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Summary of Facts and Subm ssi ons

1. Eur opean patent application No. 89 112 987.6
(publication No. 0 350 961) was refused in a decision
of the exam ning division on the ground that the
subject-matter of claim1 | acked an inventive step over
D2 = WO-A-8 300 256 or over D1 = US-A-4 569 742.

Caim1l formng the basis of the decision reads as
fol | ows:

"1l. A nmethod of producing a sem -conductor device
having a thin filmresistor conprising chrom um
silicon and nitrogen, formed on a substrate, the thin
filmresistor form ng process consisting essentially of
the steps of preparing a target containing at |east
chrom um and silicon, wherein the weight percentage of
the silicon to the total weight of the chrom um and
siliconis 41 to 57 weight % and reactive sputtering a
substrate, utilizing said target in an atnosphere of an
i nert gas containing 1-2%nitrogen gas, whereby said
thin filmresistor thus produced becones anorphous, and
has the sane energy band construction as that of netal,
wherein a thermal treatnent is applied to said thin
filmresistor after said thin filmresistor is forned
which thermal treatnent is carried out at a tenperature
of less than 500°C, to thereby nmaintain the anorphous
condition of said thin filmresistor."

I n the decision under appeal, the exam ning division
took the follow ng view

The nmethod of claim1l was distinguished over D2 in the
sel ection of the particular range of the silicon
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content of the target, the amount of nitrogen in the

at nosphere of inert gas, and the maxi num tenperature of
the thermal treatnent of the film These paraneters
were selected so that the thin filmresistor was

anor phous and had the energy band structure of a netal,
this resulting in little change of the resistance for

| arge variations of the tenperature thereof, i.e.
having a | ow tenperature coefficient of resistance
(TCR) of said thin filmresistor.

The identification of the problem i.e. the need for
producing thin filmresistors with smaller TCR, did not
contribute to an inventive step. The solution to this
probl em consi sted in selecting

(a) a particular range of the silicon content, i.e. 41
to 57% wei ght of silicon in the target,

(b) arelatively low nitrogen gas content (1 to 2% of
the inert atnosphere, and

(c) a tenperature for thermal treatnent of |ess than
500°C of the produced thin filmresistor.

However, in view of the plurality of conpositions of
the resistors nentioned in D2, the clained
correspondi ng conposition of the target was inplicitly
di scl osed. The other features to be selected could be
the result of straightforward routine trials to obtain
thin filmresistors with snmall TCR whereby, with the
sane features being used for the clainmed nethod and for
the nmethod at which the skilled person would arrive in
an obvious way from D2, the sanme structural features of
the produced resistors (anorphous state, netal bandgap
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structure) would be automatically obtained.

Besi des, from D1, which showed a nethod of form ng by
sputtering Cr-Si-Nresistors with snmall TCR wherein an
at nrosphere with about 5% nitrogen gas was used and was
understood as having a key role in the process, the
skilled person would be incited to anal yse nore closely
the relation between the nitrogen content and the basic
structure of the film Thus, by normal, routine
experinmentation, he would arrive in an obvi ous way at
the thin filmresistors having the properties nentioned
in the present application.

Therefore, the subject-matter of claim1 did not
i nvol ve an inventive step.

The appel |l ant | odged a notice of appeal against this
decision, paid the appeal fee and filed a statenent
setting out the grounds of appeal.

During the oral proceedi ngs before the Board of 12 My
1999, a new set of two clains and a new page 6 of the
description were filed. The appellant requested that

t he deci si on under appeal be set aside and that a
patent be granted on the basis of the follow ng patent
application docunents:

d ai ns: Nos 1 and 2 filed during the ora

proceedi ngs;

Descri pti on: Pages 1 to 3 filed with appellant's
|l etter dated 3 August 1994 (statenent of
grounds of appeal);
Pages 4, 5, 7 to 11 and 13 to 20 of the
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application as originally fil ed;

Page 6 filed during the ora

proceedi ngs;

Page 12 filed with appellant's letter
dated 8 April 1999;

Dr awi ngs: Sheets 1/20 to 20/ 20 of the application

as originally filed.

Caiml of the request is distinguished fromclaim1l
form ng the basis of the inpugned decision only in that
it specifies that the thermal treatnent concerns the
thermal history of the thin filmresistor after its
formng process, and it reads as foll ows:

"1l. A nethod of producing a sem conductor device having
an anorphous thin filmresistor which is forned on a
substrate, has the sane energy band construction as
that of netal and conprises chromum silicon and
nitrogen, the anorphous thin filmresistor formng
process consisting essentially of the steps of
preparing a target containing chromum and silicon,
wherei n the weight percentage of the silicon to the
total weight of the chromumand siliconis 41 to 57
wei ght % and reactive sputtering said substrate,
utilizing said target in an atnosphere of an inert gas
contai ning 1-2% nitrogen gas, wherein a thermal history
of said anorphous thin flimresistor applied after said
thin filmresistor form ng process up to the fina
processing step is at tenperatures |less than 500°C, to
t hereby maintain the anorphous condition of said thin
filmresistor."

Caim2 is a dependent claim
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The appel |l ant subm tted essentially the follow ng
argunents in support of his request:

The object of the present invention is to provide a

met hod of producing by sputtering a thin filmresistor
having a very low TCR. This is obtained by selecting
three paraneters, i.e. the silicon content (41 to 57%
wei ght of silicon) of the chromumsilicon target, the
nitrogen content (1 to 2% of the inert gas atnosphere,
and thermal treatnent at a tenperature | ower than 500°C
after the formation of the thin film The conbination
of the selected paraneters ensures that the structure
of the thin filmresistor is and renai ns anor phous, and
that it has the bandgap structure of a netal.

Starting from D2, which teaches ranges of the
paraneters, sonme being nuch broader and/or different
fromthose of the present application, there is no
incitation for the skilled person to anal yse and sel ect
said paraneters in order to arrive at an anorphous
structure wherein the bandgap is that of netal, whereby
resistors wwth small TCR are obtained, as in the
presently cl ai med nethod.

The nmethod of D1 is not for producing thin film
resistors with small TCR (see the exanples), but with
high resistivity, and, noreover, it uses ranges of the
paraneters, in particular for the nitrogen (at |east
599 in the inert atnosphere, which are quite different
fromthose of the clained nethod (1 to 29.

Therefore, the skilled person would not arrive in an
obvi ous way at the clained nethod, which, therefore,
i nvol ves an inventive step.
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Reasons for the Deci sion

1. The appeal is adm ssible.

2. Adm ssibility of the anmendnents

The present claim 1l concerns a nmethod of producing a
sem conduct or device having a thin filmresistor, and
I's based on the independent claim3 of the application
as filed. According to the application as filed, the
thin filmresistor produced by the nethod steps as set
out in claim3 is anorphous and has the energy band
structure as that of a netal (see page 7, lines 29 to
34; page 8, line 20 to page 9, line 30), as stated in
claim 1 under consideration.

Caim2 has been anended to make it clear that the
thermal history of the filmincludes a sintering step,
in consistency with the description of the application
as filed.

The further anmendnents in the application as filed
mai nl y concern the adaptation of the latter to the new
mai n claim

Therefore, the Board is satisfied that the present
application conplies with the requirenent of

Article 123(2) EPC that a European patent application
may not be anended in such a way that it contains

subj ect-matter which extends beyond the content of the
application as filed.

1811.D N
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Clarity of the clains

The Board is satisfied that present claim1 clearly
defines the matter for which protection is sought.
Moreover, there are no inconsistencies between the
present clains and description concerning the

i nformati on about the boundary tenperature of the
thermal history of the nethod and the extent of said
thermal history, including in particular the sintering
step of the wirings of the thin filmresistor.
Therefore, claiml1l is clear in the sense of Article 84
EPC

Novel ty

A net hod of producing a sem conductor device having a
thin filmresistor forned on a substrate is known from
docunent D2, wherein the thin filmresistor formng
process consists essentially of the steps of preparing
a target containing chromumand silicon and reactive
sputtering the target in an inert atnosphere containing
nitrogen at a partial pressure within the range of 1 to
20% to formthe thin filmresistor. Subsequently,
thermal treatnment is applied to the thin filmresistor
at a tenperature between 400 and 1000°C, preferably 400
to 800°C, for exanple at 525°C (cf. D2, page 4,

lines 32 to 36; page 15, line 17 to page 16, line 12).

In the only exanple of a target conposition discl osed
i n docunent D2, the silicon content anpbunts to 73
atomc % which corresponds to 59 weight %of Si (see
page 14, lines 4 to 6). The silicon content thus falls
just outside the range of 41 to 57 weight %of S
clainmed in present claim1l. Docunent D2, however, also
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speci fies conpositions of the resistive nmateri al
produced by the reactive sputtering of the C-S

target, wherein the constituent elenents Cr, Si and N
vary over the rather broad ranges of 5 to atomc 75% 5
to 85 atomc %and 1 to 60% respectively. In the
preferred narrower ranges of the conposition disclosed,
C is 25 to 29 atomic % Si is 55 to 67 atomc % and
nitrogen is 8 to 16 atomc %

According to the decision under appeal (see page 7,
second paragraph), since there was one to one
correspondence between the conposition of the resistor
and the conposition of the target, and since a |arge
nunber of resistor conpositions were disclosed in
docunent D2, a target having silicon content falling
within the clained range of silicon content was
inmplicitly disclosed in the docunent. In the Board's
vi ew, however, there is no disclosure or indication in
t he docunent that in the formation of the thin film
resistor by reactive sputtering a target the proportion
of siliconin relation to chromumin the target
necessarily corresponds to that in the resistor.
Consequently, a conposition of the target falling
within the clainmed conposition of the target cannot
unanbi guously be derived fromthe disclosed
conpositions of the resistors.

Contrary to the nethod according to the present
claim1l1, the nethod of docunent D2 is not disclosed as
producing a thin filmresistor which is anorphous or
whi ch has the same energy band construction as that of
metal. Also, the thermal treatnent of the thin filmin
docunent D2 is not carried out to maintain the

anor phous condition of the thin filmresistor, as in
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the nethod according to the invention.

As al ready stated above, the reactive sputtering of the
target is carried out in an atnosphere of an inert gas
containing 1 to 20% nitrogen gas, the ranges bel ow 6%
nitrogen gas and above 10% partial pressure nitrogen
gas resulting in a non-linear dependence of the
resistivity wwth respect to tenperature, the value 6%
nitrogen gas resulting in resistivity which al nost does
not vary with tenperature (see Figure 3 of docunent D2;
page 16, lines 30 to 33). Thus, the clained range of 1
to 2% nitrogen gas overlaps the range of 1 to 20%

di scl osed in docunent D2.

It is further to be noted that, in the nmethod of
docunent D2, thermal history of the thin filmresistor
applied after said thin filmresistor form ng process
up to the final processing step is not restricted to
tenperatures | ess than 500°C, but rather can be applied
at tenperatures from400 to 1000°C, preferably between
400 and 800°C. Thus, the | owest annealing tenperature
of 400°C is below the upper Iimt of 500°C clained in
claiml1l of the present application.

In assessing the novelty of the clainmed subject-nmatter
inrelation to the prior art where there is an overl ap
of nunerical ranges of a paraneter between a claimand
the prior art, in accordance with the established case
| aw of the Boards of appeal (see T 26/85, QJ 1990, 22;
T 666/89, Q) 1993, 495), it has to be considered

whet her the person skilled in the art would, in the
light of the technical facts at his disposal, seriously
contenpl ate applying the technical teaching of the
prior art docunment in the range of overl ap.
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Appl yi ng the above principle in the present case, it
needs to be considered whether follow ng the overal
teachi ng of docunment D2, the skilled person would use
nitrogen gas partial pressure in the range of 1 to 2%
As al ready stated above, according to the teachi ng of
docunent D2, bel ow 6% partial pressure of nitrogen, and
particularly for values near 1% partial pressure, the
normal i zed sheet resistivity exhibits non-Iinear
dependence on tenperature. Since docunment D2 is
concerned with providing a resistor with a resistivity
which is either constant or varies in a predictable

I i near manner (see page 17, lines 23 to 28), it is

cl ear that nmethod according to the docunent is not to
be carried out in the overlapping range of 1 to 2%
nitrogen resulting in a resistor having non-I|inear
dependency of resistivity on tenperature. Thus, in the
Board's judgnment, the nitrogen partial pressure of 1 to
2% during sputtering is not nade available to the
public within the neaning of Article 54(2) EPC

It further follows fromthe above that a conbination of
the paraneters, i.e., the silicon content of the target
and the nitrogen concentration, within the respective
ranges as specified in claiml1l is not clearly derivable
from docunent D2.

The subject-matter of claim1l is thus new pursuant to
Article 54(2) EPC

I nventive step
Havi ng regard to the above distinguishing features of

the clained invention in relation to the closest prior
art docunent D2 and the detail ed description of the
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i nvention (see paragraphs 5.2 and 5.3 below), the
present invention can be regarded as addressing the
probl em of providing a nethod of formng a thin film
resistor having a | ow TCR which is substantially
constant over a relatively broad range of tenperatures.

From Figure 9 and the correspondi ng description it
follows that by selecting the nitrogen partial pressure
in the range of 1 to 2% during the sputtering of a
target having a 47% weight %of Si, a thin film
resistor having a very |ow value of TCR which is
substantially constant over a relatively |arge
tenperature range (-50°C to +150°C) i s obtained.

Figure 12 and the correspondi ng description discuss the
resi stance - tenperature characteristic of the thin
filmresistor when both the conposition of the target
and the nitrogen gas concentration are varied. As shown
in the Figure, both the primary coefficient &4 and the
secondary coefficient & are close to zero (whereby the
TCR is close to zero) when the silicon weight percent
iIs 41 to 57% and the nitrogen concentration is 1 to 2%

In view of the foregoing, in the Board's view, the
present invention represents a purposive selection, as
against an arbitrary selection, of the target
conposition and the nitrogen concentration with a view
to formng a resistive filmhaving a low TCR which is
substantially constant over a relatively broad
tenperature range, and cannot be regarded as resulting
fromroutine experinents.

It is also to be noted that the invention al so provides
a nethod wherein the produced thin filmresistor is
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anor phous and has the same energy band construction as
that of netal, and the anorphous condition of said thin
filmresistor is maintained. |Indeed, taking into
account the present application (see in particular Fig.
11 and the corresponding text), concerning in
particular the nitrogen gas concentration bel ow 1%
nitrogen gas in the inert atnosphere for a specific
target, a mcrocrystalline structure, i.e. a non-

anor phous structure i s obtained; on the other hand,
above 2% of nitrogen gas, a bandgap simlar to that of
a sem conductor and thus with rapid changes in
resistivity wwth respect to tenperature i s obtained.
These features of the anorphous, netallic-1ike bandgap
structure of the produced thin filmresistor, as well
as the resulting low TCR of the thin filmresistor, are
credibly related and are to be achi eved by the specific
sel ection of the three above-nentioned paraneters, in
particular the nitrogen gas content in the inert

at nosphere. In this respect, it is to be noted that, as
argued by the appellant, the results of neasurenents
provided in Fig. 9 of the present application show
that, whereas nitrogen gas contents of 1 to 2%result
in small TCR, other values of nitrogen gas content in
the inert atnosphere, for instance 0% or 3% result in
much hi gher values of said TCR

As convincingly argued by the appellant, in docunent

D2, there is no indication about obtaining an anorphous
structure with a bandgap construction as that of netal
by selecting the values of the paraneters in the ranges
as in claim1l of the present application.

A net hod of producing a sem conductor device having a
thin filmresistor which is fornmed on a substrate, said
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thin filmresistor conprising chromum silicon and
nitrogen and having snmall TCR, is also known from
docunment D1 (see in particular colum 1, lines 65 to
69; colum 2, lines 4 to 48). However, the val ues of
the content of the nitrogen gas in the inert atnosphere
i n docunent D1 (see columm 2, lines 22 to 26) are

i ndi cated as being approximately 5% ni trogen gas
concentration. Argon flow rate and nitrogen gas fl ow
rate of 39.7 sccmand 1.75 sccm respectively, i.e.
nore than 4% nitrogen gas, are nentioned for Exanple 1
of document D1. In all the other Exanples of docunent
D1, said ratio is higher and can be about 10% as for
instance in Exanple 1, where the flow rates for Argon
and nitrogen gas are 37 sccmand 3.8 sccm
respectively. Thus, the value of 1.0 sccmfor nitrogen
gas flow rate, which is stressed in docunent Dl (see
the Figures), is not related to the 1% nitrogen gas of
present claim1, but nust be read in relation with the
Argon flow rate and corresponds to a ratio of at |east
about 5% nitrogen gas, i.e. nmuch nore than the range of
1to 2%in present claim11. Mreover, the nethod of
docunent D1 is not specifically for producing resistors
with small TCR, as in the present application or in
docunent D2, but for producing thin filmresistors of
high resistivity.

For the foregoing reasons, in the Board' s judgnent, the
subject-matter of present claiml is not obvious to a
person skilled in the art, so that it involves an

i nventive step in the sense of Article 56 EPC

Consequently, claiml1l is patentable in the sense of
Article 52(1) EPC.



- 14 - T 0751/ 94

Caim2 depends fromclaiml1l and concerns a particul ar

enbodi nent of the nmethod of claim1l. Therefore, it is

al so patentabl e.

O der

For these reasons

it is decided that:

1. The deci si on under appeal is set aside.

2. The case is remtted to the Examning Division with the

order to grant a patent on the basis of the follow ng

pat ent application docunents:

Cl ai ns:

Descri ption:

Dr awi ngs:

The Regi strar:

1811.D

Nos. 1 and 2 submitted during ora
proceedi ngs;

Pages 1 to 3 filed on 3 August 1994;
Pages 4, 5, 7 to 11 and 13 to 20 of the
application as filed,

Page 6 submtted during ora

proceedi ngs;

Page 12 filed on 8 April 1999;

Sheets 1/20 to 20/ 20 of the application

as filed.

The Chai r man
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D. Spigarelli R Shukl a
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