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Summary of Facts and Subm ssi ons
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This is an appeal fromthe decision of the exam ning

di vision, dated 27 Decenber 1999, to refuse European
pat ent application No. 93 103 140.5 on the grounds that
the application did not neet the requirenents of
inventive step (main request) and of admissibility of
amendnents (auxiliary request). In respect of the main
request, the decision of the examning division is
based on the following prior art docunents:

D1 H Kurmom et al., Appl. Phys. Lett. 59(27),
pages 3565-3567 (1991),

D2 FR- A- 2573916,

D4 T. Katoh, | EEE Transactions on El ectron Devices
35(7), pages 923-928 (1988),

D5 M Sasaki et al., Appl. Phys. Lett. 49(7), 397-399
(1986) .

The reasoning given by the exam ning division in the
deci si on under appeal with respect to the main request
whi ch concerned a thin filmtransistor formed on an

i nsul ating substrate conprising a polysilicon thin
film can be summari zed as foll ows:

Al'l three docunents D1, D4 and D5 teach that the main
defects within the grains of the polysilicon are twin
boundaries (mcro twins) formed by the crystallites
within the grains. The skilled person starting fromthe
thin filmtransistor known from docunent D1 and trying

to increase its carrier nmobility would know from
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docunents D4 and D5 that mcro twins lead to a reduced
carrier nobility and need to be avoi ded. Accordingly,
taking into account this conbination of teachings, the
skilled person would arrive in an obvious way at a
device according to claim1 wherein the grain size is
related to the thickness of the film and wherein the
crystallite sizes are in the range of 60% or greater
than 60% of the grain size, i.e. wherein crystallites
and grains are of substantially the sane size.

The auxiliary request concerned a nethod for
fabricating a thin filmtransistor.

The exam ning division also stated that with respect to
the nethod clainms, the follow ng docunent was rel evant
as prior art:

D3 Pat ent Abstracts of Japan, Vol. 14, No. 396, E970,
June 7, 1990 & JP-A-2148831

A notice of appeal was filed on 6 March 2000 and the
appeal fee was paid on the sane day. The st atenent
setting out the grounds of appeal was filed on 3 May
2000.

In a tinely response, dated 5 Decenber 2002, to a
witten communi cation in which the Board expressed the
prelimnary opinion that the main and auxiliary
requests filed wth the statenent of grounds did not
appear to be allowable, the appellant filed a new
request containing a new set of clainms to replace the
claims on the file. The appellant al so requested oral
proceedi ngs should the Board intend to reach an adverse

deci si on.
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Claim 1 of the request reads as foll ows:

"1. Athin filmtransistor formed on an insulating
substrate conprising a polysilicon thin-filmhaving a
m ddl e portion for formng a channel, the polysilicon
thin filmformed by a | aser anneal process to obtain
liquid phase growth, a gate-insulating filmformed on
at least the mddle portion on the polysilicon thin
film a gate electrode formed on the gate-insulating
film a source electrode connected to a side portion of
the polysilicon thin-film and a drain el ectrode
connected to the other side portion of the polysilicon
thin filmincluding a plurality of grains, each of
grains having a grain size ¢ = (a+b)/2, where "a"
denotes a length of each of the grains along a major
axis and "b" denotes a length of each of the grains
along a mnor axis, the major axis and the m nor axis
bei ng perpendi cul ar to each other and parallel to the
polysilicon thin film and each grain including a
crystallite having a size on the (111)-pl ane,

characterized in that

an average val ue representing the sizes on the (111)

pl ane of said plurality of crystallites is in the range
of 60% or greater than 60% of the average c of al
grains included in the polysilicon thin film said
average val ue being at |east 180 nm and being greater
than a val ue representing the thickness of said
polysilicon thin-film"
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This claim as conpared to claim1 of the main request
form ng the basis of the decision under appeal,
additionally states in the preanble that the
polysilicon thin filmis fornmed by a | aser anneal
process to obtain |iquid phase growmh and that the
maj or axis and the mnor axis of the grains are

per pendi cul ar to each other and parallel to the
polysilicon thin film

Mor eover, an average value of at |east 180 nmfor the
grain sizes is stated, in place of 100 to 300 nm

The further clains are dependent cl ai ns.

The appel | ant requests that the decision under appeal

be set aside and a patent be granted on the basis of
claime 1 to 5 filed with the letter dated 5 Decenber
2002. The argunents put forward by the appellant in
support of the application can be summari sed as foll ows.

The clainmed polysilicon thin filmtransistor has a
polysilicon filmin which the average size of the
crystallites on the (111) plane is 60% or nore of the
average grain size c, in which the average size of the
crystallites on the (111) plane is 180 nmor nore, and
in which the average size of the crystallites on the
(111) plane is greater than the thickness of the
polysilicon thin film

These properties distinguish the invention clainmed in
claim1 fromeach of the cited prior art docunents.
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Docunent D1 nerely describes an experinental procedure
for formng polysilicon thin filnms but it neither
relates to thin-filmtransistors nor does it disclose
filmse with all of the foregoing properties.

Docunment D2 di scl oses a nethod of formng a polysilicon
thin filmin which the grain size is increased in order
to provide higher field effect nobility. Docunent D2 is
silent as regards the internal structure of the grains.

Docunment D3 describes a nethod of formng a thin film
sem conduct or device having a high carrier mobility,
but does not refer to the internal structure of the
grains and in particular not to a mninumratio of

crystallite size to grain size.

Docunent D4 discloses polysilicon transistors with

i nproved characteristics on the basis that poor device
characteristics are the result of defects at the grain
boundaries and can accordingly be inproved by using
filmse with [arge grain sizes.

Docunent D5 relates to the formation of single-crystal
silicon layers from anorphous silicon by |ateral
epitaxy and thus relates to subject matter conpletely

different fromthe invention.

The invention clainmed in claim1l of the application in
suit is therefore novel.

The object of the invention is to provide a thin film
transistor with inproved field effect nobility.
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The solution offered by the invention is to provide a
thin filmtransistor in which the polysilicon has the
properties nentioned above in relation to novelty.

The cited docunents D1, D2, D3 and D4 all point towards
a solution which involves increasing grain size
conbined with better control of the grain boundaries
(docunent Dl1), better control of the orientation of the
grains (docunents D2, D3) or a reduction in the nunber
of grain boundaries (docunent D4). Docunent D5 concerns
the gromh by lateral epitaxy of a single crystal |ayer
of silicon froma seeding region in a |ayer of

anor phous silicon and is therefore not at all relevant
to the present invention. Therefore, none of the cited
docunents, whether read alone or in conbination with
any of the other docunents, would | ead the skilled
person towards seeking the | ooked for solution in a

| arger crystallite size.

The invention claimed in claim1 of the application in

suit therefore involves an inventive step.

In the anended claim11 internal inconsistencies have
been renoved and previously unclear terns have been
nore clearly defined so that the claimnow neets the
requi rement of clarity.

Reasons for the Deci sion

1

1935.D

The appeal is adm ssible.
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Clarity and support for the clainms in the description
(Article 84 EPC)

The amended claim 1 overcones the objections of |ack of
clarity raised by the exam ning division against

i ndependent device claim1l of the main request before
it (section Ill, point 1 of the decision). In
particular, claiml now specifies in sufficient detai
the orientation of the mgjor and m nor axes of the
grains, the inconsistency regarding "in" and "on" the
(111) plane has been renoved, and the average
crystallite size has been defined.

The Board further observes that, although central to
under standi ng the invention, the relationship between
grains and crystallites is not explicitly stated in the
application. The Board neverthel ess accepts that, as
argued in the statenent setting out the grounds of
appeal, the skilled person would inmedi ately understand
fromreading the description as a whole that grains are
made up of one or nore crystallites of approxi mately
the sane crystal orientation including crystal defects
whereas crystallites are, as defined in the description
(page 4, last line), "a conplete nonocrystal region".

The Board is therefore satisfied that the independent
claiml of the request fulfills the requirenents of
Article 84 EPC

Amendnents (Article 123(2) EPC)

Caim1l1l of the request differs fromthe correspondi ng
claimof the application as originally filed:
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(a) in that the sem conductor device of the original
claiml1l is now specified to be a thin film
transistor formed on an insulating substrate
conprising a polysilicon thin-filmhaving a mddle
portion for form ng a channel,

(b) in that the polysilicon thin filmis specified to
be fornmed by a | aser anneal process to obtain
liquid phase grow h,

(c) in that the transistor structure is set out in
greater detail,

(d) in that the definition of the grain size is nade
explicit, including the orientation of the major
and m nor axes required to define the crystallite

si ze, and

(e) the characterizing clause, introduced as such in
an anendnment made during exam nation, specifies an
explicit relationship between crystallite size,
grain size and thickness of the polysilicon film

Al'l these amendnents can be derived i mediately from
the text and draw ngs, e.g. the graphs, of the
application as filed, and the Board is satisfied that
claiml of the request fulfills the requirenents of
Article 123(2) EPC

Novel ty(Article 54 EPC)

Claim1 of the application in suit is to a thin film

transistor in which the channel region is formed in a
polysilicon thin film
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Docunment D4 constitutes the closest prior art. It

di scl oses a nethod of fabricating polysilicon thin-film
MOSFET devi ces, as well as the devices thenselves, in
which the polysilicon thin-filmis a large-grain
polysilicon film Large grains reduce the nunber of
grain boundaries in the channel region and thus lead to
high carrier nmobilities in the channel region. As
descri bed, a deposited fine-grain polysilicon layer is
converted by ion inplantation into an anorphous silicon
| ayer. Melting and subsequent solidification of the
anor phous silicon layer using laser irradiation is one
of the suggested techni ques (page 923, right-hand
colum, lines 5to 9) for obtaining a large grain
polysilicon thin-film The device structure resulting
from applying the method thus has all the features set
out in the preanble of claiml.

The clained invention differs fromthe nearest prior
art because the features set out in the characterizing
part of the claimrequire that crystallites within the
grains of the polysilicon |ayer have an average size on
the (111) plane of 60% or nore of the average grain
size c in the polysilicon thin filmand, furthernore,
that the crystallites have an average size of at |east
180 nm and are greater than the thickness of
polysilicon thin-film

Docunment D1 relates to a nethod of formng a thin

sem conductor filmwth inproved uniformty of the
carrier nmobilities. The known techni que of selective
nucl eati on based epitaxy is extended to solid state
crystallisation, that is, nucleation sites in anorphous

silicon are mani pul ated to control grain size
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distribution and grain |location (p. 3565, |eft-hand
colum, second paragraph). In the film produced by
appl yi ng the described nethod, each grain has a single-
crystal domain containing internal twi n boundaries

(p. 3565, right-hand colum, second paragraph).

Docunent D2 relates to a nmethod of formng a thin

sem conductor filmin which large grain size is

achi eved by anneal i ng an anorphous sem conductor film
in an inert atnosphere to obtain solid phase grain
growh (page 7, lines 4 to 13; page 9, lines 13 to 20).
Crystal grain size larger than the conventional grain
size as well as good grain orientation (e.g., page 5,
lines 4 to 13) lead to thin filmtransistors with

i nproved electron nobility (e.g., page 8, lines 6 to
11) . Laser annealing is referred to but is stated to
lead to polysilicon films with poor electrical
characteristics (page 2, lines 24 to 35).

Docunment D3 relates to a nethod of formng a thin film
sem conductor device having a large carrier nobility by
irradiation with a |l aser to obtain a polysilicon film
of (111) priority orientation and an average crystal
grain size of 1000A, i.e. 100 nm

Docunent D5 relates to lateral solid phase epitaxy
wi t hout di scussing any particul ar device structures.

In view of the differences between the invention and

the cited prior art, discussed also in the summary of
t he appel l ant's subm ssions in paragraph V above, the
Board is satisfied that the invention clained in

claiml is new.
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| nventive step (Article 56 EPC)

The exam ning division refused the application on the
ground that the subject matter of claim1 was obvi ous
over a conbination of docunents D1, D4 and DS5.

The closest prior art for the purpose of assessing

whet her the invention clained in claim1l involves an
inventive step is docunent D4. The invention as clained
is distinguished fromthis prior art docunent by the
features specified in the characterising clause of
claim1l (see paragraph 4.3 above). The techni cal
probl em sol ved by these features is to provide thin
filmpolysilicon transistors with inproved field effect
nmobi lity.

Docunent D4 identifies as the cause of the poor device
characteristics of polysilicon transistors the known

| arge nunber defects states at the grain boundaries,
which trap carriers, become charged and |lead to the
formati on of potential barriers (page 923, |eft-hand
colum, |ast paragraph, lines 1 to 4)). Two techniques
are proposed as renedies. One of these is passivation
with atom c hydrogen, the other is to reduce the nunber
of grain boundaries in the channel region by using

| arge-grain polysilicon (page 923, left-hand col um,

| ast paragraph, line 5 to right-hand colum, line 7)
obtained either by laser irradiation of fine-grain
polysilicon or by solid state crystallisation from
deposited and ion-inplanted anor phous silicon. Docunent
D4 further states that "Although a |arge grain size is
attai ned, each grain has nunerous defects, mainly mcro
tw ns", and that "These defects may affect the

el ectrical characteristics of the transistors on the
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poly-Si filnm (page 924, right-hand colum, lines 5 to
8). The Board accepts that, as argued by the appell ant
(statenment of the grounds of appeal, page 8, second
full paragraph), this indicates that the authors of
docunent D4 attribute to the presence of these defects
adverse effects on the electrical properties of the
transistors in general but do not consider these
defects as a relevant contribution to nobility in
particul ar, especially since the docunent notes that
the nobility depends strongly on the nunber of grain
boundaries, that is, on the grain size, and the
potential height at the grain boundaries. The Board

t heref ore concl udes that docunent D4 woul d not have
assisted the skilled person in arriving at the subject

matter of the invention as clained in claiml.

Docunment D1 relates to a nethod of formng thin

sem conductor films with inproved uniformty of the
carrier nmobilities. The Board agrees with the appell ant
(statenment of the grounds of appeal, page 10, ) that
the intention of docunent Dl is to teach that in
ensuring the uniformty of carrier nobilities, enlarged
grain size and control of the location of the grains
and grain boundaries are essential (page 3565, left-
hand col umm, first paragraph) and that, although the
resulting grain shape is dendritic, there is nothing in
docunent D1 which woul d suggest to the skilled person
that the intrinsic structure of the grain as clained in
claiml of the application in suit has the required
effect on the field effect nobility.

Docunment D2 relates to a nethod of formng thin
sem conductor films with large grain sizes. The ai m of
increasing the grain size is to inprove the electron
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mobility (e.g., page 8, lines 6 to 11). The Board
agrees with the appellant's subm ssion that the
docunent confines itself to discussing the benefits of
increasing the grain size and orientation w thout
contai ning any information pointing towards the
essential features of the present invention as clained

in claiml.

Docunment D3 relates to a nethod of formng a thin film
sem conduct or device having a large carrier nobility by
irradiation with a |laser to obtain a polysilicon film
of (111) priority orientation and an average crystal
grain size of 1000A. In response to an objection raised
by the Board on the basis of this docunent, the

appel  ant has argued, in the Board' s view persuasively,
that the teaching in docunment D3 is that carrier
nmobility can be inproved by adjusting the texture such
that the (111) orientation of the grains is the
preferred orientation, since in polysilicon charge
carriers noving in the (111) plane experience a | ower
potential barrier than charge carriers noving

perpendi cular to that direction or charge carriers
noving in a polysilicon filmwth randomy orientated
grains, as illustrated with reference to Figure 2 of
docunment D3 (appellant's letter of 5 Decenber 2002,
page 2). Not only does the nethod of obtaining the
required orientation require a protective silicon

di oxi de layer on top of the CVD deposited silicon |ayer,
but the grain size of the polysilicon |layer in docunent
D3 is significantly |l ess than the thickness of the

| ayer. G ven the absence of any indication of the
essential features of the invention as clained in
claiml, it is the Board' s view that docunent D3
nei t her discloses nor suggests to the skilled person
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that the electron nobilities can be inproved by those

f eat ur es.

Docunment D5 relates to MOS transistors fabricated on a
silicon-on-insulator (SO) region. An anorphous silicon
filmis converted by |ateral solid phase epitaxy not
into a polysilicon filmbut into a single crystal
silicon region wthout any polycrystalline grains being
observed (page 398, lines 11 to 16 film. Moreover, as
argued by the appellant, the underlying substrate nust
itself be nonocrystalline in order to provide the
seeding for the required conpletely single-crystalline
filmon the SO region. (page 398, lines 5to 9). The
Board therefore considers that in view of the quite
different aimof the nmethod described and the device
structure resulting fromthe application of the nethod,
the skilled person would not obtain any assistance from

docunent D5 in arriving at the present invention.

Since none of the cited docunents refer in any way to
the rel ationship between grain size, crystallite size
and | ayer thickness which is essential to the invention
claimed in claim1, and since there is no suggestion in
the prior art that the appropriate choice of the ratio
bet ween average crystallite size and average grain is
capable of leading to inproved carrier nobilities, the
Board considers that the subject matter of claim1l

i nvol ves an inventive step and thus fulfils the

requi renent of Articles 52(1) and 56 EPC.

Therefore, claiml is patentable in the sense of
Article 52(1) EPC
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The further clains are dependent clains concerning
particul ar enbodi nents of claim1 and are thus
pat entabl e for the sanme reasons.

6. A patent can therefore be granted on this basis, with
the description to be adapted thereto, if necessary.

7. Consequently, oral proceedi ngs are not necessary.

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 grant a patent on the basis of the follow ng

docunent s:
Cl ai ns: claims 1 to 5 as filed with the letter
dated 5 Decenber 2002.
Descri ption: pages 1 to 10 as originally filed, to be
adapted if necessary.
Dr awi ngs: sheets 1/5 to 5/5 as originally filed
The Regi strar: The Chai r man:
D. Spigarelli M Chonent owski
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