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This invention concerns a bipolar transistor which can be,  in particular,
in the form of a so-called self-aligned  bipolar transistor. In the case of
bipolar transistors, the so-called extrinsic  10 base resistance, with the
transition frequency and base  collector capacitance, is one of the
decisive transistor  parameters which determine important characteristic
quantities such as the maximum oscillation frequency, the  amplification
("gain"), the minimum noise factor, gate 15 delay times, etc. of the
bipolar transistor. The extrinsic  base resistance corresponds to the
resistance between the  base, or the actual base area, and an external
contact,  which is connected to the base via a connecting line. 20
Regarding the above-mentioned transistor. parameters, the  following
applies, for instance, to the maximum oscillation  frequency fmax of the
bipolar transistor: _ fT (1)  f TMx $n.RBCBC  25 where fT is the transition
frequency, RB is the extrinsic  base resistance and CBC is the base
collector capacitance of  the bipolar transistor. 



0 5 JAN 2007  2 For the minimum noise factor Fmin of a bipolar transistor,
the following applies, depending on the extrinsic base  resistance RB and
frequency f: 2  ,r j-*+~1+ + f T /2.I C RB 1+ T~2 + 2 ... (2)  1 l' V T ~ T
J3 f where is the small signal current amplification, Ic is the  collector
current, and VT is the thermal voltage of the  bipolar transistor. 10 From
the two formulae (1) and (2), it can be seen that the  extrinsic base
resistance RB should be small for fast  switching and low noise factors.
One method of reducing  losses in the case of bipolar transistors is the
use of a 15 polysilicon electrode for contacting the base. A p+
polysilicon layer provides a low-resistance path with  correspondingly low
capacitance for the base current.  Specially small extrinsic base
resistances can be achieved, 20 for instance, by use of the concept of the
so-called "self- aligned double polysilicon bipolar transistor", as
described in "Self-Aligned Bipolar Transistors for High- Performance and
Low-Power-Delay VLSI", T.H. Ning et al.,  IEEE Transactions on Electron
Devices, Vol. ED-28, No. 9, 25 pp. 1010 - 1013, 1981. This concept is
therefore used in  almost all widely used production technologies for
ultra- high frequency bipolar transistors. 



In the attached figure, such a self-aligned npn double  30 polysilicon
bipolar transistor is shown in cross-section.  The emitter 3 is contacted
via an n+ doped polysilicon 0 5 JAN 2007  3 electrode 1. A p+ polysil.icon
electrode 2 is assigned to  the p+ doped base 4. The self-aligned emitter
base  insulation 7 is called the "spacers". Additionally, under  the
emitter electrode 3 a TEOS ("tetraethoxysilan / 5 tetraethylorthosilicate")
insulation layer 6 is provided,  and under the base electrode 2 a LOCOS
("local oxidation of  silicon") insulation layer 8 is provided. In the
figure,  the collector area 5 of the bipolar transistor (without the
associated collector electrode) is also shown by a dashed 10 line. A method
of producing such a bipolar transistor is  described, for instance, in
EP-B1-0 535 350. In the case of a self-aligned double polysilicon bipolar
transistor such as is shown in the figure, the extrinsic  15 base
resistance RE consists essentially of three parts, which are called below
the "internal" resistance part RBI,  the "external" resistance part RBe,
and the "link"  resistance part RB1. The internal resistance part RBI
results  from the resistance in the base area 4 on the active 20 transistor
area. The external resistance part RBe describes  the resistance of the
polysilicon base electrode 2, which  leads to the external base contact.
The link resistance  part RB1 represents the extrinsic base resistance
which  results from the low-doped zone under the self-aligned 



25 emitter base insulation, the spacers 7. In today's bipolar transistors,
the total extrinsic base  resistance RB is usually dominated by the sum of
the  internal resistance part RBI and the link resistance part 30 RB1.
Because of progressing lateral scaling of the  components, the internal
resistance part RBI and the link  resistance part RB1 are continually being
reduced.  Simultaneously, the external. resistance part RBe is 05 JAN 2007
4 constantly increasing, because the vertical component  scaling which is
linked to the lateral scaling requires  ever thinner polysilicon layers as
connecting electrodes,  and the layer resistance of these connecting areas
is thus 5 constantly increasing. Thus the external resistance part RBe  is
becoming ever more important for the total extrinsic  base resistance RB.
To keep the layer resistance of the base electrode 2 as 10 small as
possible, in general polysilicon layers doped with  boron are used. The
boron doping is chosen to be above the  electrically activatable
concentration of typically greater  than 5 x 1020 cm-3, to achieve the
smallest possible layer  resistance. The boron doping atom is chosen
because of the 15 consideration that boron has little or no effect on the
grain growth, and does not tend to separate at the grain  boundaries during
thermal processing events. The model of  doping material separation assumes
that the conductivity is  controlled by separation of doping atoms at the
grain 



20 boundaries, where the atoms are themselves captured and  become
electrically inactive. Additionally, a high doping  material concentration
at the grain boundaries suppresses  grain growth during annealing.
Redistribution of implanted  doping materials and greater grain sizes
during subsequent  25 annealing steps change the electrical and structural
properties of the layers, which clearly affects the  external resistance
part RBe of the extrinsic base  resistance RB. The main problem is the
annealing behaviour  of Si samples with doping atoms. In fact, only a small
30 proportion of the doping atoms, about 10%, is ionised. It  is assumed
that inactive, non-eliminated doping atoms are  present in cluster form.
Cluster-formation of the doping  atoms takes place at the annealing
temperature, or 0 5 JAN 2007  5 alternatively mainly during cooling of the
sample. With  typical doping values of boron greater than 5 x 1020 cm-3 and
a layer thickness of 150 - 250 nm, minimum layer  resistances of about 50 -
100 s2/0 can be achieved. 5 The present invention is based on the object of
providing a  bipolar transistor in which the layer resistance of the
connecting electrodes, particularly the base electrode, is  further
reduced. 10 This, object is achieved according to the invention by a
bipolar transistor with the features of Claim 1. In the  



subclaims, preferred and advantageous embodiments of this  invention are
given. 15 According to the invention, it is proposed that in bipolar
transistors, instead of traditional polysilicon electrodes,  polysilicon
layers into which impurity atoms are inserted  should be used. These cause
a high density of vacancies in  20 the electrode material. As impurity
atoms, preferably C, P or Ar atoms are used,  C atoms being specially
preferred. The density of the  impurity atoms in the polysilicon layer is
preferably in 25 the range of about 1019 - 1021 cm-3. Carbon with high
solubility in silicon can be built into  the silicon lattice at the
interstices and also at the more  favourable (in energy terms) lattice
sites, in exchange for  30 a Si atom. The C atoms at the lattice sites
capture Si atoms which are present at interstices, and thus form bound
interstitial complexes. Because of this capturing mechanism  of the C
atoms, additional vacancies are generated. The 0 5 JAN 2007  6 carbon in
the polysilicon layer therefore provides sinks  for interstices during
annealing, so that interstice-driven  cluster formation of, for instance,
boron doping atoms is  suppressed, and thus the quantity and concentration
of 5 active doping atoms can be increased. This results in a  lower layer
resistance of the polysilicon layer which is  doped with, for instance,
boron, and thus to a smaller  



extrinsic base resistance. This effect can be further  increased by the use
of polysilicon layers of 10 polycrystalline silicon-germanium. Since carbon
is in general use in semiconductor technology,  and can be inserted into
the polysilicon layer of the  electrodes both directly during layer growth
and by ion 15 implantation, the concept of the invention, as described
above, can be implemented simply and economically in  manufacturing methods
for traditional bipolar transistors.  A further advantage is that C atoms
can be built in without 20 essentially interfering with the Si lattice
structure,  since the volume of even SiC is only about 3% greater than
that of pure Si. Although this invention refers in particular to bipolar
25 transistors, in principle use with other transistor types  such as FET,
MOS or CMOS transistors is also conceivable.  The invention is explained in
more detail below, referring  to the only figure of a preferred embodiment.
30 Regarding the embodiment which is shown in the figure, to  avoid
repetition reference can be made to a large extent to  the above
explanation of the prior art. As mentioned above, Q 5 JAN 2007  7 in the
figure a self-aligned npn bipolar transistor is  shown in cross-section.
The emitter 3 of the bipolar transistor is contacted via an  5 n+ doped
polysilicon electrode 1, and a p+ polysilicon  



electrode 2 is assigned to the p+ doped base 4. Spacers 7  are provided as
the self-aligned emitter base insulation.  Additionally, under the emitter
electrode 1 a TEOS  insulation layer 6 is provided, and under the base 10
electrode 2 a LOCOS insulation layer 8 is provided. In the  figure, the
collector area 5 of the bipolar transistor is  also shown by a dashed line.
As the base electrode 2, a polysilicon layer, into which C  15 impurity
atoms are inserted with a concentration of 1019 - 1021 cm 3, is used. This
can be done either by ion  implantation or alternatively directly during
layer growth,  without an additional implantation step. Additionally, as
already known, the polysilicon layer is doped with boron 20 atoms at a
concentration of greater than 5.x 1020 cm-3.  The C impurity atoms
incorporate themselves into the Si  lattice at interstices and preferably
at the more  favourable (in energy terms) lattice sites. The C impurity 25
atoms on the lattice sites capture Si atoms from  interstices and form
bound interstitial complexes. Because  of these captured Si atoms,
additional vacancies are  formed, with an estimated density of about 1019
cm-3. The  Si-C agglomerates which are formed in this way are stable 30 to
about 700C. At higher temperatures, they are converted  to j3 SiC. The
volume of SiC, which is greater by about 3%  compared with the Si matrix,
can also easily be compensated  for by vacancies, so that no undesired
voltages occur in 0 5 JAN 2007  s 



the electrodes. In this way, during annealing, the carbon  generates sinks
for interstices in the polysilicon layer,  so that interstice-driven
cluster formation of the boron  doping atoms is suppressed and thus the
quantity of active 5 doping atoms can be increased. The higher
concentration of active doping atoms which is  generated in this way
results in a lower layer resistance  of the polysilicon layer, which is
doped with boron, and 10 thus to a smaller extrinsic base resistance. This
effect  can be further increased by the use of polysilicon layers  of
polycrystalline silicon-germanium. Obviously, alternatively or additionally
to the base  15 electrode 2, the emitter electrode 1 and the collector-
electrode can be in the form according to the invention. 0 5 JAN 2007  9
Claims  1. Bipolar transistor, with an emitter area (3) which can be
contacted electrically via  5 an emitter electrode (1); a base area (4)
which can be contacted electrically via a  base electrode (2); a collector
area (5) which can be contacted electrically  via a collector electrode; 10
wherein at least one electrode of the emitter, base and  collector
electrodes (1, 2) is a polysilicon layer, into  which doping is inserted,
characterized in that 



into the at least one electrode, in addition to the doping,  15 impurity
atoms with a density of 1019 - 1021 cm-3 are  inserted, the impurity atoms
being C, P or Ar atoms. 2. Bipolar transistor according to Claim 1,
characterized in that 20 the polysilicon layer is doped with boron atoms.
3. Bipolar transistor according to Claim 2,  characterized in that the
concentration of the boron atoms is chosen to be  25 greater than 5 x 1020
cm-3. 4. Bipolar transistor according to one of the preceding  claims,
characterized in that 30 the at least one electrode (1, 2) consists of
polycrystalline silicon-germanium. 0 5 JAN 2007  10 5. Bipolar transistor
according to one of the preceding  claims, characterized in that the at
least one electrode is the base electrode (2).  5 6. Bipolar transistor
according to one of the preceding  claims, characterized in that the
bipolar transistor is a self-aligned bipolar  10 transistor. 


