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CAPACITIVE MICROMACHINED tion described in Patent Literature 1 aims at only increasing 
ULTRASONIC TRANSDUCER AND TEST the dielectric strength voltage of the insulating film . That is , 
OBJECT INFORMATION ACOUIRING the invention described in Patent Literature 1 does not aim 
APPARATUS INCLUDING CAPACITIVE at increasing the sound pressure level and increasing the 
MICROMACHINED ULTRASONIC 5 dielectric strength voltage at the same time . Thus , according 

TRANSDUCER to the invention described in Patent Literature 1 , if the 
thickness of the insulating film on the vibrating membrane 

BACKGROUND OF THE INVENTION is increased , a capacitive micromachined ultrasonic trans 
ducer having an excellently high sound pressure level and 

Field of the Invention the excellent sensitivity characteristics is not always pro The present invention relates to a capacitive microma vided . chined ultrasonic transducer used as , for example , an acous The present invention provides a capacitive microma tic wave conversion element and a test object information chined ultrasonic transducer having an excellent dielectric acquiring apparatus including the capacitive micromachined 15 strength voltage in addition to an excellently high sound ultrasonic transducer . pressure level and the excellent sensitivity characteristics . Description of the Related Art 
Micro mechanical members produced using micro According to an aspect of the present invention , a capaci 

machining technology can perform a micrometer - scale tive micromachined ultrasonic transducer includes a first 
machining operation , and a variety of micro functional insulating film and a second insulating film disposed with a 
elements have been developed using such micro mechanical 20 gap therebetween , a first electrode and a second electrode 
members . disposed on outer surfaces of the first and second insulating 

Capacitive micromachined ultrasonic transducers films , respectively , with the gap therebetween , at least one 
( CMUTS ) using such technology have been researched to cell having an electrostatic capacitance between the first and 
replace piezoelectric elements . second electrodes that varies with a variation of a thickness 

Capacitive micromachined ultrasonic transducers have an 25 of the gap caused by displacement of the second insulating 
actuator function for transmitting an acoustic wave by film and the second electrode , and a voltage applying unit 
vibrating a membrane ( a vibrating membrane ) and a sensor configured to apply a voltage to between the first electrode 
function for receiving the acoustic wave reflected by a test and the second electrode . An electric field strength applied 
object in the form of a displacement variation of the mem - to the first insulating film is closer to an electric field 
brane . 30 strength that causes dielectric breakdown than an electric 
By using vibration of the vibrating membrane of such a field strength applied to the second insulating film . 

capacitive micromachined ultrasonic transducer , an acoustic Further features of the present invention will become 
wave can be transmitted and received . In particular , in apparent from the following description of exemplary 
liquid , excellent broadband characteristics can be easily embodiments with reference to the attached drawings . 
obtained . As used herein , the term “ acoustic wave ” refers to 35 
a sound wave , an ultrasonic wave , or a photoacoustic wave . BRIEF DESCRIPTION OF THE DRAWINGS 
An acoustic wave diagnosis apparatus transmits an acous 

tic wave from a capacitive micromachined ultrasonic trans FIG . 1 is a top view of a capacitive micromachined 
ducer to a test object and receives a reflection signal from the ultrasonic transducer according to the present invention . 
test object using the capacitive micromachined ultrasonic 40 FIG . 2 is a cross - sectional view of the capacitive micro 
transducer . Thereafter , the acoustic wave diagnosis appara - machined ultrasonic transducer taken along a line II - II of 
tus obtains an acoustic wave image on the basis of the FIG . 1 according to the present invention . 
received signal . FIG . 3 illustrates an example of the current - voltage char 

Japanese Patent Laid - Open No . 2008 - 288813 ( hereinafter acteristics of insulating films of the capacitive microma 
referred to as a “ Patent Literature 1 ” ) describes improve - 45 chined ultrasonic transducer according to the present inven 
ment of the dielectric strength between two electrodes of a tion . 
capacitive micromachined ultrasonic transducer applicable FIG . 4 is a graph illustrating an example of the current 
to acoustic wave diagnosis apparatuses . voltage characteristic of a first insulating film of the capaci 

The invention described in Patent Literature 1 is based on tive micromachined ultrasonic transducer according to the 
the finding that the dielectric constant of a silicon nitride film 50 present invention . 
is higher than that of a silicon oxide film and the finding that FIG . 5 is a graph illustrating an example of the current 
a silicon nitride film easily accumulates electrical charge voltage characteristic of a second insulating film of the 
caused by a leakage current . More specifically , Patent Lit - capacitive micromachined ultrasonic transducer according 
erature 1 describes a technology for increasing the dielectric to the present invention . 
strength voltage of an insulating film disposed between two 55 FIG . 6 illustrates a test object information acquiring 
electrodes that constitute a CMUT by disposing a portion of apparatus having the capacitive micromachined ultrasonic 
the insulating film formed from a silicon oxide film so that transducer applied thereto according to the present inven 
the portion is in contact with each of the two electrodes and tion . 
disposing a portion formed from a silicon nitride film so that FIG . 7 illustrates an example of the transmitting and 
the portion is not in contact with the electrodes . 60 receiving circuit that drives the capacitive micromachined 

ultrasonic transducer according to the present invention . 
SUMMARY OF THE INVENTION FIG . 8 is a perspective view of an ultrasonic probe 

including the capacitive micromachined ultrasonic trans 
For example , to obtain a high transmission sound pressure ducer according to the present invention . 

level , a high voltage needs to be applied to between two 65 FIGS . 9A to 9E illustrate a method for manufacturing the 
electrodes that constitute a CMUT so that the displacement capacitive micromachined ultrasonic transducer according 
of the vibrating membrane is increased . However , the inven to the present invention . 
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FIGS . 10A and 10B illustrate a method for manufacturing membrane 12 is formed . In this example , another insulating 
the capacitive micromachined ultrasonic transducer accord film is formed on the second electrode 10 , and the insulating 
ing to the present invention . film is also displaceable . 

FIG . 11 illustrates an example of a relationship between The vibrating membrane 12 is supported by a vibration 
a gap G and the thickness of the second insulating film of the 5 membrane support member 13 . The vibration membrane 
capacitive micromachined ultrasonic transducer according support member 13 has a portion including the second 
to the present invention . electrode 10 for leading out a wire line and a portion not 

FIG . 12 is a top view of the capacitive micromachined including the second electrode 10 . 
ultrasonic transducer according to a first exemplary embodi The first voltage applying unit 14 applies a voltage to 

10 between the first electrode 6 and the second electrode 10 of ment . 
FIG . 13 is an enlarged view of FIG . 12 illustrating the the cell 2 . A second voltage applying unit 15 applies a 

transmission voltage to the second electrode 10 . capacitive micromachined ultrasonic transducer according The first voltage applying unit 14 can apply a bias voltage to the first exemplary embodiment . to the first electrode 6 . If the bias voltage is applied to the 
15 first electrode 6 , a potential difference occurs between the DESCRIPTION OF THE EMBODIMENTS first electrode 6 and the second electrode 10 . Due to the 

potential difference , the vibrating membrane 12 is displaced 
A capacitive micromachined ultrasonic transducer until the restoration force of the vibrating membrane bal 

according to the present invention is described below with ances the electrostatic attractive force . 
reference to FIGS . 1 and 2 . FIG . 1 is a schematic top view 20 At that time , if the acoustic wave reaches the vibrating 
of the capacitive micromachined ultrasonic transducer membrane 12 , the vibrating membrane 12 vibrates . Thus , the 
according to the present invention . FIG . 2 is a cross electrostatic capacitance between the first electrode 6 and 
sectional view taken along a line II - II of FIG . 1 . the second electrode 10 varies , and an electrical current 

In FIG . 1 , a capacitive micromachined ultrasonic trans flows in the second electrode 10 . 
ducer 1 , a cell 2 , an element 3 formed from a plurality of the 25 By retrieving the electrical current from the electrode pad 
cells 2 , and an electrode pad 42 for detecting an electrical 42 that is led from the second electrode 10 , the acoustic 
current generated by the variation of the capacitance wave can be detected in the form of an electrical signal . 
between two electrodes are illustrated . When the bias voltage is applied to the first electrode 6 by 
As illustrated in FIG . 2 ( a cross - sectional view of FIG . 1 ) , the first voltage applying unit 14 and if a transmission 

the capacitive micromachined ultrasonic transducer 1 of the 30 voltage is applied to the second electrode 10 by the second 
present invention includes a first insulating film 7 and a voltage applying unit 15 , an acoustic wave can be transmit 
second insulating film 9 that are disposed with a gap ( a ted . Any transmission voltage having a waveform that 

allows a desired acoustic wave to be transmitted can be cavity ) 8 therebetween and a first electrode 6 and a second 
electrode 10 disposed on the outer surfaces of the first employed . For example , a unipolar pulse , a bipolar pulse , a 

35 burst wave , or a continuous wave can be employed . insulating film 7 and the second insulating film 9 , respec As described above , FIG . 2 is a cross - sectional view of tively , with the gap 8 therebetween . one of the cells 2 illustrated in FIG . 1 . In FIG . 1 , the top The capacitive micromachined ultrasonic transducer 1 plane of the gap 8 that constitutes the cell 2 ( i . e . , a portion 
further includes the cells 2 ( refer to FIG . 1 ) and a voltage of the vibrating membrane 12 that vibrates ) is circular in 
applying unit 14 . In each of the cells 2 , if the second 40 shape . However , the shape of the top plane of the gap 8 may 
insulating film 9 and the second electrode 10 are displaced , be one of a variety of shapes , such as a square or a rectangle . 
the thickness of the gap 8 varies and , thus , the capacitance As illustrated in FIG . 1 , three elements , for example , are 
between the first electrode 6 and the second electrode 10 formed , and each of the elements is formed by a plurality of 
varies . The voltage applying unit 14 applies a voltage to cells 2 having a common layer that forms the first electrode 
between the first electrode 6 and the second electrode 10 . 45 6 of each of the cells 2 . That is , a plurality of cells form an 
Note that FIG . 2 is a cross - sectional view of one of the cells element . 
2 illustrated in FIG . 1 . In FIG . 1 , 44 cells 2 form each of the elements . However , 

The configuration of the present invention is characterized the number of the cells 2 that form an element is not limited 
in that the electric field strength applied to the first insulating thereto . The number of the cells 2 is determined by taking 
film 7 is closer to the electric field strength causing dielectric 50 into account the property of a desired ultrasonic transducer . 
breakdown than the electric field strength applied to the The same applies to the number of elements . 
second insulating film 9 . As illustrated in FIG . 1 , in addition to a grid arrangement , 

The capacitive micromachined ultrasonic transducer the arrangement of the cells 2 may be one of a plurality of 
according to the present invention has a basic configuration arrangements , such as staggered arrangement . Furthermore , 
as described above . 55 in addition to a rectangular shape illustrated in FIG . 1 , the 

Before the characterized configuration is described in shape of a rough outline of the element 3 may be one of a 
detail below , the members illustrated in FIG . 2 ( including plurality of shapes , such as a square or a hexagonal shape . 
optional members ) are described first . The configuration which characterizes the present invention 
As illustrated in FIG . 2 , a third insulating film 5 is is described below . That is , the configuration allows the 

disposed on a substrate 4 formed of , for example , silicon . 60 electric field strength applied to the first insulating film to be 
The first electrode 6 is formed on the third insulating film 5 . closer to the electric field strength that causes dielectric 
Note that if the substrate 4 is formed from an insulating breakdown than the electric field strength applied to the 
substrate , such as a glass substrate , the need for the third second insulating film . 
insulating film 5 can be eliminated . In FIG . 2 , if the voltage applied to the first electrode 6 is 

The second electrode 10 is disposed on the second insu - 65 increased , the electrostatic attractive force becomes higher 
lating film 9 . A sealing film 11 is formed on the second than the restoration force of the vibrating membrane 12 . 
electrode 10 as an insulating film . In this manner , a vibrating Thus , the vibrating membrane 12 is brought into contact 
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with the first insulating film 7 , which is a bottom surface of degradation of the performance of the capacitive microma 
the gap 8 . The voltage is referred to as a “ pull - in voltage ” . chined ultrasonic transducer 1 can be reduced . 
As the ratio of the bias voltage to the pull - in voltage It is desirable that the second insulating film 9 be formed 
increases , the conversion efficiency for converting the form a film having a low tensile stress . For example , it is 
received acoustic wave to the electrical signal or converting 5 desirable that the film have a tensile stress of 600 MPa or 
the electrical signal to the acoustic wave increases . lower . The stress of a silicon nitride film is controllable and , 

If a voltage higher than or equal to the pull - in voltage is thus , the tensile stress of a silicon nitride film can be set to 
applied to between the electrodes , the vibrating membrane 600 MPa or lower . 
12 is brought into contact with the bottom surface of the gap If the second insulating film 9 has a compressive stress , 
8 . Accordingly , the frequency characteristic of the element 10 sticking or buckling may occur in the vibrating membrane 
significantly varies and , thus , the acoustic wave receiving 12 and , thus , the vibrating membrane 12 may largely 
sensitivity that can be detected significantly varies . In addi - deform . 
tion , the strength and the frequency characteristic of the In addition , a large tensile stress causes breakdown of the 
acoustic wave that can be transmitted significantly varies . vibrating membrane 12 . 

If a high voltage is applied to between the first electrode 15 Accordingly , it is desirable that the vibrating membrane 
6 and the second electrode 10 to transmit a large acoustic 12 be formed from a film of a low tensile stress . For 
wave , a strong electric field is generated between the first example , it is desirable that the vibrating membrane 12 be 
electrode 6 and the second electrode 10 . formed from a silicon nitride film that has a controllable 

In the element 3 , the strong electric field is applied to a stress and that allows the stress to be set to a low tensile 
portion of the first insulating film 7 and a portion of the 20 stress . 
second insulating film 9 sandwiched by the first electrode 6 In addition , as can be understood from description of the 
and the second electrode 10 . manufacturing method of the capacitive micromachined 

In addition , if the vibrating membrane 12 is brought into ultrasonic transducer 1 described below ( refer to FIG . 9 ) , the 
contact with the first insulating film 7 serving as the bottom second insulating film 36 is formed on a sacrifice layer 35 
surface of the gap 8 , the strong electric field is also applied 25 formed in a portion serving as the gap 8 . Accordingly , it is 
to the first insulating film 7 and the second insulating film 9 desirable that the second insulating film 36 have a minimum 
in the gap 8 . thickness required for reliable coverage of the sacrifice layer 

The dielectric strength needs to be increased to prevent 35 . According to the present invention , for example , the 
dielectric breakdown of the first insulating film 7 and the second insulating film 36 has a minimum thickness required 
second insulating film 9 when the strong electric field is 30 for the coverage , and the dielectric strength voltage is 
applied to between the first electrode 6 and the second increased by the first insulating film 7 . 
electrode 10 . In general , the amount of an electrical current flowing in 
At that time , since the second insulating film 9 forms the an insulating film sandwiched by two electrodes increases 

vibrating membrane 12 together with the second electrode with increasing electric field strength applied to the insulat 
10 and the sealing film 11 , the dielectric strength of the 35 ing film . If the electric field strength reaches a predetermined 
second insulating film 9 needs to be increased without value , the insulating film is broken down . 
changing the vibration characteristics of the vibrating mem The current - voltage characteristic of an insulating film 
brane 12 . differs depending on the type of insulating film . If electrical 

If the vibrating membrane 12 is configured so as to be charge is trapped within the insulating film and moves and , 
lightweight , the characteristics ( the sensitivity and the band - 40 in addition , the moving amount depends on the electric field 
width ) of the vibrating membrane 12 are increased . Accord strength , such a characteristic is referred to as “ Poole 
ingly , it is desirable that the second insulating film 9 that Frenkel conduction characteristic ” . 
constitutes the vibrating membrane 12 be thin and light In contrast , for some insulating film , electrical charge in 
weight . the insulating film does not move so much and remains at 

Thus , it is desirable that the dielectric strength of the first 45 almost the same location until the electric field strength 
insulating film 7 be increased instead of increasing the reaches a predetermined value . If the electric field strength 
dielectric strength of the second insulating film . exceeds the predetermined value , the electrical charge 

According to the present invention , the second insulating moves by tunneling and , thus , the amount of an electrical 
film 9 can be configured so as to be thin and lightweight by current rapidly increases . Such a characteristic is referred to 
employing the configuration in which an electric field 50 as “ Fowler - Nordheim tunneling conduction characteristic ” . 
strength that is closer to the electric field strength that causes If each of the first insulating film 7 and the second 
dielectric breakdown than an electric field strength applied insulating film 9 is formed from an insulating film having the 
to the second insulating film 9 is applied to the first insu - Poole - Frenkel conduction characteristic , the electrical 
lating film 7 . In this manner , the vibration characteristics of charge moves in accordance with the electric field strength 
the vibrating membrane 12 including the second insulating 55 applied to between the first electrode 6 and the second 
film 9 can be improved . electrode 10 . Thus , the electrical charge is accumulated in 

At that time , it is desirable that the first insulating film 7 the insulating film . If the electrical charge is accumulated in 
be formed of an insulating material having a low surface the insulating film and , thus , the insulating film is charged , 
roughness . This is because if the surface roughness is high , the drive voltage varies . In addition , the vibration charac 
the distance between the first electrode 6 and the second 60 teristic of the vibrating membrane varies . Consequently , the 
electrode 10 varies from cell to cell and , thus , the vibration performance of the capacitive micromachined ultrasonic 
characteristics of the vibrating membrane varies . This varia - transducer 1 decreases 
tion may cause a decrease in the performance of the capaci - Thus , according to the present invention , it is desirable 
tive micromachined ultrasonic transducer 1 . The surface that the first insulating film 7 be formed from an insulating 
roughness increases with increasing thickness of the insu - 65 film having Fowler - Nordheim tunneling conduction charac 
lating film . Accordingly , by setting the thickness to the teristic . In this manner , electrical charge does not move so 
smallest thickness that can retain the insulating property , much and is not accumulated in the insulating film until the 
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( 6 ) . 

electric field strength reaches the value at which tunneling From Equation ( 4 ) , the following equation is obtained : 
occurs . Thus , a decrease in the performance of the capacitive E2 = E1xE1 / E2 , and micromachined ultrasonic transducer 1 can be prevented . 

In addition , at that time , by setting the electrical potential E1 = E2xE2 / E1 
of the first electrode 6 with which the first insulating film 7 5 
is brought into contact to a value lower than the electrical From Equations ( 5 ) and ( 6 ) , the following equation is 
potential of the second electrode 10 , the second insulating obtained : 
film 9 can be made to be an insulating film having Pool t1 = ( ( ElxV / E2 ) - ( t2xE1 ) ) / E2 ( 7 ) . 
Frenkel conduction characteristic . In addition , when the voltage V is applied to between the FIG . 3 illustrates an example of the current - voltage char - 10 fi first electrode 6 and the second electrode 10 , the ratio of the acteristics of the insulating films . An example of the current voltage V1 applied to the first insulating film 7 to the voltage 
voltage characteristic of a silicon nitride film is shown as a V and the ratio of the voltage V2 applied to the second solid line , and an example of the current - voltage character insulating film to the voltage V are given as follows . istic of a silicon oxide film is shown as a dotted line . That is , from Equations ( 5 ) and ( 6 ) , the following equa According to the present invention , it is desirable that a 15 ti 15 tions can be obtained : silicon oxide film be employed as the insulating film having 
the Fowler - Nordheim tunneling conduction characteristic V = E1x ( + 1 + t2xE1 / E2 ) ( 6 - 2 ) , and 
and the silicon nitride film be employed as the insulating V = E2x ( + 2 + t1xE2 / E1 ) film having the Poole - Frenkel conduction characteristic . In ( 6 - 3 ) . 
general , the dielectric breakdown occurs if the current _ 20 From Equations ( 2 ) and ( 6 - 2 ) , the following equation is 
density exceeds 1 . 0x10 - 8 ( A / cm² ) . obtained : 

In addition , if an electric field strength that is higher than VVV = t1xE2 / ( E2x11 + 12x61 ) ( 8 ) . a predetermined value is applied to an insulating film having 
the Fowler - Nordheim tunneling conduction characteristic , From Equations ( 2 ) and ( 6 - 3 ) , the following equation is 
electrical charge moves in the insulating film by tunneling 25 Obtained : 
and , thus , the amount of an electrical current abruptly V2 / V = 12xE1 / ( E2x + 1 + t2xE1 ) ( 9 ) . 
increases . Accordingly , it is desirable that the electric field A voltage VV1 at which dielectric breakdown of the first strength at which the current density abruptly changes be the insulating film occurs is given as follows : same as the electric field strength at which the dielectric 
breakdown occurs . 30 VV1 = t1xE1 / ( V1 / V ) ( 10 ) . 

For example , in the case of the silicon oxide film illus - In addition , a voltage VV2 at which dielectric breakdown 
trated in FIG . 3 , the electric field strength at which the of the second insulating film occurs is given as follows : 
current density abruptly changes is 5 . 12 ( MV / cm ) . VV2 = t2xE2 / ( V2 / V ) ( 11 ) . In addition , the electric field strength at which the dielec 
tric breakdown of the silicon nitride film occurs is 4 ( MV / 35 For example , to determine the vibration characteristic of 
cm ) . the vibrating membrane 12 , the thickness t2 of the second 
When two types of insulating film are disposed between insulating film is set to 0 . 3 um , and the voltage V applied to 

the first electrode 6 and the second electrode 10 and if a between the first electrode 6 and the second electrode 10 is 
voltage V is applied to between the first electrode 6 and the set to 250 V . 
second electrode 10 , a relationship between a voltage V1 40 If the second insulating film 9 is formed from a silicon 
applied to the first insulating film 7 and a voltage V2 applied nitride film , the electric field strength at which the dielectric 
to the second insulating film 9 is given as follows : breakdown of the second insulating film 9 occurs is 4 

( MV / cm ) . The electric field strength at which dielectric 
V = V1 + V2 ( 1 ) . breakdown of the first insulating film 7 occurs is 5 . 12 

Let tl be the thickness of the first insulating film , and let 45 ( MV / cm ) in the case of a silicon oxide film . In addition , the 
El be the electric field strength . Then , the voltage V1 relative permittivity of the first insulating film is 4 . 4 , and the 
applied to the first insulating film 7 is expressed as follows : relative permittivity of the second insulating film is 6 . 8 . 

From Equation ( 7 ) , the thickness t1 of the first insulating 
( 2 ) . film 7 is 0 . 2942 um . By setting the thickness to a value 

50 greater than or equal to this value , the dielectric breakdown Let t2 be the thickness of the second insulating film , and of the first insulating film does not occur . let E2 be the electric field strength . Then , the voltage V2 Since in terms of the surface roughness , it is desirable that applied to the second insulating film 9 is expressed as the thickness of the first insulating film 7 be small , the follows : thickness of the first insulating film 7 is set to 0 . 3 um . 
V2 = t2xE2 ( 2155 At that time , from Equation ( 8 ) , the ratio of the voltage V1 

applied to the first insulating film to the voltage V is 0 . 607 . 
Let El be the relative permittivity of the first insulating From Equation ( 9 ) , the ratio of the voltage V2 applied to the 

film , and let E2 be the relative permittivity of the second second insulating film to the voltage V is 0 . 393 . 
insulating film . Then , since the product of the relative From Equation ( 10 ) , the voltage VV1 at which the dielec 
permittivity and the electric field strength is conserved , the 60 tric breakdown of the first insulating film occurs is given as 
following equation is obtained : follows : 

VV1 = 0 . 3 umx5 . 12 ( MV / cm ) / 0 . 607 = 253 . 05 V . ElxE1 = E2xE2 
From Equations ( 1 ) , ( 2 ) , and ( 3 ) , the following equation In addition , from Equation ( 11 ) , the voltage VV2 at which 

ce the dielectric breakdown of the second insulating film occurs is obtained : is given as follows : 

( 5 ) . VV2 = 0 . 3 umx4 ( MV / cm ) / 0 . 393 = 305 . 34 V . 

V1 = t1XE1 

V = t1xE1 + t2xE2 
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As can be seen from the above description , since the the electric field strength at which the current density 
applied voltage V is lower than each of the voltages V1 and abruptly changes is 6 . 0 ( MV / cm ) . 
V2 that cause the dielectric breakdown of the first insulating FIG . 5 illustrates the result of measurement of the current 
film 7 and the second insulating film 9 , respectively , the voltage characteristic after forming a silicon nitride film 
dielectric breakdown can be prevented . 5 through three trials at different time points . In the first trial , 

In addition , the electric field strength applied to the first the electric field strength at which the current density 
insulating film 7 is calculated as follows : exceeds 1 . 0x10 - 8 ( A / cm2 ) is 3 . 0 ( MV / cm ) . In the second 

trial , the electric field strength at which the current density 
voltage V1 applied to the first insulating film / thick exceeds 1 . 0x10 - 8 ( A / cm² ) is 4 . 0 ( MV / cm ) . In the third trial , ness of the first insulating film = 5 . 06 ( MV / cm ) . 10 the electric field strength at which the current density 

In addition , the electric field strength applied to the exceeds 1 . 0x10 - 8 ( A / cm² ) is 4 . 2 ( MV / cm ) . 
second insulating film 9 is calculated as follows : It is desirable that the value of the electric field strength 

at which the dielectric breakdown occurs be determined by voltage V2 applied to the second insulating film / forming an insulating film in advance under the conditions thickness of the second insulating film = 3 . 26 
( MV / cm ) . 15 under which the insulating layer is to be formed when the 

capacitive micromachined ultrasonic transducer is fabri That is , the electric field strength applied to the first cated and measuring the current - voltage characteristic of the insulating film 7 is closer to the electric field strength at formed insulating film . 
which the dielectric breakdown occurs than the electric field If the variation per film forming is taken into account , the strength applied to the second insulating film 9 . 20 smallest value obtained by dividing the electric field strength At that time , the value obtained by dividing the electric at which the dielectric breakdown of the first insulating film field strength at which the dielectric breakdown of the first 7 by the electric field strength at which the dielectric insulating film 7 occurs by the electric field strength at which breakdown of the second insulating film 9 is 1 . 14 . the dielectric breakdown of the second insulating film 9 Since the relationship between the relative permittivity of occurs is 1 . 28 . 25 the insulating film and the electric field strength is expressed In addition , the value obtained by dividing the relative as E2 / E1 = E1 / E2 , it is desirable to employ an insulating film permittivity of the second insulating film 9 by the relative having a value obtained by dividing the relative permittivity permittivity of the first insulating film 7 is 1 . 55 . of the second insulating film 9 by the relative permittivity of By setting the configurations of the first insulating film 7 the first insulating film 7 being greater than 1 . 14 . 
and the second insulating film 9 to the above - described 30 If such an insulating film is employed , the electric field configurations , the dielectric strength voltage can be strength applied to the first insulating film 7 is closer to the 
increased without changing the vibration characteristic of electric field strength that causes the dielectric breakdown the vibrating membrane . than the electric field strength applied to the second insu The effect of the electric field strength that is close to the lating film 9 . electric field strength at which the dielectric breakdown WN 35 In addition , the value of the electric field strength that occurs according to the present invention is described below . causes the dielectric breakdown includes a measurement From Equations ( 6 - 2 ) and ( 6 - 3 ) , the following equations variation of a measurement apparatus that is used to measure are obtained for the electric field strengths El and E2 : the current and the voltage of the insulating film . Further 

E1 = V / ( t1 + t2xE1 / E2 ) ( 12 ) and more , the value of the dielectric constant includes a mea 
40 surement variation . Still furthermore , the value of the volt 

E2 = V / ( t2 + t1xE2 / E1 ) ( 13 ) . age applied to between the first electrode 6 and the second 
electrode 10 includes a voltage variation of the power 

Let EX1 be the electric field strength that causes dielectric supply . 
breakdown of the first insulating film , and let EX2 be the Accordingly , it is desirable that the thickness of the 
electric field strength that causes dielectric breakdown of the 45 insulating film be determined so that the electric field 
second insulating film . Then , according to the present inven - strength applied to the first insulating film 7 and the electric 
tion , it is desirable that the configuration satisfy the follow field strength applied to the second insulating film 9 do not 
ing expression : reach the electric field strength that causes the dielectric 

breakdown by taking into account such variations and the 
E1 / EX1 > E2 / EX2 ( 14 ) . 50 variation of the voltage . For example , a total of the varia 

The current - voltage characteristic of the insulating film tions may be estimated as 5 % , and the electric field strength 
illustrated in FIG . 3 as an example may vary depending on applied to the first insulating film 7 and the electric field 
the film forming conditions and the type of material for strength applied to the second insulating film 9 may be set 
forming a film . to a value less than or equal to 95 % of the electric field 

The current - voltage characteristics of the insulating films 55 strength that causes the dielectric breakdown . 
that are formed at different time points are illustrated in As described above , to determine the vibration character 
FIGS . 4 and 5 . istic of the vibrating membrane 12 , the thickness t2 of the 

FIG . 4 illustrates the current - voltage characteristic of a second insulating film 9 is determined . In addition , the 
silicon oxide film , and FIG . 5 illustrates the current - voltage highest voltage V applied to between the first electrode 6 and 
characteristic of a silicon nitride film . 60 the second electrode 10 is determined , and the thickness t1 
More specifically , FIG . 4 illustrates the result of measure of the first insulating film 7 is determined . In this manner , the 

ment of the current - voltage characteristic after forming a dielectric strength voltage can be increased without chang 
silicon oxide film through three trials at different time points . ing the vibration characteristic of the vibrating membrane . 
In the first trial , the electric field strength at which the FIG . 6 illustrates an example of a test object information 
current density abruptly changes is 4 . 8 ( MV / cm ) . In the 65 acquiring apparatus having the capacitive micromachined 
second trial , the electric field strength at which the current ultrasonic transducer applied thereto according to the pres 
density abruptly changes is 5 . 12 ( MV / cm ) . In the third trial , ent invention . 
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The test object information acquiring apparatus 43 When an acoustic wave is transmitted from the ultrasonic 

includes a system control unit 16 , a bias voltage control unit probe 20 and if the acoustic wave is reflected back from the 
17 , a transmission voltage control unit 18 , a transmitting and test object to the ultrasonic probe 20 , the ultrasonic probe 20 
receiving circuit ( circuit unit ) 19 , an ultrasonic probe 20 , an receives the acoustic wave . 
image processing unit 21 , and a display unit 22 . 5 In reception , the transmitting and receiving circuit 26 

The ultrasonic probe 20 is a transmission and reception applies , to the ultrasonic probe 20 , the bias voltage applied 
probe formed from the capacitive micromachined ultrasonic by the bias voltage control unit 17 in accordance with a 
transducer 1 of the present invention . The ultrasonic probe reception bias voltage indicated by the system control unit 

16 illustrated in FIG . 6 . Since the switch 25 is closed , the 20 transmits an acoustic wave to a test object and receives 
the acoustic wave reflected by the test object . 10 received signal is amplified by the reception pre - amplifier 24 

The transmitting and receiving circuit ( circuit unit ) 19 and is sent to the image processing unit 21 . 
An example of the ultrasonic probe is illustrated in FIG . supplies , to the ultrasonic probe 20 , a bias voltage externally 

supplied and the drive voltage . In addition , the transmitting FIG . 8 is a perspective view of the ultrasonic probe . An 
and receiving circuit 19 processes the acoustic wave 15 ultrasonic probe 27 includes the capacitive micromachined 
received by the ultrasonic probe 20 and outputs the result of ultrasonic transducer 1 , an acoustic matching layer 28 , an 
processing to the image processing unit 21 . acoustic lens 29 , and a circuit substrate 30 . 

The bias voltage control unit 17 supplies the bias voltage The capacitive micromachined ultrasonic transducer 1 
to the transmitting and receiving circuit 19 to supply the bias illustrated in FIG . 8 has a configuration similar to that of the 
voltage to the ultrasonic probe 20 . The bias voltage control 20 capacitive micromachined ultrasonic transducer 1 illustrated 
unit 17 includes a power supply ( not illustrated ) and a in FIG . 1 . As illustrated in FIG . 8 , a plurality of elements 3 
switch . The bias voltage control unit 17 supplies the bias are arranged in the X - direction in a one - dimensional array . 
voltage to the transmitting and receiving circuit 19 at a time Although the elements 3 are arranged in a one - dimen 
point indicated by the system control unit 16 . sional array in FIG . 8 , the elements 3 may be arranged in a 

The transmission voltage control unit 18 supplies a trans - 25 two - dimensional array . Alternatively , the elements 3 may be 
mission voltage to the transmitting and receiving circuit arranged in another shape , such as a convex array shape . 
( circuit unit ) 19 to supply the transmission voltage to the The capacitive micromachined ultrasonic transducer 1 is 
ultrasonic probe 20 . The transmission voltage control unit 18 mounted on the circuit substrate 30 and is electrically 
supplies a waveform that provides desired frequency char connected to the circuit substrate 30 . The circuit substrate 30 
acteristic and transmission sound pressure to the transmit - 30 may be a substrate integrated with the transmitting and 
ting and receiving circuit ( circuit unit ) 19 at a time point receiving circuit 19 illustrated in FIG . 6 . Alternatively , the 
indicated by the system control unit 16 . capacitive micromachined ultrasonic transducer 1 may be 

The image processing unit 21 performs image conversion electrically connected to the transmitting and receiving 
( e . g . , a B mode image or an M mode image ) using the signal circuit 19 illustrated in FIG . 6 via the circuit substrate 30 . 
output from the transmitting and receiving circuit 19 and 35 To provide acoustic impedance matching with the test 
outputs the converted image to the display unit 22 . object , an acoustic matching layer 28 is formed on the front 

The display unit 22 is formed from a display apparatus surface of the circuit substrate 30 from which the capacitive 
that displays the image signal output from the image pro - micromachined ultrasonic transducer 1 transmits the acous 
cessing unit 21 . The display unit 22 can be separated from tic wave . 
the body of the test object information acquiring apparatus 40 The acoustic matching layer 28 may be formed as a 
43 . protective film that prevents a leakage current from flowing 

The system control unit 16 is a circuit that controls the to the test object . 
bias voltage control unit 17 , the transmission voltage control The acoustic lens 29 is disposed on the acoustic matching 
unit 18 , and the image processing unit 21 . layer 28 . It is desirable that the acoustic lens 29 that can 

FIG . 7 illustrates an example of the transmitting and 45 provide impedance matching between the test object and the 
receiving circuit . A transmitting and receiving circuit 26 acoustic matching layer 28 be employed . 
includes a transmission unit 23 , a reception pre - amplifier 24 , By providing the acoustic lens 29 having a curvature in 
and a switch 25 . the Y - direction as illustrated in FIG . 8 , the acoustic wave 
When controlling a transmission operation , the transmit that expands in the Y - direction can be focused at the focal 

ting and receiving circuit 26 applies , to the ultrasonic probe 50 position of the acoustic lens . In contrast , the acoustic wave 
20 , the bias voltage applied by the bias voltage control unit that expands in the X - direction cannot be focused without 
17 in accordance with a transmission bias voltage indicated using an appropriate technique . Accordingly , by controlling 
by the system control unit 16 illustrated in FIG . 6 . a transmission operation so that the acoustic wave is sequen 

Similarly , the transmitting and receiving circuit 26 tially transmitted to each of the elements 3 by beamforming , 
applies , to the ultrasonic probe 20 , the voltage applied by the 55 the acoustic wave can be focused at the focal position of the 
transmission voltage control unit 18 via the transmission acoustic lens . 
unit 23 in accordance with the transmission voltage indi - It is desirable that the shape of the acoustic lens 29 be a 
cated by the system control unit 16 . shape having a desired acoustic wave distribution charac 

If the transmission voltage is applied , the switch 25 is teristic . In addition , one of a variety of types and shapes of 
open and , thus , a signal sent to the reception pre - amplifier 24 60 the acoustic matching layer 28 and the acoustic lens 29 can 
is blocked . However , if the transmission voltage is not be selected in accordance with the type of test object to be 
applied , the switch 25 is closed and , thus , the transmitting measured . Alternatively , the need for the acoustic matching 
and receiving circuit 26 enters a reception mode . layer 28 or the acoustic lens 29 may be eliminated in 

The switch 25 is formed from , for example , diodes ( not accordance the type of test object to be measured . The bias 
illustrated ) . The switch 25 functions as a protection circuit 65 voltage and the transmission voltage are supplied to the 
that protects the reception pre - amplifier 24 from being ultrasonic probe 27 via a cable ( not illustrated ) . In addition , 
broken down . the received signal in the acoustic wave reflected from a test 
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object is transmitted to the transmission voltage control unit due to the surface roughness . Accordingly , it is desirable that 
18 or the image processing unit 21 via a cable ( not illus - the sacrifice layer 35 having a low surface roughness be 
trated ) . An example of a method for manufacturing the employed . 
capacitive micromachined ultrasonic transducer of the pres . In addition , to reduce the time period required for etching 
ent invention is described below with reference to FIGS . 9A 5 for removing the sacrifice layer , it is desirable that the 
to 9E and FIGS . 10A and 10B . sacrifice layer be formed of a material having a high etching 

FIGS . 9A to 9E are cross - sectional views taken along a rate . In addition , it is required that the sacrifice layer be 
line IX - IX of FIG . 1 . formed of a material that prevents the insulating film and the 
As illustrated in FIG . 9A , a third insulating film 32 is vibrating membrane from being etched by an etching solu 

formed on a substrate 31 . The substrate 31 is formed from m 10 tion or etching gas used to remove the sacrifice layer . 
If the insulating film or the vibrating membrane is etched a silicon substrate . The third insulating film 32 electrically by an etching solution or etching gas used to remove the insulate the silicon substrate 31 from a first electrode . If the sacrifice layer , a variation of the thickness of the vibrating substrate 31 is an insulating substrate , such as a glass membrane and a variation of the distance between the first substrate , the need for forming the third insulating film 32 ating mm 32 15 electrode and the second electrode occur . The variation of 

can be eliminated . In addition , it is desirable that the the thickness of the vibrating membrane and the variation of 
substrate 31 have a low surface roughness . If the substrate the distance between the first electrode and the second 
31 have a high surface roughness , the surface roughness is electrode cause a variation of the sensitivity and a variation 
transferred in a film forming step subsequent to this step and , of the frequency from cell to cell . 
in addition , the distance between the first electrode and a 20 If the insulating film and the vibrating membrane are 
second electrode varies from cell to cell due to the surface formed from a silicon nitride film or a silicon oxide film , it 
roughness . This variation causes a variation of the conver - is desirable that the sacrifice layer be formed of a material 
sion efficiency . Thus , the sensitivity and the frequency vary . that has a low surface roughness and that allows an etching 
Accordingly , it is desirable that the substrate 31 have a low solution or etching gas which negligibly etches the insulat 
surface roughness . 25 ing film and the vibrating membrane to be used . 

Subsequently , a first electrode 33 is formed . It is desirable Examples of the material include amorphous silicon , 
that the first electrode 33 be formed of a conductive material polyimide , and chrome . In particular , since an etching 
having a low surface roughness . For example , titanium , solution for the chrome negligibly etches the silicon nitride 
tungsten , or aluminum can be employed . Like the substrate , film and the silicon oxide film , it is desirable that chrome be 
if the surface roughness of the first electrode 33 is high , the 30 employed when the insulating film and the vibrating mem 
distance between the first electrode and the second electrode brane are formed from a silicon nitride film or a silicon oxide 
varies from cell to cell due to the surface roughness . film . 
Accordingly , it is desirable that a conductive material having Subsequently , as illustrated in FIG . 9C , a second insulat 
a low surface roughness be employed . ing film 36 is formed . It is desirable that the second 

Subsequently , a first insulating film 34 is formed . It is 35 insulating film 36 be formed from a film having a low tensile 
desirable that the first insulating film 34 be formed of an stress . For example , it is desirable that the second insulating 
insulating material having a low surface roughness . The first film 36 be formed from a film having a tensile stress of 500 
insulating film 34 is formed to prevent short circuit between MPa or lower . The stress of a silicon nitride film is control 
the first electrode and the second electrode and dielectric lable and , thus , the stress of a silicon nitride film can be 
breakdown when a voltage is applied to between the first 40 adjusted to a low value lower than or equal to 500 MPa . 
electrode and the second electrode . In addition , the first If the vibrating membrane has a compressive stress , 
insulating film 34 is formed to prevent the first electrode sticking or buckling may occur in the vibrating membrane 
from being etched when a sacrifice layer is removed in a step and , thus , the vibrating membrane may largely deform . In 
subsequent to this step . Like the substrate , if the surface addition , in the case of a large tensile stress , the second 
roughness of the first insulating film 34 is high , the distance 45 insulating film 36 may be broken down . 
between the first electrode and the second electrode varies Accordingly , it is desirable that the second insulating film 
from cell to cell due to the surface roughness . Accordingly , 36 have a low tensile stress . For example , the second 
it is desirable that an insulating film having a low surface insulating film 36 is formed from the silicon nitride film 
roughness be employed . For example , a silicon nitride film having a stress that is controllable so as to have a low tensile 
or a silicon oxide film is desirable . In particular , as described 50 stress . In addition , to form a layer on the sacrifice layer 35 , 
above , according to the present invention , a silicon oxide it is desirable that the thickness of the second insulating film 
film is desirable . Note that since the surface roughness of the 36 have a thickness that can reliably provide coverage of the 
insulating film increases with increasing thickness thereof , sacrifice layer 35 . 
the thickness is set to a minimum value required for retain If a silicon nitride film is employed as the second insu 
ing electrical insulation . 55 lating film , it is desirable that the thickness of the silicon 

If a silicon oxide film is employed as the first insulating nitride film be in the range from 10 nm to 1000 nm and more 
film , a thickness in the range from 10 nm to 1000 nm is preferably in the range from 50 nm to 900 nm . 
desirable , and a thickness in the range from 50 nm to 500 nm FIG . 11 illustrates an example of a relationship between 
is more desirable . the gap G 43 illustrated in FIG . 9B and the thickness of the 

Subsequently , as illustrated in FIG . 9B , a sacrifice layer 60 second insulating film 36 that is required for reliably pro 
35 is formed . The thickness of the sacrifice layer 35 is viding the coverage of the gap G 43 . In FIG . 11 , the abscissa 
represented as a gap G 43 . The sacrifice layer 35 is made into represents the gap G , and the ordinate represents the thick 
the gap G ( a cavity ) 43 later . It is desirable that the sacrifice ness of the second insulating film 36 . 
layer 35 be formed of a material having a low surface film was formed by changing the thickness of the 
roughness . Like the substrate , if the surface roughness of the 65 second insulating film 36 with respect to the thickness of the 
sacrifice layer 35 is high , the distance between the first sacrifice layer 35 that was made into the gap G 43 . A sample 
electrode and the second electrode varies from cell to cell of the formed film was immersed in the etching solution 
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used for the sacrifice layer 35 , and damage of the second film 36 and the sealing film 40 is illustrated as an example . 
insulating film 36 was observed by a microscope . In this However , after the second insulating film 36 is formed , the 
manner , the thickness of the second insulating film 36 that etching hole 38 may be formed . Thereafter , etching of the 
was required for reliably providing the coverage of the gap sacrifice layer 35 may be performed . Subsequently , the 
G 43 was obtained . 5 sealing film 40 may be formed and , thereafter , the second 

The thickness of the second insulating film required for electrode may be formed . 
reliably providing the coverage of the gap G is a thickness If the second electrode 37 is exposed on the outermost 
greater than or equal to 0 . 32xG1 . 24 , where G represents the surface , short circuit of the elements easily occurs due to a 
thickness of the gap . foreign substance , for example . Thus , it is desirable that the 
By setting the thickness of the second insulating film 36 10 second electrode 37 be formed on the insulating film . 

to a value greater than or equal to 0 . 32xG . 24 with respect to After the above - described steps are completed , the con 
the gap G , a reliable capacitive micromachined ultrasonic figuration illustrated in FIG . 10B is obtained . Thus , the 
transducer can be produced . capacitive micromachined ultrasonic transducer illustrated 

Subsequently , as illustrated in FIG . 9D , a second electrode in FIGS . 1 and 2 can be produced . 
37 is formed . It is desirable that the second electrode 37 be 15 The present invention is described in more detail below 
formed of a material having a low residual stress . In addi with reference to a particular exemplary embodiment and a 
tion , if a sacrifice layer removal step or a sealing step is comparative example . 
performed after the second electrode 37 is formed , it is First Exemplary Embodiment 
desirable that the second electrode 37 be formed of a The present exemplary embodiment is described below 
material having a resistance to etching for the sacrifice layer 20 with reference to FIGS . 12 and 13 . 
and a heat resistance . To meet such a requirement , alumi - FIG . 12 is a top view of the capacitive micromachined 
num , an aluminum silicon alloy , or titanium , for example , ultrasonic transducer according to the present exemplary 
can be employed . embodiment . FIG . 13 is a schematic enlarged view of FIG . 

Subsequently , as illustrated in FIG . 9E , an etching hole 38 12 . 
is formed in the second insulating film 36 . 25 The external dimension of the capacitive micromachined 

The etching hole 38 is used to introduce an etching ultrasonic transducer 1 illustrated in FIG . 12 is 7 . 5 mm in the 
solution or etching gas for removing the sacrifice layer 35 by Y - direction and is 44 mm in the X - direction . 
etching The external dimension of the element 3 is 0 . 2 mm in the 

Subsequently , the sacrifice layer 35 is removed to form a X - direction and is 4 mm in the Y - direction . 196 elements 3 
cavity 39 . To remove the sacrifice layer 35 , wet etching or 30 are arranged in a one - dimensional array . FIG . 13 is a 
dry etching can be employed . If chrome is used as the schematic enlarged view of part of FIG . 12 . A cross 
material of the sacrifice layer 35 , wet etching is desirable . sectional view taken along a line XF - XF of FIG . 12 corre 

If chrome is used as the material of the sacrifice layer 35 , sponds to FIG . 10A . 
it is desirable that the second electrode 37 be formed of Each of the cells 2 that constitute the element 3 is circular 
titanium to prevent the second electrode 37 from being 35 in shape . The diameter of the cavity ( the cavity 39 in FIG . 
etched during etching of the sacrifice layer 35 . 10A ) is 27 um . 

If the second electrode 37 is formed of , for example , an As illustrated in FIG . 12 , the cells 2 are arranged so as to 
aluminum silicon alloy , it is desirable that the insulating film be disposed most densely . Every neighboring cells 2 that 
be formed on the second electrode 37 using a material that constitute one element 3 are arranged so as to have a 30 - um 
is the same as the material of the second insulating film 36 40 distance from each other . That is , the shortest distance 
after the second electrode 37 is formed and , thereafter , the between the cavities of the neighboring cells 2 is 3 um . 
etching hole 38 be formed to remove the sacrifice layer 35 . Although the number of the cells 2 is not illustrated in 

Subsequently , as illustrated in FIG . 10A , to seal the FIG . 12 , 702 cells 2 are disposed in one element 3 , in reality . 
etching hole 38 , a sealing film 40 is formed . A vibrating Each of the cells 2 includes a silicon substrate having a 
membrane 41 is formed from the second insulating film 36 , 45 thickness of 300 um ( the substrate 31 illustrated in FIG . 
the second electrode 37 , and the sealing film 40 . The sealing 10A , and the same applies to the following description ) , the 
film 40 needs to prevent liquid or external air from entering third insulating film 32 formed on the silicon substrate 31 , 
the cavity 39 . the first electrode 33 formed on the third insulating film 32 , 

If the internal pressure of the cavity 39 is the atmospheric and the first insulating film 34 formed on the first electrode 
pressure , the gas inside the cavity 39 inflates or deflates due 50 33 . 
to a variation of the temperature . In addition , since a high In addition , the cell 2 includes the vibrating membrane 41 
electric field is applied to the cavity 39 , the reliability of the including the second electrode 37 , the second insulating film 
element may decrease due to ionization of molecules . 36 , and the sealing film 40 , the vibration membrane support 
Accordingly , sealing needs to be performed under a member 13 that supports the vibrating membrane 41 , and the 

reduced pressure . By reducing the pressure inside the cavity 55 cavity 39 . The thickness of the cavity 39 is set to 250 nm . 
39 , the air resistance inside the cavity 39 can be reduced . In The third insulating film 32 is formed from a silicon oxide 
this manner , the vibrating membrane 41 can easily vibrate film having a thickness of 1 um . The silicon oxide film is 
and , thus , the sensitivity of the capacitive micromachined generated by thermal oxidation . 
ultrasonic transducer can be improved . The first insulating film 34 is formed from a silicon oxide 

In addition , by performing the sealing , the capacitive 60 film having a thickness of 225 nm . The silicon oxide film is 
micromachined ultrasonic transducer can be used in liquid . generated by Plasma Enhanced Chemical Vapor Deposition 
It is desirable that the sealing material be the same as the ( PE - CVD ) . 
material of the second insulating film 36 to increase the The first electrode 33 is formed of titanium having a 
adhesiveness . For example , the second insulating film 36 thickness of 50 nm , and the second electrode 37 is formed 
and the sealing film 40 can be formed of silicon nitride . 65 of titanium having a thickness of 100 nm . 

In FIGS . 10A and 10B , the configuration in which the Each of the second insulating film 36 and the sealing film 
second electrode 37 is sandwiched by the second insulating 40 is a silicon nitride film produced by the PE - CVD tech 
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nique and has a tensile stress lower than or equal to 450 sonic transducer of the first exemplary embodiment to 50 
MPa . The second insulating film 36 is 400 nm in thickness . nm , a transducer is produced . The other configuration is the 
The sealing film 40 is 750 nm in thickness . same as the configuration of the first exemplary embodi 

The produced capacitive micromachined ultrasonic trans - ment . 
ducer includes a voltage applying unit that applies the bias 5 The result of measurement of the voltage - current charac 
voltage to between the first electrode and the second elec - teristic of the first insulating film and the second insulating 
trode and a voltage applying unit that applies a transmission film of the present comparative example is the same as that 
voltage to the second electrode . illustrated in FIG . 3 . The result of measurement of the voltage - current charac The result of measurement of the dielectric constants of teristics of the first insulating film 34 and the second 
insulating film 36 that constitute the element 3 is the same 10 the first insulating film 34 and the second insulating film 36 
as that illustrated in FIG . 3 . indicates that the dielectric constant of the first insulating 

The result of measurement of the first insulating film 34 film is 4 . 45 and the dielectric constant of the second insu 
and the second insulating film 36 indicates that the dielectric lating film 36 is 6 . 8 . 
constant of the first insulating film is 4 . 45 and the dielectric The ratio of a voltage applied to the first insulating film 34 
constant of the second insulating film 36 is 6 . 8 . The value 15 to the voltage applied to between the first electrode and the 
obtained by dividing the relative permittivity of the second second electrode is 0 . 160 ( = V1 / V ) from Equation ( 8 ) . The 
insulating film 9 by the relative permittivity of the first ratio of a voltage applied to the second insulating film 36 to 
insulating film 7 is 1 . 528 . the voltage applied to between the first electrode and the 

The ratio of a voltage applied to the first insulating film 34 second electrode is 0 . 84 ( = V2 / V ) from Equation ( 9 ) . 
to the voltage applied to between the first electrode and the 20 In addition , the voltage that causes the dielectric break 
second electrode is 0 . 462 ( = V1 / V ) from Equation ( 8 ) . The down of the first insulating film 34 is 160 V ( = VV1 ) from 
ratio of a voltage applied to the second insulating film 36 to Equation ( 10 ) . The voltage that causes the dielectric break 
the voltage applied to between the first electrode and the down of the second insulating film 36 is 190 . 5 V ( = VV2 ) 
second electrode is 0 . 538 ( = V2 / V ) from Equation ( 9 ) . from Equation ( 11 ) . Accordingly , the dielectric strength 

In addition , the voltage that causes the dielectric break - 25 voltage of the element 3 is 160 V . 
down of the first insulating film 34 is 249 . 35 V ( = VV1 ) from In addition , the result of measurement of the pull - in 
Equation ( 10 ) . The voltage that causes the dielectric break - voltage of the element 3 and the resonance frequency in the 
down of the second insulating film 36 is 297 . 4 V ( = VV2 ) atmosphere indicates that the pull - in voltage is 249 V and 
from Equation ( 11 ) . Accordingly , the dielectric strength the resonance frequency is 23 . 1 MHz . 
voltage of the element 3 is 249 . 35 V . 30 According to the present comparative example , the 

In addition , the result of measurement of the pull - in dielectric strength voltage of the element is 160 V while the 
voltage of the element 3 and the resonance frequency in the pull - in voltage is 249 V . That is , only up to 64 . 25 % of the 
atmosphere indicates that the pull - in voltage is 298 V and pull - in voltage can be applied to the element . 
the resonance frequency is 23 . 1 MHz . Accordingly , the conversion efficiency ( the conversion 

Since the dielectric strength voltage of the element 3 is 35 efficiency from the received acoustic wave to an electrical 
249 V and the pull - in voltage is 298 V , an element that signal and the conversion efficiency from the electrical 
allows a voltage that is 83 . 6 % of the pull - in voltage to be signal to an acoustic wave ) is inferior to that of the first 
applied thereto can be produced exemplary embodiment . 

In addition , when a voltage of 200 V is applied to the According to the capacitive micromachined ultrasonic 
element 3 , the electric field strength applied to the first 40 transducer of the present invention , the electric field strength 
insulating film 34 is 4 . 11 ( MV / cm ) , and the electric field applied to the first insulating film is closer to the electric 
strength applied to the second insulating film 36 is 2 . 69 field strength that causes the dielectric breakdown than the 
( MV / cm ) . electric field strength applied to the second insulating film . 

At that time , the electric field strength of the first insu - In this manner , the capacitive micromachined ultrasonic 
lating film 34 is 80 . 3 % of the electric field strength that 45 transducer having an excellent dielectric strength voltage 
causes the dielectric breakdown of the first insulating film 34 while maintaining the transmission sound pressure and 
( 6 ( MV / cm ) ) . In addition , the electric field strength of the sensitivity characteristic can be provided . 
second insulating film 36 is 67 . 3 % of the electric field While the present invention has been described with 
strength that causes the dielectric breakdown of the second reference to exemplary embodiments , it is to be understood 
insulating film 36 ( 4 ( MV / cm ) ) . 50 that the invention is not limited to the disclosed exemplary 

According to the example , since a relatively high voltage embodiments . The scope of the following claims is to be 
( 83 . 6 % of the pull - in voltage ) can be applied , a transducer accorded the broadest interpretation so as to encompass all 
having a relatively high conversion efficiency from the such modifications and equivalent structures and functions . 
received acoustic wave to an electrical signal and a rela - This application claims the benefit of Japanese Patent 
tively high conversion efficiency from an electrical signal to 55 Application No . 2014 - 242450 filed Nov . 28 , 2014 , which is 
an acoustic wave can be provided . hereby incorporated by reference herein in its entirety . 

According to the present invention , the amplitude of the 
vibrating membrane can be increased by applying a high What is claimed is : 
voltage to between the first electrode and the second elec 1 . A capacitive micromachined ultrasonic transducer com 
trode while maintaining the dielectric strength voltage . In 60 prising : 
this manner , a large acoustic wave can be transmitted and a first insulating film and a second insulating film dis 
received posed with a gap therebetween ; 

a first electrode and a second electrode disposed on outer 
COMPARATIVE EXAMPLE 1 surfaces of the first and second insulating films , respec 

65 tively , with the gap therebetween ; 
By changing the thickness of the first insulating film ( the at least one cell having an electrostatic capacitance 

silicon oxide film ) of the capacitive micromachined ultra between the first and second electrodes that varies with 
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a variation of a thickness of the gap caused by dis a circuit unit configured to send and receive a signal 
placement of the second insulating film and the second between the ultrasonic probe and the image processing 
electrode ; and unit ; and 

a voltage applying unit configured to apply a voltage to a control unit configured to control the image processing 
between the first electrode and the second electrode . 5 unit and the circuit unit . 

wherein an electric field strength applied to the first 7 . The capacitive micromachined ultrasonic transducer 
insulating film is closer to an electric field strength that according to claim 1 , wherein the capacitive micromachined 
causes dielectric breakdown of the first insulating film ultrasonic transducer comprises a plurality of cells each 
than an electric field strength applied to the second connected to the first electrode , and the cells constitute at 
insulating film that causes dielectric breakdown of the * * * 10 least one element . 
second insulating film , 8 . The capacitive micromachined ultrasonic transducer 

wherein the first insulating film includes silicon oxide , according to claim 7 , wherein the capacitive micromachined 
and the second insulating film includes silicon nitride , ultrasonic transducer comprises a plurality of elements . 
and 9 . The capacitive micromachined ultrasonic transducer 

wherein a thickness of the second insulating film insulating film is 15 according to claim is 15 according to claim 1 , wherein an electric field strength E1 1 , 
greater than or equal to 0 . 32xG1 . 24 , where G represents applied to the first insulating film and an electric field 
the thickness of the gap . strength E2 applied to the second insulating film are given 

2 . The capacitive micromachined ultrasonic transducer as follows : 
according to claim 1 , further comprising : E1 = V / ( t1 + t2xE1 / E2 ) , and 

an additional insulating film disposed on the second 20 E2 = V / ( t2 + t1xE2 / E1 ) electrode , 
wherein the second insulating film , the second electrode , where V denotes a voltage applied to between the first 

and the additional insulating film are displaceable . electrode and the second electrode , t1 denotes the thickness 
3 . The capacitive micromachined ultrasonic transducer of the first insulating film , t2 denotes the thickness of the 

according to claim 1 , wherein the first insulating film is an 23 second insulating film , El denotes the relative permittivity 
insulating film having Fowler - Nordheim tunneling conduc of the first insulating film , and E2 denotes the relative 
tion characteristic . permittivity of the second insulating film , and 

4 . The capacitive micromachined ultrasonic transducer wherein the following expression is satisfied : 
according to claim 1 , wherein the second insulating film is E1 / EX1 > E2 / EX2 
an insulating film having Poole - Frenkel conduction charac - > 
teristic . where EX1 denotes an electric field strength that causes 

5 . The capacitive micromachined ultrasonic transducer dielectric breakdown of the first insulating film , and EX2 
according to claim 1 , wherein the first insulating film is denotes an electric field strength that causes dielectric break 
formed of silicon oxide , and the second insulating film is down of the second insulating film . 
formed of silicon nitride . 35 10 . The capacitive micromachined ultrasonic transducer 

6 . A test object information acquiring apparatus compris according to claim 1 , 
wherein a value obtained by dividing a relative permit 

an ultrasonic probe including the capacitive microma tivity of the second insulating film by a relative per 
chined ultrasonic transducer according to claim 1 ; mittivity of the first insulating film is greater than 1 . 14 . 

an image processing unit ; 

ing : 

* * * * * 


