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nead free legislation (ROHS)
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22003 = Official Jostmal of the European Union L37j19

DIRECTIVE 200295 (EC OF THE EUROFEAN PARLIAMENT AND OF THE COUNCIL

of 27 January 2003
o the resiriction of the wse of cerfain hazanlous substances in electrical and electronic equipment

THE EUROPEAL PARLIAMENT AND THE COUNCIL OF THE
EUROFEAN UNION,

Having regatd fo the Treaty sofablishing the Puropean Commm-
nify, and in particilar Aﬂi?le 9% thetend,

Hasing regard fo the proposi] from the Commission (3,

Having repard to the opinion of the Beomomic and Social
Committes ),

Having regard fo the opinion of the Committes of Regions ),

Acfing in accardance with the procedurs lid down in Article
251 of the Treaty in the light of the joint tad approved by the
Concilisfion Commifies on 8 Nowember 2002 (4,

Whersas:

]

@

]

()

FEE

]

The disparities betueen the laws or administative
measures adopted by the Member States as regards the
restriction of the use of hazardous subsfances in elec-
frical and eletromic squipment could creats bamiers fo
trade and distort competiion in the Community and
may thereby have a direct impact on the establishment
anc{, functioning of the imtenal market It thersfore
appeats necewary fo approximate the laws of the
Member States in this field and fo contributs fo the
profection of human health and the emvironmentall
sonnd renavery and dispesal of waste slecfrical and dle-
fronic squipment.

The Eurapean Council at s mesting in Mice on 7, 8 and
9 December 2000 endorsed the Council Resolution of 4
Trscember 2000 on the peerautionary peinciple.

The Commission Communication of 30 July 1996 <n
the review of the Cormmunity strategy for waste manags-
ment siresses the need fo reduce the comfent of hazar.
dous subefanees in waste and points aut the potential
benefits of Communifyewids rules limiing the presence
of such substances in products and i production
provesses,

The Cowncil Reslution of 25 Janwary 1988 om 2
Community action progtamme fo combaf environmental
pollation by cadmivm (9 imvites the Commission o
presns without delay the development of speific
mestres for such a programme. Human health also has

Of C 765 E, 19122000, p. 195 sad O C 40 2882001, p.
3

03,
01 € 116, 2042001, p. 38,

Of € 148 1852001, p. 1.

Opinion of the Ewmpen Palament of 15 Msy 2001 co{ CHE
7.22002, 3. 109), Grwneil Coramen Fositiom of 4 Deceraber 2001
{O1C O 164 3003, 5. 12, snd D s of the Eramgnn Fralins
mment of (0 Apcl 2002 ot pet published in the Officia) Joumal),
Dscision of the Evmpen Palsment of 18 Daamber 2002 snd
Dscision of the Cowncil of 16 Deambar 2002,

01 €30, 421988, p. 1L
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to be protected and an overall strategy that in parficular
restricts the use of cadmivm and stimulates revearch into
substifutes should thersfors be implsmentad. The Reso-
Iufion stresses that the use of cadminm should be limited
to cases whets suifable and safer alfermatives do nat
st

The available evidence indicates that measures on the
collstion, freatment, recycling and disposal of wasts
slectrical and electronic squipment (WEEE) as ssf auf in
Directive 2002{96EC gt Jamuary 2003 of the
European Parliament and of the Council on waste slee-
trical and elentromic suipment ) ate necessary to
reduce the waste managsment problems linksd 1o the
hewy metals concemed and the flame  retardants
concamed, In spite of those measurss, however, signifi-
cant parts of WEEE will confinue fa be found in the
current dispesal romtes, Bwen if WEEE were collected
separately and submitted fo reojeling processes, ifs
content of mercury, cadmium, leaf:hrm‘mum VI, FEB
and FEDE would be likely to pose sisks fo health or the

environment,

Taking info account technical and sconomic feasibility,
the mest effecfive way of ensuring the significant redue-
tiom of righs fo health and the environment relating to
thase substances which can achiswe the chosen level of
profention in the Commmnity is the substtution of those
substances in lectrical and electromic squipment by safe
or safer materials, Restricting the use of these hazardous
substances s likely fo an.EaIu:.e the possibilities and
aponeie. pruﬁmbﬂitﬂ of terpeling of WEEE and
derease the nepative health impact on workers in recy-

cling plants,

The substances covered by this Dirsctive are scientifically
well researched and evaluated and have been subject to

different measures both at Community and af national

letel,

The measurss provided for in this Directive fake into
account existing infernational guidelines and recommen-
dafions and are based em an asesment of awailable
scientific and fechnical information. The measures are
naessary o achisve the chosen level of protection of

T See poge 24 of this Offici] fosendl,

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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nead free legislation (ROHS)

13.2.2003

] icjaljofiFial of the Baropsan Unicn

L3723

R

AMMEX

. Mercvay in campret fuoreseent Ferops not e

. Mercvay in stright fluorescent kmps for gener] purposes not siceeding

— Talophasphate 10l g
— triphosplats vith nowma] lifet e 5 omg
— wiphosplete with long lifstime & mg.

Merciay in stsight fuorescent kmps for speciz] purposss,
Mierevry in other kmps mot specificelly mentioned in this Anna:,
Lead in glass of cathods my whes, elecwaonic comoponents snd Suorescent tubes,

Lezdazan slloying alemsnt in stes] containmg wp o 0,35 % laed by weight, shuminium eantining up 1o 0,4% lad
by weight and 25 = copper sloy contzining up 10 4 % Tmd by weight,

— Lead in high malting temperature type solders (i, tinJead soler alloys contrining more then 85 % lsd),
— lead in solddess fre sempers, stosmgs snd stomge sumy spstems Exsmption grntd il 2010,

— l=d i =oldess for network infrastructure squipment for sitching, sign=lling, wensmission 2= wall = network
margement for telecommmnication,

2 Jiting except for applicstions banned under Dissctive 91[338/EEC ) amending Dissctive 76769/EEC [

rlzling to rat iz on the marketing wnd use of certzin drmgarous substness znd prepamtions,

Hemvzlent chomium zs zn sicn of the carbon steel cocling system i sbsorption refrigeratars,

Within the procsdure safewred 1o in Asticle 7100 mornissicn shall swalusts the applications fore

— Dw= BLE,

— marwy b strwight flecressent lamps for speck] prsposes,

— lead in selders for sompers, stowsge and stormge sy spsterns, netwoek infastouctics ent for syritching,
signalling, wwmsmission == wall 75 netwod: mamgemant for telecommnications twith = ¥ ting =
specific time limit for this snsmprtion), znd

— light budts,

=25 matter of priceity noader 1o sstsblish 32 soom vs possble whether these iteme wwe 0 be smended seccadmgly.
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Applications of lead, mercury,
cadmium and hexavalent
chromium, which are exempted
from the requirements

of Article 4(1)

— lead in electronic ceramic parts
(e.g. piezoelectronic devices).
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Lead free candidates

Material dsz £357 /50 ky P, E, T. |Reference
(pC/N) | (meas. freq) (%) (uC/em?) kV/mm) | (°C)

[Bigs(NajxKy)os] TiO3 - (100 kHz) . - l [54]
x=0.16 635 31.4
x=0.20 1,030 27.0
[Bigs(NaixKx)os] TiO3 192 1,007 325 19.5 - - [55]
x =022
0.94Bi4.5Nag sTiO3— ~94 - ~26 37 3.6 - [56]
0.06K0_5N30_5Nb03
0.97(Nag Ko 5) NbOs— 195 - 43 - - 375 [57]
0.03(Big,sNags) TiOs
0.995(B11,Nay ) TiOs— - 530-700 - 336 6 340 [61]
0.005BiFeO; (1 MHz)
(BiyaNays)ossBaoosTiOs 125 580 (10kHz) | - 20 - 288 [58]
(0.9)(Bi1,K 1) TiO3-0.1BaTiO;3 84.5 560 (1 kHz) - - - - [62]

electric field applied parallel to

tape stacking direction

0.90 (KoasNagasLio.os) NbOs— 206 ~530 ~38 - - ~38 [65]

0.10BaTiO3 0

0.95 (NagsKos) NbOs—0.05BaTiOs | 225 1,058 36 - - . [63]

0.92NBT-0.06BT-0.02KNN 30 2,320 - 16 1.3 - [66]
576% (10 kHz)

0.93NBT-0.05BT-0.02KNN 98 2,060 - 32 3.1 - [66]
276% (10 kHz)

(0.90)(BiyzNay)Ti03— 148 700 (1 kHz) 34 359 - - [70]

0.05(Bi1nKyy) TiO5-0.05BaTiOs

0.852(Bi;2Nayy) TiO3— 191 1.141 33 - - 301 [69]

0.028BaTi03-0.12(Bi12K12) TiO3 (1 kHz)

0.88NBT-0.08KBT-0.02BT 181 - - - - 300 [68]

MPB)

0.78NBT-0.146KBT-0.074BT 128 - - - - 300 [68]

(tetragonal)

(BiyzNa)o7s (B11/2K1/2)0.22 TiO3— 167 - 355 27.6 2.79 340 [71]

0.03(Nag 5Ko.5) NbOs

*Values are measured under large driving signals.

Pz26NAVY Typel | 200 | 1300 |57 | - | - |as0| - |

| 4
Elena Aksel and Jacob, L. Jones, Sensors 2010, 70, 1935-1954; doi:10.3390/s100301935 M EGG' I I
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' Lead free candidates

» BT first ceramic system used and is attractive
for underwater acoustics, however T_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

L4
Elena Aksel and Jacob, L. Jones, Sensors 2010, 70, 1935-1954; doi:10.3390/s100301935 M EGG' I I
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' New lead-free piezo-
ceramics, KNN...
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1. Jaffe, Cook & Jaffe: Piezoelectric ceramics, 1971

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

IMMEDIATF
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' Work with Ex61

Challenges Solutions
¥ Processing using carbonates ¥ Drying powders carefully
which absorb water before mixing
¥ Sintering ¥ Adding dopants and Cold
¥ Poling Isostatic Pressing (CIP)

¥ Poling in controlled
environment

AR

Il
=

AR,

[11] POLING

MEGGITT
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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

= ol

o TOP COVER
— CLOSURE PIN -
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MEDIUM VESSEL HIGH PRESS PUMP
http://www.nikkiso.co.jp/e-c_seihin/sangyo/kouatu/cip/images/cip.jpg M EGG i
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' Properties of Ex61 (KNN)

12

€, k, N, k, N, |dsy
%o % |Hzm| % |Hzm|pC/N
Pz26 | 1300 | 0.3 47 {2040 | 57 | 2230 | 290
Ex61 | 950 | 3 42 | 2550 | 36 | 2950 | 160
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' Thick film

Ceramic on a substrate
Ceramic

*Silicon

«Stainless steel
*Thickness: 10-100 pm

MEGGITT
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' PZT thick film

i

&ﬂ‘i

MINUET

P.1d= 3587

Nalil

Vessel wall

Red blood cells

i 1F4 13 H4 15 HE 7
3R¢vieu SL /CL PnsiPr Invers | | | Prabe
Med IFTR, Warszawa (PL) M EGG r
(11
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' Transferring processing of bulk KNN

to thick film

¥ Lowering sintering temperature

by adding sintering aids ’ o0
¥ Making paste for screen or pad aj jz Q_
priniing S, .
» Cold Isostatic Pressing 5 2
800 900 1000 1100 1200
T/°C
8,5
8 —
@g .
£ 6,5
= 6
55 |
5 \
700 800 900 1000 1100 1200
T/°C ,
MEGGITT

15 Confidential



' KNN thick film properties

V e =290, tan 0= 1.6 % (alumina substrate)

¥ Oy3 400 = 80 PC/N
BULK €, tano k, N, k, N, ds;
% % Hz-m % Hz'm |pC/N
Ex61 950 3 42 2550 36 2950 160

MEGGITT
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' KNN thick film transducer

¥ Porous KNN backing ©

¥ Gold bottom electrode
” KNN thick film
¥ Silver top electrode

MEGGITT
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' KNN thick film transducer

A
?
i
1

_7a o oo e 3 1 A oo I 5 ‘
mag det | WD |dwell| HFW |Lens Mode =10 pm =
500kV|3000x| 20 |[ETD|53 mm |45 ps |99.5 um| Field-Free
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' Measurements, pulse echo

19

Agllent Technologies

NNNNNN

O X2
MHz 30.4MHz

X1 X2

Confidential

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 %

(il

PAN
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' Measurements, pulse echo

--:f}iii{}:—-Agilent Technologies --:f}iii{}:—-Agilent Technologies

--:f}iii{}:—-Agilent Technologies --:f}iii{}:—-Agilent Technologies

P226 based thick film KNN based thick film
MEGGITT
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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

MEGGITT
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' Piezo 2011

22
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Piezo 2011: Electroceramics for End-users V

el )

27 Feb - 2 Mar 2011
Sestriere, Italy

Piezo 2011 will be in Sestriere (northern Italy), the location of Turin’s 2006
Winter Olympic Games.

This is the fifth Electroceramics for End-users conference, and the second
organised by the Piezo Institute. Piezo 2011 will continue the conference’s
established traditions of presenting the latest piezoelectric materials and devices
research; and bringing together the international community for discussion and
networking.

There will be seven technical sessions, each with an invited keynote
presentation. There will also be industrial training on lead-free processing and
performance led by international experts. This will provide unique insights for
early stage researchers and those interested in broadening their skills.

Topics that will be explored at the conference include:

Energy

Environment (including lead-free materials)
Security

Flexible substrates

Food processing technologies

Avionics

Telecommunications/ materials for ICT
Multiferroics

The call for abstracts is not yet open.

Register your interest to receive updates about the event including the call for
abstracts.
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' Thank you

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

The Danish Foundation of Advanced technology
e The II-MEMS project
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