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(57) Abstract

An ultrasonic touch system including a substrate and at least an ultrasonic transducing system on one end surface (Z1) of
the substrate. The ultrasonic transducing system comprises at least an interdigital transducer (P) and at least an interdigital trans-
ducer (Q) corresponding to the interdigital transducer (P). An electric signal having a frequency approximately corresponding to
the interdigital periodicity of the interdigital transducer (P) is applied to the interdigital transducer (P), causing the acoustic wave
on the end surface (Z1) with a high efficiency, the acoustic wave having a wavelength approximately equal to the interdigital peri-
odicity of the interdigital transducer (P). At this time, an electric signal having a frequency approximately corresponding to the
wavelength of the acoustic wave generated on the end surface (Z1) is detected at the interdigital transducer (Q). When touching
with a finger or other things on a part of the propagation medium of the acoustic wave on the end surface (Z1), the electric signal
detected at the interdigital transducer (Q) is decreased. A touch on the substrate by a finger or other things is accordingly detected
with a high sensitivity and a quick response time under operation with low power consumption and low voltage.
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ULTRASONIC TOUCH SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention.

The present inyention relates to an ultrasonic touch system, having a
substrate and an ultrasonic transducing system on one end surface thereof, for
sensing a touch on the end surface of the substrate with a finger or other
things, the ultrasonic transducing system comprising ultrasonic input and

output devices, composed of at least one interdigital transducer, respectively.

2. Description of the Prior Art.

Conventional touch panels are classified into two types, resistance
film—type and ultrasonic type. The resistance film—type touch panel has an
electrically conductive transparent film, the magﬁitude of the resistance of the
transparent film changing when touching on the transparent film. The
resistance film—type touch panel opei'ating under low power consumption has
some problems on response time, sensitivity, durability and others. The

ultrasonic type touch panel has a nonpiezoelectric plate under acoustic
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vibration, which is decreased when touching on the nonpiezoelectric plate.

Conventional means for generating the acoustic vibration on a nonpiezoelectric
plate include a means for vibrating a nonpiezoelectric plate indirectly by a
wedge—shaped transducer with a bulk wave vibrator, a means for vibrating a
nonpiezoelectric plate directly by a piezoelectric thin film transducer and other
means. The wedge—shaped transducer is used for a non-—destruction
evaluation by ultrasound and for others under only a comparative low frequency
operation because of the difficulty on manufacturing accuracy of the wedge
angle and so on. The piezoelectric thin film transducer, in which a
piezoelectric_ thin film made from ZnO and others is mounted on a
nonpiezoelectric plate with interdigital transducers generating acoustic
vibration thereon, is used as a high frequency device for the reason that the
interdigital transducer shows various transmission characteristics according to
the structure thereof. However, the piezoelectric thin film transducer has
operation frequencies limited to the UHF anleHF bands, and has some
problems on manufacturing and mass—producing. Thus, there are some
problems on response time, sensitivity, durability, manufacturing,
mass—producing and others in conventional touch panels having limited

operation frequencies.
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SUMMARY OF THE INVENTION

An object of the present invention is to. provide a touch system capable
of generating an acoustiq vibration on a substrate with a high efficiency.

Another object of the present invention is to provide a touch system
capable of sensing a touéh on the substrate with a finger or other things with a
high sensitivity and a quick response time.

Another object of the present invention is to provide a touch system
excellent in durability, manufacturing, mass—producing and others.

A 'still other object of the ﬁresenl invention is to provide a touch
system operating under low power consumption with low voltage.

A still further object of the present invention is to provide a‘ touch
system with. a small size which is very light in weight and has a simple
structure.

Accordihg to one aspect of the present invention there is provided a
touch system comprising a substrate and at least an ultrasonic transducing
system on one end surface Z1 of the substrate, the ultrasonic transducing
system comprising at least one interdigital transducer P and at least one

interdigital transducer Q corresponding to the interdigital transducer P.

_3_
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According to another aspect of the present invention there is provided
a means for applying the interdigital transducer P with an electric signal having
a frequency approximately corresponding to the interdigital periodicity Qf the
interdigital transducer P, and then generating the acoustic wave, having a
wavelength approximately equal to the interdigital periodicity, on the end
surface Z1.

According to another aspect of the present invention there is provided
a means for delivering an electric signal, having a frequency approximately
corresponding to the wavelength of thé acoustic wave on the end surface Z1,
from the interdi.gitalb transducer Q, the interdigital transducers P and Q being
arfanged face to face each other to make a pair such that the transmitting
direction of the acoustic wave by the interdigital transducef P is the same as
the receiving direction of the acoustic wave by the interdigital transducer Q.

According to another aspect of the present invention there is provided
a means for sensing a touch with a finger or other things on a part of the
propagation medium of the acoustic wave on the end surface Z1 by the
magnitude of the electric signal detected at the interdigital transducer Q.

According to another aspect of the present invention there is provided
a substrate made from an almost transparent piezoelectric ceramic, the

direction of the polarization axis thereof being parallel to the direction of

_4_.
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thickness thereof, the interdigitai transducers P and Q being mounted on the
end surface Z1 directly.

According to another aspect of the present invention there is provided
a substrate made from a nonpiezoelectric quy, the ultr’asonic transducing
system comprising an in_put device A, consisting of a piezoelectric thin plate TA
and the interdigital tran’sdiucer P xﬁounted thereon, and an output device B
consisting of a piezoeleétﬁc thin platé TB and the interdigital transducer Q
mounted thereon, the piezoelectric thin plates TA and\\TB being mounfed,on the
end surface Z1.

According to another aspect of the present invention there is provided
an ultrasoﬁic transducing system comprising N interdigital transducers P; (i =
1, 2, -+, N) and N interdigital transducer groups Q; (i- =12 -, N)
consisting of at least two interdigital transducers, Qi-; and Q;-2.

According to another aspect of the present invention there is provided
a connection point M1, each output terminal of the interdigital transducers Q-
1 being connected with each other thereat.

According to another aspect of the present inventioq there is provided
a connection point Mz, each output terminal of the interdigital transducers Q; -
2 being connected with each other thereat, a touch with a finger or other

things on a part of the propagation medium of the acoustic wave on the end

_5_
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surface Z1 being detected by the magnitudes of the electric signals delivered
from the connection points M and Mz, respectively.

According to another aspecf of the present invention there are
provided N switches Si (i = 1, 2, -, N), output terminal thereof being
connected with each input terminal of the interdigital transducers .P ie

According to another aspect of the present invention there is provided
a means for controlling tﬁm on and off of the switches S; with a fixed period in
turn.

According to another aspect of the present invention there is provided
a connection point MS, each input terminal of the switches Si being connected
with each other thereat.

According to other aspect of the present 'invention there is prqvided an
“amplifier, the connection point M: being connected with the connection point
MS through the amplifier.

According to a further aspect of the present invention there are
provided N oscillators Hi i = 1, 2, -, N) including N corresponding
propagation paths D; (i = 1, 2, ** -, N) as delay elements, the propagation
paths Di comprising the substrate between the interdigital transducers P and
the interdigital transducers Qi-1, the respegtive signal loops of the oscillators

H: comprising the interdigital transducers Pi, the propagation paths D, the

-6 -
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interdigital transducers Qi-1 and the amplifier.

BRIEF DESCRIPTION OF THE DRAWINGS

Other featurgs and advantages. of -the invention will be clarified from
the following description bwith rgference to the attached drawings.

FIGURE 1 shows a sectional view of the ultrasonic touch system
according to a first embodiment of the px;esent invention.

FIGURE 2 shows the relationship between the phase velocity of the
acoustic wave of each mode in thé piezoelectric thin plate 2 and the kd value or
the d/ 4 value.

FIGURE 3 shows the relationship between the phase velocity of the
acoustic wave of each mode in the piezoelcctric thin plate 2 and the kd value or
the d/ 2 value.

FIGURE 4 shows the relationship between the kd value or the d/ 1
value, and the electromechanical coupling constant k?.

FIGURE 5 shows the relationship between the k? value and the kd
value or the d/ 1 value.

FIGURE 6 shows the relationship between the k? value and the kd
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value or the d/ 2 value.

FIGURE 7 shows the relationship between the k® value and the kd
value or the d/ 1 value.

FIGURE 8 shows the relationship between the displacement and the
depth under the fd valu¢ of 1.0 MHz'mm, corresponding to the nearly milximum
k? value in the first mode acoustic wave.

FIGURE 9 shoWs the relationship between the displacement and the
depth under the fd value of 2.0 MHz'mm, corresponding to the nearly maximum
k? value in the second mode acoustic wave.

FIGURE 10 shows the relationship between the displacement and the
depth undef the fd value of 3.0 MHz-mm, corresponding to the nearly maximum
k® value in the third mode acoustic wave.

FIGURE 11 shows the relationship between the displacement and the
depth under ﬁhe fd value of 0.7 MHz-mm in the 0—th mode acoustic wave.

FIGURE 12 shows a plan view of the ultrasonic touch system
according to a second embodiment of the present invention.

FIGURE 13 shows a perspective view of the input dg:vice DT1 seen in
FIGURE 12.

FIGURE 14 shows a schematic illustration of the ultrasonic touch

system, shown in FIGURE 12, under an rf pulse operation.

_8_
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FIGURE 15 shows a schematic illustration of the ultrasonic touch
system, shown in FIGURE 12, under an operation with a delay line oscillator.

FIGURE 16 shows a plan'.view of the ultrasonic touch system
according to a third embodiment of the present invention.

FIGURE 17 shqws a plan view of the input device DTX ahd the output
device DRX in the ultrasonic touch system shown in FIGURE 16.

FIGURE 18 (a)bshows a plan \'lriew of an interdigital transducer taking
the place of that seen in FIGURE 16.

FIGURE 18 (b) shows a plan view of an inte;'digitaltransducer taking
the place of that seen in FIGURE 16.

FI-GURE 19 shows a scherﬁatic illustration of the ultrasonic touch
system, shown in FIGURE 16, under an rf pulse operation.

FIGURE 20 shows the waveforms corresponding to the respective
parts, ®N©, seen in FIGURE 19.

FIGURE 21 shows a schematic illustration of the ultrasonic touch
system, shown in FIGURE 16, under an operation with a delay line oscillator.

FIGURE 22 shows the frequency dependence of the insertion loss
between the interdigital transducers T1 and R11 in case of untouching on the
substrate 5.

FIGURE 23 shows the frequency dependence of the insertion loss

_.9__
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between the interdigital transducers T1 and R11 in case of touching on the

substrate 5.

FIGURE 24 shows the responée between the interdigital transducers
T1 and R11 under operation with 3.96 MHz rf }pulse in case of untouching on
the substrate 5.

FIGURE 25 _shows' the response between the interdigital transducers
T1 and R11 under opera£ion with 3.96 MHz rf pulse in case of touching on the
substrate 5.

FIGURE 26 shows the relationship between the relative amplitude and
the frequency in the delay line oscillator shown in FIGURE 21.

FIGURE 27 shows a plan view of the ultrasonic _touch system
according to a fourth embodiment of the present invention.

FIGURE 28 shows a plan view of the interdigital transducers T1, T2,
R11, R12, R13, R14, R21, R22, R23 and R24 in the ultrasonic touch system
shown in FIGURE 27.

FIGURE 29 shows a circuit diagram of the amplifier A or B under
operation with the delay line oscillator in FIGURE 27.

FIGURE 30 shows the frequency dependencies of the insertion loss
and the phase of the delay line oscillator employed in the ultrasonic touch

system shown in FIGURE 27.
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FIGURE 31 shows the relationship between the relative amplitude and
the frequency in the delay line oscillator employed in the ultrasonic touch

system shown in FIGURE 27.

DETAILED DE‘SCRIPTI(F)N OF THE PRESENTLY

PREFERRED EXEMPLARY EMBODIMENTS

FIGURE 1 shows a sectionél view of an ultrasonic touch system
according to a first vembodiment of the present invention. The ultrasonic touch
system comprises an input device DT, an output device DR and a substrate 1
made from a borosilicate glass with a dimension of 1.9 mrﬁ in thickness. The
input device DT has a piezoelectric thin plate 2, of which material is TDK-91A
(Brand name), having a dimension of 220 4m in thickness, and an interdigital
transducer T made from aluminium thin film. The output device DR has a
piezoelectric thin plate 2 and an interdigital transducer R having the same
material and dimensions of the interdigital transducer T. The interdigital
transducers T and R, whose types are normal, are mounted on each
piezoelectric thin plate 2 which is cemented on the substrate 1 through an

epoxy resin with thickness of about 20 «m. Both the interdigital transducers

_11_
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T and R, consisting of ten ﬁnger pairs, respectively, have an interdigital
periodicity of 640 “m and a center frequency of 5.1 MHz. If an electric signal
with a frequency approximately equal fo the center frequency of the interdigital
transducer T is applied to the input device DT thmugh the interdigital
transducer T, the electric signal is converted to the acoustic wave, which is
transmitted to the piezoeleétric thin plgte 2 on the substrate 1. At this time, it
is possible to generate the acoqstic wa\}e of the first mode or the higher modes
on the substrate 1 effectively under low power consumption with low voltage.

Furthermore, the phase velocity of the. acoustic wave in the piezoelectric thin
plate 2 is appfoxiniately equal to the propagation velocity of the surface
acoustic wave on the substraté 1 in case -which exists as a ‘mono—Ilayer
medium. Therefore, it is possible not only to increase the tfansducer efficiency
from the input electric signal to the acoustic wave, but also to remove the
reflection and others generated by the miss—matching and others on the
acoustic impedance at the boundary surface between the piezoelectric thin
plate 2 and the substrate 1. The acoustic wave, having a frequency
approximately equal to the center frequency of the interdigital transducer R is
converted to an electric signal, which is detected at the interdigital transducer
R. Thus, the input device DT and the output device DR make an ultrasonic

transducing system with a simple structure, where the interdigital transducers

_12_
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T and R are arranged face to face each other to make a pair such that the
transmitting direction of the acoustic wave from the interdigital transducer T is
the same as the receiving direction thereof by the interdigital transducer R.
When operating the ultrasonic touch system shqwn in FIGURE 1, the acoustic
wave generated on the substrate 1 between the interdigital transducer T and
the interdigital transducer R is decreased in response to a touch with a finger
or other things on the suﬁstrate 1 between the interdigital transducer T and the
interdigital transducer R. Thereby, the electric signal detected at the
interdigital transducer R is decreased. 'Accordingly, it is possible to sensing a
touch with a finger or other things on the substrate 1 with a high sensitivity
and a quick .response time.

FIGURE 2 shows the relationship between the phase velocity of the
acoustic wave of each mode in the piezoelectric thin plate 2 and the kd value or
the d/ A value, the kd value being the product of the wave number k of the
acoustic wave in the piezoelectric thin plate 2 and the .thickness d of the
piezoelectric thin plate 2, the d/ A value being the thickness d per the
wavelength 4 of the acoustic wave in the piezoelectric thin plate 2. The
numbers in FIGURE 2 correspond to the mode order, and the mark O shows
the observed value. There are two types of the piezoelectric thin plate 2. One

type of the piezoelectric thin plate 2 has one surface, being in contact with the

_13_
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substrate 1 and under an electrically opened condition, and the other surface
coated with a metal thin layer, coating with a metal thin layer making an
electrically shorted condition. The other type of the piezoelectric thin plate 2
has both surfaces coated with metal thin layers, respectively, causing the both
surfaces electrically shotrted conditions. The acoustic wave in the piezoelectric
thin plate 2 in the qltrasdnic touch system shown in FIGURE 1 has various
modes. When the kd _\-ralue is zero, the velocity of the 0—th mode acoﬁstic
wave in the piezoelectric thin plate 2 is coincident with the velocity of the
acoustic wave on the substrate 1 in case which exists as a mono-layer
medium. As the kd value becomes larger, the velocity of the 0—th mode
acoustic weve in the piezoelectric thiﬁ plate 2 comes near the_velocity of the
acoustic wave in the piezoelectric thin plate 2 in case which exists as a
mono—layer medium. There are the cut—off frequencies in the modes higher
than the O—th mode. Thus, when the kd value is lowest, the velocity of the
acoustic wave of the higher mode in the piezoelectric thin plate 2 comes near
the velocity of the side wave on the substrate 1 in case which exists as a
mono-layer medium.

FIGURE 3 shows the relationship between the phase velocity of the
acoustic wave of each mode in the piezoelectric thin plate 2 and the kd value or

the d/ 2 value. The numbers in FIGURE 3 correspond to the mode order, and
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the mark O shows the obseﬁed value. There are two types of the
piezoelectric thin plate 2. One type of the piezoelectric thin plate 2 has each
surface under an electrically opened condition. The other type of the
piezoelectric thin plate 2 has one surface, being in contact with the substrate 2
and under an electrically shorted condition, and the other surface, exposed to
the air and under an ‘electr-ically opened condition. When the kd value is zero,
the velocity of the O—th.mode acoustic wave in the piezoelectric thin plate 2 is
coincident with the velocity of the acoustic wave on the substrate 1 in case
which exists as a mono—layer medium; As the kd value becomes larger, the
velocity of the 0—th mode acoustic wave in the piezoelectric thiﬁ plate 2 comes
near the vélocity of the acoustic wave in the piezoelectric thin plate 2 in case
which exists as a mono—layer medium. There are the cut—off frequencies in
the modes higher than the 0—th mode. Thus, when the kd value is lowest, the
velocity of the acoustic wave of the higher mode in the piezoelectric thin plate
2 comes near the velocity of the shear wave on the substrate 1 in case which
exists as a mono—layer medium.
FIGURE 4 shows the relationship between the kd yalue or the d/ 4

value, and the electromechanical coupling constant k? calculated from the
difference between the phase velocities for electrically opened and shorted

conditions, respectively. The numbers in FIGURE 4 correspond to the mode
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order. The piezoelectric thin plate 2 has one surface, being in contact with the
substrate 1 and having the interdigital transducer (IDT) T, and the other
surface under an electrically shorted vcondition. The k? value of the higher
mode acoustic wave is larger than that of th¢ 0-th mode. acoustic wave.
Particularly, when the kd value of the first mode acoustic wave ié 1.8, the k®
value is 17.7 %, showing the maximum value.

FIGURE 5 shov;'s the relationship between the k? value and the kd
value or the d/ 4 value. The numbers in FIGURE 5 correspond to the mode
order. The piezoelectric thin plate 2 has one surface, being in contact with the
substrate 1 and having the interdigital transducer T, and the other surface,
exposed to fhe air and under elecfrically opened condition. The k2 value of the
higher mode acoustic wave is larger than that of the 0—th mode acoustic wave.

FIGURE 6 shows the relationship between the k? value and the kd
value or the _d/ A value. The numbers in FIGURE 6 correspond to the mode
order. The piezoelectric thin plate 2 has one surface, being in contact with the
substrate 1 and under an electrically shorted condition, and the other surface
having the interdigital transducer T.

FIGURE 7 shows the relationship between the k? value and the kd
value or the d/ A value. The numbers in FIGURE 7 correspond to the mode

order. The piezoelectric thin plate 2 has one surface, being in contact with the
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substrate 1 and under an electrically opened condition, and the other surface
having the interdigital transducer T.

It is clear from FIGURE 2 to FIGURE 7 that the k? value is maximum
when the phase velocity of the acoustic wave pf the first mode or the higher
modes in the piezoelect'ric thin plate 2 is coincident with the velocity of the
acoustic wave on the substrate 1 in case which exists as a mono—layer
medium.

It is also clear from FIYGURE 4 to FIGURE 7 that the transducer
efficiency of the electric energy, applied to the interdigital transducer T, to the
acoustic wave is increased, when the piezoelectric thin plate 2 has one surface,
being in cohtact with the substrate 1 and having the interdigital transducer T,
and the other surface under an electrically shorted condition.

When generating the acoustic wave on the substrate 1 in the
ultrasonic toqch system shown in FIGURE 1, it is necessary to consider the
reflection and others generated by the miss—matching and others on the
acoustic impedance at the boundary surface between the piezoelectric thin
plate 2 and the substrate 1. In order to make the reﬂection coefficient
minimum, it is necessary to design the ultrasonic touch system such that the
phase velocity of the acoustic wave in the piezoelectric thin plate 2 is

coincident with the velocity of the surface acoustic wave on the substrate 1 in
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case which exists as a mono-layer medium, or such that the d/ A value
becomes small, and so forth. If the d value is constant, the acoustic wave of
the first mode is available in:compariéon with the second mode, the second
mode being available in comparison with the third mode. Af_ter all, when the d
value is less than the interdigital periodicity of the interdigital transducer and
the interdigital periodicity is approkimately equal to the wavelength of the
acoustic wave of the firsi mode or the ‘higher modes, it is possible not only to
increase the transducer efficiency of the electric energy, applied to the
interdigital transducer T, to the acoustic. wave, but also to remove the reflection
and others genératéd by the miss—matching and others on the acoustic
impedance ilt the boundary surfzice between the piezoelectric thin »ialate 2 and
the substrate 1.

When the piezoelectric thin plate 2 comprises a piezoelectfic ceramic,
where the dii'ections of the polarization axis and the thickness run parallel with
each other, the acoustic wave of the first mode or the higher modes can be
generated on the substrate 1 effectively.

When the piezoelectric thin plate 2 comprises a piezqelect:ric thin film
made from highly polymerized compound such as PVDF and so on, the acoustic
wave of the first mode or the higher modes can be generated on the substrate 1

effectively.

_18_
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When the substrate 1 comprises an acrylate plate or other highly
polymerized compound having transparency, the: acoustic wave can be
generated on the substrate 1 effectiveiy. When the piezoelectric thin plate 2
comprises a single crystal, such as LiNbOs or LiTaOs, the:acoustic wave can
be generated on the substrate 1 effectively.

FIGURE 8 sh(‘)ws'the relationship between the displacement and the
depth under the fd valué of 1.0 MHz'mm, corresponding to the nearly maximum
k? value in the first mode acoustic wave. The fd value is the product of the
frequency of the acoustic wave in the piezoelectric thin plate 2 and the d value.

The piezoelectric thin plate 2 has both si.:faces under electrically opened
conditions.. U: and Us in FIGURE 8 show a pafallel component and a
perpendicular component of the displacement, re‘spectively.' The displacement
is normalized by the maximum value. The depth of zero shows the boundary
face between the piezoelectric thin plate 2 and the substrate 1. Both the

displacement U, and Us are normalized by the maximum- value, (U;%+U3%)!”/

£, The ratio of the displacement component of the first mode acoustic wave on
the substrate 1 is 58 %.
FIGURE 9 shows the relationship between the displacement and the

depth under the fd value of 2.0 MHz'mm, corresponding to the nearly maximum

k? value in the second mode acoustic wave. The piezoelectric thin plate 2 has

_19._.
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both surfaces under electrically opened conditions. The ratio of the

displacement component of the second mode acoustic wave on the substrate 1
is 52 %.

FIGURE 10 shows the relationship between the displacement and the
depth under the fd value of 3.0 MHz'mm, corresponding to the nearly maximum
k? value in the third modé acoustic wgve.v The piezoelectric thin plate 2 has
both surfaces under électrically opened conditions. The ratio of the
displacement componeﬁt of the third mode acoustic wave on the substrate 1 is
47 %.

FIGURE 11 shows the relationship between the displacement and the
depth unde‘r the fd valué of 0.7 MHz-rﬁm in the 0—th mode acoustic wave. The
piezoelectric thin plate 2 has one surface, being in contact With the substrate 1
and under an electrically opened condition, and the other surface, having the
interdigital transducer aﬁd under an electrically shorted condition. The 0—th
mode acoustic wave, concentrated near the surface of the piezoelectric thin
plate 2, comes near the acoustic wave in the piezoelectric thin plate 2 in case
which exists as a mono~layer medium.

It is clear from FIGURE 8 to FIGURE 11 that the acoustic wave of the
first mode or the higher modes is available in order to generate the acoustic

wave on the substrate 1, because the acoustic wave of the mode, where the
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ratio of the displacement component of the acoustic wave on the substrate 1 is
large, is available

FIGURE 12 shows a plan vieW of an ultrasonic touch system according
to a second embodiment of the present inventiqn. The ultrasonic touch system
comprises seven input devices, DT1, DT2, DT3, DT4, DT5, DT6 and DT7, seven
output devices DR1, .DR2, .DR3, DR4, DR5, DR6 and DR7, and a substrate 3
made from a pyrex glasé with dimensions of 70 mm in length, 55 mm in width
and 1.9 mm in thickness. Both the seven input devices and the seven output
devices are made from the same piezbelectric materials, and have the same
functions as well as the same construction. If an electric signal is applied to
each input aevice, the electric signal is converted to the acoustic wa;/e, which is
transmitted to the substrate 3. The acoustic wave on the substrate 3 is
.converted to an electric signal again, the electric signal being detected at each
output device corresponding to each input device. For example, an electric
signal applied to the input device DT1 is converted to the acoustic wave, which
is detected at the output device DR1 as an electric signal. Thus the seven
input devices and the seven output devices make seven ultrasonic transducing
systems classified into two groups, one group including the input devices, DT1,
DT2 and DT3, and the output devices, DR1, DR2 and DR3, the other group

including the input devices, DT4, DT5, DT6 and DT7, and the output devices,
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DR4, DR5, DR6 and DR7. Moreover, the propagation direction of the acoustic
wave on the substrate 3 in the one group is perpendicular to that in the other
group.

FIGURE 13 shows a perspectilve view of the input device DT1 seen in
FIGURE 12. The input device DT1 has a piezoelectric thin plate 4, of which
material is TDK-91A (Brahd name), haying dimensions of 10 mm in length, 10
mm in width and 220 &m in thickness, and an interdigital transducer T made
from aluminium thin film. The interdigital transducer T, whose type is normal,
is mounted on the piezoelectric thin plafe 4 which is cemented on the substrate
3 through an eboxy‘ resin with thickness of about 20 «m. The interdigital
transducer YT consisting of ten ﬁﬁger [;airs has an interdigital pe;'iodicity of 640
#m and an overlap length of 5 mm. Another input deviées and the output
devices have the same constructions as the input device DT1.

If an electric signal with a frequency approximately equal to the
center frequency of each input interdigital transducer in the ultrasonic touch
system shown in FIGURE 12 is applied to each input device through each input
interdigital transducer, the electric signal is converted to the acoustic wave,
which is transmitted to the piezoelectric thin plate 4 on the substrate 3. The
acoustic wave, having a frequency approximately equal to the center frequency

of each output interdigital transducer is converted to an electric signal, which is
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detected at the output interdigital transducer. When the thickness of the
piezoelectric thin plate 4 is less than the interdigital periodicity of each
interdigital transducer, and the interdigital periodicity of each interdigital
transducer is approximately equal to the wavelcngth of the a_coustic wave of the
first mode or the higher modes, the acoustic wave of the first mode or the
higher modes is geqerated on the substrate 3. At this time, if the phase
velocity of the acoustic .wave in the pi'ezoelectric thin plate 4 is approximately
equal to the propagation velocity of the surface acoustic wave 6n the substrate
3 in case which exists as a mono—lziyer medium, it is possible not only to
increase the transducer efficiency of the electric energy, applied to the input
interdigitai transducers, to the aéoustic wave, but also to remove the reflection
| and others generated by the miss—matching and others on the acoustic
impedance at the boundary surface between the piezoelectric thin plate 4 and
the substrate 3. ’fhus, it is possible to generate the acoustic wave on the
substrate 3 effectively under low power consumption with low voltage.

When the piezoelectric thin plate 4 comprises a piezoelectric ceramic,
where the directions of the polarization axis and the thickness run parallel with
each other, the acoustic wave of the first mode or the higher modes can be
generated on the substrate 3 effectively.

When the piezoelectric thin plate 4 comprises a piezoelectric thin film
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made from highly polymerized compound such as PVDF and so on, the acoustic
wave of the first mode or the higher modes can be generated on the substrate 3
effectively.

When the substrate 3 comprises an acrylate plate or other highly
polymerized compound. having transparency, .the acoustic wave can be
generated on the substrate 3 effectively. When the piezoelectric thin plate 4
comprises a single crysfal, such as LiNbOs or LiTaOs, the acoustic wave can
be generated on the substrate 3 effectively.

'When operating the ultrasonic touch system shown in FIGURE 12, the
acoustic wave propagating the substrate 3 is decreased in resf)onse to a touch
with a finger or other things thereon. | The acoustic wave on the junction of two
propagation directions, of which, for example, one is the area between the input
device DT1 and the output device DR1 and the other is the area between the
input device DT4 and the output device DR4, is decreased in response to a
touch with a finger or other things thereon. Therefore, the electric signals
detected at the corresponding output interdigital transducers are also
decreased. Accordingly, it is possible to sense a touch with a finger or other
things on the substrate 3 with a high sensitivity and a quick response time. In
addition, the touched position can be specified from the output interdigital

transducers, where the electric signal is decreased. At this time, if there are
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more ultrasonic transducing systems, of which each comprises a pair of input
and output devices such as the input device DT1 and the output device DRI,
the touched position can be sgecified more clearly.

FIGURE 14 shows a schematic illustration of the ultrasonic touch
system, shown in FIGURE 12, under an rf pulse operation: If an rf pulse @ is
applied to the input devivce through 'the- interdigital transducer, an electric
signal @ is detected #t the voutput ibnterdigital transducer, and the electric
signal @ is amplified Yia an amplifier. An electric signal @ detected. at the
amplifier is converted to a direct cut;rent voltage @ via a voltage doubling
rectifier. At this time, the direct current voltage @ in case of.touching on the
substrate 3 is different from thaf in case of untouching thereon. In short, there
are two kinds of the direct current voltages @, By méans of setting the
threshold voltage at a proper level, it is possible to set the two direct current
voltages @ at the two fixed values ® in a comparator, respectively. Thus, the
voltage ® in case of touching on the substrate 3 is 0 V, and the voltage ® in
case of untouching thereonis 5 V.

FIGURE 15 shows a schematic illustration of the ultrasonic touch
system, shown in FIGURE 12, under an operation with a delay line oscillator. If
an electric signal is applied to the input device through the interdigital

transducer, an electric signal is detected at the output interdigital transducer
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and is amplified via an amplifier. An electric signal @D detected at the
amplifier is converted to a direct current voltage @ via a voltage doubling
rectifier. At this time, the direct current voltage @ in case of touching on the
substrate 3 is different from that in case of untquching thereqn. In short, there
are two kinds of the direct current volitages @ By means of setting the
threshold voltage at a propei' level, it is possible to set the two kinds of the
direct current voltages @ at the fixed values, respectively. The operation with
the delay line oscillator does not reguire pulse generator. Therefore, it is
possible to provide the ultrasonic touch system with a smaller size which is
very light in weight and has a simple structure.

FICURE 16 shows a plan view of an ultrasonic touch system according
to a third embodiment of the present invention. The ultrasonic touch system
comprises two input devices DTX and DTY, two output devices DRX and DRY,
a substrate 5 made from a pyrex glass with dimensions of 70 mm in length, 55
mm in width and 1.9 mm in thickness, and a display face 6 included in a display
device, the display face 6 being not drawn in FIGURE 16. The input device
DTX has a piezoelectric thin plate 7, of which material is TDK-IOIA (Brand
name), having a dimension of 230 4m in thickness, and two interdigital
transducers T1 and T2 made from aluminium thin film, respectively. The input

device DTY has a piezoelectric thin plate 7 and two interdigital transducers T3
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and T4 made from aluminium thin film, respectively. The output device DRX
has a piezoelectric thin plate = and eight int.: .igital transducers, R11, RiZ,
R13, R14, R21, R22, R23 and R24, made from aluminium thin film, respect-ively.

The output device DRY has a piezoelectric thin plate 7 and eight interdigital
transducers, R31, R32, R33, R34, R41, R42, R43 and R44, made from aluminium
thin film, respective’ly. Eéch interdigiﬁal transducer, whose type is normal, is
mounted on each piezoe.lectricbthin plafe 7 which is cemented on one surface of
the substrate 5 through a: zpoxy resin with thickness of = ..ut 20 #m. The
display face 6 is mounted on‘ the othér surface, without th- input and output
devices, of the s'ubst‘rate 5. Each interfiégifal tra. sducer consisting of 7.5 finger
pairs has an interdigital peﬁodicity of 640 um.

FIGURE 17 shows a plan view of the input device DTX and the output
device DRX in the ultrasonic touck - stem shown in FIGURE 16. The input
device DTX and the output device DRX are placed at the opposite ends. In the
same way, the input device DTY and the output device DRY are placed at the
opposite ends. The interdigital transducers, T1, T2, T3 and T4, have an overlap
length of 18 mm, respectively. The interdigital transducers, R11, R12, R13,
R14, R21, R22, R23, R24, R31, R32, R33, R34, R41, R42, R43 and R44, have an
overlap length of 2.7 mm, respectively. The interdigital transducers, R11, R12,

R13 and R14, are corresponding to the interdigital transducer T1. The
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interdigital transducers, R21, R22, R23 and R24, are corresponding to the
interdigital transducer T2. The interdigital transducers, R31, R32, R33 and
R34, are corresponding to .the interdigital transducer T3. The interdigital
transducers, R41, R42, R43 and R44, are corresponding to the interdigital
transducer T4.

If an electric signél is appliéd to the input devices DTX and DTY of the
ultrasonic touch system shown in FIGtIRE 16, the acoustic wave is generated
on the substrate 5. The acoustic wave is converted to an electric signal which
is detected at the output devices DRXl and DRY. Thus, the two input devices
and the two 6utput devices make sixteen ultrasonic transducing systems
classified into two groups, one group including the input device bTX and the
output device DRX, the other group including the input device DTY and the
.output device DRY. Moreover, the propagation direction of the acoustic wave
on the substrate 5 in the one group is perpendicular to that in the other group.

When the thickness of the piezoelectrié thin plate 7 seen in FIGURE
16 is less than the interdigital periodicity of each interdigital transducer, and
the interdigital periodicity of each interdigital transducer is approximately equal
to the wavelength of the acoustic wave of the first mode or the higher modes,
the acoustic wave of the first mode or the higher modes is generated on the

substrate 5. At this time, if the phase velocity of the acoustic wave in the
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piezoelectric thin plate 7 is approximately equal to the propagation velocity of
the surface acoustic wave on the substrate 5 in case which exists as a
mono-layer medium, it is possible not only to increase the transducer
efficiency of the electric energy, applied to the input interdig_ital transducers, to
the acoustic wave, but also to remove the reflection and others generated by
the miss—matching and ofhers on vthe{: acoustic impedance at the boundary
surface between the piezoelectric thin blate 7 and the substrate 5. Thus, it is
possible to generate the acoustic wave on the substrate 5 effectively under low
power consumption and low vo}tage.

When the piezoelectric thin plate 7 comprises a piezoelectric ceramic,
where the directions of the polaﬁzation axis and the thickness run parallel with
each other, the acoustic wave of the first mode or the higher modes can be
generated on the substrate 5 effectively.

When the piezoelectric thin plate 7 comprises a piezoelectric thin film
made from highly polymerized compound such as PVDF and so on, the acoustic
wave of the first mode or the higher modes can be generated on the substrate 5
effectively.

When the substrate 5 comprises an acrylate plate or other highly
polymerized compound having transparency, the acoustic wave can be

generated on the substrate 5 effectively. When the piezoelectric thin plate 7
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comprises a single crystal, such as LiNbOs or LiTaOs;, the acoustic wave can
be generated on the substrate 5 effectively.

When insei'ting the ultrasonic touch system according to the present
invention into a display in a computer and so on, the substrgte of the ultrasonic
touch system is set up such that the surface having the input and output
devices is faced outside, moreover such that only the area surrounded with the
input and output deviceé on the surface is exposed to outside.

FIGURE 18 (a) shows a plan view of an interdigital transducer taking
the place of that seen in FIGURE 16. | There are two interdigital periodicities
shown in FIGURE 18 (a), the overlap length of the first being different from
that of thé second. One consists of five finger pairs with an interdigital
periodicity of 620 «m, the other consists of five finger pairs with an interdigital
periodicity of 295 «m. When the interdigital transducers are employed, they
are placed such that the part consisting of five finger pairs with the interdigital
periodicity of 295 “m is opposed inside to each other, because the acoustic
wave with a higher frequency generated on the substrate 5 in case of the
interdigital periodicity smaller is highly decreased on the sqbstrate 5. Thus,
the interdigital transducers are placed such that the part with a smaller
interdigital periodicity has a smaller propagation distance of the acoustic wave.

The arrangement such that the finger pairs with a smaller interdigital
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periodicity is placed inside to each other restrains the decrease of the acoustic
wave on the substrate 5.

FIGURE 18 (b) shows a plan‘view of an interdigital transducer taking
the place of that seen in FIGURE 16. The interdigital transducer has
interdigital periodicities with hyperbolical variation along the direction of the
electrode finger located at the central part of the interdigital transducer. The
interdigital transducer éonsists of 26.5 ﬁnger pairs with interdigital periodicities
of 260 um ~ 390 um, the overlap length being 23.4 mm. When the
interdigital transducers are employed, fhey take the symmetrical positions each
other against the center line between the two interdigital transducers. In the
above device configuration, the operétion frequency is in the range from 5.4
MHz to 8.2 MHz.

FIGURE 19 shows a schematic illustration of the ultrasonic touch
system, shown in FIGURE 16, under an rf pulse operation. FIGURE 20 shows
the waveforms corresponding to the respective parts, (D~®), seen in FIGURE
19. When operating the ultrasonic touch system shown in FIGURE 16, a
continuous wave (U generated by a function generator is modulated to rf pulses
@-1 and @-2 in the corresponding double balanced mixers (DBMs) 1 and 2 by
the corresponding clock pulses ®-1 and @-2 from a computer. The DBM 1

and the DBM 2 play a role of switching to apply with an rf pulse to the
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interdigital transducers T1 and T3 (T1 group of IDTs) or the interdigital
transducers T2 and T4 (T2 group of IDTs). If an rf pulse is applied to each of
the T1 group of IDTs, the rf pﬁlse with a frequency approximately
corresponding to the interdigital périodicity_ of the TI ‘group of IDTs is
converted to the acoustic wave which is transmitted to the respective
piezoelectric thin pl_ate 7 in the .input‘ devices DTX and DTY and then
transmitted to the sut;strate 5. The acoustic wave having a wavelength
approximately corresponding to each interdigital periodicity of the interdigital
transducers, R11, R12, R13, R_14, R31, R32, R33 and R34 (R1 group of IDTs), is
converted to a delay. electric signal, which is detected at the R1 group of IDTs.
If an rf pﬁlse is applied to each of the T2 group of IDTs, the rf pulse with a
frequency approximately corresponding to the interdigital périodicity of the T2
group of IDTs is converted to the acoustic wave which is transmitted to the
respective piezoelectric thin plate 7 in the input devices DTX and DTY and
then transmitted to the substrate 5. The acoustic wave having a wavelength
approximately corresponding to each interdigital periodicity of the interdigital
transducers, R21, R22, R23, R24, R41, R42, R43 and R44 (R2 group of IDTs), is
converted to a delayed electric signal, which is detected at the R2 group of
IDTs. If an rf pulse is applied to the T1 and T2 groups of IDTs alternately, a

delayed electric signal is detected at the R1 and R2 groups of IDTs alternately.
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The connections between the interdigital transducers R11 and R21, R12 and
R22, R13 and R23, R14 and R24, R31 and R41, R32 and R42, R33 and R43, and
R34 and R44, make the circuit constrﬁction simple. In addition, the delayed
electric signal @ detected at each pair of the interdigiti_ll transducers, for
example the pair of -the interdigital transducers_ R11 and R21, is received so
that they overlap each other. Therefore, when touching with a material, softer
than the substrate 5 and easy to absorb the acoustic wave, on the propagation
way, made from the T1 and R1 groups of IDTs, of the acoustic wave on the
substrate 5, the acous’ @ wave on the teuched position is decfeased ® only in
case that an eleetric'signal is applied to each of the T1 group of IDTs. In the
same way, ‘touching with the materiai on the propagation way, made f;'om the
T2 and R2 groups of IDTs, of the acoustic wave on the substrate 5, the acoustic
wave on the touched position is decreased © only in case that an electric
signal is applied to each of the T2 group of IDTs. Such the delayed electric
signals @, ® and ® are amplified via an amplifier and rectified via a voltage
doubling rectifier, and then become a direct current signals @) and ©),
respectively. By means of setting the threshold voltage at the proper value
between the direct current signals @ and &), or @ and ©), the digital signals
corresponding to the direct current signals @, and ©, respectively, are

obtained in a comparator. The digital signals are taken in the computer as the
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parallel signals with a proper timing by the computer. Thus, the ultrasonic
touch system shown in FIGURE 16 has a short response time, and therefore
has a high sensitivity. Accordingly, the touched position on the substrate 5 can
be appointed clearly and quickly. If there are more ultrasonic transducing
systems consisting of an input interdigital transducer and an output interdigital
transducer, respectively, the touched position on the substrate 5 can be more
strictly appointed.

FIGURE 21 shows a schematic illustratioq of the ultrasonic touch
system, shown in FIGURE 16, under a.n operation with a delay line oscillator.
The waveforms éorresponding to the respective parts, O~@), seen in FIGURE
21 are the ‘same as the FIGUREF 20. The delay line oscillator h&;s an 8—shaped
signal loop which makes the area between the interdigital tfansducers T1 and
‘R11, or T2 and R21 on the substrate 5 a first delay element, and the area
between the interdigital transducers T3 and R31, or T4 and R41 thereon a
second delay element. When operating the ultrasonic touch system shown in
FIGURE 21, switches, S1, S2, S3 and S4, are opened and closed by order of a
computer. While the switches S1 and S3 ( S1 group of switches) are ciosed,
the switches S2 and S4 ( S2 group of switches) are opened. Thus, an electric
signal is applied to the T1 and T2 groups of IDTs, alternately, by opening and

closing of the S1 and S2 groups of switches alternately. An electric signal @
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applied to the T1 or T2 groups of IDTs is modulated to rf pulses @-1 or @-2,
respectively, by the corresponding clock pulses @-1 or @-2 from a computer.
If the tf pulse @-1 is applied to the T1 group of IDTs, then when the S1
group of switches are closed, the rf pﬁlse @—_1 with a frequency approximately
corresponding to the interdigital periodicity of the T1 group of IDTs is
converted to the acoustic wave which is transmitted to the respective
piezoelectric thin plate 7 in the iﬁput devices DTX and DTY and then
transmitted to the substrate 5. The acoustic wave having a wavelength
approximately corresponding to each interdigital periodicity of the interdigital
transducers, Ril, R12, R13, R14, R31, R32, R33 and R34 (R1 group of IDTs), is
converted to a ‘;ielayed electrié signal, which is detected at the R1 group of
IDTs. If the rf pulse @-2 is applied to the T2 group of IDTS, then when the
S2 group of switches are closed, the rf pulse @-2 with a frequency
approximately corresponding to the interdigital periodicity of the T2 group of
IDTs is converted to the acoustic wave which is transmitted to the respective
piezoelectric thin plate 7 in the input devices DTX and DTY and then
transmitted to the substrate 5. The acoustic wave haviﬁg a wavelength
approximately corresponding to each interdigital periodicity of the interdigital
transducers, R21, R22, R23, R24, R41, R42, R43 and R44 (R2 group of IDTs), is

converted to a delayed electric signal, which is detected at the R2 group of
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IDTs. Thus, if an electric signal is applied to the T1 and T2 groups of IDTs
alternately, a delayed electric signal is detected at the R1 and R2 groups of
IDTs alternately. The connections between the interdigital transducers R11
| and R21, R12 and R22, R13 and R23, R14 and R24, R31 and R41, R32 and R42,
R33 and R43, and R34 and R44, make the circuit construction simple. In
addition, the delayed'electfic signal @_detected at each pair of the interdigital
transducers, for example the pair of thé interdigital transducers R11 and R21, is
received so that they overlap each other. A part of the delayed electric signal
@ detected at the pair of the‘ interdigiial transducers R11 and R21 and a part
of the »delayed‘ eleétric signal @ detected at the pair of the interdigital
transduceré R31 and R41 are arﬁpliﬁed via the amplifiers A and B, respectively,
and each phase thereof is shifted to the fixed value via eacﬁ phase shifter, the
two electric signals with each shifted phase are applied to the T1 and T2 groups
of IDTs again, respectively, through the S1 and S2 groups of switches. In
short, the electric signals applied to the interdigital transducers T1 and T2
through the switches S1 and S2 are applied to the interdigital transducers T3
and T4 through the switches S3 and S4, and the electric signals applied to the
interdigital transducers T3 and T4 through the switches S3 and S4 are applied
to the interdigital transducers T1 and T2 through the switches S1 and S2.

Thus, the delay line oscillator having the 8—shaped signal loop is constructed.
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The delayed electric signal @ detected at each pair of the interdigital
transducers is decreased (©® or ®) in response to a touch on the substrate 5.
When touching with a material, softer fhan the substrate 5 and easy to absorb
the acoustic wave, on the propagation way, mad@ from the T} and R1 groups of
IDTs, of the acoustic waye on the substrate 5, the_ acoustic wave oﬁ the touched
position is decreased ® only in case that an electric signal is applied to each of
the T1 group of IDTs. in the same way, touching with the material on the
propagation way, made from the T2 and R2 groups of IDTs, of the acoustic
wave on the substrate 5, the acoustic wave on the touched position is decreased
® only in case that an electric signal is applied to each of the T2 group of
IDTs. Such the delayed electric signals @, ©® and ® are amplified via an
amplifier and rectified via a voltage doubling rectifier, and then become a direct
current signals @, and @, respectively. By means of setting the threshold
voltage at the proper value between the direct current signals @ and @, or @
and ©), the digital signals corresponding to the direct current signals @, and
©)] respectively, are obtained via a comparator. The digital signals are taken
into the computer in the form of the parallel signals with a proper timing by the
computer. The operation with the delay line oscillator has no need for a
function generator. Therefore, it is possible to provide the ultrasonic touch

system, with a smaller size which is very light in weight and has a simple
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structure, capable of an operation under low power consumption with low
voltage as compared with the case of the rf pulse operation shown in FIGURE
19.

When operating the ultrasonic touch system shown in FIGURE 16, an
information given in a color is appeared on the display face 6 in response to the
touched position by order of the computer. At this time, the frequency of the
electric signal applied to the T1 or T2 group of IDTs is corresponding to the
color. It is possible to look the information on the display face 6 through the
substrate 5. When touching on the propagation medium o.f the acoustic wave
on the substrat'e 5, the acoustic waye decreases and the information given in .
the color corresponding to the touched position is appeared on the display face
6. It is possible by means of changing the frequency of the.input electric signal
to indicate each information given in the color corresponding to the frequency
of the input electric signal on the identical position of the display face 6.
Therefore, when using two kinds of frequenciés of the input electric signals,
two kinds of the information given in each color on the identical position of the
display face 6 are obtained. In addition, the information can be indicated for a
fixed period. Thus, when writing, for example, a character with a material,
softer than the substrate 5 and easy to absorb the acoustic wave, on the

substrate 5, the character is appeared on the display face 6. If the ultrasonic
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touch system shown in FIGURE 16 has the interdigital transducers as shown in
FIGURE 18 (a), two kinds of input electric signals having the respective
frequencies, which are corresponding to the respectiye interdigital periodicities
and different from each other, can be applied_ to the interdigital transducer.
Moreover, it is possible to more increase the number of the input electric
signal, because thgre afe many | ki_nds- of the frequencies approximately
corresponding to each' interdigital périodicity. As a result, many Kkinds of
information given in each color can be appeared on the display face 6 by
changing the frequency of the input eleétric signal.

- FIGURE 22 shows the frequency dependence of the insertion loss
between the interdigital transdﬁcers T1 and R11 in case of untouching on the
substrate 5. FIGURE 23 shows the frequency dependence 6f the insertion loss
between the interdigital transducers T1 and R11 in case of touching on the
substrate 5. The peak around 3.96 MHz corresponds to the first mode acoustic
wave. The difference between the insertion loss in case of untouching on the
substrate 5 and that in case of touching on the substrate 5 is about 10 dB with
regard to the first mode acoustic wave. The difference on the insertion loss is
enough to treat the electric signals in the ultrasonic touch system shown in
FIGURE 16.

FIGURE 24 shows the response between the interdigital transducers
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T1 and R11 under operation with 3.96 MHz rf pulse in case of untouching on
the substrate 5. FIGURE 25 shows the response between the interdigital
transducers T1 and R11 under operafion with 3.96 MHz rf pulse in case of
touching on the substrate 5. Since there is‘ the substrate 5 between the
interdigital transducers»Tl and R11, the waveforms without spurious signals
are observed with a good résponse to touch. on the substrate 5. Therefore, it is
easy to treat the electﬁc signals in the ultrasonic touch system shown in
FIGURE 16.

FIGURE 26 shows the relationéhip between the relative amplitude and
the frequency in the delay line oscillator shown in FIGURE 21. Fo in FIGURE
26 correspbnds to the fundamehtal rﬁode wave with the frequency of 3.951
MHz. Because the ultrasonic touch system shown in FIGURE 16 is designed
with the first mode, the stable oscillation without the influence of other modes
is obtained. .In addition, the acoustic wave is transmitted on the substrate 5
almost without extension of the acoustic wave, causing easy oscillation without
the influence of other modes.

FIGURE 27 shows a plan view of an ultrasonic touch. system according
to a fourth embodiment of the present invention. The ultrasonic touch system
comprises 14 interdigital transducers, having each overlap length of 5 mm, 56

interdigital transducers, made from aluminium thin film, having each overlap
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length of 0.8 mm, a piezoelectric substrate 8 being 128 rotated Y cut X
propagation LiINbO3 with dimensions of 50 mm in length, 40 mm in width and
0.5 mm in thickness, and a display face 9 being not drawn in FIGURE 27. Only
the interdigital transducers, T1, T2, T3 and T4, having each overlap length of 5
mm and the interdigital transducers, Rli, R12, R13, R14, R21, R22, R23, R24,
R31, R32, R33, R34? R41,.R42, R43 and R44, having each overlap length of 0.8
mm are drawn in FIGURE 27. The diSplay face 9 in‘cluded in a display device is
mounted on the other surface, without the input and output devices, of the
piezoelectric substrate 8. Each interdigital transducer, whose type is normal,
consisting of 7.5 ﬁnger pairs, has an interdigital periodicity of 640 um.

FIGURE 28 shows a plan view of the interdigital traﬂsducers, T1, T2,
R11, R12, R13, R14, R21, R22, R23 and R24, in the _ultrésonic touch system
shown in FIGURE 27. The interdigital transducers T1 and T2 are placed
opposite to»the interdigital transducers, R11, R12, R13, R14, R21, R22, R23 and
R24. In the samé way, the interdigital transducers T3 and T4 are placed
opposite to the interdigital transducers, R31, R32, R33, R34, R41, R42, R43 and
R44. The interdigital transducers, T1, T2, T3 and T4, are qsed for input. The
interdigital transducers, R11, R12, R13, R14, R21, R22, R23, R24, R31, R32,
R33, R34, R41, R42, R43 and R44, are used for output. The interdigital

transducers, R11, R12, R13 and R14, correspond to the interdigital transducer
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T1. The interdigital transducers, R21, R22, R23 and R24, correspond to the
interdigital transducer T2. The interdigital transducers, R31, R32, R33 and
R34, correspond to the interdigital tranéducer T3. The interdigital transducers,
R41, R42, R43 and R44, correspond to the interd‘igital transdu;er T4.

If an electric sjgnal is applied to the input interdigital transducer in
the ultrasonic touch system shown in FIGURE 27, respectively, the acoustic
wave is generated on fhe piezoelectric substrate 8. The acoustic wave is
converted to each electric signal which is detected at the output interdigital
transducer. Thus, the 14 input interdigital transducers and the 56 output
interdigital transducers make 56 ultrasonic transducing systems classified into
two groups; the propagation direétion 6f the acoustic wave on the piezoelectric
substrate 8 in the one group being perpendicular to that in the other group.
Accordingly, the ultrasonic touch system shown in FIGURE 27 has a simple
structure witvh a small size which is very light in weight, and is operated under
a low power consumption with a low voltage.

It is possible to employ interdigital transducers, having at least two
kinds of interdigital periodicities as show in FIGURE 18, in thg ultrasonic touch
system shown in FIGURE 27. For example, the interdigital transducers
composed of two parts, respectively, are used, one consisting of five finger pairs

with an interdigital periodicity of 178 &m, the other consisting of five finger
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pairs with an interdigital peribdicity of 160 4m. When the interdigital
transducers are employed, they are placed such that each part consisting of five
finger pairs with aﬁ interdigital periodicity of 160 “m is opposed inside to each
other, because the acoustic wave with a higher frequency lS generated on the
piezoelectric substrate 8 in case of the interdigital periodicity smaller, and is
easier to be decreased on.the piezoeleptric substrate 8. Thus, the interdigital
transducers are placed such that the part with a smaller intéiﬂigital periodicity
has a smaller propagation distance of the acoustic wave. The arrangement
such that the finger pairs with a smallér interdigital periodicity is placed inside
to each other réstrziins the decrease of the acoustic wave on the piezoelectric
substrate 8.

In the ultrasonic touch system shown in FIGURE 27 an rf pulse
operation seen in FIGURE 19 can be employed. In this case, the respective
parts, @N@, corresponds to the waveforms shown in FIGURE 20. When
operating the ultrasonic touch system shown in FIGURE 27, a continuous wave
@ generated by a function generator is modulated to rf pulses @-1 and ©@-2
in the corresponding double balanced mixers (DBMs) 1 and 2 by the
corresponding clock pulses ®-1 and @-2 from a computer. The DBM 1 and
the DBM 2 play a role of switching to apply with an rf pulse to the interdigital

transducers T1 and T3 (T1 group of IDTs) or the interdigital transducers T2 and
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T4 (T2 group of IDTs). If an rf pulse is applied to each of the T1 group of IDTs,

the rf pulse with a frequency approximately corresponding to the interdigital
periodicity of the T1 group of IDTs is converted to the acoustic wave which is
transmitted to the piezoelectric subétrate 8. The acoustic wave having a
wavelength approximately corresponding to each interdigital periodicity of the
interdigital transducers, Ril, R12, R13,_ R14, R31, R32, R33 and R34 (R1 group
of IDTs), is converted t;) a delayed electric signal, which is detected at the R1
group of IDTs. If an rf pulse is applied to each of thg T2 group of IDTs, the rf
pulse with a frequency approximately corresponding to the interdigital
periodicity of the T2 group of IDTs is converted to the acoustic wave which is
transmitted to the piezoelectric substrate 8. The acoustic wave having a
wavelength approximately corresponding to each interdigitai periodicity of the
‘interdigital transducers, R21, R22, R23, R24, R41, R42, R43 and R44 (R2 group
of IDTs), is converted to a delayed electric signal, which is detectedvat the R2
group of IDTs. If an rf pulse is applied to the T1 and T2 groups of IDTs
alternately, a delayed electric signal is detected at the R1 and R2 groups of
IDTs alternately. The connections between the interdigital transducers R11 and
R21, R12 and R22, R13 and R23, R14 and R24, R31 and R41, R32 and R42, R33
and R43, and R34 and R44, make a circuit construction simple. In addition, the

delayed electric signal @ detected at each pair of the interdigital transducers,
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for example the pair of the interdigital transducers R11 and R21, is received so
that they overlap each other, Therefore, when touching with a material, softer
than the piezoelectric substrate 8 and easy to absorb the acoustic wave, on the
propagation way, made from the T1 anc R1 groups of IDTs, of the acoustic
wave on the piezoelectric substrate 8,. the acoustic wave on the touehed
position is decreased ® odly in case that an electric signal is applied to each of
the T1 group of IDTs.. In the same .way, touching with the material on the
propagation way, made from the T2 and R2 groups of IDTs, of the acoustic
wave dn the piezoelectric substrate | 8, the acoustic wave on the touched
position is decreased ® only in case that an electric signal is applied to each of
the T2 gr;oup of IDTs. Such the delayed electric signale @,_ ® and ® are
amplified via an amplifier and rectified via a voltage doublidg rectifier, and then
become a direct current signals (@) and ©, respectively. By means of
setting the threshold voltage at the proper value between the direct current
signals @ and , or @ and @, the digital sigrials corresponding to the direct
current signals @, and @, respectively, are obtained via a comparator. The
digital signals are taken into the computer in the form of the parallel signals
with a proper timing by the computer. Thus, the ultrasonic touch system
shown in FIGURE 27 has a short response time, and therefore has a high

sensitivity. Accordingly, the touched position on the piezoelectric substrate 8
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can be appointed clearly and quickly. If there are more ultrasonic transducing
systems consisting of an input interdigital transducer and an output interdigital
transducer, respectively, the touched .position on the piezoelectric substrate 8
can be more strictly appointed.

In the ultrasonic touch system shown in FIGURE 27 an operation as a
delay line oscillator seen in FIGURE 21 can be employed. In this case, the
respective parts, @N@, corresponds to the waveforms shown in FIGURE 20.
FIGURE 29 shows a circuit diagram of the amplifier A or B under operation
with the delay line oscillator in FIGURE 27. When operating the ultrasonic
touch system shown in FIGURE 27, switches, S1, S2, S3 and S4, are opened
and closed-by order of a computer. While the switches S1 and S3 (. S1 group of
switches) are closed, the switches S2 and S4 ( S2 group of switches) are
40pened. Thus, an electric signal is applied to the T1 and T2 groups of IDTs,
alternately, Aby opening and closing of the S1 and S2 groups of switches
alternately. An electric signal @ applied to the T1 or T2 group of IDTs is
modulated to rf pulses @-1 or @—2, respectively, by the corresponding clock
pulses @-1 or ®-2 from a computer. If the rf pulse @-1 is applied to the T1
group of IDTs, then when the S1 group of switches are closed, the rf pulse ©
—1 with a frequency approximately corresponding to the interdigital periodicity

of the T1 group of IDTs is converted to the acoustic wave which is transmitted
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to the piezoelectric substrate 8. The acoustic wave having a wavelength
approximately corresponding to each interdigital periodicity of the interdigital
transducers, R11, R12, R13, R14, R31, R32, R33 and R34 (R1 group of IDTs), is
converted to a delayed electric signal, which is detected at the R1 group of
IDTs. If the rf pulse @-2 is applied to the T2 group of IDTs, then when the
S2 group of switc_hes ére closed, the- rf pulse ©®-2 with a frequency
approximately corresponding to the interdigital periodicity of .the T2 group of
IDTs is converted to the acoustic wave which is transmitted to the piezoelectric
substrate 8. The acousti(; wave' having a wavelength approximately
corresponding td each interdigital periodicity of the. interdigital transducers,
R21, R22,.R23, R24, R41, R42, R43 atld R44 (R2 group of IDTs), is converted to
a delayed electric signal, which is detected at the R2 groub of IDTs. Thus, if
- an electric signal is applied to the T1 and T2 groups of IDTs alternately, a
delayed electric signal is detected at the R1 and R2 groups of IDTs alternately.
The connections between the interdigital transducers R11 and R21, R12 and
R22, R13 and R23, R14 and R24, R31 and R41, R32 and R42, R33 and R43, and
R34 and R44, make a circuit construction simple. In addition, the delayed
electric signal @ detected at each pair of the interdigital transducers, for
example the pair of the interdigital transducers R11 and R21, is received so

that they overlap each other. A part of the delayed electric signal @ detected
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at the pair of the interdigital transducers R11 and R21 and a part of the delayed
electric signal @ detected at the pair of the interdigital transducers R31 and
R41 are amplified via the amplifiers A and B, respectively, and each phase.
thereof is shifted to the fixed value via each phase shifte_r, the two electric
signals with each shifted phase are applied to the T1 and T2 groups of IDTs
again, respectively, _through the S1 and S2 groups of switches. In short, the
electric signals applied.to the interdigital transducers T1 and T2 through the
switches S1 and S2 are applied to the interdigital transducers T3 and T4
through the switches S3 and $4, aﬁd the electric signals applied to the
interdigital tratisduéers T3 and T4 through the switches S3 and S4 are applied

to the intérdigital transducers T1 and T2 through the switches S1 and S2.

Thus, the delay line oscillator having the 8 —shaped signal ldop is constructed.

The delayed electric signal @ detected at each pair of the interdigital
transducers is decreased ( ® or ®) in response to a touch on the piezoelectric
substrate 8. When touching with a material, softer than the piezoelectric
substrate 8 and easy to absorb the acoustic wave, on the propagation way,
made from the T1 and Rl groups of IDTs, of the acoustic wave on the
piezoelectric substrate 8, the acoustic wave on the touched position is
decreased ® only in case that an electric signal is applied to each of the T1

group of IDTs. In the same way, touching with the material on the propagation
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way, made from the T2 and R2 groups of IDTs, of the acoustic wave on the
piezoelectric substrate 8, the acoustic wave on the touched position is
decreased ® only in case that an electric signal is applied to each of the T2
group of IDTs. Such the delayed electric sigpals @, ® apd ® are amplified
via an amplifier and .re(_:tified via a voltage doubling rectifier, and then become a
direct current signa!s @,’ and ©), resbectively. By means of setting the
threshold voltage at the. proper value between the direct current signals @ and
®, or @ and ©), the digital signals corresponding to the direct current signals
@, aﬁd ®©) respectively, are obtainéd via a comparator. The digital signals
are taken into the éomputer in the form of the parallel signals with a proper
timing by >the computer. The bperation with the delay line dsciliator has no
need for a function generator. Therefore, it is possible to provide the qltrasonic
| touch system, with a smaller size which is very light in weight and has a simple
structure, qapable of an operation under low power consumption with low
voltage as compared with the case of the rf pulse operation.

When operating the ultrasonic touch system shown in FIGURE 27, an
information given in a color is appeared on the display face 9. in response to the
touched position. At this time, the frequency of the electric signal applied to
the T1 or T2 group of IDTs corresponds to the color. It is possible to look the

information on the display face 9 through the piezoelectric substrate 8. When
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touching on the propagation medium of the acoustic wave on the piezoelectric
substrate 8, the acoustic wave decreases and the information given in the color
corresponding to the touched position appears on the display face 9. It is
possible by means of changing the frequencyv of the input electric signal to
indicate each informatiqn given in the color corresponding to the frequency of
the input electric signai on the identical position of the display face 9.

Therefore, when using fwo kinds of frequencies of the input electric signals,
two kinds of the information given in each color on the identical position of the
display face 9 are superposed. In addifion, the information can be indicated for
a fixed period. Thus, when writing, for example, a character with a material,
softer thaﬁ the piezoelectric substrate 8 and easy to absorb the acoustic wave,
on the piezoelectric substrate 8, the character appears on the display face 9. If
the ultrasonic touch system shown in FIGURE 27 has the interdigital
tran_sducers as shown in FIGURE 18 (a), two kinds of input electric signals
having different frequencies, which correspond to the respective interdigital
periodicities, can be applied to the interdigital transducers. Moreover, it is
possible to more increase the number of the input electric signal, because there
are many kinds of frequencies approximately corresponding to each interdigital
periodicity. As a resﬁlt, many kinds of information given in each color can be

appeared on the display face 9 by changing the frequency of the input electric
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signal.

FIGURE 30 shows the frequency dependencies of the insertion loss
and the phase of the delay line oscillator employed in the ultrasonic touch
system shown in FIGURE 27.

FIGURE 31 shows the relationship between the relative amplitude and
the frequency in the deléy' line oscillator employed in the ultrasonic touch
system shown in FIGURE 27, where fo corresponds to the fﬁndamental mode
wave with the frequency of 24.3 MHz. The stable oscillation is obtained.

When the piezoelectric sﬁbstrate 8 comprises a transparent
piezoelectric ceramic such as (Pb-La)(Zr-Ti)Os, what is called the PLZT, the
directions of the 'polarization. axis‘ and the thickness of the transparent
piezoelectric ceramic running parallel with each other, the acoustic wave can
be generated on the piezoelectric substrate 8 effectively. Moreover, it is
possible to .look many kinds of information on the display face 9 through the
piezoelectric substrate 8 by using the transparent piezoelectric ceramic as the
piezoelectric substrate 8. In order to transmit the acoustic wave to the
piezoelectric substrate 8, the thickness of the piezoelectric substrate 8 is
requested to be over three times as much as the interdigital periodicity of the
input interdigital transducer. In case that the thickness of the piezoelectric

substrate 8 is smaller than the interdigital periodicity, the Lamb wave is
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transmitted to. the piezoelectric substrate 8. However, it is possible to use the
Lamb wave mode, if it has the modes capable of fulfilling the sensing function in
the ultrasonic touch system shown in FIGURE 27. In place of the transparent
piezoelectric ceramic, the single crystal, having transparency and
piezoelectricity, such as LiNbOs, LiTaOs and so on, can be used as the
piezoelectric substrate 8v. .'When using the single crystal as the piezoelectric
substrate 8, it is neéessary to design the ultrasonic touch system in
consideration of the electromechanical coupling constant k? because .of the
anisotropy of the single crystal. Furthérmore, there is the pdssibility to be in
need of an extra complicated circuit. However, the single crystal is promising
as the pieioelectric substrate. bThe’ PLZT is promising as the piezoelectric
ceramic substrate among other things, because of the transparency,
manufacturing and durability thereof being excellent. By making use of the
transverse isotropy of the piezoelectric substrate 8 made from the PLZT, the
electric signal levels of the two groups of the output interdigital transducefs
become equal, the propagation directions of the acoustic wave on the
piezoelectric substrate 8 in the two groups of the Qutput interdigital
transducers being perpendicular to each other. Accordingly, the circuit
construction becomes so simple that it is possible to provide the ultrasonic

touch system not only with a smaller size which is very light in weight and has
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a simple structure. In addition, because of the output signals being always

unified, the signal treatment becomes accuracy and the sensitivity becomes
high. Furthermore, since the resolution of the electric signal is increased, the

quantity of the information can be increased.
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CLAIMS

1. An ultrasonic touch system including a substrate and at least an
ultrasonic transducing fsystem on one end surface Z1 of said substrate, said
ultrasonic transducing syst'em comprising at least one interdigital transducer P
and at least one interciigital transducer Q corresponding to said interdigital
transducer P, said ultrasonic touch system further comprising;

means for applying said interdigital transducer P with an electric
signal having a frequency approximately corresponding to the interdigital
periodicity. of said interdigit;il transducer P, and generating the acoustic wave,
having a wavelength approximately equal to said _interdigital' periodicity, on said
end surface Z1;

means for delivering an electric signal, having a frequency
approximately corresponding to the wavelength of said acoustic wave generated
on said end surface Z1, from said interdigital transducer Q, said interdigital
transducers P and Q being arranged face to face each other to make a pair such
that the transmitting direction of said acoustic wave by said interdigital
transducer P is the same as the receiving direction of said acoustic wave by

said interdigital transducer Q; and
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means for sensing a touch with a finger or other things on a part of the
propagation medium of said acoustic wave on said end surface Z1 by the
magnitude of said electric signal detected at said interdigital transducer Q.

2. A system as defined in claim 1, wherein said interdigital transducers
P and Q have at least two interdigital ‘periodicities L1 and L2, respectively,
along the direction Qf the electrode fipger of said interdigital transducers P or
Q, or the direction \iertical to said elecirode finger.

3. A system as defined in claim 1 or 2, wherein a display face included
in a dieplay device and indicating at leest two kinds of colors is mounted on the
other end surface Z2 of said substrate.

4, A system as defined in claim 1, 2 or 3, wherein said color
corresponds to said frequency of said electric signal applieii to said interdigital
transducer P.

5. A system as defined in claim 1, 2, 3 or 4, wherein said substrate
comprises:

an almost transparent piezoelectric ceramic, the direction of the
polarization axis thereof being parallel to the thickness direction thereof, said
interdigital transducers P and Q being mounted on said end surface Z1 directly.

6. A system as defined in claim 1, 2, 3 or 4, wherein said substrate

comprises:
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a nonpiezoelectric body, said ultrasonic transducing system comprising

an input device A, consisting of a piezoelectric thin plate TA and said
interdigital transducer P mounted thereon, and an output device B consisting of
a piezoelectric thin plate TB and said interdigital transducer Q mounted
thereon, said piezoelectric thin plates TA and TB being mounted on said end
surface Z1.

7. A system as defined in claim 1, 2, 3, 4 or 6, wherein the thickness of
said piezoelectric thin plate TA is less than the interdigital periodicity of said
interdigital transducer P, and the thickﬁess of said piezoelectric thin plate TB is
less than the ihterdigital periodicity of said interdigital transducer Q, said
interdigital periodicities of said interdigital transducers P and Q being
approxi‘mately equal to the wavelength of the acoustic wave 6f the first mode or
4the higher modes, the phase velocity of said acoustic wave of said first mode or
said higher modes being approximately equal to the propagation velocity of the
acoustic wave generated on said substrate as a mono—layer medium.

8. A system as defined in claim 1, 2, 3, 4, 6 or 7, wherein said
piezoelectric thin plates TA and TB are cemented on said end surface Z1
through the end surface with said interdigital transducer P in said piezoelectric
thin plate TA and the end surface with said interdigital transducer Q in said

piezoelectric thin plate TB.
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9. A system as defined in claim 1, 2, 3, 4, 6, 7 or 8, wherein the other
end surface without said interdigital transducer P in said piezoelectric thin
plate TA and the other end surface without said interdigital transducer Q in
said piezoelectric thin plate TB are covered with metal thin layer, respectively.

10. A system as defined in claim 1, 2, 3, 4, 6, 7, 8 or 9, wherein said
piezoelectric thin platg TA or TB comprises:

a piezoelectric éeramic, the direction of the polarization axis thereof
being parallel to the thickness direction thereof.

11. A system as defined in claih 1, 2, 3, 4, 6,7, 8 or 9, wherein said
piezoelectric thin plate TA or TB comprises:

a piezoelectric thin film made from highly polymerized L:ompound such
as PVDF and so on.

12. A system as defined in claim 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or 11,
wherein said ultrasonic transducing system comprises:

N interdigital transducers Pi (i = 1, 2, ----, N) and N interdigital
transducer groups Qi (i = 1, 2, -, N) consisting of at least two interdigital
transducers, Q-1 and Qi -2, said ultrasonic touch system further comprising;

a connection point Mi, each output terminal of said interdigital
transducers Qi-1 being connected with each other thereat,

a connection point M2, each output terminal of said interdigital
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transducers Qi-2 being connected with each other thereat, a touch with a
finger or other things on a part of the propagation medium of the acoustic wave
on said end surfacé Z1 being detected by the magnitudes of the electric signals
detected at said connection points M; 'and M_:, respectively,

N switches Si i = 1, 2, - -, N), output terminal thereof being
connected with each input terminal of said‘interdigital transducers P i, and

means for controlling turn on. and off of said switches Si with a fixed
period in turn.

13. A system as defined in cléim 1,2, 3,4,5,6,7, 8,9, 10, 11 or 12,
further compﬁéing:

a connectibn point MS, each input terminal of said switches S: being
connected with each other thereat,

an amplifier, said connection point M, being connected with said
connection point MS through said amplifier, and

N oscillators Hi i .= 1, 2, ', N) including N corresponding
propagation paths Di (i = 1, 2, ****, N) as delay elements, said propagation
paths D comprising said substrate between said interdigital transducers P
and said interdigital transducers Qi-i, the respective signal loops of said
oscillators H; comprising said interdigital transducers Pi, said propagation

paths D, said interdigital transducers Qi-1 and said amplifier.
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FIG 8
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FIG 9
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FIG 10
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