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Characterisation techniques Experimental results Conghusion O 8

= Context = Electrical characterisation = Tensile test on flat /fepoxy = CoMusion : ®‘|
= Capacitive and piezoelectric sensors = Acoustical Characterisation = Signal amplitude comparison = Perspective e
= Problematic = Signal frequency comparison NN

kThe real interest of the industrial sector for ultrasonic non-destructive testing

Medical Aerospace e Oiler Nuclear

e,
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= Context L] Co*usion
= Perspective

% Maintenance is performed on immobilized devices

¢ Currently more than 25% of lifecycle costs are spent on inspection and reparation

% We develop acoustic instrumentation and technique for Structural Health Monitoring (SHM)

Detection of damage on real-time

ﬁ
« Help for simulation validation \ Frequency range
0.1 -1 MHz
_zl‘;:gj\

Collection of data

Acoustic Emission Source

Predictive analysis
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Capacitive and piezoelectric sensors

Piezoelectric sensor

Electrical connector Electrical conductor

Backing
Active element (piezoelectric)

Front face (adaptation face)

10 Signal acoustique

107 Signal acoustique
15 T T T T T T T T T
= S5 4L X416 X:5.84 i
] -] ¥:0.000698 2 0.0006952
3 E]
= = n ]
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Temps en seconde 0t Fréquence en MHz

Cosusion

Perspective
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amplitude UA

Capacitive and piezoelectric sensors

Piezoelectric sensor

Electrical connector Electrical conductor

Backing
Active element (piezoelectric)

Front face (adaptation face)

Signal acoustique

x10 S\gna\ acnusthua
15 T
R *: 416
§ ¥ 0.000698 Y 00006992
=
/-\
=
4 L | L | L | L | L 0
381 3812 3814 3816 3816 382 3822 3824 3826 3826 383 0 10
Temps en seconde ol

Fraqusnce en MHz
*x10

/

+» Size: little intrusive into the material

/7

% High bandwidth

amplitude UA

L] Cosusion

= Perspective
Capacmve sensor
A-A
polysilicon membrane ground electrode
gap feed electrode
A A A
'y A \
)' nitride layer
4 anchor post
silicon substrate

Slgna\ acnusl\que
4 T T T T T

— st « —ST

2 7 =]
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4 . . . . . . . . .
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. . . . . . . .
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% 104 Fréquence en MHz
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Capacitive and piezoelectric sensors

C Piezoelectric sensor )

Electrical conductor

Electrical connector

Backing
Active element (piezoelectric)

Front face (adaptation face)

s Frequency: f, =Y/,,

s Size: 10 mm diameter X 12 mm height

7
0.0

\/
0‘0

CoMusion G

Perspective

C Capacitive sensor )

A-A

polysilicon membrane ground electrode

gap feed electrode

A

)' nitride layer \
. 4 anchor post
silicon substrate

. }\2 E
Frequency f;‘ = 2TTR2 hm

Size: 16 mm diameter X 1.6 mm height
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Introduction Characterisation techniques

= Context = Electrical characterisation
= Capacitive and piezoelectric sensors = Acoustical Characterisation
= Problematic

o%

% Capacitive Micro machined Ultrasonic
Transducer (CMUT):

= 2.5 mm X 2.5 mm chip
= 40 elementary cells

= PCB 12 mm diameter for electrical
contact

= Wire bonded

= Encapsulated on 16 mm diameter

Experimental results Conglusion o

.
““I
= Tensile test on flat /fepoxy . susmn ‘e ‘

L ool e enas orbaricon 1 F’e’s"e‘“b . 3‘0‘0‘
il

A-A

polysilicon membrane

ground electrode

feed electrode

. f  nitride layer

7

anchor post

silicon substrate
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= Problematic

» Validation of ability of CMUT to detect
Acoustic Emission (AE)

» Validation of the ability to have an
electrical measurement

¢ Improvement and development of the
electrical measuring system

L)

» ldentification of the best configuration in
the choice of electrical parameters

R/

mpmuae UA

4
2
0
-2
4
3.

L] Cosusion G

= Perspective

A-A

polysilicon membrane ground electrode

gap feed electrode

\

anchor post

,)' nitride layer

silicon substrate

Y U 000175‘3

4t
—sm

ga
3

ER
T:.
E

;

0

. L L . . L . . L . . . . . . .
81 3.812 3814 3816 3818 382 3822 3.624 3826 3828 383 0 1 Z 3 4 5 6 7 8 9 10
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s Improvement of the signal noise ratio (S/N) : hard and soft
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Introduction Experimental results Conglusion O @

<
) — L
Context = Electrical characterisation = Tensile test on flat'/epoxy . Cosusion ] @ \”’“‘I
Capacitive and piezoelectric sensors = Acoustical Characterisation = Signal amplitude comparison . |:>er3pectieﬂ.}J - <
i . . 3
Problematic = Signal frequency comparison g
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= Electrical characterisation

+» Bias voltage is adjusted between 0V to
collapse voltage

% We applied V,-=0.5V peak-to peak with a
synthesizer functlon generator (Helwett
Packard 3325 B

s We measured the maximum amplitude of
CMUT-R100 with laser Polytec vibrometer

¢ Collapse voltage at 85V
“ We applied 80% of collapse voltage

 Bandwidth frequency between 300 KHz to
500 KHz

L] Cosusion

= Perspective

R-100
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Introduction

Context
Capacitive and piezoelectric sensors
Problematic

Electrical characterisation
Acoustical Characterisation

Experimental results

= Tensile test on flat /fepoxy
= Signal amplitude comparison
= Signal frequency comparison

Conglusion

L] Co”usion
. Perspecti‘

femto-st
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. Co”usion

= Acoustical Characterisation = Perspective

Transducteur u80/E

CMUT
~— __
- 12cm '8\

---_4 M8BO/R . .
AN Aluminium
Micro 80/E
1000
N 0.25
I
0.5 T T T T T T T T T = 02 %
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c 3 01 g
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o I8
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Introduction

Characterisation techniques

Context = Electrical characterisation
Capacitive and piezoelectric sensors = Acoustical Characterisation
Problematic
15
- .
LI
1+ g
LN
e |-------------
0.5 an .
LN
1
LR
= Ll 1
[45] 0 N
o LI
= 1
= LN .
[= %
£ 05 ' 1
< I I
L
1
-1 F
L
L
L g
-1.8 e
L Machine start and stop
-2 - - . -
0 0.5 1 15 2 2.5
time [s] %108

Experimental results

Tensile test on flat /epoxy

Signal amplitude comparison
Signal frequency comparison

L80/R

: :
Conglusion, © @ @
- Cosuﬂon “‘l

. Perspecti. ) “.
- i .

Amplitude [\V]

lime [s]
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Introduction

Characterisation techniques

Experimental results

Tensile test on flat /epoxy

Signal amplitude comparison
Signal frequency comparison

Conglusion

. Co!usion
. Perspecti.

)

. = =

L-BO/R

Context = Electrical characterisation .
Capacitive and piezoelectric sensors = Acoustical Characterisation .
Problematic .
wa80/R
1.5 0.5
- .
1 0.4
1r LI /
LN 03
LN
0.5 I 0z2f
LN
= Ll = 01
o U ' ¢ s
S 1 : 2 0
a 1, él
E 0.5 | Z 01}
L
1 021
A1t
L
1 1 -0_3 r
151 : !
1 041
L Machine start and stop
2 : : L : -0.5
0 0.5 1 15 2 25 0.5
time [s] %108

Time [s]

%108
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Introduction Experimental results Conglusion

= Context = Electrical characterisation = Tensile test on flat /fepoxy B Co”usion

= Capacitive and piezoelectric sensors = Acoustical Characterisation = Signal amplitude comparison . PerSpecti’ve,,‘

= Problematic = Signal frequency comparison ) O
w80/R

15 . . . . 0.5 : —
' 0.4 H-80/R
11 1| Drill / CMUT-R100
LN
o5t bl 0.2
LN
1
= ! = 0.1
o 0 N O
=] L =
2 1 2 0
a 1 [=
£ 0.5 I E
< 1y < -0
L
P 0.2
L
1, 0.3
15} : !
I X 0.4
L Machine start and stop
2 L L L L -0.5
0 0.5 1 15 2 25 0.5

time [g] %108 Time [s] « 108
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[
= Tensile test on flat /fepoxy Ll Co*usion e
= Perspective D

% MTS Criterion machine equipped with 100 kN

Instron Electropuls E10000 machine

% Load sensor control 0,1 mm/s axial

Micro-80/E

% 3 sensors are placed on flax /epoxy plate

L

% Streaming data of AE signal was recorded
during 50 seconds

Micro-80/R
//
b

CMUT-R100 -~

| P
é"
Flax / epoxy ,A
specimen

Sptest 16
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L] CoMusion

Signal amplitude comparison = Perspective
Micro-80/E Micro-80/R CMUT-R100
80 6 80 6 80 > 6
o Amplitude [dB] % o Amplitude [dB] o® o Amplitude [dB]

70 Deplacement [mm] 5 70 Deplacement [mm] 5 70t Deplacement [mm] 5
= T geo +E Te 4
% 60 4 ,§, 5 E. %

Y £ g E @
3 s0 38 350 38 Sso 3
= @ = ] =
2 £ F L
< 40 2§ <4 2% Rl 2
© k-]
30 ELi Ilanl-::'g_:(_-gz_-;_lll 1 30 1 1
20 . . . . . 0 20 * ! * . : 0 20 0
0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60
Time [s] Time [s] Time [s]

/

s CMUT-R100 depicts an important AE activity compared with Micro-80/R

s At the end of tensile test, three transducers have the same amplitude of AE activity (80 dB)

femto-st
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Signal frequency comparison

Micro-80/E Micro-80/R
500 ———— _ . 6 500 6
400 _ 400
N 4 E N 4
T 350+ E g
= s =
2 300 38 2300 3
s s 5
g 250 ) £ g 250 )
w 2 o
200 200
150 | o Frequency [KHz] 1 150 o Frequency [KHz] 1
Deplacement [mm] Deplacement [mm]
100 * : * * * 0 100 0
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Time [s] Time [s]

/

s CMUT-R100 shows an important AE frequency activity

/

¢ The shape response of the three transducers is similar

s At the end of tensile test, the frequency response of CMUT-R100 is comparable to u80

E and R

deplacement [mmj]

400

Frequency [KHz]
= [} [ [2]
g8 8 8 8

-
(=3
(=]

L] CoMusion
.

Perspective

CMUT-R100

6
15
4 4 E
=
[ =
@
3 E
@
Q
8
12 %
-
o Frequency [KHz] Ik
Deplacement [mm)] 9
* * * * - 0
10 20 30 40 50 60
Time [s]
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CMUT-R100
Exploted view

¢ Miniaturisation of the capacitive transducer

" \Wolume CMUT-V1:; 2304 mm3

= \olume CMUT-R100: 322 mm3

\/
0’0

Frequency [kHz]

Frequency [kHz]

Frequency [kt |z]

1000

500

1000

500

D

L] Cosusion

Micro80
0.25
0.2
0.15
0.1
0.05
Time [s] %107
CMUT R100 107
6=
L]
43
=}
E
9 <

CMUT RlOO

E

Time

Improvement of the detected signal

Amplitude CMUT-V1: 7 mV

Amplitude CMUT-R100: 30 mV

phude IV

Am

femto-st
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Conglusion ‘

Cosusion

= Perspective

s Improvement of signal noise ratio
o SIFN en funt:til?n de Ila hensliun a I:?[III}KHZI
H BO-BEB/E
B0 U BOR ____________————_
. CMUT-R100 —
¢ Increase number of elementary cell ol
_ 40T //
< Acoustical mismatching z "
2071 _
101
* Line impedance mismatching of
-10 : : : ' ' ' : ' '
] 5 10 15 20 25 30 35 40 45 50
Tension (V)
¢ Study influence of diameter of electrode
¢ The goal is to reach S/N of CMUT-R100 to S/N of u80/R
femto-st
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Thank you for your attention

In collaboration with: Gilles BOURBON
Patrice LE MOAL
Vincent PLACET
Eric JOSEPH
Emmanuel RAMASSO

Journée nationale contréle sante et monitoring des structures
March 12, 2020, Paris, France

Presented by : Redha BOUBENIA
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Zravaux 2019-2020 : Etude de la réponse acoustique dame :.“::

@
membrane en fonction du couplage e “..:“

— Signal emission
1 — Signal recu sur la membrane avec la puce au contact direct sur eprouvette
e Signal recu par la membrane avec la puce posée sur le laiton puis sur eprouvette

f 08l
l -
h ! 061 !

X:0.0003007
¥Y:0.3079

X:0.0003018
¥:0.6642

S 0.2

ik}

=

2 0

- |
= ' |
< 92 ||'

Transducteur u8o
o) "
= -1

0 0.5 1 15 2 25 3 3.5 4 45 5
V=65V Time [s] x 1074

Le signal recu peut étre divisé par deux dans certain cas
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L
Fravaux 2019-2020 : Etude de la réponse acoustique daine ® .“:
membrane en fonction du couplage © @‘.‘.:‘-
I
— Signal emission
— Signal recu sur la membrane avec la puce au contact direct sur eprouvette I
= Signial recu par la membrane avec la puce posée sur le laiton puis sur eprouvette
u
, 06 X:0.0003018
Q! J':i: 0.0003007 M
- 0.4 “ Y:03079 ||
i 0.2 |
: LA L
: g, LTI AT
\ EL |||||| ﬁl’lll“l! 1!“ r'l
OROO0D < | | |
00000000 -0.2
i
|
£
o
N
Transducteur 80 061
~ 22 214 2I_ﬁ 2I_a 3 312 3I_4 315 315
Vg =65V Time [s] x10™

Le signal recu peut étre divisé par deux dans certain cas
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Yravaux 2018-2019 : Premier essai sur éprouvette

Amplitude [mV]

-1000
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%107

0.5 1
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Fravaux 2018-2019 : Premier essai sur éprouvette .
(Aluminium) 1V

Micro-80/E Micro-80/R CMUT-R100
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Hravaux 2019-2020 : Premier essai sur éprouvette ® e
(Aluminium) 200mV

Amplitude [mV]

Micro-80/E
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arb «107
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Travaux 2019-2020 : Premier essai sur éprouvette be o 2% é‘i
(Aluminium) 200mV (apres filtre Matlahg

CMUT-R100 CMUT R100
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