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Summary of Facts and Submn ssions
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The appeal |ies against the decision of the exam ning
di vi sion, dated 23 May 1995, to refuse European patent
application No. 91 107 938.2 for lack of an inventive
step, having regard to the disclosure in the follow ng
prior docunents:

D1: | EEE Journal of Solid-State Crcuits, vol. SC 16,
No. 5, COctober 1981, pages 506 to 514: "Laser
progr anmmabl e redundancy and yield inprovenent in a
64K DRAM', R T. Smth et al.

D3: Annals of the CIRP, vol. 28/1, 1979, pages 113 to
115,

D4: VLSl Technology, S.M Sze, McGawHill, 1984,
pages 250 to 253.

The follow ng prior art docunment was cited by the
exam ni ng division during exam nati on proceedi ngs:

D2: EP-A-0 281 086

The notice of appeal was filed on 24 July 1995,
requesting that the decision of the exam ning division
be set aside. The appeal fee was paid on the sane day.
The statenment setting out the grounds of appeal was
filed on 2 Cctober 1995.

Oral proceedi ngs took place on 14 Decenber 2000. During
the oral proceedings the appellant filed a new request
for the grant of a patent based on the follow ng
docunent s:
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d ai ns: 1 to 5 filed during the oral proceedi ngs
on 14 Decenber 2000;

Descri ption: pages 1 to 6 filed on 23 Novenber 2000;
pages 7 to 11 filed on 2 Cctober 1995;

Dr awi ngs: sheets 1/3 to 3/3 as originally filed on
16 May 1991.

This new request replaced all previous requests.

L1l Caim1l of the request reads as fol |l ows:

"1. Method of cutting an interconnection pattern
formed on a sem conductor substrate by a | aser beam
(2), conprising the steps of

- aligning said | aser beam (2) with the portion to
be cut of the interconnection pattern (34b) and

- cutting said interconnection pattern (34b) by
i1lum nating and evaporating said portion of the
i nterconnection pattern (34b) with the | aser beam

(2),

characterized in that

- the | aser beam (2) has a pulse duration of 1 ns or
| ess which is smaller than the pul se duration at
whi ch the renoval occurs and has an energy density
of 10° to 10° Wcnt, and

- the | aser beam (2) is shaped by a transm ssion
type liquid crystal mask (4) into a desired form

corresponding to the wdth of the portion (35) to
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be cut of the interconnection pattern (34b),

so that all the laser energy is received by the
portion (35) to be cut of the interconnection
pattern (34b) and the illum nation of the |aser
pul se is conpl eted before a change on the

i nterconnection pattern (34b) due to the heat
phenonmenon occurs.”

I ndependent claim 3 of the request relates to an

apparatus for cutting an interconnection pattern.

The argunents put forward by the appellant can be

summari zed as fol |l ows:

(i)

(i)

The invention ains to provide a nethod of

| aser-cutting interconnections on sem conduct or
devi ces which does not danage material al ongside
or underneath the connection to be cut.

The clainmed nethod i s based on two nmi n ideas.

The first of these ideas is to apply only the

| aser energy required to cut the connection.
This prevents the | aser damagi ng the materi al
underneath the connection to be cut. The cl ai ned
invention puts this idea into practice by

enpl oyi ng short pul ses of 1 nanosecond or |ess
in duration. Such a short pul se has the effect
that the connection begins to heat up only after
the pul se has ended. This represents a new
mechani sm for preventing damaging the materia
underneath the connection, and this new

mechani smis not suggested by the prior art.
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The second idea is that all the energy is
directed towards nelting and vaporising the
connection. The clained invention puts this idea
is into practice by enploying a mask which
confines the | aser beamto the area of the
connection to be cut. The material outside the
connection does not receive any | aser radiation
capabl e of damaging it. The mask is a liquid
crystal mask and can be confi gured
electronically to match the area or areas where
connections are to be cut.

O the cited docunents, docunment Dl is taken to
represent the closest prior art since it relates
to | aser programmabl e redundancy i n DRAMs and
describes a nethod of laser-cutting links to
repl ace defective elenents in such devices.

As to the duration of the pulses, in the nethod
described in docunent Dl a single 50 ns |aser
pul se is used to cut a connection (page 508,

ri ght-hand col um, penultimte paragraph). This
pul se duration is much | onger than duration of
the pul ses enployed in the invention as cl ai ned.
There is no indication in docunment D1 that the
duration of a |aser pulse may be shorter than
the tine taken to renove all the material from
t he severed connecti on.

Docunment D3 describes the renoval of thin | ayers
of alumniumw th | ong pul ses having a duration
of 500 ns, and short pul ses having a duration
bet ween 100 ns and 12 ns. There is no suggestion
in docunent D3 that the pul ses could be as short
as one nanosecond or less. Nor is there any
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suggestion in docunment D3 that the pulse could
be of a duration so short that the pul se ends
before any heating of the connection occurs.

Concerning the area irradi ated by the | aser,
Figures 5 and 6 of docunent D1 show the |aser
beam extendi ng well beyond the width of the
connection to be cut. The width of the
connection shown in Figure 6 is 3 Fm The
effective | aser spot dianeter, defined by

Figure 5 as being the dianmeter within which the
power density exceeds a certain threshold val ue,
is about 7 to 8 Fm Docunent D1 expl ains that
there is a trade-off between nom nal spot size
and targeting accuracy (page 507, right-hand
columm). The disclosure in docunent Dl | eads the
reader to conclude that the |aser spot not only
is wider, but nust be wider than the connection
to be cut. As described, targeting errors of
several mcronetres may be conpensated for

(page 509, right-hand colum) by a w cking

ef fect (page 509, left-hand col um) which
concentrates the thermal energy in heavily doped
polysilicon form ng the connections.

Docunment D2 relates to printing and hence to a
different technical field. The contents of
docunent D2 cannot therefore be relevant to the
invention as clainmed, in which the | aser
radiation is confined by a mask to a sel ected
area of the connection to be cut.

Reasons for the Decision

0552.D
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The appeal is adm ssible.

| ndependent clainms 1 and 3 have been anended in
relation to clains 1 and 10, respectively, as filed. As
the subject-matter of claiml is not allowable for the
reasons which follow, these anendnents are not

di scussed in detail here. The Board has, however,

exam ned these anendnents and is satisfied that they
conmply with the requirenent of Article 123(2) EPC.

The only issue to be decided is whether the invention
as clainmed involves an inventive step.

I nventive step

Docunment D1 di scl oses that interconnection patterns can
be cut by a nethod which, in comon with the invention
as clained, conprises aligning a | aser beamw th the
portion to be cut, and cutting the interconnection
pattern by illumnating the portion to be cut with a

| aser. This nakes docunent D1 the nearest prior art
anong the cited docunents.

Docunent D1 relates specifically to the use of |aser
progranm ng to i nprove yields for 64K DRAMs. The DRAMs
descri bed are forned according to 3.5 Fm design rules
(page 507, right-hand columm, third paragraph). The
DRAMS are reprogramred to replace defective el enents by
cutting appropriate links with a | aser (see page 506,

ri ght-hand columm, |ast two paragraphs).

Ef fective | aser spot dianeters (ELSD) of both 7-8 Fm
and 5 .5Fmare referred to with reference to Figure 5
and Figure 7 respectively (see also page 509, |eft-hand
colum, last two lines to right-hand colum, end of the
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par agraph). The beamis expanded and col | i nmat ed,
attenuated as required, and focussed to a snall wai st
on the wafer surface. (page 508, right-hand col um,
section B, paragraph 1).

It is also foreseen that future | aser programm ng
systens shoul d be capabl e of providing, anong others, a
range of effective spot sizes and inproved targeting
accuracy (page 507, right-hand colum, penultinmate

par agraph). For the specific case of 256K DRAMs the

ef fective | aser spot size would need to be reduced to
4-5 Fm "because of tighter design rules, including
feature width shrinkage and smaller row |line pitch"
(page 513, Section C

A single laser pulse is used to cut a link, and the
duration of the single pulse is 50 ns. The short
duration of the pulse is said to be required to
"expl ode the target with no damage to adj acent and
underlying structures. (page 508, right-hand col um,
section B, paragraph 1).

A CCTV canera is used, together with a m niconputer, to
provi de both automatic wafer and target die alignnent,
with the final lens of the |aser optics being used as
the viewwng lens of a CCTV nonitoring system (page 508,
| eft-hand colum to right-hand colum, end of

par agraph 1).

The invention as clained thus differs fromthe
di scl osure in docunent D1 on account of the follow ng
two features:

(a) The | aser beam according to the invention has "a

pul se duration of 1 ns or less which is smaller
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than the pul se duration at which the renoval
occurs and has an energy density of 10° to 10°
Went ..." (cf. first paragraph of the
characterizing clause of claim1) "... so that the
illumnation of the |aser pulse is conpleted

bef ore a change on the interconnection pattern
(34b) due to the heat phenonenon occurs" (cf.
third paragraph, second feature of the
characterizing clause of claim1).

(b) The invention additionally requires the use of a
| aser beam "shaped by a transm ssion type |iquid
crystal mask into a desired form corresponding to
the wwdth of the portion (35) to be cut of the
I nterconnection pattern (34b)" (cf. second
par agraph of the characterizing cl ause of
claim1), "so that ... all the laser energy is
received by the portion (35) to be cut of the
i nterconnection pattern (34b)" (cf. third
par agraph, first feature of the characterizing
clause of claiml).

The features (a) and (b) referred to in paragraph 3.3.1
both serve to confine the energy of the | aser beamto
the link to be cut. Their conmon goal is to avoid
damage to the material adjoining the |ink when the
range of |aser powers enployed is w dened (see the
objects of the invention on page 2, lines 2 to 9 and 10
to 17 of the application as filed). However, despite
their conmmon goal, they are independent of each other
because they are adjusted i ndependently. The pul se
duration determ nes the period during which energy is
supplied to the irradi ated area, irrespective of

whet her or not the beam has been shaped by a mask. The
mask, on the other hand, defines the irradi ated area,
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what ever the duration of the |aser pul ses.

The description contains nothing that points to a
synergy between pul se duration and beam shapi ng by a
mask. I n the absence of any synergy between different
features of an invention as clained, the contribution
made by each of those features has to be assessed
separately when consi deri ng whet her that invention

i nvol ves an inventive step. In the present case the
pul se duration and the provision of a mask nust be so
consi der ed.

Wth regard to the pul se duration, docunent D3
descri bes a systematic investigation into

| aser-machining alumniumthin filmstrips with both
| ong and short duration pul ses, including the

devel opment of a nodel of the nmechani sm by which
material is renoved fromthe surface (page 114,
section 3 "Machi ni ng Mechani sni).

Concerning the use of short duration pulses for cutting
thin filmstrips of alum nium one of the ains of the
study is "to get a nethod of cutting al um num
conductors w thout damagi ng the under-| ayers”

(page 115, left-hand colum, penultinmate paragraph).

The aut hors of docunent D3 consider |ong and short
duration pulses. Pulses with a duration of 500 ns are
cl assed as being of |long duration (page 113, |eft-hand
columm, lines 20 to 22). Short duration pulses, that is
pul ses of |less than 100 ns duration (page 115,
right-hand colum, paragraph 1) were expected, on the
basi s of the nmechani sns di scussed in the study, to nake
damage-| ess nmachi ni ng possi bl e (page 115, |eft-hand
columm, penultimate paragraph). Wiile a further
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increase in the | aser power density would yet again

I ncrease the possibility of danage to the underlying
material, reducing the pul se duration would once nore
"give a |larger machining power safety margin for danmage
| ess cutting of al um nium conductors” (page 115,

ri ght-hand col unm, paragraph 2), as was denonstrated by
experinment using a 12 ns dye-|aser.

The Board does not find the argunent put forward by the
appel l ant, that docunent D3 does not teach a reduction
in the pul se duration below 12 ns, convincing, since
the docunent refers to a repeated reduction in the
pul se duration, first to about 100 ns and then to 12 ns
in order to avoid damagi ng the material underneath the
alumniumlayer. It is therefore the Board's view that,
upon readi ng docunent D3, the skilled person would be

i n possession of the general teaching that the renedy
agai nst damagi ng the underlying material on account of

| aser power density is to shorten the pul se duration of
t he | aser.

The upper Iimt of 1 ns as clained for the range of

sui tabl e pul se durations is just an order of magnitude
| ess than the 12 ns explicitly referred to in docunent
D3. The pul se durations of the short pulses referred to
i n docunent D3 range over approxinmately an order of
magni t ude. They vary from about 100 ns to 12 ns,

wi thout 12 ns being presented in any way as
constituting a lower Iimt. A further shortening of the
pul se duration to 1 ns or less is therefore well within
the range of routine experinentation based on the
teachi ng of docunent D3.

The power densities clainmed for the |laser pulses lie
bet ween 10° and 10° Wcnt. Docunent D3 refers to a
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t hreshol d power density for vaporising thin film

alum nium P, of 1.1x10" Wcn¥, with the
experinentally observed threshold power density being
2x10” Went (page 11, section 3.1). These values fall
within the range of values clained in claim1, and
there is nothing in the description of the invention
whi ch woul d | ead one to conclude that this range or any
part of it lies outside the scope of routine

adj ustments which the skilled person would contenpl ate.

The appel l ant put forward the argunent (cf. section 1V,
paragraph (iii) above), that enploying short pul ses

whi ch are 1 nanosecond or |less in duration represents a
new nechani sm for preventing damagi ng the materi al
underneat h the connection. Such a short pul se has, so

t he argunent continues, the effect that the connection
begins to heat up only after the pul se has ended. The
corresponding feature in the claim which is that "the
illumnation of the |aser pulse is conpleted before a
change on the interconnection pattern (34b) due to the
heat phenonmenon occurs" (third paragraph, second
feature of the characterizing clause of claim1l) is
therefore an additional feature which is neither known
from nor suggested by docunent D3. The Board does not
find this argunent persuasive. The feature concerned
does not constitute another, independent characteristic
of the invention; it nmerely explains the inevitable
physical result of shortening the pulses to "a pul se
duration of 1 ns or less which is smaller than the
pul se duration at which the renpval occurs and has an
energy density of 10% to 10° Went ..." (first paragraph
of the characterizing clause of claim1) ".

Pul sed | asers with pul se durations as short as a few
pi coseconds were used at the priority date of the
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i nvention in practical sem conductor processing
applications such as annealing (as evidenced by
docunent D4, page 252, second paragraph). Against the
rel evance of docunment D4, the appellant has argued
(statenment of grounds, page 4, paragraph 4.1) that the
docunent relates only to annealing, not nateri al

abl ation techni ques, and that the docunent is therefore
not pertinent to the application is suit. The Board
does not consider this argunent to be persuasive. The
rel evance of docunment D4 lies inillustrating that, as
a matter of general know edge at the priority date of
the invention, pulsed |asers with pulse durations as
short as a few picoseconds were known and had
established thenselves in practical applications in the
field of sem conductor processing. The reported use
shows the absence of any technical prejudice, such as
on account of lack of reliability, for exanple, against
their practical application in sem conductor
manuf act uri ng.
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To sunmmari se, docunment D1 al ready points towards the
use of short pul ses as a neans of avoi di ng danage to
the underlying structure (page 508, section B

par agraph 1). Docunent D3 explicitly advises shortening
the pul se duration if the applied power density poses a
ri sk of causing danage to the underlying | ayer

(page 115, right-hand colum, second paragraph).
Docunent D3 di scl oses power densities which are in the
claimed range. At the priority date of the invention,

| asers with pul se durations as short as a few

pi coseconds were known and used in sem conduct or

manuf acturing. In these circunstances, starting from
docunent D1 as the nearest prior art, and given the

di scl osure in docunent D3 when applied in the |ight of
the comon general know edge exenplified by docunent

D4, it would in the Board's judgenent have been obvi ous
to the skilled person at the priority date of the

i nvention to use lasers with pul se durations as short
as 1 ns or |less when attenpting to solve the probl em of
wi deni ng the | aser power output range over which the
cutting process could be perforned.

As to the use of a mask, it is known from docunent D2
that a | aser beam can be spatially confined to a
desired area, in the case of docunent D2 an area to be
printed, by neans of a mask. The nask descri bed
consists of an electronically controlled liquid crystal
whi ch varies the shape of the beamin accordance with
the character to be printed (see docunent D2, colum 1,
lines 15 to 19).

The appel |l ant has argued that in docunent D1 the |aser
spot not only is wi der, but nust be w der than the
connection to be cut (cf. section IV, paragraph (vii)).
The Board does not find this argunent persuasive.
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Al t hough using an effective spot size which exceeds the
wi dth of the connection offers the benefit that sone
targeting errors can be accommbdat ed (page 509,

ri ght-hand colum), there is nothing in the description
of the cutting process itself which would require the
irradi ated area to be wider than the connection to be
cut. On the contrary, Figure 7 and its associ ated
description on page 509 indicate clearly that with an
effective spot dianeter of 7-8Fm together with the
phenonmenon described as "w cking effect"” (page 509,

| eft-hand colum), the link is renoved over its whole

| ength of 14 Fm

G ven that the function of a transm ssion nmask is to
confine the passing light energy to the area defined by
the mask, specifying "that ... all the |aser energy is
recei ved by the portion (35) to be cut of the

I nterconnection pattern (34b)" (cf. third paragraph,
first feature of the characterizing clause of claim1l)
is merely to state that the mask is shaped such that it
prevents | aser radiation fromreaching the areas it is
designed to shield fromthe radiation.

Starting fromdocunent D1, the skilled person
addressing the objective problem of inplenenting better
control of the area irradiated by the | aser beam wll
routinely consider the use of a mask to shield areas
whi ch either need not or should not be irradiated. The
skilled person is, noreover, taught by docunent D2 that
dynam c control of the exact shape of a | aser beamis
achievable with the aid of an electronically controlled
liquid crystal transm ssion mask. For these reasons the
Board judges it to be obvious to shape the | aser beam
by a transm ssion type liquid crystal mask into a
desired formcorresponding to the wdth of the portion
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to be cut of the interconnection pattern.

3.6 It is the Board' s judgenent, taking into account the
stated facts and argunents, that the invention as
claimed in claim1 does not involve an inventive step
according to Article 56 EPC

O der

For these reasons it is decided that:

The appeal is dism ssed

The Regi strar: The Chai r man:

L. Martinuzzi R K. Shukl a
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