member in a form of package or chip 
on which said polar SAW filter is fabricated, said first, second 
and third inductors being in a form of electrical connection 
formed on said Supporting member. 

8. The polar SAW filter in accordance with claim 7. 
wherein said first, second and third inductors are in a form of 
bonding wire formed on said Supporting member and con 
necting the second electrodes of said first and second parallel 
SAW resonators to the ground terminal, and to each other, 
respectively. 

9. The polar SAW filter in accordance with claim 7. 
wherein said first and second inductors are in a form of 
bonding wire formed on said Supporting member and con 
necting the second electrodes of said first and second parallel 
SAW resonators to the ground terminal. 

10. The polar SAW filter in accordance with claim 7. 
wherein said third inductor is in a form of electrode pattern 
formed on said Supporting member and connecting the sec 
ond electrodes of said first and second parallel SAW resona 
tors to each other. 

11. A polar SAW filter comprising: 
a first serial arm SAW resonator having a first electrode and 

a second electrode connected to an input port and an 
output port, respectively; 

a first parallel arm SAW resonator having a first electrode 
connected to the input port; 

a second parallel arm SAW resonator having a first elec 
trode connected to the output port; 

a first inductor having a first terminal connected to a second 
electrode of said first parallel arm SAW resonator and 
having a second terminal connected to a ground termi 
nal; 

a second inductor having a first terminal connected to a 
second electrode of said second parallel arm SAW reso 
nator and having a second terminal connected to the 
ground terminal; 

a third inductor having a first terminal connected to the 
second electrode of said first parallel arm SAW resona 
tor and having a second terminal connected to the second 
electrode of said second parallel arm SAW resonator; 
and 

a Supporting member in a form of a package or a chip on 
which said polar SAW filter is fabricated, said first, 
second and third inductors being in a form of electrical 
connection formed on said Supporting member, 

said first and second inductors being in a form of a bonding 
wire formed on said Supporting member and connecting 
the second electrodes of said first and second parallel 
SAW resonators to the ground terminal 

12. The polar SAW filter in accordance with claim 11, 
further comprising: 

a second serial arm SAW resonator having a first electrode 
and a second electrode connected to the input port and 
the first electrode of said first serial arm SAW resonator, 
respectively; 

a third parallel arm SAW resonator having a first electrode 
connected to the input port; and 

a fourth inductor having a first terminal connected to a 
second electrode of said third parallel arm SAW resona 
tor and having a second terminal connected to the 
ground terminal. 
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13. The polar SAW filter in accordance with claim 12, 
wherein said fourth inductor is in a form of an electrical 
connection formed on said supporting member 

14. The polar SAW filter in accordance with claim 1315, 
wherein said fourth inductor is in a form of a bonding wire 
formed on said Supporting member and connecting the sec 
ond electrode of said third parallel SAW resonator to the 
ground terminal. 

15. The Apolar SAW filter in accordance with claim 13 
comprising: 

a first serial arm SAW resonator having a first electrode 
and a second electrode connected to an input port and 
an output port, respectively, 

a first parallel arm SAW resonator having a first electrode 
connected to the input port, 

a second parallel arm SAW resonator having a first elec 
trode connected to the output port, 

a first inductor having a first terminal connected to a sec 
ond electrode of said first parallel arm SAW resonator 
and having a second terminal connected to a ground 
terminal 

a second inductor having a first terminal connected to a 
second electrode of said second parallel arm SAW reso 
nator and having a second terminal connected to the 
ground terminal 

a third inductor having a first terminal connected to the 
second electrode of said first parallel arm SAW resona 
tor and having a second terminal connected to the sec 
Ond electrode of said second parallel arm SAW resona 
tor, and 

a supporting member in a form of a package or a chip on 
which said polar SAW filter is fabricated, said first, 
second and third inductors being in a form of electrical 
connection formed on said supporting member, 

a second serial arm SAW resonator having a first electrode 
and a second electrode connected to the input port and 
the first electrode of said first serial arm SAW resonator, 
respectively, 

a third parallel arm SAW resonator having a first electrode 
connected to the input port, and 

a fourth inductor having a first terminal connected to a 
second electrode of said third parallel arm SAW resona 
tor and having a second terminal connected to the 
ground terminal, 

said first and second inductors being in a form of a bonding 
wire formed on said supporting member and connecting 
the second electrodes of said first and second parallel 
SAW resonators to the ground terminal, 

wherein said third inductor is in a form of an electrode 
pattern formed on said Supporting member and connect 
ing the second electrodes of said first and second parallel 
SAW resonators to each other, and 

wherein said fourth inductor is in a form of an electrical 
connection formed on said supporting member. 

16. The polar SAW filter in accordance with claim 13, 
wherein said fourth and third inductors are in a form of a 
bonding wire formed on said Supporting member and con 
necting the second electrode of said third parallel SAW reso 
nator to the ground terminal, and the second electrodes of said 
first and second parallel SAW resonators to each other, 
respectively. 

17. The polar SAW filter in accordance with claim 11, 
wherein said third inductor is in a form of a bonding wire 
formed on said Supporting member and connecting the sec 
ond electrodes of said first and second parallel SAW resona 
tors to each other 
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18. The polar SAW filter in accordance with claim 11, 

wherein said third inductor is in a form of an electrode pattern 
formed on said Supporting member and connecting the sec 
ond electrodes of said first and second parallel SAW resona 
tors to each other 

19. A polar SAW filter formed on a piezoelectric substrate 
and having an input port and an output port, the input port 
receiving an input signal and the output port outputting an 
output signal, comprising: 

a first serial arm SAW resonator having a first electrode and 
a second electrode, the first electrode receiving a signal 
relative to the input signal, the second electrode trans 
mitting a signal relative to the output signal; 

a first parallel arm SAW resonator having a third electrode 
connected to the first electrode and having a fourth elec 
trode: 

a second parallel arm SAW resonator having a fifth elec 
trode connected to the second electrode and having a 
sixth electrode: 

a first contact pad formed on the piezoelectric Substrate and 
connected to the fourth electrode: 

a second contact pad formed on the piezoelectric Substrate 
and connected to the sixth electrode: 

a first inductor connected between the first contact pad and 
a ground potential; 

a second inductor connected between the second contact 
pad and the ground potential; and 

a third inductor formed on the piezoelectric substrate and 
connected directly to both the first and second contact 
pads. 

20. The polar SAW filter in accordance with claim 1921, 
further comprising: 

a second serial arm SAW resonator connected between the 
input port and the first electrode: 

a third parallel arm SAW resonator having a seventh elec 
trode connected to the input port and having an eighth 
electrode; and 

a fourth inductor connected between the eighth electrode 
and the ground potential. 

21. The Apolar SAW filter in accordance with claim 19 
formed on a piezoelectric substrate and having an input port 
and an output port, the input port receiving an input signal 
and the Output port Outputting an output signal, comprising: 

a first serial arm SAW resonator having a first electrode 
and a second electrode, the first electrode receiving a 
signal relative to the input signal, the second electrode 
transmitting a signal relative to the output signal 

a first parallel arm SAW resonator having a third electrode 
connected to the first electrode and having a fourth 
electrode, 

a second parallel arm SAW resonator having a fifth elec 
trode connected to the second electrode and having a 
sixth electrode, 

a first contact pad formed on the piezoelectric substrate 
and connected to the fourth electrode, 

a second contact pad formed on the piezoelectric substrate 
and connected to the sixth electrode, 

a first inductor connected between the first contact pad and 
a ground potential 

a second inductor connected between the second contact 
pad and the ground potential and 

a third inductor formed on the piezoelectric substrate and 
connected directly to both the first and second contact 
pads, 

wherein the third inductor is formed by a bonding wire. 
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22. The polar SAW filter in accordance with claim 21, 
wherein each of the first and second inductors are formed by 
a bonding wire. 

23. The polar SAW filter in accordance with claim 22, 
further comprising a package on which the piezoelectric Sub 
strate is mounted. 

24. The polar SAW filter in accordance with claim 23, 
further comprising a third contact pad formed on the package, 
wherein the first inductor is connected between the first con 
tact pad and the third contact pad, and the second inductor is 
connected between the second contact pad and the third con 
tact pad. 

25. The polar SAW filter in accordance with claim 19, 
wherein the third inductor is formed by an interconnecting 
pattern. 

26. The polar SAW filter in accordance with claim 25. 
wherein each of the first and second inductors are formed by 
a bonding wire. 

27. The polar SAW filter in accordance with claim 26, 
further comprising a package on which the piezoelectric Sub 
strate is mounted. 

28. The polar SAW filter in accordance with claim 27, 
further comprising a third contact pad formed on the package, 
wherein the first inductor is connected between the first con 
tact pad and the third contact pad, and the second inductor is 
connected between the second contact pad and the third con 
tact pad. 

29. A surface acoustic wave filter comprising: 
a first SAW resonator located between a first node and a 

second node, 
a second SAW resonator located between the first node and 

a third node, 
a third SAW resonator located between the second node 
and a fourth node, 

a first bonding wire directly connected between the third 
and fourth nodes, 

a second bonding wire connected between the fourth node 
and a ground node, and 

a piezoelectric substrate on which the first, second and 
third SAW resonators, the third node and the fourth node 
are located. 

30. The surface acoustic wave filter of claim 29, wherein 
the second bonding wire is directly connected between the 
fourth node and the ground node. 

31. The surface acoustic wave filter of claim 29, further 
comprising a third bonding wire connected between the third 
node and ground. 

32. The surface acoustic wave filter of claim 29, wherein 
the first node is electrically connected to an input terminal, 
and the second node is electrically connected to an output 
terminal. 

33. The surface acoustic wave filter of claim 32, further 
comprising a fourth SAW resonator located between the input 
terminal and the first node. 

34. The surface acoustic wave filter of claim 33, further 
comprising a fifth SAW resonator located between the input 
terminal and ground. 

35. The surface acoustic wave filter of claim 29, wherein 
the second SAW resonator is directly connected to the third 
node, and the third SAW resonator is directly connected to the 
fourth node. 

36. The surface acoustic wave filter of claim 35, wherein 
the third and fourth nodes are contact pads. 

37. A surface acoustic wave filter comprising: 
a first SAW resonator electrically connected to a first node 
and a second node, 

a second SAW resonator electrically connected to the first 
node and a third node, 

a third SAW resonator electrically connected to the second 
node and a fourth node, 

16 
a first bonding wire directly connected between the third 
and fourth nodes, 

a second bonding wire connected between the fourth node 
and a ground node, and 

5 a piezoelectric substrate on which the first, second and 
third SAW resonators, the third node and the fourth node 
are located. 

38. The surface acoustic wave filter of claim 37, wherein 
the second bonding wire is directly connected between the 

10 fourth node and the ground node. 
39. The surface acoustic wave filter of claim 37, further 

comprising a third bonding wire connected between the third 
node and ground. 

40. The surface acoustic wave filter of claim 37, wherein 
15 the first node is electrically connected to an input terminal, 

and the second node is electrically connected to an output 
terminal. 

41. The surface acoustic wave filter of claim 40, further 
comprising a fourth SAW resonator located between the input 

20 terminal and the first node. 
42. The surface acoustic wave filter of claim 41, further 

comprising a fifth SAW resonator located between the input 
terminal and ground. 

43. The surface acoustic wave filter of claim 37, wherein 
25 the second SAW resonator is directly connected to the third 

node, and the third SAW resonator is directly connected to the 
fourth node. 

44. The surface acoustic wave filter of claim 43, wherein 
the third and fourth nodes are contact pads. 

o 45. A surface acoustic wave filter comprising: 
a serial arm SAW resonator having a first side and a second 

side, 
a first contact pad 
a second Contact pad 
a first parallel arm SAW resonator connected to the first 

side of the serial arm SAW resonator and the first contact 
pad 

a second parallel arm SAW resonator connected to the 
second side of the serial arm SAW resonator and the 
second contact pad 

40 a first bonding wire directly connected between the first 
and second contact pads, and 

a second bonding wire directly connected with both of the 
Second contact pad and a ground pad, 

wherein the first parallel arm SAW resonator is directly 
45 connected to the first contact pad, and the second par 

allel arm SAW resonator is directly connected to the 
second contact pad. 

46. A surface acoustic wave filter comprising: 
a serial arm SAW resonator having a first side and a second 

side, 
a first contact pad 
a second Contact pad 
a first parallel arm SAW resonator connected to the first 

side of the serial arm SAW resonator and the first contact 
pad 

a second parallel arm SAW resonator connected to the 
second side of the serial arm SAW resonator and the 
second contact pad 

a first bonding wire directly connected between the first 
and second contact pads, 

60 a second bonding wire directly connected with both of the 
second contact pad and a ground pad and 

a piezoelectric substrate with the first and second contact 
pads, the serial arm SAW resonator and the first and 
second parallel arm SAW resonators thereon. 

65 47. The surface acoustic wave filter of claim 46, further 
comprising a third bonding wire directly connected with both 
of the first contact pad and the ground pad. 
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48. A SAW filter package comprising: 
a package body, 
a piezoelectric substrate formed on the package body, 
a first SAW resonator formed on the piezoelectric substrate, 

wherein the first SAW resonator is electrically connected 
between a first node and a second node, 

a second SAW resonator formed on the piezoelectric sub 
strate, wherein the second SAW resonator is electrically 
connected between the first node and a third node, the 
third node being located on the piezoelectric substrate, 

a third SAW resonator formed on the piezoelectric sub 
strate, wherein the third SAW resonator is electrically 
connected between the second node and a fourth node, 
the fourth node being located on the piezoelectric sub 
Strate, 

a first bonding wire directly connected between the third 
and fourth nodes, 

a ground pad formed on the package body, and 
a second bonding wire connected between the fourth node 
and the ground pad. 

5 
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50. The SAW filter package of claim 49, wherein the third 

SAW resonator is connected directly with both of the second 
node and the fourth node. 

51. The SAW filter package of claim 48, filrther comprising 
a third bonding wire connected between the third node and 
ground. 

52. The SAW filter package of claim 48, wherein the first 
node is electrically connected to a first contact pad formed on 
the package body, and the second node is electrically con 
nected to a second contact pad formed on the package body 
which is different from the first contact pad. 

53. The SAW filter package of claim 52, filrther comprising 
a fourth SAW resonator formed on the piezoelectric substrate, 
wherein the fourth SAW resonator is electrically connected 
between the first contact pad and ground. 

54. The SAW filter package of claim 48, wherein the second 
SAW resonator is directly connected to the third node, and the 
third SAW resonator is directly connected to the fourth node. 

55. The SAW filter package of claim 54, wherein the third 
49. The SAW filter package of claim 48, wherein the second 20 and fourth nodes are Contact pads. 

bonding wire is connected directly with both of the fourth 
node and the ground pad. k k k k k 
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