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An ultrasonic signal processor operated at multiple frequen 
cies comprises a nonpiezoelectric plate, an input IDT, an 
output IDT, a ?rst piezoelectric substrate, and a second 

ABSTRACT 

piezoelectric substrate. The input IDT With a dispersive type 
of electrode-?nger pattern has an overlap length L and 
interdigital periodicities P1 (i=1, 2, . . . , The output IDT 
With a dispersive-slant type of electrode-?nger pattern has 
the electrode-?nger direction slanting to that of the input 
IDT by an angle 6, and also has an overlap length Lp along 
the electrode-?nger direction of the output IDT and inter 
digital periodicities Q1 (i=1, 2, . . . , rn) along the orthogonal 
direction to the electrode-?nger direction of the output IDT. 
The input- and output IDTs, and the ?rst- and second 
piezoelectric substrates form a transducer-unit. If one of 
input electric signals Si (i=1, 2, . . . , In) With frequencies f1 
(i=1, 2, . . . , rn) corresponding to the interdigital periodici 
ties Pi, respectively, is applied to the input IDT, a SAW is 
excited in the ?rst piezoelectric substrate. The SAW is 
transmitted to the second piezoelectric substrate along an 
upper end surface of the nonpiezoelectric plate. And then, 
the SAW is transduced at the output IDT to electric signals 
EJ- (j=1, 2, . . . , n), of Which the phase delays linearly 
correlate to SAW propagation lanes WJ- (j=1, 2, . . . , n) 
betWeen the input- and output IDTs on the upper end surface 
of the nonpiezoelectric plate. 
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FIG. 1 
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FIG. 2 
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FIG. 3 
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FIG. 5 
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FIG. 6 
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FIG. 7 
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FIG. 8 
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FIG. 9 
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ULTRASONIC SIGNAL PROCESSOR OPERATED 
AT MULTIPLE FREQUENCIES 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to an ultrasonic signal 
processor operated at multiple frequencies by means of 
using an input interdigital transducer (IDT) With a dispersive 
type of electrode-?nger pattern and an output IDT With a 
dispersive-slant type of electrode-?nger pattern. 

[0003] 2. Description of the Prior Art 

[0004] Conventional ultrasonic transducers for signal pro 
cessing such as a Wedge-shaped transducer and a pieZoelec 
tric thin ?lm transducer make use of disappearing of an 
output electric signal, Which disappears in response to a 
disappearance of an ultrasound on a panel plate by touching 
thereon. In addition, it is dif?cult for conventional ultrasonic 
transducers to be operated under multiple frequencies. Dis 
appearing of the output electric signal makes signal analysis 
complicated, and makes it dif?cult for the conventional 
ultrasonic transducers to be of use as hardWare for the 
coding technique, When assembled in personal computer 
(PC) such as Wearable PC, desktop- and laptop PCs, and 
notebook PC. 

[0005] Conventional hardWare such as magnetic cards and 
IC cards make it dif?cult to keep the information secret. The 
magnetic cards are very convenient and popular, hoWever it 
is easy to make copies thereof or steal passWords. The IC 
cards are superior to the magnetic cards in dif?culty in 
counterfeiting of cards, hoWever it is not enough to keep the 
information secret thoroughly. In order to keep the infor 
mation through PC secret, and to prevent the in?uence of 
noises and invaders, and then to keep a communication 
secret, it is necessary to construct a security system for PC. 

SUMMARY OF THE INVENTION 

[0006] An object of the present invention is to provide an 
ultrasonic signal processor operated at multiple frequencies 
capable of transmitting an ultrasound on a nonpieZoelectric 
plate. 

[0007] Another object of the present invention is to pro 
vide an ultrasonic signal processor operated at multiple 
frequencies capable of sensing a touch position on the 
nonpieZoelectric plate from an appearance of an electric 
signal, Which appears in response to the disappearance of the 
ultrasound on the nonpieZoelectric plate by touching 
thereon. 

[0008] Another object of the present invention is to pro 
vide an ultrasonic signal processor operated at multiple 
frequencies capable of accurate sensing of a minute touch 
position on the nonpieZoelectric plate With a high sensitivity, 
high resolution, and a quick response time. 

[0009] Another object of the present invention is to pro 
vide an ultrasonic signal processor operated at multiple 
frequencies making a contribution to the coding technique. 

[0010] Another object of the present invention is to pro 
vide an ultrasonic signal processor operated at multiple 
frequencies preventing the in?uence of noises and invaders. 
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[0011] Another object of the present invention is to pro 
vide an ultrasonic signal processor operated at multiple 
frequencies making it dif?cult to steal information. 

[0012] Another object of the present invention is to pro 
vide an ultrasonic signal processor operated at multiple 
frequencies keeping a communication secret. 

[0013] Another object of the present invention is to pro 
vide an ultrasonic signal processor operated at multiple 
frequencies excellent in manufacturing and mass produc 
tion. 

[0014] Another object of the present invention is to pro 
vide an ultrasonic signal processor operated at multiple 
frequencies capable of operation under loW electric poWer 
consumption With loW voltage. 

[0015] A still other object of the present invention is to 
provide an ultrasonic signal processor operated at multiple 
frequencies having a small-siZed circuit With a simple struc 
ture Which is very light in Weight. 

[0016] According to one aspect of the present invention 
there is provided an ultrasonic signal processor operated at 
multiple frequencies comprising a nonpieZoelectric plate, an 
input IDT, an output IDT, a ?rst pieZoelectric substrate, and 
a second pieZoelectric substrate. The input IDT With a 
dispersive type of electrode-?nger pattern has an overlap 
length L and interdigital periodicities Pi (i=1, 2, . . . , The 
output IDT With a dispersive-slant type of electrode-?nger 
pattern has the electrode-?nger direction slanting to that of 
the input IDT by an angle 0, and also has an overlap length 
Lp along the electrode-?nger direction of the output IDT and 
interdigital periodicities Qi (i=1, 2, . . . , m) along the 
orthogonal direction to the electrode-?nger direction of the 
output IDT. The input- and output IDTs, and the ?rst- and 
second pieZoelectric substrates form a transducer-unit. 

[0017] If one of input electric signals Si (i=1, 2, . . . , m) 
With frequencies fi (i=1, 2, . . . , m) corresponding to the 
interdigital periodicities Pi, respectively, is applied to the 
input IDT, a SAW is excited in the ?rst pieZoelectric 
substrate. The SAW is transmitted to the second pieZoelec 
tric substrate along an upper end surface of the nonpieZo 
electric plate. And then, the SAW is transduced at the output 
IDT to electric signals EJ- (j=1, 2, . . . , n), of Which the phase 
delays linearly correlate to SAW propagation lanes WJ- (j=1, 
2, . . . , n) betWeen the input- and output IDTs on the upper 

end surface of the nonpieZoelectric plate. 

[0018] According to another aspect of the present inven 
tion there is provided an output IDT having the interdigital 
periodicities Qi and the overlap length LP. Each of the 
interdigital periodicities Qi is equal to the product of the 
corresponding one of the interdigital periodicities Pi and cos 
0. The overlap length LP is equal to the product of the 
overlap length L and sec 0. 

[0019] According to another aspect of the present inven 
tion there is provided an ultrasonic signal processor operated 
at multiple frequencies further comprising a third pieZoelec 
tric substrate, a coding IDT, a terminal IDT having the 
electrode-?nger direction parallel to that of the coding IDT, 
a fourth pieZoelectric substrate, an initial IDT, a decoding 
IDT, and a signal analyZer. The coding IDT consists of 
electrode-?nger pairs, of Which tWo neighbors are at a 
distance from each other, and has a coded pattern. The 
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distance equals one of the interdigital periodicities Pi. The 
decoding IDT has the same construction pattern as the 
coding IDT. In the ultrasonic signal processor operated at 
multiple frequencies, if touching one of the SAW propaga 
tion lanes Wj, one of the electric signals E]- is detected at the 
output IDT, and then, it arrives at the coding IDT. In this 
time, a SAW based on the coded pattern is eXcited on the 
third pieZoelectric substrate. The SAW based on the coded 
pattern is detected as a coded burst-signal at the terminal 
IDT. The coded burst signal arrives at the initial IDT, so that 
a SAW is eXcited on the fourth pieZoelectric substrate. In this 
time, if the SAW on the fourth pieZoelectric substrate 
correlates to the coded pattern, a pulse is detected at the 
decoding IDT. The pulse arrives at the signal analyZer. As a 
result, the touch position, that is, the one of the SAW 
propagation lanes W]- is sensed by means of the phase of the 
pulse. 
[0020] According to another aspect of the present inven 
tion there are provided ?rst- and second pieZoelectric sub 
strates made of a pieZoelectric ceramic, respectively, the 
polariZation aXis thereof being parallel to the thickness 
direction thereof. 

[0021] According to another aspect of the present inven 
tion there are provided ?rst- and second pieZoelectric sub 
strates having a thickness smaller than the smallest one of 
the interdigital periodicities Pi, and a nonpieZoelectric plate 
having a thickness larger than three times the largest one of 
the interdigital periodicities Pi. 

[0022] According to another aspect of the present inven 
tion there is provided an ultrasonic signal processor operated 
at multiple frequencies, Wherein the phase velocity of the 
SAW on the nonpieZoelectric plate alone is higher than that 
in the ?rst- and second pieZoelectric substrates alone. 

[0023] According to other aspect of the present invention 
there is provided an ultrasonic signal processor operated at 
multiple frequencies comprising the nonpieZoelectric plate 
and tWo transducer-units, of Which each consists of at least 
one input IDT, at least one output IDT, the ?rst pieZoelectric 
substrate, and the second pieZoelectric substrate. If one of 
the input electric signals Si is applied to the input IDT, a 
SAW is excited in the ?rst pieZoelectric substrate. The SAW 
is transmitted to the second pieZoelectric substrate along the 
upper end surface of the nonpieZoelectric plate, and then it 
is transduced to the electric signals Ej at the output IDT. 

[0024] According to a further aspect of the present inven 
tion there is provided an ultrasonic signal processor operated 
at multiple frequencies comprising the nonpieZoelectric 
plate, tWo ultrasonic units, the third pieZoelectric substrate, 
the fourth pieZoelectric substrate, and the signal analyZer. 
Each of the ultrasonic units consists of the input IDT, the 
output IDT, the ?rst pieZoelectric substrate, the second 
pieZoelectric substrate, the coding IDT, the terminal IDT, the 
initial IDT, and the decoding IDT. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] Other features and advantages of the invention Will 
be clari?ed from the folloWing description With reference to 
the attached draWings. 

[0026] FIG. 1 shoWs a schematic illustration of an ultra 
sonic signal processor operated at multiple frequencies 
according to a ?rst embodiment of the present invention. 
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[0027] FIG. 2 shoWs a plan vieW of output IDT RX1 With 
a dispersive-slant type of electrode-?nger pattern. 

[0028] FIG. 3 shoWs a sectional vieW of the ultrasonic 
signal processor operated at multiple frequencies in FIG. 1. 

[0029] FIG. 4 shoWs a schematic illustration of an ultra 
sonic signal processor operated at multiple frequencies 
according to a second embodiment of the present invention. 

[0030] FIG. 5 shoWs a plan vieW of coding IDT 5 con 
sisting of eleven electrode-?nger pairs. 

[0031] FIG. 6 shoWs a fragmentary plan vieW, on an 
enlarged scale, of a coding IDT used in place of coding IDT 
5 and decoding IDT 9. 

[0032] FIG. 7 shoWs a schematic illustration of an ultra 
sonic signal processor operated at multiple frequencies 
according to a third embodiment of the present invention. 

[0033] FIG. 8 shoWs a schematic illustration of an ultra 
sonic signal processor operated at multiple frequencies 
according to a fourth embodiment of the present invention. 

[0034] FIG. 9 shoWs a schematic illustration of an ultra 
sonic signal processor operated at multiple frequencies 
according to a ?fth embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PRESENTLY PREFERRED EXEMPLARY 

EMBODIMENTS 

[0035] FIG. 1 shoWs a schematic illustration of an ultra 
sonic signal processor operated at multiple frequencies 
according to a ?rst embodiment of the present invention. 
The ultrasonic signal processor operated at multiple frequen 
cies comprises nonpieZoelectric plate 1, ?rst pieZoelectric 
substrate 2, second pieZoelectric substrate 3, input IDT Txl, 
and output IDT RX1. NonpieZoelectric plate 1 is made of a 
glass plate. Input IDT TX1 has a dispersive type of electrode 
?nger pattern, and has an overlap length L (12 mm), and 
interdigital periodicities Pi (i=1, 2, . . . , m) of 400 ~500 pm, 
that is, from P1 of 400 pm to Prn of 500 pm. Input IDT TX1 
and output IDT Rxl, made of an aluminum thin ?lm, 
respectively, are formed on nonpieZoelectric plate 1. First 
pieZoelectric substrate 2 and second pieZoelectric substrate 
3 are not draWn in FIG. 1. Input IDT Txl, output IDT RX1, 
?rst pieZoelectric substrate 2, and second pieZoelectric sub 
strate 3 form a transducer-unit. 

[0036] FIG. 2 shoWs a plan vieW of output IDT RX1 With 
a dispersive-slant type of electrode-?nger pattern. Output 
IDT RX1 is located such that the electrode-?nger direction 
thereof is slanting to that of input IDT TX1 by an angle 0. And 
then, output IDT RX1 has an overlap length LP along the 
electrode-?nger direction thereof, and interdigital periodici 
ties Qi (i=1, 2, . . . , m) along the orthogonal direction to the 
electrode-?nger direction thereof. Each of the interdigital 
periodicities Qi is equal to the product of the corresponding 
one of the interdigital periodicities Pi and cos 0, and the 
overlap length LP is equal to the product of the overlap 
length L and sec 0. 

[0037] FIG. 3 shoWs a sectional vieW of the ultrasonic 
signal processor operated at multiple frequencies in FIG. 1. 
NonpieZoelectric plate 1 has a dimension of 1.5 mm in 
thickness. First pieZoelectric substrate 2 and second pieZo 
electric substrate 3 are made of a pieZoelectric ceramic thin 
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plate With a dimension of 150 pm in thickness, respectively, 
and the polarization axis thereof is parallel to the thickness 
direction thereof. First pieZoelectric substrate 2 and second 
pieZoelectric substrate 3 are mounted on input IDT TX1 and 
output IDT Rxl, respectively. 

[0038] In the ultrasonic signal processor operated at mul 
tiple frequencies in FIG. 1, if one of input electric signals 
Si(i=1, 2, . . . , m) With frequencies fi (i=1, 2, . . . , m) 
corresponding to the interdigital periodicities Pi, respec 
tively, is applied to input IDT TX1, a SAW is excited in ?rst 
pieZoelectric substrate 2. In this time, because ?rst pieZo 
electric substrate 2 is made of a pieZoelectric ceramic, and 
the polariZation axis thereof is parallel to the thickness 
direction thereof, the SAW is effectively excited in ?rst 
pieZoelectric substrate 2. In addition, if the phase velocity of 
the SAW is approximately the same as that of the Rayleigh 
Wave traveling on nonpieZoelectric plate 1 alone, the one of 
the input electric signals Si is effectively transduced to the 
SAW. Furthermore, the dispersion of electrode-?nger pat 
tern of input IDT TX1 enables the operation at multiple 
frequencies. 

[0039] The SAW excited in ?rst pieZoelectric substrate 2 
is effectively transmitted to second pieZoelectric substrate 3, 
along the upper end surface of nonpieZoelectric plate 1 
Without a leakage of the SAW into the inside of nonpieZo 
electric plate 1, because (1) the thickness of ?rst pieZoelec 
tric substrates 2 is smaller than the smallest one of the 
interdigital periodicities Pi, (2) the thickness of nonpieZo 
electric plate 1 is larger than three times the largest one of 
the interdigital periodicities Pi, and (3) nonpieZoelectric 
plate 1 is made of the glass, in Which the phase velocity of 
the SAW traveling on nonpieZoelectric plate 1 alone is 
higher than that traveling on ?rst pieZoelectric substrate 2 
alone. 

[0040] The SAW transmitted to second pieZoelectric sub 
strate 3 is transduced to electric signals EXJ- (j=1, 2, . . . , n) 
at output IDT Rxl. Thus, SAW propagation lanes WXJ- (j=1, 
2, . . . , n) on the upper end surface of nonpieZoelectric plate 

1 are formed betWeen input IDT TX1 and output IDT Rxl. If 
touching a position on one of the SAW propagation lanes 
WXj, one of the electric signals EXJ- is detected at output IDT 
RX1. In other Words, if touching noWhere, no electric signal 
is detected at output IDT Rxl, because the sum of the phases 
of the electric signals EXJ- Which linearly correlate to the 
SAW propagation lanes WXJ- is Zero as the result of phase 
compensation. 

[0041] FIG. 4 shoWs a schematic illustration of an ultra 
sonic signal processor operated at multiple frequencies 
according to a second embodiment of the present invention. 
The ultrasonic signal processor operated at multiple frequen 
cies has the same construction as FIG. 1, except for the 
presence of third pieZoelectric substrate 4, coding IDT 5, 
terminal IDT 6, fourth pieZoelectric substrate 7, initial IDT 
8, decoding IDT 9, sWitches (10 and 11), signal analyZer 12 
and ampli?er 13. A section made from coding IDT 5, 
terminal IDT 6, and third pieZoelectric substrate 4, on Which 
coding IDT 5 and terminal IDT 6 are mounted, acts as a lock. 
Another section made from initial IDT 8, decoding IDT 9, 
and fourth pieZoelectric substrate 7, on Which initial IDT 8 
and decoding IDT 9 are mounted, acts as a key removable 
through sWitches (10 and 11). Coding IDT 5, terminal IDT 
6, initial IDT 8 and decoding IDT 9 are made of an 
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aluminum thin ?lm, respectively. First pieZoelectric sub 
strate 2 and second pieZoelectric substrate 3 are not draWn 
in FIG. 4. 

[0042] FIG. 5 shoWs a plan vieW of coding IDT 5 con 
sisting of eleven electrode-?nger pairs. TWo neighbors of the 
electrode-?nger pairs are at a distance from each other. The 
distance equals one of the interdigital periodicities Pi 
(400~500 pm). Coding IDT 5 has a coded pattern based on 
the Baker code. Besides an eleven-digits code (1, 1, 1, 0, 0, 
0, 1, 0, 0, 1, 0) as shoWn in FIG. 5, for example, a 
three-digits code (1, 1, 0), a seven-digits code (1, 1, 1, 0, 0, 
1, 0), and others are available. Decoding IDT 9 has the same 
construction pattern as coding IDT 5, and has the same 
distance, betWeen tWo neighbors of the electrode-?nger 
pairs, as coding IDT 5. 

[0043] In the ultrasonic signal processor operated at mul 
tiple frequencies in FIG. 4, if one of the input electric 
signals S1, for example, the input electric signal S3 With the 
frequency f3 corresponding to the interdigital periodicity P3 
is applied to input IDT TX1, a SAW is excited in ?rst 
pieZoelectric substrate 2. The SAW is effectively transmitted 
to second pieZoelectric substrate 3, along the upper end 
surface of nonpieZoelectric plate 1, and transduced to the 
electric signals EXJ- at output IDT RX1. Thus, the SAW 
propagation lanes WXJ- on the upper end surface of nonpi 
eZoelectric plate 1 are formed betWeen input IDT TX1 and 
output IDT RX1. 

[0044] If touching a position on one of the SAW propa 
gation lanes WXj, one of the electric signals EXJ- is detected 
at output IDT Rd. The one of the electric signals EXJ- is 
applied to coding IDT 5. In this time, if coding IDT 5 has the 
distance, equaling the interdigital periodicity P3, betWeen 
tWo neighbors of the electrode-?nger pairs, a SAW based on 
the coded pattern is excited on third pieZoelectric substrate 
4, and then it is detected as a coded burst-signal at terminal 
IDT 6. The coded burst signal arrives at initial IDT 8 via 
sWitch 10, so that a SAW is excited on fourth pieZoelectric 
substrate 7. In this time, if the SAW on fourth pieZoelectric 
substrate 7 correlates to the coded pattern, a pulse is detected 
at decoding IDT 9. In other Words, no key or a key With a 
decoding IDT having the different construction pattern and 
the different distance, betWeen tWo neighbors of the elec 
trode-?nger pairs, from decoding IDT 9 causes no pulse, so 
that it is impossible to operate the PC having the ultrasonic 
signal processor operated at multiple frequencies of the 
present invention. Thus, setting the ultrasonic signal pro 
cessor operated at multiple frequencies in the PC prevents 
the in?uence of noises and invaders, because of the coding 
technique as shoWn in FIG. 5. Moreover, setting the ultra 
sonic signal processor operated at multiple frequencies in 
the PC makes it dif?cult to steal information, and keeps a 
communication secret. Furthermore, using coding tech 
niques based on softWare together With the coding technique 
as mentioned above brings a further security. 

[0045] The pulse detected at decoding IDT 9 arrives at 
signal analyZer 12 via sWitch 11. As a result, the touch 
position on the one of the SAW propagation lanes WXJ- is 
sensed by means of the phase of the pulse. In addition, 
supplying input IDT TX1 With the pulse via ampli?er 13 
causes a self-oscillation. Furthermore, sensing the touch 
position by means of the phase of the pulse makes the signal 
analysis easy, and causes the circuit construction simpli?ed. 
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[0046] FIG. 6 shows a fragmentary plan vieW, on an 
enlarged scale, of a coding IDT used in place of coding IDT 
5 and decoding IDT 9. Changing the polarity of each 
electrode-?nger pair presents a favorite coded pattern. Thus, 
using the coding IDT in FIG. 6 presents a higher security for 
the PC having the ultrasonic signal processor operated at 
multiple frequencies in FIG. 4. 

[0047] FIG. 7 shoWs a schematic illustration of an ultra 
sonic signal processor operated at multiple frequencies 
according to a third embodiment of the present invention. 
The ultrasonic signal processor operated at multiple frequen 
cies has the same construction as FIG. 4, except for the 
presence of pieZoelectric substrates (2X, 3X, 2y and 3y), 
sWitch 14, input IDT Tyl, and output IDT Ryl, and the 
absence of ?rst pieZoelectric substrate 2 and second pieZo 
electric substrate 3. Input IDT TV1 and output IDT Ryl have 
the same constructions as input IDT TX1 and output IDT Rxl, 
respectively, and are formed on nonpieZoelectric plate 1. 
Piezoelectric substrates (2X, 3X, 2y and 3y) With the same 
constructions as ?rst pieZoelectric substrate 2 are mounted 
on input IDT TX1, output IDT Rxl, input IDT Tyl, and output 
IDT Ryl, respectively, in the same Way as FIG. 3, and are 
not draWn in FIG. 7. 

[0048] In the ultrasonic signal processor operated at mul 
tiple frequencies in FIG. 7, if one of the input electric 
signals Si is applied to input IDT (TX1 or Tyl) via sWitch 14, 
a SAW is excited in pieZoelectric substrate (2X or 2y), 
respectively. The SAW is effectively transmitted to pieZo 
electric substrate (3X or 3y), and transduced to the electric 
signals EXJ- at output IDT Rxl, or to electric signals Eyj (j=1, 
2, . . . , n) at output IDT Ryl. Thus, the SAW propagation 
lanes WXJ- betWeen input IDT TX1 and output IDT Rxl, or 
SAW propagation lanes Wyj (j=1, 2, . . . , n) betWeen input 
IDT Tyl and output IDT Ryl are formed on the upper end 
surface of nonpieZoelectric plate 1. 

[0049] If touching a position Which is not only on one of 
the SAW propagation lanes WXJ- but also on one of the SAW 
propagation lanes Wyj, one of the electric signals EXJ- or one 
of the electric signals Eyj is detected at output IDT (RX1 or 
Ryl), respectively. In other Words, if touching noWhere, no 
electric signal is detected at output IDTs (RX1 and Ryl), 
because the sum of the phases of the electric signals EX] 
Which linearly correlate to the SAW propagation lanes WXJ 
and that of the electric signals Eyj Which linearly correlate to 
the SAW propagation lanes Wyj are both Zero as the result of 
phase compensation. The one of the electric signals EXJ- or 
the one of the electric signals Eyj is applied to coding IDT 5, 
so that a SAW based on the coded pattern is excited on third 
pieZoelectric substrate 4, and then it is detected as a coded 
burst-signal at terminal IDT 6. The coded burst signal arrives 
at initial IDT 8 via sWitch 10, so that a SAW is excited on 
fourth pieZoelectric substrate 7. In this time, if the SAW on 
fourth pieZoelectric substrate 7 correlates to the coded 
pattern, a pulse is detected at decoding IDT 9. The pulse 
arrives at signal analyZer 12 via sWitch 11. As a result, the 
one of the SAW propagation lanes WXJ- or the one of the 
SAW propagation lanes Wyj is sensed by means of the phase 
of the pulse. In this time, it should be noticed that Which of 
input IDTs (TX1 and Tyl) receives the one of the input 
electric signals Si When the pulse appears at signal analyZer 
12. If input IDT TX1 receives the one of the input electric 
signals Si, the one of the SAW propagation lanes WXJ- is 
de?ned, and if input IDT Tyl receives the one of the input 
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electric signals Si, the one of the SAW propagation lanes Wyj 
is de?ned. Thus, the touch position on the one of the SAW 
propagation lanes WXJ- and on the one of the SAW propaga 
tion lanes Wyj is recogniZed. 

[0050] FIG. 8 shoWs a schematic illustration of an ultra 
sonic signal processor operated at multiple frequencies 
according to a fourth embodiment of the present invention. 
The ultrasonic signal processor operated at multiple frequen 
cies has the same construction as FIG. 7, except for the 
presence of sWitches (15 and 16), input IDTs (TX2 and Tyz) 
With the same construction patterns as input IDT TX1, and 
output IDTs (RX2 and Ryz) With the same construction 
patterns as output IDT RX1. Input IDTs (TX2 and Tyz) and 
output IDTs (RX2 and Ryz) are formed on nonpieZoelectric 
plate 1. Piezoelectric substrates (2X, 3X, 2y and 3y) are 
mounted on input IDTs (TX1 and TXZ), output IDTs (RX1 and 
RXZ), input IDTs (TV1 and Tyz), and output IDTs (RV1 and 
Ryz), respectively, in the same Way as FIG. 3, and are not 
draWn in FIG. 8. 

[0051] In the ultrasonic signal processor operated at mul 
tiple frequencies in FIG. 8, if one of the input electric 
signals Si is applied to each of input IDTs (TX1 and TX2) in 
turn via sWitches (14 and 15), a SAW is excited at each of 
input IDTs (TX1 and TX2) in pieZoelectric substrate 2X. The 
SAW is effectively transmitted to pieZoelectric substrate 3X, 
and then transduced to electric signals EXJ- at each of output 
IDTs (RX1 and RXZ). Thus, the SAW propagation lanes WXJ 
are formed betWeen input IDT TX1 and output IDT Rxl, or 
betWeen input IDT TX2 and output IDT RX2. In the same Way, 
if one of the input electric signals Si is applied to each of 
input IDTs (TV1 and Tyz) in turn via sWitches (14 and 16), a 
SAW is excited at each of input IDTs (TV1 and Tyz) in 
pieZoelectric substrate 2y. The SAW is effectively transmit 
ted to pieZoelectric substrate 3 and transduced to the 
electric signals Eyj at each of output IDTs (RV1 and Ryz). 
Thus, the SAW propagation lanes Wyj are formed betWeen 
input IDT TV1 and output IDT R or betWeen input IDT Ty2 
and output IDT Ryz. 

[0052] If touching a position on one of the SAW propa 
gation lanes WXJ- betWeen, for example, input IDT TX2 and 
output IDT RX2, and on one of the SAW propagation lanes 
Wyj betWeen, for example, input IDT Tyl and output IDT 
Ry1 in FIG. 8, one of the electric signals EXJ- or one of the 
electric signals Eyj is detected at output IDT (RX2 or Ryl), 
respectively. In this time, the one of the electric signals EX] 
is detected at output IDT RX2 only When input IDT TX2 is 
connected With ampli?er 13 via sWitches (14 and 15), and 
the one of the electric signals Eyj is detected at output IDT 
Ryl only When input IDT TV1 is connected With ampli?er 13 
via sWitches (14 and 16). The one of the electric signals EX] 
or the one of the electric signals Eyj is applied to coding IDT 
5, so that a SAW based on the coded pattern is excited on 
third pieZoelectric substrate 4, and then it is detected as a 
coded burst-signal at terminal IDT 6. The coded burst signal 
arrives at initial IDT 8 via sWitch 10, so that a SAW is 
excited on fourth pieZoelectric substrate 7. In this time, if the 
SAW on fourth pieZoelectric substrate 7 correlates to the 
coded pattern, a pulse is detected at decoding IDT 9. The 
pulse arrives at signal analyZer 12 via sWitch 11. As a result, 
the one of the SAW propagation lanes WXJ- or the one of the 
SAW propagation lanes Wyj is sensed by means of the phase 
of the pulse. In this time, it should be noticed that Which of 
input IDTs (TX1, TX2, Tyl and Tyz) receives the one of the 
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input electric signals Si When the pulse appears at signal 
analyzer 12. For example, if input IDT TX2 receives the one 
of the input electric signals Si, the one of the SAW propa 
gation lanes WXJ- betWeen input IDT TX2 and output IDT RX2 
is de?ned. Thus, the touch position on the one of the SAW 
propagation lanes WXJ- and on the one of the SAW propaga 
tion lanes Wyj is recognized. 

[0053] FIG. 9 shoWs a schematic illustration of an ultra 
sonic signal processor operated at multiple frequencies 
according to a ?fth embodiment of the present invention. 
The ultrasonic signal processor operated at multiple frequen 
cies has the same construction as FIG. 8, except for the 
presence of sWitches (17 and 18) in place of sWitches (10 
and 11), respectively, coding IDTs (5X and 5y) in place of 
coding IDT 5, terminal IDTs (6X and 6y) in place of terminal 
IDT 6, initial IDTs (1'3X and 8y) in place of initial IDT 8, and 
decoding IDTs (9X and 9y) in place of decoding IDT 9, 
ampli?ers (13X and 13y) in place of ampli?er 13, and the 
absence of sWitch 14. Coding IDT 5X and decoding IDT 9X 
have the same construction patterns each other. In the same 
Way, coding IDT 5y and decoding IDT 9y have the same 
construction patterns each other. Piezoelectric substrates (2X, 
3X, 2y and 3y) are not draWn in FIG. 9. 

[0054] In the ultrasonic signal processor operated at mul 
tiple frequencies in FIG. 9, if one of the input electric 
signals Si is applied to each of input IDTs (TX1 and TX2) in 
turn via sWitch 15, a SAW is excited at each of input IDTs 
(TX1 and TX2) in piezoelectric substrate 2X. The SAW is 
effectively transmitted to piezoelectric substrate 3X, and then 
transduced to electric signals EXJ- at each of output IDTs (RX1 
and RXZ). In the same time, if one of the input electric signals 
Si is applied to each of input IDTs (TV1 and Tyz) in turn via 
sWitch 16, a SAW is excited at each of input IDTs (Tyl and 
Tyz) in piezoelectric substrate 2y. The SAW is effectively 
transmitted to piezoelectric substrate 3y, and transduced to 
the electric signals Eyj at each of output IDTs (RV1 and Ryz). 
Thus, the SAW propagation lanes WXJ- are formed betWeen 
input IDT TX1 and output IDT Rxl, or betWeen input IDT TX2 
and output IDT RX2, and at the same time, the SAW 
propagation lanes Wyj are formed betWeen input IDT Tyl 
and output IDT Ryl, or betWeen input IDT Ty2 and output 
IDT Ryz. 

[0055] If touching a position on one of the SAW propa 
gation lanes WXJ- betWeen, for example, input IDT TX2 and 
output IDT RX2, and on one of the SAW propagation lanes 
Wyj betWeen, for example, input IDT Tyl and output IDT 
Ry1 in FIG. 9, one of the electric signals EXJ- and one of the 
electric signals Eyj are simultaneously detected at output 
IDTs (RX2 and Ryl), respectively. In this time, the one of the 
electric signals EXJ- is detected at output IDT RX2 only When 
input IDT TX2 is connected With ampli?er 13X via sWitch 15, 
and the one of the electric signals Eyj is detected at output 
IDT RV1 only When input IDT TV1 is connected With ampli 
?er 13y via sWitch 16. The one of the electric signals EXJ- and 
the one of the electric signals Eyj are applied to coding IDTs 
(5X and 5y), so that SAWs based on the coded patterns of 
coding IDTs (5X and 5y), respectively, are excited on third 
piezoelectric substrate 4, and then they are detected as coded 
burst-signals at terminal IDTs (6X and 6y), respectively. The 
coded burst signals arrive at initial IDTs (1'3X and 8y), respec 
tively, via sWitch 17, so that SAWs are excited on fourth 
piezoelectric substrate 7. In this time, if the SAWs on fourth 
piezoelectric substrate 7 correlates to the coded patterns, 
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respectively, pulses are detected at decoding IDTs (9X and 
9y). The pulses arrive at signal analyzer 12 via sWitch 18. As 
a result, the one of the SAW propagation lanes WXJ- and the 
one of the SAW propagation lanes Wyj are sensed by means 
of the phases of the pulses. Thus, the touch position is 
recognized. Furthermore, using coding IDTs (5X and 5y) With 
the different coded patterns from each other keeps a still 
further security. 

[0056] While this invention has been described in connec 
tion With What is presently considered to be the most 
practical and preferred embodiment, it is to be understood 
that the invention is not limited to the disclosed embodi 
ment, but, on the contrary, is intended to cover various 
modi?cations and equivalent arrangements included Within 
the spirit and scope of the appended claims. 

What is claimed is: 
1. An ultrasonic signal processor operated at multiple 

frequencies comprising: 
a nonpiezoelectric plate; 

an input IDT With a dispersive type of electrode-?nger 
pattern, and having an overlap length L and interdigital 
periodicities Pi (i=1, 2, . . . , m); 

an output IDT With a dispersive-slant type of electrode 
?nger pattern, and having the electrode-?nger direction 
slanting to that of said input IDT by an angle 0, and also 
having an overlap length LP along said electrode-?nger 
direction of said output IDT and interdigital periodici 
ties Qi (i=1, 2, . . . , m) along the orthogonal direction 
to said electrode-?nger direction of said output IDT; 

a ?rst piezoelectric substrate; and 

a second piezoelectric substrate, 

said input- and output IDTs, and said ?rst- and second 
piezoelectric substrates forming a transducer-unit, 

said input IDT receiving one of input electric signals Si 
(i=1, 2, . . . , m) With frequencies fi (i=1, 2, . . . , m) 
corresponding to said interdigital periodicities P1, 
respectively, exciting a SAW in said ?rst piezoelec 
tric substrate, and transmitting said SAW to said 
second piezoelectric substrate along an upper end 
surface of said nonpiezoelectric plate, 

said output IDT transducing said SAW to electric 
signals EJ- (j=1, 2, . . . , n), of Which the phase delays 
linearly correlate to SAW propagation lanes WJ- (j=1, 
2, . . . , n) betWeen said input- and output IDTs on 

said upper end surface of said nonpiezoelectric plate, 
2. An ultrasonic signal processor operated at multiple 

frequencies as de?ned in claim 1, Wherein each of said 
interdigital periodicities Qi is equal to the product of the 
corresponding one of said interdigital periodicities P1 and 
cos 0, and said overlap length LP is equal to the product of 
said overlap length L and sec 0. 

3. An ultrasonic signal processor operated at multiple 
frequencies as de?ned in claim 1 further comprising: 

a third piezoelectric substrate; 

a coding IDT consisting of electrode-?nger pairs, of 
Which tWo neighbors are at a distance from each other, 
and having a coded pattern, said distance equaling one 
of said interdigital periodicities Pi; 
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a terminal IDT having the electrode-?nger direction par 
allel to that of said coding IDT; 

a fourth piezoelectric substrate; 

an initial IDT; 

a decoding IDT having the same construction pattern as 
said coding IDT; and 

a signal analyZer, 

said coding IDT receiving one of said electric signals E] 
only When touching one of said SAW propagation 
lanes Wj, and exciting a SAW based on said coded 
pattern on said third pieZoelectric substrate, 

said terrninal IDT detecting a coded burst-signal cor 
responding to said coded pattern, 

said initial IDT receiving said coded burst-signal, and 
exciting a SAW on said fourth pieZoelectric sub 

strate, 

said decoding IDT detecting a pulse if said SAW on 
said fourth pieZoelectric substrate correlates to said 
coded pattern, and 

said signal analyZer sensing said one of said SAW 
propagation lanes W]- by means of the phase of said 
pulse. 

4. An ultrasonic signal processor operated at multiple 
frequencies as de?ned in claim 1, Wherein said ?rst- and 
second pieZoelectric substrates are made of a pieZoelectric 
cerarnic, respectively, the polariZation axis thereof being 
parallel to the thickness direction thereof. 

5. An ultrasonic signal processor operated at multiple 
frequencies as de?ned in claim 1, Wherein said ?rst- and 
second pieZoelectric substrates have a thickness smaller than 
the smallest one of said interdigital periodicities Pi, and said 
nonpieZoelectric plate has a thickness larger than three times 
the largest one of said interdigital periodicities Pi. 

6. An ultrasonic signal processor operated at multiple 
frequencies as de?ned in claim 1, Wherein the phase velocity 
of said SAW on said nonpieZoelectric plate alone is higher 
than that in said ?rst- and second pieZoelectric substrates 
alone. 

7. An ultrasonic signal processor operated at multiple 
frequencies comprising: 

a nonpieZoelectric plate; and 

tWo transducer-units, of Which each consists of 

at least one input IDT With a dispersive type of elec 
trode-?nger pattern, and having an overlap length L 
and interdigital periodicities Pi (i=1, 2, . . . , In), 

at least one output IDT With a dispersive-slant type of 
electrode-?nger pattern, and having the electrode 
?nger direction slanting to that of said input IDT by 
an angle 6, and also having an overlap length LP 
along said electrode-?nger direction of said output 
IDT and interdigital periodicities Qi (i=1, 2, . . . , rn) 
along the orthogonal direction to said electrode 
?nger direction of said output IDT, 
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a ?rst pieZoelectric substrate, and 

a second pieZoelectric substrate, 

said at least one input IDT receiving one of input 
electric signals S1 (i=1, 2, . . . , In) With frequencies 
fi (i=1, 2, . . . , rn) corresponding to said interdigital 
periodicities P1, respectively, exciting a SAW in said 
?rst pieZoelectric substrate, and transmitting said 
SAW to said second pieZoelectric substrate along an 
upper end surface of said nonpieZoelectric plate, 

said at least one output IDT transducing said SAW to 
electric signals EJ- (j=1, 2, . . . , n), of Which the phase 
delays linearly correlate to SAW propagation lanes 
Wj (j=1, 2, . . . , n) betWeen said at least one input IDT 
and said at least one output IDT on said upper end 
surface of said nonpieZoelectric plate. 

8. An ultrasonic signal processor operated at multiple 
frequencies as de?ned in claim 7, Wherein each of said 
interdigital periodicities Qi is equal to the product of the 
corresponding one of said interdigital periodicities Pi and 
cos 6, and said overlap length LP is equal to the product of 
said overlap length L and sec 6. 

9. An ultrasonic signal processor operated at multiple 
frequencies as de?ned in claim 7 further comprising: 

a third pieZoelectric substrate; 

a coding IDT consisting of electrode-?nger pairs, of 
Which tWo neighbors are at a distance from each other, 
and having a coded pattern, said distance equaling one 
of said interdigital periodicities P1; 

a terminal IDT having the electrode-?nger direction par 
allel to that of said coding IDT; 

a fourth pieZoelectric substrate; 

an initial IDT; 

a decoding IDT having the same construction pattern as 
said coding IDT; and 

a signal analyZer, 

said coding IDT receiving one of said electric signals E] 
only When touching one of said SAW propagation 
lanes Wj, and exciting a SAW based on said coded 
pattern on said third pieZoelectric substrate, 

said terrninal IDT detecting a coded burst-signal cor 
responding to said coded pattern, 

said initial IDT receiving said coded burst-signal, and 
exciting a SAW on said fourth pieZoelectric sub 
strate, 

said decoding IDT detecting a pulse if said SAW on 
said fourth pieZoelectric substrate correlates to said 
coded pattern, and 

said signal analyZer sensing said one of said SAW 
propagation lanes W]- by means of the phase of said 
pulse. 

10. An ultrasonic signal processor operated at multiple 
frequencies as de?ned in claim 7, Wherein said ?rst- and 
second pieZoelectric substrates are made of a pieZoelectric 
cerarnic, respectively, the polariZation axis thereof being 
parallel to the thickness direction thereof. 
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11. An ultrasonic signal processor operated at multiple 
frequencies as de?ned in claim 7, Wherein said ?rst- and 
second piezoelectric substrates have a thickness smaller than 
the smallest one of said interdigital periodicities P1, and said 
nonpieZoelectric plate has a thickness larger than three times 
the largest one of said interdigital periodicities Pi. 

12. An ultrasonic signal processor operated at multiple 
frequencies as de?ned in claim 7, Wherein the phase velocity 
of said SAW on said nonpieZoelectric plate alone is higher 
than that in said ?rst- and second pieZoelectric substrates 
alone. 

13. An ultrasonic signal processor operated at multiple 
frequencies comprising: 

a nonpieZoelectric plate; 

tWo ultrasonic units, of Which each consists of 

at least one input IDT With a dispersive type of elec 
trode-?nger pattern, and having an overlap length L 
and interdigital periodicities Pi (i=1, 2, . . . , In), 

at least one output IDT With a dispersive-slant type of 
electrode-?nger pattern, and having the electrode 
?nger direction slanting to that of said input IDT by 
an angle 6, and also having an overlap length LP 
along said electrode-?nger direction of said output 
IDT and interdigital periodicities Qi (i=1, 2, . . . , rn) 
along the orthogonal direction to said electrode 
?nger direction of said output IDT, 

a ?rst pieZoelectric substrate, 

a second pieZoelectric substrate, 

a coding IDT consisting of electrode-?nger pairs, of 
Which tWo neighbors are at a distance from each other, 
and having a coded pattern, said distance equaling one 
of said interdigital periodicities Pi, 

a terminal IDT having the electrode-?nger direction par 
allel to that of said coding IDT, 

an initial IDT, 

a decoding IDT having the same construction pattern as 
said coding IDT; 

a third pieZoelectric substrate; 

a fourth pieZoelectric substrate; and 

a signal analyZer, 

said at least one input IDT receiving one of input 
electric signals Si (i=1, 2, . . . , In) With frequencies 
fi (i=1, 2, . . . , rn) corresponding to said interdigital 
periodicities P1, respectively, eXciting a SAW in said 
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?rst pieZoelectric substrate, and transmitting said 
SAW to said second pieZoelectric substrate along an 
upper end surface of said nonpieZoelectric plate, 

said at least one output IDT transducing said SAW to 
electric signals EJ- (j=1, 2, . . . , n), of Which the phase 
delays linearly correlate to SAW propagation lanes 
Wj (j=1, 2, . . . , n) betWeen said at least one input IDT 
and said at least one output IDT on said upper end 
surface of said nonpieZoelectric plate, 

said coding IDT receiving one of said electric signals E] 
only When touching one of said SAW propagation 
lanes Wj, and exciting a SAW based on said coded 
pattern on said third pieZoelectric substrate, 

said terrninal IDT detecting a coded burst-signal cor 
responding to said coded pattern, 

said initial IDT receiving said coded burst-signal, and 
exciting a SAW on said fourth pieZoelectric sub 
strate, 

said decoding IDT detecting a pulse if said SAW on 
said fourth pieZoelectric substrate correlates to said 
coded pattern, and 

said signal analyZer sensing said one of said SAW 
propagation lanes W]- by means of the phase of said 
pulse. 

14. An ultrasonic signal processor operated at multiple 
frequencies as de?ned in claim 13, Wherein said coding IDT 
of one of said tWo ultrasonic units and that of the other of 
said tWo ultrasonic units have the different coded patterns 
from each other. 

15. An ultrasonic signal processor operated at multiple 
frequencies as de?ned in claim 13, Wherein said ?rst- and 
second pieZoelectric substrates are made of a pieZoelectric 
cerarnic, respectively, the polariZation aXis thereof being 
parallel to the thickness direction thereof. 

16. An ultrasonic signal processor operated at multiple 
frequencies as de?ned in claim 13, Wherein said ?rst- and 
second pieZoelectric substrates have a thickness smaller than 
the smallest one of said interdigital periodicities Pi, and said 
nonpieZoelectric plate has a thickness larger than three times 
the largest one of said interdigital periodicities Pi. 

17. An ultrasonic signal processor operated at multiple 
frequencies as de?ned in claim 13, Wherein the phase 
velocity of said SAW on said nonpieZoelectric plate alone is 
higher than that in said ?rst- and second pieZoelectric 
substrates alone. 


