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(54) Probe system, ultrasound system and method of generating ultrasound

(57) A probe system (10) for initiating and stabilizing
plasma discharge (26) includes an inner conductor (12)
coupled to an AC voltage source (14). The probe system
(10) also includes an outer conductor (16) arranged
around the inner conductor (12) and coupled at one end
to the AC voltage source(14). The outer conductor (16)
forms a first electrode (20) at another end thereof. The
probe system (10) further includes a second electrode
(22) separated from the first electrode (20) by a gap (24)
for initiating a plasma discharge (26) in the gap (24). An
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ultrasound probe system (110) includes a carrier signal
source (112) for supplying a RF carrier signal (114), an
acoustic modulator (116) for supplying an envelope sig-
nal (118), and a mixer (120) for mixing the RF carrier
signal (114) and the envelope signal (118) to supply a
modulated RF signal. The ultrasound probe system (110)
further includes a ground electrode (126) and a RF plas-
ma probe (124) separated from the ground electrode
(126) by a gap (128) and configured to receive the mod-
ulated RF signal and generate a plasma in the gap (128).
The plasma generates ultrasound waves (132).
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Description

[0001] The invention relates generally to inspection
technology and more specifically, to nondestructive test-
ing techniques using plasma discharge.

[0002] Ultrasonicinspection of materials is a common-
ly used technique for detecting and quantifying material
defects and subsurface damage of industrial compo-
nents. However, one of the limitations of conventional
ultrasonic inspection techniques is that a liquid interface
between the probe and the material being inspected is
necessary to avoid excessive reflection of acoustic en-
ergy from the air gap that would otherwise be present at
the interface. Non-contact ultrasound inspection is an at-
tractive non-destructive inspection technique, particular-
ly for materials that could be damaged by water, for ma-
terials at elevated temperatures, and where the logistics
of supplying water at an interface is expensive or difficult.
One possible non-contact inspection technique is air-
coupled ultrasound. However, air-coupled ultrasound ex-
hibits a relatively poor signal to noise (approximately
40-80 dB less than liquid coupled ultrasound).

[0003] Commonly used techniques for generation of
ultrasound in materials through air gaps include localized
laser heating or ablation of the part surface (laser ultra-
sound), high power piezoelectric or capacitive mem-
brane devices that are acoustically matched to air, and
electromagnetic acoustic transducers (EMATSs) that gen-
erate mechanical vibrations in the material through elec-
tromagnetic force. However, each of these techniques
suffers from certain limitations. For example, although
laser ultrasound is very effective at generating ultrasound
in metals and some composites, it is mildly damaging to
the surface of the material and very expensive to imple-
ment. As regards conventional high-power air-matched
ultrasound transducers and EMATSs, it has been ob-
served that these techniques are generally limited in
terms of maximum output power.

[0004] Hence, there is a need for improved ultrasonic
inspection systems that address the aforementioned is-
sues.

[0005] In accordance with one embodiment, a probe
system is provided. The probe system includes an inner
conductor coupled to an alternating current (AC) voltage
source. The probe system also includes an outer con-
ductor arranged around the inner conductor and coupled
atone end to the AC voltage source. The outer conductor
forms a first electrode at another end thereof. The probe
system further includes a second electrode separated
from the first electrode by a gap for initiating a plasma
discharge in the gap.

[0006] In accordance with another embodiment of the
invention, a shielded probe system is provided. The
shielded probe system includes a center conductor cou-
pled at one end to an AC voltage source and forming a
first electrode at another end thereof. The shielded probe
system also includes an outer conductor arranged
around the center conductor and coupled at one end to
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the AC voltage source. The outer conductor forms a sec-
ond electrode at another end thereof, and the first and
second electrodes are separated by a gap for initiating
a plasma discharge in the gap. The shielded probe sys-
tem further includes a shield disposed concentric with
the center conductor for electromagnetic interference
shielding.

[0007] In accordance with another embodiment of the
invention, an ultrasound probe system is provided. The
ultrasound probe system includes a carrier signal source
for supplying a radio frequency (RF) carrier signal. The
ultrasound probe system also includes an acoustic mod-
ulator for supplying an envelope signal. The ultrasound
probe system also includes a mixer for mixing the RF
carrier signal and the envelope signal to supply a mod-
ulated RF signal. The ultrasound probe system further
includes a ground electrode. The ultrasound probe sys-
tem also includes a radio frequency plasma probe sep-
arated from the ground electrode by a gap and configured
to receive the modulated RF signal and generate a plas-
ma in the gap. The plasma generates ultrasound waves.
[0008] In accordance with another embodiment of the
invention, a method of generating ultrasound is provided.
The method includes supplying a modulated radio fre-
quency signal to a radio frequency plasma probe. The
method also includes initiating a plasma discharge via
the radio frequency plasma probe. The method also in-
cludes stabilizing the plasma discharge via the radio fre-
quency plasma probe. The method further includes mod-
ulating intensity of the plasma discharge. The method
also includes generating ultrasound waves using the
plasma discharge.

[0009] Various features, aspects, and advantages of
the present invention will become better understood
when the following detailed description is read with ref-
erence to the accompanying drawings in which like char-
acters represent like parts throughout the drawings,
wherein:

FIG. 1 is a diagrammatic illustration of a system for
initiating and stabilizing plasma at radio frequency
in accordance with embodiments of the invention;

FIG. 2 is an equivalent circuit representation of the
system in FIG. 1;

FIG. 3 is a diagrammatic illustration of a shielded
probe system for initiating and stabilizing plasma dis-
charge in accordance with embodiments of the in-
vention;

FIG. 4 is an equivalent circuit representation of the
shielded probe system in FIG. 3;

FIG. 5 is a block diagram representation of ultra-
sound generation using the systems in FIG. 1 and
FIG. 2 and a ground electrode in accordance with
embodiments of the invention;
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FIG. 6 is a block diagram representation of ultra-
sound generation using the systems in FIG. 1 and
FIG. 2 and a ground plane as an electrode in accord-
ance with embodiments of the invention;

FIG. 7 is a block diagram representation of a signal
modulation system used in the ultrasound genera-
tion system in FIG. 5 and FIG. 6;

FIG. 8 is a block diagram representation of an air
coupled ultrasound receiver system 190 for inspect-
ing an object; and

FIG. 9 is a flow chart illustrating exemplary steps for
a method of generating ultrasound waves.

[0010] Various embodiments of the present invention
address the above-discussed shortcomings of conven-
tional air-coupled ultrasonic inspection techniques by
providing an improved transmitter design having in-
creased maximum acoustic output power deliverable to
the part being inspected. In this manner the signal levels
ofthe measurementare increased. As discussed in detail
below, embodiments of the present invention include a
system for initiating and stabilizing a plasma discharge.
Embodiments of the invention also include an ultrasound
system and a method for generating ultrasound waves
using the plasma. As used herein, 'plasma discharge’
refers to plasma generated at atmospheric pressure and
ataradio frequency with a frequency in the range greater
than about 1 MHz. The ultrasound waves generated are
high pressure acoustic waves used in non-destructive
testing to inspect defects and any subsurface damage in
a material. The non-destructive testing using ultrasound
refers herein to "air-coupled’ ultrasound wherein a probe
generating plasma and the material to be inspected are
separated by an air gap.

[0011] Conventional electroniccomponents usedtoin-
itiate a plasma discharge have been commonly found to
be inefficient in order to achieve the desired voltage for
plasma discharge. Moreover, plasma discharges are in-
herently unstable at atmospheric pressure due to de-
crease in electrical impedance of the plasma discharge
with increasing current. Further, plasma at atmospheric
pressure requires high voltages to initiate. Beneficially,
certain aspects of the present invention provide a stable,
low-intensity narrow-band plasma source at atmospheric
pressure in air.

[0012] Turning now to the drawings, FIG. 1 is a dia-
grammatic illustration of a system 10 for initiating and
stabilizing plasma. The system 10 may also be referred
to as a plasma probe 10. The plasma probe 10 includes
an inner conductor 12 coupled to an alternating current
(AC) voltage source 14. For the illustrated embodiment,
an outer conductor 16 including multiple windings 18 is
arranged around the inner conductor 12. The outer con-
ductor 16 is coupled to the AC voltage source 14 at one
end and forms a first electrode 20 at an opposite end.
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For the illustrated embodiment, a second electrode 22 is
separated from the first electrode 20 by a gap 24 for in-
itiating a plasma discharge 26. In a particular embodi-
ment, the inner conductor 12 is a conductor that is cylin-
drical in shape. In another embodiment, the inner con-
ductor 12 is a wire. In an example, the outer conductor
16 is a solenoid. In an exemplary embodiment, the inner
conductor 12 is connected to ground 28. In another em-
bodiment, the outer conductor 16 is connected to ground
28 through the AC voltage source 14. In an example, the
plasma discharge 26 may initiate an atmospheric pres-
sure radiofrequency plasma with a frequency in a range
between about 6 MHz and about 7.5 MHz. In a particular
embodiment, the inner conductor 12 and the outer con-
ductor 16 are configured to step up a voltage supplied
by the AC voltage source 14 to initiate the plasma 26 by
at least about 20 dB. Although FIG. 1 shows a solenoid
16 that extends around a solid inner conductor 12, in
another embodiment (not shown), the inner conductor
12 is a solenoid placed inside the outer conductor 16,
which is a solid (for example, hollow tube) metal elec-
trode.

[0013] FIG. 2is an equivalent circuit 30 of the plasma
probe 10in FIG. 1. The inner conductor 12 as referenced
in FIG. 1 and the outer conductor 16 as referenced in
FIG. 1 are configured as a series LC circuit, where L is
the inductance of the outer conductor 16 represented by
inductor 32 and Cg is the capacitance between the inner
conductor 12 and the outer conductor 16 represented by
capacitor 34. The inductor 32 may have a smallreal value
resistance represented by resistor 36. In a particular em-
bodiment, the resistance 36 may vary between about 10
and about 100 ohms. The plasma probe 10 as referenced
in FIG. 1 acts as a quarter wave transformer with a dis-
tributed transmission line 38 through the inner conductor
12 and the outer conductor 16. The outer conductor 16
may include a large number of windings 18 as referenced
in FIG. 1 so as to increase the inductance per unit length.
The windings 18 may include a parasitic capacitance 40
between each of the windings 18, which is much smaller
than the capacitance 34 denoted by C4. Consequently,
the capacitance 40 may be negligible. The electrical cir-
cuit 30 may also include a leakage resistance 42 of the
capacitance 34 and is denoted by G. The leakage resist-
ance 42 may be very small and hence negligible.
[0014] Prior to the plasma being initiated, the AC volt-
age source 14 sees an open circuit transmission line as
there is no load. The equivalent circuit 30 is resonated
at a quarter wavelength. Quarter wave resonance occurs
when frequency of the source generates a standing wave
in the transmission line 38 such that the physical length
of the transmission line 38 is a quarter of the wavelength
of the standing wave. Thus, the source 14 sees a short
circuit at an end 44 of the transmission line 38 resulting
inaload 46. This leads to a large amount of current being
driven into the transmission line 38. The large current
generated passes through the inductor 32 and the ca-
pacitor 34. Further, impedance of the inductor 32, which
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is given by 2rnfL where f is the frequency of the source
14, is large as both L and f are large. Hence, voltage drop
across the inductor 32 is large resulting in a high voltage
atthe end 44 of the transmission line 38. The high voltage
initiates generation of plasma at the load 46.

[0015] The generation of plasma leads to the trans-
mission line 38 being short circuited at the load 46. In
such a scenario, the current driven into the transmission
line 38 may have two paths. One of them being through
the inductor 32 as described above and the other being
through the load 46 bypassing the inductor 32. Thus, the
current gets split into two paths with lesser amount of
current flowing through the inductor 32. This results in a
lower voltage drop across the inductor 32, which is also
the voltage through the generated plasma at the load 46.
Hence, the current going into the plasmais reduced con-
sequently increasing the plasma resistance. A very fast
negative feedback loop is generated thus stabilizing the
generated plasma at load 46. Thus, the plasma probe 10
plays an important role in initiating the plasma and then
stabilizing the voltage to a desirable value so as not to
extinguish the plasma and at the same time preventing
any possible burn out.

[0016] In another illustrated embodiment of the inven-
tion, FIG. 3 is a shielded probe system 60 to initiate and
stabilize plasma generation. The system 60 includes a
center conductor 62 coupled at one end to an AC voltage
source 64 and forming a first electrode 66 at an opposite
end. The system 60 also includes an outer conductor 68
including multiple windings 70 arranged around the cent-
erconductor62. Fortheillustrated embodiment, the outer
conductor 68 is coupled at one end to the AC voltage
source 64 and forms a second electrode 72 atan opposite
end. As indicated, the first electrode 66 and the second
electrode 72 are separated by a gap 74 to initiate a plas-
ma discharge 76. The system 60 further includes a shield
78 disposed concentric with the center conductor 62 for
electromagnetic interference shielding. The magnetic
field generated by the outer conductor 68 is compressed
and exists in the space between the center conductor 62
and the shield 78. The center conductor 62 and the outer
conductor 68 may be configured to step up a voltage
supplied by the AC voltage source 64 by about 40 dB.
Insulation 80 may be disposed between the center con-
ductor 62 and the shield 78. In a particular embodiment,
the insulation 80 is ceramic insulation. In an example,
the shield 78 includes an inner conductive cylinder and
an outer conductive cylinder that are concentric and con-
nected to one another, and wherein the outer conductor
68 is disposed between the inner and outer conductive
cylinders. The shielded probe system 60 initiates a warm
plasma discharge 76. As used here, "warm plasma" re-
fers to plasma that is hot enough to burn paper but not
so hot as to melt copper. Although FIG. 3 shows a sole-
noid 68 that extends around center conductor 62, in an-
other embodiment (not shown), the center conductor 62
is a solenoid placed inside the outer conductor 68, which
is a solid (for example, hollow tube) metal electrode.
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[0017] FIG. 4 is an equivalent circuit 90 of the shielded
probe system 60 in FIG. 3. The center conductor 62 in
FIG. 3 and the outer conductor 68 in FIG. 3 are configured
as a series LC circuit. The presence of the shield 78 as
referenced in FIG. 3 reduces the effective inductance in
the circuit 90 and increases the effective capacitance.
The effective inductance is equivalent to (L-M) represent-
ed by inductor 92, wherein L is the inductance of the
center conductor and M is the mutual inductance be-
tween the center conductor 62 and the shield 78 due to
eddy current losses. The effective capacitance is equiv-
alent to (C44+Cy,) represented by capacitor 94, wherein
Cs4 is the capacitance between the center conductor 62
and the outer conductor 68 and C,, is the capacitance
between the shield 78 and the outer conductor 68. The
inductor 92 may have a small real value resistance rep-
resented by resistor 96 that includes resistance due to
eddy current losses. The capacitor 94 may include a neg-
ligible leakage resistance represented by a leakage re-
sistor 98. The circuit 90 may also include a negligible
parasitic capacitance represented by capacitor 100 be-
tween each of the windings 70 as referenced in FIG. 3.
Since the effective inductance is smaller and there are
more losses in the form of eddy currents, the voltage
required to initiate a plasma discharge increases. The
initiation of a plasma discharge results in a short circuit
at an end 102 with a load 104. Hence, this may lead to
a lesser efficient plasma probe as compared to the plas-
ma probe described in FIG. 1.

[0018] Beneficially, the probes 10, 60 provide a stable,
low-intensity narrow-band plasma source at atmospheric
pressure in air. The plasma is relatively non-damaging
to most industrial materials, such as metals, plastics and
composites and does not generate excessive electro-
magnetic interference. The source is also very efficient
and does not require excessively large source voltages
to operate. The probes 10, 60 may be used to generate
plasma discharges for use at high temperatures to meas-
ure gap lengths within an object, such as a turbine engine.
In addition, the probes 10, 60 may be used to generate
plasma discharges for generating ultrasound waves that
may be used to detect defects, as discussed below.
[0019] FIG. 5is a diagrammatical illustration of an ul-
trasound probe system 110. The ultrasound probe sys-
tem 110includes a carrier signal source 112 for supplying
a radio frequency (RF) carrier signal 114. In a particular
embodiment, the frequency of the RF carrier signal 114
may vary in a range between about 10 MHz and about
50 MHz. The system 110 also includes an acoustic mod-
ulator 116 for supplying an envelope signal 118. In an
example, the acoustic modulator 116 includes at least
one function generator configured to supply the envelope
signal 118 with a frequency in a range of about 0.001
MHz and about 2 MHz. The ultrasound probe system 110
also includes a mixer 120 for mixing the RF carrier signal
114 and the envelope signal 118 to supply a modulated
RF signal 122. In the illustrated embodiment, the modu-
lated RF signal 122 is transmitted to a RF plasma probe
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124 separated from a ground electrode 126 by a gap
128. A plasma 130 is generated in the gap 128, which in
turn generates multiple ultrasound waves 132. In an ex-
ample, the RF plasma probe may be an unshielded plas-
ma probe as described in FIG. 1. In another embodiment,
the RF plasma probe may be a shielded plasma probe
as described in FIG. 3. In a particular embodiment, the
gap 128 between the RF plasma probe 124 and the
ground electrode 126 is less than about 1 mm. Although
FIG. 5 depicts a grounded electrode 126, in another em-
bodiment (not shown), the electrode 126 is not grounded.
[0020] In another illustrated embodiment of the inven-
tion as shown in FIG. 6, an ultrasound probe system 140
using a ground plane 142 is depicted. The system 140
includes a carrier signal source 112 as referenced in FIG.
5 for supplying a RF carrier signal 114. In a particular
embodiment, the frequency of the RF carrier signal 114
may vary in a range between about 10 MHz and about
50 MHz. The system 140 also includes an acoustic mod-
ulator 116 as referenced in FIG. 5 for supplying an en-
velope signal 118 as referenced in FIG. 5. In an example,
the acoustic modulator 116 includes at least one function
generator configured to supply the envelope signal 118
with afrequency in arange of about 0.001 MHz and about
2 MHz. The ultrasound probe system 140 also includes
a mixer 120 as referenced in FIG. 5 for mixing the RF
carrier signal 114 and the envelope signal 118 to supply
a modulated RF signal 122 as referenced in FIG. 5. In
the illustrated embodiment, the RF carrier signal 122 is
transmitted to a RF plasma needle 144 separated from
the ground plane 142 by a gap 146. In a particular em-
bodiment, the RF plasma needle may be configured to
provide current in a range of about 1 mA and about 100
mA and a frequency in a range of about 10 MHz and
about 50 MHz. Plasma is generated in the gap 146. In
an example, a dielectric barrier 148 may be disposed in
the gap 146 between the RF plasma needle 144 and the
ground plane 142. Further, a metal mesh 150 may be
disposed on an end of the dielectric barrier 148 facing
the RF plasma needle 144. The plasma generated in the
gap 146 inturn generates multiple ultrasound waves 152.
The system 140 may also include an acoustic mirror 154
that reflects the generated ultrasound waves 152 to in-
crease the efficiency.

[0021] FIG. 7 is a block diagram representation of a
signal modulation system 170 in the ultrasound probe
system described in FIG.5 and FIG. 6. The RF signal 114
as referenced in FIG. 5 from the carrier signal source 112
and the envelope signal 118 as referenced in FIG. 5 from
the acoustic modulator 116 are fed into the mixer 120.
In a particular embodiment, the carrier signal source 112
may be a function generator operating at 7.2 MHz. In
another embodiment, the acoustic modulator 116 may
be a function generator providing a 900 kHz single cycle
sine wave for amplitude modulation. The modulated RF
signal 122 from the mixer 120 as referenced in FIG. 5
may be fed into a splitter 172 that provides a RF spectrum
signal 174 with a center peak at 7.2 MHz and two side
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bands at 900 kHz. The generation of such a center peak
is useful in maintaining a plasma discharge when an ul-
trasound wave is not being generated. The RF spectrum
signal 174 is fed into a power amplifier 176 that modulates
the envelope of the RF carrier signal 122. The modulated
envelope signal 178 from the power amplifier 176 is fed
into the RF plasma probe 124 as referenced in FIG. 5.
When the amplitude of the RF spectrum signal 174 is
increased, it results in generation of warm plasma and
when the amplitude is decreased, it results in generation
of cold plasma. The sudden cooling and heating of the
plasma leads to generation of high pressure and low
pressure variation of the plasma that leads to propagation
of acoustic waves.

[0022] FIG. 8 is a block diagram representation of an
air coupled ultrasound receiver system 190 for inspecting
an object. The system 190 includes a carrier signal
source 192 for supplying a RF carrier signal 194. In a
particular embodiment, the frequency of the RF carrier
signal 194 may vary in a range between about 10 MHz
and about 50 MHz. The system 190 also includes an
acoustic modulator 196 for supplying an envelope signal
198. In an example, the acoustic modulator 196 may in-
clude atleast one function generator configured to supply
the envelope signal 198 with a frequency in a range of
about 0.001 MHz and about 2 MHz. The air coupled ul-
trasound system 190 also includes a mixer 200 for mixing
the RF carrier signal 194 and the envelope signal 198 to
supply a modulated RF signal 202. In the illustrated em-
bodiment, the modulated RF signal 202 is fed to a trans-
mitter 204 separated from a ground electrode 206 by a
gap 208. In an example, the transmitter 204 is a RF plas-
ma probe. Plasma is generated in the gap 208, which in
turn generates multiple ultrasound waves 212. In an ex-
ample, the RF plasma probe may be an unshielded plas-
ma probe as described in FIG. 1. In another embodiment,
the RF plasma probe may be a shielded plasma probe
as described in FIG. 3. In a particular embodiment, the
gap 208 between the RF plasma probe 204 and the
ground electrode 206 may be less than about 1 mm. The
generated ultrasound waves 212 are received by a re-
ceiver 216. In the illustrated embodiment, the receiver
216 is separated from the transmitter at an air gap 218.
In an example, the air gap 218 may be about 10 mm.
[0023] FIG. 9 is a flow chart illustrating exemplary
steps for a method 230 of generating ultrasound waves.
The method 230 includes supplying a modulated radio
frequency signal to a radio frequency plasma probe as
step 232. The process of supplying a modulated radio
frequency signal includes supplying a radio frequency
carrier signal, supplying a modulation signal and mixing
the modulation signal and the radio frequency carrier sig-
nal to form the modulated radio frequency carrier signal.
The radio frequency plasma probe initiates a plasma dis-
charge in step 234. Once initiated, the plasma is stabi-
lized by the radio frequency plasma probe in step 236.
The stabilizing may include supplying a feedback in the
radio frequency plasma probe. The intensity of the plas-
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ma discharge is modulated in step 238. In an example,
modulating the intensity may include modulating current
through the radio frequency plasma probe. The modula-
tion of intensity of the plasma discharge results in gen-
eration of multiple ultrasound waves in step 240.
[0024] Beneficially, the above described ultrasound
system and method of generating ultrasound are capable
of generating relatively large amplitude sonic vibrations
in air. Further, the above described plasma probes have
no practical limitations on acoustic output power, with
device efficiencies comparable to existing transducers.
Moreover, the above described plasma generation tech-
nique is inexpensive relative to laser ultrasound and
avoids damaging the part under test because the plasma
generation occurs some distance away from the part.
[0025] While only certain features of the invention have
been illustrated and described herein, many modifica-
tions and changes will occur to those skilled in the art. It
is, therefore, to be understood that the appended claims
are intended to cover all such modifications and changes
as fall within the true spirit of the invention.

Claims
1. A probe system (10) comprising:

aninner conductor (12) coupled to an alternating
current (AC) voltage source (14);

an outer conductor (16) arranged around the in-
ner conductor (12) and coupled at one end to
the AC voltage source (14), wherein the outer
conductor (16) forms a first electrode (20) at an-
other end thereof; and

a second electrode (22) separated from the first
electrode (20) by a gap (24) for initiating a plas-
ma discharge (26) in the gap (24).

2. The probe system (10) of claim 1, wherein the inner
conductor (12) comprises a cylindrical conductor,
and wherein the outer conductor (16) comprises a
plurality of windings (18) arranged around the inner
conductor (12).

3. The probe system (10) of any preceding claim,
wherein the outer conductor (16) comprises a sole-
noid.

4. The probe system (10) of any preceding claim,
wherein the inner (12) and outer conductors (16) are
configured as a LC circuit, wherein the outer con-
ductor provides an inductance L (32), wherein a dis-
tributed capacitance between the inner and outer
conductors provides a capacitance C (34), and
wherein a maximum voltage is developed at the end
of the outer conductor (16) forming the first electrode
(20) prior to the plasma discharge (26).
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5. A shielded probe system (60) comprising:

a center conductor (62) coupled at one end to
an alternating current (AC) voltage source (64)
and forming a first electrode (66) at another end
thereof;

an outer conductor (68) arranged around the
center conductor (62) and coupled at one end
to the AC voltage source (64), wherein the outer
conductor (68) forms a second electrode (72) at
another end thereof, and wherein the first (66)
and second electrodes (72) are separated by a
gap (74) for initiating a plasma discharge (76) in
the gap (74); and

ashield (78) disposed concentric with the center
conductor (62) for electromagnetic interference
shielding.

6. The shielded probe system (60) of claim 5, further
comprising an insulation disposed between the cent-
er conductor (62) and the shield (78).

7. An ultrasound probe system (110) comprising:

acarrier signal source (112) for supplying aradio
frequency (RF) carrier signal (114);

an acoustic modulator (116) for supplying an en-
velope signal (118);

a mixer (120) for mixing the RF carrier signal
(114) and the envelope signal (118) to supply a
modulated RF signal (122);

a ground electrode (126); and

aradio frequency plasma probe (124) separated
from the ground electrode (126) by a gap (128)
and configured to receive the modulated RF sig-
nal (122) and generate a plasma (130) in the
gap (128), wherein the plasma (130) generates
a plurality of ultrasound waves (132).

8. Theultrasound probe system (110) of claim 7, further
comprising:

a dielectric barrier (148) disposed in the gap
(146) between the radio frequency plasma
probe (124) and the ground electrode(126); and
a metal mesh (150) disposed on an end of the
dielectric barrier (148) facing the radio frequen-
cy plasma probe (124).

9. Amethod (230) of generating ultrasound comprising:

supplying (232) a modulated radio frequency
signal to a radio frequency plasma probe;
initiating (234) a plasma discharge via the radio
frequency plasma probe;

stabilizing (236) the plasma discharge via the
radio frequency plasma probe;

modulating (238) intensity of the plasma dis-



11 EP 2 068 304 A1

charge; and
generating (240) a plurality of ultrasound waves
using the plasma discharge.

10. An air-coupled ultrasound system (190) for inspect- &
ing an object, the system comprising:

acarrier signal source (192) for supplying aradio
frequency (RF) carrier signal (194); an acoustic
modulator (196) for supplying an envelope sig- 70
nal (198);

a mixer (200) for mixing the RF carrier signal
(194) and the envelope signal (198) to supply a
modulated RF signal (202);

a ground electrode (206); 15
a transmitter (204) comprising a radio frequency
plasma probe separated from the ground elec-
trode (206) by a gap (218) and configured to
receive the modulated RF signal (202) and gen-
erate a plasma in the gap (218), wherein the 20
plasma generates ultrasound waves (212); and

a receiver (216) for receiving ultrasound waves
(212) from the object under test, wherein the re-
ceiver (216), transmitter (204) and object are air-
coupled. 25
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The Search Division considers that the present European patent application does not comply with the
requirements of unity of invention and relates to several inventions or groups of inventions, namely:

1. claims: 1-4

Claims 1-4 disclose a probe system comprising for initiating
a plasma discharge between two electrodes. One electrode is
connected to an outer conducter comprising a plurality of
windings arranged around an inner conductor.

2. claims: 5-6

Claims 5-6 disclose a shielded probe system for initiating a
plasma discharge between two electrodes that are connected
to a center and an outer conductor, wherein the shield is
disposed concentric with the center conductor for
electromagnetic interference shielding.

3. claims: 7-9

Claims 7-9 disclose an ultrasound probe system for
generating ultra sound waves comprising a radio frequency
plasma probe separated from the ground electrode by a gap
and configured to receive the modulated RF signal and
generate a plasma in the gap, wherein the plasma generates a
plurality of ultrasound waves.

4. claim: 10

Claim 10 discloses an air-coupled ultrasound system for
inspecting an object comprising a receiver for receiving
ultrasound waves from the object under test, wherein the
receiver, transmitter and object are air-coupled.

18



EP 2 068 304 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 07 12 2396

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

EPO FORM P0459

16-03-2009
Patent document Publication Patent family Publication

cited in search report date member(s) date

DE 202006014285 U1 28-12-2006  NONE

US 6217531 B1 17-04-2001 AT 362163 T 15-06-2007
Cz 9803423 A3 12-05-1999
EP 0911804 A2 28-04-1999

US 6849994 B1 01-02-2005  NONE

EP 0781447 B 02-06-1999 DE 59408375 D1 08-07-1999
WO 9609621 Al 28-03-1996
EP 0781447 Al 02-07-1997
JP 10508221 T 18-08-1998
JP 3594610 B2 02-12-2004
Us 6113560 A 05-09-2000

US 2002140374 Al 03-10-2002 US 2005093481 Al 05-05-2005

DE 19839289 Al 17-06-1999  JP 11164399 A 18-06-1999

GB 2317265 A 18-03-1998 AU 3857397 A 02-04-1998
WO 9811764 Al 19-03-1998

DE 4337119 Al 24-05-1995  NONE

US 5134988 A 04-08-1992  NONE

19

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82



	bibliography
	description
	claims
	drawings
	search report

