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Summary of Facts and Subm ssi ons

0255.D

The appel | ant (opponent) | odged an appeal against the
interlocutory decision of the Opposition Division

mai nt ai ni ng the European patent No. 0 655 333 in
anmended form

The Opposition Division held that the grounds of
opposition based on Article 100(a) EPC (Il ack of novelty
and inventive step) did not prejudice the maintenance
of the patent in anended form

Oral proceedings were held before the Board of Appeal
on 14 Novenber 2002.

(i) The appellant requested that the decision under
appeal be set aside and that the patent be
revoked.

(1i) The respondent (patentee) requested as nain
request that the appeal be dism ssed, or that the
deci si on under appeal be set aside and the patent
be mai ntained on the basis of the follow ng
docunents filed on 11 QOctober 2002:

(a) claims 1 to 13 as first auxiliary request;
or
(b) claims 1 to 13 as second auxiliary request;
or
(c) claims 1 to 11 as third auxiliary request;
or
(d) claims 1 to 11 as fourth auxiliary request;
.
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or on the basis of:

(e) claims 1 to 10 submtted as fifth auxiliary
request during oral proceedings.

The main request conprises three independent clains 1,
3 and 5, respectively, claim1l of which reading as
fol | ows:

"1. A drop-on-denmand ink-jet printing head, conpri sing:
a base (44); a nozzle plate (43) defining a plurality
of nozzle apertures (41, 42); an array of piezoelectric
el enents (45, 46) each arranged at predeterm ned
intervals and having one end which is fixed onto said
base (44) and the other free end which is confronted
with said nozzle apertures (41, 42) of said nozzle
plate (43); wherein a gap is fornmed between said nozzle
apertures (41, 42) of said nozzle plate (43) and said
free end of said piezoelectric elenments for

accunul ating an ink therein, wherein electrical signals
are applicable to each respective piezoelectric el enent
through lines (47, 48) connected to said second
collecting el ectrodes (27) of said respective

pi ezoel ectric elements at said one ends of said

pi ezoel ectric elements which are fixed onto said base
(44); characterized in that said piezoelectric elenments
(45, 46) are forned by alternately stacking paste-like
pi ezoel ectric material and conductive material in the
formof a |ayer, wherein one-side electrodes (24) are
formed by said conductive material |ayers, said one-
side el ectrodes (24) being exposed on a first surface
of said |am nation, and wherein other-side el ectrodes
(22) are formed by said conductive material |ayers,
said other-side electrodes (22) being exposed on a
second surface of said |am nation opposite to said
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first surface; burning a | am nation of said piezoelectric
mat eri al and said conductive material to provide a

pi ezoel ectric plate (28), and cutting said piezoel ectric
plate into a plurality of piezoelectric elements with a
predeterm ned width so that a |lam nation direction
coincides with a main vibrating direction and a direction
bet ween said one fixed end and said other free end of
sai d respective piezoelectric elements (45, 46), wherein
a first collecting electrode (26) is formed on said first
surface of said lam nation for contacting said one-side
el ectrodes (24), and wherein a second collecting

el ectrode (27) is fornmed on said second surface of said

| am nation for contacting said other-side el ectrodes
(22); wherein said first and second col |l ecting el ectrodes
(27, 26) are forned by coating correspondi ng surfaces of
said piezoelectric plate (28) with a conductive paint."”

Claim1 of each of the first to fourth auxiliary
requests corresponds in substance to claim1 of the
mai n request .

The fifth auxiliary request conprises two i ndependent
claims 1 and 2, which correspond to clains 5 and 7 of
the main request. Clains 1 and 2 according to the fifth
auxi liary request read as foll ows:

"1. A drop-on-demand ink-jet printing head, conpri sing:
a base (44); a nozzle plate (43) defining a plurality
of nozzle apertures (41, 42); an array of piezoelectric
el enents (45,46) each arranged at predeterm ned
intervals and having one end which is fixed onto said
base (44) and the other free end which is confronted
with said nozzle apertures (41, 42) of said nozzle
plate (43); wherein a gap is fornmed between said nozzle
apertures (41,42) of said nozzle plate (43) and said
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free end of said piezoelectric elenments for

accurul ating an ink therein, characterized in that said
pi ezoel ectric elenents (45,46) are forned by
alternately stacking paste-like piezoelectric materi al
and conductive material in the forma |layer, wherein
one-side el ectrodes (24) are forned by said conductive
material |ayers, said one-side electrodes (24) being
exposed on a first surface of said | am nation, and
wherein other-side el ectrodes (22) are forned by said
conductive material |ayers, said other-side el ectrodes
(22) being exposed on a second surface of said

| am nation opposite to said first surface; burning a

| am nation of said piezoelectric material and said
conductive material to provide a piezoelectric plate
(28), and cutting said piezoelectric plate into a
plurality of piezoelectric elenents with a
predetermned width so that a | am nation direction
coincides with a main vibrating direction and a
direction between said one fixed end and said ot her
free end of said respective piezoelectric elenments (45,
46), wherein a first collecting electrode (26) is
formed on said first surface of said |am nation for
contacting said one-side electrodes (24) and wherein a
second collecting electrode (27) is fornmed on said
second surface of said |am nation for contacting said
ot her-side el ectrodes (22); and wherein said

pi ezoel ectric el enments conprise inactive regions (12a,
12a') where said one-side electrodes (24) or said

ot her-side el ectrodes (22) do not exist at a portion
which is fixed onto said base."

"2. A drop-on-demand ink-jet printing head, conpri sing:
a base (44); a nozzle plate (43) defining a plurality
of nozzle apertures (41, 42); an array of piezoelectric
el enents (45, 46) each arranged at predeterm ned
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intervals and having one end which is fixed onto said
base (44) and the other free end which is confronted
with said nozzle apertures (41, 42) of said nozzle
plate (43); wherein a gap is fornmed between said nozzle
apertures (41, 42) of said nozzle plate (43) and said
free end of said piezoelectric elenments for

accurul ating an ink therein, characterized in that said
pi ezoel ectric elenents (45, 46) are fornmed by
alternately stacking paste-like piezoelectric materi al
and conductive material in the forma layer, burning a
| am nation of said piezoelectric material and said
conductive material to provide a piezoelectric plate
(28), and cutting said piezoelectric plate into a
plurality of piezoelectric elenents with a
predetermned width so that a | am nation direction
coincides with a main vibrating direction and a
direction between said one fixed end and said ot her
free end of said respective piezoelectric elenments (45,
46), wherein said piezoelectric plate is cut into a
plurality of adjacent struts (146) and piezoel ectric

el ements. "

The foll ow ng docunents have been referred to in the
appeal proceedings:

D1: EP-A 0 402 171

D3: US-A 4 072 959

D4: JP-A 60-90770 (English translation)

D8: US-A 4 729 058

In the witten procedure and during oral proceedings,
t he appel l ant argued essentially as foll ows:
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Claim1l1l of the main request and of the first to fourth
auxiliary requests required that the | am nation
direction of the piezoelectric elenents in the print
head had to coincide with the main vibrating direction.
Such a print head was shown in Figures 6 to 32 of the
application as filed and the patent as granted. By way
of contrast, the lamnation direction of the

pi ezoel ectric elements in Figures 1 to 5 of the
application as filed and the patent as granted was
perpendicular to a main vibrating direction. The claim
was an attenpt to conbine features taken fromthese

di stinct enbodi nents, contrary to Article 123(2) EPC.
The cl ai mwas an obvi ous conbi nati on of documents D3,
D4 and D8. The feature at the end of the claimthat the
el ectrodes were connected by a conductive paint was one
of a nunmber of ways of connecting electrodes all well-
known to the skilled person, see e.g. docunent D8.

Docunment D3 showed the additional feature of

i ndependent claim 1l of the fifth auxiliary request that
the portion of the piezoelectric elenents that was
fixed to the base was free of el ectrodes. The subject-
matter of independent claim2 of the fifth auxiliary
request | acked novelty vis-a-vis docunent D1.

In the witten procedure and during oral proceedings,
t he respondent argued essentially as foll ows:

It was perm ssible to claimthe | am nate of

pi ezoel ectric material and conductive material as
produced by the nethod shown in Figure 3 of the
application as filed, since it was clear that the

| am nate shown in e.g. Figure 6 of the application as
filed was produced by the sane nethod. The subject-
matter of claim1l of the main request thus net the
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requi renments of Article 123(2) EPC. The subject-matter
of claim1l of the main request also involved an
inventive step, since it was not obvious to use
conductive paint to forma collecting el ectrode on a

pi ezoel ectric el ement. Docunment D8 was not relevant in
this respect since it did not relate to a piezoelectric
vi brator. Mreover, a conbination of documents D3 and
D4 would not |lead to the invention, because one of the
el ectrodes would be on the free end of the vibrator,
not on the portion fixed to the base as required by
claiml1l. Also the subject-matter of clains 1 and 2 of
the fifth auxiliary request involved an inventive step,
since the additional features of these clainms were not
rendered obvious by the cited prior art.

Reasons for the Decision

Mai n request

1

0255.D

Adm ssibility of the anmendnents

The follow ng features of claim 1l have been added with
respect to claim1 as granted:

(1) wherein electrical signals are applicable to
each respective piezoelectric elenment through
lines (47, 48) connected to said second
collecting el ectrodes (27) of said respective
pi ezoel ectric elements at said one ends of said
pi ezoel ectric elements which are fixed onto said
base (44)

(1) wherei n one-side electrodes (24) are fornmed by
sai d conductive material |ayers, said one-side
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el ectrodes (24) being exposed on a first surface
of said |lam nation, and wherein other-side

el ectrodes (22) are forned by said conductive
material |ayers, said other-side el ectrodes (22)
bei ng exposed on a second surface of said

| am nation opposite to said first surface

(tii) wherein a first collecting electrode (26) is
formed on said first surface of said | am nation
for contacting said one-side el ectrodes (24),
and wherein a second collecting el ectrode (27)
is formed on said second surface of said
| am nation for contacting said other-side
el ectrodes (22)

(1v) wherein said first and second collecting
el ectrodes (26, 27) are forned by coating
correspondi ng surfaces of said piezoelectric
plate (28) with a conductive paint

A basis for these anendnments in the application as
filed (published version) is the foll ow ng:
feature (i): see Figure 6b; features (ii) and (iii):

columm 5, line 33, to colum 6, line 9, and col um 6,
lines 26 to 33, and columm 8, lines 48 to 53; feature
(iv): colum 6, lines 1 to 9.

The appel l ant has submitted that the nethod of
produci ng the vibrators shown in Figure 3 of the
application as filed pertained to the enbodi nents of
the invention shown in Figures 1 to 5 of the
application as filed, whereby the |am nation direction
did not coincide with a main vibrating direction as
required by claiml and as shown in e.g. Figure 6 of
the application as filed. The new cl ai mwas an

0255.D Y A
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i nadm ssible attenpt to claima conbination of features
relating to two principally different enbodi nents.

The Board agrees with the appellant that Figures 1, 2,
4 and 5 of the application as filed nmerely illustrate
the structure of a drop-on-demand printing head, which
does not fall within the anbit of claim1. Likew se,

t he piezoelectric vibrators nmounted on a base as shown
in Figures 3e and 3f of the application as filed do
also not fall within the scope of claim1. However, it
is immredi ately evident for the person skilled in the
art that the nmethod of producing the piezoelectric

vi brators as shown in Figures 3a to 3c is used to
produce the vibrators shown in Figures 6 to 32 of the
application as filed as well. This is al so apparent
fromthe passage in colum 8, lines 48 to 53, of the
application as filed (published version).

Hence, the Board is satisfied that the subject-matter
of claiml is disclosed in the application as filed,
cf. Article 123(2) EPC. The subject-matter of claim1l
is also clear and supported by the description of the
patent in suit, cf. Article 84 EPC

Si nce the above-nenti oned features have been added, the
scope of protection conferred by claiml is restricted
with respect to claiml of the patent in suit as
granted. Caim1l thus neets the requirenents of

Article 123(3) EPC as wel | .

| nventive step
Docunent D4, which is considered to represent the

cl osest prior art, discloses a drop-on-demand ink-j et
printing head conprising a base (9), a nozzle plate (1)
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defining a plurality of nozzle apertures (11), an array
of piezoelectric elenments (6) each arranged at
predeterm ned intervals and having one end which is
fixed onto said base (9) and the other free end which
is confronted with the nozzle apertures (cf. page 1
section 3, first paragraph; page 5, lines 18 to 22 of
the English translation, and Figures 1 and 2). The
array is fornmed by cutting a piezoelectric plate into
pi eces. A gap (pressure chanber 2) is fornmed between
sai d nozzle apertures (11) of said nozzle plate (1) and
the free end of the piezoelectric elenents,
specifically between the nozzle plate and a vibration
plate (3) for accunulating an ink therein.

In order to avoid the necessity of applying high
vol t ages, docunment D4 further recommends (cf. Figure 3
and page 5, lines 23 to 34 of the English translation)
to use a piezoelectric plate obtained by a | am nation
of a plurality of l|ayers of piezoelectric material and
a plurality of layers of conductive materi al

(el ectrodes) stacked alternately in |ayers. Such a
construction requires |ower driving voltages which is
nmenti oned as being particularly advant ageous when
driving a | arge nunber of nozzles.

In the Board's judgenent, it was thus obvious to make
the printing head shown in Figures 1 and 2 of

docunent D4, which may conprise up to 2000 nozzles (cf.
page 4, lines 20 to 22 of the English translation of
docunent D4), by cutting a piezoelectric plate obtained
by a | am nation conprising | ayers of piezoelectric and
conductive material. The conductive material |ayers
form one-side el ectrodes (21) and ot her-side el ectrodes
(22) on a first and second surface of the |am nation,
respectively. The lam nation direction of the
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pi ezoel ectric elenments thus formed coincides (cf.
Figure 3) with a main vibrating direction and a
direction between the fixed end and the free end of the
pi ezoel ectric el ements.

It is clear fromFigure 3 of docunent D4 that first and
second col lecting el ectrodes are forned on the first
and second surfaces of the |am nation for contacting

t he one-side el ectrodes (21) and ot her-side el ectrodes
(22), respectively. These collecting el ectrodes extend
on the top and bottom surfaces of a piezoelectric

el ement (20) and are denoted by the reference

nuneral s 10 and 8, respectively. On page 5, |ines 28
to 34 of the English translation of docunment D4, it is
mentioned that an electric field is applied on the

pi ezoel ectric elenents, although the electrical |ines
t hensel ves are not shown in Figure 3.

The subject-matter of claim1l thus goes beyond the
di scl osure of docunent D4 in that

- the lam nation of the piezoelectric material and
the conductive material is burned to provide a
pi ezoel ectric plate, and in that

- el ectrical signals are applicable to each
pi ezoel ectric el ement through |ines connected to
the second collecting el ectrodes of said
respective piezoelectric elenments at the ends of
t he piezoelectric elenents that are fixed onto the
base, and in that

- the first and second collecting el ectrodes are

formed by coating correspondi ng surfaces of said
pi ezoel ectric plate with a conductive paint.

0255.D Y A
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The first difference concerns the manufacturing of the
| am nation of piezoelectric and conductive material .
Docunent D4 is silent about the process of

manuf acturing the | am nati on. However, burning or
firing a lam nation of a paste-like piezoelectric

mat erial and a conductive material was well-known in
the art before the priority date of the patent in suit.
Thi s has not been disputed by the respondent, so that
there is no need for further substantiation of this
matter (see also T 337/00 of 19 March 2002, point 3 of
t he Reasons, concerni ng European patent No. 0 443 628,
whi ch originated fromthe application 91 102 760.5 of
whi ch the application that matured in the patent in
suit is a divisional).

The second di stingui shing feature concerns the problem
of applying electrical signals to each piezoelectric

el ement. No positive contribution to inventive step can
be seen in connecting the power lines to the el ectrodes
at the ends of the piezoelectric elenents that are
fixed to the base, since this represents just one form
of connection a person skilled in the art takes into
consi der ati on.

The third distinguishing feature concerns the maki ng of
collecting electrodes. It was also well-known in the
art before the priority date of the patent in suit to
use conductive paint to formelectrodes, see e.g.
docunent D8, colum 5, lines 21 to 26. In this docunent
a ceram c capacitor is fornmed (see colum 2, |ines 60
to 68) by stacking |ayers of ceramc material each
havi ng a conductive coating or electrode forned on one
surface thereof. Conductive surfaces are then fornmed on
two opposite edges of the sintered ceramc stack to
join together all the electrodes extending to the
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respective edges. For this purpose silver paint may be
used.

The respondent did not contest that the use of
conductive paint to formcollecting el ectrodes was
known in the art per se, but argued that it was not
obvious to use this nmethod for form ng el ectrodes on a
pi ezoel ectric element, since these elenments vibrate
when an electric field is applied. This argunent is not
convi ncing, since the person skilled in the art had a
reasonabl e expectation of success in view of the fact
that the anplitude and frequency of the vibration were
predi ct abl e.

Therefore, the subject-matter of claim 1l does not

i nvol ve an inventive step within the neaning of Article
56 EPC, and, consequently, the main request of the
respondent is not all owable.

Claim1l of each of the four auxiliary requests filed on
11 October 2002 is identical to claim1l of the main
request, apart fromthe interchange of the words "said"
and "a" before the expression "second collecting".

It follows that for the reasons given under point 2
above none of these requests is allowable either.

Fifth auxiliary request

4.

0255.D

Adm ssibility of the anmendnents

Claim1l of the fifth auxiliary request contains, apart
fromthe aforenentioned features (ii) and (iii) (cf.
point 1 supra), the additional feature with respect to
claiml as granted: "and wherein said piezoelectric
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el ements conprise inactive regions (12a, 12a') where
sai d one-side electrodes (24) or said other-side

el ectrodes (22) do not exist at a portion which is
fixed onto said base". This feature is disclosed in
colum 6, lines 37 to 41, and Figures 6a, 6b, 9, 11
22a, 23a and 26 of the application as filed (published
version). The Board is satisfied that the conbi nation
of features of claim1l is disclosed as a whole in the
application as filed.

Claim2 of the fifth auxiliary request contains the
additional feature with respect to claim1l as granted:
"wherein said piezoelectric plate is cut into a
plurality of adjacent struts (146) and piezoel ectric
el ements”. This feature is disclosed in Figures 19

and 20 and in colum 12, lines 16 to 24 of the
application as filed (published version). The Board is
satisfied that the combination of features of claim?2
is disclosed as a whole in the application as filed.

The subject-matter of clains 1 and 2 is also clear and
supported by the description of the patent in suit. The
scope of protection conferred by claim1 and claim 2
has been restricted with respect to claim1l as granted.
Dependent clainms 3 to 10 correspond to clains 2 to 9 as
granted; the reference sign for the support nmenber in
clainms 7 and 8 as granted has now been deleted in the
corresponding clains 8 and 9, and the reference signs
in claim9 as granted have now been corrected in the
correspondi ng cl ai m 10.

Summari zing, the clains neet the requirenments of
Articles 84, 123(2) and 123(3) EPC

Novel ty
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The subject-matter of clains 1 and 2 is novel, since
none of the cited prior art docunents discloses a drop-
on-demand ink-jet printing head with all the features
of clainms 1 and 2, respectively. In particular, the
feature of claim1l that the piezoelectric elenents
conprise inactive regions where el ectrodes do not exist
at the portion fixed onto the base, is not disclosed in
any of the cited docunents belonging to the state of
the art. Likew se, the feature of claim2 that the

pi ezoel ectric plate is cut into a plurality of adjacent
struts and piezoelectric elements is not disclosed in
any of the cited docunents pertaining to the state of
the art under Article 54(2) EPC

The appel | ant has submitted that docunment D1, which is
a prior art docunent under Article 54(3) and (4) EPC,
was novelty destroying for the subject-matter of
claim2. However, this docunent fails to disclose a

dr op-on-dermand i nk-jet printing head having a base and
a nozzle plate.

It follows that the subject-matter of clains 1 and 2 is
novel within the meaning of Article 54 EPC.

| nventive step

A printing head conprising an array of piezoelectric

el ements having one end which is fixed onto the base,
whi ch el ements conprise inactive regions where one-side
el ectrodes or other-side el ectrodes do not exist at the
portion fixed to the base (see claim1l) is neither
known from nor suggested by the cited prior art. These
i nactive regions reduce the nechanical stress between

t he piezoelectric elenents and the base. By choosing
the length of the inactive regions to be a quarter of
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the vibration wavel ength, elastic waves produced by the
pi ezoel ectric elements are reflected on the surface of
t he base while their phases are reversed by reciprocal
passage through the inactive regions, thereby
contributing to the ink drop generation, cf.
description of the patent in suit, colum 8, |lines 32
to 49.

The appel | ant has argued that Figure 7 of docunent D3
showed a conb-1i ke arrangenent of piezoelectric

el ements, where electrodes did not exist in a part of
t he conb.

Docunent D3, cf. Figure 7, concerns a printing head
conprising a conb-like array of piezoelectric el enents.
The piezoelectric elenents (teeth 14) conprise contact
areas which are connected to printed lines 17 placed on
the conb base 16 via connecting lines 18, cf. colum 3,
lines 29 to 34. The horizontal |ine, drawn just bel ow
t he bl ack dot indicating the end point of the
connecting line 18 at the bottom part of the teeth
depicted in Figure 7, may be construed as indicating
that the contact area on the teeth 14 ends just before
t he conb base. However, the description of docunent D3
is silent about that constellation, and it does not
suggest providing any inactive regions.

Mor eover, docunent D3 does not concern a printing head
conprising a |lam nation of alternately stacked |ayers
of piezoelectric and conductive material. The array of
pi ezoel ectric elements shown in Figure 7, therefore,
does not conprise one-side and ot her-side el ectrodes
connected to respective collecting el ectrodes as
defined in claim1.

0255.D Y A
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Therefore, docunent D3 does not suggest a printing head
conprising piezoelectric elements forned by a

| am nation conprising one-side and ot her-side

el ectrodes wherein inactive regions are provided in
that the one-side or the other-side el ectrode does not
exist in the respective part of the piezoelectric

el ement .

Consequently, the subject-matter of independent claim1l
i nvol ves an inventive step.

| ndependent claim2 relates to a printing head, whereby
the array of piezoelectric elements is fornmed by
cutting a piezoelectric plate into a plurality of

adj acent struts and piezoelectric elenents. Such a
printing head is al so neither known from nor suggested
by the cited prior art. By using struts the distance
bet ween the nozzle plate and each of the piezoelectric
el enents can be controlled, and dynam c pressure can be
prevented from propagati ng between adj acent

pi ezoel ectric elenents, cf. description of the patent
in suit, colum 11, lines 5 to 10.

By formng the struts and the piezoelectric elenents
fromone plate, the struts and the array of

pi ezoel ectric elenments are forned in one process.

Mor eover, the step of attaching the strut nenbers to
the base plate is elim nated.

Consequently, the subject-matter of independent claim2
al so involves an inventive step.

The subject-matter of clains 3 to 10, which are
appendant to the clains 1 and/or 2, simlarly involves
an inventive step.
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Therefore, the request of the respondent that the
pat ent be maintained in anended formon the basis of
t he docunents filed as fifth auxiliary request is

al | owabl e.

Or der

For these reasons it is decided that:

1. The deci sion under appeal is set aside.
2. The case is remtted to the first instance with the
order to maintain the patent on the basis of the

fol |l owi ng docunents:

(a) clains 1 to 10 filed as fifth auxiliary request
during oral proceedings; and

(b) description: page 2 submtted during oral
proceedi ngs, and pages 3 to 9, colums 15 and 16,
lines 1 to 22, as granted;

(c) draw ngs, pages 12 to 29, as granted.

The Regi strar: The Chai r man:

M Dai nese W Mbser
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