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Lead free legislation (ROHS)

1. Member States shall ensure that, from 1 July 
2006, new electrical and electronic equipment put 
on the market does not contain lead, mercury, 
cadmium, hexavalent chromium, polybrominated

biphenyls (PBB) or polybrominated diphenyl
ethers (PBDE). National measures restricting or 
prohibiting the use of these substances in 
electrical and electronic equipment which were 
adopted in line with Community legislation before 
the adoption of this Directive may be maintained 
until 1 July 2006.
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Lead free legislation (ROHS)

— lead in electronic ceramic parts 

(e.g. piezoelectronic devices).

Applications of lead, mercury, 
cadmium and hexavalent

chromium, which are exempted 

from the requirements

of Article 4(1)
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Lead free candidates

Elena Aksel and Jacob, L. Jones, Sensors 2010, 10, 1935-1954; doi:10.3390/s100301935

-360--571300290Pz26 NAVY Type I
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Lead free candidates

BT first ceramic system used and is attractive 
for underwater acoustics, however Tc is around 
120 °C only

NBT has higher coupling, but depolarises even 
below 200 °C

KBT and KNN have attractive properties, but are 
difficult to process

Adding dopants to KBT and KNN improves the 
processing and properties

Elena Aksel and Jacob, L. Jones, Sensors 2010, 10, 1935-1954; doi:10.3390/s100301935
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Phase diagram of (K,Na)NbO3
1 Cf. phase diagram of PZT… 1

1. Jaffe, Cook & Jaffe: Piezoelectric ceramics, 1971 

2. Saitoh et al.: Lead-free piezoceramics, Nature, 2004

KNN.. Pz27

ε33,r
σ 1000-1600 1800

d33 (pC/N) 250-400 425

kp 0.35-0.60 0.59

TC (ºC) 250-400 350

New lead-free piezo-
ceramics, KNN…
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Work carried out within Ferroperm

European project LEAF 2004
 Project dedicated to lead free 

compositions

European project MINUET 2007
 A continuation on the work carried out 

within LEAF

European project IMMIDIATE 2007
 Project on up-scaling of lead free 

manufacturing

MIND NoE 2010

Commercial projects
 Confidential

Strategic projects

IMMEDIATEIMMEDIATE
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Work with Ex61

Processing using carbonates 
which absorb water

Sintering

Poling

Challenges

Drying powders carefully 

before mixing

Adding dopants and Cold 

Isostatic Pressing (CIP)

Poling in controlled 

environment

Solutions
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Cold Isostatic Press, CIP

High pressure, max 200 MPa

Processing optimization

 lenses

Functionally Graded Materials

 Density profile in thickness mode

High density materials

http://www.nikkiso.co.jp/e-c_seihin/sangyo/kouatu/cip/images/cip.jpg
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Properties of Ex61 (KNN)
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Thick film

Electrode

Active film

Substrat

Barrier

•Ceramic on a substrate

•Ceramic

•Silicon

•Stainless steel

•Thickness: 10-100 μm
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PZT thick film

Med IFTR, Warszawa (PL)

Red blood cells

Nail

Vessel wall
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Transferring processing of bulk KNN 
to thick film

Lowering sintering temperature 
by adding sintering aids

Making paste for screen or pad 
printing

Cold Isostatic Pressing
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KNN thick film properties

εr ≈ 290, tan δ ≈ 1.6 % (alumina substrate)

d33,app ≈ 80 pC/N

Electrode

PZT
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KNN thick film transducer

Porous KNN backing

Gold bottom electrode

KNN thick film

Silver top electrode
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KNN thick film transducer
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Measurements, pulse echo

Pulse echo in water tank 
using a steel reflector

70 V pp 4 ns pulse generated 
by an AVTECH AVG-3A-PS 
Pulser

The reflection was received 
with a RITEC Receiver

Centre frequency: 25 MHz

6 dB bandwidth 62 %
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Measurements, pulse echo

Pz26 based thick film KNN based thick film
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Conclusions

Reproducible results for large scale 
processing

Properties are well established 

Customers are now testing materials in 
commercial devices

KNN thick film used in high frequency 
demonstrator 
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Piezo 2011
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Thank you

6th EU framework programme
• The MINUET project (Contract No. NMP2-CT-2004-505657)
• MIND Network of Excellence (Contract No. NMP3-CT-2005-515757)

The Danish Foundation of Advanced technology
• The Π-MEMS project


