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Dielectric filter. 

BACKGROUD OF THE INVENTION 

This invention relates to a dielectric filter suitable for use in high-frequency 

radio communication devices such as mobile phones and particularly to a miniature chip-type 

dielectric filter which is constructed by laminating a number of dielectric layers with 

5 electrodes sandwiched therebetween. 

There is an increasing demand, in the field of :mobile phones and other handy 

radio communication devices, for further miniaturized high frequency filters, while such filters . . 
are required to meet both a high :frequency selectivity and a low insertion loss. There has been 

proposed as a high-frequency filter which can meet the above requirements a multilayer 

l 0 ceramic filter which comprises stripline electrodes as resonatots (i.e., a so-called stripline 

filter). For such multilayer ceramic :filters, reference should 'be made, for example, to PCT 

WO 96/19843 and Japanese Patent Application Laid-Open No. 312503/95. A multilayer 

ceramic filter of this type is advantageous in that since the dielectric constant of the ceramic 

material used therein is high the effective wavelength of the signal becomes shorter, so that the 

15 required length of its resonators can be shorter. As a result, the size of the filter can be 

reduced and the insertion loss is relatively low. 

The manufacturing cost of a dielectric filter of the above-described type which 

uses a dielectric material of a high dielectric constant is deter.mined mainly by the cost of the 

dielectric material. Therefore, in order to reduce the manufacturing cost of a dielectric filter of 

20 this typ~ it may be consi~ered that the size of the filter is further decreased to the_reby reduce 

the amount of the dielectric material used. However, since the size of the filter itself directly 

relates to its :frequency characteristic (particularly, its centie.~ency), the reduction of cost 

by decreasing the filter size is limited. 

It may further be considered as another way 6ftddu.cing the manufacturing cost 

25 of a dielectric filter of this type that the cost of the dielectrhi~al itself is lowered. 

However, since principal characteristics of a filter such as ,.off characteristic and insertion 

loss are determined by the dielectric material used, it is n~ltty for the manufacture of a 

filter to use a dielectric material whos~ dielectric constant and dielectric loss have accurately 
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been adjusted or controlled. Consequently, the reduction of the manufacturing cost by this 

approach is also limited. 

5 SUMMARY OF THE INVENTION 

10 

It is therefore an object of the present invention to provide a miniature dielectric 

filter which can be manufactured at reduced cost. 

It is another object of the present invention to· provide a dielectric filter which 

has a lower insertion loss in the pass band. 

It is a further object of the present invention to provide a dielectric filter which 

exhibits a better attenuation in the cut-off band. 

It is a still further object of the present invention to provide a dielectric filter 

which is electromagnetically less affected by the surroundings. 

In order to achieve the above objects, according to the present.invention, a 

15 dielectric filter comprising a first dielectric layer, which contains at least a pair of strip-line 

resonators to be ele(!tro-magnetically coupled to each other, and second and third dielectric 

layers, which are disposed in an opposed relation to each ofu.er with the first dielectric layer 

sandwiched therebetween, have substantially the same dielectric constant Kl and each 

contains at least one shield electrode, is characterized in that fourth and fifth dielectric layers 

20 having substantially the same dielectric constant K2 are interposed between the first and 

second dielectric layers and between the first and third dielectric layers, respectively, and in 

that the dielectric constant K2 of the fourth and fifth dielectric layers is selected to be less than 

any one of the dielectric constant Kl of the second and third dielectric layers and the dielectric 

constant K3 of the first dielectric layer. In this case, the dielectric constant K2 should 

25 preferably be less than at least one third ~fthe smaller one of the dielectric constants Kl and 

K3. 

The dielectric filter of the above-described structure can be manufactured at 

lower cost by forming the fourth and fifth layers with a cheep dielectric material of a low 

dielectric constant such as a ceramic material containing glass to a large extent, a lacquer or 

30 the like, as compared to the conventional filter in which all the· dielectric layers are formed 

with expensive dielectric materials of high dielectric constant. It should be noted that the use 

of dielectric layers of high and low dielectric constants to form a dielectric filter has been 

known from Japanese Patent Applicatjon Laid-Open No. 214204/97. However, the dielectric 

layer of lower dielectric constant of such lmown· dielectric filter is not interposed between the 
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dielectric layers ofbigh&:--t!felectric constant. In the presett:...,ention, although the 

relationship between th~~eJectric constants Kl and K3 ,m b~ .any of Kl = K3, Kl > K3 and 
• f .~:;·> 

Kl <IO, the relation Kf~ b is most preferred since the er of kinds of materials to be 

used is low. In this case, in certain filters for specific purposes~ the dielectric constants Kl and 

5 K3 may typically be selected to be in the range from 70 to 1 OQ and the dielectric constant K2 

may typically be selected to be in the range from 5 to 25. 

In the dielectric filter of the above structure according to the present invention, 

the fourth and fifth dielectric layers of the dielectric constant K2 _which is lower than that of 

the first dielectric layer are disposed outwardly of the first dielectric layer having the dielectric 

1 O constant K3 and containing the resonator electrodes, so that th~ electric field around the 

resonator electrodes more concentrates in the first dielectric layer, particularly between both 

resonator electrodes, as compared to the case where the fourth and fifth dielectric layers have 

high dielectric constant. In this case, the lower the dielectric constant K2 is as compared to the 

dielectric constant K3, the more the electric field concentrates in the first dielectric layer. As a 

15 result of such concentration, the electric field between both resonator electrodes becomes more 

straight, that is to say, there will be less electric field which" is C\'f1'VCd outwardly of edges of 

the resonator electrodes. Consequently, the electric field between the resonator electrodes is 

more evenly distributed without partially concentrating at edge portions of these electrodes, so 

that the conduction loss usually caused by such partial ·con®ntration of electric field at the 

20 edges ofthe electrodes is reduced, whereby the insertion loss.of this filter in the pass band is 

decreased. For the same reason, the Q value of this filter is improved and the attenuation in 

the cut-off band is increased. 

In the dielectric filter of the above structure, tJ:re dielectric constant Kl of the 

second and third dielectric layers is also selected to be grea• than the dielectric constant K2 

25 of the fourth and fifth dielectric layers which are adjacent~~~· As a result, the electric . . 

field around the shield electrodes are prevented from spre~er beyond edges of the 

shield electrodes, i.e.-, from spreading beyond the sides of~$ter, so that the characteristic 

of this filter is less sensitive to electromagnetic effects in ~~er area of the sides. 

In the dielectric filter according to the invet\i~\\te pair of strip-line resonator 

30 electrodes may be provided on different planes within the t\1l.i\~ectric layer which are 

parallel to each other and spaced in a direction of thicknes.$jM.jHayer. Alternatively, the pair 

of strip~line resonators may be arranged in a spaced relatiOl\:OWti:-single plane which is located 

within and parallel to the first dielec~c layer. Furthermore,: in.the filter according to the 

invention the first dielectric layer may further comprise capacitance electrodes capacitively 
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coupled to the pair of strip-line resonators, respectively, and/or a tuning electrode for adjusting 

electro-magnetic coupling between the pair of strip-line resonators. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an exploded perspective view of a dielectric filter according to a first 

embodiment of the invention; 

Fig. 2 is a graph showing frequency charactenstics of a sample provided 

according to the first embodiment and another sample for comparison; and 

10 Fig. 3 is an exploded perspective view of a dielectric filter according to a 

second embodiment of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

1 S Description will now be made on dielectric filters according to embodiments of 

the invention with reference to the accompanying drawings. 

Fig. 1 shows a dielectric filter 10 provided according to a first embodiment of 

the present invention. This filter 10 is a block-type (or a chip-type) filter which comprises 

twelve dielectric layers 1 Oa to 101 each having a respective predetermined thickness and a 

20 rectangular top view. The filter 10 is provided on a pair of sides thereof (the front and rear 

sides in Fig. 1) with ground terminal electrodes 11 a and 11 b, respectively, which entirely 

cover surfaces of the corresponding sides. The filter 10 is further provided on the other pair of 

sides (the right and left sides in Fig. 1) with input/output terminal electrodes 12a and 12b, 

respectively, each of which has a strip-like shape and extends in the central portion of the 

25 corresponding side in the direction of thickness_ of the filter 10. 

The dielectric layer lOa disposed on the side ofone surface of this filter (the top 

surface in Fig. 1) is provided for the purpose of protection. The dielectric layer 1 Oa adjoins 

the dielectric layer 1 Ob which is provided on a surface facing the dielectric layer 1 Oa with a 

shield electrode 14 which entirely covers the surface except for its marginal portions 13 and 13 

30 extending with predetermined widths along opposite sides of the surface (shorter sides in Fig. 

1 ), the shield electrode 14 being connected to the electrodes 11 a and 11 b at the other opposite 

sides of the surface. The marginal portions 13 and 13 are provided for preventing the shield 

electrode 14 from short-circuiting with the electrodes 12a and 12b. 
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On the-side of the dielectric layer lOb opposite to the dielectric layer lOa, the 

dielectric layers 1 Oc an~ 1 Q~ are provided in this order._,, .. ~Jectric layer lOd adjoins the 

dielectric layer lOe whiefi'il·provided on a surface facing:, .. ~: lectric layer lOd with an input 

electrode 16 which is connected at its proximal end to the-*tt.t!ode 12a and has a distal half of 

5 an increased width. The dielectric layer 1 be is further provided on the above-described 

surface with a strip-like capacitance electrode 18 which is oo~ed to the electrode 11 a. 

The dielectric layer lOe adjoins the dielectrio:Jayer 10fwhich is provided on a 

surface facing the dielectric layer 1 Oe with a resonator electtod~ 20 which serves as a first 

strip-line resonator. This resonator electrode 20 is connecte~l at its. proximal end to the 

10 electrode l lb and forms a modified stepped impedance re~ (SIR) having generally an 

inverted F shape. The electrode 20 is disposed near the ele.~oqe 12a so that it is 

electromagnetically coupled with the input electrode 16 and.capacitively coupled with the 

capacitance electrode 18. . .. ~- ... 

The dielectric layer 1 Of adjoins the dielectric J~yer 1 Og which is provided on a 

15 surface facing the dielectric layer lOfwith a strip-like fi.rst;UJnil)g·electrode 22 connected at its 

proximal end to the electrode l lb, and with second and tbtt(l;tuning electrodes 23 and 24 

which are both in floating states and disposed away from a~ end of the electrode 22 in 

parallel with the electrode 11 a. 

The dielectric layer 1 Og adjoins the dielecttj.~ \fY.~ 1 Oh which is provided on a 

20 surface facing the dielectric layer lOg with a resonator elec#.o4~ is which corresponds to the 
:; . . .': 

electrode 20 on the layer I Of and is disposed, as viewed in-~~8.· .1, in a laterally symmetrical 

relation· to the electrode 20. The dielectric layer I Oh adjoin~-~~t4ielectric layer 1 Oi which is 

provided on a surface facing the dielectric layer 1 Oh with a,tf1g~t electrode 26 and a 

capacitance electrode 28 which correspond to the electrod,~.16 and 18 and are disposed in 
. ".-: . ." . 

25 laterally symmetrical relations to the electrodes 16 and 18, ~~~pectively. 
• . '· ~. ! .· . 

On the side of the dielectric layer 1 Oi away f.t.4P.;i, ~e layer 1 Oh, dielectric layers 
~ · . .- .:i,' ... ! '\r• 

1 Oj and I Ok are provided in this order. The latter layer 1 Q~-oiJls the dielectric layer 101 

which is provided on a surface facing the layer lOk with •-::f!~~~lectrode 29 similar to the 

electrode 14. This layer 101 is provided for the purpose ~J~on of the other surface (the 
•, 

30 · bottom surface in Fig. 1) of the filter 10. !: ·) ~:;~·i' 

In the filter 10 of the above structure, e~t,,~I~ers lOa, lOb, lOk and 101 is 

a dielectric layer having a dielectric constant of Kl which fibltt.Q.es as its basis material a 
. _.·. ·. ... . 

ceramic material of a high dielectric C9Dstant such as bari.u,i #.tanate. On the other hand, each 
• ~' It ..... • • I . 

of the layers 1 Oc and 1 Oj is a dielectric layer having a diele~ttic constant of K2 which is made, 
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for example, of a cheep ceramic material oflow dielectric constant, which contains glass or 

the like to a large extent, or a lacquer. Each of the layers lOd to lOi is a dielectric layer having 

a dielectric constant of K3 which contains as its basis material a ceramic material of a high 

dielectric constant such as barium titanate. 

5 EXAMPLE 
Conductive paste containing silver as its main component was applied, by 

means of silk screening, onto green sheets made of a ceramic material having a high dielectric 

constant, the material having a dielectric constant equal to 75 (K3 = 75) and containing barium 

titanate as its basis material. The paste on the green sheets was dried, whereby the electrodes 

10 14; 16 and 18; 20; 22; 23 and 24; 25; 26 and 28 were formed. The green sheets with the 

electrodes thus formed thereon were combined with a predetennined number of green sheets 

without electrodes to form a respective one of the dielectric layers lOa to 101. These dielectric 

layers were laminated and then simultaneously pressed and heated in a single sintering 

process, whereafter the electrodes 1la,1lb,12a and 12b were formed on the respective sides 

15 to obtain a sample A for comparison. The thickness of the part consisting of the layers lOa 

and 1 Ob was 1 OOµm, that of the layer lOc 400µm, that of the part consisting of the layers 1 Od 

to lOi 700µm, that of the layer lOj 400µm and that of the part consisting of the layers lOk and 

101 lOOµm. 

A sample B for comparison was made in the similar process except that the 

20 dielectric layers 1 Oc and 1 Oj were prepared using green sheets made of a dielectric material of 

barium titanate and containing as an additive about 20 % by weight of glass, this green sheets 

haviI_1g a dielectric constant of 50 (K2 = 50). Furthermore, a sample Cwas made in the similar 

manner except that the dielectric layers 1 Oc and 1 Oj were prepared using green sheets made of 

a dielectric material of barium titanate and containing as an additive about 60 % by weight of 

25 glass, this green sheets having a dielectric constant of 15 (K2 = 15). 

The frequency characteristic of each of the samples A, B and C was measured, 

the results of which are shoWn in Fig. 2. In Fig."2, the horizontal axis represents the frequency 

of the input signal and the vertical axis represents the insertion loss. The solid line A 

represents the frequency characteristic of the sample A, the broken line B that of the sample B, 

30 and the dot-and-dash line C that of the sample C. It is seen from the characteristics shown in 

Fig. 2 that the sample C prepared according to the present invention has better characteristic, 

i.e., a reduced insertion loss in the pass band, a larger attenuation in the cut-~ff band and a 

higher Q value, than the sample A (which corresponds to the conventional filter) and the 

sampleB. 
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As a result of thorough reviewing and examining the characteristics shown in Fig. 2, 

characteristics of other~ ~e costs of ceramic llll.¢~~use.d and so on collectively, it 

was found that the dielecfric constants Kl and K3 should ~-bly be in the range from 70 to 

100 and that the dielectric constant K2 should preferably·be in the range from 5 to 25. 

Fig. 3 shows a dielectric filter 110 according·to· a se~nd embodiment of the 

invention, wherein parts thereof corresponding to those shown_ in Fig. 1 are designated by like 

reference numbers but increased by 100. This filter 11 O .is a_ block type (or a chip type) filter 

having substantially the same structure as the filter 10 of Fig. 1 but is different therefrom in 

the following respects. 

10 A dielectric layer 11 Oe of this filter 110 is provided on a surface facing a layer 

11 Od only with a strip-like capacitance electrode 118 which is connected to a ground terminal 

electrode 111 a. A dielectric layer 11 Of is provided on its s~e facing the layer 11 Oe only 

with an input electrode 116. A dielectric layer 11 Og is provided on its surface facing the layer 

1 lOf with two strip-line resonator electrodes 120 and 125 which are manged in parallel with a 

15 predetermined distance therebetween and connected at their proximal ends to a ground 

terminal electrode 11 lb. A dielectric layer 1 lOh is provided,Ql1 a surface facing the layer l lOg 

with an output electrode 126 which corresponds to the electrode 116 on the layer 11 Of and is 

arranged, as viewed in Fig. 3, laterally symmetrically with the electrode 116. In a similar 

manner, a dielectric layer 11 Oi is provided on a surface facing the layer 11 Oh with a 

20 capacitance electrode 128 which corresponds to the electrode 118 on the layer 11 Oe and is 

manged, as viewed in Fig. 3, laterally symmetrically with the electrode 118. 

In the filter 110 of the above structure, each of the layers 11 Oa, 11 Ob, 11 Ok and 

1101 is a dielectric layer having a dielectric constant ofK4 which includes as its basis material 

a ceramic material of a relatively high dielectric constant, for example. On the other hand, 

25 each of the layers l lOc and l lOj is a_ dielectric layer having a dielectric constant ofK5 whic~ 

is made, for example, of a cheep ceramic material oflow dielectric constant, which contains 

glass or the like to a large extent, or a lacquer, for example. Each of the layers 11 Od to 11 Oi is 

a dielectric layer having a dielectric constant of K6 which contains as its basis material a 

ceramic material of a high dielectric constant, for example~ In this case, the dielectric constant 

30 K4 is lower than the dielectric constant K6 and the dielectifu constant K5 is significantly 

greater than any of the dielectric constants K4 and K6. 

It was found that the embodiment of Fig. 3 also exhibits substantially the same 

effects as those obtained by the embo4iment of Fig. 1. 
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The thickness of each dielectric layer of a dielectric filter for· a specific purpose 

such as those described above in relation to the first and second embodiments varies 

depending upon, among other things, dielectric materials used· and shapes of electrodes 

provided thereon. However, it is generally considered that the thickness of the portion 

S consisting of the dielectric layers lOa (l lOa) and !Ob (l lOb) may be in the range of from 50 to 

120µm, that of the dielectric layer lOc (1 lOc) in the range of from 200 to 400µm; that of the 

part consisting of the dielectric layers 1 Od (11 Od) to lOi (11 Oi) in the range of from 50 to 

700µm, that of the dielectric layer lOj {l lOj) in the range of from 200 to 400µm, and that of 

the part consisting of th~ dielectric layers lOk (1 lOk) and 101 (1101) in the range of from 50 to 

10 120 µm. 

In the above first and second embodiments, when the dielectric layers 1 Oc 

(1 lOc) and 1 Oj (l lOj) are made oflacquer or the lik;e having a low dielectric constant K2 (or 

KS), it will be necessary to first separately form by sintering the part consisting of the 

dielectric layers 1 Oa and 1 Ob (or 11 Oa and 11 Ob) of dielectric constant Kl (or K4), the part 

15 consisting of the dielectric layers 1 Ok and 101 (or 11 Ok and 1101) of dielectric constant Kl (or 

K4) and the part consisting of the dielectric layers lOd to. lOi (or l lOd to 1 lOi) of dielectric 

constant K3 (or K6) and then to laminate these sintered parts with the lacquer layers into an 

integral component. 
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CLAIMS: 

1. A dielectric filter which comprises a first clielecttic layer containing at least a 

pair of strlp..:line resonators to be electro-magnetically coupled tO each other and second and 

third dielectric 'layers disposed in an opposed relation to each' other with the first dielectric 

layer sandwiched therebetween and having substantially tlie same dielectric constant (Kl}, 

5 each of the second and third dielectric layers containing at least one shield electrode, said 

dielectric ·filter characterized in that fourth and fifth dielectric layers having substantially the 

same dielectric constant (K.2) are interposed between the firSt and second dielectric layers and 

between the first and third dielectric layers, respectively, and in that the dielectric constant 

(K2) of said fourth and fifth dielectric layers is selected to be less than any one of the 

I 0 dielectric constant (Kl) of said second and third dielectric layers and the dielectric constant 

(K3) of said first dielectric layer. 

2. A dielectric filter according to claim 1, characterized in that said dielectric 

constant (K2) is less than one third of a smaller one of the dielectric constants (Kl) and (K.3). 

15 

3. A dielectric filter according to claim 1 or claim 2, characterized in that the 

dielectric constant (Kl) is substantially the same as the dielectric constant (K.3). 

4. A dielectric filter according to claim 1 or claim 2, characterized in that the 

20 · dielectric constant (Kl) is less than the dielectric constant (K3). 

5. A dielectric filter according to claim 1 or claim 2, characterized in that the 

dielectric constant (Kl) is greater than the dielectric constant (K3). 

25 6. A dielectric filter according to any one of claims 1 to St characterized in that 

said pair of strip-line resonators are located on respective planes within said first dielectric 

layer, which planes are parallel and spaced in a direction of thickness of said first dielectric 

layer. 

: : l;f OJlll IJJllf: 111~ f 111111 f llt 
* C L M $ * 



W099/63615 PCT/IB99/00B85 

10 

7. A dielectric filter according to any one of claims 1 to S, characterized in that 

said pair of strip-line resonators are disposed in a spaced relation on a single plane within said 

first dielectric layer, said plane extending parallel to said first dielectric layer. 

s 8. A dielectric filter according to any one of claims 1 to 7, characterized in that 

said first dielectric layer :further comprises capacitance electrodes capacitively coupled to the 

pair of strip-line resonators, respectively, and/or a tuning electrode for adjusting an electro­

magnetic coupling between said pair of strip-line resonators. 

10 9. A dielectric filter according to any one of claims 1 to 8, characterized in that 

said fourth and fifth dielectric layers comprise a dielectric material of low dielectric constant 

which contains glass. 

10. A dielectric filter according to any one of claims 1 to 8, characterized in that 

15 · said fourth and fifth dielectric layers comprise a dielectric material of low dielectric constant 

which contains lacquer as its basis material. 

•t.1\\1.1\\,_ 
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