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5. TITLE OF THE INVENTION 

10 BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a duplexer. device and 
. . 

· particularly a duplexer device using a surface aCQustic wave fllter. 

Description of the Related Art 

15 Recently, a· mobile phone and a mobile information terminal 

have been quickly .spread with development of mobile communication 

systems and have been demanded to have a small size and high 

performance. 

The radio frequency in use covers wide bands, for example, 

20 from 800 MHz fo 1 GHz bands and from 1.5 to 2.0 GHz bands. 

In the recent development of a mobile phone, terminals have 

been developed to have hi~ functionality, for example, a dual moqe 
' 

(e.g., a combination of an analog mode and a digital mode, or· a 

combination of digital modes, i.e., a TDMA (time division multiple 

25 access) mode and a CDMA (code division multiple access) mode and a 
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dual band (e.g., a combination of an 800 MHz band and a 1.9 GHz 

band, or _a combination of a 900 MHz band and a 1.8 GHz band or a · 
LS GHz band). 

Along with the trend, parts used in a mobile phone (such as a 

5 filter) ate also demanded tO. have high fun~tionalitY: In additlon to the 
demand of high functionality, a small _size and a low production cost 

are also demanded. 

·The mobile commtinicatlo:ri apparatus utilizes an antenna 

duplexer in an . RF section · branching · and generating signals · 

10 transmittt?d and received through an antenmi.. 

' Fig. 36 is a block diagram showing a radio frequency section of 

conventionally used mobile phone. 

An audio signal-100 inputs from a microphone are converted to 

a ~odulated signal of the ~odulation system of the mobile phone 

15 system by a modulator 101 and then converted to a designated carrier 

frequency by a local oscillator 108. Thereafter, the signal passes 

through an interstage filter· 102, _which selects only a signal having the 

prescribed transmission frequency, and: then amplified to a desired 

signal intensity by a power amplifier 103, and transmitted to an 
,, 

20 antenna dupleicer 105. The antenna duplexer lOS transmits only the 

signals of the designated transmission frequency to an antenna 104, 

and the antenna 104 transmits the signal as a radio signal into the air. 

On the other hand, a signal receiv~d by the antenna 104 is 

transmitted to the antenna duplexer _105 to select only a signal of a 

25 designated frequency. The selected signal is amplified by a low-noise 
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amplifier 106 and transmitted to an IF fllter 110 through an ~terstage 

filter 107; and only a message signal is selected by the IF filter 110. 

The signal is transmitted ti:> a demodulator 11 l and taken out as an . . . 

audio signal 100. The antenna duplexer 105 is positioned between 

· 5 the. antenna. 104 and the so-called audio sign.al processing circtiit and 

has such a ·function that the transmission signal and· the reception 

signal are distributed to prevent interference of them. 

The antenna duplexer necessarily has at least a transmission 

filter and a reception .filter, and in order to prevent interference of ·the 
. . 

· 10 transmission signal and the reception signal, it also has a matching 
. . 

circuit, which is also referred to as a phase matching circuit or a line 

pattern for phase matching. 

The ante~a duplexer for a highly· functional temiinal includes 

a complex. duplexer with. a dielectric material or a surface acoustic 

15 ·wave filter using a dietectric material ~>n at least one . part, and. a· 

constitution containing only a surface acoustic wave filter. A duplexer 

using a dielectric II1:8.terial has a l~e size and is c;iiffiaulf to make a 

mobile terminal small and thin . 

. Even the case using a surface acoustic wave duplexer on on~ 

20 part, the size of the dielectric materi0.J. device prevents a mobile 

· terminal from having a small and thin size. 

A conventional duplexer. using a surface acoustic wave filter 

includes a module type comprising a printed circuit board carrying 

separate filters and a matching circuit, and a one-piece type 

25 comprising filter chips for transmission and reception mounted in a 
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multi-layer ceramic package and a matching circuit provided inside the 

package.· 

The duplexer of these types can be reduced in volume by a ratio . 

of about from 1/3 to l/ 15 and in height by a 1:-atio of about from 1/2 to 

5 1 /3 in . comparison to the duplexer using a dielectri~ material. The 

cost of the duplexer can be equivalent to the dielectric matei:ial device 

by using the surface acoustic wave device and reducing the ·size of the 

device. 

In order to cope with the demand. for further reduction in size, . 

· 10 w~ch will arise· in future, it is necessaiy to use the structure usffi.g a · 

mUlti-layer ceramics package described ·in Japanese · Unc~xamined 

Paten~ Publicatio~ No. Hei 10(1998)-126213 and is also necessaiy to 

. form two filters on one chip and to apply a flip · chip mounting 

technique using no wire connection. In any case, two comporients, i.e., . . 

15 a ·duplexer pac~e capable of being airtightly sealed, which carries 

two surface acoustic filters, and a matching circuit for constituting the 

duplexer with the two filters, are necessaiy. 

The matching. circuit is formed by arranging a line pattern 

having . a prescribed length in one layer in a package having a 

20 multi-layer structure. 

In order to satisfy the demanded characteristics as a duplexer 

and to cope with the dem$11d of reduction in the size of the duplexer 

package, the arrangement of the line pattern of the matching circuit is 

necessarily considered. 
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. Particularly, in the case where ·the line pattern and external· 

connection terminals (wire bonding pads) of a duplex~r package are 

-arranged closely, there is a problem in that sufficient isolation cannot 

be. ensured, and the depression characteristics outside the pa_ss bands 

5 of the two surface acoustic filters constituting· the duplexer are_;, 

deteriorated. 

SUMMARY OF THE INVENTION · · 

The invention is ··duplexer device in that isolation between a line 

pattern of a matching circuit and · signal . terminals of ~ duplexer 

10 .package is sufficiently ensured, so as to stabilize the characteristics of . 

the duplexer .. 

· The . invention· . relates to a duplexer device· comprising two · 

surface aC?ustic wave .filters having· band -center frequencies different 

~m -~ach other and a line pattern. for matching .phases of the. two 

15 surface acoustic wave filters, wherein provided are: a wire bonding pad 

18.yer having a plurality of pads including pads for connecting the line 

pattern ~- terminals on the surface acoustic wave .filters -and pads for 

connecting ·a common terminal connected to an external antenna with 

the line pattern; and a first pad connecting one of the surface·. acoustic 

20 wave filters and a first end of the line pattern and a second pad 

connecting the common terminal and a second end of the line pattern 

being arranged at positions that are the most distant from each other 

inside the wire bonding pad layer. 

The invention also relates to a duplexer device comprising two 

26 sUrface acoustic wave filters having band center frequencies different 
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from each other and a line pattern for matching phases of the two 

surface acoustic wave filters, wherein provided are:. a wire bonding pad 

layer having a plurality of pads including pads for connecting the line 

pattern with terminals on the surface acoustic ·wave filters and pads· for . 

5 connectiilg a coinmon termina:I connected to an external an~nna ·with 

the line pattern; ·a line pattern layer focated -below the wire bonding 

pad layer, the line pattern laye~. having the line pt;tttern; and an 

external connection terminal layer located below the line pattern layer, 

the external connectio~ terminal layer having an external connection 
. . 

10 · terminal for connecting .the surface acoustic wave filters . with· an 
. . 

external circuit, the line pattern layer being formed so that a distance 

dS between . a point in the line pattern layer, at which a path 

.connecting the terminal on the surface acoustic- wave filter with· the 
. . 

external connection terminal intersects. the -line pattern layer, and an_ 

15 arbitrary point on the line pattern is set to a prescribed value or more. · 

20 

Accord~ng to. the .invention, ·a duplexer device of a small size . 

-stabilizing the depression characteristics of the counterpart can be 

p~vided .. 

BRIEF DESCRIPI'ION OF THE DRAWINGS 

Fig. 1 ik a schematic block diagram of the duplexer according to 

the invention. 

Fig. 2 is a schematic block diagram of an embodiment of the 

duplexer according to the invention. 

Fig. 3 is a graph showing frequency characteristics of two SAW 

25 filters used in the duplexer according to the invention. 
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Fig. 4 is a schematic cross sectional v:iew showing a cross 

sectional structure of an embodiment of the duplexer device according 

· to· the invention. 

Fig.· 5 is a plane view showing a plane structure of a wire 

5 bonding pad layer of the duplexer device acoording to the invention. 

Fig. 6 is a plane View .showing a pl~e· structure of a line pattern . 

-layer of the duplexer device according to the inv~ntion. · 

Fig. 7 is. ·a schematic circuit diagram showing the duplexer 
. . 

using ladder- type SAW filters according to the invention. 

10 Fig. 8 is a plane view showing : a _plane structure of a wire 

bonding pad layer of a d~plexer device that is not used in the 

. invention. . ) 

··Fig. 9 is a plane view showing.a-plane structure of a·Iine· pattern 

layer corresponding to Fig. 8. 

15 Fig. · l 0 is a graph showing the relationship between the. 

minimum distance dS and the isolation (dB) in a blSnk package in the 

invention. 

Fig.. 11 is a graph showing the relationship between ·the 

distanced to the line pattern and the isolation (dB) in.a blank package 

20 in the invention. 

Fig. 12 is an explanatory diagram showing the dista.Dce d in an 

embodiment of the plane structure of the line pattern layer of the 

duplexer device according to the invention. 

Fig. 13 is a graph showing frequency characteristics of an 

25 embodiment of a conventional duplexer device. 
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Fig .. 14 is a schematic plane view of a plane structure of a line 

pattern of the conventional duplexer device shown in Fig. 13. 

Fig. 15 · is a graph showing frequency characteristics of . a 

dup~exer device in the case where a pad co~ected to a line pattern is 

.5 not ~anged in an optimum manner. 
. . 

·Fig.· 16 is a plane view showing a plane structure of a line· 

pattern layer in the GS.Se where a pad connected to a line pattern is not 

· arranged in an optimum manner. 

Fig. 17 is a. graph showing frequency characteristics of an 

10 embodiment of the duplexer device according to the invention.· 

15 

20 

·Fig. 18 is a plane view· showirig a plane structure of an. 

embodiment of the line pattern layer according to the invention. 

Fig. 19 is · a graph showing frequency characteristics· :of . an 

·embodiment of the duplexer device according to Ute invention. · 

Fig. 20 is a plane view showing a plane structure of. an · 

embodiment of the line pattern layer according to the invention. · 

Fig. 21 is a. -schematic cross sectional view. showing a cross 

sectional structure of an embodiment of the duplexer device according 

to the inventjon. 

Figs. 22(a), 22(b) and 22(c) are plane views showing plane 

structures of respective layers of the duplexer device according to the 

invention shown in Fig. 21. 

· Fig. 23 is a graph showing the relationship between the 

minimum distance dS and the isolation (dB) in a blank package in the 

25 invention. 
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Fig. 24 is a schematia cross sectioi:ial view showing a cross 

sectional structure of an embodiment of the duplexer device. according 

to the invention. · 

Figs. 25(a), ·25(b) and 25(c) are plane views showing plane 

5 . structures· of respective layers of the duplexer device according to the 

invention shown in Fig. 2·4. · 

. ·Fig. 26 is a plane view showing a plane structure where a line 

pattern and a common lead line are formed on the same layer (line 

pattern layer). 

10 · · ·Fig. 27 . is a graph showing. the . relationship between the 

minimum· distance dS and the isolation (dB) in a blank package in the 

invention.· 

· Fig. 28 is -a schematic cross sectional view showing a cross 

sectional structure of an embodiment of the duplexer device according 

15 to the invention . 

. Figs. 29(a) and 29(b) are plane views showing plane structtires 

of a die attach layer of a conventional duplexer device. 

~gs. 30(a) and 30(b) are plane views shQwing plane· structures 

of a die attach layer of the duplexer device according to the invention. 

20 Fig. 31~ is a graph showing a resistance value of a line pattern in 

the die attach layer. 

Figs. 32(a), 32(b) and 32(c) are plane views shoWing 

embodiments of the wire bonding pad layer according to the invention. 

Figs.·33(a) and 33(b) are plane views showing embodiments of 

25 the wire bonding pad layer according to the invention. 
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Figs. 34(a), -34(b), 34(c~ and 34(d) are plane views ·showing 

embodiments of the wire bonding pad layer acoording to the invention. 

Figs. 3S(a), 35(b), 35(c) and 35(d) are. plane views showing 

· embodiments of the wire bonding pad layer according to the.invention. 

5 fig. 36 is a constitutional block diagram $howing a radio 

frequency section of a conventional mobile phone. 

· · DESCRIPTION OF·THE PREFERRED EMBODIMENTS 

It is preferred in the .invention that the wire bonding pad layer 

has a r~ctangular space in a substantial center thereof, . in which the 

10 . two ·surface acoustic wave filters are mounted, and the rec~gutar 

space is ~urrounded· by· the plural pads, where the first pad and· the· 

.second pad are arranged ·at. diagonal comers with the rectan~ . 

space intervening therebetween . 

. It is also possible that the common terminal is formed in the 

15 external ·connection temiinal layer, ·and a common terininal lead. line· 

for connecting the second pad ·and the common terminal is formed in a 

layer dif(erent from the line pattern layer. · 

. In particular, the common terminal lead line may be formed in 

. the wire bonding pad layer and may be formed in a layer below the line 

20 pattern layer. According to the configuration, isolation between the 

line pattern artd the external connection terminal can be improved. 

A common GND layer having a GND pattern formed therein 

may be provided between the layer having the common terminal lead 

line formed therein and the line pattern layer. 
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' From the standpoint of preventing influences of external noise, 

side surfaces of the foregoing layers may be covered with the GND· 

layer. 

It is also possible that a die atta,ch layer for mounting the 

5 · · surface acoustic wave filters is provided below· the wire bonc:_ling pad 

la~r but above the line pattern layer, a dle attach pattern for. 

connecting the surface. acoustjc wave filters to a. GND is formed as 

patterns divided· into . two or· more of the die attach layer, and the 

divided die attach patterns are in contact with the surface ·acoustic 

10 wave 51ters through a paste. 

. It is preferred that the plural pads· formed on ·the wire bonding_ 

pad layer are formed to have a predetermined distance . from each 

other. 

· In Ot:"der.to obtain good frequency characteristics of the duplexer, 

15 the ·predetermined distance is preferably 0~3 mm or more and is 

$mailer than the rectangular space for mounting the surface acoustic 

wave filters. 

The distance dS may satisfy 1.075 mm S dS in a duplexer 

device having a size of 5 mm (width) x 5 mm (length) x 1.5 mm (height) 

20 in order to obtain good depression characteristics. 

The· invention will be described in more detail with reference to 

embodiments shown by the drawings, but the invention is not 

construed as being limited thereto. 

Fig. 1 is a schematic block diagram ·of the duplexer according to 

25 the invention. 
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The duplexer comprises two SAW filters 2 (F 1) and 3 (F2l and 

one matching circuit 1 and also has a common terminal TO connected 

to an antenna and external connection terminals Tl and T2 for input 

and output connected to an external circuit. 
. . 

· 5 . A surface acousti_c wave· tilter (hereinafter referred to as a SAW 

filter) compining surface acoustic wave resona~ors _is used as the tilters 

Fl and F2 · from the standpoint of miniaturization and demanded 

performance. 

The matching circuit 1 is provided between. the common 

· 10 terminal TO and the SAW filters in order to reduce. interference between 

the two SAW filters to obtain the desired. ·ftlter characteristics. While 

the· matching circuit 1 may be provided between the common terminal 

TO and the filter Fl and between the common terminal TO and the tilter 

F2, respectively, .it is preferred that only one matching circuit is. 

15 . provided between th~ common terininal TO ~d one of the filters from 

· . the standpoint of miniaturization. In the following description, the 

case will be exemplified where the matching circuit is proVided between 

the common terminal TO and the filter F2. 

Fig .. 2 is a schematic block diagram of an embodiment of the 

20 duplexer according to the invention, in which the matching circuit 1 is 

provided between the conimon terminal TO and the ftlter F2. 

As it will be described later, the symbols ·starting with FP denote 

wiring pads on the side surface of the package (foot pad,s), the symbols 

starting with WP denote wire bonding pads in the wire bonding pad 

25 layer (wire pads, hereinafter sometimes simply referred to as pads), 
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and the symbols IN .and OUT denote connection termina_ls arranged on 

the filter chips 2 ~d 3, respectively . 

. 'lb.e matching circuit- 1 is generally formed with a material 

containing tungsten or copper as the main componen~ in the form of a 

5 long line- having a presc;:ribed length. The matching circuit 1 has a 

width of about from 0..-1 .to 0.2 mm and a line length of about several 

tens mm, and the line length is determin.ed by the relationship with the 

~nter frequency of the deµianded SAW · filter. In the following 

.embodiments;· the matching pattern 1 is sometimes called. as a line 

10 pattern., which has two ends, and one end of'the line pat~m (first end) 
. . 

is referred to as LPl, whereas the other end (second end) is referred to 

as LP2. · 

Fig. 3 is a graph showing the frequency characteristics of· the 

.two SAW filters Fl and F2 used in the duplexer according to the 
. . 

15 invention. The ·SAW filters Fl ·and F2' have band cente:r;- frequencies 

20 

different from each other (Fl < F2), and for example, it can be 
. . 

fabricated in such· a iµanner that ·the band center frequency of the 

· SAW filter Fl is 836 MHz, and the band center frequency of the SAW 

filter F2 is 881 MHz. 

Fig. 4 }s a schematic cross sectional view showing a cross 
' 

sectional structure of an embodiment of the duplexer package having 

the SAW filters according to the invention. In this embodiment, the 

duplexer ~ackage has a multilayer structure comprising five layers (Ll 

·to LS). While the number of layers constituting the multilayer 
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structure is not particularly limited, it is advantageous that the 

number of layers is smaller from the standpoint of reduction in height. 

Alumina or glass ceramics having a dielectric constant e of 

about 9.5 is used as a material constituting the ·respective layers 

5 ... (layers Ll to.·LS)". The· line pattern 1 ·of the matching circuit and the·. 

GND pattern l3 are formed among the layers .. 

·1n. Fig. 4, the ·upper surface. of the_ layer Ll is referred to as a 
. . 

cap. mounting layer 4, the surface of the layer L2 between the layer Ll 

and _the layer L2 is referred to as a wire bonding pad layer 5, the 

10 surface of the layer L3 between the layer L2 and the layer L3 is referred 

to as .a die attach layer 6, the surface of the layer L4 betweeri the layer 

L3 and the: layer L4 is referred to as a line pattern layer 7, the surface 

pf the layer LS between the layer L4 and the· layer LS is referre~ to as a 

common GND layer ·8, and the lower surface of ~e. layer LS is referred 

15 . to as a foot pattern layer 9. 

A side castellation .10 is :formed to cover a part of the upper 

·surface of the ·layer Ll, a part of ~e lower surface of the layer LS and 

the side surfaces of the respective l~ers. The side castellation is 

formed to prevent invasion of external noise into the interior of the 

20 filter. 

The line pattern 1 and the SAW filters are connected to the 

common terminal TO and the external connection terminals Tl and T2 

through the side castellation 10. 

A cap 12 for protecting the filters 2 and 3 inside is arranged on 

25 the layer -Ll as the uppermost layer. The cap 12 is produced with a 
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metallic material, such as Au plating and Ni plating, or a ceramic 

material similar to the package. 

The layer Ll functions as a frame for mounting the cap 12. 

The stirface of the layer L2 is a layer for oonnecting the 

5 terminals on the· SAW filters 2 and 3 with the duplexer package, .. and 
. . 

so-called wire bonding pads . are arranged · thereon~ · The pads 

(terminals) provided on the surface of the wire·· bonding pad layer 5 

(corresponding to the pads WP3, WPS, .WPS and WPlO in Fig. 2).are 

connected tO the terminals (IN and OUT) on the SAW·filters through a 

10 wire lL 

The terminals _and the· interconnection patterns on the ·surface 

·of the · layer · L2 · are formed · by. subj~cting the surface of an 

electroconductive -material, such as tungsten, Cu and Ag, to ,an Au 

·plating treatment. The. wire 11. can ·be formed with an appropriate 

15 material, such as Al-Si. 

· The filter chips 2 and 3 are arranged on the surface of the layer 

L3 (die attach layer 6) by adhesion with a die attach pattern 14 ·and a 

paste, 15· (electroconductive or non-electroconductive): 

The line pattern 1 of the matching circuit is formed on the 
... 

20 surface of the layer L4 (line pattern layer 7). While the line pattern 1 

is indicated by eight rectangles in Fig. 4, it is actually one continuous 

line.-

The line pattern is formed on the line pattern· layer 7 as an 

electroconductive pattern having a total length of about l./ 4 and a 

25 width of about from 80 to 120 µm throughout the length. The line 
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pattern is formed on a layer above the common GND layer 8. It may 

be formed on the layer directly on the common GND layer 8 or may be 

formed as divided on the plural layers above the common GND layer. 

· The common GND laye:i: 8 is-formed with a GND pattern 13 for· 

.. 5 -shiel~ except for· the pattern section of the side castellation 10 :on: 

·the side surface for ·the signal. 

The common GND pattern ·13 may be formed with tungsten or· 

.copper as similar to the line pattern l. · 

. ·The materials used as the common GND ·pattern and the line 

10 . pattern · are necessarily selected with consideration of · the baking 

temperature of the package material. 

In the case where altun.lna is used as the package material, 
. . 

. ttingsten is preferably used .since the baking temperature of alumina is 

about 1,600°C. 

15 . In the · case where glass ceramics ar.e used as the package 

material, o~ the other hand, copper is· preferably used since the baking 

temperature thereof is about 950°C. ·Because copper has a lower 

. ·resistance than tungsten, the insertion loss (transmission intensity) 

among· the frequency characteristics of the duplexer becomes 

20 satisfactory . 

. The exposed part of the GND pattern 13 and the like are 

preferably s~bjected to an oxidation preventing ~atment, and 

therefore films of nickel and gold may be formed on copper in this 

order. Nickel is used herein to improve adhesion property between 

25 copper and gold. 
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The common terminal. TO and the external connection terminals 

Tl and T2 are provided on the external connection terminal layer (foot 

pattern layer)· 9. These terniinals TO, Tl and T2 ·~ electrically 

connected to the· terriiinals FPS, FP8 and FP2 shown in Fig. 2, 

5 respectively, through the side castellation 10; 

Fig. 5 is a plane view from the above showing the dupleXer · 

package of this. embodiment of the invention. 
. . 

. · Fig. 5 is such a plane view that the cap 12 is removed from the 

· · cro.ss sectional view- shown in Fig. 4 and is. to mainly indicate the plane 

10 structure of the wire bondirig· pad layer 5. The· figure shpws the state 

· where the two surface acoustic wave filter chips Fl and F2, which are 

formed into one package, are arranged in the cavity in the substantial 

center. 

That is, the wire bonding pad layer 5 has a rectangular space in 

15 . the substantial center. .. for mounting the SAW. filters. ·The pads are 
arranged to surround the rectangular space. ·While ten pads (WPl to 

WPlO) are shown in Fig. ~' the number of pads· is not limited thereto. 

In Fig. 5,. the.terminals denoted by the symbols starting with FP, 

the terminals denoted by the symbols starting with WP and OUT and 

20 IN of the fj.lter <:hips are of the same meaning as in the constitutional · · 

blocks shown in Fig. 2. 

Fig. 6 is a plane view showing an embodiment of the pattern 

shape of the line patt~m 1 formed on the line pattern layer 7. 

The end LPl of the line pattern 1 and the pad WPS. in Fig. 5 are 

25 electrically. ~onnected through a via hole penetrating the. la~ers (the 
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layer_L2 and the ~yer L3), and the end LP2 and the pad WPlO in-Fig. 5 

are electrically connected through a via hole penetrating the layers (the 

layer L2,and the layer L3). 

The · term "electrically connected" will be described. For 

5 example, the external connection terminal Tl .shown in Fig. ·2 is on the. 

foot pattern layer· 9, and it is connected tO·the terminal.FPS shown in · 

'Fig. 2 and Fig. 5 on the wire boncUng pad layer 5 through the side 

castellation 10 an~ is further connected to the wire bonding pad WPS 

through ~·interconnection pattern. · · . 

10 ·The pad WPS and the terminal IN on the surface acoustic wave 

filter chip Fl are connected through the wire 11. 

Similarly, the . .terminal ~ in Fig. 2 is· connected to the terminal 

FP2 in Fig. 5 through the side castellation 10 and is further connected 

to the.pad WP3 through an interconnection pattern, so as.to connect:to 

15 the terminal OUT on the surface acoustic.wave filter F2.· · 

The common terminal TO is connected· to the terminal FPS on 

the wire . bonding pad layer 5· through the side castellation 1 O and is 

further connected to the pad WPS through a common terminal lead 

line 20, so as to connect to the terminal OUT on the surface acou.stic· 

20 wa~e filter Ft."\ 

In the duplexer package having such a constitution according 

to the invention, the external size thereof can be 5.0 (Width} x 5.0 

(length) x 1.5 mm (height) in the case of a duplexer for the SOO MHz 

band. 
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Since the size of the duplexer package that has been 

conventionally used in a mobile phone is about 9.5 (width) x 7.5 

(length) x 2.1 (height), the duplexer package of the invention realizes 

· miniaturization of about 25o/o • 

. . 5 The size of a duplexer for a· 1. 9 GHz band can be reduced· to 
. . 

about 3.8 (width) x 3.8 {length) x 1.5 (height)., which is about 14% of 

the size of the conventional duplexer package. In the following 

·exampl~s, the constitution of a duplexer package having a miniaturized 

size of 5.0. x 5.0 x 1.5 mm will be described unless otherwise indicated. 
. . 

10 The surface acoustic filter chips 2 and 3 each is of a ladder type 

design, in which one-port surface acoustic wave resonators are 
connected. in a ladder form .(see Fig. 7), ·and- the material for the 

· substrate. _is Li'i'aOa (for example, 42·0 ·.Y-rot X-propagation). The 

electrode ·material is an alloy containing Al as the main component 

15 ··(such as Al-Cu and Al-Mg) and a multi-layer ftlm thereof (such. as 

·Al-Cu/Cu/ Al-Cu, Al/Cu/ Al, Al/Mg/ Al and Al-Mg/Mg/ Al-Mg) formed 
. . 

by sputtering, which is patterned by exposure and etching. 

· The positional relationship of the line pattern 1 with the. wire 

bonding. pads and the terminals arranged on the wire bonding layer 5, 
. . 

20 which is one _pf the characteristic features of the· invention, will be 

described. 

In.an. embodiment of the invention shown in Fig. 5, the pads 

connected to the both ends (LP 1 and LP2) of the line pattern 1 
. . 

(hereinafter referred to as matching pads) in the wire bonding pad layer 

25 5 are WPS and WPlO, and both the matching pads are arranged at the 
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most distant diagonal comers with the rectangular space for mounting 

the filter chips intervening therebetween. 

In other words,· the matching pads WPS and WPlO are formed 

at the positions most distant from each other among the pads arranged· 

5 on the wire:bonding pad layer S. The matchfu.g pads.WPS.and WPIO 

are arranged immediately above the ends LPl and LP2 of the line 

pattern 1 ~ respectively, so as to electrically connect the matching. pads 

and the ends of the line ~attem through the. via ~oles. The pad WP~. 

is connected to the end LPl, and the· pad WPlO is connected to the·end 

· 10 LP2: 

In Fig. 6, the total length of ·the line pattern of this· embodiment 

of the invention is about l/4 (A= C/fo, C =Co/.[ e, Co:= 3 x 10s. m/s) .. 
. . . .. 

· The . total length of the line · pattern is determined by the centeF. · 

frequency of the pass band of· the filter and the characteristics 

15 . impedance value of the pattern. · . 

The minimum. distance dS 1 between the line pattern and the 

terminal. (FPS "in Fig. 6) connected to the external connection ·terminal 

Tl ·On ·the .side of the slirface acoustic· wave filter Fl in the embodiment 

of the invention shown in. Fig. 6 will be described.. In the arr~gement 

20 of the line pattern 1 shown in Fig. 6, the distance between FPS and the 

folded comer becomes the minimum distance dS 1. 

Similarly, the minimum distance dS2 between the line pattern 

and. the terminal (FP2 in Fig. 6) connected to the external connection 

terminal T2 on the side of the surface acoustic wave filter F2 becomes 

25 the distance from FP2 to the folded comer shown in Fig. 6. For 
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example, while it is ~eneral that dSl ¢ dS2, it is possible in this 

embodiment that dSl = dS2 = about Ll mm. Hereinafter, the· two 

minimum distances dS l arid dS2 are represented by dS. 

:In other words, the distance dS is d~flned as the minimum 

-5 distance that is the_ distance between the poin·~ "FPS, at _which the path 

connecting the external connection terminals Tl and T2 on the foot 

. · pattern layer 9 with the terminals . IN and OUT on the SAW fllters · 

intersects theJine pattern layer 7,- and.an arbitrary point on· the line 

pattern 1. 

10 ·For coinparison, an arrangement of pads and a line pattern that · 

are not used in the invention .are shown in Fig8. S and 9. 

Fig. S shows the arrangement of _the pads. on the .wire -bonding 

layer, in- which the matching pads connected to the ends LPl -and LP2 

. of the line pattern 1 are arranged at the positions of WP9. and WP4 

15 .. inside WPlO and WPS. 

· . · -. When the line pattern 1 is arranged in- the form s~own in Fig. -9, 

the minimum distances dS 1 and dS2 from the terminals FPS and FP2 

to the line pattern are those- shown in the figlire .. 

The total length of the line pattern 1 herein is the same as that 

20 . shown in Fig. 6~. In this case, the minimum distances are, for example, 

dSl = dS2 =about 0.5 mm. Therefore, it is understood that both the 

minimum distances dS 1 and dS2 of the line pattern of the invention 

shown in Fig. -6 can be larger than those of the line pattern not 

involved in the invention shown in Fig. 9 ~ As described later, the_ 

25 - distances dS 1 and dS2 are preferably as long as possible in order to 
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obtain · sufficiently isolation, so as to realize good depression 

characteristics. among the frequency characteristics of.the duplexer. 

In the case shown in Fig. 5, the line 20 connecting the pad· WPS 

to the connection te~ FPS to the common terminal TO can be 

5 shorter than the line 20 shown in Fig. 8; · · 

. It has been lmown that the depression characteristics of the. 

duplexer ~e deteriorated when the isolation between the external 

connection. terminals Tl and T2 and the line pattern 1 is poor.. When 

the distance of them is too short, the isolation· is deteriorated to fail to 

10 satisfy the desired depression characteristics. 

Therefore, in order to obtain desired good- depression 

characteristics of° the duplexer, it is preferred that the distance from . 

. the external connection ·terminals Tl and T2 and the terminals FPS 

· and FP2 connected.to the terminals Tl and T2 to an arbitrary·point of. 

15 the. line pattern 1 is as· large as possible. · In other words, the isolation 

between the external connection terminals Tl .. and T2 and the line 

pattern 1 cari be improved when the niinimum distances dS 1 and dS2 

are as large as possible. 

Fig. 5 . shows the case where ten wire bo11:ding pads in total 

20 connected to the terminals on the surface acoustic wave filters and the 

like are arranged, but the arrangement of the ends LPl and ·LP2 of the 

line pattern and the pads connected thereto can be considered other 

than the two exµbodiments shown in Figs. 6 and 9. While possible 

arrangements will be described later, the minimum distances dS 1 and 

25 dS2 shown in Fig. 6 can be the longest in the case where the matching 
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pads· connected to the ends LPl and LP2 of the line pattern are 

arranged at the diagonal comers with. the rectangular space. 

intervening therebetween, and the matchiiig pads are arranged at such 

positions that the distances to the. ~ection pads FP8 and FP2 -to the · · 
. . 

5 · external. connection ·termirial Tl and T2 becomes the largest,· as· shown 

in Fig. 5. 

Even when minimwn· distances dSl and dS2 that i;ll'C 

equivalent to. those shown in Fig. 6 can· be obtained in other possible 

arrange111-ents, there are cases where another factor of deteriorating the 

10 isolation may arise by the other arrangement of the pattern, for 

example, the length of the line_ 20 for connecting the tenirlnal FPS to 

the common terminal TO on the wire bonding layer necessarily 

· becomes long as shown in Fig. 8. 

Accordingly, it ·is preferred to realize. good isolation between the 

. 15 line pattern and the external connection terminals in the invention that 

the matching pads connected to ·the ends LPl · and· LP2 of the line 

pattern a,re ~ged at such positions that at least satisfy one of the 

following conditions. 

( 1) The two matching pads are arranged at the diagonal 

20 comers · of the · rectangular space for mounting the· filter · chips 

intervening therebetween on the wire ~onding layer, whereby the slant 

distance between the matching pads are the largest. 

(2) The. matching pads are arranged at such positions that 

the slant distances to the connection terminals to the external 

25 connection terminals in the wire bonding layer become the largest. 
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It is more preferred that both the conditions be satisfied. 

·With respect to the second condition (2), it is preferred that in 
. . 

· the line pattern layer 7, the distance dS between the point, which the 

path connecting the external connection te~s· With the termiitals. 

5. on the SAW filters intersects the line pattern layer 7, and an arbitrary: 

point: on· the line pattern 1 is·· as large as possible, E;md in order to 
.. 

sat_isfy the demanded: specification; the ~stance dS is necess~y at 

least a prescribed value determined by the specification. 

· Fig. 10 . is a graph showing. the relationship between the 

10 minimum c;i_istance dS (dSl and dS2) and the isolation (dB) between 

the· common te.rlliinal TO and the external connection terminals Tl and 

T2 in a blank package having no filter chip mounted. 

Herein, a shorter minimum distance dS· (dSl and dS2) provides 

poor. .isolation, whereas a larger. minimum distance provides good 

15 isolation. . For. example, when there is a demanded design specification 

·calling for isolation of ~so dB or more, the minimum distance dS (dSl 

. and dS2) is necessarily.1.075 mm or more. 

It has been found that the isola~on (dB) varies depending on 

the arrangeme~t of the line pattern even when the minimum .distances 

20 dS 1 and dS2 are selected to maintain good isolation. 

· That is, with respect to the distance between the terminals FP8 

and FP2 to the line pattern, when the next smallest ·distance to the 

minimum distance _dS (dS 1 and dS2) is referred to "d", it has been 

found that the isolation (dB) becomes good when the distance d. is 

25 made as large as possible; 
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In the graph shown in Fig. 10, the point A indicates the· case 

where the distanced is 1.4 mm, and.the point B indicates the· case 

where the distance d is . 1.15 mm. · According to these, the . isolation 

(dB) is improved when the distance d is large~. 

5 Fig. ·12 is an .explanatory·diagtam showing· the second ·smallest· 
. . 

. distance d · (d > dS J and dS2) .between the terminals FP8 and FP2 

connected to the external connection terminals Tl and T2 and the lihe 

pattern in. an embodiment. 

This is a graph showing the isolation with variation of the · .. 

10 . distanc~ d .(d > dS 1 and dS2) in the case showri in Fig. 11 where the: 

. minimum distances dS 1 and dS2 are L 13 mm.. · 

· Acc.ording to Fig. 11, the graph extends in a. substantially 

strajght line, and ·the isolation is poor when the distance d is -smaller · 

but is good when it is larger. 

· · 15 .For example, iri order to·.obtain isolation of -50 dB ·or more, the 

line pattern is necessarily arranged to provide ·a. distance .d of 1.075 

mm or more. 

·The fllter characteristics, i.e., the frequency (MHz) pass 

intensity (dB), _of the duplexer package will be described. 
···. 

20 . Fig. 13 is a graph showing the filter characteristics of the 

duplexer package having been conventionally .used. The conventional 

duplexer-package has a size of 9.5 mm (width) x 7.5 mm (length) x 2.1 

mm (height), which is considerably larger than the d~plexer package 

according to the invent:ion. 
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. Fig. 14 is a plane view showing a line pattern 1 of a line pattern 

layer 7 of the conventional duplexer package. 

In Fig. 14, the distances dS and d between the terminal 

·· connected to the external connection terminal Tl of the filter Fl .arid· 

.5 the :line· pattern 1 are LS mm and 1.6 _mni, ·respective~y, 'which are· 

larger than the case of the invention. 

This. is because the size of the conventional duplexer package is 

certainly Iargez:-than the invention, and the distances dS and d can be 

made large. · In. other. words, the conventional product exhibits 

10 sufficient isolation, i.e., a depression degree on .the transmi$sion filter 

of -52 dB and the depression degree on the· reception filter of_-46 dB as 

.. shown in· Fig. 13,. but the s~ of the duplexer package is large as the 

compensation thereof. 

Fig. 15 and Fig. 16 are a . graph showing frequency 

15 characteristics and a plane showing a ·line pattern ·shape of a· lirie 

=pattern layer of a duplexer device in . that . the size- of the duplexer 

package is the ·same as the duplexer package of the invention (5 mm 

(width) x 5 mm (length)), but. the optimum arrangement of the wire 

bonding pads is not considered. 

20 In Fig. ·t 6, the distances dS and d between the terminal FPS 

connected to .the external connection terminal Tl and the line pattern 

1 are 0.5 mm and 0.6 mm, respectively, which are considerably smaller 

than the case shown in Fig. 6 according to the invention. 

In Fig. 15, the depression degree on the transmission filter side 

25 is -42 dB, and the depression degree on the reception filter side is -37 
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dB, which are considerably deteriorateci in comparison to · the 

conventional product shown in Fig. 13. In other words, in the 

embodiment shown in Fig. 16, the isolation is· insufficie~t due to the · 

small distances dS and d to provide poor depression degrees· outside 
. . . 

5 the pass band even though the package is miniaturized. 

The filter characteristics of the duplexer package according to 

the invention will be described below. 

Fig. 17 is a graph showing filter characteristics of the duplexer . 

-device according to the invention, in· which the arrangement of the 

10 pads is considered as shown_in·Fig. 5. 
. . . 

Fig. 18 is a plane view showing the plane structure of the line 

pattern layer· 7 corresponding to the embodiment -shown in Fig. 17. 

Herein, the distance dS is 0.9 mm, the distanced is 1~2· mm, and the 

size of. the duplexer package is 5 mm x 5 mm x 1.5 mm. 

15 According to Fig. 17, the depression degree on the transmission· 

filter is -4 7 dB, and the depression degree on the reception filter is -39 

dB, which are poor in comparison to the ·convention& product sho~ 

in Fig. 13, but are good in comparison to.the embodiment shown in Fig~ 

15, in which_ only the size of the duplexer package is simply 

20 miniaturized. 

Accordingly, when the sizes of the duplexer packages is 

constant, the isolation is improved when the arrangement of the wire 

bonding pads is considered to make the distances dS and d larger as in 

Fig. 18, whereby the depression degree is improved. 
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Figs. 19 and 20 show an embodiment of the invention where 

the distances dS and d are made further larger than the case of Fig. 

18. 

Fig. · ·19 is a graph showing the . filter: characteristics of the· . . . 

5 duplexer package according to the invention, . and Fig. 20 is· a plane 
. . 

view showing the pattern shape o~ the line pattern where the distances 

dS and d are larger while the total length of ·the line pattern is 35 -mm, .. 

which is -the same as the case of Fig. 18. 

· Herein, the minimum distance dS is 1.1 mm, the distance d is 

10 1.4 mm, and the size of the duplexer package.is 5 mm x S·mm x 1.5 

mm. 

According to Fig. 19, the depression degree on ·.the transmission 

· ftlte~ is -55 dB, and the depression degree on- ·the reception filter is -43 

dB. ·It i~· understood that the depression degree is largely improved in 

· 15 comparison ~ the duplexer. packages shown in; ~-· 15 and 17, and 

the depression degree on the transmission filter is better than the · · 

conventional product shown .in Fig. 13. 

·That is, when the di~tances dS and d are· made large in. the 

miniaturized ~uplexer package as shown in Fig. 20, the isolation is 

20 ·improved and the depression degree is increased. 

As understood from the foregoing 'description, according to the 

embodiments of the invention, when the line pattern is arranged in 

such a manner that the minimum distances dSl and dS2 and the 

distance d are 1.075 mm or longer and. the minimum distances dS 1 
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and dS2 satisfy the foregoing conditions, a duplexer package having 

sufficient isolation and good depres~ion degrees can be obtained. 

Other embodiments of the invention where the isolation is 

improved will be described below. 

In the embodiment of the invention shown in Fig. 4, the lirie 20 · 

(which is hereinaft~r referred to as a common t~nninal lead line) 

connecting ·th~· connection terminal FPS to the common terminal TO 

and ·the pad WPS is present on the wire bonding pad layer S (~ee Fig. 

S). 

I:n this case, the layer having the line pattern 1 formec:I (i.e., the 

line pattern layer 7j and the layer having the cominon terminal lead 
. . 

line· 20 formed. (i.e., the wire bonding pad. layer 5) are different from 

each other. 

An embodiment is to be considered :where the common terminal-

15 lead line 20 .is formed on the layer 7 having the line. pattern 1 formed . 

. An embodiment of :the pattern shape of the line pattern layer 7 in this 

case is shown in Fig. 26. · 

In the embodiment of Fig. 26, since the common terminal lead. 

line 20 is prQvided on the same layer as the line pattern, the line 

. 20 pattern is necessarily arranged without margin, and therefore the 

minimum distance dS and the distance d cannot be large. In this case, 

the distance dS is smaller than the case of Fig. 6 by about 0.18 mm. 

Fig. 27 is a graph showing the relationship between the 

·distance dS and the isolation characteristics when the pattern is 

25 arranged in the manner shown in Fig. 26. 
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In Fig. 27, the black spots indicate the isolation characteristics 

of the. C8:8C shown in Fig. 4, and the white spots indicate the isolation 

characteristics of the case shown in ~g. 26. The isolation is better in . 

the case where the line pattern 1 ·.and the common terminal_ lead line 

5· . ·.· -20 are not present in the same layer (black spots) than the .case where 

·they are present in the same.layer by about from 6.7.to. 9.9 dB, and the 

depression degr.ee. is also goo~.. . Therefore, it is ·preferred that the line. 

pattern . 1 and the common terminal lead line 20 are· formed on 

· different layers . 

.. 10 · While the embodiment shown in Fig. 4 ensures isolation of -~>O 

dB or more, th.e isolation can be further improved by providing another 

layer; i.e.; a: common terminal lead line layer,- below the GND layer ·8. 

This is· because it js considered that the common terminal lead line 20 

influences the isolation characteristics. 

·15 · Another embodiment of the duplexer package according to the 

20 

invention is shown in Fig. 21. 

In this embodiment, a common terminal lead line fayer 21 is 

provided below the common GN:D layer 8 as different-from Fig. 5. The 

pattern shape of the line pattern 1 is the same as in ~g. 6. 

Figs. 22A, 228 and 22C are plane views sho~g the surface 

patterns of the wire bonding pad layer 5, the common GND layer 8 and 

the common terminal lead line layer 21, respectively. 

In Figs. 22A, 228 and 22C, a pad WPS of the wire bonding pad 

layer 5 and an end 23 of the common terminal lead line 20 on the 

25 common terminal lead line layer 21 are electrically connected through 
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a via hole (at the position 22 on the common ONO layer 8) penetrating 

the layers. 

Fig. 23 is a graph Sho~g the relationship between the . 

isoiation and the minimum distance. d$ of a blank package of the 

5 duplexer.ofthe invention having the constitµtion ~own in Fig. ·21~. 
. . 

. The white spots ·(Cl to C~). in ·Fig. 23 indicate the case where 

the cominon GND layer 8 does not in_tervene between the line pattern 1 

and the conmion terminal lead line 20 (see Fig. 4),.and the l;>lack spots 

(01to04) in Fig. 23:indicate the case where the common ONO layer 8 
. . 

10 . is provided between the line pattern 1 and the common terminal lead. 

line layer 21 in Fig. 21. 

· .It is understood from Fig. 23 that since ·1;he ·common terminal 

lead. line layer 21 is· provided below the common GND · layer 8; the 

isolation is improved. by about from 9 .to· 14 dB· in comparison to the 

15 case where .the common terminal lead line layer 21 ·is not provided . 

. Furthermore, as shown in Fig. 24, common GND layers 8-1 and 

8-2 may be formed to sandwich the common terminal lead line layer 

21.. 

·Figs. 25A, 25B and 25C are plane views showing the surface 

20 patterns of the wire bonding pad layer 5, the ·common GND layer 8-1 

and the common terminal lead line layer 21, respectively. In this case, 

the pad WPS and the end 23 of the common terminal lead line 20 are 

electrically connected through a via hole (at the position 22) 

penetrating the layers. 
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Accord~g to the embodiment, since the common terminal lead 

line layer 21 is sandwiched and shielded by the two common GND 

layers 8-1 and . 8-2, the isolation can be ·further improved by about 

from 3 to S·dB. 

As still ariother·embodiment ofthe:invention, the ~e pattern of 

.the matching circuit is not formed on one layer but is formed as 
. . 

divided into plural layers. Since· th~ lengths of the· line patterns in the 

respective ·layers can be short by dividmg the line pattern into plural·· 

layers, the distances dS and d. can be made large, and therefore the· 

10 isolation can be improved. However, iii the case where the line 

15 

pattern · is ~ivided · into plural layers~ . it is preferred · that the 

arrangements of. the line patterns of the layers ~e differentiated from 

each other in order ·to prevent interference of the line pattems of the 

layers. 

Four wires are used to connect the· terminals (IN and OUT) of 

·the filter chips and ·the wire bonding pads," and when the wires ·are · 

present too closely to each other, the depression degree among the 

filter ch!3.t"acteristics is deteriorated due to interference the~f. 

Therefore, it is necessary that the positions of the Wire bonding 

20 pads are determined under consideration that the distances among the 

wires becomes as large as possible. 

From the standpoint of the wires, because the wires from the 
filter chips are connected to WP3 and WPS in the embodiment of the 

invention shown in Fig. 5,.it is preferred since the distance between ~e 
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wires is larger than the· embodiment shown in Fig. 8 where the wires .. 

are connected to the pads WP3 and WP4 adjacent to each other. 

While the entire o~ter layer· of the package is covered l!'ith the 

GND to prevent influence. of external noise td the filter chips and the 

5 matching circuit in the embodiment shown in -Fig.- 4, it is also p9ssible 

as shown in.Fig. 28 that a cap mounting.layer 4 and the GND section 

of the wire bonding pad layer. 5 · are connected through via holes 

10 

· provided in the layer Ll. . Invasion of external noise into. the internal· ; 

pattern can be prevented by the structure; 

In the case where the filter chips are mounted on the .. die attach. 

patte~ 14 on ~e die .attach layer 6 through an electroconductive paste 

15, .the -die attach pattern ~4 'is .preferably formed fu have .divided 

patterns rather than one solid film from, the ·standpoint of impedance 

matching of the matching circuit. 

15 ·The die attach pattern 14 ·is a GND pattern that is connected to 

the GND pattern of the foot pattern layer 9. as the lowermost layer 

through the side castellation 10. 

Figs.· 29A and 29B are plane views showing the pattern shapes 

of the die att.,ach layer 6 that· have been conventionally used. Fig. 29A 

20 shows the ca~e where the die attach pattern 14 is formed as one solid. 

film pattern, and Fig. 29B shows the case where the electroconductive 

paste 15 is coated on the die attach pattern 14. 

Figs. 30A and 30~ are plane views showing the pattern shapes 

of the die attach layer used in the invention. Fig. 30A shows the case 

25 where the die attach pattern 14 is divided into four pieces. Fig. 308 
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shows the case. where the electroconductiv~ paste 15 is coated on the 

die attach pattern 14 divided into four pieces. 

Fig. 31 is a graph showing the reiationship between the 

characteristic impedance value: (.Q) of the line pattern and the length of 

5- the line pattern in the case where the die attach pattern· 14 on the die 

attach layer 6 is divided into four pieces and the·· case .where it is not• 

divided . 

. It is understood fr~m·Fig. 31 that.the case where the pattern is 

. divided into four ·pieces exhibits a higher ·characteristic impedance. · 

10 value in any length. In other words, when_ the. die attach pattern 14 .is 

divided, the characteristic impedance value of the line· patte·rn _is high, 

and therefore good impedance matching can be obtained .. 

It is considered that this is ·because of the connection 

relationship between the die attach pattern 14 ·and. the paste 15. . The . 

15 . paste 1 S is used to attac::h the filter _chip to the die attach pattern and. 

to prevent bre8kage of the filter chip caused by the different in ·thermal 

expansion coefficients between the filter chip and· the pacbge base 

material. For example, the. paste 15 may be either electrocop.ductive 

or non-ele~troconductive and may be formed with a material, such as 

20 Ag, Cu and Si-. 

When the die attach pattern 14 is divided, and the connection 

among the divided pieces of the die attach pattern is achieved only with 

the electroconductive paste 15, the characteristic impedance value 

becomes higher than the die attach pattern formed as one solid film. 

25 In other words, because the characteristi~ impedance value is 
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decrease~ when the die attach pattern. 14 is formed as one solid ftlm, 

the die attach pattern 14 interferes with the line pattern 1 to 

de~eriorate the impedance matching of the matching circuit. 

Tlie flatness of the filter chip with respect to the· surface of the 

6 layer L3 become~ better upon mouµting .the filter chip ori the die attach" . 

layer 6 ·in the case wh~re the die attach pattern 14 is divided coated . 

with the electroconductive p~s~ _ 15, in· comparison to the case where 

the electroconductive paste is coated on the solid mm .. Iiot diVided. 

Therefore, the die attach pattern 14 is preferably formed as 

10 divided ·shown in Fig. 30 · from fu.e standpoint of the. impedance 

. matching of the· matching circuit; ·the breakage preventiort of the ftlter · 

chip and the parallelism of the ·filter chips.· The number of .divided 

pieces may be any of two or more. However, when· the number of 

divided pieces is too large, the shape of the pattern becomes complex 

15 and the number of connections to the side castellation is increased, 

and therefore- the number of divided pieces is preferably about 4. 

· u is understood from Fig. 4 that the line pattern 1 is arranged 

below the die attach.pattern 14 on the die attach layer 6.· It has been 

found that the influence of the die attach pattern to the impedanc~ of 

20 the line pattern is small in the case where the ratio of the length of the 

line pattern that is encompassed by the region directly below the die 

attach pattern 14 is 33% or less with respect to the total length thereof. 

For example, it has been found that the deterioration of the impedance 

value where the ratio is about 30% is better by about 16% than the 

25 case where the ratio is about 70%. Therefore, it is preferred that the 
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pattern shape is formed in such a manner that the line pattern does 

not pass the region- directly under the die_ attach pattern· as far as 

possible. 

The distances among· the pads (such as ··.WPl) on the wire 

5 bonding pad·layer 5 shown in Fig. 5 and the like will be described. 

10 

A simulation · was conducted. what extent the interference. 

ainong the pads occurred in the case where the _distances· of the wire 

bondirlg pads·was .less tha,n 0.3 mm (for .example, 0.15 run) and the·· 

.case where the distance was 0.3 mm or mote (for example, 0.33.mm). . · 

A . simulation of an electric current distribution was measured 

for ·the respective wire bonding pads .where an eiectric curren~ was 

applied be~een the external .connection terminals TO, Tl and T2 and 

the GND. According to the simulation, it was confirmed that· 

interference of electric. current influencing·_ the filter characteristics of 

15 the duplexer occurred between the adjacent . wire . boriding-. terrilinals 

when .the ·distance of. the wire bonding pads is· less than 0.3 mm, but 

no conspicuous interference of electric current is confirmed when the· 

distance is 0.3 mm or more. 

Therefore, the distance among the · wire bonding pads· is 

20 preferably 0.3 "mm or more even when a duplexer of a small size of 

about 5 x 5 x 1.5 mm is constituted according to the invention as 

shown in Figs. 4 and 5. However, the distance of the pads. in the 

duplexer of that size is limited to 0.45 mm at most due t9 the limitation 

of the package size. 
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Finally, embodiments of arrangements of ~e wire bonding pads 

of the duplexer packages th~t provide good filter characteristics are 

· shown· ~ Figs. 32A to 32C, 33A, 33B, 34A ~ 340 and 35A to 350, all_ 

of which are plane views shoWing_ the wire bonding pad layer 5 showing 

5 preferred arrangements of the pad PD 1 con_nected to the end LPl of the 

lin~ pattern 1 and the pad PD2 connected to the end. of LP2 of the line 

pattern 1. In all the arrangements, the . line patte~ having a total 

length of about 1/ 4 mm can be formed to provide a minimum di~tari~e 

dS of 1.075 mm. 

10 Figs. 33A and 33B sho.w the cases where two terminals FP4 and 

FPS connected to the common terminal TO are provided on $e side 

surface. Figs.· 34A to 340 show the cases where the pads POI and 

PD2 connected to the line pattern are. arranged at the most distant 
. . 

positions from each other on the same side of the rectangular space for 

15 ·mounting the filters. 

Figs. 35A and 35B ·show embodiments . where the direction ·of 

the region where the pads are arranged is rotated by 90° ·with respect 

.to the embodiments of Figs. 32A to 32C, and Figs. 35C and 350 show 

embodiments -where the region for arranging the pads is provided in 

20 the entire surrounding region of the rectangular space for mounting 

the filters. 

According to the invention, because the shape of the line 

pattern and the arrangement of the pads connected to. the line pattern 

formed on the wire bondmg pad layer are appropriately configured, a 

25 duplexer device can be provided that has a small size and stable 
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depression characteristics of the counter surface acoustic wave filter in 

the pass band of the surface acoustic wave filter. 
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WHAT IS CLAIMED IS: 

1. A duplexer device comprisiµ.g two surface acoustic wave 

filters having band center frequencies different from each other and a 

line pattern for matching phases of the two surface acoustic wave 

· 5 filters, 

wherein provided ·are: -

a wire bonding pad layer having a plurality of pads including 

pads for connecting the line pattern with terminals Ori the surface 

. acoustic wave (liters -and pads for connecting a common terminal 

10 connected to an external antenna with the line pattern; and . 

a first pad connecting one of· the surface acoustic wave filters 

and a.first end of· the line _pattern and a second pad connecting the 

·common terµllnal and ~ second end of the line pattern· being arranged 

at positions that are the most _distant from each other inside the wire 

15 bonding P8:d .layer. 

2. A duplexer device accor~g to claim 1, wherein ~e wire 

bonding pad layer has a· rectangular space in a substantial · center 

thereof, for mounting therein the two surface acoustic wave filters, and 

the rectangular space is surrounded by the plural parl:s, where the first 

20 pad and the s~cond pad are arranged at diagonal comers with the 

. rectangular space intervening therebetween. 

3. A duplexer device comprising two surface acoustic wave 

filters having band center frequencies different fro:i:n each other and a 

line pattern for matching phases of the two surface acoustic ·wave 

25 filters, 
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wherein provided are: 

a wire bonding pad layer having a plurality of pads including 

pads for connecting the line pattern with terminals· on the surface 

acoustic wave filters and pads for connecting a common terminal 

5 · . connected to an external antenna with the line pattern; . 

a line pattern layer located below ~e wire b9ncµtig pad layer, . 

the line pattern layer having the line pattern; and 

an external connection terminal layer. located. below the line . 

pattern layer, the exte~ connection terminal layer haVing ~ external 

10 connection terminal for connecting the sru1ace acoustic wave filters 

with an external circuit, 

the line pat.tern layer being formed so that a distance dS 

between a point in ~e ~irie pattern layer, at ·which a path connecting 

the. terminal on the surface acoustic wave filter with the external 

15 ·connection terminal intersects the line pattern layer, and an arbitrary 

point on the line pattern is set to a prescribed value or more. 

4.· A duplexer device acci>rding to claim 3, wherein a first 

pad connectfug one of the surface acoustic wave filters with a first end 

of the line pattern and a second pad connecting the common terminal 

20 with- a second· ~nd of the line pattern are arranged at positions that are 

the most distant from ~ach other inside ~e wire bonding pad layer. 

5. A duplexer device as c~ed in claim 4, wherein the 

wire bonding pad layer has a rectangUiar space in a substantial center 

thereof for mounting therein the two surface acoustic wave filters, and 

25 the rectangular space is surrounded by the plural pads, where the first 
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pad and the second pad are arranged at diagonal comers with the 

rectangular space intervening therebetween. 

6. A duplexer device according to claim 4 or 5, wherein the 

common terminal is formed on the external connection terminal layer, 

5 and a ~ommon terminal lead line for .connecting the second pad and 

the common terminal· is formed on a, layer ~ifferent from the line 

pattern layer. 

7. A duplexer device ~ccording to claim 6, wherein the· 

·common terminal lead line is formed on the wire boding pad layer. 

10 · 8-. . A dupleX'.er device according to claim 6, wherein the 

cominon. terminal lead line is ~orined on a layer below the line· pattern 

layer. 

· 9. A duplexer device according to claim 6, 7 or 8, wherein a 

common GND layer . h8:ving a GND pattern is -provided . between the· 

15 .layer on whi~h the coinmon _terminal lead· line has. been formed and the 

line pattern layer. 

-10. ·A duplex.er device as claimed· according to claims 3 to 9, 

wherein the distance dS is 1.075 mm or more. 

11. A duplex.er device according to claim 1 or 3, wherein side 

20 surfaces of the. layers are covered with a GND layer. 

12. · A duplexer device according to claim 3, wherein a die 

attach layer for mounting the surface acoustic wave filters is provided 

below the wire bonding pad layer but above the line pattern layer, a die 

attach pattern for connecting the surface acoustic wave filters a GND is 

25 · formed as patterns divided into two or more on the die· attach layer, 
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and the divided die attach patterns are in contact with the surface 

acoustic wave filters through a paste. . 

13. A duplexer device according to claim 1or3, wherein the 

plural pads formed on the wire bonding pad lay~r are· formed to have -a 

5 predetermined distance from each other. 

14. .A duplexer device according to claim 13, wherein the 

predetermined distance between the plural pads is 0.3 mm or more 

· and is -smaller· than the rectangular space for mounting the surface 

acoustic wave filters. 
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