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DESCRIPTION 

DEVICE FOR MEASURING CHARACTERISTIC OF MEASUREMENT 

OBJECT 

TECHNICAL FIELD 

[0001] 

The present invention relates to an object characteristics measurement apparatus 

which includes a surface acoustic wave device which includes an interdigitated electrode 

that is formed on a piezoelectric substrate and excites a surface acoustic wave and which 

forms a reaction field in which a measured object is to be loaded between the 

interdigitated electrode and an end of the piezoelectric substrate in the propagation 

direction of the surface acoustic wave. 

This application claims priority from Japanese Patent Application No. 

2011-281603 filed on December 22, 2011, and Japanese Patent Application No. 

2012-232060 filed on October 19, 2012, the contents of which are incorporated herein by 

reference in their entirety. 

BACKGROUND ART 

[0002] 

Generally, the surface acoustic wave device is provided with a piezoelectric 

substrate, and a transmitting electrode and a receiving electrode which are constituted by 

comb-shaped electrode fingers provided on the piezoelectric substrate. 

In the surface acoustic wave device which is configured as described above, 

when an electrical signal is provided to the transmitting electrode, an electric field is 

generated between the electrode fingers, a surface acoustic wave is excited due to a 
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piezoelectric effect, the surface acoustic wave propagates along the piezoelectric 

substrate, excites the receiving electrode, and is thereby converted into an electrical 

signal. 

Regarding such a surface acoustic wave, surface acoustic wave sensors have 

5 been researched which utilizes a shear horizontal surface acoustic wave (SH-SAW: Shear 

horizontal Surface Acoustic Wave) polarizing in parallel to the surface of the 

piezoelectric substrate and is used to carry out detection of various substances or 

measurement of materials properties or the like (Patent Document 1). 

[0003] 

10 The surface acoustic wave sensor utilizes a difference in characteristics of 

signals which are obtained by the receiving electrode in the case where a region of the 

measured object that is loaded onto the piezoelectric substrate is electrically opened or 

short-circuited, and can determine dielectric constant and electrical conductivity which 

are physical characteristics of the measured object. 

15 Additionally, in a state where an uneven structure is formed on the propagation 

path between the transmitting electrode and the receiving electrode which are on the 

piezoelectric substrate, when a measured object is load onto the recessed portion, the 

loaded measured object forms a quasi-coating. 

By utilizing a mass load effect that the quasi-coating and the piezoelectric 

20 substrate are excited while a resonance frequency varies based on the mass of the 

quasi-coating, it is possible to determine the density of the measured object (Patent 

Document 2). 

[0004] 

In the surface acoustic wave sensors according to Patent Documents 1 and 2, the 

25 transmitting electrode and the receiving electrode are formed on a piezoelectric substrate; 



on the other hand, a surface acoustic wave sensor that is configured by one 

transmitting-and-receiving electrode utilizing reflection of the surface acoustic wave is 

known (Patent Document 3). 

In the surface acoustic wave sensor, an elastic wave that is excited by the 

transmitting-and-receiving electrode propagates a reaction field in which a measured 

object is loaded, thereafter, is reflected by the end of the piezoelectric substrate, and is 

re-input to the transmitting-and-receiving electrode. 

Based on this signal, it is possible to measure the physical characteristics of the 

measured object. 

In this case, as a result of forming the surface acoustic wave device by one 

transmitting-and-receiving electrode, a downsized surface acoustic wave device can be 

formed. 

PRIOR ART DOCUMENTS 

PATENT DOCUMENTS 

[0005] 

[Patent Document l]Japanese Patent No. 3481298 

[Patent Document 2]Japanese Patent No. 3248683 

[Patent Document 3]Japanese Unexamined Patent Application, First Publication No. 

2009-300302 

SUMMARY OF INVENTION 

PROBLEMS TO BE SOLVED BY THE INVENTION 

[0006] 

However, an elastic wave includes a surface acoustic wave that propagates along 

the surface of the piezoelectric substrate and a bulk wave that propagates through the 

inside of the piezoelectric substrate. 



In the case of the surface acoustic wave sensor configured by the structure 

disclosed in Patent Document 3, the elastic wave including the surface acoustic wave and 

the bulk wave which are excited by the transmitting-and-receiving electrode is reflected 

by the end of the piezoelectric substrate, and both of them are input to the 

transmitting-and-receiving electrode. 

Consequently, since the resultant signal includes a signal based on the surface 

acoustic wave and a signal based on the bulk wave which are mixed together therein, 

there is a case where physical characteristics of the measured object cannot be 

determined with a high level of accuracy. 

[0007] 

The present invention was made in order to solve a defect and has an object to 

provide an object characteristics measurement apparatus where the apparatus separates a 

signal associated with a bulk wave from a signal associated with an elastic wave and can 

determine physical characteristics of the measured object with a high level of accuracy 

based on the signal associated with surface acoustic wave. 

MEANS FOR SOLVING THE PROBLEMS 

[0008] 

An object characteristics measurement apparatus according to one aspect of the 

invention includes: a surface acoustic wave device; the surface acoustic wave device 

includes: an interdigitated electrode that is formed on a first surface on a piezoelectric 

substrate, excites an elastic wave, and receives reflection based on the elastic wave; a 

reflector that has a third surface and a fourth surface between the interdigitated electrode 

and a second surface orthogonal to the first surface of the piezoelectric substrate in a 

propagation direction of the elastic wave, the third surface being formed at a position 

different from that of the first surface in a nonnal direction of the first surface, the fourth 
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surface connecting an end of the first surface, which is fonned perpendicular to the 

nonnal direction of the first surface, to the third surface; a reaction field that is fonned 

between the interdigitated electrode and the reflector, in which the measured object is to 

be loaded; and a propagator that is formed between the reflector and the second surface, 

5 wherein a surface acoustic wave is separated and extracted from a bulk wave, and 

characteristics of the measured object are detennined based on the extracted surface 

acoustic wave, the surface acoustic wave propagating along the reaction field from the 

interdigitated electrode, the surface acoustic wave being reflected by the fourth surface of 

the reflector, the surface acoustic wave propagating along a surface of the piezoelectric 

10 substrate which is included in the elastic wave that is received by the interdigitated 

electrode, the bulk wave being reflected by the second surface of the piezoelectric 

substrate, the bulk wave propagating through an inside of the piezoelectric substrate 

which is included in the elastic wave that is received by the interdigitated electrode. 

[0009] 

15 Moreover, in the object characteristics measurement apparatus according to one 

aspect of the invention, it is preferable that the reflector have a wall and a height d of the 

wall thereof in a direction from the surface of the piezoelectric substrate toward the 

inside of the piezoelectric substrate be a value satisfying a relationship represented by the 

following formula. 

20 V2<d<H/2 

X: Wavelength of the elastic wave 

H: Thickness of the piezoelectric substrate 

[0010] 

Moreover, in the object characteristics measurement apparatus according to one 

25 aspect of the invention, it is preferable that the interdigitated electrode include a plurality 
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of electrode fingers which is N pairs of the electrode fingers (N is an integer greater than 

or equal to 1), and a length L2 from the fourth surface of the reflector to the end of the 

piezoelectric substrate be a value satisfying a relationship represented by the following 

formula. 

5 L2>NxX/2 

X: Wavelength of the elastic wave 

N: Number of a plurality of pairs of electrode fingers constituting the 

interdigitated electrode 

[0011] 

10 Moreover, in the object characteristics measurement apparatus according to one 

aspect of the invention, it is preferable that the reflector have the third surface and the 

third surface be parallel to the first surface of the piezoelectric substrate. 

Moreover, in the object characteristics measurement apparatus according to one 

aspect of the invention, it is preferable that the reflector have the third surface and at least 

15 one portion of the third surface be a curved surface. 

Moreover, in the object characteristics measurement apparatus according to one 

aspect of the invention, it is preferable that the reflector have the third surface and at least 

one portion of the third surface be an inclined face that is inclined with respect to a 

normal direction of the first surface of the piezoelectric substrate at a predetermined 

20 angle. 

[0012] 

Moreover, in the object characteristics measurement apparatus according to one 

aspect of the invention, it is preferable that a resin fill the reflector without protruding 

from the first surface of the piezoelectric substrate. 

25 [0013] 
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Moreover, in the object characteristics measurement apparatus according to one 

aspect of the invention, it is preferable that a plurality of interdigitated electrodes be 

fonned on the piezoelectric substrate in a direction perpendicular to the propagation 

direction of the elastic wave, and that a plurality of reaction fields, each of which 

5 coiresponds to the interdigitated electrode, be fonned between each interdigitated 

electrode and the third surface of the reflector. 

Effects of the Invention 

[0014] 

In the object characteristics measurement apparatus according to one aspect of 

10 the invention, the surface acoustic wave propagates along the reaction field, is reflected 

by a reflecting surface of the reflector, and is received by the interdigitated electrode; in 

contrast to this, a bulk wave is transmitted to a bulk wave propagator from the reaction 

field, is reflected by an end of the piezoelectric substrate, and thereafter, is received by 

the interdigitated electrode so as to be delayed by a predetennined amount of time longer 

15 than the surface acoustic wave. 

Accordingly, a signal based on the bulk wave is separated from a signal based 

on the elastic wave by utilizing the delay time, and a signal associated with the surface 

acoustic wave can be extracted therefrom. 

Consequently, based on the signal associated with the surface acoustic wave, it 

20 is possible to detennine physical characteristics of the measured object with a high level 

of accuracy. 

[0015] 

Furthennore, as a result of fonning a plurality of comb-shaped electrodes in the 

extending direction of the reflector and fonning a plurality of reaction fields, each of 

25 which is between the comb-shaped electrode and the reflector and corresponds to the 



8 

comb-shaped electrode, it is possible to simultaneously determine physical characteristics 

of a plurality of measured objects with a high level of accuracy. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 [0016] 

FIG. 1A is a plan view showing a configuration of an object characteristics 

measurement apparatus of a first embodiment of the invention including a surface 

acoustic wave device. 

FIG. IB is a cross-sectional view taken along the line IB-IB shown in the 

10 surface acoustic wave device shown in FIG. 1 A. 

FIG. 2 is a diagram showing a relationship between the time when a shear 

horizontal surface acoustic wave signal and a bulk wave signal are received by an 

interdigitated electrode of the surface acoustic wave device of the first embodiment of the 

invention, and signal levels thereof. 

15 FIG. 3 is an enlarged cross-sectional view partially showing a modified example 

of a groove that is formed in the surface acoustic wave device of the first embodiment of 

the invention. 

FIG. 4 is a plan view showing a configuration of an object characteristics 

measurement apparatus of a second embodiment of the invention including a surface 

20 acoustic wave device. 

FIG. 5 is a plan view showing a configuration of an object characteristics 

measurement apparatus of a third embodiment of the invention including a surface 

acoustic wave device. 

FIG. 6 is a view showing propagation of the shear horizontal surface acoustic 

25 wave signal and the bulk wave signal of the first embodiment of the invention. 
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FIG. 7 is a cross-sectional view taken along the line IB-IB shown in an object 

characteristics measurement apparatus including a surface acoustic wave device. 

FIG. 8 is a chart showing an example of actual measured values in the case 

where a depth of the groove of the first embodiment of the invention is 0.06 mm. 

5 FIG. 9 is a chart showing an example of actual measured values in the case 

where a depth of the groove of the first embodiment of the invention is 0.01 mm. 

FIG. 10 is a view showing a configuration of a groove of a fourth embodiment 

of the invention. 

FIG. 11 is a view showing a configuration of a groove according to the fourth 

10 embodiment of the invention. 

FIG. 12 is a chart showing an example of actual measured values in the case of 

provision of the groove shown in FIG. 11. 

FIG. 13 is a modified example of a groove according to the fourth embodiment 

of the invention. 

15 FIG. 14 is a modified example of a groove according to the fourth embodiment 

of the invention. 

FIG. 15 is a plan view showing a configuration of an object characteristics 

measurement apparatus of a fifth embodiment of the invention including a surface 

acoustic wave device. 

20 FIG. 16A is a cross-sectional view taken along the line IB-IB shown in a surface 

acoustic wave device shown in FIG. 15. 

FIG. 16B is an enlarged cross-sectional view showing a portion represented by 

reference numeral A shown in FIG. 16A. 

25 EMBODIMENTS FOR CARRYING OUT THE INVENTION 
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[0017] 

Hereinafter, an embodiment of the invention will be described with reference to 

drawings. 

[0018] 

<Configuration of First Embodiment 

FIG. 1A is a plan view showing a configuration of an object characteristics 

measurement apparatus of a first embodiment including a surface acoustic wave, and FIG. 

IB is a cross-sectional view taken along the line IB-IB of a surface acoustic wave device 

shown in FIG. 1A. 

[0019] 

The object characteristics measurement apparatus 10 measures, for example, 

physical characteristics of a liquiform measured object. 

The object characteristics measurement apparatus 10 includes: a surface acoustic 

wave device 12; a measurement unit 20 that is constituted of an oscillator 14, a 

distributor 16, a switch 17, and an elastic wave detector 18; and a processor 22 

configured of a personal computer or the like. 

[0020] 

The surface acoustic wave device 12 includes: a piezoelectric substrate 24; an 

interdigitated electrode 26 that is formed on the piezoelectric substrate 24 and excites an 

elastic wave; a groove (reflector) 30 that is fonned between the interdigitated electrode 

26 and an end 28 of the piezoelectric substrate 24 in the propagation direction of an 

elastic wave (the X-arrow direction); a reaction field 32 which is fonned between the 

interdigitated electrode 26 and the groove 30 and in which the measured object is to be 

loaded; and a bulk wave propagator 34 (propagator) through which a bulk wave 

propagates and which is fonned between the groove 30 and the end 28. 
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[0021] 

The elastic wave includes various kinds of wave such as a surface acoustic wave 

(SAW: Surface Acoustic Wave), a bulk wave, or the like. 

Particularly, a surface acoustic wave is a wave that propagates along a surface of 

5 the piezoelectric substrate, and a bulk wave is a wave that propagates through the inside 

of the piezoelectric substrate. 

Additionally, in the case where the measured object is liquid, the surface 

acoustic wave is a shear horizontal surface acoustic wave (SH-SAW). 

In the explanation of the first embodiment, a shear horizontal surface acoustic 

10 wave is adopted as an example of the surface acoustic wave. 

In the first embodiment, the shear horizontal surface acoustic wave propagates 

along a superficial layer portion (first surface) of the piezoelectric substrate 24, part of 

the shear horizontal surface acoustic wave is reflected by a reflecting surface (fourth 

surface) 36 of the groove (reflector) 30, and the remnant of the shear horizontal surface 

15 acoustic wave passes between a bottom surface (third surface) of the groove 30 and a 

lower surface of the piezoelectric substrate 24 which are shown in FIG. IB. 

Additionally, a bulk wave propagates through the entire piezoelectric substrate 

24, part of the bulk wave is reflected by the reflecting surface 36 of the groove 30, and 

the remnant of the bulk wave passes between the bottom surface of the groove 30 and the 

20 lower surface of the piezoelectric substrate 24 which are shown in FIG. IB; and after the 

remnant thereof propagates through the bulk wave propagator 34, the remnant thereof is 

reflected by the end (second surface) 28 of the piezoelectric substrate 24. 

Here, as shown in FIGS. 1A and IB, the groove 30 has a bottom surface that is 

parallel to the superficial layer portion of the piezoelectric substrate 24. 

25 [0022] 



12 

As long as the piezoelectric substrate 24 has a function of capable of 

propagating a surface acoustic wave, a configuration of the piezoelectric substrate 24 is 

not particularly limited, and it is preferable to adopt 36XY-LiTa03 (lithium tantalite 

single crystal). 

5 [0023] 

The interdigitated electrode 26 is configured so that a plurality of pairs of, that is, 

N pairs of electrode fingers 27a and 27b, the polarities of the electrode fingers are 

different from each other, and the electrode fingers are arranged in the propagation 

direction at a length that is equal to the wavelength X of the surface acoustic wave (for 

10 example, four pairs in FIG. 1 A). 

The interdigitated electrode 26 excites a surface acoustic wave based on a 

high-frequency oscillation signal (for example, center frequency is 250 MHz) generated 

from the oscillator 14 and causes it to propagates along the reaction field 32. 

The interdigitated electrode 26 receives the shear horizontal surface acoustic 

15 wave that propagates along the reaction field 32, is reflected by the reflecting surface 36 

of the groove 30, and is returned thereto through the reaction field 32. 

Moreover, the interdigitated electrode 26 receives the bulk wave that transmits 

from the reaction field 32 to the bulk wave propagator 34, is reflected by the end 28 of 

the piezoelectric substrate 24, and is returned thereto through the bulk wave propagator 

20 34 and the reaction field 32. 

The interdigitated electrode 26 is tightly sealed by a sealing member 38 such as 

a resin or a glass in order to avoid accuracy of measurement from being degraded which 

is due to attachment of a measured object thereto. 

[0024] 

25 The groove 30 is arrayed in the direction orthogonal to the propagation direction 
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of the surface acoustic wave (the Y-arrow direction). 

The groove 30 is formed so as to extend from one end (first substrate edge) of 

the piezoelectric substrate 24 to the other end (second substrate edge) in a direction 

orthogonal to the propagation direction of the surface acoustic wave. 

The groove 30 has the reflecting surface 36 that is substantially vertical to the 

top surface of the piezoelectric substrate 24 along which the surface acoustic wave 

propagates. 

As stated above, the cross-sectional configuration of the groove 30 is a projected 

polygonal shape such that the shape protrudes from the superficial layer portion of the 

piezoelectric substrate 24 toward the inside of the piezoelectric substrate 24. 

In other words, the above shape, which is surrounded by the reflecting surface 

36 of the groove 30, the bottom surface thereof, and the virtual line that is on the same 

plane as the top surface of the bulk wave propagator 34 and extends so as to close the 

groove 30, and is the projected polygonal shape (hereinbelow, refer to a projected 

polygonal shape). 

In the embodiment, the cross-sectional configuration of the groove 30 is a 

tetragon. 

The reflecting surface 36 reflects the shear horizontal surface acoustic wave to 

be directed to the interdigitated electrode 26. 

As a depth d of the groove 30 in the direction from the top surface of the 

piezoelectric substrate 24 toward the inside of the piezoelectric substrate 24 (refer to FIG. 

IB, a height d of a wall of the reflector), a value that satisfies the relationship of the 

following formula is adopted by a designer of the object characteristics measurement 

apparatus 10. 

X/2<d<H/2 
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X: Wavelength of surface acoustic wave 

H: Thickness of piezoelectric substrate 24 

[0025] 

A metal film 40 that is vapor-deposited onto the piezoelectric substrate 24 is 

fonned the reaction field 32. 

The metal film 40 fonns a short-circuited propagation path which is electrically 

short-circuited. 

The material used to fonn the metal film 40 is not particularly limited; however, 

it is preferable to use gold which is chemically stabilized with respect to a measured 

object which is to be dropped onto the reaction field 32. 

[0026] 

The bulk wave propagator 34 is a region through which a bulk wave propagates; 

and as the length L2 from the reflecting surface 36 of the groove 30 to the end 28 of the 

piezoelectric substrate 24, a value that satisfies the relationship of the following fonnula 

is adopted by a designer of the object characteristics measurement apparatus 10. 

L2>NxX,/2 

X: Wavelength of surface acoustic wave 

N: Number of pairs of electrode fingers 27a and 27b. 

[0027] 

The oscillator 14 that constitutes the measurement unit 20 produces a 

high-frequency oscillation signal. 

The distributor 16 supplies the high-frequency oscillation signal to the 

interdigitated electrode 26 and the elastic wave detector 18. 

The elastic wave detector 18 detects an amplitude ratio of the high-frequency 

oscillation signal distributed by the distributor 16 to a signal based on a surface acoustic 
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wave which is received by the interdigitated electrode 26, a phase difference, and a 

propagation delay difference; and the elastic wave detector outputs, to the processor 22, a 

signal based on the amplitude ratio, the phase difference, and the propagation delay 

difference, which are detected. 

The processor 22 determines the physical characteristics of the measured object 

based on the signal that is supplied from the elastic wave detector 18. 

Moreover, the processor 22 switches between connection of the terminal 1 to the 

terminal 3 of the switch 17 and connection of the terminal 2 to the teraiinal 3 at a 

predetermined timing. 

Particularly, physical characteristics mean, for example, the degree of viscosity, 

the density, or the like of a measured object. 

The processor 22 determines a frequency change and a phase variation of the 

supplied signal in the case where, for example, nothing is dropped on the reaction field 

32. 

In the case where nothing is dropped on the reaction field 32, the measured 

object is air. 

Next, a frequency change and a phase variation of the supplied signal is 

determined in the case where a measured object is dropped on the reaction field 32. 

The processor 22 calculates two measurement data and thereby determines the 

degree of viscosity, the density, or the like of the dropped measured object. 

[0028] 

<Measurement Process of First Embodiment 

The object characteristics measurement apparatus 10 according to the first 

embodiment is basically configured by the above. 

Next, a measurement process of physical characteristics of the measured object 
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using the object characteristics measurement apparatus 10 will be described with 

reference to FIGS. 1 A, IB, and 6. 

FIG. 6 is a view showing propagation of the shear horizontal surface acoustic 

wave signal and the bulk wave signal of the first embodiment. 

5 As similar to FIG. IB, FIG. 6 shows part of a cross section of the surface 

acoustic wave device taken along the line IB-IB shown in FIG. 1 A. 

In FIG. 6, a curve line sill represents a shear horizontal surface acoustic wave 

signal, curve lines si 12 and si 13 represent a bulk wave signal. 

[0029] 

10 Firstly, a measurer drops a measured object onto the reaction field 32 of the 

surface acoustic wave device 12. 

In this case, since the interdigitated electrode 26 is tightly sealed by the sealing 

member 38, it is possible to avoid a situation where measurement accuracy is degraded 

which is due to adhesion of the measured object to the interdigitated electrode 26. 

15 Particularly, as such measured object, as long as the measured object is 

liquiform, for example, any of a pure liquid and a compound liquid may be adopted, and 

it is particularly effective to measure the physical characteristics of alcohol such as 

methanol or ethanol. 

Moreover, even in a state where the measured object includes antigenic agent, 

20 antibody, bacteria, or the like, the physical characteristics thereof can be measured. 

[0030] 

Next, a high-frequency oscillation signal that is burst-generated by the oscillator 

14 is distributed by the distributor 16 so that the same signal is supplied to the 

interdigitated electrode 26 and the elastic wave detector 18. 

25 In the interdigitated electrode 26, an elastic wave is excited in accordance with 
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the supplied high-frequency oscillation signal. 

The elastic wave propagates in the X-arrow direction along the reaction field 32 

on which the measured object is dropped. 

[0031] 

5 In this case, of the elastic wave propagating along the reaction field 32, a shear 

horizontal surface acoustic wave sill propagates along the superficial layer portion of 

the piezoelectric substrate 24, part thereof is reflected by the reflecting surface 36 of the 

groove 30 (reflecting surface 36A (FIG. 6)), thereafter, the shear horizontal surface 

acoustic wave re-propagates along the reaction field 32 and is received by the 

10 interdigitated electrode 26. 

[0032] 

Moreover, of the elastic wave propagating along the reaction field 32, the bulk 

waves (si 12 and si 13) are entirely transmitted to the piezoelectric substrate 24, as shown 

in FIG. 6, part thereof (si 13) passes between the bottom surface of the groove 30 and the 

15 lower surface of the piezoelectric substrate 24, propagates through the bulk wave 

propagator 34, and reaches the end 28 of the piezoelectric substrate 24. 

Subsequently, the bulk wave si 13 is reflected by the end 28, thereafter, 

re-propagates through the bulk wave propagator 34 and the reaction field 32, and is 

received by the interdigitated electrode 26. 

20 [0033] 

Here, in order to detect the shear horizontal surface acoustic wave with a high 

level of accuracy, a designer of the object characteristics measurement apparatus 10 

selects a depth d of the groove 30 as described below. 

The shear horizontal surface acoustic wave is a wave propagating along the 

25 superficial layer portion of the piezoelectric substrate 24. 
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Accordingly, as a result of determining the depth d of the groove 30 to be a 

value satisfying the relationship of the following formula (1), the surface acoustic wave 

device 12 can allow 50% or more of the shear horizontal surface acoustic wave to be 

reflected by the reflecting surface 36 of the groove 30 and to be received by the 

interdigitated electrode 26. 

\I2<& (1) 

X: Wavelength of elastic wave 

[0034] 

On the other hand, the bulk wave is a wave propagating through the entire 

piezoelectric substrate 24. 

Accordingly, as a result of determining the depth d of the groove 30 to be a 

value satisfying the relationship of the following formula (2) such as being less than or 

equal to half of the thickness H of the piezoelectric substrate 24, the surface acoustic 

wave device 12 reduces the degree of reflection of bulk wave, which is due to the 

reflecting surface 36 of the groove 30, to be 50% or less and can cause the residual bulk 

wave to transmit to the bulk propagator 34 through between the bottom surface of the 

groove 30 and the lower surface of the piezoelectric substrate 24. 

d<H/2 (2) 

[0035] 

Consequently, in order to detect the shear horizontal surface acoustic wave that 

is to be reflected by the reflecting surface 36 of the groove 30 with a high level of 

accuracy, with reference to the formulas (1) and (2), the designer determines the depth d 

of the groove to be a value satisfying the relationship of the following formula. 

X/2<d<H/2 (3) 

[0036] 
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Furthermore, in order to detect the shear horizontal surface acoustic wave that is 

reflected by the reflecting surface 36 of the groove 30 and the bulk wave that propagates 

through the bulk wave propagator 34 and is reflected by the end 28 of the piezoelectric 

substrate 24 so that they are separated in time, the designer determines the length L2 of 

5 the bulk wave propagator 34 as described below. 

Particularly, the electrode fingers 27a and 27b constitute the interdigitated 

electrode 26, form a plurality of pairs, and have different polarities, and the length of the 

electrode fingers is a wavelength X of the elastic wave. Where the number of pairs of 

the electrode fingers 27a and 27b is defined as N, the width of the interdigitated electrode 

10 26 is represented by (NxA,) (here, N is an integer greater than or equal to 1). 

In order to reliably separate the shear horizontal surface acoustic wave from the 

bulk wave, the designer determines a time difference (t2-tl) to be a value satisfying the 

relationship of the following formula (4) where the tl is time from when the shear 

horizontal surface acoustic wave is reflected by the reflecting surface 36 of the groove 30 

15 till when the shear horizontal surface acoustic wave returns to the interdigitated electrode 

26 and the t2 is time from when the bulk wave is reflected by the end 28 of the 

piezoelectric substrate 24 till when the bulk wave returns to the interdigitated electrode 

26. 

t2-tl>NxX/v (4) 

20 v: Propagation velocity of elastic wave 

The time difference (t2-tl) is the time required for going-forth-and-back of the 

bulk wave in the propagator 36 having the length L2, therefore is represented by the 

following formula (5). 

t2-tl=2xL2/v (5) 

25 [0037] 



Consequently, in order to timewise separate the bulk wave from the received 

elastic wave and accurately detect the shear horizontal surface acoustic wave, the 

designer determines the length L2 of the propagator 36 based on the formulas (4) and (5) 

to be a value satisfying the relationship of the following formula (6). 

L2>NX\/2 (6) 

[0038] 

The shear horizontal surface acoustic wave and the bulk wave which are 

received by the interdigitated electrode 26 are converted into a shear horizontal surface 

acoustic wave signal and a bulk wave signal, thereafter, is supplied to the elastic wave 

detector 18. 

FIG. 2 is a diagram showing a relationship between the time when a shear 

horizontal surface acoustic wave signal and a bulk wave signal are received by the 

interdigitated electrode 26 of the surface acoustic wave device 12 of the first embodiment, 

and signal levels thereof. 

In FIG. 2, the horizontal axis represents time and the vertical axis represents a 

signal level. 

The elastic wave detector 18 detects an amplitude ratio of a high-frequency 

oscillation signal that is supplied from the distributor 16 to the received signal, a phase 

difference, and a propagation delay difference, and outputs a signal based on the detected 

amplitude ratio, the detected phase difference, and the detected propagation delay 

difference to the processor 22. 

Of such signals supplied from the elastic wave detector 18, the processor 22 

separates the bulk wave signal which is delayed by a predetermined amount of time with 

respect to the shear horizontal surface acoustic wave signal and determines the physical 

characteristics of the measured object based on the signal associated with the shear 
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horizontal surface acoustic wave. 

In FIG. 2, the separated signal si01 having the center located at time tl is a 

shear horizontal surface acoustic wave signal, and the separated signal si02 having the 

center located at time t2 that is delayed later than the shear horizontal surface acoustic 

5 wave signal is a bulk wave signal. 

[0039] 

As mentioned above, the object characteristics measurement apparatus 10, 

which includes the surface acoustic wave device 12 of the first embodiment, is 

configured so that: a shear horizontal surface acoustic wave propagates along the reaction 

10 field 32, is reflected by the reflecting surface 36 of the groove (reflector) 30, and 

thereafter, is input to the interdigitated electrode 26; a bulk wave passes through the 

bottom of the groove 30 from the reaction field 32 and propagates through the bulk wave 

propagator 34, is reflected by the end 28 of the piezoelectric substrate 24, and thereafter, 

is input to the interdigitated electrode 26; and a predetennined time difference occurs 

15 between the shear horizontal surface acoustic wave and the bulk wave. 

For this reason, the processor 22 can separate, from the signal supplied from the 

elastic wave detector 18, a signal based on the supplied bulk wave that is delayed by a 

predetermined amount of time with respect to the signal based on the shear horizontal 

surface acoustic wave. 

20 As a result, based on the signal associated with the shear horizontal surface 

acoustic wave, the processor 22 can detennine physical characteristics of the measured 

object that is dropped on the reaction field 32 with a high level of accuracy. 

[0040] 

Moreover, the surface acoustic wave device 12 is configured to allow the shear 

25 horizontal surface acoustic wave to be reflected by the reflecting surface 36 of the groove 
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30 and to go and return, in contrast, allow the bulk wave to be reflected by the end 28 of 

the piezoelectric substrate 24 and to go and return, and thereby detect the shear horizontal 

surface acoustic wave and the bulk wave by use of a single interdigitated electrode 26. 

Consequently, the object characteristics measurement apparatus 10 can be 

obtained which includes a downsized and inexpensive surface acoustic wave device 12 

that can determine physical characteristics of the measured object with a high level of 

accuracy. 

[0041] 

FIG. 3 is an enlarged cross-sectional view partially showing a modified example 

of the groove 30 that is fonned in the surface acoustic wave device 12 of the first 

embodiment. 

As similar to FIG. IB, FIG. 3 shows part of a cross section of the surface 

acoustic wave device taken along the line IB-IB shown in FIG. 1 A. 

A resin 42, for example, epoxy resin fills the groove 30 without protruding from 

the top surface of the piezoelectric substrate 24. 

Particularly, a depth of the groove 30 satisfies fonnula (3) in FIG. 3. 

[0042] 

In such a configuration, it is possible to reduce variation in an acoustic 

(characteristic) impedance with respect to the shear horizontal surface acoustic wave 

which is due to the reflecting surface 36 of the groove 30. 

That is, in the case where the groove 30 is not filled with the resin 42 and an air 

space exists in the groove 30, when a liquifonn measured object is dropped on the groove 

30, the acoustic (characteristic) impedance of the reflecting surface 36 significantly 

varies. 

Because of this, when such measured object is dropped on the groove 30, a 
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signal level detected by the interdigitated electrode 26 also significantly varies, and there 

is a concern that measurement error increases. 

In contrast, in the case where part of the groove 30 is filled with the resin 42, 

even where a situation occurs such that part of the measured object is dropped on the 

5 groove 30, variation in the acoustic (characteristic) impedance of the reflecting surface 

36 is small. 

Therefore, it is possible to avoid a situation where a signal level detected by the 

interdigitated electrode 26 varies depending on a dropping state of a measured object. 

As a result, it is possible to stably determine physical characteristics of the 

10 measured object with a high level of accuracy. 

[0043] 

In particular, as a result of filling the groove 30 with the resin 42 so that the 

resin 42 does not protrude from the top surface of the piezoelectric substrate 24, even in 

the case where a measured object is dropped on the resin 42 inside the groove 30, effect 

15 on the shear horizontal surface acoustic wave that is reflected by the reflecting surface 36 

of the groove 30 is low. 

As a result, it is possible to determine physical characteristics of the measured 

object with a high level of accuracy. 

[0044] 

20 Configuration of Second Embodiment 

FIG. 4 is a plan view showing a configuration of an object characteristics 

measurement apparatus 46 of a second embodiment including a surface acoustic wave 

device 44. 

Moreover, a constituent material of the surface acoustic wave device 44 is 

25 similar to the surface acoustic wave device 12 of the first embodiment. 
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[0045] 

The object characteristics measurement apparatus 46 includes: the surface 

acoustic wave device 44, an oscillator 48, a distributor 50, an elastic wave detector 52, a 

measurement unit 54 constituted of switches 53a and 53b, a processor 56. 

5 Additionally, the processor 56 carries out switching of connections between the 

tenninals 1 and 3 or between the tenninals 2 and 3 of the switches 53a and 53b. 

[0046] 

The surface acoustic wave device 44 includes: two interdigitated electrodes 

fonned on a piezoelectric substrate 58 (first surface); a groove (reflector) 64 that is 

10 formed between the interdigitated electrode 60a and an end (second surface) 62 of the 

piezoelectric substrate 58 and between the interdigitated electrode 60b and the end 62; 

reaction fields 66a and 66b that are formed between the interdigitated electrode 60a and 

the groove 64 and between the interdigitated electrode 60b and the groove 64 so as to 

correspond to the interdigitated electrodes 60a and 60b, respectively; and a bulk wave 

15 propagator 68 that is formed between the groove 64 and the end 62. 

[0047] 

Two interdigitated electrodes 60a and 60b are provided in parallel to each other 

and in a longitudinal direction of the groove 64 (the Y-arrow direction) and are tightly 

sealed by sealing members 70a and 70b such as a resin or a glass similar to the 

20 interdigitated electrode 26 (refer to FIGS. 1A and IB). 

Particularly, each of the interdigitated electrodes 60a and 60b corresponds to the 

interdigitated electrode 26 shown in FIGS. 1A and IB and includes a plurality of pairs of 

electrode fingers. The pairs of the electrode fingers correspond to the pairs of the 

electrode fingers 27a and 27b that have polarities different from each other. 

25 [0048] 
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The groove 64 is fonned between the each of two interdigitated electrodes 60a 

and 60b and the end 62 of the piezoelectric substrate 58 in the propagation direction (the 

X-arrow direction) of the surface acoustic wave, and a reflecting surface (fourth surface) 

72 con-esponding to the reflecting surface 36 is fonned therein. 

5 Furthennore, the cross section of the groove 64 is the same as that of FIG. IB as 

an example, a depth of the groove is represented by reference letter d. 

The depth of the groove 30 satisfies fonnula (3). 

[0049] 

The reaction fields 66a and 66b are formed between the interdigitated electrode 

10 60a and the groove 64 and between the interdigitated electrode 60b and the groove 64 so 

as to correspond to the interdigitated electrodes 60a and 60b, respectively. 

A metal films 74a and 74b that are vapor-deposited onto the piezoelectric 

substrate 58 is formed the reaction fields 66a and 66b, respectively. 

The bulk wave propagator 68 which is the same as the bulk wave propagator 34 

15 (refer to FIGS. 1A and IB) is formed between the groove 64 and the end 62. 

[0050] 

The oscillator 48 that constitutes the measurement unit 54 produces a 

high-frequency oscillation signal. 

The distributor 50 supplies the high-frequency oscillation signal to each of the 

20 interdigitated electrodes 60a and 60b and the elastic wave detector 52. 

The elastic wave detector 52 detects an amplitude ratio of the high-frequency 

oscillation signal distributed by the distributor 50 to a signal based on a surface acoustic 

wave which is received by each of the interdigitated electrode 60a and 60b, a phase 

difference, and a propagation delay difference; and the elastic wave detector outputs, to 

25 the processor 56, a signal based on the amplitude ratio, the phase difference, and the 
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propagation delay difference, which are detected. 

Based on the signal that is supplied from the elastic wave detector 52, the 

processor 56 determines the physical characteristics of the measured object which are 

dropped on each of the reaction fields 66a and 66b. 

5 As described above, in the object characteristics measurement apparatus 46 of 

the second embodiment, a first pair (the interdigitated electrode 60a and the reaction field 

66a) and a second pair (the interdigitated electrode 60b and the reaction field 66b) are 

positioned in parallel with each other so that the propagation direction is parallel to the 

X-direction. 

10 [0051] 

<Measurement Process of Second Embodiment 

In the measurement apparatus 46 according to the second embodiment which is 

configured as described above, it is possible to measure the physical characteristics of the 

measured object that is dropped on each of the reaction fields 66a and 66b in a way 

15 similar to the case of the measurement apparatus 10 according to the first embodiment. 

[0052] 

Particularly, a high-frequency oscillation signal generated from the oscillator 48 

is distributed by the distributor 50 and is supplied to each of the interdigitated electrodes 

60a and 60b of the surface acoustic wave device 44 and the elastic wave detector 52 of 

20 the measurement unit 54. 

[0053] 

In the interdigitated electrode 60a, an elastic wave is excited in accordance with 

the supplied high-frequency oscillation signal, the shear horizontal surface acoustic wave 

propagates in the X-arrow direction along the reaction field 66a on which the measured 

25 object is dropped, and thereafter, reaches a reflecting surface 72. 
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Subsequently, the shear horizontal surface acoustic wave is reflected by the 

reflecting surface 72, re-propagates along the reaction field 66a, and is received by the 

interdigitated electrode 60a. 

The shear horizontal surface acoustic wave that is excited by the interdigitated 

electrode 60b is similar to the above-described embodiment. 

[0054] 

Additionally, a bulk wave that is excited by the interdigitated electrode 60a 

propagates through the bulk wave propagator 68 from the reaction field 66a and reaches 

the end 62. 

Subsequently, the bulk wave is reflected by the end 62, re-propagates through 

the bulk wave propagator 68 and the reaction field 66a, and is received by the 

interdigitated electrode 60a. 

The bulk wave that is excited by the interdigitated electrode 60b is similar to the 

above-described embodiment. 

[0055] 

The shear horizontal surface acoustic wave and the bulk wave which are 

received by each of the interdigitated electrodes 60a and 60b are converted into a shear 

horizontal surface acoustic wave signal and a bulk wave signal, thereafter, is supplied to 

the elastic wave detector 52. 

The elastic wave detector 52 detects an amplitude ratio of a high-frequency 

oscillation signal that is supplied from the distributor 50 to the received signal, a phase 

difference, and a propagation delay difference, and outputs a signal based on the detected 

amplitude ratio and the detected phase difference to the processor 56. 

Of such signals supplied from the elastic wave detector 52, the processor 56 

separates the signal associated with the bulk wave which is delayed by a predetennined 
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amount of time with respect to the signal associated with the shear horizontal surface 

acoustic wave, and determines the physical characteristics of the measured objects, which 

are dropped on the respective reaction fields 66a and 66b, based on the obtained signal 

associated with the shear horizontal surface acoustic wave. 

5 [0056] 

In the object characteristics measurement apparatus 46 of the second 

embodiment which is configured as described above, in a way similar to the case of the 

object characteristics measurement apparatus 10 according to the first embodiment, the 

signal associated with the bulk wave is separated from the signal associated with the 

10 surface acoustic wave, and it is possible to determine the physical characteristics of the 

measured objects which are dropped on the respective reaction fields 66a and 66b based 

on the signal associated with the shear horizontal surface acoustic wave. 

That is, in the object characteristics measurement apparatus 46, it is possible to 

simultaneously determine the physical characteristics of the measured objects, which are 

15 the same as each other or different from each other, with a high level of accuracy. 

[0057] 

Moreover, in the object characteristics measurement apparatus 46 including the 

surface acoustic wave device 44, the physical characteristics of the measured objects 

which are dropped on the respective reaction fields 66a and 66b can be simultaneously 

20 determined. 

Furthermore, in the case of dropping a measured object onto one reaction field 

66a and processing a shear horizontal surface acoustic wave signal that is detected by 

each of the interdigitated electrodes 60a and 60b, the influence of variation in ambient 

conditions of the surface acoustic wave device 44 such as temperature change is 

25 compensated for, and it is also possible to determine the physical characteristics of the 
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measured object with a high level of accuracy. 

[0058] 

<Third Embodiment 

FIG. 5 is a plan view showing a configuration of an object characteristics 

5 measurement apparatus 78 of a third embodiment including a surface acoustic wave 

device 76. 

In particular, identical reference numerals are used for constituent elements 

which are identical to those of the second embodiment, and the explanations thereof are 

omitted here. 

10 Moreover, a constituent material of the surface acoustic wave device 76 is 

similar to the surface acoustic wave device 12 of the first embodiment. 

Furthermore, the cross section of the groove 64 is the same as that of FIG. IB as 

an example, a depth of the groove is represented by reference letter d. 

The depth of the groove 30 satisfies formula (3). 

15 [0059] 

As shown in FIG. 5, the surface acoustic wave device 76 includes a peeled 

portion 80 in which part of a metal film 74b of the reaction field 66b in the surface 

acoustic wave device 44 of the second embodiment (refer to FIG. 4) is removed and the 

piezoelectric substrate 58 is thereby exposed. 

20 Except for the configuration of the peeled portion 80, the configuration of the 

surface acoustic wave device 76 is the same as the configuration of the surface acoustic 

wave device 44. 

The reaction field 66b to which the piezoelectric substrate 58 is exposed is in an 

electrically opened state where the reaction field has amplitude and phase characteristics 

25 which are different from those of the reaction field 66a. 
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[0060] 

An output signal in a case where the reaction field 66a is electrically 

short-circuited only receives a mechanical reciprocal action. 

Moreover, an output signal in a case where the reaction field 66b is electrically 

5 opened receives a physical reciprocal action (an electrical reciprocal action and a 

mechanical reciprocal action). 

Accordingly, as a result of compensating the mechanical reciprocal actions of 

the output signals based on two the reaction fields 66a and 66b and of extracting the 

electrical reciprocal action, it is possible to determine a relative permittivity or an 

10 electrical conductivity of the measured object (for example, refer to "Development of 

Novel SAW Liquid Sensing System with SAW Signal Generator", Itsufumi, Hato and 

other two persons, TECHNICAL REPORT OF IEICE, THE INSTITUTE OF 

ELECTRONICS, INFORMATION AND COMMUNICATION ENGINEERS, 2003-02). 

In the object characteristics measurement apparatus 78 of the third embodiment 

15 which is configured as described above, the same measured object is dropped on each of 

the reaction fields 66a and 66b, subsequently, each of the interdigitated electrodes 60a 

and 60b excites an elastic wave. 

The processor 56 can determine the physical characteristics of measured object 

such as a dielectric constant or an electrical conductivity with a high level of accuracy 

20 based on the signal associated with the shear horizontal surface acoustic wave obtained 

from the reaction field 66a which is electrically short-circuited and the signal associated 

with the shear horizontal surface acoustic wave obtained from the reaction field 66b 

which is electrically opened. 

[0061] 

25 In particular, in the first to third embodiments, an example is described where 
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the groove (reflector) (30, 64) is a groove, the invention is not limited to this 

configuration. 

FIG. 7 is a cross-sectional view taken along the line IB-IB showing an object 

characteristics measurement apparatus including a surface acoustic wave device 12'. 

5 Particularly, FIG. 7 shows a cross-sectional view of FIG. 1A according to the 

first embodiment; however, the configuration shown in FIG. 7 is also similarly applicable 

to the second embodiment (FIG. 4) and the third embodiment (FIG. 5). 

As shown in FIG. 7, a third surface 36C', which is disposed at a position 

different from the top surface of the piezoelectric substrate 24 (first surface) in the 

10 normal direction thereof, is formed at the surface acoustic wave device 12' 

This third surface is continuously connected to the upper surface of the bulk 

wave propagator 34. 

By means of this structure, a reflecting surface 36A' serving as a fourth surface 

is fonned to connect an end of the first surface and an end of the third surface. 

15 That is, the object characteristics measurement apparatus (10, 46, and 78) 

according to the invention only has the reflecting surface 36 (36A, 36', and 72) and may 

not have a surface 36B (refer to FIG. 6) which is provided parallel with the reflecting 

surface 36 (36A, 36', and 72). 

According to such configuration, as similar to the first to third embodiments, 

20 since the shear horizontal surface acoustic wave sill is reflected by the reflecting 

surface 36A' and the bulk wave si 13 is reflected by the end 28, it is possible to separate 

the shear horizontal surface acoustic wave sill from the bulk wave si 13. 

Consequently, the object characteristics measurement apparatus 10 can be 

obtained which includes a downsized and inexpensive surface acoustic wave device 12' 

25 that can determine physical characteristics of the measured object with a high level of 
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accuracy. 

[0062] 

<Fourth Embodiment 

FIG. 8 is a chart showing an example of actual measured values in the case 

5 where a depth d of the groove 30 of the first embodiment is 0.06 mm. 

FIG. 9 is a chart showing an example of actual measured values in the case 

where the depth d of the groove 30 of the first embodiment is 0.01 mm. 

In FIGS. 8 and 9, the horizontal axis represents time and the vertical axis 

represents signal level. 

10 FIGS. 8 and 9, curve lines s401 and s411 represent the characteristics of the 

signal level of a bulk wave with respect to a time thereof, and curve line s402 and s412 

represent the characteristics of the signal level of a shear horizontal surface acoustic 

wave with respect to a time thereof. 

As shown in FIG. IB or 6, a bottom surface (third surface) of the groove 30 is 

15 fonned substantially parallel to the lower surface of the piezoelectric substrate 24 in the 

first embodiment. 

In the case where the depth d of the groove 30 is 0.06 mm as shown in FIG. 8, a 

level difference between the bulk wave s401 and the shear horizontal surface acoustic 

wave s402 between the time points of approximately 2 |_is and approximately 3 (is is 

20 approximately 60 dB. 

Next, in the case where the depth d of the groove 30 is 0.01 mm as shown in 

FIG. 9, a level difference between the bulk wave s411 and the shear horizontal surface 

acoustic wave s412 between the time points of approximately 2 JJ.S and approximately 3 

jj.s is approximately 70 dB. 

25 As stated above, in the case where the depth d of the groove 30 is deeper than a 
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predetermined depth, the signal level of the bulk wave increases. 

The reason for this is that, the signal level of the bulk wave which is reflected by 

the reflecting surface 36 of the groove 30A and returns to the interdigitated electrode 26 

as shown in FIG. 6 increases. 

Consequently, in the case where the reflecting surface 36A satisfies the 

aforementioned relational expression (3), it is possible to increase a level difference 

between the bulk wave s401 and the shear horizontal surface acoustic wave s402. 

[0063] 

However, even where the depth d of the groove 30 is 0.01 mm as shown in FIG. 

9, the signal level of the bulk wave s401 increases after the time point of approximately 3 

(IS. 

Here, the reason that the signal level of the bulk wave s401 increases after the 

time point of approximately 3 (is will be described. 

FIG. 10 is a view showing the reflection at the end of the groove 30. 

Identical reference numerals are used for the elements which are identical to that 

of FIG.6, and the explanations thereof are omitted here. 

In FIG. 10, the point 401 represents the end of the reflecting surface 36A (fourth 

surface) in the groove 30. 

Additionally, the curve line s421 represents the bulk wave, the arrows s422 and 

s423 represent bulk waves which are newly generated at the end 401. 

Furthermore, reference numeral 36B represents a surface that faces the reflecting 

surface 36A and is provided to be in contact with the bulk wave propagator 34, reference 

numeral 36C represents a bottom surface (third surface) of the groove 30. 

As shown in FIG. 10, bulk waves si 12 and s421 occur which are reflected by 

the reflecting surface 36 of the groove 30A and are other than the bulk wave si 13 
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passing between the bottom surface 36C of the groove 30 and the lower surface of the 

piezoelectric substrate 24 and being reflected by the end (second surface) 28. 

The bulk wave s421, that is to be reflected by the end 401 of the reflecting 

surface 36A, is not only reflected simply at the end 401 but also generates new bulk 

waves as shown by the arrows s422 and s423. 

Since the bulk wave s422 and s423 which are newly generated in the 

above-described manner belatedly reaches the interdigitated electrode 26, the signal level 

of the bulk wave s401 increases after the time point of approximately 3 (is as shown in 

FIG. 9. 

Consequently, as a result of suppressing the bulk waves that are newly generated 

at the end of the groove in the fourth embodiment, it promotes the separation of the bulk 

wave from the shear horizontal surface acoustic wave. 

[0064] 

FIG. 11 is a view showing a configuration the groove 30a according to the 

fourth embodiment. 

In FIG. 11, the direction in which the surface acoustic wave propagates is 

represented by the X-direction, a direction perpendicular to the direction in which the 

surface acoustic wave propagates is represented by the Y-direction, and the thickness 

direction of the piezoelectric substrate 24 is represented by the Z-direction. 

Particularly, FIG. 11 is a view showing an example of the groove 30a of the 

fourth embodiment which is applied to the object characteristics measurement apparatus 

10 of the first embodiment shown in FIG. 1 A; however it is applicable to the object 

characteristics measurement apparatuses 46 and 78 of the second and third embodiments. 

Additionally, H represents a thickness of the piezoelectric substrate 24 in the 

Z-direction. 
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As shown in FIG. 11, the groove (reflector) 30a has a side surface (fourth 

surface) 36Aa and a side surface 36Ba, each of which has a depth d in the Z-direction, 

and a semicircular curved surface which has, for example, a diameter of w (third surface) 

36Ca (at least one portion of the third surface is a curved surface). 

5 As similar to the first embodiment, a depth d of the side surface 36Aa is greater 

than or equal to 1/2 and less than or equal to H/2. 

Additionally, as similar to the first to third embodiments, the side surface 36Ba 

may be formed substantially parallel to the side surface 36Aa. 

A depth d' of the curved surface 36Ca in the Z-direction, for example, w/2. 

10 Thus, the maximum total depth of the groove 30a is d+d'. 

As mentioned above, the bottom surface 36Ca of the groove 30a of the surface 

acoustic wave device 12a does not has the shape that is substantially parallel to the lower 

surface of the piezoelectric substrate 24 such as the bottom surface 36C of the first to 

third embodiments (refer to FIG. 6) rather than has a curved surface. 

15 Because of this, the position on the bottom surface 36Ca in the X-direction 

varies depending on the position thereon in the Z-direction. 

The "the position in the X-direction varies depending on the position thereon in 

the Z-direction" means that, specifically, in the case where the coordinates of the bottom 

surface 36Ca are represented by the XZ plane, at least the coordinates of each position in 

20 X-direction or the Z-direction are different from each other such as position 1= (xl, zl), 

position 2= (x2, z2),...,. 

Moreover, the groove 30a may be formed in a substantially semicircular shape 

by a projecting polygon. 

In particular, in the fourth embodiment, the side surface 36Aa corresponds to the 

25 reflecting surface 36 of the first embodiment. 
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[0065] 

FIG. 12 is a chart showing an example of actual measured values in the case of 

providing the groove 30a shown in FIG. 11. 

In FIG. 12, the horizontal axis represents time and the vertical axis represents a 

signal level. 

Furthermore, a curve line s451 represents the characteristics of the signal level 

of a bulk wave with respect to a time thereof, and a curve line s452 represents the 

characteristics of the signal level of a shear horizontal surface acoustic wave with respect 

to a time thereof. 

FIG. 12 shows actual measured values in the case where a depth d+d' of the 

groove 30a is 0.06 mm in FIG. 11. 

In the case of the groove 30a as shown in FIG. 12, as similar to FIG. 9, a 

difference in level between the bulk wave s451 and the shear horizontal surface acoustic 

wave s452 is approximately 70 dB between the time points of approximately 2 jis and 3 

(O.S. 

The signal level of the bulk wave s401 increases after the time point of 

approximately 3 (is in FIG. 9; however, the level of the bulk wave s451 does not increase 

even after the time point of approximately 3 (is as shown in FIG. 12 in the fourth 

embodiment. 

As stated above, even in the case where the measurement values shown in FIG. 

12 are compared with both FIG. 8 showing the same depth of 0.06 mm and FIG. 9 having 

the side surfaces 36A and 36B showing a depth of 0.01 mm, a signal level of the bulk 

wave decreases. 

[0066] 

Here, the reason will be explained that the signal level associated with the bulk 
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wave can be reduced in the case of applying the groove 30a of the fourth embodiment to 

the object characteristics measurement apparatus. 

As shown by FIG. 10, an end is provided on the surface at which a bulk wave is 

to be reflected, a new bulk wave is generated due to this end. 

5 In the case where the bottom surface 36Ca that is continuously connected to the 

side surface 36Aa of the groove 30a is fonned to have a curved surface as shown in FIG. 

11, an end is not formed at a connection or the like between the side surface 36Aa and 

the bottom surface 36Ca. 

Because of this, as shown in FIG. 11, as a result of fonning the groove 30a as an 

10 example, a new bulk wave is not generated due to the end. 

In the case of FIG. 11, a bulk wave is reflected by the bottom surface 36Ca in 

addition to the side surface 36Aa. 

However, since the bottom surface 36Ca is a curved surface, the timings of the 

bulk wave that is reflected at this surface and is received by the interdigitated electrode 

15 26 (refer to FIGS. 1A and IB) are different from each other depending on, for example, 

the depth positions in the Z-direction. 

That is, the bulk waves that are received by the interdigitated electrode 26 are 

distributed. 

As a result, according to the fourth embodiment, a signal level associated with 

20 the bulk wave can be reduced even after the time point of approximately 3 |o.s as shown in 

FIG. 12. 

[0067] 

As described above, the surface acoustic wave device 12a according to the 

fourth embodiment has the groove 30a, and the groove 30a has the side surface 36Aa, 

25 that is perpendicular to the XY plane and is similar to the groove 30 as described in the 
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first to third embodiments, and the curved surface 36Ca serving as a bottom surface. 

With this configuration, the surface acoustic wave device 12a of the object 

characteristics measurement apparatus of the fourth embodiment can improve the degree 

of separation of the shear horizontal surface acoustic wave from the bulk wave more than 

5 that of the first to third embodiments. 

Consequently, the object characteristics measurement apparatus 10 which is 

provided with a downsized and inexpensive surface acoustic wave device 12a capable of 

determining physical characteristics of the measured object with a high level of accuracy 

and measures characteristics of a measured object can be obtained. 

10 [0068] 

Next, a modified example of the configuration of a groove will be described. 

FIGS. 13 and 14 show modified examples of a groove according to the fourth 

embodiment. 

Particularly, FIGS. 13 and 14 are cross-sectional views partially showing a 

15 surface acoustic wave device in the XZ plane. 

In addition, the thickness of the piezoelectric substrate in the Z-direction is 

represented by H. 

As shown in FIG. 13, a groove (reflector) 30b of a surface acoustic wave device 

12b has a side surface 36Ab and a side surface 36Bb, each of which has a depth d in the 

20 Z-direction, an inclined face 36Cbl (third surface), and an inclined face 36Cb2 (third 

surface). 

The inclined face 36Cbl is inclined with respect to the side surface 36Ab at an 

angle 01 and is a flat surface in contact with the side surface 36Ab at one end (end 411, 

first end). 

25 The inclined face 36Cb2 is inclined with respect to the side surface 36Bb at an 
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angle 01 and is a flat surface in contact with the side surface 36Bb at one end (first end). 

The other end 412 (second end) of the inclined face 36Cbl is in contact with the 

other end of the inclined face 36Cb2. 

Furthermore, a depth d of the side surface 36Ab is greater than or equal to )J2 

5 and less than or equal to H/2 as similar to the first embodiment. 

Moreover, the maximum depth of the groove 30b in the Z-direction is d+d'. 

That is, the groove 30b has an inclined face and at least one portion of the 

inclined face is an inclination that is formed to be inclined with respect to the nonnal 

direction of the first surface of the piezoelectric substrate at a predetennined angle. 

10 As stated above, the cross-sectional configuration of the groove 30b is a 

projected polygonal shape such that the shape protrudes from the superficial layer portion 

of the piezoelectric substrate 24 toward the inside of the piezoelectric substrate 24. 

In other words, the above shape, which is surrounded by the side surface 36Ab, 

the side surface 36Bb, the inclined face 36Cbl, the inclined face 36Cb2, and the virtual 

15 line that is on the same plane as the top surface of the bulk wave propagator 34 and 

extends so as to close the groove 30b, is the projected polygonal shape (hereinbelow, 

refer to a projected polygonal shape). 

In the embodiment, the cross-sectional configuration of the groove 30b is a 

pentagon. 

20 Particularly, the case is described where the depths of the side surface 36Ab and 

the side surface 36Bb are the same as each other in the example shown in FIG. 13; 

however, the depths may be different from each other. 

However, even in this case, it is only necessary for the depth d of the side 

surface 36Ab be greater than or equal to X/2 and less than or equal to H/2. 

25 Similarly, the angle 01 formed between the side surface 36Ab and the inclined 
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face 36Cbl may be the same as or different from the angle 01 fonned between the side 

surface 36Bb and the inclined face 36Cb2. 

As remarked above, the groove 30b is fonned in a projected polygonal shape. 

[0069] 

5 As shown in FIG. 14, a groove (reflector) 30c of the surface acoustic wave 

device 12c has a side surface 36Ac having a depth d in the Z-direction, a side surface 

36Bc having a depth d+d' in the Z-direction, an inclined face 36Ccl (third surface), and 

a bottom surface 36Cc2. 

The inclined face 36Ccl is inclined with respect to the side surface 36Ac at an 

10 angle 02 and is a flat surface in contact with the side surface 36Ac at one end (end 421, 

first end). 

One end of the bottom surface 36Cc2 is in contact with the inclined face 36Ccl 

at the inclined face 36Ccl (the other end 422, second end), the other end of the bottom 

surface 36Cc2 is in contact with the lower end of the side surface 36Bc, and the bottom 

15 surface 36Cc2 is parallel to the lower surface of the piezoelectric substrate 24. 

The depth d of the side surface 36Ac is greater than or equal to X/2 and less than 

or equal to H/2, which is similar to the first embodiment. 

Moreover, the maximum depth of the groove 30c in the Z-direction is d+d'. 

That is, the groove 30c has an inclined face and at least one portion of the 

20 inclined face is an inclination that is formed to be inclined with respect to the nonnal 

direction of the first surface of the piezoelectric substrate at a predetermined angle. 

As stated above, the cross-sectional configuration of the groove 30c is a 

projected polygonal shape such that the shape protrudes from the superficial layer portion 

of the piezoelectric substrate 24 toward the inside of the piezoelectric substrate 24. 

25 In other words, the above shape, which is smrounded by the side surface 36Ac, 
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line that is on the same plane as the top surface of the bulk wave propagator 34 and 

extends so as to close the groove 30c, is the projected polygonal shape (hereinbelow, 

refer to a projected polygonal shape). 

In the embodiment, the cross-sectional configuration of the groove 30c is a 

pentagon. 

Particularly, the case is described where the groove 30c has the bottom surface 

36Cc2 in the example shown in FIG. 14; however, it may not have the bottom surface 

36Cc2. 

In this case, the other end of the inclined face 36Ccl may be in contact with the 

lower end of the side surface 36Bc. 

As remarked above, the groove 30c is formed in a projected polygonal shape. 

[0070] 

Next, propagation of a bulk wave in the groove having the configuration such as 

shown in FIGS. 13 and 14 will be described. 

As shown in FIG. 13, the groove 30b has the end 411 and the end 412. 

For this reason, new bulk wave are generated due to such ends. 

Similarly, as shown in FIG. 14, the groove 30c has the end 421 and the end 422. 

For this reason, new bulk wave are generated due to such ends. 

However, the groove 30b of the fourth embodiment is different from the first to 

third embodiments (for example, FIG. 6) and has the inclined face 36Cbl that is 

continuously connected to the side surface 36Ab having the depth d. 

Similarly, the groove 30c of the fourth embodiment has the inclined face 36Ccl 

that is continuously connected to the side surface 36Ac and has the depth d. 

Consequently, a bulk wave is not only reflected by the aforementioned ends 
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(411 and 412 or 421 and 422) but also reflected at each of positions on the inclined faces 

36Cbland 36Ccl. 

Similar to the bottom surface 36Ca shown in FIG. 11, the positions on the 

inclined faces 36Cbland 36Ccl in the XZ plane are different from each other. 

5 Because of this, in the embodiment, at time points different from each other, the 

interdigitated electrode 24 receives not only new bulk waves generated at the ends 411, 

412, 421, and 422 but also each of bulk waves that are reflected at the positions. 

Consequently, similar to the case where the bottom surface 36Ca is a curved 

surface, the bulk waves that are received by the interdigitated electrode 24 are distributed 

10 in a time direction. 

For this reason, with the surface acoustic wave device 12b or 12c including the 

groove 30b or 30c shown in FIGS. 13 or 14, it is possible to reduce a signal level 

associated with the bulk wave. 

[0071] 

15 As described above, the fourth embodiment includes the bottom surface 36Ca 

serving as a curved surface or the inclined face (36Cbl or 36Ccl) in addition to the side 

surfaces (36Aa, 36Ab, or 36Ac) having the depth d, of the groove (30 or 64) of the first 

to third embodiments. 

With this configuration, similar to the first to third embodiments, the 

20 interdigitated electrode 24 receives a signal based on the shear horizontal surface 

acoustic wave reflected by the side surface (36Aa, 36Ab, or 36Ac). 

Additionally, the interdigitated electrode 24 receives signals based on the bulk 

waves that are reflected by the side surface (36Aa, 36Ab, or 36Ac), the bottom surface 

36Ca, or the inclined face (36Cbl or 36Ccl), and the end 28. 

25 In the above, the bulk waves that are reflected by the bottom surface 36Ca or the 
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inclined face (36Cbl or 36Ccl), and the end 28 are distributed and received. 

Accordingly, even where the end 411 or the like is provided between the side 

surface 36Ab and the inclined face 36Cbl as shown in FIG. 13, since the bulk waves can 

be dispersed, it is possible to reduce the influence of newly-generated bulk waves. 

Because of this, according to the fourth embodiment, since it is possible to 

reduce a bulk wave to be less than that of the first to third embodiments, it is possible to 

separate the bulk wave from a shear horizontal surface acoustic wave. 

As a result, in the fourth embodiment, by use of the shear horizontal surface 

acoustic wave which is separated from the bulk wave in this manner, it is possible to 

determine physical characteristics of the measured object with a high level of accuracy. 

[0072] 

<Fifth Embodiment 

FIG. 15 is a plan view showing a configuration of an object characteristics 

measurement apparatus 10a of a fifth embodiment including the surface acoustic wave 

device 12a. 

FIG. 16A is a cross-sectional view taken along the line IB-IB of the surface 

acoustic wave device 12a shown in FIG. 15A. 

FIG. 16B is an enlarged cross-sectional view showing the portion indicated by 

reference numeral A of FIG. 16A and is an enlarged view of the portion including a 

reflector 500. 

The object characteristics measurement apparatus 10a measures physical 

characteristics of the measured object. 

The object characteristics measurement apparatus 10a is provided with: the 

surface acoustic wave device 12a; a measurement unit 20a configured by an oscillator 

14a, a distributor 16a, a switch 17a, and an elastic wave detector 18a; and the processor 



22 configured of a personal computer or the like. 

The measurement unit 20a has a function that is the same as that of the 

measurement unit 20 of the first embodiment. 

[0073] 

The surface acoustic wave device 12a includes: a piezoelectric substrate 24; an 

interdigitated electrode 26 that is formed on the piezoelectric substrate 24 and excites an 

elastic wave; the reflector 500 that is fonned between the interdigitated electrode 26 and 

an end 28 of the piezoelectric substrate 24 in the propagation direction of an elastic wave 

(the X-arrow direction); a reaction field 32 which is formed between the interdigitated 

electrode 26 and reflectors 501 to 503 and in which the measured object is to be loaded; 

and a bulk wave propagator 34 through which a bulk wave propagates and which is 

fonned between the reflectors 501 to 503 and the end 28. 

The reflector 500 includes the reflectors 501 to 503. 

From the viewpoint of provision of the reflectors 501 to 503, the surface 

acoustic wave device 12a of the embodiment is different from the first embodiment. 

Additionally, in FIGS. 15, 16A, and 16B, the propagation direction of an elastic 

wave is represented by the X-direction, and a direction orthogonal to the propagation 

direction of the surface acoustic wave is represented by Y-direction. 

[0074] 

The reflectors 501 to 503 are fonned so as to extend from one end (first 

substrate edge) of the piezoelectric substrate 24 to the other end (second substrate edge) 

in the Y-direction. 

The reflectors 501 to 503 have a wall having a height h which is substantially 

vertical to the top surface of the piezoelectric substrate 24 along which an elastic wave 

propagates (refer to FIGS. 16A and 16B). 
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The heights h of the walls of the reflectors 501 to 503 are determined depending 

on the wavelength X of the surface acoustic wave. 

The reflector 501 is fonned separately from the reaction field 32 at a length LI 1 

in the X-direction. 

5 Moreover, a width of the reflector 501 in the X-direction is LI 2. 

The reflector 501 has a surface 511 (third surface) in the X-direction and a 

reflecting surface 521 (fourth surface) with a height h from the top surface of the 

piezoelectric substrate 24. 

The reflector 502 is fonned separately from the reflector 501 at a length LI 3 in 

10 the X-direction. 

Moreover, a width of the reflector 502 in the X-direction is LI 4. 

The reflector 502 has a surface 512 (third surface) in the X-direction and a 

reflecting surface 522 (fourth surface) with a height h from the top surface of the 

piezoelectric substrate 24. 

15 The reflector 503 is formed separately from the reflector 502 at a length LI 5 in 

the X-direction. 

Moreover, a width of the reflector 503 in the X-direction is LI 6. 

The reflector 503 has a surface 513 (third surface) in the X-direction and a 

reflecting surface 523 (fourth surface) with a height h from the top surface of the 

20 piezoelectric substrate 24. 

A surface acoustic wave propagates along the superficial layer portion of the 

piezoelectric substrate 24, is reflected by the surfaces 521 to 523 of the reflectors 501 to 

503, respectively, thereafter, re-propagates along the reaction field 32, and is received by 

the interdigitated electrode 26. 

25 [0075] 
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In other cases, the lengths LI 1, LI 3, and LI 5 may be the same as or different 

from each other. 

The widths LI2, LI4, and LI 6 may be the same as or different from each other. 

Additionally, the heights h of the reflecting surfaces 521 to 522 of the reflectors 

5 501 to 503 may be the same as or different from each other. 

Particularly, FIGS. 15, 16A, and 16B illustrate the surface acoustic wave device 

12a having three reflectors as examples; however, it is only necessary that the number of 

the reflectors be one or more. 

[0076] 

10 Next, an example of processing according to the object characteristics 

measurement apparatus 1 Oa will be described. 

The processor 22 causes the switch 17a to carry out switching to connect the 

terminal 1 thereof to the terminal 3 thereof. 

Therefore, the distributor 16a supplies a high-frequency oscillation signal to the 

15 interdigitated electrode 26 through the switch 17a. 

In the interdigitated electrode 26, an elastic wave is excited in accordance with 

the supplied high-frequency oscillation signal. 

The elastic wave propagates in the X-arrow direction along the reaction field 32 

on which the measured object is dropped. 

20 Of the elastic wave propagating along the reaction field 32, a shear horizontal 

surface acoustic wave that is a surface acoustic wave propagates along the superficial 

layer portion of the piezoelectric substrate 24, is reflected by the reflecting surfaces 521 

to 523 of the reflectors 501 to 503, respectively, thereafter, re-propagates along the 

reaction field 32, and is received by the interdigitated electrode 26. 

25 Additionally, a bulk wave propagates through the bulk wave propagator 34 
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inside the piezoelectric substrate 24 and the reaction field 32, and reaches the end 28 of 

the piezoelectric substrate 24. 

Subsequently, the bulk wave is reflected by the end 28, thereafter, re-propagates 

through the bulk wave propagator 34 and the reaction field 32, and received by the 

5 interdigitated electrode 26. 

The processor 22 causes the switch 17a to carry out switching to connect the 

teraiinal 2 thereof to the terminal 3 thereof. 

The surface acoustic wave and the bulk wave which are received by the 

interdigitated electrode 26 are converted into a surface acoustic wave signal and a bulk 

10 wave signal, thereafter, are supplied to the elastic wave detector 18a. 

[0077] 

In particular, the elastic wave detector 18a performs detection using the surface 

acoustic wave signal which is due to reflection of the reflector 502 located at the center 

of, for example, three reflectors 501 to 503. 

15 In the case where two or more reflectors are provided, the elastic wave detector 

18a performs the detection using the surface acoustic wave signal which is due to 

reflection of the reflector located at the center of the reflectors 501 to 503. 

In the case where the number of the reflectors is even number, for example, in 

the case where four reflectors (first reflector to fourth reflector) are provided, the elastic 

20 wave detector 18a may carries out the detection using the surface acoustic wave signal 

which is due to the second reflector or the third reflector which is located at the center of 

four reflectors. 

[0078] 

As described above, in the object characteristics measurement apparatus 10a of 

25 the fifth embodiment, the surface acoustic wave propagates along the reaction field 32, is 
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the interdigitated electrode 26; in contrast to this, the bulk wave propagates through the 

bulk wave propagator 34 from the reaction field, is reflected by the end 28 of the 

piezoelectric substrate 24, thereafter, is reflected by the interdigitated electrode 26 so as 

to be delayed by a predetermined amount of time longer than the surface acoustic wave. 

Accordingly, a signal based on the bulk wave is separated from a signal based 

on the elastic wave by utilizing the delay time, and a signal associated with the surface 

acoustic wave can be extracted therefrom. 

Consequently, based on the signal associated with the surface acoustic wave, it 

is possible to determine physical characteristics of the measured object with a high level 

of accuracy. 

[0079] 

Particularly, in the explanation in the fifth embodiment, one interdigitated 

electrode 26 and one the reaction field 32 are provided; however, a plurality thereof may 

be provided as described in the second and third embodiments. 

Even in the cases, for example, the reflector 500 may be applied instead of the 

groove 64 shown in FIG. 4 and the groove 64 shown in FIG. 5. 

Moreover, FIGS. 16A and 16B illustrate, as an example, that the shapes of the 

surfaces 511 to 513 of the reflectors 501 to 503 are a substantially-flat surface with 

respect to the piezoelectric substrate 24; however, the present invention is not limited to 

this example. 

The shapes of the surfaces 511 to 513 of the reflectors 501 to 503 may be the 

other shape, for example, a semicircle, an inclined face, or the like. 

[0080] 

In addition, the invention is not limited to the above embodiments, and various 
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modifications may be made without departing from the scope of the invention. 

[0081] 

For example, similar to the case shown in FIG. 3, as a result of coating the 

grooves 64, which are fonned in the surface acoustic wave device 44 of the second 

5 embodiment and the surface acoustic wave device 76 of third embodiment, with the resin 

42, it is possible to determine physical characteristics of the measured object with a high 

level of accuracy even in cases where part of a measured object is dropped on the groove 

64. 

10 DESCRIPTION OF REFERENCE NUMERAL 

[0082] 

10, 10a, 46, and 78...object characteristics measurement apparatus 

12, 12a, 44, and 76...surface acoustic wave device 

14 and 48... oscillator 

15 16 and 50... distributor 

18 and 52...elastic wave detector 

20 and 54...measurement unit 

22 and 56...processor 

24 and 58...piezoelectric substrate 

20 26, 60a and 60b.. .interdigitated electrode 

27a and 27b...electrode finger 

28 and 62...end 

30 and 64...groove 

32, 66a, and 66b...reaction field 

25 34 and 68.. .bulk wave propagator 



36, 72, and 521 to 523...reflecting surface 

38, 70a, and 70b...sealing member 

40, 74a, and 74b...metal film 

42.. .resin 

80.. .peeled portion 

500 to 504.. .reflector 



1. An object characteristics measurement apparatus, comprising a surface acoustic 

wave device, 

the surface acoustic wave device comprising: 

an interdigitated electrode that is fonned on a first surface on a piezoelectric 

substrate, excites an elastic wave, and receives reflection based on the elastic wave; 

a reflector that has a third surface and a fourth surface between the interdigitated 

electrode and a second surface orthogonal to the first surface of the piezoelectric 

substrate in a propagation direction of the elastic wave, the third surface being formed at 

a position different from that of the first surface in a nonnal direction of the first surface, 

the fourth surface connecting an end of the first surface, which is fonned perpendicular to 

the normal direction of the first surface, to the third surface; 

a reaction field that is formed between the interdigitated electrode and the 

reflector, in which the measured object is to be loaded; and 

a propagator that is fonned between the reflector and the second surface, 

wherein 

a surface acoustic wave is separated and extracted from a bulk wave, and 

characteristics of the measured object are detennined based on the extracted surface 

acoustic wave, the surface acoustic wave propagating along the reaction field from the 

interdigitated electrode, the surface acoustic wave being reflected by the fourth surface of 

the reflector, the surface acoustic wave propagating along a surface of the piezoelectric 

substrate which is included in the elastic wave that is received by the interdigitated 

electrode, the bulk wave being reflected by the second surface of the piezoelectric 

substrate, the bulk wave propagating through an inside of the piezoelectric substrate 
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which is included in the elastic wave that is received by the interdigitated electrode. 

2. The object characteristics measurement apparatus according to claim 1, wherein 

the reflector has a wall, and a height d of the wall thereof in a direction from the 

surface of the piezoelectric substrate toward the inside of the piezoelectric substrate is a 

value satisfying a relationship represented by the following formula. 

X/2<d<H/2 

X: Wavelength of the elastic wave 

H: Thickness of the piezoelectric substrate 

3. The object characteristics measurement apparatus according to claim 1 or claim 

2, wherein 

the interdigitated electrode includes a plurality of electrode fingers which is N 

pairs of the electrode fingers (N is an integer greater than or equal to 1), and 

a length L2 from the fourth surface of the reflector to the end of the piezoelectric 

substrate is a value satisfying a relationship represented by the following formula. 

L2>NxX/2 

X: Wavelength of the elastic wave 

N: Number of a plurality of pairs of electrode fingers constituting the 

interdigitated electrode 

4. The object characteristics measurement apparatus according to any one of 

claims 1 to 3, wherein 

the reflector has the third surface, and the third surface is parallel to the first 

surface of the piezoelectric substrate. 
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5. The object characteristics measurement apparatus according to any one of 

claims 1 to 3, wherein 

the reflector has the third surface, and at least one portion of the third surface is 

a curved surface. 

6. The object characteristics measurement apparatus according to any one of 

claims 1 to 3 and 5, wherein 

the reflector has the third surface, and at least one portion of the third surface is 

an inclined face that is inclined with respect to a normal direction of the first surface of 

the piezoelectric substrate at a predetennined angle. 

7. The object characteristics measurement apparatus according to any one of 

claims 1 to 6, wherein 

a resin fills the reflector without protruding from the first surface of the 

piezoelectric substrate. 

8. The object characteristics measurement apparatus according to any one of 

claims 1 to 7, wherein 

a plurality of interdigitated electrodes are fonned on the piezoelectric substrate 

in a direction perpendicular to the propagation direction of the elastic wave, and 

a plurality of reaction fields, each of which corresponds to the interdigitated 

electrode, are fonned between each interdigitated electrode and the third surface of the 

reflector. 


