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Summary of Facts and Subni ssions

This is an appeal fromthe decision of the Exam ning
Di vi si on di spatched on 14 Decenber 1995, to refuse
Eur opean patent application No. 90 117 189.2 for |ack
of an inventive step over the follow ng prior art
docunent s:

DI  (GB-A-2 080 621).
D2  (US-A-4 542 255).

D4 (I EEE Trans. on Conponents, Hybrids and
Manuf acturing Technol ogy, vol. 11, No. 3,
pages 291-297, 1988, K F. Teng et al.
"Metal lization of Solar Cells with Ink Jet
Printing and Silver Metallo-Organic Inks").

The Exam ning Division considered furthernore that

I ndependent claim 11 of the main request and

I ndependent clains 10 and 9 of the first and second
auxiliary request, respectively, did not conply with
the requirenents of Article 84 EPC

1. A notice of appeal was filed on 21 February 1996, and
the appeal fee was paid on the sane day. The statenent
setting out the grounds of appeal was filed 24 Apri
1996.

In response to a communi cation by the Board the
appel | ant requested that a patent be granted on the
basis of the clains of either the main request or the
first, second, third or fourth auxiliary request, al
filed on 7 May 2001.
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Oral proceedi ngs took place on 6 June 2001.

| ndependent claim 1l of the main request reads as
fol | ows:

"1l. A thin-film photovoltaic device conprising:

a substrate (114);

a front contact |ayer (132) disposed on said substrate;

a plurality of segnents (118) formed in said front
contact |ayer separated by scribing said front contact
| ayer along first scribe lines (124);

a thin-filmof sem conductor material (134) di sposed on
said front contact |ayer;

a back contact |ayer (136) disposed on said thin-film
of sem conductor material;

sai d back contact |ayer being divided al ong second
scribe lines (128) corresponding to and adjacent said
first scribe lines for dividing said back contact | ayer
to separate the stack of layers into a plurality of
photovoltaic cells (112);

i nterconnection neans (136, 126) for interconnecting
adj acent areas of said front and back contact |ayers
and for interconnecting two or nore of the photovoltaic
cells in series with each other to provide subnodul es;
and

bus neans (306, 310) for providing connections to said
subnodul es;
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characterized in that

sai d bus neans (306, 310) are disposed in the formof a
predefined pattern of a solidified conductive paste.”

Caiml of the first auxiliary request differs from
claiml1l of the main request in that the characterising
cl ause reads as foll ows:

"sai d bus neans (306, 310) are disposed in the form of
a predefined pattern of a solidified conductive paste
di sposed on said front contact |ayer."

Caiml of the second auxiliary request differs from of
claiml1l of the main request in that the characterising
cl ause reads as foll ows:

"sai d bus neans (306, 310) are disposed in the form of
a predefined pattern of a solidified conductive paste
di sposed on said front contact |ayer and at | east
partially disposed under said sem -conductor materi al
(134)."

Caim2l of the third auxiliary request differs from
claiml of the main request in that the characterising
cl ause reads as fol |l ows:

"said bus nmeans disposed in the formof a predefined
pattern of a solidified conductive paste di sposed on
said front contact |ayer and being deposited prior to
deposition of said sem -conductor."”

Claim1l of the fourth auxiliary request reads as
fol | ows:
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"1. A thin-filmphotovoltaic device conprising:

a substrate (114);

a front contact |ayer (132) disposed on said substrate;

a plurality of segnents (118) fornmed in said front
contact |ayer separated by scribing said front contact
| ayer along first scribe lines (124);

a thin-filmof sem conductor material (134) disposed on
said front contact |ayer;

a back contact | ayer (136) disposed on said thin-film
of sem conductor material;

sai d back contact |ayer being divided al ong second
scribe lines (128) corresponding to and adjacent said
first scribe lines for dividing said back contact | ayer
to separate the stack of layers into a plurality of
photovoltaic cells (112);

I nterconnection neans (136, 126) for interconnecting
adj acent areas of said front and back contact |ayers
and for interconnecting two or nore of the photovoltaic
cells in series with each other to provide subnodul es;
and

bus nmeans (306, 310) for providing connections to said
subnodul es and for connecting two or nore of the
subnmodul es in parallel wth each other

characterized in that

sai d second scribe lines are conprised of gaps (129) in
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t he back contact |ayer and of grooves (128) of ablated
sem conductor material in the sem conductor |ayer
termnating on the front contact |ayer (132)."

The argunents presented by the appellant can be
sunmari zed as foll ows:

(a) The main request

The invention relates to photovol taic devices
manuf actured in the formof |arge panels.
Typically, transparent front el ectrodes, such as
ti noxi de, are forned on a glass substrate. Silicon
in the form of anorphous hydrogenated silicon is
deposited on top of the front contact, and a back
el ectrode | ayer which also provides the series

i nterconnection of individual cells is applied to
t he anorphous silicon. The series interconnection
of individual cells increases the output voltage.

A problem arises on account of the fact that such
phot ovol tai ¢ devices need to be provided in
custom sed formin respect of both size and
electric output. At the same tinme these devices
need to be as efficient as possible. It is well-
known that wide cells suffer fromreduced
efficiency as expressed by a lower fill factor.

The present invention as clainmed in claim1 of the
mai N request provides a solution to this problem
in the follow ng manner: individual photovoltaic
cells are connected in series to provide
subnodul es and the subnodul es are then connected
in parallel by a bus. This bus consists, according
to the present invention, of solidified conductive
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paste. In this manner, the invention provides a
flexi ble way of form ng the parallel connections
bet ween subnodul es. As a result, photovoltaic
devices in panel formare no | onger subject to
Si ze constraints.

The cl osest prior art is docunent D1, which

di scl oses photovoltaic devices which are of the
sanme basic structure as the present invention, but
Wi th the bus connecting device elenents in
paral l el being provided either by a separate

metal lisation on the side of a cleaved edge of the
device (Figure 2) or by an already existing
portion of the front electrode (Figure 8).

There is no suggestion in docunent D1 that
conductive paste could be used to formthe bus nor
is any notivation discernible for the skilled
person even to consider nodifying the device known
from docunent DL.

Docunent D2 relates to series connected

phot oval tai ¢ devices. The probl em addressed in
docunent D2 is that of avoiding the reduced
efficiency of large cells. The solution adopted
does not lie in the use of smaller cells, with
groups of smaller cells being connected in
parallel as in the present invention, but in
enpl oying a netal grid which enables inproved
current flow through the front el ectrode of the
devi ce, thereby permtting the use of |arger
cells. No bus is shown in docunent D2 for
providing a parallel connection between groups of
phot ovol tai ¢ devi ces which are connected in
series. In addition, the netallic conductors in
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docunent D2, while made of conductive paste, are
applied by silk screen printing. Silk screen
printing does not provide the sane flexibility as
the conputer controlled printing process enpl oyed
to apply the conductive paste in the nmanner of the
present invention, since the screens for printing
need to be prepared before the printing operation.

The first auxiliary request includes at the end of
the characterising portion of claiml1 the further
requi renent that the conductive paste be "di sposed
on said front contact layer". This provides an
addi tional distinction which brings with it

addi tional advantages. Thus, while in docunent D1
parts of the front contact |ayer are enployed to
provi de the bus connection, the high resistivity
of the front contact |ayer requires the bus to be
much wi der than in the clained invention, where
the bus is provided by conductive paste di sposed
on that contact |ayer.

According to the second auxiliary request, the
conductive paste is disposed on the front contact
layer as in claiml1 of the first auxiliary
request, and is "at |east partially disposed under
said sem -conductor material (134)". The basis for
this additional feature is provided by the second
par agr aph of page 18 of the application as filed,
and in the sequence of processing steps described
with reference to Figures 2(c) and 2(g) of the
drawi ngs. The skilled person would not consider
maski ng any part of the device when depositing the
sem conductor material, especially since
appropriately fornmed scribe |ines (301) prevent
short circuits in the case of such a bl anket
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deposi tion).

The third auxiliary request provides, in
conparison to the first auxiliary request, that

t he conductive paste di sposed on the front contact
| ayer is "deposited prior to deposition of said
sem conductor".

The newly added feature thus enphasises that the
sem conductor material is deposited after the
formation of the bus bars by neans of the
conductive paste. This sequence of processing
steps can be ascertained froma cross-section of
the finished device and neither the sequence of
steps nor the device structure resulting fromthis
sequence is taught by the prior art.

The fourth auxiliary request does not relate to
the use of conductive paste for providing an

el ectric bus but, instead, it is the division of
t he back contact |ayer which is clained.

The application as filed explains that the

di vi sion of the back layer into contact areas for
t he i ndividual photovoltaic cells is achieved by
scribing with a laser fromthe front of the
device. The laser is operated at a power |evel

that will ablate the sem conductor material and
produce gases that structurally weaken and bur st

t hrough the portions of the netal film deposited
to formthe back el ectrodes. This nethod of

di vidi ng of the back contact |ayer is apparent
fromthe device because as a result of this nethod
there is a gap which not only separates the netal
el ectrodes but al so conpletely separates adjoi ning
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sections the sem conductor material fromthe back
el ectrode down to the front el ectrode, as shown in
Figures 2(f) and 2(g) of the application.

In contrast, in the device known from docunent D1
the gaps dividing the back el ectrodes extend from
the el ectrode layer only partly into the
under | yi ng sem conduct or | ayer.

I n docunent D3, adjoining sections of the

sem conductor nmaterial are conpletely separated in
the sense that the separating gap extends to the
front contact |ayer, but since the series

I nt erconnecti on between adjacent cells is achieved
by netallisation formed within that gap, the
structure could not be achieved by applying

unnodi fied the scribing technique used in the
present invention. Thus, both the fabrication

t echnol ogy used and the device structure obtained
are therefore quite different fromthe
correspondi ng features described in the
application in suit.

Reasons for the Deci sion

1. The appeal is adm ssible.
2. The mai n request
2.1 I nventive step

Docunent D1 was identified by the Exam ning Division to
represent the closest prior art, and was recogni zed as

2248.D Y A
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such by the appellant in his subm ssions during the
appeal proceedings. The Board sees no reason to depart
fromthis assessnent.

Docunent D1 relates to a photovoltaic device in which

i ndi vi dual photovoltaic cells are connected in series
and groups of series connected cells are connected in
paral l el by bus bars formed by electrical contacts (24,
26) nmounted across (page 2, lines 72 to 74) or bonded
to (page 3, lines 104 to 106) the respective el ectrode
segnents. The device disclosed in docunent D1 thus has
all the features referred to in the preanble of
claiml. The only difference between the invention as
clainmed and the prior art docunent D1 resides in the
manner in which the bus bar is forned which provides
the parallel connection. It follows that the objective
probl em sol ved by the invention clained in claim1 of
the main request is that of providing alternative neans
of connecting in parallel groups of photovoltaic cells
whi ch are interconnected in series.

The appel |l ant argued that the problem addressed by the
invention is that of providing photovoltaic cells
customi sed in respect of both size and el ectric output
(see section V above). By providing for series
connection of individual cells into groups and paralle
connection of these groups, the device structure known
from docunent D1 provides the nmain features which are
necessary to taylor the size of individual cells as
well as the size of arrays of these cells. Thus the
probl em as stated by the appellant is solved by the
prior art, and hence it cannot be considered to be the
obj ective probl emunderlying the invention.
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Docunment D2 relates to thin-filmsolar cells, that is,
to photovoltaic devices of the kind to which the
application in suit relates. The device structure
conprises a glass substrate 10, a patterned transparent
front conductor 18 deposited on the gl ass substrate, a
thin sem conductor film 20 forned on top of the front
conductor and a netallic back contact 22 formed on the
sem conductor material. In order to inprove the

el ectrical properties of the front contact |ayer, and
in particular to reduce its contact resistance,
nmetallic strip conductors 24 are deposited directly on
the transparent conductive layer (colum 2, lines 50
and 51). The netallic strips are preferably applied
over the conductive |ayer either by screen printing or
by evaporation through a mask (colum 3, lines 4 to 6).
In the case of screen printing a suitable comercially
avai l abl e screen printing paste is forced onto the
surface through a pattern screen. The paste nmay contain
for exanple silver powder glass frit and a suitable
organi c vehicle or binder. After application to the
transparent |ayer the paste is fired to drive off the
organi c vehicle and | eave the silver and glass frit
behi nd. The glass frit fuses to the substrate providing
a strong bond while the silver provides the desired

el ectrical conductivity. (colum 3, lines 7 to 15).

The appel lant submitted that, with reference to the
enbodi nents shown in Figures 2 and 8 of docunment D1,
the skilled person would have had no incentive to | ook
to docunent D2 for providing an alternative to the
construction of the bus lines 24 and 26 of docunent D1,
because the netallic strips in docunent D2 did not
serve to provide a parallel connection between groups
of photovoltaic cells; rather they served to decrease
contact resistance of the front contact of the
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photovoltaic cells thensel ves.

The Board does not find the appellant's argunent
convi nci ng. Docunent D1 clearly discloses that the
subarrays of the photovoltaic device are connected in
parall el by a comon el ectrical contact structure which
permts electrical connection of the array so forned to
ot her electrical elenents. In the enbodi rent shown in
Figures 1 and 2, contacts 24 and 26 are "nounted across
respective opposite ends of the array, in electrica

| ow-resi stance contact with respective opposite

el ectrodes of each subarray" (page 2, lines 68 to 76).
On page 3, it is described that electrical contacts 24
and 26 are bonded to el ectrode segnents 42 of of the
parent cell 32 and to el ectrode segnents 54 of the
parent cell 38 respectively (lines 104 to 106). Lastly,
it is described on page 4, lines 89 and 90 that a
contact in the formof a rail 26a can be provided as
descri bed for the previous enbodi nent.

In short, groups of series-connected photovoltaic cells
are described in docunent D1 as bei ng connected by a
bus that is bonded to or nounted on the contact | ayers.
To a skilled person, such a bus nust undoubtedly have
suitable electrical properties including an at | east
adequately | ow resistance. The skilled person
considering alternatives for connecting those groups of
cells in parallel will therefore imredi ately recognise
that the comrercially avail abl e conductive paste

descri bed in docunent D2 as being printed onto the
front electrode |ayer for the purpose of providing a

| ow el ectric resistance connection within each cell
will equally provide a |low electric resistance
connecti on when used as the bus connecting arrays of
cells of docunent D1 in parallel.
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The appel |l ant al so contended that according to

docunent D2 silk screen printing was enpl oyed to apply
the conductive paste, in contrast to the present

i nvention which enpl oyed a conputer controlled printing
head to apply the conductive paste. This feature was
not, however, a feature of the device as clained, and
hence coul d not be considered relevant to the issue at
st ake.

For these reasons the Board concl udes that an inventive
step was not required in arriving at the invention as
claimed in the main request.

The first auxiliary request

I nventive step

Caim1l of the first auxiliary request differs from
claim1 of the main request by the addition, at the end
of the characterising clause, of the words "di sposed on
said front contact |ayer".

Docunent D1 di scl oses that the parallel connections are
provi ded by contacts 24 and 26 bei ng bonded to the

el ectrode segnents 42 and 44, respectively (page 3,
lines 104 to 106). El sewhere in docunent D1, the
contacts are described as being nounted across the ends
of the array (page 2, lines 72 to 76). A separate bus
nmounted on or bonded to the front contact layer is

t herefore al ready known from docunent Dl1. Bearing in

m nd the concl usions reached in respect of the main
request, the Board concludes that even with the

addi tional feature included in claim1 of the first

auxi liary request, the claimdoes not involve an
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i nventive step

The second auxiliary request

Adm ssibility of the anmendnents (Article 123(2) EPQ

Claim1 of the second auxiliary request differs from
claim1 of the first auxiliary request in that the
characterising portion of the claimadditionally

requires that the solidified conductive paste is "at
| east partially disposed under said sem -conductor

material (134)".

In support of the admi ssibility of the anmendnents, the
appel lant relied on three specific passages in the
description. They are at page 15, lines 2 to 19;

page 18, lines 6 to 8; and page 18, lines 11 and 12.

The cited passage on page 15 relates to the conductive
patterns being applied by way of a conductive fluid,
and the preferred conposition and properties of the
conductive fluid are set out. There is no nention at
all concerning the deposition of the sem conductor

mat eri al .

Inlines 6 to 8 on page 18 it is stated that the bus
means i s "disposed on the front contact layer 132 in

t he manner descri bed above follow ng which the steps
shown in Figures 2(c) to 2(g) are perforned". In the
precedi ng sentence (lines 5 and 6), it is also pointed
out that in Figures 2(c) to 2(g) "only the front
contact layer is shown, but the bus neans is not".
Hence, neither the part of the description referred to
by the appellant nor Figures 2(c) to 2(g) provide any
i nformati on concerning the rel ative positioning of the
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bus and the sem conductor | ayer.

Lines 10 and 12 on page 18 contain a brief description
of the deposition of the sem conductor |ayer in these
ternms: "... a substantially continuous film 134 of

sem conductor material then is fabricated over front

el ectrodes 118 and in first grooves 24, as shown in
Figure 2(c)." There is no nention of the bus or its
positioning relative to the sem conductor | ayer.

It follows that the parts of the description relied on
by the appellant and the Figures of the draw ngs
referred to there fail to establish that the clained
feature is derivable fromthe application as fil ed.

Mor eover, no other parts of the application as filed,

i ncluding the plan views of Figures 3 to 6 provide any
information relevant in this respect.

Since the application as filed does not contain any
i nformati on which provides the required unanmbi guous
support for the clainmed feature, the Board concl udes
that its introduction into claim21l goes beyond the
subject matter of the application as filed, and that
the second auxiliary request therefore contravenes
Article 123(2) EPC

The third auxiliary request

Clarity (Article 84 EPQ

Caim1l of the third auxiliary request differs from
claiml of the first auxiliary request by additionally
specifying in the characterising clause that the
solidified conductive paste is "deposited prior to
deposition of said sem -conductor™”.
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The sequence in which the depositions take place is a
process feature. There is no device feature which is
directly attributable to this sequence. The claimis
t herefore uncl ear.

The appel l ant had submtted that the sequence in which
the depositions are perforned can be ascertained froma
cross section of the device. The Board cannot foll ow
this argunment for the foll ow ng reasons.

The deposition sequence can be ascertained fromthe
ensui ng device structure only when the materials
concerned are deposited one on top of the another but
not if they are deposited side by side. It is not clear
fromthe description and drawi ngs whether the materials
wer e deposited side by side or on top of one another.

The nmet hod steps included in the device claim1l do not
result in unanbiguously defined device features, and
the Board therefore concludes that the claimlacks
clarity contrary to the requirenent of the second
sentence of Article 84 EPC

The fourth auxiliary request

Caiml of the fourth auxiliary request relates to a
thin-filmvoltaic device of the kind disclosed in
docunent D1, which is characterised in that the scribe
| i nes separating the back contact |ayer extend through
the device to the front contact | ayer.

According to the argunent submtted by the appellant,

this conplete gap is the result of scribing the scribe
lines fromthe front of the device by ablation (see the
argunent in paragraph V(e) above), a nethod of scribing
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which is not found anywhere in the cited prior art.
Moreover, the resulting structure in which the abl ated
sem -conductor material is conpletely renoved between
the front contact |layer and the back contact | ayer
clearly distinguishes the invention as clained fromthe
cited prior art docunent D1 where the correspondi ng

gap 56 extends through the back contact |ayer only part
way into the sem conductor |ayer 46, 48.

Docunent D1 di scloses that in order to "prevent
shorting between adjacent el ectrode segnents 54 in a
subaray, through sem conductor |ayer 48, grooves 56 are
extended down to and preferably into at | east the high-
resi stance | ayer 46" (page 3, lines 19 to 23).

The purpose of the gaps 129 of the application in suit
is to provide insulation between adjacent photovoltaic
cells and is thus the sane as the purpose of the
correspondi ng grooves 56 described in docunent DI1.

Mor eover document D1 refers to the grooves 56 extending
t hrough the back contact |ayer at |east as far as the
hi gh resi stance portion of the sem conductor | ayer.
This is a clear indication that it is contenplated in
docunent D1 that the grooves 56 may extend beyond the
hi gh resi stance | ayer. Whilst the Board accepts that
the nmethod of form ng the gaps described in the
application in suit nmay be new and superior to
conventional methods for dividing the back el ectrode,
the Board does not consider that these differences in
method are reflected in the structural differences

bet ween the device disclosed in docunent D1 and the
invention as clainmed in claiml1l of the fourth auxiliary
request. The Board therefore considers that in view of
the disclosure in docunent D1, claiml1 of the fourth
auxi liary request does not involve an inventive step as
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required by Article 56 EPC.

6. For the foregoing reasons in the Board's judgenent the
clainms of neither the main request nor the first,
second, third or fourth auxiliary request neet the
requi renents of the EPC

Or der

For these reasons it is decided that:

The appeal is dism ssed.

The Regi strar: The Chai r man:

D. Spigarelli R K. Shukl a
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