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DIFFERENTIAL INPUT/OUTPUT SURFACE ACOUSTIC WAVE DEVICE 
WITH PROXIMITY COUPLING 
BACKGROUND OF THE INVENTION 

The present invention relates to surface wave 

5 devices and especially to surface wave filters with 

proximity coupling used in many applications, 

especially in portable telephones. 

Surface wave filters use the propagation of 

acoustic waves on the surface of a piezoelectric 

10 substrate, and the filtering characteristics are 

obtained from the modifications made in the propagation 

of these waves as a function of their frequency by 

electrodes appropriately arranged on the surface of the 

substrate. There are several structures for these 

15 electrodes, and a choice is made from among them as a 

function of the result to be obtained. These structures 

include, more particularly, structures using resonators 

transversely coupled by proximity. 

The basic principle of a filter with transversely 

20 coupled resonators is described herein, for reasons of 

clarity, 

filter. 

by means of a known example of a two-pole 

A filter of this kind has two resonators each 

formed by a transducer between two reflector gratings 

and coupled by proximity. The transducers and reflector 

25 gratings usually have an interval of metallization 

eq\ial to about half a wavelength. The first resonator 

is connected to the input of the filter and the second 

resonator to the output. The input resonator includes a 

comb-shaped electrode whose fingers are interdigitated 

30 with the fingers of a ground electrode. The acoustic 

waves thus generated by this transducer are emitted 

towards the right and left towards reflectors formed by 

fingers parallel to the fingers of the transducers and 

obtained by cutting out the ground electrode. The 

35 resonator connected to the output is symmetrical with 

the resonator connected to the input with respect to an 
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axis parallel to the direction of propagation of the 
acoustic waves generated by the input resonator. It 

has a transducer and two reflectors. Since the ground 
is common, the corresponding ground electrode is all in 

5 one block and is connected to a ground output. The 
coupling of the two resonators is achieved by 
proximity, by bringing them together. Thus, it may be 

considered that the structure is approximately 

equivalent to the one obtained by bringing two 
10 waveguides together. Each of the modes of propa9ation 

of the guides ·considered alone is converted into two 
modes, a symmetrical mode and an antisymmetrical mode. 
When the distance between the two resonators is great, 
the speeds of the acoustic waves in these two modes are 

15 very close to each other and substantially equal to the 
speed of the mode of an isolated waveguide. The 
coupling is then very weak.. This fact is all the more 
obvious as the resonators are at a distance. When the 

20 

distance between the two 
speed of the waves in the 
coupling increases. It 

equivalent diagram of a 

resonators 

two modes 

can be 

structure 

diminishes, 

diverges and 

shown that 

of this 

the 

the 

the 

corresponds approximately to 

coupled resonators with a 

kind 

that obtained for two 

coupling equal to a 
25 standardized difference between the frequencies f s and 

fa of the two symmetrical and antisymmetrical modes 
given by the formµla: 

k = 2 fa - fs 
fa + fs 

This coupling. thus defines the relative passband 
30 that can be obtained with this type of filter. In 

general, a two-pole filter gives an excessively low 
rate of rejection, as well as a steepness of the flanks 
of the passband that is far too low. It then becomes 
necessary to make filters with four to six poles or 



3 

even more, qUite simply by the casc~de connection of 
several two-pole structures • 

.. The drawback of this structure l"ies in the presence 
of a central bus used as a common point, this common 

5 point being connected ··to the ground. The 
characteristic of this bus thus prohibits the use of a 
differential type of connection. Now a connection of 
this type is becoming increasingly necessary because of 
the development of integrated circuits towards a 

10 differential structure. 

A first way of obtaining a transversely coupled 
surface· acoustic wave filter with a differential 
structure is known to those skilled in the art (US 
patent 5 365 138). This is a transversely coupled 

15 two-pole filter with differential inputs and 
differential or non-differential output wherein the 
transducer of the resonator connected to the input has 
been replaced by two different transducers separated by 
a half-wavelength. The ground is still common and the 

20 corresponding electrode is all in one block. By 
contrast, each of the transducers of the resonator 
connected to the input is connected to one of the 
differential inputs. 

A structure of this kind thus enables differential 
25 operation, at both input and output, by the separation 

into two parts of the transducer of the resonator 
connected to the output in the same way as the 
transducer of the resonator connected to the input. By 
contrast, this type of filter has a major drawback that 

30 lies in the high input impedance of the filter. 
Indeed, the input impedance of the filter is the sum of 
the input impedances of each of the transducers for, 
between the two differential inputs, they are perceived 
as. being series-connected by means of .the ground 

35 electrode. To overcome this problem, there is another 
configuration that has a lower input impedance than 
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that of the previous filter. The idea of this filter 
consists in making direct use of the input transducer 
in differential mode. This means that the transducer 
is connected between the + and - differential inputs. 

5 A structure of this kind requires the separation of the 
central bus into two, firstly a ground bus forming part 
of the resonator connected to the output and secondly a 
bus connected to one of the differential inputs forming 
part of the resonator connected to the input. 

10 A structure of this kind ·thus enables differential 
operation at input with a low input impedance equal to 
the impedance of the input transducer. By contrast it 
has a major drawback as regards differential operation. 
This drawback is the absence of symmetry between the + 

15 differential input and the - differential input. 
To overcome this drawback, it is possible to set up 

a parallel connection of two filters according to the 
above structure to obtain a two-pole filter with 
differential inputs (ref. : B. Wall, W. du Hamel: 

20 "Balanced driven transverseiy coupled resonator 
filters", 1996 IEEE Ultrasonics Symposium Proceedings). 
The symmetry between the + differential input and the -
differential input is obtained by reversing the 
polarity of the transducers to compensate for the 

25 reversal of their + and - differential inputs. 

This last-named filter structure thus enables 
differential operation at input with totally 
symmetrical + and - differential inputs and a very low 
input impedance equal to the parallel connection of the 

30 impedance values of each of the transducers. However, 
it requires the making of a substantial substrate 
width. 

35 

An aim of the present invention is to overcome the 
above-mentioned drawbacks. 
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SUMMARY OF THE INVENTION 
To this end, an object of the invention is a 

surface acoustic wave device using a proximity coupling 
of a whole number N of acoustic channels, where N is at 

5 least equal to two, with a given transduction length, 
these acoustic channels being positioned in parallel on 
a substrate and numbered successively 1 to N, wherein 
said device comprises a first particular acoustic 
channel comprising at least one transducer, comprising 

10 two connection buses extended by electrodes, separated 
into several parts electrically connected in parallel 
with one another to form a first differential port ·and 
a second differential port, the polarities of the 
different parts of the transducer being chosen so that 

15 the first differential port and the second differential 
port are electrically symmetrical. 

According to one possible embodiment, this surface 
acoustic wave device furthermore comprises a second 
particular acoustic channel · connected to a third port 

20 preferably used as an output of the device. 
According to a preferred embodiment of the 

invention, the device is a surface acoustic wave filter 
whose first port and second port are used preferably as 
a first. differential input and a second differential 

25 input, each of the acoustic channels of the device 
consisting of a resonator formed by a transducer 
between two reflector gratings. Each transducer 
comprises two connection buses extended by electrodes. 
In this embodiment, the electrical symmetry of the two 

30 inputs is obtained by reversing the polarities of the 
inputs of the two transducers, i.e. the two outer buses 
(and inner buses respectively) of the two transducers 
are connected to the two opposite input voltages. This 
reversal of polarities of the inputs may be compensated 

35 for either by shifting the transducers by a half­
wavelength or by connecting the electrodes so that an 
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alternation of + and - polarities is preserved at the 

junction between the two semi-transducers. 

Again pref er ably, the resonator connected to the 

output of this filter has the same structure as the 

5 resonator connected to the input, enabling differential 

operation at output of the filter as well as at input. 

According to another characteristic, the resonator 

connected to the output of this filter comprises three 

transducers with lengths equal respectively to about 

10 one-fourth, one-half and one-fourth of the total length 

of transduction of the resonator, these transducers 

being electrically connected in parallel to form two 

differential outputs. 

Other features and advantages of the invention 

15 shall appear clearly in the fallowing description of 

particular exemplary embodiments. The examples chosen 

are surface acoustic wave filters formed by several 

acoustic channels, numbered successively 1 to N, each 

acoustic channel numbered n l?eing formed by a single 

20 resonator identified by the same number n, these 

channels being arranged in parallel on a substrate. In 

the description, only the term 'resonator• is used. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The description is made with reference to the 

25 appended figures, of which: 

- Figure 1 shows a two-pole filter according to a 

first embodiment of the invention; 

- Figure 2 is a drawing of the electrodes of the 

filter shown in Figure 1; 

30 - Figure 3 shows a three-pole filter according to a 

second embodiment of the invention; 

- Figure 4 shows a two-pole filter according to a 

third embodiment of the invention; 

- Figure 5 is a drawing of the electrodes of the 

35 filter shown in Figure 4; 
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- Figure 6 shows a three-pole filter according to a 
fourth embodiment of the invention; 

- Figure 7 shows the different mutual capacitances 
between the transducers of the filter shown in Figure 

5 4; 
- Figure 8 shows a two-pole filter according to a 

fifth-embodiment of the invention; 

- Figure 9 shows a three-pole filter according to a 
sixth embodiment of the invention. 

10 In these figures, homologous elements bear the same 
numerical or alphanumerical references. 

DETAILED DESCRIPTION OF THE INVENTION 
Figure 1 gives a simple schematic view of the 

structure of a two-pole filter with differential inputs 
15 according to the invention. The filter has two 

differential inputs E+, E- between which there is 
applied the signal to be filtered and an output S to 
restore the filtered signal in relation to a ground 
reference. The filter consists of two resonators 1 and 

20 2_ coupled by proximity. The resonator 1 connected to 
the differential inputs E+ and E- comprises two 
reflector gratings 3 and 4 on either side of a 
transducer separated into two parts to form a first 
transducer 5 and a second transducer 6. The resonator 

25 2 connected to the output S comprises two reflector 
gratings 7 and 8 on either side of a single transducer 
9. Each transducer s, 6 and 9 comprises two connection 
buses, 10 and 11, 12 and 13, and 14 and 15 

respectively. The connection bus 14 is connected to 
30 the ground. The first transducer 5 is parallel 

connected with the second transducer 6 to form two 
differential inputs E+ and E-. The symmetry between 
the two differential inputs E+ and E- is obtained by 
reversing the polarity of the connection buses between 

35 the first transducer 5 and the second transducer 6. 

This reversal of polarity appears clearly in Figure 2 



8 

which gives a schematic depiction of the arrangement of 

the electrodes forming the different transducers and 

reflector gratings of the two resonators 1 and 2. For 

reasons of clarity, the structure shown is very simple 

5 and in particular comprises a small number of fingers 

for the electrodes. In reality, the number of fingers 

of each electrode is far greater and is in conformity 

with rules well known to those skilled in the art. The 

first transducer 5 shown within a box of dashes 

10 comprises a first electrode 16 connected by means of 

the connection bus 10 to the differential input E+ and 

a second electrode 17 connected by means of the 

connection bus 11 to the differential input E-. The 

fingers of the two electrodes 16 and 17 are imbricated 

15 to form an alternation of positive and negative 

electrical polarities and are spaced out by about half 

a wavelength, 'A./2. A. is the wavelength of the center 

frequency of operation of the filter. The second 

20 

25 

transducer 6, shown 

positioned beside the 

within a box of 

first transducer 

dashes, is 

5 . along the 

direction of propagation of the surface acoustic waves. 
The second transducer 6 has a first electrode 18 

connected by means of the connection bus 12 to the 
differential input E- and a second electrode 19 

connected by means of the connection bus 13 to the 

differential input E+. According·to this arrangement, 

the polarities of the connection buses of the 

transducers 5 and 6 are reversed. This makes it 

possible to obtain the electrical symmetry of the 

30 inputs E+ and E-. Indeed, since the buses 11 and 13 

are different from the buses 10 and 12, their impedance 

values (with reference to the ground and to -the output 

S) are not balanced. The fact of setting up a parallel 

connection of the buses 10 and 13 and the buses 11 and 

35 12 balances the inputs E+ and E- by the connection, to 

each of the two inputs, of a bus of each of the two 
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types. By choosing the polarities of the fingers so as 

to preserve an alternation of the positive and negative 

electrical polarities, there is obtained a differential 

input filter whose input impedance is identical to that 

5 of a similar filter but for which the transducer of the 
resonator connected to the input has not been separated 

into two so as to be used in differential mode. 

The resonator 1 connected to the differential 

inputs E+ and E- is coupled by proximity to the 

10 resonator 2 connected to the output s. The resonator 2 

connected to the output S ~omprises a single transducer 

9 shown within a box of dashes. 

The transducer 9 comprises a first electrode 20, 
connected to the output s by means of a connection bus 

15 15 and a second electrode 21 connected to the ground by 

means of a connection bus 14. The example used fur~her 

above to describe the basic structure of a filter 
according to the invention is a two-pole filter. It is 

easy to improve the rejection of the filter according 
20 to the invention as well as the steepness of the flanks 

of the passband by using a three-pole filter with 

differential inputs. A filter of this kind according 

to the invention is shown in Figure 3. As compared 
with the two-pole filter described here above with 

25 reference to Figures 1 and 2, the three-pole filter 

comprises a third resonator 22 placed between the input 

and output resonators. This third resonator 22 is 
coupled by proximity to the resonator 1 connected to 

the differential inputs E+ and E-, and to the resonator 
30 2 connected to the output s. It is not used as an 

input or output and is connected· to the ground. 
According to thi~ example, it is possible to build a 

filter ·according to the invention with the number of 

poles greater than three, by adding resonators between 

35 the resonator 1 connected to the differential inputs, 

E+ and E-, and the resonator 2 connected to the output 
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s, or by adding resonators to the substrate, outside 

the block formed by the resonator 1 and the resonator 

2, on the resonator 1 side or on the resonator 2 side. 
In the examples used here above to describe the 

s invention, the output S is non-differential. However, 

it is quite possible, within the framework of the 
invention, to make use, as shown in Figure 4, of a 

resonator connected to the output that is identical to 

the resonator connected to the input. The resonator 2 

10 connected to the differential outputs s+ and s­
comprises ·two reflector gratings 7 and 8 on either side 
of the transducer separated into two parts to form a 

first transducer 28 and a second transducer 29. The 
first and second transducers 28 and 29 each comprises 

15 two connection buses, 30 and 31 and 32 and 33 

respectively. The first transducer 28 is parallel­

connected with the second transducer 29 to form two 
differential outputs s+ and s-. The symmetry between 

the differential outputs S+ and s- is obtained by 
20 reversing the polarity of the connection buses · 30 and 

32 on the one hand and 31 and 33 · on the other hand 

between the first transducer 28 and the second 

transducer 29. The reversal of polarity can clearly be 

seen in Figure 5 which gives a schematic view, in the 

25 same style as that of the view shown in Figure 2, of 

the arrangement of the electrodes forming the different 
transducers and reflector gratings of the two 
resonators 1 and 2. The exemplary filter shown in 
Figure 5 has a resonator 2 connected to the 

30 differential outputs s+ and s-. The structure of this 
resonator 2 is symmetrical with that of the resonator 1 

connected to the differential inputs E+ and E- with 

respect to the propagation axis of the_ acoustic waves. 

Just as in the case of the non-differential output 
35 filter illustrated by Figures 1, 2, and 3, it is easy 

to improve the rejection as well as the steepness of 
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the flanks of the passband of the differential output 
filter according to the invention by using a three-pole 
filter. This filter is shown in Fiqure 6. In the same 
way as the filter shown in Fiqure 3, the filter shown 

5 in Fiqure 6 is a three-pole filter obtained with a 
third resonator placed between the two resonators of 
the two-pole filter shown in Fiqures 4 and 5. 

Thus, filter structure shown in Fiqures 4, 5 and 6 
has the advantage of a symmetry between the two 

10 differential inputs E+ and E- as well as between the 
two differential outputs s+ and s-. However, a major 
feature that comes into play in the rejection is the 
balancing of the mutual capacitances between the 
transducer of the resonator connected to the input and 

15 the transducer of the resonator connected to the output 
in the case of a filter with two resonators coupled by 
proximity as shown in Fiqure 4. These capacitances may 
be shown schematically as illustrated in Figure 7. The 
balancing of the mutual capacitances is achieved when 

20 the following relationships are met: 

25 

30 

c++ = c-+ 
c-- = c+-
Under these 

capacitive passage 
The relationships 

(1) 

(2) 

conditions, 
between the 
(1) and (2) 

there is no direct 
input and the output. 
are not met with the 

structure of the filter shown in Fiqures 4 and 5. The 
geometry of this structure makes it possible only to 
write: 

c++ = c-­
c+- = c-+ 

(3) 

. ( 4) 

The relationships ( 3) and ( 4) do not enable the 
elimination of direct passage between the input and the 
output by capacitive coupling as is the case with the 
structure whose output is non-differential •. 
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A variant of the invention is used to overcome this 

drawback. The structure of the corresponding filter is 

shown in Figures 8 and 9. 

Figure 8 shows a two-pole filter. To reduce the 
5 direct passage between the input and the output, the 

structure shown in Figures 4 and s has been modified in 

the resonator 2 connected to the differential outputs, 

s+ and s-. The transducer of the resonator 2 connected 

to the differential outputs s+ and s- is subdivided 

10 into three parts to form a first transducer 38, a 
second transducer 3 9 and a third transducer 4 O, each 
comprising two connection buses, respectively 41 and 

42, 43 and 44, and 45 and 46. The length of each of 
the transducers is respectively about one-fourth, one-

15 half and one-fourth of the length of transduction of 
the resonator 1 connected to the differential inputs E+ 

and E- defined by the total length of the transducers 
of this resonator. 

The three transducers 38, 39 and 40, positioned one 

20 beside the other, are parallel-connected in accordance 

with the rules already· described here above with 
reference to Figure 1. Thus, the structure of the 

filter simultaneously shows a symmetry between the 
differential inputs E+ and E-, a symmetry between the 

25 differential outputs s+ and s- and a symmetry between 

the mutual capacitance values. Figure 9 shows the same 

filter structure for a three-pole filter. The 
invention has been described essentially with reference 

to two-pole filters arid three-pole filters. Filters 
30 according to the invention with a greater number of 

poles may be obtained by the cascade connection of two­
pole filters or three-pole filters or else by coupling 

a sufficient number of resonators according to the 
principle described with reference to Figures 3, 6 and 

35 9. Furthermore, in certain cases, single transducers 
have an operation identical to that of a resonator and 
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the gratings may then be very short (for example with 

10 to so fingers) or non-existent. The resonators that 

are not connected to the inputs or outputs in the case 

of filters with a number of poles greater than two have 

5 been described as being formed by a transducer between 

two gratings. However, since these resonators are 

connected to the ground, the transducer could 

advantageously be replaced by an short-circuited 

electrode grating. Finally, it has been assumed in the 

10 above examples that each acoustical channel is formed 

by a resonator, these resonators having only one mode 

of resonance. It is clearly possible to extend the 

scope of the invention to any type of surf ace acoustic 

wave device using the proximity coupling of several 

15 acoustical channels, whether these channels are formed 

by resonators or not. In particular, it is possible to 

obtain a device having, on the same acoustic channel, 

an input supplied in mode and an outputs. 

The invention has been described essentially with 

20 reference to particular examples of surface acoustic 

wave filters fitted out with differential inputs. The 

invention can be applied, according to the same 

principle, to devices fitted out with a single input 

and differential outputs. 

25 It is also possible to obtain a device that has no 

output, only the impedance perceived between the inputs 

being used to obtain a filter for example. 
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WHAT IS CLAIMED IS: 
1. A surface acoustic wave device using a 

proximity coupling of a whole number N of acoustic 
channels, where N is at least equal to two, with a 

5 given transduction length, these acoustic channels 
being positioned in parallel on a substrate and 
numbered successively 1 to N, wherein said device 
comprises a first particular acoustic channel 
comprising at least one transducer, comprising two 

10 connection buses extended by electrodes, separated into 
several parts electrically connected in parallel with 
one another to form a first differential port {E+) and 
a second differential port {E-), the polarities of the 
different parts of the transducer being chosen so that 

15 the first differential port {E+) and the second 
differential port {E-) are electrically symmetrical. 

2. A device according to claim 1, further 
comprising a second particular acoustic channel 
connected to a third port. 

20 3 . A device according to claim 2 , wherein the 
first particular acoustic channel corresponds to the 
acoustic channel numbered 1 of the device and wherein 
the second particular acoustic channel corresponds to 
the acoustic channel numbered 2 of the device and 

25 wherein the first differential port and the second 
differential port form a first differential input {E+) 
and a second differential input {E-) of the device and 
wherein the third port forms an output ( s) of the 
device. 

30 4 • A device according to claim 3, wherein the 
acoustic channel numbered N comprises at least one 
transducer separated into several parts that are 
electrically connected in parallel to one another, 
achieving a subdivision of the output {S) into a first 

35 differential output (S+) and a second differential 
output (S-), the polarities of the different parts of 
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the transducer beinq chosen so that the first 
differential output (S+) and second differential output 
(S-) are electrically symmetrical. 

5. A device accordinq to claim 4, wherein the 
5 parts of the transducer of the acoustic channel 

numbered l have a lenqth · equal respectively to about 
one-fourth, one-half and one-fourth of the lenqth of 
transduction of this same channel. 

6. A device accordinq to claim 4, wherein the 
10 parts of the transducer of the acoustic channel 

numbered N have a lenqth equal respectively to about 
one-fourth, one-half a,nd one-fourth of the length of 
transduction of this same channel. 

7. A device according to claim 1, wherein the 
15 electrodes of the transducer of the first particular 

acoustic channel are cut out to form a reqular 
succession of imbricated finqers forminq an alternation 
of positive and neqative electrical polarities. 

8. A device accordinq to claim 1, wherein each of 
20 the N acoustic channels coupled by proximity is 

constituted by a resonator consistinq of a transducer 
between two reflector qratinqs. 

9. A device accordinq to claim 8, wherein the 
resonator of the acoustic channel numbered 1 and the 

25 resonator of the acoustic channel numbered N have an 
identical structure, symmetrical with each other with 
respect to the axis of propagation of the. surf ace 
acoustic waves. 

10. A device accordinq to claim 2, wherein the 
30 first particular acoustic channel corresponds to the 

acoustic channel numbered N of the device and wherein 
the second particular acoustic channel corresponds to 
the acoustic channel numbered 1 of the device and 
wherein the first differential port and the second 

35 differential port form a first differential output (S+) 
and a second differential output (S-) of the device, 
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and wherein the third port forms an input of the 
device. 

11. A device according to claim 10, wherein the 

parts of the transducer of the acoustic channel 
5 numbered N have a length equal respectively to about 

one-fourth, one-half and one-fourth of the length of 
transduction of this same channel. 

12. A device according to claim 10, wherein the 

electrodes of the transducer of the acoustic channel 

10 numbered N are cut out to form a reqular succession of 
imbricated fingers forming an alternation of positive 
and negative electrical polarities. 

13. A device according to claim 12, wherein each 
of the N acoustic channels coupled by proximity is 

15 constituted by a resonator consisting of a transducer 
between two reflector gratings. 


