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| Field of the Invention
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TITLE OF THE INVENTION
DUPLEXER DEVICE

BACKGROUND OF THE INVENTION '

The present invention relates to a duplexer. device and

- particularly a duplexer device usihg a surface acoustic wave filter.

Description of the Related Art

Recently, a mobile phone and a mobile information terminal

0m

have been quickly spread with development of mdbile communication

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

_ The radio fréquency in use covers wide bands, for example,
from 800 MHz tb 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 high functionality, for example, a dual mode

(e.., a combination of an analog mode and a digital mode, or a
combination of digital modes, ic., a TDMA (time division multiple

access) mode and a CDMA (code division multiple é.ccess) 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 -
1:5 GHz band). - |

Along with the trend, parts used 1n a mobile phone (sueh as a
filter) are also 'demen'ded to have high fdnetiona'li'ty'." In addition to the
demand of high functionality, a smail size and a low production cost
are also demanded | |

‘The mobile communication apparatus utilizes an antenna
duplexer in an RF section bfanching - and genemﬁng signale :
transmitted and received through an antenna. | |
| : Flg 36 is a block dxagram showing a radie frequency section of
conventionally used mobile phone.

An audio signal 100 inputs from a microphone are converted to
a modula_te_d signal of the modulation system of the mobile phone

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

prescﬁbed transmissiori frequency, and-‘ then amplified to a desired

 signal mtensny by a power amplifier 103, and transmitted to an
20

antenna duplexer 105. The antenna duplexer 105 transmits only the
51gnals 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 received by the antenna 104 is
transmitted to the antenna duplexer 105 to select only a signal of a

designated frequency. The selected signal is amplified by a low-noise

r2




- 10

16

20

26

amplifier 106 and transmitted to an IF filter 110 through an interstage
filter 107; and only a message signal is selected by the IF filter 110.

The signal is trar_lsmitted to a demodplator 111 and taken out as an |
audio signal 100. The antenna duplexer 105 is positioned between .'
the'ant'emia' 104 and the so-called audio signal proce‘s‘sihg'circuit and ~ |

has such a function that the transmission signal and the receptmn

s1gna1 are dlstnbuted to prevent mterference of them.

The antenna duplexer necessarily has at least a transmission -
| filter and a reception filter, and in _order to prevent interference of -the_

trans'mi_ssior_n signal and the reception signal, it also has a matching .

circuit, which is also referred to as a phasé matching circuit or a line
pattern for phase matching.
The antenna duplexer for a highly functional terminal includes

a complex duplexer with a dielectric material or a surface acoustic

wave filter using a dielectric material on at least one. part, and a’

constitution containing only a surface acoustic wave filter. A duplexer
using a dielectric material has a large size and is difficult to make a
mobile terminal small and thin.

Even the case using a surface acoustic wave duplexer on one

part, the size of the dielectric material 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

comprising filter clr_iips for transmission and reception mounted in a
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E 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 1/15 and in height by a ratio of about from 1/2 to

1/3 in. comparison to thé dupléxer using a dielectric material. The

: cost of the duplexer can be equivalent to the d1electr1c material dev1ce -

by usmg the surface acoustlc wave dev1ce and reducmg the size of the
device.

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

which will arise in future, it is necessary to use the structure using a

miilti—layer céramics package described -in Japanesé -Unexamined .

| Pé.tént Publication No. Hei 10(1998)-126213 and is also necessary to
form two filters on one chip and to apply a flip chip mountiné

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

a 'dupléxer pack_age capable of being airtightly sealed, which carries
two surface acoustlc filters, and a matchlng circuit for constituting the
duplexer with the two filters, are necessary.

The matching. circuit is formed by arrangmg a line pé.ttem
having . a prescribed lengfh in one layer in a package having a
multi-layer stfucture. |

In order to satisfy the demanded characteriétics as a duplexer

and to cope w1th the demand of reduction in the size of the duplexer

- package, the arrangement of the line paftem 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 dupiexcr package are
arranged closely, there is a problem in that sufficient isolation cannot

be ensured, .and the depressiori characteristics outside the pass bands

“of the two surfice 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 a duplexer

._.pa_'.ckag_e is sufficiently ensured, so as to stabilize the characteristics of -

the duplexer..

- The .invention- relates to a duplexer device comprising two:

surface aCQustic wave filters having band center frequencies different

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 .fﬂfers -and pads for
connectin;g ‘a common terminal connected to an external antenna with
the line pattern; aﬁd a first pad connecting one of the suﬂ'acej acoustic
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

surface acoustic wave filters having band center frequéncies different
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from each other and a line pattern for matéhing phases of the twb
suﬁace acoﬁstic wave -ﬁlters, wherein provided are: a wire bonding pad
_layef having a plurality of pads including pads for connecting the line _
pattern with terminals on the surface acoustic wave filters and pads for
'cdnnec.ti'ng' a COMOn terminal connected to an external antenna with

the line pattern; a line pattern layer lbcatéd ‘below the wire bonding

.pad layer, the line pattern layer having the line pattern; and an
external connection terminal layer located b_eldw the line pattern layer, .

the external connection terminal layer having an external connection

terminal for co_r_xhecting the surface acoustic wave filters with an

- external éircuit,- 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

éxtemal connection terminal iﬁterse'cts_the line pattern layer, and an
arbitrai'y point on the line pattern is set to a prescribed value or more.

According to.the invention, ‘a duplexer device of a small size .

stabilizing the depression characteristics of the counterpart can be

provided.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic block diagram of the; duplexer according to
tﬁe invention. |

Fig. 2 is a schématié block diagram of an embodiment of the
ciuplexer according to the invention.

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

filters used in the duplexer according to the invention.
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Fig. 4 is a schematic cross sectional view showing a cross

séctional structure of an embodiment of the duplexer device according

.to the invention.

B Fig. 5 is a plane view showing a piane structure of a wire
bonding pad layer of the duplexer device according to the invention.

- Fig. 6 is a plane iriew.showing.a plane structure of a line pattern .

layer of the duplexer device act_:drdin'g to the invention. -

Fig. 7 is. 'a schematic circuit diagram shovdﬁg the duplexer
using ladder type SAW filters accor_ding to the invention.
Fig. 8 is a plane view showing:a plane structure of a wire

bonding pad layer of a duplexer device that is not used in the

invention. ' )

- Fig. 9 is a plane ﬁewéhowiné-a-plane structure of a line pattern
layer corresponding to Fig. 8. '- | |

Fig. 10 is a graph s-howing. the relationship between the
minimum distance dS and the isolation (dB) in a blank package in thé
invention. N _

Fig. 11 is a graph'. shb\#ring the relétionship between the
distance d to the line pattern and the isélation (dB) in a blank package -
in the imfentioﬁ. | |

| Fig. 12 is an explanatory diagram showing the distéhce 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

embodiment of a conventional duplexer device.
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Fig. 14 is a schematic plane view of a plane structure of a line
pattem of the conventional duplexer device shown in Flg 13.

‘Fig. 15 is a graph showing frequency characteristics of a
duplexer device in the case Whefe a pad connected to a line pattern is .-
not arrahgéd_ in an optimum manner. B |

'Fig.-' 16 is a plane view showing a i)lane struéture of a line |

pattern layér in the case where a pad connected to a line pattern is not

" arranged in an optimum manner.

F1g 17 is a graph showing freqi:ency characteristics of an
embodiment of the diiplexer device according to the invention.-

F1g 18 is a plane view - showing a plane structure of an
embodlment of the hne pattem layer accordmg to the invention.

Fig. 19 is a graph showmg frcquency characteristicsof an

-embodiment of the duplexer device according to the invention. -

Fig. 20 is a. plane view Showing a plane structure of. an - |
embodiment of the line pattern lé.yer according to the invention.

Fig. 21 is a schematic cross sectional view. showing a cross
se_ctional.stfucture of an embodiment of the duplexer device according
to the invention.

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

_ structures of respective layers of the duplexer device according to the

inventiori 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

invention.
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Fig. 24 is a schematic cross sectional 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

- sfruc_ture's’ of fespective layers of the duplexer device according to the x

invention shown in F1g 24. .

: F1g 26 is a plane view Showihg a plane structure where a line
pattern and a cénﬁnon lead line are forméd on the same layer (line
pattern lajrer). | .

- Fig. 27 .is a graph sdeing- the .relationship between the
minimum distance dS and the isolation (dB) in a blank package in the
invention.’ . | |

" Fig. 28 is a schematic cross seétic_onal view showing a cross

sectional structure of an embodiment of the duplexer device according

to the invention.

. Figs. 29(3.) and 29(b) are plane views showing plane structures

of a die atta_ch layer of a conventional duplexer device. '

Figs. 30(a) and 30(b) are plane views showing plane structures
of a die attach layer of tﬁe duplexer device according to the inventidn.

Fig. 3lisa graph showing a resistance value of a line pattern in
the die attich layer. ' |

Figs. 32(a), 32(b) and 32(c) are plane views showing
embodiments of the wire bon&ing_ pad layer according to the invention.

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

the wire bonding pad layer according to the invention.

L



Figs. 34(a), 34(b), 34(c} and 34(d) are plane views showing
embodiments of the wire bonding pad layer according to the invention.
Figs. 35(a), 35(b), 35(c) and 35(d) are. plane views showing

- embodiments of the wire bonding pad layer according to the.inventio'n |
F1g 36 is a constltutlonal block dlagram showmg a radlo R

- frequency section of a conventlonal moblle phone
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" DESCRIPTION OF- THE PREFERRED EMBODIMENTS

It is preferred in the invention that the wire bondmg pad layer -

has a rectangular space in a substantial center thereof, _in which the

two surface acoustic wave filters are mounted, and the rectangular

space is surrounded by the plural pads where the first pad and: the-

second pad are arranged at. d1agona1 corners with the rectangula.r :

space intervening therebetween. -

It is .aiso- possible that the common terminal is formed in the
external ‘connection terminal layer, and a common terminal lead line
for connecting the second pad~and the common terminal is formed in a
layer different from the hne pattem layer '

In particular, the common termmal lead hne may be formed in

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

pattern layer According to the configuration, isolation between the_
line pattern ard the external connection terminal can be improved.

A common GND llayer 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.

10
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From the standpoint of p;'eventing influences of external noise,
side surfaces of the foregoing layers may be covered with the GND
layer.

It is also possible that a die attach layer for mour_lfing the

: surface- acoustic wave filters is provided below the wire bonding pad L

layer but above the line pattern layer, a die attach patfem for.

- connecting the _swface‘l acoustic wave filters to. a GND is forrhed as

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

divided die é.ttach patterns are in contact with the surface -acoustic -

- wave filters through a paste

It is preferred that the plural pads formed on ‘the ere bondmg_
pad layer are formed to have a predetermmed distance . from each

other.

" In order to obtain good frequency characteristics of the duplexer,

the predetermined distance is prefefably 0.3 mm or more and is

smaller than the rectangular space for mounting the surface acoustic
wave filters.

The distance dS mé.y satisfy 1.075 mm < dS in a duplexer

' dewce having a size of 5 mm (width) x 5 mm (length) x 1.5 mm (hexght)

in order to obtain good depression charactenstlcs
The invention will be described in more detail with reference to

embodiments shown by the drawings, but the invention is not

. construed as bemg limited thereto

Flg 1 is a schematic block dlagram -of the duplexer accordmg to

the invention.

11
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The duplexer comprises two SAW filters 2 (F1) and 3 (F2)} and
one matching circuit 1 and also has a common terminal TO connected
to an antenna and extemal connection termmals T1 and T2 for mput
and output connected to an external 01rcu1t '

A surface acoustlc wave ﬁlter (heremafter referred to as a SAW .

filter) combining surface acoustic wave resonators is used as the filters

F1 and F2 from the standpoint of miniaturization and demanded

performance.

The mﬁtchi’ng circuit 1 is provided between. the common
terminal TO and.the SAW filters in order to reduce interference between
the two SAW filters _te obtain _fhe désired filter characteristics. While
ghe'matching circuit 1 may be pfovideci between the common terminal
TO and the filter F1 and between the common terminal TO and the filter

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

. provided between the common terminal TO and one of the filters from -

-. the standpoint of miniaturization. In the fellowing description, the

case.will be exemplified where the matching circuit is proﬁded between
the common terminﬁ TO and the filter F2.

- Fig. 2 is a schematic block diagram of an embodiment of the
duplexer acco'r&ing to the invention, in which the matching circuit 1 is
provided between the common terminal TO and the filter F2.

| As it will be described later, the symbols starting with FP denote
wiring pads on the side surface of the package (foot pads), the symbols
starting with WP denote wire bonding pads in the wire bonding pad

layer (wire pads, hereinafter sometimes simply referred to as pads),

12
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and the symbols IN and OUT denote connection terminals arranged on
the filter chips 2 and 3, respectively.
‘The matching circuit' 1 is generally formed with a material

containing tungsten or copper as the main component in the form of a -

.lo_ng line ha_a.__vi_r_lg_ a prescribed length. _Thé 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 determined by the relationship with the

- center frequency of the demanded SAW filter. In the following

.exﬁbodiméhts{ the matching .patter'_n 1 is sometimes called.-as a line
pattern, which has two ends, and oﬁe end of the line pattgm (_ﬁrst end)
is referred to as LP1, whereas the other end (second end) is referred to
asLP2.” | .

Fig. 3 is a graph showing the frequency char#cterisﬁés of 'th_e
two SAW filters .Fl and F2 used in the duplexer according to the

invention. The SAW filters F1 and F2 haire band center frequencies

~ different from each other (F1 < F2), and for example, it can be

fabricated in such a manner that the band center frecjuency of the

- SAW filter F1 is 836 MHz, and the band center frequencj of the SAW

filter F2 is 881 MHaz.

-Fig. 4-_::.is é échematic cross sectional view shoﬁving a cross
sectional structure of an embodiment of the duplexer package having
the SAW filters according to the invention. In this embodiment, the

duplexer package has a multilayer structure comprising five layers (L1

to LS5). While the number of layers constituting the multilayer

13

s



10

16

20

26

structure is not particularly limited, it is advantageous that the
nﬁ_mber of layers is smaller from the stahdpoinf of reduction in height.
Alumina or glass ceramics having a dielectric constant € of - -

about 9.5 is used as a material consﬁtuﬁng .thé respective layers

- (layérs L1 to L5). The line pattern 1 of the matching circuit and the - .

GND pattern 13 are formed among the layers. .
In. Fig. 4, the upper surface of the layer L1 is referred to as a
cap- momﬁné lajer 4, the surface of the iayer L2 between the layer L1

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

surface of the layer L3 between the layer L2 and the layer L3 is referred :
to a's_.a. die attach layer 6, the surface of the layer L4 between the layer
L3 .and' the layer 14 is referréd to as a line pattern lé._yer 7, the surface
of the layer LS between the layer L4 and the layer LS is ;cferred toasa

common GND layer 8, and the lower surface of the layer LS is referred

~ to as a foot pattern layer 9.

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

‘'surface of the layer L1, a part of the lower surface of the layer L5 and

the side surfaces of the respective layers. The side castellation is
formeq to prevent invasion of | external noise into the interior of the
filter.

The line pattern 1 and the SAW filters are connected to the
common terminal TO and the external connection terminals T1 and T2
through the side castellation 10. |

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

the layer L1 as the uppermost layer. The cap 12 is produced with a

14
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metallic rﬁaterial, such as Au plating and Ni plating, or a ceramic
material éimilar to the package. |
Thg layer L1 functions as a f;ame for mounting the cap 12. _
- The surface of .the layer L2 is a layér for connecting the
iermiﬁa_l’s on the SAW filters 2 and 3 with the duplexer package, and

: so-céllgd wire bonding pads .are' arranged -therecon. = The pads

(términals) piovided on the surface of the wire' bonding pad layer 5
(corresponding to the pads WP3, WP5, WP8 and WP10 in Fig. 2) are
connected to the terminals.(IN and OUT) on the SAW filters through a
wire 11, | |

The terminals and the interconnection patterns on the surface

of the layér L2 are formed.' by.. subjecting the surface of an

eiectroconductive material, such as tungsten, Cu and Ag; to.an Au

: plé.ting treatment. The wire 11 can be formed with an appropriate -

material, such as Al-Si.

The filter chips 2 and 3 are afranged on the surface of the layer
L3 (die attach layer 6) by adhesion with a die attach pattem 14 and a
paste: 15 (_eiectroconductive or non-electroconductive):

The line patterﬁ 1 of the matching circuit is formed on the
surface of the fé.yt_er L4 (line pattern layer 7). While the line patterh 1
is indicated by eight rectangies in Fig. 4, it is actualiy one continuous
line.

The line pattern is formed on the liné pattem'.layer 7 as an .'
electfoconductive pattern haviﬂg a total length of about A/4 and a
width of about from 80 to 120 pm throughout the length. The line

15
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pattern is foﬁned 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.div'ided on the plural layers above the common GND layer.
The common GND layer 8 is formed with a GND pattern 13 for '

-sh1eldmg except for the pattern sectlon of the side castellation 10 on _
the side surface for the signal.

| The common GND pat_tém 13 may be formed with tungsten or -
copper as similar to the line pattern 1. -

‘The materials used as the common GND* pattern and the line
ﬁattefn'.are necessarily selected with consideration of - the baking
tempefafure of the package material.

In the case where alumina is used as the package material,

tungsten is preferably used since the Baking temperature of alumina is

about 1,600°C.

In the case where glass ceramics are used as the package

: materia.l', on the other hand, copper ié‘ 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
satisfactory. |

. The exposed part of the GND pattern 13 and the like are
preferably subjected to an oxidation preventing treatment, and
therefore films of nickel and gold may be formed on copper in this
order. Nickel is used herein to improve adhesion property between

copper and gold.

16
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The common terminal TO and the external connection terminals
T1 and T2 are provided on the external connection terminal layer (foqt
pattern layer) 9. These t'emiinals TO, 1 and T2 -are electrically
connected to the terminals FP5, FP8 and FP2 shown 1n Fig. 2,
respecuvely, through the side castellatlon 10. |

F‘1g S is a plane view from the above showing the duplexer' e

package of this embodnnent of the invention.

. Flg. 5is such a plane view that the cap 12 is removed from the -

- cross sectional view shown i in Fig. 4 and is to mainly indicate the plane

stn.lcture of the wire bondmg pad layer 5. The figure shows the state_

-where the two surface acoustic wave filter chips F1 and F2, which are

- 'formed into one package, are arranged in the cav1ty in the substantlal

center

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

- the substant1a1 center- for mountlng the SAW filters. The pads are

arranged to surround the rectangular space. 'While ten pads (WPI to
WP10) are shown in F‘1g 5, 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

IN of the filter Ehips 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 pattern 1 formed on the hne pattern layer 7.

The end LP1 of the line pattern 1 and the pad WPS in F1g S are

electncally_ connected through a via hole penetrating the. layers (the

17



layer L2 and the layer L3), and the end LP2 and the pad WP10 in-Fig. 5

+ are electrically connected through a via hole penetrating the layers (the
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layer L2 and the layer L3).

The - term electncally connected” will be descnbed For

example, the external connection terminal T1 shown i in F1g 2ison the‘ -
foot pattern layer 9, and it is connected to-the temunal FP8 shown in -
"Flg 2 and Fig. 5 on the wire bondlng pad layer 5 through the side
: castellahon 10 and is further connected to the wire bondmg pad WP8 -

through an interconnection pattem. -
The pad WP8 and the terminal IN on the surface acoustic wave
filter chip F1 are connected through the wire 11.

Similarly, the terminal T2 in Flg 2 is connected to the terminal .
| FP2 in Fig. 5 through the side castellatlon 10 and is further connected.-

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

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

. The common terminal TO is connected to the terminal FP5 on |

- the wire -bonding pad layer 5 through the side castella_Ltion 10 and is

further connected to the pad WP5 through a common terrninal lead

line 20, so as to connect to the terminal OUT on the surface acoustic'

wa\}e filter F1."
In the duplexer package having such a constitution according

to the invention, the extemal-size thereof can be 5.0 (width) x 5.0

(length) x 1.5 mm (height) in the case of a duplexer for the 800 MHz

band.

18
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Since the size of the duplexer package that has been
conventionally used in a mobile phoné is about 9.5 (width) x 7.5
(length) x 2.1 (height), the duplexer package of the invention realizes

- miniaturization of about 25%.

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 thc conventional duplexer package.' In the following

examples, 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.
.The surface acoustic filter chips 2 and 3 each isof 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 t_-:he _ .

" substrate - is LiTaO3 (for example, 42° Y-rot X-propagation). The

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

- (such as Al-Cu and Al-Mg) and a multi-layer film 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 pattéméd by exposure and etching.

The posiﬁoﬁal relationship of the line pattern 1 with the. wire
bonding p'adé'and. the terminals arranged on the wire bonding- layer S5,
which is one :pf the characteristic features of the- invention, will be
described. )

In an émbodiment of the invention shown in Fig. 5, the pads
connected to the both ends (LP1 and LP2) of the | line pattern 1
(hereinafter referred to as matching pads) in the wire bonding pad layer
5 are WP5 and WP10, and both the matching pads are arranged at fhe

19
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most distant diagonal corners with the rectangular space for mounting

the filter chips intervening therebetw'een.. '
-.In othef words, the matching pads WP5 and WP10 are formed

at the positions most distant from each othe‘r-among the pads_ arranged

on the wire-bonding pad layer 5. The matching pads WP5.and WPI0

. are arraﬁge_d immediately above the ends LP1 and LP2 of the line .

pattern 1, re#peétively, 50 as to electrically connect the _matching- pads
and the ends of the line pattern through the via ﬁo,les. The pad WPS.
is connected to the end LPI, and the pad WP10 is conﬁe'cted to the end
LP2. ' . -
In F1g 6, the total length of the line pattel;n 6f this em_iaodimé;’xt K .
of the invention is abouf 2/4 (A =C/f, C=Co/{ €& Co=3x 108 m/s).. |

" The total length of the line pattern is determined by the center. -
fréquency_ of the pass band of the filter and the characteristics =

-impedance value of the pattern.

The minimum.distance dS1 between the line pattern and the

" terminal (FP8 in Fig. .6) connected to the external connection terminal

20
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T1 on the side of the surface acoustic wave filter F1 in the embodiment
of the invention shown in Fig. 6 will be described. In the arrangement
of the line patté‘n 1 shown in Fig. 6,- the distance between FPS and the
folded corner becomes the minimum distance dS1.

Similarly, the minimum distance dS2 Between the line pattern
and. the termina.l (FP2 in Fig. 6) coﬁnected to the e;{temal connection
terminal T2 on the side of the surface acoustic wave filter F2 becomes

the distance from FP2 to the folded corner shown in Fig. 6. For
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~ example, while it is general that dS1 # dS2, it is possible in this

embodiment that dS1 = dS2 = about 1.1 mm. Hereinafter, the two
minimum distances dS1 and dS2 are represented by dS.

In other.w'ords, the distance dS is defined as the mmunum

 distance that is the distance between the point FP8, at which the path

connecting the external connection terminals T1 and T2 on the foot

.- pattern layer 9 with the terminals IN and OUT on the SAW filters'
) intersects the line pattém layer 7, and.an arbitrarj point on: the line

. pattern 1.

For comparison, an arrangement of pads and a line pattern that -

: ar_e not used in the invention are shown in Figs. 8 and 9.

Fig. 8 shows the arrangement of the pads. on the wire '-bonding |

layer, in which the matching pads connected to the ends LP1 and LP2

-.of the line pattern 1 are arranged at the positions of WP9 and WP4
.inside WP10 and WPS5.

~.~ -.When the line pattern 1 is arranged in the form shown in Fig.-9,
the minimum distaﬁces dS1 and dS2 from the terminals FP8 and FP2

to the line pattern are those shown in the figure. .
The total length of the line pattern 1 herein is the same as t'ha.t

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

. dS1 = dS2 = about 0.5 mm. Therefdre, it is understood that both the

minimum distances dS1 and dS2 of the line patterﬁ 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

- distances dS1 and dS2 are preferably as long as possiblé in order to
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~ obtain ~sufficient1y 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 WP5
to the connection terminal FP5 to the common termmal TO can be
shorter than the line 20 shown in Fig. 8

- It has been known that the depression. characteristics of the
duplexer are deteriorated when the isolation between the external

connection terminals T1 and T2 and the line pattern 1 is poor.. When

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

satisfy the desired depression characteristics.
Therefore, in order to obtain desired good depression

characteristics of the duplexer, it is preferre_d that the distance from.

.the external connection :terrrlir;als T1 and T2 and the terminals FP8

- and FP2 con_nected to the terminals T1 and T2 to an arbitrary point of .

the line pattern 1 is as large as possible. - In other words, the isolation
between the external connection terminals T1. and' T2 and the line
pattern 1 can be improved when the _nﬁnifnurh- distances dS1 and dS2
are as large as possible.

| Fig. 5 shows the case where _teﬂ wire bonding pads in total
connected to Ehe terminals on the surface acoustic wave filters and the
like are arranged, but the arrangement of the ends LP1 and LP2 of the
line pattern and the pads connected thereto. can be considered other
than the two embodiments shown in Figs._ 6 and 9. While possible
arrangements will be described later, the minimum distances dS1 and

dS2 shown in Fig. 6 can be the longest in the case where the matching

22
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pads- connected to the ends LP1 and LP2 of the line pattern are
arranged at the diagonal corners with. the rectangular space.
intervehing therehetween, and the matching pade are arranged at such

positions that the distances to the connectlon pads FP8 and FP2 to the -

 external. connec’aon termmal T1 and T2 becomes the largest as- shown

in Fig. 5. |

| Even when minimum distances dSl and dS2 that are
e'quivalent to.those shown in Fig. 6 can be obtained in other possiblel
arrangements_, there are eases where another factor of deteriorating the
isolation may arise by the other arrahgement of the pattern, for
example, the length of the line 20 for eonhecting the terminal FP5 to

the common terrmnal TO on the wire bonding layer necessarily

- becomes leng as shown in F‘ig. 8.

Accordingly, it is preferred to realize good isolation between the
line pattern and the external connection terminals in the invention that
the matching pads connected to the ends LP1 and LP2 of the 1ir_1e

pattern are arranged at such positions that at least satisfy one of the

.~ following conditions.

(1) _f_I‘he two matching pads are arranged at the diagonal
corners - of the rectangular 'space for mounting the. filter - chips
intervening therebetween on the Wire- bonding layer, whereby the slant
distance between the matching pade are the largest.

(2) The matching peds are arranged at such positions that

 the slant distances to the connection terminals to the external

connection terminals in the wire bonding layer become the largest.

23
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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 terminals with the terminals
on the SAW filters intersects the lifle pattern layer 7‘, and an arbii:ra.ry

point-on' the line pattern 1 is as large as possible, and in order to

satisfy the demén_ded specification, the diétance dS is necessarily at —

. least a prescribed value determined by the speéiﬁcation.

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

minimum distance dS (dS1 and dS2) and the isolation (dB) between

“the common termiinal TO and the external conneétioh terminals T1 and

T2 in a blank package having no filter chip mounted.
'H'erein, a shorter minimum distance dS-(dS1 and dS2) provides
poor .isolation, whereas a larger. minimum distance ﬁmvides good

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

' calling for isolation of -50 dB or more, the minimum distance dS (dS1

- and dS2) is necessarily 1.075 mm or more;

It has been found that the isolation (dB) varies depending on |
the arrangement of the line pattern even when the minimum distances
dS1 and dS2 a}e 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 (dS1 and dS2) is referred to “d”, it has been

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

made as large as possible.
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" In the graph shown in Fig. 10, the point A indicates the case
where the distance d 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 larger.

Fig. 12 is an explanatory diagram showing the second ‘smallest

-distance d-(d > dS1 and dS2) between the terminals FP8 and FP2

connected to the external connection terminals T1 and T2 and the line

pattern in. an embodirnént.

- This is a gré'.ph showing the isolation with variation of the

“distance d (d > dS1 and dS2) in the case shown in Fig. 11 where the

" minimum distances dS1 and dS2 are 1.13 mm. -

"According to Fig. 11, the graph extends in a substantially . -

straight line, and ‘the isolation is poor when the distance d is smaller - -

but is good when it is larger.
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 filter characteristics, i.e., the frequency (MHz) pass
intensity (dB),'__of the duplexer package will be described. |

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 considembly larger than the duplexer package

according to the invention. -

25



10

15

20

26

-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 betwee-ﬁ the termmal
connected to fhe external connection terminal T1 of the filter F1 and

 the line pattern 1 are 15 mm and 1.6 mm, respectively, ‘which are .

larger than the case of the invention.
This is because the size of the conventional duplexer package is

certainly larger than the invefrtion, and the distances dS and d can be

- made large. - In other. Werds, the conventional producf exhibits _

sufficient isolation, i.e., a depression degree on. the transmission filter

of -52 dB and the depressmn degree on the receptlon filter of -46 dB as

..shown in Fig. 13, but the size of the duplexer package is large as the

compensation thereof.
Fig. 15 and 'Fig 16 are a graph showing frequency

charactenstlcs and a plane showirig a line pattern -shape of a line

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

package is the ‘same as fhe duplexer package of the invention (5 mm
(width) x 5 mm (length)), but the optimum arrangement of the wire.
bonding pads is not considered.

In Fig. 16, the distances dS and d between the terminal FPS8 _
connected to the external connection terminal T1 and the line pattern
1 are 0.5 mm and 0.6 mm, respectively, which are eonsiderably smaller
than the case shown in Fig. 6 according to the invention.

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

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

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

- embodiment shown in Fig. 16, the isolation is insufficient due to the
- small dlstances dsS and d to provxde poor depress1on degrees out31de
3 'the pass band even though the package is m1n1atunzed

' The filter characteristics of the duplexer package accordmg to

| the invention wﬂl be descnbed below

F1g 17is a graph showing ﬁlter characteristics of the duplexer'

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

pads is considered as shown in Fig. 5.

Fig. 18 is a plane view showing the plane structure of the hne
pattem layer 7 correspondmg to the embodlment shown in Fig. 17. .
Herein, the distance dS is 0.9 mm, the distance d is 1.2 mm, and the
size of . the duplexer package is 5mm x5 mm x 1.5 mm.

According to Fig. 17, the depression_ degree on the transmission

- filter is -47 dB, and the depression degree on the receptien filter is -39

dB, which are poor in comparison to the conventional product shown
in Fig. 13, but are good in comparison to the embotiirhent shown in Fig.
15, in which only the size of the duplexer paekage is sirnply
miniaturized.

| Accordingly, when the sizes of the duplexer packages is
constant, the isolation is improved when the arrangement of the wire
bohding pads is considered to make the distances ds and d larger as in

Fig. 18, whereby the depression degree is improved.

27
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Figs. 19 and 20 show an embodiment of the invention where
the distances dS and d are made ﬁtrther larger than the case of Fig.
18. |

_ Fig. 19 is a graph showmg the filter charactenstlcs of the-l
duplexer package accordlng to the mventlon, and Flg 20 is'a plane
view showing the pattern shape of the line pattern where the distances
dS and d are larger' while the total length of -the line pattem is 35 mm, .

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

Herem, the minimum distance dS is 1.1 mm, the distance d is
1.4 mm, and the size of the duplexer package is 5 mm x 5 mm x 1.5
mm.

-Aceording to Fig. 19, the depression degree on the transmission .

filter is -55 dB, and the depression degree on the reception'filter is -43

dB. ‘It is understood that the depression degree is largely improved in

comparison t_o'the duplexer packages shown in: Figs. 15 and 17 ,' and ..

" the depression degree on the transmission filter is better than the -

20

conventional product shown in F1g 13.
That is, when the dlstances ds and d are made large in. the

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

‘improved and the depression degree is 1ncreased

As understood from the foregoing descnptlon, according to the
embodiments of the mventmn, when the line pattern is arranged in
such a manner that the minimum distances dS1 and dS2 and the

distance d are 1.075 mm or longer and the minimum distances dS1
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and dS2 satisfy the foregoing conditions, a duplexer package having
sufficient isolation and good depression degrees can be obtained.

Other embodlments of the mventlon where the isolation is

improved will be descnbed below.
In the embodiment of the invention shown in Fig. 4, the line 20" -

(which is hereinafter referred to as a common terminal lead line)

conneéting ‘the- connection terminal FP5 to the coinmon terminal TO

and the pad WP5 is present on the wire bonding pad layer 5 (sée Fig. |

5).

In thls case, the layer having the line pattern 1 formed (i.e., the

line pattern layer 7) and the layer having the common terminal lead

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

. each other.

An embodiment i_s to be considered where the common terminal.

lead line 20 is formed on the lé.yer 7 havmg the line pattern 1 formed.

An embodlment of the pattern shape of the hne pattern layer 7 in this

case is shown in Fig. 26.-

In the embodiment of Fig. 26, since the common terminal 1;:ad.
line 20 is provided on the same layer as the line patterri-, the line
pattern is ne;:essarily 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

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

of the case shown in Fig. 4, and the white spots indicate the isolation -

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

the case where the line pattern 1:and the common terrmnal lead line

20 are not present in the same layér (black spots) than the case where

they are present in the same layer by about: from 6.7.t0.9.9 dB, and the

depression degree- is also good. - Therefore, it is 'prefefred that_ the line.

paftem '1 and the common terminal lead line 20 are: formed on

: differentllayers.

While the embodiment shown in Fig. 4 ensures isolation of -50
dB or more, the isolation can be further imi)roved by providing another
layer; i.e.; 2 common terminal lead line layer, below the GND.layer 8.
This is because it.-.is considered that the common terminal lead line 20
influences the isoiation characteristics.

" Another embodiment of the duplexer package according to the
invention is shown in Fig. 21.

In this embodiment, a comﬁon temﬁnal lead line layer 21 is
provided below the common GND layer 8 as different-from Fig. 5. The
pattern shape of the line pattern 1 is the same as in Fig. 6.

Figs. éﬁA, 22B and 22C .are piane views showing 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 'Fig's. 22A, 22B 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

commen terminal lead line layer 21 are electrically connected through
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a via hole (at the position 22 on the common GND layer 8) penetratihg
the layers. -

Fig. 23 is a graph showing the relatioﬁshih between the-.
isolation and the m1mmum distance- dS of a blank package of the

duplexef of the invention having the constitution shown in Fig. 21.

' The white spots (C1 to C4) in Fig. 23 indicate the case where |
the common GND layer 8 does not intervene between the line pattem 1
and the comm'on' termmal lead line 20 (see Fig. 4), and the black spots
(D1 to D4) in Fig. 23:indicate the case where the common GND layer 8
is prov1ded between ‘the line pattem 1 and the common terrmnal lead-
line layer 21 in Fig. 21.

It is understood from Fig.- 23 that since the common. terrmnal
lead linellayer 21 is previded below the common GND layer 8, the
isolation is improv.ed-. by about from 9 ..to- 14 dB in comparison to the
case where the common termihal lead line layer 21 is not provided.

.F_‘urthermore, as shown in Fig. 24, common GND lajers 8-1 and
8-2 may be formed to sandwich the coinmon_terminal- lead line layer
21.. | _

-Figs. QSA, 25B and 25C are plane views showing the surface
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 WP5 and the end 23 of the common terminal lead line 20 are
electncally connected through a via hole (at the position 22)

penetratmg the layers
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According 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 5°dB. '

. As still another embodiment of the invention, the l_ine-patterh of

- the matching' circuit is not formed on ‘one layer but is formed as

10
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20

divided into plural layers. Since the ieﬁgths of the line pattéms in the
réspe_ctiVe layers can be short by dividing the line pattefn into plural -
layers, the distaﬁces dS and d.can 'bé made large, and therefore the
isolation can be improved. However, in the case where the line
pattern ‘is divided - into -plural layers, it is preferred - that tlfle
arrangements of the line patterns of the laj_'ers are differeﬁtiat’eci from

each other in order to prevent interference of the line patterns 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-

présen‘i_: too closely to each other, the depression .degree among the
filter characteristics is deteriorated due to interference ther;eo_f.
| Therefore, it is necessary that the positions of the wire bonding
pads are deterf?hined 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 conﬁec_ted to WP3 and WPS in the embodiment of the

invention shown in Fig. 5, it is preferred since the distance between the
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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 outer layer of the package is covered Wlth the
GND to prevent influence of extemal .noiée to the filter chips and the
matchmg circuit in the embodiment shown in'-Fi_g.- 4, it is also possible

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

of the wire bonding pad layer S are connected through via holes

- provided in the layer L1. Invasmn of external noise into the mtemal--.

pattern can be prevented by the structure:

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

: pattem 14 on the die attach layer 6 through an electroconductive paste

15, the d.le attach pattern 14 ‘is preferably formed to have divided
patterns rather than one solid film from the standpoint of i_mpedance
matching of the matching circuit.

‘The die attach pat_tern 14-is a GND pattern that is connected.to

the GND pattem of the foot pattern layer 9 as the lowermost layér

through the side castellation 10.

_ .Fi'gs.- 29A and 29B are plane views showing the pattefn.shapes

of the die attach layer 6 that have been conventionally used. Fig. 29A B

shows the ca:se 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.

Flgs 30A and 30B are plane views showing the pattern shapes

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

where the die attach pattern 14 is divided into four pieces. Fig. 30B
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shows the case where the electroconductive paste 15 is coated on the
die attach pattern 14 divided into four pieces.
Fig. 31 is a graph showing the relationship between the

characteristic impedance value (Q) of the line pattem and the length of

the line pattern in the case where the d1e attach pattem 14 on the die -

attach layer 6 is d1v1ded 1nto four p1eces and the case where 1t is not”

d1v1ded

" It is understood from F1g 31 that the case where the pattern is

. divided into four pieces exhibits a hlgher charactenstlc nnpedance. '

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

" divided, the characteristic impedance value of the line pattern 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 .

.-paste' 15 is used to attach the filter chip to the die attach pattern and -

to prevent breakage of the filter ch1p caused by the d1fferent in ‘thermal
expansion coefficients between the filter chip and-the package base
material. For example, the paste 15 may be either electrocond.uctlvel
or norr-electroconductive and may be formed w1th a material, such: as
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 haste’ 15, the characteristic impedance value
hecomes higher tha.n_ the die attach pattern formed as one solid film.

In other words, because the characteristic impedance value is
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decreased when the die attach pattern 14 is formed as one solid film,
the die attach pattern 14 interferes with the line pattem 1 to
deteriorat'e_ the impedance matching of the matching circuit.

The ﬂathess of the filter chip with respect to the -surface of the

'layer L3 becomes better upon mounting the filter eh1p on the die attach'. - |

_ layer 6 in the case where the die attach pattem 14 1s divided coated .

with the electroconductive paste_lS, m'companson to the case where
the electroconductive paste is coated on the solid film.not divided.
Therefore, the die .attach pattern 14 is preferably formed as .

divided shown in Fig. 30 from the standpoint of the nnpedance

- matching of the matchmg circuit, the breakage prevention of the filter

chip and the parallehsm of the filter chlps.- 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

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

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

1t is understood from Fig. 4 that the line pattérn 1 is arranged
below the die attach pattern 14 on the die attach layer 6.- It has been
found that the influence of the d1e attach pattern to the 1mpedance of
the line pattem 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

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 fhat 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 '-.WP'I) on the wire -
bondmg badtlayer 5 shown in Fig. 5 and the like will-b'e- described. '
A simulation - was conducted what extent the interference. - |
among the pads occufred in the case where the distances of the w1re

bonding pads was less than l0.3 mm (for example, 0.15 nm) and the -

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

A simulation of an electric current distribution was measured
for -the respective wire bonding péds .wherg an electric current waé
applied between the extefnal _éonnection terminals TO, T1 and T2 and
the GND. . Accordihg ‘to the simulation, it was confmﬂe_d that-
interferencé of electric. current influencing the filter characteristics bf
.the duplexer occurred between the adjacent . wire .bonding . terrninals
when .the-'distance of the wire bonding pads is-less than 0.3 mm, but
no cﬁnspicuous interference of electric .current is coﬁfitmed when the - -
distance is 0.3 mm 6f more. - .-

. Therefgré, the distance among the  wire bonding pads is
preferably 0.3 mm or more even when a duplexer of a small size 6f
aﬁoﬁt 5 x 5 x 1.5 mm is constituted according to the invention as
shown in Figs. 4 and S. However, the distance of the pads in the
duplexer of that size is limiteci to 0.45 mm at most due to the limitation

of the package size.
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Finally, embodiments of arrangernents of the wire bonding pads

of the duplexer packages that provide good filter characteristics are

'shown in Figs. 32A to 32C, 33A, 33B, 34A to 34D and 35A to 35D, all

of which are plane views showing the wire bonding pad layer S5 showing

preferred arrangements of the pad PD1 connected to the end LP1 of the

line pattern 1 and the pad PD2 connected to the end of LP2 of the line
pattem 1. In all the arrangements, the line pattem having a total

length of about 7«./ 4 mm can be formed to provide a minimum distance

- dS of 1.075 mm.

Figs. 33A and 33B show the cases where two terrninals FP4 and
FP5 connected to the common terminal TO are provided on the side
surface. Figs. 34A to 34D show the cases where the pads PD1 and
PD2 connected to the line paftern are arranged at the most distant

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

‘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 35D show

embodiments ~where the region for arranging the pads is provided in
the entire surrounding region of the rectangular space i'or 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 bonding pad layer are appropriately configured, a

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 comprising two surface acoustic wave

filters having band center frequencies different from each other and a

line pattefn for matching phases of the two surface aéoustic wave
filters, | |

wherein provided ‘are: o

a wire bondmg pad layer havmg a plurahty of. pads mcludmg'

pads for connectlng the line pattern with terminals on thc 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 wave filters

and a first end of the line pattern and a second pad conheéting the

‘common terminal and a second end of the line pattern being arranged

at pos_iﬁons that are the mosf _distant fror_ri each other inside the wire
bonding pad layer. |

2. A duplexer device according to claim 1, wheréin tﬁe wire
bonding pad layer has a rectangular space in a substantial- -center
fhereof, for mounting therein the two surface acoustic wave ﬁlters, and
the rectangular spaée is surrounded by the plural pads, where the first

pad and the second pad are arranged at diagonal corners with the

‘rectangular space iritervening therebetween.

3. A duplexer device comprising 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

filters,
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wherem 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

. connected to an external ai_ltenna with the line pattern; .

a line pattern layer located below t1'1e' wire bonding pad layer, .
the lme pat_tefn 1ayer having the line pattern; and
i an extemel connection fermiﬁal layer located. below the line
pattern iayer, the external connectio_n termingl layer having an external
connection terminai for connecting the surface acoustic wave filters
with an external circuit, | | | |

i:he line pattern layer being formed so that a distance dS
between a point in the 11ne pattem layer, at which a path connectmg

the. terminal on the surface acoustlc ‘wave filter with the extemal

‘connection terminal mtersects the line pattern layer, and an arbitrary

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

4. A duplexer device according to claim 3, wherein a first
pad connecting one of the surface acoustic wave filters with a first end
of the line pattern and a second pad connecting the common termiﬂal
with.a second' end of the line pattern are arranged at ﬁositions that are
the most distaht from each ether inside the wire bonding pad layer.

5. A duplexer device as claimed in claim 4, wherein the
wire bonding pad layer hes a rectanghlar space in a substantial center
thereof for mounting fherein the two surface acouétic wave filters, and

the rectangular space is surrounded by the plural pads, where the first
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pad.arid the second pad are arranged at diagonal corners 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,
and a common termiriai lead line for connecting the second pad and
the common terminal is formed on a iayer different from the line
pattern léyer. | o |

7. A duplexer device according to claim 6, wherein the-

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

8. . A duplexer device according to claim 6, wherein the
common terminal lead line is formed on a layer below the line pattern
layer.

-9, A duplexer device according to claim 6, 7 or 8, whereina

common GND layer having a GND pattern is provided -betweén the

layer on Whic.h-i:he common terminal lead line has been formed and the

line pattern layer.

10. A dui:;iexer devic.:e as cla.iméd' according to claims 3 to 9,
wherein the distance dS is 1.075 mm or more.

11. | A duplexer device according to claim 1 or 3, wheréin side
surfaces of the layers are ;:overed 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 iaattem for connecting the surface acoustic wave filters a GND is -

formed as patterns divided into two or more on the die attach layer,
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and the divided die attach pattefns are in contact with the surface
acoustic wave filters through a paste.

13. A duplexer device accordmg to claim 1 or 3, wherein the
plural pads formed on the wire bondmg pad layer are formed to have a
predetermined distance from each other.

14. A duplexer device accordmg to claim 13, wherem the_

predetermmed distance between the plural pads is 0 3 mm or more

" and is -smaller than the rectangular space for mountmg the surface

acoustic wave filters.

—_
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