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(57) ABSTRACT 

Disclosed is a transistor structure, having a completely sili 
cided extrinsic base for reduced base resistance R. Specifi 
cally, a metal silicide layer covers the extrinsic base, includ 
ing the portion of the extrinsic base that extends below the 
upper portion of a T-shaped emitter. One exemplary tech 
nique for ensuring that the metal silicide layer covers this 
portion of the extrinsic base requires tapering the upper por 
tion of the emitter. Such tapering allows a sacrificial layer 
below the upper portion of the emitter to be completely 
removed during processing, thereby exposing the extrinsic 
base below and allowing the metal layer required for silici 
dation to be deposited thereon. This metal layer can be depos 
ited, for example, using a high pressure sputtering technique 
to ensure that all exposed surfaces of the extrinsic base, even 
those below the upper portion of the emitter, are covered. 
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TRANSISTOR AND METHOD OF FORMING 
THE TRANSISTOR SOAS TO HAVE 
REDUCED BASE RESISTANCE 

BACKGROUND 

0001 1. Field of the Invention 
0002. The disclosed embodiments relate to transistors 
and, more particularly, to a transistor structure. Such as a 
bipolar junction transistor (BJT) or a heterojunction bipolar 
transistor (HBT) structure, having a silicided extrinsic base 
for reduced base resistance and a method of forming the 
transistor structure 
0003 2. Description of the Related Art 
0004 Those skilled in the art will recognize that it is 
desirable in bipolar junction transistors (BJTs) and in high 
performance heterojunction bipolar transistors (HBTs) to 
have a relatively high transit frequency f, and maximum 
oscillation frequency F. F is a function of f, and of 
parasitics, including parasitic resistances and parasitic 
capacitances. One exemplary parasitic resistance is base 
resistance R. Thus, it would be advantageous to provide a 
transistor structure, such as a BJT or HBT structure, with 
reduced base resistance R, as well as a method for forming 
Such a transistor structure. 

SUMMARY 

0005 Disclosed herein are embodiments of a transistor 
structure, such as a bipolar junction transistor (BJT) structure 
or heterojunction bipolar transistor (HBT) structure, having 
an extrinsic base with a top Surface that is completely sili 
cided for reduced base resistance R. Specifically, the tran 
sistor structure can incorporate a metal silicide layer that 
covers the top surface of the extrinsic base, including the 
portion of the extrinsic base that extends below the upper 
portion of a T-shaped emitter (i.e., including the portion of the 
extrinsic base that is at the extrinsic base to intrinsic base 
link-up region). One exemplary technique for ensuring that 
the metal silicide layer covers this portion of the extrinsic base 
requires tapering the upper portion of the emitter. Such taper 
ing allows a sacrificial dielectric layer below the upper por 
tion of the emitter to be completely removed during process 
ing, thereby exposing the portion of the extrinsic base below 
and allowing the metal layer required for silicidation to be 
deposited thereon. In one embodiment, this metal layer can be 
deposited using a high pressure Sputtering technique to 
ensure that all exposed surfaces of the extrinsic base, even 
those below the upper portion of the emitter, are covered. 
0006 More particularly, disclosed herein are embodi 
ments of a transistor structure, such as a BJT structure or HBT 
structure. The transistor structure can comprise an intrinsic 
base, an emitter, and a dielectric spacer. The intrinsic base can 
be on a substrate above a collector. The emitter can be essen 
tially T-shaped and positioned above the intrinsic base. Spe 
cifically, the emitter can have a lower portion on a first region 
of the intrinsic base opposite the collector and can further 
have an upper portion, which is wider (i.e., can have a greater 
diameter) than the lower portion. The dielectric spacer can be 
positioned laterally adjacent to the lower portion only of the 
emitter. 
0007. The transistor structure can further comprise an 
extrinsic base and a metal silicide layer. The extrinsic base 
can be above and immediately adjacent to a second region of 
the intrinsic base such that it is positioned laterally immedi 
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ately adjacent to the dielectric spacer opposite the lower 
portion of the emitter. The metal silicide layer can cover the 
top surface of the extrinsic base Such that it is also positioned 
laterally immediately adjacent to the dielectric spacer oppo 
site the lower portion of the emitter. 
0008. As mentioned above, the upper portion of the emit 
ter can be wider (i.e., can have greater diameter) than the 
lower portion (i.e., the emitter can be essentially T-shaped). 
Thus, in the transistor structure described above, the upper 
portion of the emitter can extend laterally over the dielectric 
spacer and further over a section of the silicide layer, which is 
immediately adjacent to the dielectric spacer and which is 
above the extrinsic base to intrinsic base link-up region. One 
exemplary processing technique for ensuring that the metal 
silicide layer covers the entire extrinsic base, including the 
portion of the extrinsic base below the upper portion of the 
emitter (i.e., including the portion of the extrinsic base at the 
extrinsic base to intrinsic base link-up region), and for also 
ensuring that the upper portion of the emitter is sufficiently 
large enough to receive an emitter contact requires tapering 
the upper portion of the emitter. Such tapering allows a sac 
rificial dielectric layer on the extrinsic base to be removed 
during processing, thereby exposing the entire top surface of 
the extrinsic base and allowing the metal layer required for 
the silicidation to be deposited thereon. Thus, in one embodi 
ment of the transistor structure, the upper portion of the 
emitter has a top Surface and a tapered sidewall. The tapered 
sidewall specifically tapers from the top surface toward the 
dielectric spacer such that the width (i.e., diameter) of the 
upper portion gradually decreases between the top Surface 
and the interface between the upper portion and the lower 
portion of the emitter. 
0009. Also disclosed herein are embodiments of a method 
of forming a transistor structure (e.g., a BJT structure or a 
HBT structure), as described above. The method can com 
prise depositing a polysilicon layer and performing at least 
one etch process So as to create, from the polysilicon layer, an 
essentially T-shaped emitter that comprises a lower portion 
and an upper portion above the lower portion. Specifically, the 
polysilicon layer can be deposited and etched so that the 
lower portion of the emitter is on a first region of an intrinsic 
base opposite a collector and is positioned laterally adjacent 
to a dielectric spacer and so that the upper portion of the 
emitter is wider (i.e., has a greater diameter) than the lower 
portion and extends laterally over the dielectric spacer onto a 
sacrificial dielectric layer. 
0010 Next, the method can comprise selectively remov 
ing the sacrificial dielectric layer so as to expose the top 
surface of an extrinsic base. This extrinsic base can be above 
and immediately adjacent to a second region of the intrinsic 
base such that it is positioned laterally immediately adjacent 
to the dielectric spacer opposite the lower portion of the 
emitter. 

0011. After the sacrificial dielectric layer is removed, a 
metal silicide layer can be formed on the top surface of the 
extrinsic base such that the metal silicide layer is positioned 
laterally immediately adjacent to the dielectric spacer oppo 
site the lower portion of the emitter (i.e., at the extrinsic base 
to intrinsic base link-up region) and, thereby such that a 
section of the metal silicide layer is below the upper portion of 
the emitter. Forming the metal silicide layer can comprise 
depositing a metal layer onto the extrinsic base, performing a 
silicidation anneal and then removing any excess metal mate 
rial. It should be noted that the metal layer deposition in this 
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case can comprise using a high pressure Sputtering technique 
in order to ensure that the metal layer is deposited below the 
upper portion of the emitter. 
0012 One exemplary processing technique for ensuring 
that the metal silicide layer covers the entire top surface of the 
extrinsic base, including the portion of the extrinsic base 
immediately adjacent to the dielectric spacer (i.e., including 
the portion of the extrinsic base at the extrinsic base to intrin 
sic base link-up region) and for also ensuring that the upper 
portion of the emitteris Sufficiently large enough to receive an 
emitter contact requires tapering the upper portion of the 
emitter. That is, during the etch process(es) described above, 
the polysilicon layer can further be etched such that the upper 
portion of the emitter has a tapered sidewall. Specifically, the 
etch process(es) can be performed so that the resulting side 
wall is tapered from the top surface of the upper portion of the 
emitter toward the dielectric spacer and, thereby such that the 
width (i.e., diameter) of the upper portion of the emitter 
gradually decreases between the top Surface and the interface 
between the upper portion and the lower portion of the emit 
ter. This tapered sidewall allows the portion of the sacrificial 
dielectric layer below the upper portion of the emitter to be 
easily and completely removed and further provides less 
obstructed access, for metal layer deposition, to the exposed 
portion of the extrinsic base below the upper portion of the 
emitter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

0013 The embodiments disclosed herein will be better 
understood from the following detailed description with ref 
erence to the drawings, which are not necessarily drawn to 
scale and in which: 
0014 FIG. 1 is a cross-section diagram illustrating an 
embodiment of a transistor structure; 
0015 FIG. 2A is a cross-section diagram illustrating an 
alternative shape for a tapered sidewall in the transistor of 
FIG. 1: 
0016 FIG. 2B is a cross-section diagram illustrating 
another alternative shape for a tapered sidewall in the transis 
tor of FIG. 1; 
0017 FIG.3 is a flow diagram illustrating an embodiment 
of a method of forming a transistor structure; 
0018 FIG. 4 is a cross-section diagram illustrating a par 

tially completed transistor structure formed according to the 
method of FIG. 3; 
0019 FIG. 5 is a cross-section diagram illustrating a par 

tially completed transistor structure formed according to the 
method of FIG. 3; 
0020 FIG. 6 is a cross-section diagram illustrating a par 

tially completed transistor structure formed according to the 
method of FIG. 3; 
0021 FIG. 7 is a cross-section diagram illustrating a par 

tially completed transistor structure formed according to the 
method of FIG. 3; 
0022 FIG. 8 is a cross-section diagram illustrating a par 

tially completed transistor structure formed according to the 
method of FIG. 3; 
0023 FIG. 9 is a cross-section diagram illustrating a par 

tially completed transistor structure formed according to the 
method of FIG. 3; 
0024 FIG. 10 is a cross-section diagram illustrating a 
partially completed transistor structure formed according to 
the method of FIG. 3; 
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0025 FIG. 11 is a cross-section diagram illustrating a 
partially completed transistor structure formed according to 
the method of FIG. 3; 
0026 FIG. 12 is a cross-section diagram illustrating a 
partially completed transistor structure formed according to 
the method of FIG. 3; 
0027 FIG. 13 is a cross-section diagram illustrating a 
partially completed transistor structure formed according to 
the method of FIG. 3; 
0028 FIG. 14 is a cross-section diagram illustrating a 
partially completed transistor structure formed according to 
the method of FIG. 3; and 
0029 FIG. 15 is a cross-section diagram illustrating a 
partially completed transistor structure formed according to 
the method of FIG. 3. 

DETAILED DESCRIPTION 

0030 The disclosed embodiments and the various features 
and advantageous details thereof are explained more fully 
with reference to the accompanying drawings and the follow 
ing detailed description. 
0031. As mentioned above, it is desirable in bipolar junc 
tion transistors (BJTs) and in high performance heterojunc 
tion bipolar transistors (HBTs) to have a relatively high transit 
frequency f, and maximum oscillation frequency F. F. 
is a function off, and of parasitics, including parasitic resis 
tances and parasitic capacitances. One exemplary parasitic 
resistance is base resistance R. Thus, it would be advanta 
geous to provide a transistor structure, such as a BJT or HBT 
structure, with reduced base resistance R, as well as a method 
for forming Such a transistor structure. Oftentimes a silicide 
layer is formed on the extrinsic base of a BJT or HBT and the 
contacts to the extrinsic base land on the silicide layer. This 
silicide layer reduces base resistance to some extent. How 
ever, it typically does not cover the entire top surface of the 
extrinsic base and, particularly, does not cover the portion of 
the extrinsic base that is below the upper portion of the emitter 
and closest to the emitter opening (i.e., does not cover the 
portion of the extrinsic base that is at the extrinsic base to 
intrinsic base link-up region). Thus, it would be advantageous 
to provide a transistor structure, such as a BJT structure or 
HBT structure, with reduced base resistance Rover prior art 
transistor structures as well as a method for forming Such a 
transistor structure. 

0032. In view of the foregoing, disclosed herein are 
embodiments of a transistor structure. Such as a bipolar junc 
tion transistor (BJT) structure or heterojunction bipolar tran 
sistor (HBT) structure, having an extrinsic base with a top 
surface that is completely silicided for reduced base resis 
tance R. Specifically, the transistor structure can incorporate 
a metal silicide layer that covers the top surface of the extrin 
sic base, including the portion of the extrinsic base that 
extends below the upper portion of a T-shaped emitter (i.e., 
including the portion of the extrinsic base that is at the extrin 
sic base to intrinsic base link-up region). One exemplary 
technique for ensuring that the metal silicide layer covers this 
portion of the extrinsic base requires tapering the upper por 
tion of the emitter. Such tapering allows a sacrificial dielectric 
layer below the upper portion of the emitter to be completely 
removed during processing, thereby exposing the portion of 
the extrinsic base below and allowing the metal layer required 
for silicidation to be deposited thereon. In one embodiment, 
this metal layer can be deposited using a high pressure sput 
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tering technique to ensure that all exposed Surfaces of the 
extrinsic base, even those below the upper portion of the 
emitter, are covered. 
0033 More particularly, referring to FIG. 1, disclosed 
herein are embodiments of a transistor structure 100, such as 
a BJT structure or HBT structure. This transistor structure 
100 can comprise a semiconductor substrate 101 having a first 
type conductivity (e.g., P-type). For example, the semicon 
ductor substrate 101 can comprise a P-silicon substrate (i.e., 
a silicon substrate that is lightly doped with a P-type dopant). 
For illustration purposes, the substrate 101 is shown as a bulk 
semiconductor substrate. However, it should be understood 
that the Substrate 101 can, alternatively, comprise a semicon 
ductor layer of a semiconductor-on-insulator wafer. 
0034. The transistor structure 100 can further comprise a 
collector 110 within the substrate 101. This collector region 
110 can have a second type conductivity (e.g., N-type) that is 
different from the first type conductivity. Various different 
configurations for BJT and HBT collectors are well-known in 
the art and could be incorporated into the transistor structure 
100. For example, the collector 110 can comprise a single 
N-well region. Alternatively, the collector 110 can comprise 
multiple N-type collector components, such as the following 
components described and illustrated in U.S. Patent Publica 
tion No. 2008/0265282 of Gluschenkov et al., published on 
Oct. 30, 2008, assigned to International Business Machines 
Corporation, and incorporated herein by reference: an N+ 
buried collector within the substrate; an N- collector above 
the N+buried collector and extending to the top surface of the 
substrate; and an N+ selective implant collector (SIC) pedes 
tal within the N- collector immediately adjacent to the N+ 
buried collector and separated from the top surface of the 
Substrate by some distance. 
0035. Optionally, the transistor structure 100 can further 
comprise a shallow trench isolation (STI) region positioned 
within and at the top surface of the semiconductor substrate 
101 so as to define the active area of the transistor 100. 
Specifically, this STI region 102 can, for example, comprise a 
relatively shallow trench patterned and etched into the top 
surface of the substrate 101 around (i.e., bordering) an area 
designated as the active area of the transistor 100. The trench 
can be filled with one or more isolation materials (e.g., silicon 
dioxide (SiO.), silicon nitride (SiN), silicon oxynitride 
(SiON) or any other suitable isolation material or combina 
tion thereof). 
0036 An intrinsic base 103 can be positioned on the semi 
conductor substrate 101 over the collector 110 and, option 
ally, extending laterally over the STI region 102. The intrinsic 
base 103 can comprise an epitaxial semiconductor layer and, 
thus, will generally comprise a single crystalline semicon 
ductor material over the substrate 101 and a polycrystalline 
semiconductor material over the STI regions 102. In the case 
of a BJT structure, the intrinsic base 103 can comprise, for 
example, an epitaxial silicon layer. In the case of a HBT 
structure, the intrinsic base 103 can comprise, for example, an 
epitaxial silicon germanium layer. 
0037. The transistor structure 100 can further comprise an 
essentially T-shaped emitter 150 above the intrinsic base 103 
and a dielectric spacer 111 positioned laterally adjacent to a 
lower portion 151 of the T-shaped emitter 150. Specifically, 
the emitter 150 can have a lower portion 151 that is positioned 
above a first region 103a of the intrinsic base 103 opposite the 
collector 110 and that is further positioned laterally adjacent 
to the dielectric spacer 111. The emitter 150 can further have 
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an upper portion 152, which is above and wider than the lower 
portion 151. The geometry of the wider upper portion 151 can 
be defined by an etch process (see the detailed discussion 
regarding the formation of the upper portion 151 of the emit 
ter 150 as set out in the description of the method embodi 
ments below) and can be designed specifically to provide a 
Sufficiently large Surface area for receiving an emitter contact 
190, given current state of the art lithographic patterning 
techniques for forming contact openings. The geometry of the 
narrower lower portion 151 can be essentially defined by the 
size and shape of an emitter opening as well as the dielectric 
spacer 111 contained therein (see the detailed discussion 
regarding the formation of the lower portion 151 of the emit 
ter 150 as set out in the description of the method embodi 
ments below) and can specifically be designed to achieve a 
given area ratio between the emitter 150 and the intrinsic base 
103. In an exemplary embodiment, the lower portion 151 of 
the emitter 150 surrounded by the dielectric spacer 111 can 
have a width (i.e., a diameter) ranging anywhere from 60 nm 
to 300 nm, while the upper portion 152 of the emitter (as 
measured at the top surface 153) can have a width (i.e., a 
diameter) ranging anywhere from 200 nm to 600 nm. The 
emitter 150 can comprise, for example, a polysilicon layer 
having the same second type conductivity as the collector 
region (e.g., N-type). The dielectric spacer 111 can comprise 
a sidewall spacer formed on the sidewall of an emitter open 
ing (see the detailed discussion regarding the formation of the 
dielectric spacer 111 as set out in the description of the 
method embodiment below) and can comprise a dielectric 
material, such as silicon nitride (SiN), silicon oxynitride 
(SiON) or any other suitable dielectric material. 
0038. The transistor structure 100 can further comprise a 
raised extrinsic base 108. This raised extrinsic base 108 can 
be above and immediately adjacent to a second region 103b of 
the intrinsic base 103, thereby creating an extrinsic base to 
intrinsic base link-up region 106. Thus, the raised extrinsic 
base 108 is positioned laterally immediately adjacent to the 
dielectric spacer 111 opposite the lower portion 151 of the 
emitter 150. The raised extrinsic base 108 can further extend 
laterally over at least one isolation layer (e.g., a silicon diox 
ide (SiO) layer 104-polysilicon layer 105 stack). The stack 
of isolation layer(s) 104, 105 can be positioned on a third 
region 103c of the intrinsic base 103 (e.g., above the STI 
region 102). The raised extrinsic base 108 can comprise an 
epitaxial semiconductor layer (e.g., an epitaxial silicon layer) 
and can have the first type conductivity (e.g., P-type). Those 
skilled in the art will recognize that, due to the epitaxial 
growth process used to form the extrinsic base, the crystalline 
structure of the raised extrinsic base 108 may vary. For 
example, the portion of the extrinsic base 108 at the extrinsic 
base to intrinsic base link-up region may be single crystalline 
silicon and the portion of the extrinsic base 108 above the 
stack of isolation layer(s) 104, 105 may be polycrystalline 
silicon. Additionally, those skilled in the art will recognize 
that the concentration of dopant (e.g., P-type dopant) in the 
extrinsic base 108 will typically be relatively high as com 
pared to the concentration of dopant in the intrinsic base 103. 
0039. The transistor structure 100 can further comprise 
metal silicide layer(s) 120, at least one dielectric layer 130 on 
the metal silicide layer(s) 120 and a plurality of contacts 190 
that extend through the dielectric layer 130 to the metal sili 
cide layer(s) 120. Specifically, a metal silicide layer 120 can 
cover the top surface 118 of the extrinsic base 108 such that it 
is positioned laterally immediately adjacent to the dielectric 
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spacer 111 opposite the lower portion 151 of the emitter 150. 
Thus, this metal silicide layer 120 will be above the extrinsic 
base 108 at the extrinsic base to intrinsic base link-up region 
106. Optionally, a metal silicide layer 120 can also cover the 
top surface 153 of the upper portion 152 of the emitter 150. 
These metal silicide layers 120 can each comprise a silicide 
of for example, a refractory or noble metal (e.g., nickel (Ni). 
cobalt (Co), tungsten (W), chromium (Cr), platinum (Pt), 
titanium (Ti), molybdenum (Mo), palladium (Pd), etc.) or an 
alloy thereof. The dielectric layer(s) 130 can comprise any 
one or more interlayer dielectrics, such as, silicon dioxide 
(SiO), silicon nitride (SiN), borophosphosilicate glass 
(BPSG), etc. At least a portion of the dielectric layer(s) 130 
can be positioned laterally adjacent to the dielectric spacer 
111 opposite the lower portion 151 of the emitter 150 and 
further positioned vertically between the metal silicide layer 
120 and the tapered sidewall 154 of the upper portion 152 of 
the emitter. Contacts 190 can extend vertically through the 
dielectric layer(s) 130 to the metal silicide layer(s) 120 in 
order to contact the extrinsic base 108, the emitter 150, etc. 
0040. As mentioned above, the upper portion 152 of the 
emitter 150 can be wider (i.e., can have a greater diameter) 
than the lower portion 151 (i.e., the emitter 150 can be essen 
tially T-shaped). Thus, in the transistor structure 100 
described above, the upper portion 150 of the emitter 150 can 
extend laterally over the dielectric spacer 111 and further over 
that section 121 of the metal silicide layer 120, which is 
immediately adjacent to the dielectric spacer 111 and which 
is above the extrinsic base to intrinsic base link-up region 106. 
One exemplary processing technique for ensuring that the 
metal silicide layer 120 covers the entire extrinsic base 108, 
including the portion of the extrinsic base 108 below the 
upper portion 152 of the emitter 150 (i.e., including the por 
tion of the extrinsic base 108 at the extrinsic base to intrinsic 
base link-up region 106), and for also ensuring that the upper 
portion 152 of the emitter 150 is sufficiently large enough to 
receive an emitter contact 190 requires tapering the upper 
portion 152 of the emitter 150. Such tapering allows a sacri 
ficial dielectric layer on the extrinsic base to be removed 
during processing, thereby exposing the entire top surface of 
the extrinsic base and allowing the metal layer required for 
the silicidation to be deposited thereon. 
0041. Therefore, in one embodiment of the transistor 
structure 100, the upper portion 151 of the emitter 150 has a 
top surface 153 and a tapered sidewall 154. The tapered 
sidewall 154 can specifically taper from the top surface 153 
toward the dielectric spacer 111 such that the width (i.e., 
diameter) of the upper portion 152 gradually decreases 
between the top surface 153 and the interface 156 between the 
upper portion 152 and the lower portion 151 of the emitter 
150. In an exemplary embodiment, the width (i.e., diameter) 
of the upper portion 152 of the emitter 150 can gradually 
decrease from approximately 440 nm to approximately 240 
nm. To achieve this gradual decrease in width (i.e., in diam 
eter), various different etch process may be used (as discussed 
in detail below with regard to the method embodiments). 
Thus, in the resulting structure, the tapered sidewall 154 may 
be linear (as shown in FIG. 1), curved (as shown in FIGS. 2A 
and 2B), stepped or may have any other Suitable shape. In any 
case, the taper angle 155 (i.e., the angle between the top 
surface 153 of the emitter 150 and the sidewall 154) can range 
between 30 and 75 degrees (e.g., approximately 45 degrees). 
The shape (i.e., linear, curved, stepped, etc.) of the tapered 
sidewall 151 and the taper angle 155 can be defined by the 
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etch processes used and can be designed so that, during pro 
cessing, a sacrificial dielectric layer on the extrinsic base 108 
can be completely removed, thereby exposing the alloressen 
tially all of the top surface of the extrinsic base 108, including 
the portion of the extrinsic base 108 below the upper portion 
152 of the emitter 150 (i.e., including the portion of the 
extrinsic base 108 at the extrinsic base to intrinsic base link 
up region 106) and allowing a metal layer required for silici 
dation to be deposited thereon (see the detailed discussion 
regarding the tapering etch processes as set out in the descrip 
tion of the method embodiments below). 
0042. It should also be understood that in the transistor 
structure embodiments, described in detail above, any N-type 
component will comprise (e.g., will be doped with, implanted 
with, etc.) an N-type dopant and any P-type component will 
comprise (e.g., will be doped with, implanted with, etc.) a 
P-type dopant. Such N-type dopants can comprise, for 
example, Group V dopants. Such as arsenic (AS), phospho 
rous (P) or antimony (Sb) and Such P-type dopants can com 
prise, for example, Group III dopants, such as boron (B) or 
indium (In)). 
0043 Referring to FIG. 3, also disclosed herein are 
embodiments of a method of forming a transistor structure 
100 (e.g., a BJT structure or a HBT structure), as described 
above, and illustrated in FIG. 1. The method can comprise 
providing a semiconductor Substrate 101 having a first type 
conductivity (e.g., P-type) (302). For example, the semicon 
ductor substrate 101 can comprise a P-silicon substrate (i.e., 
a silicon substrate lightly doped with a P-type dopant). For 
illustration purposes, the substrate 101 is shown as a bulk 
semiconductor substrate. However, it should be understood 
that the substrate 101 can, alternatively comprise a semicon 
ductor layer of a semiconductor-on-insulator wafer. 
0044 Optionally, a shallow trench isolation (STI) region 
102 can be formed within and at the top surface of the semi 
conductor substrate 101 so as to define the active area of the 
transistor 100 (304, see FIG. 4). The STI region 102 can be 
formed using conventional shallow trench isolation (STI) 
formation techniques. For example, a trench can be litho 
graphically patterned and etched into the semiconductor Sub 
strate 101 so as to define the active region. The trench can then 
be filled with one or more isolation materials (e.g., silicon 
oxide (SiO), silicon nitride (SiN), silicon oxynitride (SiON) 
or any other Suitable isolation materials). 
0045. Additionally, a collector 110 can be formed within 
the semiconductor substrate 101 (304, see FIG. 4). This col 
lector 110 can be formed so as to have a second type conduc 
tivity (e.g., N-type) that is different from the first type con 
ductivity. Various different techniques for forming BJT and 
HBT collectors are well-known in the art and can be incor 
porated into the method embodiments disclosed herein. For 
example, the collector 110 can be formed as a single N-well 
region. Alternatively, the collector 110 can be formed as 
multiple N-type collector components, such as the following 
components described and illustrated in U.S. Patent Publica 
tion No. 2008/0265282 of Gluschenkov et al., published on 
Oct. 30, 2008, assigned to International Business Machines 
Corporation, and incorporated herein by reference: an N+ 
buried collector within the substrate; a N- collector above the 
N+ buried collector and extending to the top surface of the 
substrate; and an N+ selective implant collector (SIC) pedes 
tal within the N- collector immediately adjacent to the N+ 
buried collector and separated from the top surface of the 
Substrate by some distance. 
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0046. After the STI region 102 and collector 110 are 
formed, an intrinsic base 103 can be formed on the semicon 
ductor substrate 101 (306, see FIG. 5). Specifically, a first 
epitaxial semiconductor layer (e.g., an epitaxial silicon layer 
in the case of a BJT structure or an epitaxial silicon germa 
nium layer in the case of an HBT structure) having a prede 
termined thickness (e.g., 0.01-0.2 Lum) can be formed using a 
conventional epitaxial growth process (e.g., an ultra high 
vacuum/chemical vapor deposition (UHV/CVD) low-tem 
perature epitaxy (LTE) process). As a result, the intrinsic base 
103 will generally comprise a single crystalline semiconduc 
tor material over the semiconductor substrate 101 and a poly 
crystalline semiconductor material over the STI region 102. 
The intrinsic base 103 is preferably in-situ doped with a first 
type conductivity dopant (e.g., a P-type dopant) Such that it 
has the first type conductivity (e.g., P-type). 
0047 Once the intrinsic base 103 is formed, a silicon 
dioxide (SiO) layer 104 that is approximately 5-20 nm thick 
can be deposited on the intrinsic base 103 and a first polysili 
con layer 105 that is approximately 20-100 nm thick can be 
deposited on the SiO, layer 104 (308, see FIG. 6). Next, an 
opening 109 for an extrinsic base to intrinsic base link-up 
region can be formed in the layers 104, 105, thereby also 
creating an emitter opening landing pad 107 (310, see FIG.7). 
For example, a photoresist layer can be formed on the first 
polysilicon layer 105 and lithographically patterned for the 
opening 109. The first polysilicon layer 105 can then be 
anisotropically etched stopping on the SiO, layer 104. The 
photoresist layer can then be removed and chemical oxide 
removal (COR) process can be performed so as to remove 
exposed portions of the SiO layer 104 within the opening 109 
with minimal undercut. 

0048. Then, a second epitaxial semiconductor layer for a 
raised extrinsic base 108 can be formed (e.g., by low-tem 
perature epitaxy (LTE)) on the first polysilicon layer 105 and 
further on the exposed region 103b of the intrinsic base 103 in 
the opening 109, thereby creating the extrinsic base to intrin 
sic base link-up region 106 (312, see FIG. 8). Those skilled in 
the art will recognize that, due to the epitaxial growth process 
used at process 312, the crystalline structure of the resulting 
extrinsic base 108 may vary. For example, the portion of the 
extrinsic base 108 at the extrinsic base to intrinsic base link 
up region 106 may be single crystalline silicon and the portion 
of the extrinsic base 108 above the polysilicon layer 105 may 
be polycrystalline silicon. This epitaxial semiconductor layer 
can be either in situ doped or Subsequently implanted with a 
first type conductivity dopant (e.g., a P-type dopant) so that it 
has the first type conductivity (e.g., P-type). Typically, the 
extrinsic base 108 will be doped with a relatively high con 
centration of the dopant as compared to the intrinsic base 103. 
0049. After the second epitaxial semiconductor layer for 
the raised extrinsic base 108 is formed, a blanket sacrificial 
dielectric layer 112 with a thickness greater than approxi 
mately 50 nm can be deposited onto the second polysilicon 
layer (314, see FIG. 8). This sacrificial dielectric layer 112 
can comprise, for example, silicon dioxide (SiO) or any 
other suitable dielectric material that can be selectively 
etched over the dielectric spacer that will subsequently be 
formed at process 318, discussed below. Then, an emitter 
opening 113 can be formed (316, see FIG. 9). Specifically, 
conventional lithographic patterning and etch techniques can 
be used to form an opening 113 that extends vertically 
through the sacrificial dielectric layer 112, through the second 
epitaxial semiconductor layer (i.e., through the extrinsic base 
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108), and through the first polysilicon layer 105 to the oxide 
layer 104 of the emitter opening landing pad 107. 
0050. Once the emitter opening 113 is formed, a dielectric 
spacer 111 can be formed on the sidewall of the opening 113 
Such that it is positioned laterally immediately adjacent to 
vertical surfaces of the sacrificial dielectric layer 112 and the 
extrinsic base 108 (318, see FIG. 10). The dielectric spacer 
111 can beformed using conventional sidewall spacer forma 
tion techniques. For example, a conformal layer of dielectric 
material (e.g., silicon nitride (SiN) or any other material that 
will remain essentially intact during Subsequent removal of 
the sacrificial dielectric layer 112 at process 328, discussed 
below) can be deposited and thenanisotropically etched so as 
to remove it from any horizontal surfaces. Next, the portion of 
the oxide layer 104 exposed at the bottom of the emitter 
opening 113 can be removed (e.g., by a chemical oxide 
removal (COR) process), thereby exposing a first region 103a 
of the intrinsic base 103 (320, see FIG. 11). 
0051. Then, a second polysilicon layer 140 for the emitter 
150 can be deposited on top of the sacrificial dielectric layer 
112 so as to fill the emitter opening 113 (322, see FIG. 12). 
This second polysilicon layer can be either in-situ doped or 
Subsequently implanted with a second type conductivity 
dopant (e.g., an N-type dopant) Such that it has the same 
conductivity type as the collector 110. Next, at least one etch 
process can be performed so as to create, from the second 
polysilicon layer, an essentially T-shaped emitter 150 that 
comprises a lower portion 151 and an upper portion 152 
above the lower portion 151 (324, see FIG. 13). Specifically, 
a mask that is wider than the emitter opening 113 can be 
formed on the second polysilicon layer aligned above the 
emitter opening 113. The lower portion 151 of the emitter 150 
can be that portion of the second polysilicon layer within the 
emitter opening 113 on the first region 103a of the intrinsic 
base 103 opposite the collector 110 and further positioned 
laterally adjacent to the dielectric spacer 111. Thus, the geom 
etry of the lower portion 151 can be essentially defined by the 
size and shape of an emitter opening 113 as well as the 
dielectric spacer 111 contained therein and can specifically be 
designed to achieve a given area ratio between the emitter 150 
and the intrinsic base 103. In an exemplary embodiment, the 
lower portion 151 of the can have a width (i.e., a diameter) 
ranging anywhere from 60 nm to 300 nm. Using the mask, 
one or more etch process(es) can be performed so as to define 
the size and shape of the upper portion 152 of the emitter 150 
so that the upper portion 152 is wider than the lower portion 
151 and so that it extends laterally over the dielectric spacer 
111 onto the sacrificial dielectric layer 112. The wider upper 
portion 152 is designed to provide a sufficiently large surface 
area for subsequently receiving an emitter contact 190 at 
process 332, discussed below, given current state of the art 
lithographic patterning techniques for forming contact open 
ings. In one exemplary embodiment, the etch process(es) can 
be performed so that the upper portion 152 of the emitter (as 
measured at the top Surface 153) has a diameter ranging 
anywhere from 200 nm to 600 nm. 
0.052 Next, the method can comprise selectively remov 
ing the sacrificial dielectric layer 112 (326, see FIG. 14). The 
sacrificial dielectric layer 112 is removed at process 326 so as 
to expose essentially the entire top surface 118 of the extrinsic 
base 108, including the portion of the extrinsic base 108 that 
is below the upper portion 152 of the emitter 150 at the 
extrinsic base to intrinsic base link-up region 106 (i.e., includ 
ing the portion of the extrinsic base 108 immediately adjacent 
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to the second region 103b of the intrinsic base 103). The 
sacrificial dielectric layer 112 can be removed, for example, 
using a selective isotropic wet chemical etch (e.g., diluted HF 
or buffered HF) so as to ensure that the extrinsic base 108 and 
dielectric spacer 111 remain intact. 
0053. After the sacrificial dielectric layer 112 is removed, 
a metal silicide layer 120 can beformed on the top surface 118 
of the extrinsic base 108 such that the metal silicide layer 120 
is positioned laterally immediately adjacent to the dielectric 
spacer 111 opposite the lower portion 151 of the emitter 150 
(i.e., at the extrinsic base to intrinsic base link-up region 106) 
and, thus, such that a section 121 of the metal silicide layer 
120 is below the upper portion 152 of the emitter 150 (328, 
see FIG. 15). Optionally, a metal silicide layer 120 can also 
essentially simultaneously be formed on the top surface 153 
of the upper portion of the emitter 150. Forming the metal 
silicide layer 120 can comprise depositing a metal layer on the 
extrinsic base. This metal layer can, for example, comprise a 
refractory or noble metal (e.g., nickel (Ni), cobalt (Co), tung 
sten (W), chromium (Cr), platinum (Pt), titanium (Ti), molyb 
denum (Mo), palladium (Pd), etc.) or an alloy thereof. In one 
embodiment, the metal layer can be deposited using a high 
pressure Sputtering technique in order to ensure that the metal 
layer is deposited below the upper portion of the emitter. For 
example, the metal layer can be sputtered onto the top Surface 
118 of the extrinsic base 108 under the following conditions: 
pressure of at least 0.5 mTorr (e.g., 0.5-50 mTorr or more, 
and, preferably, at approximately 20 mTorr), power at 0.02-3 
kW, radio frequency (RF) bias on the wafer of 0-1 kW (and, 
preferably, at a RF bias of at least 5 Watts) and temperature at 
15-300° C. After the metal layer is deposited, a silicidation 
anneal (e.g., a thermal anneal) can be performed in order to 
cause metal atoms from the metal layer to react with the 
silicon material below and, thereby create the metal silicide 
layers 120 at the metal-silicon interfaces. Finally, any excess 
unreacted metal can be selectively removed. 
0054. One exemplary processing technique for ensuring 
that a metal silicide layer 120 covers the entire top surface 118 
of the extrinsic base 108, including the portion of the extrinsic 
base immediately adjacent to the dielectric spacer 111 (i.e., 
including the portion of the extrinsic base at the extrinsic base 
to intrinsic base link-up region 106) and for also ensuring that 
the upper portion 152 of the emitter 150 is sufficiently large 
enough to receive an emitter contact requires tapering the 
upper portion of the emitter. That is, during the etch process 
(es) 324 discussed above, the second polysilicon layer can 
further be etched such that the upper portion 152 of the 
emitter 150 has a tapered sidewall 154 (see FIG. 13). Specifi 
cally, the etch process(es) 324 can be performed so that that 
the resulting sidewall 154 is tapered from the top surface 153 
of the upper portion 152 of the emitter 150 toward the dielec 
tric spacer 111 and, thereby such that the width (i.e., diam 
eter) of the upper portion 152 of the emitter 150 gradually 
decreases between the top surface 153 and the interface 156 
between the upper portion 152 and the lower portion 151 of 
the emitter 150. In an exemplary embodiment, the etch pro 
cess(es) 324 can be performed such that the width (i.e., the 
diameter) of the upper portion 152 of the emitter 150 gradu 
ally decreases from approximately 440 nm to approximately 
240 nm. 

0055 Depending upon the etch process(es) 324 used, the 
shape of the tapered sidewall 154 may vary. For example, a 
tapered sidewall 154 that is linear (as shown in FIG.1) may be 
achieved by using SF6 etch under controlled constant pres 
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Sure conditions. In this case, the angle of etch is dependent on 
incoming etch film thickness. As etch film thickness 
decreases, the range of achievable angles diminishes. Alter 
natively, a tapered sidewall that is curved (as shown in FIGS. 
2A and 2B) may be achieved by achieved through dynamic 
control of etch pressure settings. Gradual increase or decrease 
of pressure determines curvature of etch profile. It should be 
understood that the varying shapes of the tapered sidewall 
154, as shown FIGS. 1, 2A and 2B are not intended to be 
limiting. Other etch process(es) that result in other shapes 
(e.g. stepped, etc.) could alternatively be used. In any case, the 
etch process(es) 324 should be performed so that the taper 
angle 155 (i.e., the angle between the top surface 153 of the 
emitter 150 and the sidewall 154) ranges between 30 and 75 
degrees (e.g., is approximately 45 degrees) and specifically so 
that, at process 326, the sacrificial dielectric layer 112 on the 
extrinsic base 108 can be easily and essentially completely 
removed and so that, as process 328, there is less obstructed 
access, for metal layer deposition, to the exposed portion of 
the extrinsic base 108 below the upper portion 152 of the 
emitter 150. 

0056. Following silicide layer formation, additional pro 
cess steps can be performed in order to complete the transistor 
structure 100 (330-332, see FIG.1). For example, one or more 
dielectric layer(s) 130 can be formed (e.g., deposited using 
conventional techniques) onto the metal silicide layer(s) 120. 
Specifically, the dielectric layer(s) 130 can be deposited such 
that at least a portion of a dielectric layer is positioned later 
ally adjacent to the dielectric spacer 111 opposite the lower 
portion 151 of the emitter 150 and further positioned verti 
cally between the metal silicide layer 120 and the tapered 
sidewall 154 of the upper portion 152 of the emitter 150. The 
dielectric layer(s) 130 can comprise any one or more inter 
layer dielectrics, such as, silicon dioxide (SiO2), silicon 
nitride (SiN), borophosphosilicate glass (BPSG), etc. Addi 
tionally, conventional processing techniques can be used to 
form contacts 190 that extend vertically through the dielectric 
layer(s) 130 to the metal silicide layer(s) 120 in order to 
contact the extrinsic base 108, the emitter 150, etc. 
0057 The method embodiments as described can be used 
in the fabrication of integrated circuit chips. The resulting 
integrated circuit chips can be distributed by the fabricator in 
raw wafer form (that is, as a single wafer that has multiple 
unpackaged chips), as a bare die, or in a packaged form. In the 
latter case the chip is mounted in a single chip package (such 
as a plastic carrier, with leads that areaffixed to a motherboard 
or other higher level carrier) or in a multichip package (such 
as a ceramic carrier that has either or both surface intercon 
nections or buried interconnections). In any case the chip is 
then integrated with other chips, discrete circuit elements, 
and/or other signal processing devices as part of either (a) an 
intermediate product, such as a motherboard, or (b) an end 
product. The end product can be any product that includes 
integrated circuit chips, ranging from toys and other low-end 
applications to advanced computer products having a display, 
a keyboard or other input device, and a central processor. 
0058. It should be understood that the terminology used 
herein is for the purpose of describing the disclosed embodi 
ments and is not intended to be limiting. As used herein, the 
singular forms “a”, “an and “the are intended to include the 
plural forms as well, unless the context clearly indicates oth 
erwise. It should further be understood that the terms “com 
prises’ “comprising”, “includes” and/or “including', as used 
in this specification, specify the presence of stated features, 
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integers, steps, operations, elements, and/or components, but 
do not preclude the presence or addition of one or more other 
features, integers, steps, operations, elements, components, 
and/or groups thereof. Additionally, it should be understood 
that the corresponding structures, materials, acts, and equiva 
lents of all means or step plus function elements in the claims 
below are intended to include any structure, material, or act 
for performing the function in combination with other 
claimed elements as specifically claimed. The details set for 
above have been presented for purposes of illustration and 
description and are not intended to be exhaustive or limiting. 
Many modifications and variations to the disclosed embodi 
ments will be apparent to those of ordinary skill in the art 
without departing from the scope and spirit thereof. The 
details were provided in order to best explain the principles 
and practical application of the embodiments and to enable 
others of ordinary skill in the art to understand the embodi 
ments with various modifications as are Suited to the particu 
lar use contemplated. 
0059. Therefore, disclosed above are embodiments of a 
transistor structure, such as a bipolarjunction transistor (BJT) 
structure or a heterojunction bipolar transistor (HBT) struc 
ture, having an extrinsic base with a top Surface that is com 
pletely silicided for reduced base resistance R. Specifically, 
the transistor structure can incorporate a metal silicide layer 
that covers the top Surface of the extrinsic base, including the 
portion of the extrinsic base that extends below the upper 
portion of a T-shaped emitter (i.e., including the portion of the 
extrinsic base that is at the extrinsic base to intrinsic base 
link-up region). One exemplary technique for ensuring that 
the metal silicide layer covers this portion of the extrinsic base 
requires tapering the upper portion of the emitter. Such taper 
ing allows a sacrificial dielectric layer below the upper por 
tion of the emitter to be completely removed during process 
ing, thereby exposing the portion of the extrinsic base below 
and allowing the metal layer required for silicidation to be 
deposited thereon. In one embodiment, this metal layer can be 
deposited using a high pressure Sputtering technique to 
ensure that all exposed surfaces of the extrinsic base, even 
those below the upper portion of the emitter, are covered. 
What is claimed is: 
1. A transistor comprising: 
an intrinsic base; 
an emitter on said intrinsic base, said emitter comprising: a 

lower portion; and an upper portion above said lower 
portion; 

a dielectric spacer positioned laterally adjacent to said 
lower portion; 

an extrinsic base above said intrinsic base and positioned 
laterally adjacent to said dielectric spacer opposite said 
lower portion; and 

a silicide layer on said extrinsic base and positioned later 
ally adjacent to said dielectric spacer opposite said lower 
portion, 

said upper portion being wider than said lower portion and 
extending laterally over said dielectric spacer and a sec 
tion of said silicide layer. 

2. The transistor of claim 1, further comprising: a dielectric 
layer on said silicide layer and positioned laterally immedi 
ately adjacent to said dielectric spacer opposite said lower 
portion and further positioned vertically between said section 
of said silicide layer and said upper portion. 

3. The transistor of claim 1, said intrinsic base comprising 
any one of epitaxial silicon and epitaxial silicon germanium. 
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4. A transistor comprising: 
an intrinsic base; 
an emitter on said intrinsic base, said emitter comprising: a 

lower portion; and an upper portion above said lower 
portion; 

a dielectric spacer positioned laterally adjacent to said 
lower portion; 

an extrinsic base above said intrinsic base and positioned 
laterally adjacent to said dielectric spacer opposite said 
lower portion; and 

a silicide layer on said extrinsic base and positioned later 
ally adjacent to said dielectric spacer opposite said lower 
portion, 

said upper portion being wider than said lower portion, 
extending laterally over said dielectric spacer and a sec 
tion of said silicide layer, and having a top surface and a 
tapered sidewall, said tapered sidewall tapering from 
said top surface toward said dielectric spacer Such that a 
width of said upper portion decreases between said top 
Surface and an interface between said upper portion and 
said lower portion. 

5. The transistor of claim 4, further comprising a dielectric 
layer on said silicide layer and positioned laterally adjacent to 
said dielectric spacer opposite said lower portion and further 
positioned vertically between said section of said silicide 
layer and said tapered sidewall of said upper portion. 

6. The transistor of claim 4, said tapered sidewall having a 
taper angle ranging between 30 and 75 degrees. 

7. The transistor of claim 4, said tapered sidewall having a 
taper angle of approximately 45 degrees. 

8. The transistor of claim 4, said tapered sidewall being any 
one of linear and curved. 

9. The transistor of claim 4, said intrinsic base comprising 
any one of epitaxial silicon and epitaxial silicon germanium. 

10. A heterojunction bipolar transistor comprising: 
an intrinsic base comprising epitaxial silicon germanium; 
an emitter on said intrinsic base, said emitter comprising: a 

lower portion; and an upper portion above said lower 
portion; 

a dielectric spacer positioned laterally adjacent to said 
lower portion; 

an extrinsic base above said intrinsic base and positioned 
laterally adjacent to said dielectric spacer opposite said 
lower portion; and 

a silicide layer on said extrinsic base and positioned later 
ally adjacent to said dielectric spacer opposite said lower 
portion, 

said upper portion being wider than said lower portion, 
extending laterally over said dielectric spacer and a sec 
tion of said silicide layer, and having a top surface and a 
tapered sidewall, said tapered sidewall tapering from 
said top surface toward said dielectric spacer Such that a 
width of said upper portion decreases between said top 
Surface and an interface between said upper portion and 
said lower portion. 

11. The transistor of claim 10, further comprising a dielec 
tric layer on said silicide layer and positioned laterally adja 
cent to said dielectric spacer opposite said lower portion and 
further positioned vertically between said section of said 
silicide layer and said tapered sidewall of said upper portion. 

12. The transistor of claim 10, said tapered sidewall having 
a taper angle ranging between 30 and 75 degrees. 

13. The transistor of claim 10, said tapered sidewall having 
a taper angle of approximately 45 degrees. 
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14. The transistor of claim 10, said tapered sidewall being 
any one of linear and curved. 

15. A method of forming a transistor, said method com 
prising: 

performing at least one etch process so as to create, from a 
polysilicon layer, an emitter comprising: a lower portion 
and an upper portion above said lower portion, said 
lower portion being on an intrinsic base and positioned 
laterally adjacent to a dielectric spacer and said upper 
portion being wider than said lower portion and extend 
ing laterally over said dielectric spacer onto a sacrificial 
layer; 

Selectively removing said sacrificial layer so as to expose 
an extrinsic base on said intrinsic base and positioned 
laterally adjacent to said dielectric spacer opposite said 
lower portion; and 

forming a silicide layer on said extrinsic base Such that said 
silicide layer is positioned laterally adjacent to said 
dielectric spacer opposite said lower portion and Such 
that a section of said silicide layer is below said upper 
portion. 

16. The method of claim 15, said forming of said silicide 
layer comprising: 

sputtering a metal layer onto said extrinsic base in order to 
ensure that said metal layer is deposited below said 
upper portion of said emitter, said sputtering being per 
formed at a pressure of at least 20 mTorr and with a radio 
frequency (RF) bias of at least 5 Watts; and 

performing a silicidation anneal. 
17. The method of claim 15, further comprising forming a 

dielectric layer on said silicide layer such that said dielectric 
layer is positioned laterally adjacent to said dielectric spacer 
opposite said lower portion and further positioned vertically 
between said section of said silicide layer and said tapered 
sidewall of said upper portion. 

18. The method of claim 15, said forming of said intrinsic 
base comprising epitaxially growing, on a silicon Substrate, 
any one of silicon layer and a silicon germanium layer. 

19. A method of forming a bipolar transistor, said method 
comprising: 

performing at least one etch process so as to create, from a 
polysilicon layer, an emitter comprising: a lower portion 
and an upper portion above said lower portion, 
said lower portion being on an intrinsic base and posi 

tioned laterally adjacent to a dielectric spacer, and 
said upper portion being wider than said lower portion, 

extending laterally over said dielectric spacer onto a 

Dec. 13, 2012 

sacrificial layer and having a tapered sidewall, said 
tapered sidewall tapering from a top Surface of said 
upper portion toward said dielectric spacer Such that a 
width of said upper portion decreases between said 
top Surface and an interface between said upper por 
tion and said lower portion; 

selectively removing said sacrificial layer so as to expose 
an extrinsic base on said intrinsic base and positioned 
laterally adjacent to said dielectric spacer opposite said 
lower portion; and 

forming a silicide layer on said extrinsic base Such that said 
silicide layer is positioned laterally adjacent to said 
dielectric spacer opposite said lower portion and Such 
that a section of said silicide layer is below said upper 
portion. 

20. The method of claim 19, said forming of said silicide 
layer comprising: 

sputtering a metal layer onto said extrinsic base in order to 
ensure that said metal layer is deposited below said 
upper portion of said emitter, said sputtering being per 
formed at a pressure of at least 20 mTorr and with a radio 
frequency (RF) bias of at least 5 Watts; and 

performing a silicidation anneal. 
21. The method of claim 19, said performing of said at least 

one etch process comprising performing said at least one etch 
process such that said tapered sidewall has a taper angle 
ranging between 30 and 75 degrees. 

22. The method of claim 19, said performing of said at least 
one etch process comprising performing said at least one etch 
process Such that said tapered sidewall has a taper angle of 
approximately 45 degrees. 

23. The method of claim 19, said performing of said at least 
one etch process comprising performing said at least one etch 
process such that said tapered sidewall is any one of linear and 
curved. 

24. The method of claim 19, further comprising forming a 
dielectric layer on said silicide layer such that said dielectric 
layer is positioned laterally adjacent to said dielectric spacer 
opposite said lower portion and further positioned vertically 
between said section of said silicide layer and said tapered 
sidewall of said upper portion. 

25. The method of claim 19, said forming of said intrinsic 
base comprising epitaxially growing, on a silicon Substrate, 
any one of silicon layer and a silicon germanium layer. 

c c c c c 


