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Collaboration avec CEA Le Ripault GREMA%
(these T. Richardot)

BHT 5% NA (1500° C)

BHT 5% Att (1400° C)

BaTiO, (1500° C)

Céramiques massives
sans plomb
(BHT)

= Optimisation des conditions de polarisation nécessaire
(Champ électrique, température, temps....)

= Mesures des propriétés aprés I’étape de polarisation (mesures
d’impédance électrique ou Berlincourt-métre (d;;)
o
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Collaboration avec CEA Le Ripault G,REﬁkA%
(these T. Richardot)
Films epais sans plomb

(BHT)
1-Trempage-retrait 2-Dépot des électrodes supérieures
sur substrat de Pulvérisation magnétron
ilici OOC?
SII I,CILIIm Electrode — ) (D (D

(aluminium, chrome)

silicium platiné

3-Polarisation (field cooling) 4-Mesure d’impédance
Electrode inférieure (platine) :
Générateur de tension

_ |T‘ Ele‘m}des\fupér\ielures
= Optimisation des conditions de polar§at|on\, e

o nécessaire‘ QPRY.C:
S




”Jozef Stefan”

e e " .. A I
e Lubljana, Sloveniia  (these en co-tutelle H. Mercier)

vermon Films épais sans plomb

world leader in Composite Piezoelectric Transducers (K N N S r — EI e Ct r O p h O r éS e)

o2 Institut Collaboration avec I'lJS et VERMON GRENA%

e Déposition sur des substrats de formes complexes;
* Dépébt de films épais (plusieurs dizaines de microns);§
« Méthode peu couteuse. |

Working electrode Counte:electrode
Alumine . = s
’ —9 Fritté & 1100° C, 2h dans l'air
o —
e o — Pour l'électrophorese :
Do — .
@ o - Suspension stable et ,
2® _Eru o les particules bien dispersées;
* - - Faible conductivité. .
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”Jozef Stefan”

e e ° o B I
e Liubljana, Sloveniia  (these en co-tutelle H. Mercier)

vermon Récupéeration d’énergie

world leader in Composite Piezoelectric Transducers

o2® Institut Collaboration avec I'lNS et VERMON GRE,?!Am

Dispositifs

Piezoelectric material

A

Piezoelectric material

“Unimorph Configuration” “Bimorph configuration”

Figure de mérite pour le matériau piézoélectrique : FOM, ., = €2, ;/(€,€33)

=> Mesure du coefficient e, ; indispensable V.
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Banc de caractérisation

Piezoelectric evaluation system (PES)

Films épais (et mesure e;, ()

AixA€r

SYSTEMS GMBH

Céramique massive

Films fins (et mesure e;, ()

—

thinttty s
il )

i
l'!' !lv |'!r| h!

Tttty :
1;‘|l||lp_l||l|ll“"‘.‘m&“‘*”ﬂ’;

Dispositif modulable




Banc de caractérisation GREMAN

microélectronique
acoustique nanotechnologies

a

Céramiqgues massives

» Tension maximale applicable +/-4000 V
« Utilisation d’huile silicone possible

* Taille maximale des échantillons
(diametre 26 mm et epaisseur 10 mm)
 température : ambiante a 250° C;

* mesures C(V), g, tand,d;; (petit et grand
signaux), P,*, P, V.*, V,

ClYACr S ClYACr
0 11500 1.0.8
30 ] 5000
H - PZM CcvMm
|_1000 4500_] lo6
20 )
iy 0.1 4000_| 2 200
E | so0 © |04
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9 Lo H E 3000_ o2 o
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£ o wo 3 ece 2 2500 0 =
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-10, — -0.2 3
H | |-1000 T 1500_] B 3
: : Z
-204 |-1500 1000 loa & "
= 500_| os
-2000 "‘
-30_| = 0 ! . | . 1mA
T T T mA -2000 -1000 0 1000 2000
-1000 0 1000 Voltage [V]
Vaoltage [V] |- Epsilon — d33
|— Polarization — Displacement ‘
Name: PZT | Repetitions 20 '
MName PZT | Ve+ [V] 646.176 | Opp [nm] 333361 Area [mm2] 63.6|Max. Voltage V] 2100
Area [mm32) 30| ve- [VI: -656.655 | Wiass [ulcm2] 62667.4 Thickness [nm] 1e+006 | BaseFreq [Hz] 1 .
Thickness [nm] 1e+006 | Pr+ [uC/cm2]: 24.1053 | Averages: 1
Prrel+ [uClem3]: -22.7591 L R —— .
Prrel- [uC/em2] 22.7591 ime: /21/2002 13:00h . 8 A
UN !V E RS ] 1] Time: 11/29/2002 12.07.55 | Pr- [uC/cm32) -25 8917 aixACCT Viewer '
FRANCOIS - RABEL 3ixACCT Viewer | Pmax [uC/cm3] 28 402 | Settings SL HV MON
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acoustique nanotechnologi

Banc de caractérisation GRE"A%

Films épais et mesures de e31,f (indirect)

TFSHU option

» Tension maximale applicable +/-500 V
» Utilisation d’huile silicone possible

* Cuve de 50mm*50mm

« température : ambiante a 250° C;

* mesures C(V), g, tand,d,; (petit et grand signaux),
P* P, V.5 VS,

2
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Banc de caractérisation GRE”A%

Films épais et mesures de e31,f (indirect)

Relations utilisées:
2 h, : substrate thickness
Y S (h S) 6 Y, : substrate Young's modulus
321 f: 5 V, : substrate Poisson's ratio
o0 3 ( 1 —v ) L-V L : cantilever length
S V : applied voltage
O : displacement (measured at L)

Electrode partielle

2
e . Y s ( hs) | 0 ¢ : electrode coverage factor
31, _ _ (elect. width/subst. width)
3 ( 1 Vs) Cf X1 ( 2L xl) V X, : electrode length

11. Kanno et al. / Sensors and Actuators A 107 (2003) 6874

2M.-A. Dubois and P. Muralt, Sens. Actuators 77, pp106 (1999)

3Chun, D.-M,, Sato, M., and Kanno, I., Journal of Applied Physics 113, 044111 (2013)

4A. Mazzalai, D. Balma, N. Chidambaram, J. Li, and P. Muralt, P., Proc. of ISAF/PFM, pp363-366, 2013

72, 10
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Banc de caractérisation GRE"Am

acoustique nanotechnologies

Films épais et mesures de e31,f (indirect)

Placement de I’échantillon:

1. Place the sample onto the inserting aid

2. Lift the damping device and slip the
sample through it until it fits the spacing

Inserting aid

Clamping device




Banc de caractérisation GRE"Am

Films épais et mesures de e31,f (indirect)

Placement de I’échantillon:

3. Release the clamping device and pull back
the inserting aid completely.

4. Place the heating cover and contact the
sample using the positioner.

Normal Sample

Test sample contacting area

contacting area

Heating cover with glas
plate (not for test sample)

F<

L2 ‘\l




Banc de caractérisation CREMAN

Films fins et mesures de e, ; (direct)

TF Analyzer Z
aixa€r <

mech. force F/2

Laser interferometer
(Cantilever bending measurement)

F2

top-view
EPFL, P. Muralt
QU
eag] = 4 AR us cant (1 — Vsupstrate)
Patent pending (2005):

German Patent and Trade Mark Office, } .
Akz 10 2005 006 958 4 43

UNIVERSITE
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Banc de caractérisation GRE"Am

Films fins et mesures de e, ; (direct)

Placement de I’échantillon:

Contacting 1. Lift the contacting lever using the turning knob
i on top of the sample holder.

2. Push the placing aid on the heater unit
completely.

3. Insert the sample in the slot, whereas the
bottom electrode points to the open end of the
placing aid.

R £ Open end of placing

UNIVERSITE ald
F'RANCOIS - RABELAIS




Banc de caractérisation GREMAN

Films fins et mesures de e, ; (direct)

Placement de I’échantillon:

4. Lower the contacting lever using the turning
knob on top of the sample holder, until it hits the
sample

Be careful. The sample could break, if there is too
much force on it.

5. Pull out the placing aid on the heater unit
completely
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Banc de caractérisation GREMA

acoustique nanotechnol

Films fins, mesures de d;; et cycles de polarisation
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Piezoelectricitx and materials
Most used material for MEMs applications : PbZr,_ Ti O,

* High piezoelectric coefficients da3 (pm/V)
: i . T
* High electromechanical coupling veo |1 veo J
PZT phase diagram Perovskite ABO;
500 |
A400-Cubic‘/crystal / 600 [T T
L : - Rhomb. Tetra.
s & g 500 | 4
§200 : Rhombohedral cruystal Tetragc;nm S — /
N A S *\ Ps||<001> & oo iy
100 -"- 'l' " r ropi E/" - 1
4 . phase boundary > 300f / 0L
0 ] A | FC R R :ﬁ - )
0O 20 40 60 80 100 " 200} ]
PbZrO, mol% PbTiO, PbTiO, 4 coramge SN
w \ : & -
< e ) W
1001 11y | cemamic g .
0 r L R L Ly s 1
Enhanced properties at MPB -E—-; 045 %?:T 055 _E%
due to coexistence of R and T (60’s) ’

Du et al. Appl. Phys. Lett., Vol. 72, No. 19, 11 May 1998

- - -
.



Piezoelectricitx and materials

MPBs revisited in late 1990’s early 2000’s

Existence of monoclinic phases at the MPB

750
Structural bridge between R and T phases

Tetragonal

2 2% K Rhombohedral E! Polarization rotation during R & M 3 T transitions
= key for giant piezoelectric coefficients
T
250 Rhomedra]” [001]s
Orthorhombic E‘
|
0 0.5 1.0 v M
PbZrOs X (Ti) PbTiO; ; M,

Universal mechanism for giant piezoelectric coefficients materials

Relaxors-ferroelectrics PMIN—xPT and PZN—xPT
(1—x)Pb(Mg, 5Nb,3)O3—xPbTiO; and (1-x)Pb(Zn, 5Nb,5)O;—xPbTiO;)

Problem : they are all Pb-based and about to be banned by European r_'égul'ati'_dn‘s'- 1



Our goal : Looking for other MPBs in lead-free solid solutions

2 starting point where MPBs already observed:
> BiFeO,; (rhombo.)

(1-x)BiFeO;+ xPbTiO; (tetra.)

0p— N
M
1401 (o) A 0.30
120 Ak, A
. l—=—d 0.25
Z 100} % AN
O \\\‘; ~\§ xo.
< e0l 0.20
o \
A
60} \ 0.15
[ | A
0 T T " T T
020 024 028 032 036

X
Yang et al, Materials Research Bulletin 47 (2012) 4233-4239




Our goal : Looking for other MPBs in lead-free solid solutions

2 starting point where MPBs already observed:

> BiFeO,; (rhombo.)

(1-x)BiFeO3+x\/Pb4@

0f— N
M
wr @ ‘\\\\\ {030
120 Ak, A
= . [—=—d 10.25
Z 100} e O
o MBEB x>
< 80 10.20
Re
A
a0 \ 10.15
[ | A
40 T T " T T
020 024 028 032 036

X
Yang et al, Materials Research Bulletin 47 (2012) 4233-4239




Our goal : Looking for other MPBs in lead-free solid solutions

2 starting point where MPBs already observed:

> BiFeO; (rhombo.) - GaFeO; (tetra.)

(1-x)BiFeO +x\/Prm/Q

0.30 ”‘. :f:
0.25 ‘::bc' 21
ozo
) y {015
40— D ; '
020 024 028 032 036 =S (1-x)BiFe03+ xGaFe03 =BGFO(X)

Yang et al, Materials Research Bulletin 47 (2012) 4233-4239
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Our goal : Looking for other MPBs in lead-free solid solutions

2 starting point where MPBs already observed:

> BiFeO; (rhombo.) - GaFeO3 (tetra.)
(1 x)BlFeO +x\/Pb4/\|Q e
_ ] ( 264 .
<A 0.30 4 Fe
)4 " :o
0.25 \4'
”b‘ L4
4 . 0.15
40 ; ; > T T
el il => (1-x)BiFeO,+ xGaFeO, = BGFO(x)

Yang et al, Materials Research Bulletin 47 (2012) 4233-4239

» (1-x) [BaZr, ,Tiy 305]-x [Ba, ;,Ca, ;TiO,]

[ ° OEN e e S =g & -
A ES AT .

L . 8 . I .

[ . N, —Va N
- o o . - .
50k - : .
o \ . & -

0 10 20 30 40 5 60 70 80 90 100 ., . ¥ -

BZT-BCT - "5 . -
W. Liu et al, PRL 103 (2009) 257602 « T " - . -

Temperature (°C)




Our goal : Looking for other MPBs in lead-free solid solutions

2 starting point where MPBs already observed:

> BiFeO; (rhombo.) - GaFeO3 (tetra.)

(1-x)BiFeO3+x\/Pb4@

0}— N

40r (@ ‘\\\\\\? 10.30

1204k A
" |—e—d 0.25
Z 100} ® a
O AN x
< 8ol / 0.20
ke

Bl = y {015

0— — . .
020 024 028 032 036 =S (1-X)BIFEO3+ xGaFe03 - BGFO(X)

Yang et al, Materials Research Bulletin 47 (2012) 4233-4239
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Our goal : Looking for other MPBs in lead-free solid solutions

2 starting point where MPBs already observed:

> BiFeO; (rhombo.) - GaFeO3 (tetra.)

(1-x)BiFeO3+x\/Pb4@

0 . N
140t (¢ *\\k\ 10.30
120} 4k & \
2 100 © % \ =
) ARB: X
f 8ol 0.20
60} ‘ \ y {015
40— — : '
020 024 028 032 036 =S (1-X)BIFEO3+ xGaFe03 - BGFO(X)

Yang et al, Materials Research Bulletin 47 (2012) 4233-4239

» (1-x) [BaZr, ,Tiy 305]-x [Ba, ;,Ca, ;TiO,] BaTiO,-BaZrO;-CaTiO, (BCTZ)

Temperature (°C)
1

o 0,5 ¢
0 10 20 30 40 50 60 70 80 90 100 0b—0T 02 35 Wos o5
BZT-BCT L ey
- -

W. Liu et al, PRL 103 (2009) 257602




Our goal : Looking for other MPBs in lead-free solid solutions

2 starting point where MPBs already observed:

> BiFeO; (rhombo.) + GaFeO3 (tetra.)

(1-x)BiFeO3+x\/Pb4@

¥
> =

148_ (C) §§\\X 10.30 \ '0‘\-/':" o Ga
120 —A—k A \ ’;‘;‘ . ::)e
‘?:‘5‘,‘_' N

A+/ ~\, = APR OXYMORE
o . \\

020 024 0.28 032 036 => (1_X)BiFe03+ xGaFe03 = BGFO(X)

Yang et al, Materials Research Bulletin 47 (2012) 4233-4239

» (1-x) [BaZr, ,Tiy 305]-x [Ba, ;,Ca, ;TiO,] BaTiO;-BaZrO;-CaTiO; (BCTZ)
o
triple point 0, /)
> 100 ¢ '//// '
e u) FUI TOURSZO&S
g 50}  Rhombohedral 0.3 ////1,/"‘ :
ful 7 RIRTAVAVAYAW
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Measuring Piezo-response in thin films

D,, evaluation in thin films complicated by 2 limiting factors :

 Small applicable voltage Az=Dy *V =>1-100 pm!
10V / 100nm = 1MV/cm

————

e Substrate clamping

| Substrat I
E=0 E>0 E>0
| J | J
[ [
Bulk film
2sE
d.-¢ = dyy — 13 4
. . 33 33 31
Rigid substrate model st + st _,
K. Lefki and G. J. M. Dormans Y } > O -
Journal of Applied Physics 76, 1764 (1994) su bSt rate co nt r| but|0n

=> Small displacements to measure - .




Measuring Piezo-response in thin films

Dual Beam Laser Interferometry (Doppler effect)

Picometric sensitivity




Measuring Piezo-response in thin films

laser beam

The substrate is not that rigid! S T e
The piezoelectric film can bend it... '
Substrate deformation depends on
top electrode size...

substraie

Displacement
detection by
Doppler effect
Frequency f

Possible solution (bandage) :

Vi Voltage
Frequency f

Place the reference beam beside the top electrode
= Polytech MSA500

o3 - B8 AHRN R 3- Q&4 1|

+déplacement : e

. Magritude

1 023

2; 0.19,

[Max: 10,0000 bz
—“0’ 8.9
& e sn
H o o -
5 RMS: 41.83)

R 144

f max 10,0000 bz}
ol -




Measuring Piezo-response in thin films

The substrate is not that rigid!

The piezoelectric film can bend it...
Substrate deformation depends on
top electrode size...

Displacement
detection by
Doppler effect

Frequency f

Possible solution (bandage) :

Vi Voltage
Frequency f

Place the reference beam beside the top electrode
= Polytech MSA500

Better solution:
Place the reference beam below top electrode

—> Future equipment



Macroscopic Piezo-response BGFO(x

Dual Beam Laser Interferometry MSA500
BGFO(x) 130nm/LSMO 25nm/STO

Displacement
detection by
Doppler effect

Frequency f

Vac Voltage
Frequency f

Cartographie possible avec les 2 faisceaux lasers du méme cote ,  *
=> indispensable pour les CMUT '

Reference

Laser Beam

Measurement
Laser Beam

Vi

Au top electrode size =30x30 pum (200nm)

Au

d,;.mapping on and around one top electrode




Macroscopic Piezo-response BGFO(x

Dual Beam Laser Interferometry

BGFO(X) 130nm/LSMO 25nm/STO

D;;. Vs Ga content

60
> \
%
40 - -
= %i%gﬁ "o
§ % %éé i
S 204 5
- A Q
10 £ A
0 2 4 6 8 10

Ga Content

Cycle d’hystérésis pas prévu sur MSA500 :

* Réglage manuel de la tension
* puis programmeés en VBA
=> 15 min pour 100 points

Displacement (pm)

eff
d_,(pm/V)

120

D,;eff vs DC hysteresis loop

60 [ Ferroélectrique? i i
[ ]
] i Ei
30| :
0t "
E ]
-30 +
. i

i to. Ac = 50mV

-60 C 1 " 1 " 1 " 1 " 1
-400 -200 0 200 400

dc Electric Field (kV/cm)

Displacement vs AC amplitude

| Contribution des DW?

150 «




Ferroelectric loops in BGFO(x

P(E) loops @ 77K
BGFO(x) 130nm/LSMO 25nm/STO

Testeur ferroélectrique RADIANT LC (Grandmont)

Polarisation (uC/cmZ)

Clear transition between 2 ferroelectric states around 6.3%

Electric Field (kV/cm)

Almost no Py @ x=6.3%

S
:5%30
v, | A
¢ 5
10 & A
0 2 4 6 10
Ga Content
80
1,83% 5,94% 6,15% 6,26% 6.92% 7.26% 8,21%
o D
a b C d e f g
Bt e o e B o E o E e E o S m e B m e m e ma o m i m s e g o e | |
-500 0 500 -500 0 500 -500 0 500 -500 0 500 -500 0 500 -500 0 500 500 500 =




Piezo-resgonse N BGFO(6.4%) vs e|:_)itaxial PZT

Relaxation of the film reduces clamping effects

dyy (PMV)

600

500
400 |
300 r

200

100 +

Kim et al, Appl. Phys. Lett. 88,:142904 2006

(b)” \ PZTISTO.S:
o PZTISTO | . .
s et | Strong influence of the film
1 . . thickness on measured d,;
dﬂ.clamped,tet
: .
0 1 2 3 4

Thickness (Jum)

=

"

-
. .
U
.
L
- - E
& - L -
- a-i._-" . -
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Piezo-resI:_)onse N BGFO(6.4%) vs e|:_)itaxial PZT

Relaxation of the film reduces clamping effects

600

dyy (PMV)

Kim et al, Appl. Phys. Lett. 88,:142904 2006

{b} | . F‘IZTISTO-Si
i o PEZTISTS | . .
A5 patket | Strong influence of the film
1 . . thickness on measured d,;
dﬂ.clamped,tet
""'1"':"';
b ]
© o .
______ Q.1 2 3 4
\ Thickness (Jum)
. o This study 55 pm/V @ 135nm .
i "'c"/ — Compares with best published -
- o PPTISTO epitaxial PZT value A
i : A U
ﬂ ‘1 Lt -‘ e _, -




BCTZ Eolxcristallin sur IrQ,

Screening of the ternary phase diagram:

0’5/ ‘ / ‘ / ‘ / ‘! / ’ /0,5
00 01 02 03 04 05

Objectives: Search for others MPB




Piezoelectric properties : Ca =3% line

Dual Beam Laser Interferometry

D55+ Vs DC excitation D,;.4 VS Zr content

35
30
30
2 20 . S 25
£
g. t& 20
~ 10 5.3
R 5
U 4
0 . v , Y 10
6 -4 -2 0 2 4 6
DC Voltage (V) Zr content (%)
Ferroelectric @ RT but Pr~0 75 capas mesurées / ligne

(polycristal.)

Cycles automatisés VBA = 10mn (60pts)




Piezoelectric properties across all libraries

BaTiO off
D33t Map 0 n % P

35
33
31

29
27
26

24
22
20
18
17
15
13
11
9,4
7,6

0.0 01 ’ 0.2 03
BaT|0’7Zr0’303 Ba _Ca T|O3

=> D3, iNcrease probably due to the presence of a MPB ve o



Piezoelectric properties across all libraries

BaTiO o
D33t Map o % )

35
33
31

29

27

x 0,9 26

Q 24

? 22

y 20
18

0,0 0,1 ’ 0,2 0,3
BaT|0’7Zr0’303 Ba | Ca TiO

40

55 Bay 94Cag o6 Ti1.4 2103

le
30 E

25 =

20 “I o8

15 iéﬂ' T ”E“!!o -

dy (pmV/V)

10 F = -

X=0 > X=0.23 ' .

Q 5 10 15 20 25 30 35 40 45 50

Capacitor number




Piezoelectric properties across all libraries

BaTiO d" (pmiv
D33eqs Map 00, . =k 35)
N
31
29
27
% 0,9 26
""""""" 2 20
18
17
BCTZ polycristallin => céramique NS ' "
PZT \ 94
600 e 0,3 . 07 7.6
+  Rhomb. Tetra. 0,0 0.1 0,2 o,/3
B ' - -
500 ¢ BaTi 0’7Zr0’303 BaOJCaOBTlO3
Z  a00f
g ey |
= i S~ [001)// 40 _ _ s s s
£ 300t \\ ~ 35 E Bay.04Cap,06 T11.421,03
=" 200f . ] 30 .HT T
ﬁ’ ic)\ ¢ N \ *- e
10k 0 . - Etf ; N |
; py i £ 2 - E . [ 7146 aneds]
ol - = = [ Efﬂ" ? "i;.o!. . =
Pz %PT PT 10 ol. T - "
5 Tl - i
. X=0 | —> X=0.23
0 5 10 15 20 25 30 35 40 45 50
Capacitor number :
=> D3, iNcrease probably due to the presence of a MPB Lo




Futur banc de caractérisation

GREMAN

matériaux microélectronique
acoustique nanotechnologies

Interférometre Laser + Mesures électriques

Reference mirror %

A

M4 wave plate ——
| PBS

] L \E

Isolator

| PBS

]

— M2 wave plate

— M

_ Photo-diode

e

—

s Vi

]

|
\

i

L‘pas

— M4 wave plate

M4 wave plate

6" Wafer

BS

T —
FRA

Version aixDBLI manuel

Chamber
Offfics | Camera
2 Positioner
Sample Holder
X-y stage
Vibration Damper
Electronics Full Working

Working point Controller Software, Lo

Hysteresis measurement

PUND measurement

Fatigue measurement

Retention measurement .
Static hysteresis measurement

Imprint measurement

Leakage current measurement . .

+0U - 400 V (70mA)
1 mHz to 5 kHz.

and optional

e C(V) measurement




Banc de caractérisation GR

Films fins et mesures de d33,f

Quelgues caractéristigues Calibration du DBLI

* résolution de 1 pm minimum
» mesures rapides (quelques
secondes);

» Mesures possibles sur des
plaguettes 6 pouces.

10 o

strain amplitude in pm

0,1 ——rrrp ——— ] e

0.1 1 10
AC amplitude in V

Echantillon de quartz

F2

UNIVERSITE
FRANCOIS - RABELAIS
quququ

02
Qo
‘JMZ ,

41



Banc de caracteérisation GREI ,A%
Films fins : mesures de d,;; et permittivite

Mesures petits signhaux

dielectric (&,,) and effective piezoelectric (d,, ) coefficient

Small Siaral
Cixa€r
1 _0.08
1400_] |
1/4*Base Freguancy Base Armplitude i o) 008 CVM
- 1200 T o, B
_| ’ -
i’ 004 @ 8000
1000, P
- Amplitude —_ loo2 O Hz
= [}
e R T L R A AR = 800_| o
......... e L. S Bighal Amplitude 5 o 3 0.1
Frepol Fulse i Z o
— ey 002 3 v
11 8mall Signal Frequency =
400_] | -0.04 3
2
200_| |_-0.06 &
) I . I =008 TmA
-200 0 200
Field [k¥/cm]
— Epsilon — d33
Name pzt dbli | Repetitions: 800
Area [mm2]: 0.36| Max. Voltage [V]:
Thickness [nm]: 130 | BaseFreq [Hz] 4 | Cmax+ [F] 7.94654e-009
d33max+ [nm/V] 0.0524426
Time 02/17/2005 16:50:52
aixACCT Settings ST

On mesure la réponse a la frequence d’excitation (small signal) => lock-in
« Mesure de la variation de charge => C puis ¢

» Mesure du deplacement => d33,f

2
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Les 2 cycles en quelques secondes... 2




Banc de caractérisation GREI
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Films fins : mesures de polarisation et aIIongement

Mesures grand signaux

polarization (~,) and mechanical displacement (Ax,)

35.00.

Delay 30,00

s 25.00.
/\ ! 20.00
15 00,
b
10.00.
5.00.
0.00_]
-5.00.
‘ -10.00
-15.00,
20.00.

Prepol Pulseé  Single Loop

-30.00.

Polarization [HCfcm=]
[wul Jusw=oedsig

-35.000

T T T i T T T
-30.00 -20.00 -10.00 0.00 10.00 20.00 30.00
Voltage [V]

Molarization _ Displacement

On mesure la réponse a la fréquence d’excitation fort signal
* Mesure de la variation de charge => polarisation

« Mesure du deplacement => allongement

2
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Les 2 cycles en quelques secondes...
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CONCLUSION GRENA%

- Plateforme complete contenant deux systemes séparés
mais basés sur une méme configuration pour l'outil de
pilotage;

- Utilisable pour différentes formes et epaisseurs de
matériaux piézoélectriques;

- Optimisation des parametres pour diverses applications.
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