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Summary of Facts and Subm ssi ons

1486. D

The European patent application No. 94 830 316.9
(Publication No. 0 689 239) was refused by the
exam ni ng division on 16 Novenber 2000 on the grounds
that its subject-matter | acked an inventive step having
regard to docunents

D1: EP-A-0 481 153; and

D2: US-A-5 217 910,

and, as evidence for general know edge, docunents

D4: S. M SZE, "Sem conductor Devices Physics and
Technol ogy", John Wley & Sons, 1985, pages 410
and 422; and

D5: S. M SZE, "VLSI Technol ogy", MG aw Hill
I nternational Editions, 1988, pages 272 to 273.

Claim1 formng the basis of the decision of the
exam ning division reads as foll ows:

"1. Process for the manufacturing of a MOS-technol ogy
power device, characterized by conmprising the follow ng
st eps:

a) formng a conductive insulated gate layer (8) on a
surface of a lightly doped sem conductor material |ayer
(3) of a first conductivity type;

b) selectively covering the insulated gate |ayer (8)
with a masking material (20);
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c) selectively renmoving the insulated gate | ayer (8)
fromsel ected portions of the sem conductor materi al

| ayer (3) surface where the insulated gate |ayer is not
covered by the masking material (20);

d) selectively inplanting a first dopant of a second
conductivity type into said selected portions of the
sem conductor material |ayer (3), the insulated gate

| ayer (8) and the masking material (20) acting as a
mask, in a dose and with an inplantati on energy
suitable to obtain, directly after the inplantation and
wi t hout thermal diffusion steps, heavily doped regions
(5) substantially aligned with the edges of the

insul ated gate layer (8) and the masking material (20);

d) selectively inplanting a second dopant of the second
conductivity type along directions tilted of prescribed
angles (al, a2) with respect to a direction orthogonal
to the sem conductor material l|layer (3) surface, the
insul ated gate layer (8) and the masking material (20)
acting as a nmask, in a dose and with an inplantation
energy suitable to obtain, directly after the

i npl antation and wi thout thermal diffusion steps,
lightly doped channel regions (6) extending under the

i nsul ated gate | ayer (8);

e) selectively inplanting a heavy dose of a third
dopant of a first conductivity type into the heavily
doped regions (5), to form source regions (7)
substantially aligned with the edges of the insulated
gate layer (8) and substantially internal to the
heavi |y doped regions (5)."

The reasoni ng of the exam ning division can be
sunmari zed as foll ows:
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The application concerns a process of manufacturing
MOS-t echnol ogy power devices. The main object is to
sol ve the problem encountered in prior art processes,
i.e. that thermal diffusion of dopants prevents a
preci se control of their local distribution, rendering
a reduction of the local distribution to a subm cron
range inpossible. This object is achieved by inplanting
dopants with doses and energies and al ong directions
tilted at specific angles with respect to the vertical
direction which render it unnecessary to perform any
thermal diffusion of the dopants.

The problemthat thernmal diffusion is di sadvant ageous
for a precise control of the local distribution of
dopants in the subm cron range in the MOS technol ogy
was generally known to people skilled in the art, as
can be seen from docunment D5, which is regarded as an
evi dence showing that in the art ion inplantation is
used to replace thermal diffusion.

Docunment D1 di scl oses a process for manufacturing a
MOS-t echnol ogy power device conprising the formation of
an insul ated gate | ayer (15) by neans of masking and
etching, the process |leading to a device conprising
heavi |y doped regions (14) substantially aligned with
t he edges of the insulated gate |ayer (15), channel
regions (12) extending under the insul ated gate |ayer
(15) and source regions (16) substantially internal to
t he heavily doped regions (14). The regions (12), (14)
and (16) are forned by neans of dopant inplantation,
the insulating gate |ayer acting as a mask.

The cl ai med process differs fromthe process known from
docunent D1 in that:

1486. D Y A
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(1) a masking material used for the definition of the
insul ated gate | ayer remains on the top thereof
during the steps of form ng the heavily doped
regi ons and the channel regions;

(ii) the dopant inplantation of the heavily doped
regions and the channel regions is perfornmed with
doses, energies and, in the case of the channel
regions, along directions tilted at prescribed
angl es, which are suitable to provide these
regi ons without subsequent thermal diffusion
st eps.

As to feature (1), it is generally known, e.g. from
docunent D4, that photoresist materials can be used as
masks for selective ion inplantation, so that the
skill ed person woul d consi der |eaving the photoresist
mask used for patterning the insulated gate |ayer
during subsequent ion inplantations.

Since it was generally known in the art that therm

di ffusion is disadvant ageous for the manufacture of
subm cron devices, the skilled person would have

consul ted docunent D2 which relates to processes of
manuf acturing of MOS technol ogy devi ces which avoid
thermal diffusion of dopants. This docunent teaches the
possibility of form ng doped regions on a MOS-type

devi ce by neans of dopant inplantation through a mask
wi thout follow ng thermal diffusion steps, the heavily
doped regions being aligned with the edges of this mask
directly after the inplantation. It also teaches that
lightly doped regions bel ow gate structures of such
devi ces can be fornmed with precise control of extension
and dopant distribution by ion inplantation along
directions tilted at prescribed angles with respect to
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a direction orthogonal to the sem conductor | ayer
surface and without follow ng thermal diffusion steps.

Merely by conbi ning docunent D1 with the teaching of
docunent D2 and by acting within the framework of his
professional skills, the skilled person would arrive at
the subject-matter of claim1 w thout exercising any

i nventive skill

The subject-mater of the dependent clains 2 to 10 was
also found to | ack an inventive step.

The applicant | odged an appeal against this decision on
11 January 2001, paying the appeal fee on the sane day.
A statenent setting out the grounds of the appeal was
filed on 12 March 2001.

In response to a communi cation fromthe Board issued on
19 March 2003 raising objections under Article 84

and 123(2) EPC against claim1 of the appellant's
requests and proposing anmendnents to neet these

obj ections, the appellant informed the Board by a

tel efax received on 22 April 2003 that he agreed to the
text of claim1l as suggested by the Board.

The appel | ant requested that the decision under appeal
be set aside and an patent be granted on the basis of
the foll ow ng application docunents:

Descri pti on:
Pages 1 to 4, 7, 9, 12 and 13 as originally fil ed;

Pages 5, 6 and 10 as received on 21 July 1998 with the
letter of 17 July 1998;
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Pages 8 and 11 as annexed to the conmuni cation of the
Board dated 19 March 2003 and accepted by the appell ant
on 22 April 2003;

d ai ns:

No. 1 as annexed to the conmuni cation of the Board
dated 19 March 2003 and accepted by the appellant on
22 April 2003;

No. 2 to 10 as received on 21 July 1998 with the letter
of 17 July 1998;

Dr awi ngs:

Sheets 1/3 to 3/3 as originally filed.

Caim1l reads as foll ows:

"1. A process for the manufacturing of a MOS-technol ogy
power device, characterized by comprising the follow ng
st eps:

a) formng a conductive insulated gate layer (8) on a
surface of a lightly doped sem conductor material |ayer
(3) of a first conductivity type;

b) selectively renoving the insul ated gate |ayer (8)
fromsel ected portions of the sem conductor materi al
| ayer (3) surface;

c) selectively inplanting a first dopant of a second
conductivity type into said selected portions of the
sem conductor material |ayer (3), the insulated gate
| ayer (8) acting as a nmask, in a dose and with an
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i npl antation energy suitable to obtain, directly after
the inplantation without any thermal diffusion step,
heavi |y doped regions (5) substantially aligned with
the edges of the insulated gate |ayer (8);

d) selectively inplanting a second dopant of the second
conductivity type along directions tilted of prescribed
angles (al, a2) with respect to a direction orthogonal
to the sem conductor material |layer (3) surface, the
insul ated gate layer (8) acting as a mask, in a dose
and with an inplantation energy suitable to obtain,
directly after the inplantation and w thout thernal

di ffusion steps, lightly doped channel regions (6)
extending only under the insulated gate |ayer (8); said
lightly doped channel regions (6) having a dopant
concentration that is |less than the concentration of
said heavily doped regions (5);

e) selectively inplanting a heavy dose of a third
dopant of a first conductivity type into the heavily
doped regions (5), to form source regions (7)
substantially aligned with the edges of the insulated
gate layer (8) such that direct contact of the source
region (7) to the lightly doped sem conductor materi al
| ayer (3) of the first conductivity type is avoi ded."

As conpared to claim1 formng the basis of the

deci sion of the examning division, claim1 conprises
nei ther information about the masking material (20)
sel ectively covering the insulated gate |ayer (8)
before the steps of selectively renoving and

i npl anting, nor about the resulting source regions
bei ng substantially internal to the heavily doped
regions (5), in the |last process step. The features
whi ch have been added as conpared to the refused
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claim1 have been highlighted by the Board.

Claims 2 to 10 are dependent cl ai ns.

The appel | ant argued substantially as follows in
support of his request:

The device fabricated by the process known from
docunent D1 conprises a body region separating the
source and drain regions of the opposite conductivity
type; the body regi on extends between the main surfaces
of the sem conductor wafer and conprises a lightly
doped body portion and a highly doped body portion. In
t he process of docunent D1, the |ightly doped body
portions are forned by inplanting dopants using the
insul ated gate | ayers as masks. The insul ated gate

| ayers and | ateral spacers at their sides are used as

i npl antation masks for formng the highly doped body
portions. Thermal diffusion of the inplanted dopants is
necessary for form ng the channel regions under the
insul ated gate layers. As a result of the process the
hi ghl y doped body portion is inside the | ow doped body
portion, so that the lightly doped channel region
formed by the process is not only under the insul ated
gate el ectrode.

The structure obtained by the process of docunent D1

t hus conprises a resistance between the base and the
emtter of the parasitic transistor forned by the
source, the body and the drain of the MOSFET, and this
reduces the effectiveness of the short circuit to be
made by netallisation contacting the source and body
regi on of the MOS-technol ogy power device.

Using the process of claim1, wherein the dopants are
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directly inplanted where they are needed, w thout any
subsequent thermal diffusion, the formation of the
resistor arising in docunment D1 is elim nated.

In the process of docunent D2, the oblique inplantation
is not for form ng the channel region, which in such a
LDD (| ow doping drain ) MOSFET is automatically forned
by the sem conductor substrate under the gate, between
the source and drain regions, but regions such as
portions of the drain regions.

Therefore, the conbination of docunents D1 and D2 does
not lead in an obvious way to the process of claiml.

Reasons for the Decision

1

1486. D

The appeal is adm ssible.

Formal requirenents

Claim1l1l of the application as filed specified a "zero

t hermal budget"” process, which expression was expl ai ned
in the description (see page 12, lines 6 to 14) as
nmeani ng that the process is not a "high tenperature and
| ong duration" process. Since there is no evidence that
t he expression is well recognised in the art and since
t he expression is unclear, it has been deleted for
clarity. The claimon the other hand specifies that the
i npl antation steps are effected w thout any thermnal

di ffusion steps, so that the neaning of the above
expression is retained in the claim

The lightly doped channel regions (6) of the
MOS- t echnol ogy power devi ce manufactured by the process
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are now specified as having a dopant concentration that
is less than the concentration of the heavily doped
regions (5) of the sanme conductivity type wherein the
source regions (7) are formed. It is also now specified
that the source regions (7) are substantially aligned
with the edges of the insulated gate |ayer (8) such
that direct contact of the source region (7) to the
lightly doped sem conductor material |ayer (3) of the
first conductivity type is avoi ded. These features
result in the source region (7) being substantially
internal to the heavily doped region (5) and thus not
being in contact with the drain region (3) either
because the inplantation for form ng the source regions
(7) is not deep enough (cf. Figures 7 and 8) or because
phot oresi st masking parts are put in the corners of the
Wi ndows in the insulated gate |ayer (8), as stressed in
the description (cf. page 11, lines 4 to 12).

Therefore, in the judgenent of the Board, the
application satisfies the requirenments of
Article 123(2) and 84 EPC

| nventive step

The only further issue is that of inventive step.

A process for the manufacturing of a MOS-technol ogy
power device is known from docunment D1 (see Figures 1
to 5 and the corresponding text); the known process
conprises in the wording of claim1l of the request, the
foll owi ng steps, which are designated with the sane
reference signs as corresponding steps in the clained
process:

(a) formng a conductive insulated gate |layer (9) on a
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surface of a lightly doped sem conductor materi al
| ayer (7) of a first conductivity type (n);

selectively renoving the insulated gate |ayer (9)
fromsel ected portions of the sem conductor
mat erial |ayer (7) surface;

selectively inplanting a dopant of the second
conductivity type, the insulated gate |ayer

(9, 15) acting as a nmask, in a dose and with an

i npl antation energy suitable to obtain, after the
i npl antation and after a thermal diffusion step,
lightly doped channel regions (12) extending under
the insulated gate | ayer (9, 15);

selectively inplanting a dopant of the second
conductivity type into these sel ected portions of
t he sem conductor material layer (7), the

i nsul ated gate layer (9, 15) acting as a nmask, in
a dose and with an inplantation energy suitable to
obtain, after the inplantation, heavily doped
regions (14) substantially aligned with the edges
of the insulated gate layer (9, 15), the lightly
doped channel regions (12) having a dopant
concentration that is |less than the concentration
of the heavily doped regions (14);

selectively inplanting a heavy dose of a third
dopant of a first conductivity type inter alia
into the heavily doped regions (14), to form
source regions (16) substantially aligned with the
edges of the insulated gate layer (9, 15) such
that direct contact of the source region (16) to
the lightly doped sem conductor material |ayer (7)
of the first conductivity type is avoi ded.
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In the known process, the | owdoped channel region (12)
under the gate (9, 15) is not formed by oblique

i npl antation w thout subsequent thermal diffusion, but
by selectively inplanting a dopant of the second
conductivity type (p-) with an inplantation orientation
whi ch is derivable as not being oblique, and
subsequently submtting the sem conductor wafer to
thermal diffusion (step d').

This is a main distinguishing feature between the known
process and the process of claiml.

A drawback of the process known from docunent D1 is
that, since it conprises steps of formng spacers (13)
at the sides of the insulated gate |layer (15) and
removal of these spacers (13), it is conplicated.

Mor eover, since the known process conprises steps of
thermal diffusion subsequent to the steps of

i npl antation of the dopants, the conditions of the
different inplantations, the tenperatures and durations
of the subsequent thermal steps nust be taken into
account for achieving a MOS-technol ogy power device
with the desired characteristics, the process being
thus further conplicated. |ndeed, the exam ning

di vision had al so pointed out with reference to
docunent D5 that the skilled person would be aware that
t he performance of thermal diffusion was

di sadvant ageous.

In the process of claiml, these problens are sol ved by
i mpl anting the dopant ions exactly where they are to be
put. Thus, the dopants for the channel are inplanted
directly under the edges of the insul ated el ectrodes,

wi t hout form ng spacers and without thermal treatnents
subsequent to the inplantation steps.
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| ndeed, it is known from docunent D2 (see Figures 8A-8F
and the corresponding text) to form doped regions (15c,
16c) extendi ng under the edges of the insulated gate

| ayer (14), by selectively inplanting a dopant of the
correspondi ng conductivity type along directions tilted
of prescribed angles with respect to a direction
orthogonal to the sem conductor material |ayer surface,
the insulated gate |ayer (14) acting as a nmask, in a
dose and with an inplantation energy suitable to
obtain, after the inplantation and w thout therna

di ffusion steps, lightly doped regions (15c, 16c)
extendi ng under the insulated gate |ayer (14).

However, it is first to be noted that the structure to
be fabricated by the process known from docunent D2 is
not a MOS-technol ogy power device with a vertical flow
of current between the main surfaces of the wafer, but
a conventional MOSFET with the current flow ng

hori zontally along the top surface of the wafer.
Docunent D2 thus concerns a related, but different type
of devi ce.

Moreover, the inplantation step for inplanting dopants
under the insulated gate layer is not for formng a
channel region, but for formng a region of the sane
conductivity type as the source or drain region and
opposite to the conductivity type of the channel
region, in a so called LDD MOSFET device, i.e., a
ightly-doped drain MOSFET. Docunent D2 thus concerns
the fabrication of a related, but different type of
region, having a different function.

It is also to be noted that the inplantation and
subsequent thermal diffusion steps for formng the | ow
doped portion (12) of the body region (14, 12) of the
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process of docunent Dl | eads to a highly doped portion
of the body region |located inside the |ightly-doped
body portion of the body region. By nerely repl acing
the inplantation step and thermal diffusion step of
docunent D1 by an oblique inplantation according to
docunent D2, a highly-doped portion |ocated inside the
ightly-doped portion is obtained, and this is contrary
to the result to be obtained by the process of claim1l
wherein the lightly doped channel region, which
corresponds to the lightly-doped portion of the body
regi on, extends only under the insulated gate

el ectrode.

The following is further to be noted with respect to
the structure of the devices discussed in the present
deci si on:

In the device manufactured by the process known from
docunent D1, the (n+, n) drain region (6, 7) of the
first conductivity type extends between the bottom
surface of the sem conductor wafer, with a drain
nmetallisation (19) fornmed there, and parts of the
opposite, top surface of the wafer |ocated under the

i nsul ated gate el ectrode (9, 15). The (n+) source
region (16) is a region of the same first conductivity
type fornmed in this top surface of the wafer and
separated fromthe (n) drain region (6, 7) by a "body"
region (12, 14) of the second conductivity type
consisting of a highly doped p+ portion (14) forned
inside a lightly-doped p- portion (12) formed at the
sanme top face of the wafer and, as shown in particul ar
Figures 4 to 7), the highly doped p+ portion (14) of
the body region (12, 14) is separated fromthe drain
region by the lightly-doped portion (12) of the body
region (12, 14) not only by the part of the | ow doped
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portion (12) of the "body" region (12, 14) extending
under the insulated gate electrode (9, 15), i.e., the
effective channel region of the device, but also by the
parts of the | ow doped portion (12) of the "body"
region (12, 14), thereby separating in the vertical
direction this highly doped portion (14) and the
underlying parts of the drain region (6, 7). Indeed, it
is disclosed in docunent D1 (see colum 4, lines 3

to 10) that it is an advantage of the process that the
junction depth of the high-doping body portion is |ess
than that of the |ightly-doped body portion.

It is credible that, as argued by the appellant, the
configuration of the | ow doped portion of the "body"
regi on underlying the high-doped portion of the body
regi on obtained by the process known from docunent D1

i ntroduces a resistance between the emtter region and
the base region of the parasitic transistor formed by

t he source region, the body region and the drain region
and thus result in ineffective electrical
characteristics. This problemis solved in the MOS-

t echnol ogy power device obtained by the process of
claim1, wherein, since the channel region of the
second conductivity type is obtained by oblique ion

i npl antati on and extends only under the gate el ectrode,
the lightly-doped deep body portion has been
elimnated. The parasitic transistor is discussed in
the application in suit with reference to Figure 1

However, as set forth here above, the process known
from docunment D2 relates to manufacturing a LDD MOS

(1 ow doping drain) device which is different fromthe
MOS-t echnol ogy power devi ce known from docunent D1 and
nore in particular for formng a portion of the drain

t hereof, and thus not for formi ng a channel region. The
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process of docunent D2 is in no way related to the
solution of the problemof the deep body region.

A conbi nation of docunents D1 and D2 woul d not
t herefore be regarded as obvious by a person skilled in
the art.

In the decision under appeal, docunment D4 was relied
upon only to show that in sem conductor device

t echnol ogy, photoresist materials are commonly used as
masks during ion inplantation. The use of photoresist
masks during ion inplantation with high energies, as
claimed in claim1 of the invention, was therefore
regarded as obvi ous.

Simlarly, document D5 was cited in the decision nerely
to show that in subm cron sized devices it was
customary and even necessary to replace therma

di ffusion of dopants by ion inplantation, so that the
probl em addressed by the clained invention was not new.

In view of the above, it follows that the above general
common know edge in conbination with the process known
from docunent D1 would not | ead to the process as
claimed in claim1l.

Consequently, having regard to the state of the art,
the subject-matter of claiml is not obvious to a
skilled person and thus involves an inventive step in
the sense of Article 56 EPC

Therefore, claiml is patentable in the sense of
Article 52(1) EPC

Clains 2 to 10 concern particular forns of the process
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of claim1l1l and are thus al so patentable for the sane
reasons.

Consequently, a patent can be granted on this basis
(Article 97(2) EPC).

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:

Descri pti on:

Pages 1 to 4, 7, 9, 12 and 13 as fil ed;

Pages 5, 6 and 10 as received on 21 July 1998 with
letter of 17 July 1998;

Pages 8 and 11 annexed to the communi cation of the
Board dated 19 March 2003 and accepted by the appell ant
on 22 April 2003;

d ai ns:
No. 1 annexed to the conmmuni cation of the Board dated
19 March 2003 and accepted by the appellant on 22 Apri

2003;

No. 2 to 10 as received on 21 July 1998 with letter of
17 July 1998;

1486. D
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Dr awi ngs:

Sheets 1/3 to 3/3 as fil ed.

The Regi strar: The Chai r man:

N. Maslin R K. Shukl a

1486. D



