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Summary of Facts and Subm ssi ons

2777.D

The appeal lies fromthe decision of the Exam ning
Division dated 10 April 2002 refusing the European

pat ent application No. 97 105 449.9. The grounds for
the refusal were that the subject-matter of claiml
according to the main, first and second auxiliary
requests | acked novelty, that the subject-matter of
claim1l according to the fourth and sixth auxiliary
requests | acked an inventive step and that claim1l
according to the third and fifth auxiliary requests did
not conply with the requirenents of Article 123(2) EPC.

The follow ng prior art docunents were cited inter alia
in the decision under appeal:

D2: Electronics Letters, vol. 22, No. 15, 17 July
1986, pp. 781-783

D3: EP-A-0 592 765

The appel |l ant (applicant) | odged an appeal against the
above decision on 6 June 2002, paying the appeal fee

the sane day. The statenent setting out the grounds of
appeal was filed on 9 August 2002 together with a main

and an auxiliary request.

During the oral proceedings before the Board which took
pl ace on 4 October 2004, the appellant replaced his
previ ous requests by a new nmain request, requesting the
grant of a patent with the follow ng patent application
docunent s:
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C ai ns: No. 1 to 9, filed during the oral

pr oceedi ngs

Descri ption: pages 3, 3a and 7, filed during the oral
pr oceedi ngs
page 5, filed with the letter dated
4 Sept enber 2001
pages 1, 2, 4 and 6, as originally filed

Dr awi ngs: figures 1 to 11, as originally filed.

The wording of the only independent claimis as
fol |l ows:

"1l. A nmethod for fabricating a heterojunction bipolar
transi stor (HBT) conprising:

a) formng a structure with a vertically integrated
profile having a substrate |ayer (34), a collector

| ayer (38), a base layer (40) arranged on top of said
collector layer (38) and an emtter |ayer (50) arranged
on top of said base |ayer (40);

b) formng an emtter nmesa (42) and a thin |ayer (58)
adj acent said emtter nmesa (42) fromsaid emtter |ayer
(50); and

c) depositing one or nore base contact netals on said
thin | ayer (58);

characterised in that a collector contact |ayer (36) is
arranged on top of said substrate |ayer (34) and
underneath the collector |ayer (38) and further
characterised by the step of

d) annealing said base contact netals to cause

di ffusion of a base contact nmetal through said thin

| ayer (58) to enable reaction of said base contact



2777.D

met al
met al
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with said base |ayer (40) resulting in ohm c base
contacts (46, 48)."

The argunentation of the Exam ning Division which is

rel evant to the present decision can be sunmarized as

foll ows:

(a)

(b)

Docunment D3, which is the closest state of the art,
di scl oses a nethod for fabricating a

het eroj uncti on bipolar transistor (HBT) on a
substrate. Al though docunent D3 does not disclose

a collector contact |ayer, the |lower part of the
col l ector | ayer corresponds to the collector

contact |ayer specified in claim1 and its upper
part to the proper collector |ayer. The HBT
according to claim1 of the main request was

t herefore not new over the structure disclosed in

docunent D3.

Docunent D2, noreover, discloses three alternative
met hods for establishing contacts to the base

| ayer of an HBT, nanely:

(i) selective etching of the emtter nesa down to
t he base | ayer and providi ng base netal contacts
on the so exposed surface,

(ii) local Zn diffusion through the emtter |ayer
froma vapour diffusion source, and

(iii) local Zn diffusion through the emtter |ayer
from AuZnAu base contacts used as a solid

di f fusi on source.

It woul d, however, have been obvious to the
skilled person to choose alternative (iii) for
form ng the base netal contacts in order to reduce
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t he nunber of processing steps involved in the
fabrication of the base netal contacts according
to docunment D3, which involves the deposition of a
ZnO | ayer, a Zn diffusion step, the renoval of the
remai ning ZnO | ayer and the formation of the base
nmetal contacts on the doped base regions. The
conbi nati on of the teachings of docunents D2 and
D3 did not involve, for this reason, an inventive

st ep.

The appel | ant argued essentially as foll ows:

According to docunent D3, the object of introducing Zn
as a p-type dopant into the base |layer is not for

form ng the base contacts, but for reducing the overal
resi stance of the base layer. This docunent, noreover,
does not disclose the reasons for formng the thin
emtter portions adjacent to the emitter base. Probably
they are fornmed for isolating the SiN sidewalls from

t he base layer, since in nost of the enbodi nents

di sclosed in this docunent the remaining thin emtter
portions are left only under the sidewalls and are
renoved to expose the surface of the base |ayer prior
to the formation of the base netal contacts.

Docunent D2, noreover, does not disclose that the
AuZnAu | ayer which is the source of Zn forns the base
metal contacts. Apparently the |ower Au |ayer is used
for adhesion on the emtter and the upper Au |ayer for
preventing the evaporation of the Zn into the

at nosphere. The formation of the proper base netal
contacts is not dealt with in this docunent.
Furthernore, the statement that "Devices fabricated
using the selective etching techniques required no heat
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treatnment other than for contact formation" suggests
that the devices obtained by the other two alternative
nmet hods di sclosed in this docunent require further heat
treatnments for the formation of netal contacts besides
the Zn diffusion step.

Reasons for the Decision

2777.D

The appeal is adm ssible.

Arendnent s

Claim1l1l is based on clainms 1 (in particular step (j))
and 14 as filed originally. Moreover, the expressions
"base netal contact” and "base ohm c contacts" have
been respectively replaced by "base contact netal s" and
"ohm c base netal contacts” in order to clarify that
the former expression refers to a netal and the |ater
to a contact.

The Board is therefore satisfied that the requirenents
of Article 84 and 123(2) EPC are fulfill ed.

Furthernore, the description has been anmended to
concord with the amended cl ai ns.

Novel ty

The Exam ning Division argued that the single collector
| ayer of the heterojunction bipolar transistor
(HBT) di scl osed in docunent D3 could be considered to be
formed by a | ower and an upper part which correspond,
respectively, to the collector contact |ayer 36 and the
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proper collector |layer 38 of the HBT according to
claiml of the application in suit.

3.2 The Board however considers that it is not derivable
from docunment D3 that the collector |ayer 2 of the
enbodi nents described with reference to Figures 1 to 4
of this docunent conprises two distinct identifiable
| ayers, ie a collector contact |ayer and a collector
| ayer as required by the wording of claim1l of the
application in suit. Furthernmore, nothing in the
di scl osure of this docunent suggests that there is eg
an abrupt variation in inpurity concentration or an
inmpurity concentration gradient in the |ayer 2
suggesting that the collector |layer is subdivided in
two sub-| ayers.

3.3 Docunent D2 di scl oses a HBT having a nesa structure.
However, there is no formation of a thin |ayer of
emtter material adjacent to the emtter nesa through
whi ch a base contact netal is diffused as in the
process of claim1.

3.4 For the foregoing reasons the Board considers that the
fabrication nmethod according to claiml1 is new,

4, | nventive step

4.1 Docunent D3 discloses a nethod for formng a HBT in
which a ZnOfilm8 is deposited onto the whol e surface
of the device once the emtter |ayer 4 has been etched
into a nesa. Athin emtter layer 41 remains at both
sides of the emtter nesa, covering the otherw se
exposed base layer 3 (cf. Figure 1b). The device is
then annealed to diffuse the Zn of the ZnO | ayer into

2777.D
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t he underlying base layer. This increases the inpurity
concentration in the diffused regions 9 of the base

| ayer and inproves, in consequence, the conductivity of
t he base layer. The remaining ZnO | ayer is afterwards
renoved and Ti MbAu netal contacts 11 are forned onto
the diffused regions to provide an ohmc contact to the
base | ayer. Although in several enbodinents the thin
emtter layer 41 is renoved prior to the formation of

t he base nmetal contacts 11, it is also disclosed in
this docunent that the layer 41 nmay remain in place,
since its conductivity has been converted into p-type
due to the Zn diffusion and does not, therefore, hinder
the formati on of ohmic contacts to the base. This
second alternative avoids a second base etching step
whi ch woul d be necessary for renmoving the thin emtter

| ayer 41 as done in the other enbodinents (cf. colum 1,
line 14 to colum 2, line 13; colum 9, lines 40 to 47;
Figure 1).

The fabrication nmethod according to claim1l1 differs
fromthe nmethod di sclosed in docunent D3 essentially in
that the netals deposited and |ater diffused into the
base | ayer form sinultaneously the ohmc contact to the
base region (cf. colum 4, lines 40 to 47 of the
publ i shed application).

Thi s reduces the nunber of processing steps required
with respect to the nethod disclosed in docunent D3, as
in this docunment the ohmi c netal contacts to the base
region are forned after the Zn diffusion and the
subsequent renoval of the ZnO | ayer

The Exam ning Division argued that docunent D2
di scl oses three ways of contacting the base region of a



- 8 - T 1059/ 02

HBT, nanely by (cf. page 782, left-hand colum, 39 and
4'" paragraph; Figure 1):

(a) selectively etching the emtter |ayer to expose
t he underlying base |ayer and providi ng netal
contacts on the so exposed surface,

(b) local Zn diffusion froma vapour source through
t he whol e thickness of the emtter |ayer, and

(c) local Zn diffusion froma AuZnAu solid source
provi ded on top of the emtter |ayer.

In their view, the skilled person woul d have chosen
nmet hod (c) for providing the ohm c base netal contacts
to the HBT di sclosed in docunent D3, since this nethod
avoi ds the ZnO etching step and the formation of the
nmetal contacts in a separate step fromthe diffusion
process. It, therefore, reduces the nunber of
processing steps required for manufacturing the HBT.

4.4 The Board, however, concurs with the appellant that
al though there is a clear disclosure that the AuZnAu
| ayer acts as a source of diffusion of Zn, a p-type
impurity, the docunent does not disclose that the
AuZnAu | ayer fornms the base netal contacts after the
di ffusion of Zn. The statenment, "Briefly, the diffusion
of Zn to contact the base relies on .. on page 782,

| eft hand col um, 3'Y paragraph, also does not
unamnbi guousl y di scl ose that the AuZnAu | ayer is used as
t he ohm c base netal contact.

Mor eover, as the appellant pointed out, the statenent
i n docunent D2 that "Devices fabricated using the

2777.D
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sel ective etching techni ques required no heat treatnent
ot her than for contact formation" suggests that, in
contrast to the selective etching nethod (i.e.
technique (a) as identified under point 4.3), in
techniques (b) and (c) a further heat treatnent for
contact formation was required after the Zn diffusion
step (cf. page 782, left-hand colum, end of 4'"
paragraph). In other words, it would appear that in
met hod (c), i1e the diffusion of Zn froma solid AuZnAu
| ayer, a further step of contact formation is required
after the diffusion of Zn.

The Board, for the above nmentioned reasons, concl udes
that there is no clear disclosure in docunent D2 that

t he doping of the regions of the base |ayer and the
formng of the ohmc netal contacts on these regions is
done in a single heat treatnent step. To interpret
docunent D2 in the sense that the Zn diffusion into the
base | ayer and the ohmic netal contacts are perforned
in the sane step tantanounts to an ex post facto
interpretation of this docunent.

As there remain doubts on the real disclosure of
docunent D2, it cannot be concluded that the nethod
according to claiml is obvious with regard to
docunents D2 and D3.

It is therefore the Board's judgenent that the
application in suit fulfils the requirenments of the
EPC.
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it 1s 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 with the follow ng docunents:

d ai ns:

Descri pti on:

Dr awi ngs:

The Regi strar:

P. Crenona
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No. 1to 9, filed during the oral
pr oceedi ngs

pages 3, 3a and 7, filed during the oral
pr oceedi ngs

page 5, filed with the letter dated

4 Sept enber 2001

pages 1, 2, 4 and 6, as originally filed

figures 1 to 11, as originally filed.

The Chai r nan

R K. Shukl a



