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(54) Method of manufacturing heterojunction bipolar transistor and heterojunction bipolar 
transistor

(57) Disclosed is a method of forming a heterojunc-
tion bipolar transistor (HBT), comprising depositing a first
stack comprising an polysilicon layer (16) and a sacrificial
layer (18) on a mono-crystalline silicon substrate surface
(10); patterning the first stack to form a trench (22) ex-
tending to the substrate; depositing a silicon layer (24)
over the resultant structure; depositing a silicon-germa-
nium-carbon layer (26) over the resultant structure; se-
lectively removing the silicon-germanium-carbon layer
(26) from the sidewalls of the trench (22); depositing a
boron-doped silicon-germanium-carbon layer (28) over

the resultant structure; depositing a further silicon-ger-
manium-carbon layer (30) over the resultant structure;
depositing a boron-doped further silicon layer (32) over
the resultant structure; forming dielectric spacers (34) on
the sidewalls of the trench (22); filling the trench (22) with
an emitter material (36); exposing polysilicon regions (16)
outside the side walls of the trench by selectively remov-
ing the sacrificial layer (18) of the first stack; implanting
boron impurities into the exposed polysilicon regions (16)
to define base implants; and exposing the resultant struc-
ture to a thermal budget for annealing the boron impuri-
ties. A HBT formed by this method is also disclosed.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a method of
manufacturing a heterojunction bipolar transistor (HBT).
[0002] The present invention further relates to a HBT
manufactured in accordance with this method.

BACKGROUND OF THE INVENTION

[0003] HBTs are attracting considerable attention as
such transistors are capable of being used in high fre-
quency applications such as RF applications, and being
integrated in CMOS processes without requiring many
additional processing steps.
[0004] An example of such a HBT is for instance dis-
closed in EP 1 406 308 A2. As has been disclosed in this
patent application, Si-Ge-C alloys may be advanta-
geously used as a base material in such transistors as
the addition of carbon to the well-known Si-Ge alloys im-
proves the controllability of the diffusion of boron impu-
rities in the intrinsic base, thus improving the controlla-
bility of the performance characteristics of the HBT, which
facilitates the use of the transistor in e.g. RF applications.
However, a drawback of the HBT disclosed in EP 1 406
308 A2 is that its manufacture is rather complex, which
adds to the cost of the integrated circuit (IC) into which
the HBT is to be integrated.
[0005] FIG. 1 shows another known HBT having a re-
duced manufacturing complexity. The HBT is formed on
a mono-crystalline silicon substrate 10 having shallow
trench isolation regions 12 in between which a collector
impurity 11 is implanted into the substrate 10. The base
has been formed by depositing a stack of a first intrinsic
Si-Ge-C layer 26, a boron-doped Si-Ge-C layer 28 and
a further intrinsic Si-Ge-C 30 layer into a trench formed
in a stack comprising a poly-Si layer 16 and a nitride layer
(not shown). The poly-Si layer 16 is sometimes referred
to as a poly-Si gate because it may be deposited using
the same CMOS processing steps to deposit a poly-Si
gate for a FET. It should however be understood that the
poly-Si layer 16 acts as a contact rather than a control
terminal in a HBT, as will be explained in more detail
below. Obviously, a bias voltage may be applied to the
extrinsic base contact 16.
[0006] The carbon-doped layers 26 and 30 surround-
ing the boron-doped Si-Ge-C layer 28 act as boron dif-
fusion buffer layers during activation of the base such
that the boron impurity remains largely confined to the
Si-Ge-C layers, thus resulting in a highly doped base,
which ensures that the base can cope with high switching
speeds. The carbon content in these layers ensures that
boron migration is retarded to such an extent that by the
appropriate choice of layer dimensions and carbon im-
purity levels, the boron can be effectively confined to the
Si-Ge containing layers following annealing.
[0007] An emitter 36 is stacked onto the intrinsic base

layer 28. In such a HBT, the emitter 36 is usually con-
tacted from above and the collector 11 is usually contact-
ed through the substrate 10, i.e. from below. The base
28 is typically contacted through lateral contacts, which
are commonly referred to as extrinsic base regions. The
extrinsic base regions are formed in the poly-Si layer 16
over an oxide 14, and are separated from the emitter 36
by sidewall spacers 34.
[0008] In order to obtain a good contact between the
extrinsic base regions 16 and the intrinsic base 28, the
extrinsic base regions 16 are usually implanted with a
boron impurity, which is subsequently (laterally) diffused
by an anneal step to connect the extrinsic and intrinsic
base regions.
[0009] However, a drawback of this device is that the
vertical portions of the intrinsic Si-Ge-C buffer layer 26
that separate the boron-doped Si-Ge-C intrinsic base lay-
er 28 from the extrinsic base regions prohibit the diffusion
of boron between the extrinsic base and the intrinsic base
region during annealing, such that the resulting device
suffers from a higher than desirable base resistance.
[0010] This is shown in FIG. 2, in which the boron lat-
eral concentration due to the presence of a negative spike
in the boron concentration profile along the line A-A’, i.e.
at the first intrinsic Si-Ge-C layer. The negative spike 40
occurs in the intrinsic Si-Ge-C layer 26, which as previ-
ously explained prohibits the lateral migration of the bo-
ron implant in the extrinsic base region 16 towards the
Si-Ge-C layer 28. The Ge-containing region of the HBT
of FIG. 1 has been labeled Ge in FIG. 2. The positive
spike 50 corresponds to the boron concentration in the
Si-Ge-C layer 28. The relatively high base resistance
caused by the negative spike 50 limits the performance
of the HBT in high frequency applications such as RF
devices.

SUMMARY OF THE INVENTION

[0011] The present invention seeks to provide a meth-
od of manufacturing a HBT that combines a low com-
plexity with improved base resistance characteristics.
[0012] The present invention further seeks to provide
a HBT having improved base resistance characteristics
compared to the device shown in FIG. 1.
[0013] In accordance with a first aspect of the present
invention, there is provided a method of forming a heter-
ojunction bipolar transistor, comprising depositing a first
stack comprising an polysilicon layer and a dielectric lay-
er over the oxide layer on a single crystal silicon sub-
strate; patterning the first stack to form a trench extending
to the substrate; depositing a silicon layer over the re-
sultant structure; depositing a silicon-germanium-carbon
layer over the resultant structure; selectively removing
the silicon-germanium-carbon layer from the sidewalls
of the trench; depositing a boron-doped silicon-germani-
um-carbon layer over the resultant structure; depositing
a further silicon layer over the resultant structure; forming
dielectric spacers on the sidewalls of the trench; filling
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the trench with an emitter material; exposing polysilicon
regions outside the side walls of the trench by selectively
removing the dielectric layer of the first stack; implanting
boron impurities into the exposed polysilicon regions to
define base implants; and exposing the resultant struc-
ture to a thermal budget for annealing the boron impuri-
ties.
[0014] Due to the selective removal of the intrinsic Si-
Ge-C layer from the side walls of the trench in which the
extrinsic base and emitter are formed, the boron impuri-
ties in the extrinsic base can migrate into the boron-doped
Si-Ge-C layer, thus avoiding the presence of the negative
boron concentration spike in the boron concentration pro-
file from the extrinsic base into the intrinsic base region.
Consequently, a HBT having an improved, i.e. lower,
base resistance is achieved, which makes the HBT more
suitable for high-frequency, e.g. RF applications.
[0015] The aforementioned selective removal is pos-
sible because the portion of Si-Ge-C layer that grows on
the monocrystalline substrate, i.e. the horizontal portion
in the bottom of the trench has a mono-crystalline texture,
whereas the portion of Si-Ge-C layer formed on the side-
walls of the trench has a polycrystalline texture due to its
growth onto a poly-crystalline silicon layer and an amor-
phous dielectric layer, which implies that the susceptibil-
ity of the respective portions of the Si-Ge-C layer is dif-
ferent to removal, e.g. by etching. In other words, the
higher susceptibility of the polycrystalline Si-Ge-C por-
tion to e.g. etching allows for the selective removal of this
material from at least the side walls of the trench, thus
removing the lateral boron-diffusion barrier between the
boron-doped Si-Ge-C layer forming the intrinsic base and
the poly-Si regions forming the extrinsic base, such that
an improved connection between the intrinsic and extrin-
sic base can be established.
[0016] In a preferred embodiment, the step of selec-
tively removing the silicon-germanium-carbon layer from
the sidewalls is performed by means of HCl vapor etch-
ing. This etching recipe is known to have high selectivity
for removal of SiGe from polycrystalline silicon, as for
instance has been disclosed by Yamamoto et al. in Thin
Solid Films, 508 (2006), pages 297-300. The present ap-
plication has been based on the realization that a similar
selectivity is observed from Si-Ge-C materials deposited
on epitaxial (mono-crystalline) silicon and poly-crystal-
line silicon respectively. In other words, such etch recipes
allow for a discrimination between a Si-Ge-C material
deposited on a surface having a regular structure such
as an epitaxial Si surface and an surface having a more
random (amorphous) structure, such as a poly-Si sur-
face, as previously explained.
[0017] The trench may be formed in any suitable man-
ner, such as by etching. In this case, the method may
further comprise depositing an etch stop layer over the
substrate prior to the deposition of the first stack, and
wherein the patterning the first stack to form a trench
extending to the substrate comprises etching said trench
until the etch stop layer is exposed; and subsequently

removing the etch stop layer from the trench prior to de-
positing the silicon layer. This protects the substrate from
being damaged in the trench etching step.
[0018] The dielectric spacers between the vertical por-
tion of the extrinsic base region and the emitter region of
the HBT may be formed in any suitable manner. In an
embodiment, the step of forming dielectric spacers on
the sidewalls of the trench comprises depositing an ox-
ide-nitride-oxide stack over the resultant structure ob-
tained after depositing the further silicon layer; exposing
the oxide-nitride-oxide stack to an anisotropic oxide etch;
and removing the nitride and oxide layers of the oxide-
nitride-oxide stack from the top of the resultant structure
prior to filling the trench with the emitter material.
[0019] The step of filling the trench with the emitter
material may comprise depositing the emitter material
over the resultant structure obtained after forming the
dielectric spacers and planarizing the deposited emitter
material until the nitride layer of the first stack is reached.
[0020] In accordance with another aspect of the
present invention, there is provided a heterojunction bi-
polar transistor comprising a silicon substrate having a
mono-crystalline surface carrying boron-doped polysili-
con regions defining extrinsic base regions separated by
a filled trench over a collector region in the substrate,
said filled trench comprising an emitter portion separated
from the substrate by a layer stack including a boron-
doped silicon-germanium-carbon base layer in between
a first silicon-germanium-carbon layer facing the silicon
substrate and a second silicon-germanium-carbon layer
facing the emitter portion, said emitter portion being lat-
erally separated from the extrinsic base regions by re-
spective side wall spacers, wherein the first silicon-ger-
manium-carbon layer in said filled trench extends across
the bottom of the filled trench only.
[0021] Consequently, because the first silicon-germa-
nium-carbon buffer layer does not extend over the side-
walls of the filled trench, the intrinsic base formed by the
boron-doped silicon-germanium-carbon base layer and
the extrinsic poly-Si base regions are not separated by
the first silicon-germanium-carbon buffer layer retarding
the migration of boron from the poly-Si regions towards
the intrinsic base during an anneal step.
[0022] If any layer is present between the intrinsic and
extrinsic base regions, such a layer must be thin enough
and of a material that facilitates boron migration between
the poly-Si regions and the intrinsic base layer, such that
following annealing, the boron doping profile from the
intrinsic base region into the extrinsic base regions is
continuously decreasing in the HBT of the present inven-
tion, i.e. does not exhibit a negative spike. This has the
advantage that the HBT has improved performance char-
acteristics in high-frequency applications due to the ab-
sence of the negative spike 40 in the lateral boron doping
profile.
[0023] The HBT of the present invention may be ad-
vantageously incorporated into an IC, such as an analog
signal processing IC for mobile communication devices,
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e.g. mobile phones. Such an IC itself may be advanta-
geously incorporated into an electronic device such as a
mobile communications device, a personal digital assist-
ant, a consumer electronics device and so on.

BRIEF DESCRIPTION OF THE EMBODIMENTS

[0024] Embodiments of the invention are described in
more detail and by way of non-limiting examples with
reference to the accompanying drawings, wherein

FIG. 1 schematically depicts a prior art HBT;
FIG. 2 schematically depicts a doping profile of the
HBT of FIG. 1;
FIG. 3a-l schematically depict a method of manufac-
turing a HBT in accordance with an embodiment of
the present invention; and
FIG. 4 schematically depicts a doping profile of a
HBT manufactured in accordance with an embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE DRAWINGS

[0025] It should be understood that the Figures are
merely schematic and are not drawn to scale. It should
also be understood that the same reference numerals
are used throughout the Figures to indicate the same or
similar parts.
[0026] FIG. 3a-l give a non-limiting example of a man-
ufacturing method of a HBT in accordance with an em-
bodiment of the present invention. It is pointed out that
the use of several materials is by way of non-limiting ex-
ample only, and that other materials suitable for the same
purpose may be used instead. Similarly, the skilled per-
son will be aware of alternatives for the processing steps
depicted in these figures. For the sake of brevity, such
alternative materials and processing steps will not be ex-
plicitly described, but it will be merely pointed out that
such alternatives exist.
[0027] In FIG. 3a, a substrate 10 is provided with com-
prises STI regions 12 and a collector implant 11. The STI
regions 12 may be formed in any suitable manner, e.g.
by forming a trench and filling the trench with a suitable
oxide, e.g. SiO2. The STI regions 12 may also be re-
placed by other suitable solutions for isolating the HBT
in the substrate 10. It is important that the upper surface
of the substrate 10 comprises mono-crystalline silicon,
the reason for which will be explained in more detail later.
Hence, the substrate 10 may be a mono-crystalline sili-
con substrate or may comprise an upper layer of epitaxial
silicon (not shown). For the sake of completeness, it is
pointed out that mono-crystalline silicon, which is some-
times also referred to as a single crystal, comprises a
crystal lattice having a single orientation, as opposed to
poly-crystalline silicon, which lattice has multiple orien-
tations, i.e. is more amorphous.
[0028] A dielectric layer 14 acting as an etch stop layer
may be formed over the substrate 10. A suitable candi-

date material for the etch stop layer 14 is a gate oxide
layer although other materials may also be considered.
A polysilicon layer 16 is subsequently grown, and cov-
ered by a sacrificial layer 18. The polysilicon layer is
sometimes also referred to as the poly-Si gate. The sac-
rificial layer 18 is used at a later stage as a stop layer.
For this reason, the sacrificial layer 18 may be a dielectric
layer such as a nitride layer. The polysilicon layer 16 and
the sacrificial layer 18 will also be referred to as a first
stack of layers.
[0029] In FIG. 3b, a mask layer 20 is formed over the
first stack, e.g. by spinning a resist onto the first stack,
and subsequently patterned, after which a trench 22 is
etched in the first stack over the collector implant 11. This
etching step, for which any suitable etchant may be used,
is designed to stop at the etch stop layer 12 to protect
the mono-crystalline substrate surface from being dam-
aged in the etching process.
[0030] Next, as shown in FIG. 3c, the etch stop layer
14 is removed from the trench after which an intrinsic
silicon layer 24 and an intrinsic Si-Ge-C (silicon-germa-
nium-carbon) layer 26 are grown over the resultant struc-
ture. The intrinsic silicon layer 24 acts as a seed layer
for the intrinsic Si-Ge-C layer 26, which cannot effectively
grow on certain materials including SiO2. Hence, the
presence of the intrinsic Si layer 24 ensures that the in-
trinsic Si-Ge-C layer 26 exhibits the appropriate growth
characteristics in areas extending e.g. over STI regions
12. In the context of the present application, the term
’intrinsic’ is used to indicate that no impurities have been
added to such materials. A suitable deposition technique
for these layers is chemical vapor deposition (CVD). Al-
ternative deposition schemes are also feasible as long
as the bottom and side walls of the trench 22 are covered
by these layers.
[0031] Due to the epitaxial nature of the exposed sur-
face of the silicon substrate 10, the intrinsic silicon layer
24 will have a mono-crystalline structure at the bottom
of the trench 22, whereas the intrinsic silicon layer 24 on
the side walls of the trench 22 will have a more amor-
phous structure. Consequently, the intrinsic Si-Ge-C lay-
er 26, which is used as a buffer layer as will be explained
in more detail below, will also have a largely mono-crys-
talline structure at the bottom of the trench 22, whereas
this layer will also have a more amorphous structure on
the side walls of the trench 22, as induced by the under-
lying intrinsic silicon layer 24. The exact composition of
the Si-Ge-C layer 26 is not essential to the present in-
vention. As a non-limiting example, a Si-Ge-C layer 26
roughly having an 80 atom% Si content and a 20 atom%
Ge content, with a C-content of less than 1 atom%, e.g.
0.2 atom% may be used. Preferably, the intrinsic Si-Ge-
C layer 26 is thicker than the intrinsic silicon layer 24,
e.g. twice as thick.
[0032] The aforementioned difference in crystal struc-
ture is utilized in a next step to selectively remove the
more amorphous Si-Ge-C layer 26 from at least the side
walls of the trench 22, as shown in FIG. 3d. The amor-
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phous intrinsic Si-Ge-C layer 26 may also be removed
from the top of the sacrificial layer 18. A suitable way of
selectively removing such predominantly amorphous Si-
Ge is by means of a vapor HCl etch, as disclosed by
Yamamoto et al. It has been found that the additional
carbon content in such a material does not significantly
alter the selectivity of such an etching process. The HCl
etching step may be optimized by varying the process
conditions, e.g. temperature and partial HCl pressure.
[0033] Upon removal of the intrinsic Si-Ge-C layer 26
from the side walls of the trench 22, a boron-doped Si-
Ge-C layer 28, an intrinsic Si-Ge-C layer 30 and a boron-
doped silicon layer 32 for limiting the resistance of the
intrinsic base are sequentially deposited over the result-
ant structure, e.g. by means of CVD. This is shown in
FIG. 3e. The Si, Ge and C content of the boron-doped
Si-Ge-C layer 28 and the further intrinsic Si-Ge-C layer
30 may be the same as the intrinsic Si-Ge-C layer 26 or
may all be different. Preferably, the boron concentration
in the boron-doped Si-Ge-C layer 28 is in the range of
1.1019-2.1020 atoms/cm3, and the boron concentration
in the boron-doped Si layer 32 is in the range of 5.1017-
5.1018 atoms/cm3.
[0034] At this point, it is noted that the resultant struc-
ture comprises a boron-doped Si-Ge-C layer 28 that is
separated from the poly-Si layer 16 by a thin layer of
intrinsic silicon only. Consequently, upon exposure of the
HBT to a thermal budget for annealing purposes, there
is no boron migration barrier between the vertical portion
of the boron-doped Si-Ge-C layer 28, i.e. the sidewall
portion of this layer and the poly-Si layer 16, such that a
more continuous boron diffusion profile, i.e. lacking the
negative spike 40, can be established between the in-
trinsic base including the vertical portion of the boron-
doped Si-Ge-C layer 28 and the extrinsic base defined
by the poly-Si regions 16. This will be demonstrated in
more detail below.
[0035] The next steps of the exemplary method are
directed to forming the emitter of the HBT. As shown in
FIG. 3f, a dielectric material for forming spacers between
the base materials in the trench 22 and the emitter to be
formed is deposited over the resultant structure. The di-
electric material may for instance comprise a so-called
ONO stack, i.e. a pair of oxide layers 34 separated by a
nitride layer 35. Typically, the first deposited oxide layer
34 and the nitride layer 35 are much thinner than the
second deposited oxide layer. For instance, in a 140 nm
technology, the first oxide layer 34 may be around 5 nm
thick, the nitride layer 35 may be around 10 nm thick and
the second oxide layer 34 may be around 100 nm thick
by way of non-limiting example. Obviously, the thickness-
es as well as the ratio of thicknesses may be varied in
accordance with device specifications and technology
scale used. The dielectric spacer material may be de-
posited or grown in any suitable manner.
[0036] In a next step, shown in FIG. 3g, spacers 34
are formed by exposing the ONO stack to an anisotropic
etch, e.g. using C4F8/Ar based chemistry, and using the

nitride layer 35 as an etch stop layer. Many other suitable
etch recipes are known per se and are therefore not dis-
cussed further for the sake of brevity. The nitride layer
35 and underlying oxide layer 34 are subsequently re-
moved, for instance by using a wet nitride etch with
H3PO4 by way of non-limiting example, which exposes
the boron-doped silicon layer 32 at the bottom of the
trench 22, as indicated by the arrow in FIG. 3h. This etch-
ing step is typically performed for a duration such that
the vertical spacer structures 34 are only thinned but not
fully removed. Following this nitride and oxide removal,
an emitter material 36 is deposited over the resultant
structure, e.g. a poly-crystalline silicon emitter material
36.
[0037] The resultant structure is subsequently
planarized using sacrificial layer 18, e.g. a nitride layer,
as a stop layer. This is shown in FIG. 3i. A suitable planari-
zation technique is chemical mechanical polishing (CMP)
although other planarization techniques may also be con-
templated. Following planarization, the sacrificial (nitride)
layer 18 is removed, e.g. by means of an etching step,
after which a cap layer 38 is formed over the stacked
base/emitter structure, as shown in FIG. 3k. This may be
achieved in any suitable way, for instance by forming a
photoresist layer over the stacked base/emitter structure
by deposition and subsequent patterning. Since the for-
mation of such caps is well-known per se, this is not fur-
ther explained for reasons of brevity only.
[0038] The cap layer 38 is used to protect the emitter
36 from the implanting of boron impurities in the now
exposed polycrystalline silicon layer 16 to define the ex-
tended base regions of the HBT. The boron implants may
be realized using standard CMOS source/drain implants.
For instance, in a 140 nm CMOS process, the boron
source drain implants may be performed at 4-13 keV to
give a projected implantation depth of 16-48 nm with bo-
ron concentrations preferably ranging from 1.1015 -
1.1016 atoms/cm3.
[0039] Following the extrinsic base implanting, the cap
layer 38 is removed, e.g. by means of stripping in case
of the cap layer 38 being a polymer-based resist material,
and the implants are activated, i.e. annealed, by exposing
the resultant structure to a suitable thermal budget, thus
yielding the HBT shown in FIG. 3l. At this stage, it is
pointed out that the Si-Ge-C layers 26 and 30 pact as
boron diffusion retardation layers during this anneal step
such that boron diffusion from the boron-doped Si-Ge-C
base layer 28 is largely confined within the Si-Ge-based
layers 26, 28, 30 due to the presence of the carbon in
these layers as previously explained, thus resulting in a
highly doped base for the HBT of the present invention.
[0040] Further processing steps, e.g. back-end
processing steps for the formation of contacts to e.g. the
base and emitter regions, have been omitted as the
choice of implementation of such back-end processing
steps has no bearing on the present invention.
[0041] FIG. 4 shows the lateral boron concentration
profile along the line B-B’ of the HBT of FIG. 3l. The ger-
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manium-containing regions of the HBT of the present in-
vention are limited to the boron-doped Si-Ge-C layer 28
facing the extended base region 16 and the intrinsic Si-
Ge-C layer 30 separating the boron-doped Si-Ge-C layer
28 from the emitter 36 over the collector area 11. The
effect of the intrinsic Si-Ge-C layer 30 is clearly noticeable
in FIG. 4, as this layer has acted as a buffer or retardation
layer for the lateral migration of the boron implant in the
boron-doped Si-Ge-C layer 28 in the direction of the emit-
ter 36, as indicated by the negative spike 70.
[0042] However, the absence of the intrinsic Si-Ge-C
layer 26 between the vertical portion of the boron-doped
Si-Ge-C layer 28 and the boron-implanted poly-Si region
16 forming the extended base region has ensured that
the lateral boron concentration from the boron-doped Si-
Ge-C layer 28 to the extended base region has a contin-
uously decreasing profile 60, i.e. is devoid of a negative
spike 40 as present in the prior art HBT depicted in FIG.
1. Consequently, the HBT of the present invention may
be realized using CMOS process technology, and has a
reduced base resistance compared to the HBT of FIG. 1.
[0043] For the sake of completeness, it is reiterated
that the extrinsic base region as defined by the boron-
doped Si-Ge-C layer 28 and the extended base region
as defined by the boron-doped poly-Si regions 16 may
be separated from each other by additional layers, such
as the intrinsic Si-layer 24, as long as such layers do not
prevent the establishment of the continuously decreasing
profile 60 during the anneal step of the method of the
present invention.
[0044] It should be noted that the above-mentioned
embodiments illustrate rather than limit the invention, and
that those skilled in the art will be able to design many
alternative embodiments without departing from the
scope of the appended claims. In the claims, any refer-
ence signs placed between parentheses shall not be con-
strued as limiting the claim. The word "comprising" does
not exclude the presence of elements or steps other than
those listed in a claim. The word "a" or "an" preceding
an element does not exclude the presence of a plurality
of such elements. The invention can be implemented by
means of hardware comprising several distinct elements.
In the device claim enumerating several means, several
of these means can be embodied by one and the same
item of hardware. The mere fact that certain measures
are recited in mutually different dependent claims does
not indicate that a combination of these measures cannot
be used to advantage.

Claims

1. A method of forming a heterojunction bipolar tran-
sistor, comprising:

depositing a first stack comprising an polysilicon
layer (16) and a sacrificial layer (18) on a mono-
crystalline silicon substrate surface (10);

patterning the first stack to form a trench (22)
extending to the substrate;
depositing a silicon layer (24) over the resultant
structure;
depositing a silicon-germanium-carbon layer
(26) over the resultant structure;
selectively removing the silicon-germanium-
carbon layer (26) from the sidewalls of the trench
(22);
depositing a boron-doped silicon-germanium-
carbon layer (28) over the resultant structure;
depositing a further silicon-germanium-carbon
layer (30) over the resultant structure;
depositing a boron-doped further silicon layer
(32) over the resultant structure;
forming dielectric spacers (34) on the sidewalls
of the trench (22);
filling the trench (22) with an emitter material
(36);
exposing polysilicon regions (16) outside the
side walls of the trench by selectively removing
the sacrificial layer (18) of the first stack;
implanting boron impurities into the exposed
polysilicon regions (16) to define base implants;
and
exposing the resultant structure to a thermal
budget for annealing the boron impurities.

2. The method of claim 1, wherein the step of selectively
removing the silicon-germanium-carbon layer (26)
from said sidewalls is performed by means of HCl
vapor etching.

3. The method of claim 1 or 2, further comprising de-
positing an etch stop layer (14) over the substrate
(10) prior to the deposition of the first stack, and
wherein the patterning the first stack to form a trench
(22) extending to the substrate (10) comprises etch-
ing said trench (22) until the etch stop layer (14) is
exposed; and subsequently removing the etch stop
layer (14) from the trench (22) prior to depositing the
silicon layer (24).

4. The method of claim 3, wherein the etch stop layer
(14) is an oxide layer.

5. The method of any of the preceding claims, wherein
the substrate (10) comprises shallow trench insula-
tion regions (12), and wherein the trench (22) is
formed over an area of the substrate (10) in between
neighboring shallow trench insulation regions (12).

6. The method of any of the preceding claims, wherein
the step of forming dielectric spacers (34) on the
sidewalls of the trench (22) comprises:

depositing an oxide-nitride-oxide stack over the
resultant structure obtained after depositing the
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further silicon layer;
exposing the oxide-nitride-oxide stack to an an-
isotropic oxide etch; and
removing the nitride (35) and oxide layers of the
oxide-nitride-oxide stack from the top of the re-
sultant structure prior to filling the trench (22)
with the emitter material (36).

7. The method of any of the preceding claims, wherein
the step of filling the trench (22) with the emitter ma-
terial (36) comprises:

depositing the emitter material (36) over the re-
sultant structure obtained after forming the die-
lectric spacers (34); and
planarizing the deposited emitter material (36)
until the sacrificial layer (18) of the first stack is
reached.

8. The method of any of the preceding claims, wherein
the step of implanting boron impurities is performed
using a standard source/drain implanting step.

9. The method of any of the preceding claims, wherein
the sacrificial layer (18) is a nitride layer.

10. A heterojunction bipolar transistor comprising a sili-
con substrate (10) having a mono-crystalline surface
carrying boron-doped polysilicon regions (16) defin-
ing extrinsic base regions separated by a filled trench
over a collector region (11) in the substrate, said filled
trench comprising an emitter portion (36) separated
from the substrate (10) by a layer stack including a
boron-doped silicon-germanium-carbon base layer
(28) in between a first silicon-germanium-carbon lay-
er (26) facing the silicon substrate and a second sil-
icon-germanium-carbon layer (30) facing the emitter
portion, said emitter portion being laterally separated
from the extrinsic base regions (16) by respective
side wall spacers (34),
wherein the first silicon-germanium-carbon layer
(26) in said filled trench extends across the bottom
of the filled trench only.

11. The heterojunction bipolar transistor of claim 10,
wherein the emitter region (36) comprises polysili-
con.

12. The heterojunction bipolar transistor of claim 10 or
11, wherein the lateral boron doping profile from the
base layer (28) into the extrinsic base region (16) is
continuously decreasing.

13. An integrated circuit comprising the heterojunction
bipolar transistor of any of claims 10-12.

14. An electronic device comprising the integrated circuit
of claim 13.

Amended claims in accordance with Rule 137(2)
EPC.

1. A method of forming a heterojunction bipolar tran-
sistor, comprising:

depositing a first stack comprising an polysilicon
layer (16) and a sacrificial layer (18) on a mono-
crystalline silicon substrate surface (10);
patterning the first stack to form a trench (22)
extending to the substrate;
deposing an intrinsic silicon layer (24) over the
resultant structure;
reposing an intrinsic silicon-germanium-carbon
layer (26) over the resultant structure;
selectively removing the intrinsic silicon-germa-
nium-carbon layer (26) from the sidewalls of the
trench (22);
depositing a boron-doped silicon-germarium-
carbon layer (28) over the resultant structure;
depositing a further intrinsic silicon-germanium-
carbon layer (30) over the resultant structure;
depositing a boron-doped further silicon layer
(32) over the resultant structure;
forming dielectric spacers (34) on the sidewalls
of the trench (22);
the trench (22) with an emitter material (36);
exposing polysilicon regions (16) outside the
side walls of the trench by selectively removing
the sacrificial layer (18) of the first stack;
implanting boron impurities into the exposed
polysilicon regions (16) to define base implants;
and
exposing the resultant structure to a thermal
budget for annealing the boron impurities,

2. The method of claim 1, wherein the step of selec-
tively removing the intrinsic silicon-germanium-car-
bon layer (26) from said sidewalls is performed by
means of HCl vapor etching.

3. The method of claim 1 or 2, further comprising
depositing an etch stop layer (14) over the substrate
(10) prior to the deposition of the first stack, and
wherein the patterning the first stack to form a trench
(22) extending to the substrate (10) comprises etch-
ing said trench (22) until the etch stop layer (14) is
exposed, and subsequently removing the etch stop
layer (14) from the trench (22) prior to depositing the
silicon layer (24).

4. The method of claim 3, wherein the etch stop layer
(14) is an oxide layer.

5. The method of any of the preceding claims, where-
in the substrate (10) composes shallow trench insu-
lation regions (12), and wherein the trench (22) is
formed over an area of the substrate (10) in between
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neighboring shallow trench insulation regions (12).

6. The method of any of the preceding claims, where-
in the step of forming dielectric spacers (34) on the
sideways of the trench (22) comprises:

depositing an oxide-nitride-oxide stack over the
resultant structure obtained after depositing the
further silicon layer,
exposing the oxide-nitride-oxide stack to an an-
isotropic oxide etch; and
removing the nitride (35) and oxide layers of the
oxide-nitride-oxide stack from the top of the re-
sultant structure prior to filling the trench (22)
with the emitter material (36).

7. The method of any of the preceding claims, where-
in the step of filling the trench (22) with the emitter
material (36) comprises:

depositing the emitter material (36) over the re-
sultant structure obtained after forming the die-
lectric spacers (34); and
planarizing the deposited emitter material (36)
until the sacrificial layer (18) of the first stack is
reached.

8. The method of any of the preceding claims, where-
in the step of implanting boron impurities is per-
formed using a standard source/drain implanting
step.

9. The method of any of the preceding claim, wherein
the sacrificial layer (18) is a nitride layer.

10. A heterojunction bipolar transistor comprising a
silicon substrate (10) having a mono-crystamne sur-
face carrying boron-doped polysilicon regions (16)
defining extrinsic base regions separated by a filled
trench over a collector region (11) in the substrate,
said filled trench comprising an emitter portion (36)
separated from the substrate (10) by a layer stack
including a boron-doped silicon-germanium-carbon
base layer (28) in between a first intrinsic silicon-
germanium-carbon layer (26) facing the silicon sub-
strate and a second intrinsic silicon-germanium-car-
bon layer (30) facing the emitter portion, said emitter
portion being laterally separated from the extrinsic
base regions (16) by respective side wall spacer
(34),
wherein the first silicon-germanium-carbon layer
(26) in said filled trench extends across the bottom
of the filled trench only.

11. The heterojunction bipolar transistor of claim 10,
wherein the emitter region (36) comprises polysili-
con.

12. The heterojunction bipolar transistor of claim 10
or 11, wherein the lateral boron doping profile from
the base layer (28) into the extrinsic base region (16)
is continuously decreasing.

13. An integrated circuit comprises the heterojunc-
tion bipolar transistor of any of claims 10-12.

14. An electronic device comprising the integrated
circuit of claim 13.
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