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Smart World
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Films and Thick Films
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Thin Film Techniques Thick Films Techniques

Physical Vapour Deposition Tape casting
Sputtering (rf magnetron, dc, ion beam) Screen printing
Evaporation (e-beam, resistance, molecular beam epitaxy) | Electrophoretic
Laser Ablation deposition

Hybrid sol-gel tcchnique
Chemical Deposition
Chemical Vapour Deposition
MOCVD (Metal-organic CVD)
PECVD (plasma-enhanced CVD)
LPCVD (low pressure CVD)
ALD (atomic layer deposition)
Chemical Solution Deposition
Sol-gel (solution gelation)
MOD (metallorganic deposition)
Langmuir—Blodgett

Thin films <1 um
Thick films > 1 um

o universidade
~amy de aveiro

www.electroceramicsgroup.org




ELECTR%Z

Slurry
Tape Casting

Screen Printing

Electrophoretic Deposition

Substrate

Sintering Step

Thick films preparation
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EPD technique

Electrophoretic Deposition
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Tape Casting Free standing films Until mm

Screen Printing [Flexible and rigid|Until mm

substrates
EPD Metal or metal covered|>1um
supstrates <50um

Conformal shaping

P. M. Vilarinho et al, Recent Research Developments in Materials Science, 5, 1-24, Research
Sign Post, 2004 (ISBN: 81 — 7736 — 203 — 8)

Thick films preparation
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EPD advantages :

High flexibility and simplicity
Complex conformal patterns

Cost effectiveness

Embedding integration

Ability to deposit large areas
Ability to be scaled up

Suitable for fabrication of thin films

Applications in nanotechnology

I. Corni, M. P. Ryan, A. R. Boccaccini, Journal of the European Ceramic Society, 28, 1353, 2008

Electrophoretic Deposition
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®  PZT materials
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Material Dielectric | Dielectric | di; Kp kiss | Tc Ref.
conctant loss {nCIN) ("C)
(Ko.sNap5)NbO 3 500 0.2 127 0.46 (0.6 |420 1, 2]

(Hot-Pressed)

(Ko.sNaos)NbO ; 290 04 80 0.35 [0.51[420 |[3]
KNN-LF4 (textured) |1570 410 | 0.61 (253 [[4]
PZT (7yne Navy ) 1250 04 290 £9 [0.72| 325 (5]
Morgan type 402 1200 [5.003 85~ [0.56 |0.70|320 |[6]

Hard Piezoceramic

PZT (Type Vi) 3400 1,70 650 |0.77 180 |[5]

Soft Piezoceramic

1.R. E. Jaeger and L. Egerton, J. Am. Ceram. Soc. 45, 209-213 (1962)

2.G. H. Haertling, J. Am. Ceram. Soc. 50, 329-330 (1967)

3.L. Egerton and D. M. Dillon, J. Am. Ceram. Soc. 42, 438-442 (1959)

4.Y. Saito, et al, Nature, 432, 84-87 (2004).
5.http://www.americanpiezo.com/apc-materials/piezoelectric-properties.html retrieved on 28-06-2011
6.http://www.morganelectroceramics.com/materials/piezoelectric/ retrieved on 28-06-2011

Piezoelectric Materials
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electromechanical
response of KNN

Research focused
on maximizing
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Preparation Preparation EPD
KNN powders KNN aqueous
suspensions - potencial
- >RD - time
- Tnermal Analysis ' = - UVitransmitance
(— - Zete potential

Densification

Isostatic Pressing

(200 Mpa/2h)

Sintering (1100°C/2h

- Densiy

- SEM

- Dielectric measurements

Materials preparatio
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KNN+ water
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Suspension characterization
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Suspension media Zeta pH | Deposition | Film quality
potential Electrode
(mV)
Water -15.1 8.9 Anode Poor
Water + SDS (0.02 : 100 wt. ratio -76.9 8.7 Anode Uniform
of SDS solution in KNN

suspension)
Water + iodine (0.02 : 100 wt. -56.7 3 Anode Very poor
ratio of iodine solution in KNN

suspension)

Summary of aqueous suspension parameters such as pH and zeta
potential for which K,z;Naj,;NbO; thick films were obtained with the
application of 10 V for 20 min.
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Films characterizatior
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Films characterization
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Films characterization

s universidade
Sm=.ea¥ de aveiro

ELECTR%Z

Material & T,f tand {n?f;‘\,) Reference
ANN (1:1) }
thick films by EPD rac 0.08 Present
aing aquoes 495 (1 MHz) 04 | vy |68 B
suspension ! ", AR
KNN (111 ) T
thick films by EPD 302 0.07 , >
using organic 7 MHz) 400 (11Hz) 40 22
suspension
KNN
thick films b:"5ol 250 (1 KHz) 13 18 48
gel
116
KNN (as-deposited)
thick films by 545 0.04 51
aerosol deposition (annealed)
(1 kHz)
KNN (1:1) 290 0.04
) 420 8 41
ceramics (1 kHz) 0 | oy | %
KNN (1:1) 20
b_g_t_prcs‘scd (1 kHz) 160 43
ceramics
:\’:; :.:.Na =3Li 0 x:)
(Nbys:Tas0Sby06)0s 1570
. 3 410 7
ceramic (LF4T) (1 kHz) - :
taxtured ceramics 1_ e
KNN (1:1) 200 , i
single crystals [001] (1 kFZ) e 100 -
KNN (1:1) 240 203 022 (100 5
single crystals [001] (100 kHz) 39 kHz) 160 50
KNN (1:1)
single crygdf® . 0‘8 Lfk) 410 O'i'H(Zl)OO 50 53
[131]
KNN (1:1 -
single CJ('vstzZ]s 630 409 | 001 (100 53
13231 ’ (100 kHz) kHz) o

‘pauodal Ajsnoinaud pue JIom Siyj JO Swijlj ¥oIy]
pue solwelao ‘s|ejsAio ajbuis (NNM) COaN® “eN°* Oy

10} ejep £€p jusIolye0o ouyos|e0zald pue ouyo88Ig




C
O
e

-
O
—
e

C

O

O

-

-
O

LANGMUIR S——

Unleashing the Full Sustainable Potential of Thick Films of Lead-Free
Potassium Sodium Niobate (K, ;Na, sNbO,) by Aqueous
Electrophoretic Deposition

Amit Mzmhajanf"dF Rui Pinhof Morgane Dolhen,f"§ M. Elisabete Costa,” and Paula M. Vilarinho*'

'Department of Materials and Ceramic Engineering, CICECO, Aveiro Institute of Materials, University of Aveiro, 3810-193 Aveiro,
Portugal

*Science of Ceramic Processing and Surface Treatments, University of Limoges, 87060 Limoges, France

© Supporting Information

ABSTRACT: A current challenge for the fabrication of functional oxide-based ] 2  PH ® 10
devices is related with the need of environmental and sustainable materals and 0 water s KNN /1
processes. By considering both lead-free ferroelectrics of potassium sodium & water + KNN + 808 '
niobate (K, Na, NbO,, KNN) and aqueous-based electrophoretic deposition :
here we demonstrate that an eco-friendly aqueous solution-based process can
be used to produce KNN thick coatings with improved electromechanical
performance. KNN thick films on platinum substrates with thickness varying
between 10 and 15 um have a dielectric permittivity of 495, dielectric losses of
0.08 at 1 MHz, and a piezoelectric coefficient dy; of ~70 pC/N. At T¢ these
films display a relative permittivity of 2166 and loss tangent of 0.11 at 1 MHz. w44 008 o
A comparison of the physical properties between these films and their bulk ~ -#0L— """ =
ceramics counterparts demonstrates the impact of the aqueous-based | SDS
electrophoretic deposition (EPD) technique for the preparation of lead-free
ferroelectric thick films. This opens the door to the possible development of
high-performance, lead-free piezoelectric thick films by a sustainable low-cost process, expanding the applicability of lead-free
piezoelectrics.
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Sustainabilty Lead Free Piezos Miniaturization
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