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(57) Abstract: The present invention provides for a method of fabricating a semiconductor device comprising a non-selectively
grown SiGe(C) heterojunction bipolar transistor including the steps of forming an insulating layer (12, 40) on a substrate and pro-
viding a layer structure including a conductive layer (14, 42) on the insulating layer (12, 40), etching a transistor area opening (12,
44) through the conductive layer (14, 42), depositing a SiGe base layer (24, 46) on the inner wall of the transistor area opening (22,
44) and forming an insulator (32, 52) on an upper surface so as to fill the transistor area opening wherein prior to the filling step, a
nitride layer (30, 50) is formed as an inner layer of the transistor area opening (22, 44).
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Method of fabrication SiGe heterojunction bipolar transistor

The present invention relates to the fabrication of a semiconductor device
comprising a SiGe heterojunction bipolar transistor, including a bipolar transistor such as a
SiGeC heterojunction bipolar transistor.

In particular, the present invention relates to a method of fabricating a
semiconductor device comprising a SiGe(C) heterojunction bipolar transistor using a non-
selective epitaxial growth including the steps of forming an insulating layer on a substrate,
providing a layer structure including a conductive layer on the insulating layer, etching a
transistor area opening through the conductive layer, depositing a SiGe base layer inside the
transistor area opening, and including the step of filling the transistor area opening with an
insulator which is to be subsequently etched.

In this manner, the present invention can relate to a SiGe(C) heterojunction
bipolar transistor using non-selective epitaxial growth, an intrinsic SiGe base layer is grown
inside a window in a stack consisting of thermal oxide, B-doped poly-silicon, TEOS and
amorphous silicon, wherein the B-doped poly-silicon is employed for formation of the

extrinsic base contact.

Such a process is known from US-A-6169007 which discloses a method of
fabricating a self-aligned non-selective thin-epi-base SiGe heterojunction bipolar transistor in
which a TEOS or spin-on-glass silicon dioxide etch back is used. The manner of fabrication
disclosed in this document seeks to provide for the fabrication of the transistor such that it is
self-aligned to a single mask since this can lead to transistors exhibiting smaller device areas
while exhibiting reduced parasitic problems. There are currently known two different
integration schemes for the integration of, for example, a SiGe and including a SiGeC,
heterojunction bipolar transistor. The first is based upon a double-poly structure and employs
selective epitaxial growth in a cavity underneath the base-poly-silicon in order to form an
extrinsic base contact. The second is based upon non-selective, or differential, epitaxial

growth, in which poly- SiGe is grown on field oxide regions of the structure and mono- SiGe

CONFIRMATION COPY
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is grown in the active area. In this second known scheme, the extrinsic base contact is formed
by the poly-silicon grown on the field oxide.

The first scheme mentioned above which relies on selective epitaxial growth
exhibits a disadvantageous loading effect. The chemical concentrations concerned depend
heavily on the density of the active area and it is found that the growth rate may vary in
response to circuit layout. Such problems do not generally arise with non-selective epitaxial
growth since the growth is arranged to take place over the whole exposed surface area, i.e. on
the field oxide and on the bare mono-silicon material in the transistor area.

Although the subject matter of US-A-6169007 exhibits the above-mentioned
advantages of smaller transistor size and lower parasitic capacitances it nevertheless exhibits
disadvantages in relation to the fabrication technique disclosed.

In particular, in such a known process, to prevent the SiGe base layer from
being oxidized, or otherwise damaged, by steps subsequent to its deposition, several

sacrificial layers and protective spacers are used.

The present invention seeks to provide for a method of fabricating a
semiconductor device comprising a non-selectively grown SiGe(C) heterojunction bipolar
transistor, which method exhibits advantages over known such methods.

According to the present invention, there is provided a method of fabricating a
semiconductor device comprising a non-selectively grown SiGe(C) heterojunction bipolar
transistor as described above, wherein prior to the said filling of the transistor area opening, a
nitride layer is formed as an inner layer of the transistor area opening.

The invention is advantageous in that, through the particular location of the
nitride layer, the nitride in the transistor area opening remains after the insulator has been
etched and can serve to prevent the SiGe base layer from being oxidized, or otherwise
damaged, in subsequent fabrication steps.

The features of Claims 2, 3 and 4 prove advantageous in that it is then not
necessary to provide several sacrificial layers, or protective nitride spacers, since the SiGe
base layer can be simply and effectively isolated. The features of Claim 8 are particularly
advantageous in this regard.

The feature of Claim 5 is advantageous in that, rather than requiring a plurality
of dummy layers deposited and subsequently etched, the re-oxidation of the SiGeC

overcomes the need for such repeated steps.
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The feature of Claim 6 offers advantages in that a readily self-aligned
selectively implanted collector can be provided which allows for the collector doping level
just below the emitter to be increased for improved RF performance. Such improvements are
advantageously achieved without necessarily increasing the collector doping levels in the
extrinsic part of the device then formed. This further serves to advantageously limit extrinsic
parasitic related problems.

The features of Claims 9, 10 and 11 confirm further advantageous aspects of
the invention in providing for simplicity and accuracy of fabrication while limiting the
number of depositions required.

The feature of Claim 12 advantageously assists with isolation of the base layer
and the conductive layer.

The features of Claims 13 and 15 are advantageous in that the structure then
formed can exhibit narrow, but sufficiently filled, openings. The feature of Claim 9 is
advantageous in that the etching of the nitride to form L-spacers can be adapted in relation to
the step of the formation of the selectively-implanted-collector.

It should therefore be appreciated from the above that the present invention
provides for a method of fabricating a non-selectively grown SiGe heterojunction bipolar
transistor in which all contacts, emitter, base and collector are formed fully self-aligned to
one single mask. In particular, the selectively-implanted-collector can also be provided self-
aligned to this single mask. The structure can then exhibit a relatively small transistor area

which can be fabricated in a particularly advantageous manner.

The invention is described further hereinafter, by way of example only, with
reference to the accompanying drawings in which:

Figs. 1-9 illustrate various stages in the fabrication of a non-selectively grown
SiGe heterojunction bipolar transistor according to an embodiment of the present invention;
and

Figs. 10 to 14 illustrate various stages in the fabrication of a non-selectively
grown SiGe heterojunction bipolar transistor according to another embodiment of the present

invention.
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Fig. 1 illustrates an initial structure comprising a standard BiCMOS p-doped

substrate 10 exhibiting a buried collector contact 10b, an N-type collector epitaxial layer 10a
and an n-plug sinker 10c for providing contact between the surface and the buried n-layer
collector contact 10b. Finally there are provided field isolation regions in the form of two
regions of shallow-trench isolation 20. On top of the substrate 10 there is grown a thermal
oxide layer 12, next a stack consisting of a boron insitu-doped poly-silicon deposited layer
14, a TEOS layer 16 and a layer of amorphous-silicon 18.

Turning now to Fig. 2, which is an enlarged detail of the active area, the
transistor area 22 is then opened by etching a well through the entire layered stack formed
above the thermal oxide layer 12. This step is achieved by way of a plasma etch step which
serves to etch through the amorphous silicon layer 18, the TEOS layer 16 and the poly-silicon
layer 14. The thermal oxide 12 serves as an effective stop layer for the plasma etch. The
thermal oxide layer 12 then requires subsequent removal by, for example, a selective wet-
etching step.

It is an important feature of the invention that the transistor opening area 22 is
formed entirely within the confines of the shallow trench isolation regions 20 so it is thus
located in the transistor’s active area. However, apart from initial alignment tolerances, no
further overlay between the active area and the transistor area is required.

The substrate illustrated with reference to the enlarged detail of the active area
of Fig. 2 is shown, for purposes of clarity, in slightly less detail so as to emphasize that,
importantly, the transistor window is only slightly smaller than the active area defined by the
opening in the field oxide.

A selective collector implant is preferably carried out prior to wet-etching of
the thin oxide layer 12.

Subsequent to the formation of the transistor opening area 22 as illustrated in
Fig. 2, a SiGeC base layer 24 is deposited by means of differential epitaxial growth. The
upper amorphous silicon layer 18 acts in this process step as a seed layer such that these
lateral portions 26 of the base layer are formed as a poly-SiGeC layer. However, on the area
of the transistor opening, the base layer comprises regions of epitaxial SiGeC 28 as illustrated
with reference to Fig. 3. This occurs since the poly SiGeC is deposited in polycrystalline
form everywhere except at locations of exposed mono-crystalline silicon 22, where the

SiGeC layer grows epitaxially.
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As an important step of the present invention, the base layer 24 is then covered
by means of a nitride layer 30 which, if thought appropriate, can be separated from the base
layer 24 by means of a thin pad-oxide layer not shown in the illustrated embodiment.

Subsequent to the formation of the nitride layer 30 as illustrated in Fig. 4 it is
covered with a thick Chemical Vapour Deposition (CVD) oxide layer 32. This layer 32 is
required to fill the transistor opening area 22 and so preferably a High Density Plasma
deposition (HDP) oxide is employed for layer 32, so as to achieve enhanced step coverage.

Turning now to Fig. 5, it can be seen that the next steps in the fabrication
process involve the removal of the HDP-oxide 32 from above the stack structure by means of
chemical-mechanical polishing such that the HDP-oxide 32 is left only in the transistor
opening area. With HDP-oxide 32 acting as a masking layer, the nitride layer 30 outside of
the transistor opening area 32 is then etched so as to arrive at the structure illustrated in Fig.
5. Subsequent to this, the HDP oxide 32 is removed completely from within the transistor
opening area and, while then employing the remaining nitride layer 30 as a masking layer,
the poly- SiGeC portions 26 of the base layer 24 are etched, as indeed is the amorphous
silicon layer 18.

The structure illustrated in Fig. 6 is then arrived at with the TEOS layer 16
forming the upper layer of the structure and with sidewall portions of the base layer 24, i.e.
lower portions of the poly- SiGeC base 26 formed beneath the upper level of the protecting
nitride side regions of the protective nitride layer 30 defined within the transistor opening
area.

The nitride 30 is then employed as a mask for an oxidation step in which
thermal oxide 34 is advantageously formed above the poly- SiGeC portions 26 of the base
layer 24. Advantageously, rather than requiring the deposition and etching of multiple
dummy layers, the invention provides re-oxidation of the top poly SiGeC region.

The provision of such protective thermal oxide in this manner serving to
isolate the top of the base layer 24 proves a particularly advantageous step avoiding the
provision of unnecessary sacrificial layers and nitride spacers as required in the prior-art.
Such a structure is illustrated with reference to Fig. 7. Next, dummy spacers are employed to
form the L-spacers as illustrated in Fig. 8. An arsenic insitu-doped poly-silicon layer 36 is
then deposited to form the emitter contact so that the cross-section is then as illustrated in
Fig. 8.

Fig. 9 illustrates an example of a final form of the transistor but excluding

metalization.
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During the emitter anneal, arsenic from, for example, the arsenic in-situ doped
poly-silicon 36 is diffused so as to form the emitter 38 as illustrated in Figs. 8 and 9.

At the same time, Boron from the Boron in-situ doped poly-silicon 14 is
diffused across the boundary formed between the poly SiGeC base 26 and the epitaxial
SiGeC 28, in order to form an extrinsic base-link 38a also illustrated with reference to Fig. 9.

Turning now to Figs. 10 to 14, there are illustrated fabrication steps according
to another embodiment of the invention.

Turning first to Fig. 10, there is illustrated a substrate structure as a starting
point for both embodiments, and so this substrate structure is similar to that of the previous
embodiment as illustrated in Fig. 1 but prior to the formation of any structure on the
substrate. The substrate configuration is again an n-doped collector epitaxial layer 110a
grown above a collector contact 110b and with an n-plug sinker 110c for providing contact
between the surface of the substrate and the buried n-layer collector contact 110b. Shallow
trench isolation regions 120 are formed where indicated.

Turning now to Fig. 11, the next stage in this alternative embodiment
comprises the formation of an insulating layer 40 preferably in the form of thermal oxide
grown to a depth in the region of 20nm. A relatively thick conductive layer 42 preferably of
B-doped poly-silicon is then deposited to a depth in the order of 200-300nm and a window 44
is etched in the poly-silicon layer 42 above the active area of the transistor. Prior to the
epitaxial growth of the, for example, SiGeC base layer, the thin oxide layer 40 within the
opening window 44 can be dipped away as required.

In this Figure, the SiGeC base layer 46 is illustrated together with an
overlaying emitter capping layer grown in a non-selective epitaxial manner as illustrated in
Fig. 12. The SiGeC base layer 46 and the silicon-emitter cap layer 48 not only overlay the
poly-silicon layer 42, but also form inner layers in the transistor opening 44.

A stack of nitride 50 and oxide 52 is then deposited over the entire structure
but the upper regions thereof, as with the first embodiment illustrated hereinbefore, can be
removed by means of chemical mechanical polishing.

Next, while using the remaining oxide as a masking layer, the nitride layer 50
is etched from regions above the poly-silicon 42 so as to arrive at the structure as illustrated
in Fig. 12.

At this stage, and as an option depending on the emitter capping layer
thickness and the desired oxide thickness, the SiGeC base layer 46 and the silicon-emitter cap

layer 48 can be etched using the oxide 52 and nitride 50 as a masking layer. It is preferred to
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retain the epitaxial silicon-emitter cap layer 48 over the SiGeC base layer 46 if the desired
oxide thickness can be formed using only the silicon-emitter cap. If, however, the silicon-
emitter cap layer 48 becomes to thin, it is generally then preferred that it be removed
altogether along with the regions of the SiGeC base layer 46 overlaying the poly-silicon layer
42.

In any case, the HDP oxide can then be dipped away and, assuming both the
silicon-emitter cap layer 48 and the SiGeC base layer 46 have been removed from above the
poly-silicon layer 42, the structure then arrived at is illustrated with reference to Fig. 13
wherein, however, a thermal oxide layer 54 has been grown over the poly-silicon layer 42
and up to and adjacent to the remaining nitride layer 50. This thermal oxide is preferably
grown using a wet oxidation process at a lower temperature, thereby minimizing the effect of
dopant diffusion while still having a reasonable oxide growth rate. A so-called thermal oxide,
Si0,, is grown by oxidizing the silicon surface. This can be done using a pure oxygen, O,
ambient (dry oxidation), or in vapour, H,O (wet oxidation). The latter has the benefit that the
diffusion of the H,O or HO molecule through the already formed SiO; layer is much faster,
because of the smaller size. Therefore, at a given temperature, the wet-oxidation growth rate
is almost always higher than the dry-oxidation growth rate. The growth-rate increases for
both methods with increasing temperature. Dopant diffusion is a temperature activated
process, meaning: the higher the temperature the more dopant diffusion occurs. Hence, to get
a reasonable oxide thickness and at the same time limited dopant, in this case boron,
diffusion a wet-oxidation is preferred.

Depending upon the actual emitter-window and thus, the requirement for
inside spacers, the nitride U-shaped cup 50 as illustrated in Fig. 13 can be employed for the
formation of inside L-spacers, removed or indeed replaced by a thinner nitride layer. If
required, the inside nitride L-spacers can be formed using standard technology.

In processing the structure further, as with the earlier embodiment, an n-doped
layer 56 can be deposited and a rapid thermal anneal conducted so as to form the emitter
region 58 as illustrated in Fig. 14.

Standard processing of the structure illustrated in Fig. 14 can then be
continued and can include patterning the base-poly-silicon, forming salicide on the emitter-
and base-poly-silicon and on the collector sinker, and then completing the structure with a

back-end mnterconnect.
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This second embodiment of the present invention is particularly advantageous
in allowing for yet further reduction of the required processing steps as compared with the
prior art discussed previously.
The entire transistor, extrinsic base contact, SIC and emitter can then be
formed self-aligned to a single mask and in a manner which limits damage to the layers

formed within the transistor opening area in an advantageous manner.
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CLAIMS:

1. A method of fabricating a semiconductor device comprising a SiGe(C)
heterojunction bipolar transistor using a non-selective epitaxial growth including the steps of
forming an insulating layer on a substrate and providing a layer structure including a
conductive layer on the insulating layer, etching a transistor area opening through the
conductive layer, depositing a SiGe base layer inside the transistor area opening and forming
an insulator on an upper surface so as to fill the transistor area opening, wherein prior to the

filling step, a nitride layer is formed as an inner layer of the transistor area opening.

2. A method as claimed in Claim 1 and including forming the layer structure as

part of a multi-layer structure including an insulating layer formed after the conductive layer,

~and wherein the nitride layer is formed on the SiGe base layer.

3. A method as claimed in Claim 2 and including the steps of removing an upper
portion of the said insulator formed on the said upper surface and etching the SiGe base layer

whilst employing nitride formed within the transistor opening area as a mask.

4. A method as claimed in Claim 3 including the step of forming insulating

regions to replace etched upper sidewall regions of the SiGe base layer.

5. A method as claimed in Claim 4 and including the step of re-oxidation of the

upper sidewall region of the SiGe base layer.

6. A method as claimed in any one of the preceding claims wherein, prior to the
deposition of the SiGe base layer, a selective collector region is implanted in the substrate

aligned with the transistor opening area.

7. A method as claimed in any one of Claims 2-5, wherein the multi-layer

structure includes a layer of TEOS and amorphous silicon formed on the conductive layer.
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8. A method as claimed in Claim 1, wherein the said SiGe base layer is formed
on the inner wall of the transistor area opening and over the said conductive layer, and
wherein a silicon-emitter cap layer is formed on the SiGe base layer such that the nitride

layer is then formed on the silicon-emitter cap layer.

9. A method as claimed in Claim 8, and including the step of etching the nitride

using the insulator formed to fill the transistor area opening as a mask.

10. A method as claimed in Claim 8 or 9, and including the step of etching the
silicon-emitter cap layer and the SiGe base layer while using the oxide formed to fill the

transistor area opening, and the nitride as a mask.
11. A method as claimed in Claim 8 or 9, and including the step of removing the
silicon emitter cap layer and the SiGe base layer from regions away from the transistor area

opening.

12. A method as claimed in Claim 10 or 11, and including the step of forming an

insulating layer over the conductive layer.

13. A method as claimed in any one of the preceding claims, wherein the insulator

filling the transistor area opening comprises oxide.

14. A method as claimed in Claim 13, wherein the oxide comprises HDP oxide.

15. A method as claimed in any one of the preceding claims, wherein the nitride

layer is etched to form L-spacers within the transistor opening area.

16. A method as claimed in any one or more of the preceding claims wherein the

insulating layer on the substrate comprises an oxide layer.

17. A method as claimed in any one or more of the preceding claims wherein the

conductive layer comprises poly-silicon.
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