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(57) ABSTRACT 

The present invention discloses a bipolar transistor with an 
embedded epitaxial external base region, which is designed to 
solve the problem of the TED effect with the prior art struc 
tures. The bipolar transistor with an embedded epitaxial 
external base region of the present invention comprises at 
least a collector region, a base region and an external base 
region on the collector region, an emitter on the base region, 
and sidewalls at both sides of the emitter. The external base 
region is grown through an in-situ doping selective epitaxy 
process and is embedded in the collector region. A portion of 
the external base region is located beneath the sidewalls. The 
present invention discloses a method of forming a bipolar 
transistor with an embedded epitaxial external base region. 
The bipolar transistor with an embedded epitaxial external 
base region of the present invention avoids the TED effect and 
reduces the resistance of the external base region of the device 
so that the performance of the device is improved. The 
method of forming a bipolar transistor with an embedded 
epitaxial external base region of the present invention 
achieves the aforesaid bipolar transistor with an embedded 
epitaxial external base region, and features concise steps, a 
low cost and simple operations, and the structure obtained has 
good performance. 
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BPOLAR TRANSISTOR WITH EMBEDDED 
EPTAXAL EXTERNAL BASE REGION AND 

METHOD OF FORMING THE SAME 

BACKGROUND OF THE INVENTION 

0001 1. Technical Field 
0002 The present invention relates to a bipolar transistor 
with an embedded epitaxial external base region and a 
method of forming the same. 
0003 2. Description of Related Art 
0004 Millimeter wave and terahertz (THZ) applications 
will become the future development trend of wireless tech 
nologies, examples of which are millimeter wave communi 
cation, THZ communication, THZ imaging and the like. Cur 
rently, implementation of these applications mainly relies on 
Group III-V compound devices, and this has shortcomings 
such as a low integration level and a high cost. With the 
continuous development of the technologies, SiGe devices 
and technologies will become a competitor of the Group III-V 
compound devices. Currently, the SiGe technologies are 
widely used in Such fields as communication, radar and high 
speed circuits. The cut-off frequency Ft of the commercial 
SiGe process of the IBM has reached 350 GHz, and the 
maximum oscillation frequency Fmax of the SiGe devices 
developed by the European IHP has reached 500 GHz at the 
normal temperature. For the future millimeter wave and THZ 
applications, the SiGe devices still need to be continuously 
improved in performance, and this requires a novel structure 
for the SiGe devices. 

0005 External base regions of conventional bipolar tran 
sistors are usually processed through ion implantation and the 
performance of the resulting structures has shortcomings 
such as transient enhanced diffusion (TED) effect which will 
degrade the microwave performance of the devices. Some 
novel SiGe Heterojunction bipolar devices are formed by 
raised extrinsic base regions, but the external base regions 
beneath sidewalls in the resulting structures have a relatively 
large resistance, which reduces the microwave performance 
of the devices. 

BRIEF SUMMARY OF THE INVENTION 

0006 To overcome the aforesaid shortcomings, the 
present invention provides a bipolar transistor with an embed 
ded epitaxial external base region which can avoid the TED 
effect. 

0007 To achieve the aforesaid objective, in an aspect, the 
present invention provides a bipolar transistor with an embed 
ded epitaxial external base region, which comprises at least a 
collector region, a base region and an external base region on 
the collector region, an emitter on the base region, and side 
walls at both sides of the emitter. The external base region is 
grown through an in-situ doping selective epitaxy process and 
is embedded in the collector region. 
0008 Particularly, a portion of the external base region is 
located beneath the sidewalls. 
0009. In another aspect, the present invention provides a 
method of forming a bipolar transistor with an embedded 
epitaxial external base region, which comprises at least the 
following steps: 
0010 3.1 forming a collector region of a first doping type: 
0.011 3.2 forming a base region of a second doping type on 
the resulting structure of the step 3.1; 
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0012. 3.3 depositing a first dielectric layer on the base 
region; 
0013 3.4 opening a window in the first dielectric layer; 
0014 3.5 forming a polycrystalline layer of the first dop 
ing type and a second dielectric layer in sequence on the 
resulting structure of the step 3.4: 
00.15 3.6 etching the second dielectric layer and the poly 
crystalline layer through photolithography to forman emitter, 
and removing exposed portions of the first dielectric layer; 
0016 3.7 depositing a third dielectric layer and forming a 
sidewall structure on a side surface of the resulting emitter 
structure through an anisotropic etching process; 
0017 3.8 etching portions of the base region that are not 
covered in the resulting structure of the step 3.7 by using the 
emitter and the sidewall structure as a mask, with an etching 
thickness being greater than a thickness of the base region; 
0018, 3.9 forming an external base region of the second 
doping type on the resulting structure of the step 3.8 through 
an in-situ doping selective epitaxy process; 
0019. 3.10 forming a layer of metal silicide structure on a 
Surface of the external base region; and 
0020 3.11 forming a contact hole on the resulting struc 
ture of the step 3.10 to lead out an electrode of the emitter and 
an electrode of the base region. 
0021 Particularly, the polycrystalline layer of the step 3.5 

is a polysilicon layer or a poly-SiGe layer, and the dielectric 
layers are formed of silicon oxide or silicon nitride. 
0022 Particularly, the etching thickness of the step 3.8 
ranges between 10 nm and 2000 nm, and the sidewall is 
undercut during the etching of the base region. 
0023. In a further aspect, the present invention provides a 
method of forming a bipolar transistor with an embedded 
epitaxial external base region, which comprises at least the 
following steps: 
0024 6.1 forming a collector region of a first doping type: 
0025 6.2 forming a base region of a second doping type on 
the resulting structure of the step 6.1: 
0026 6.3 forming a first dielectric layer on the base 
region; 
0027 6.4 removing exposed portions of the first dielectric 
layer through photolithography to form a sacrifice emitter, 
0028 6.5 etching portions of the base region that are not 
covered by the sacrifice emitter, with an etching thickness 
being greater than a thickness of the base region; 
0029. 6.6 forming an external base region of the second 
doping type on the resulting structure of the step 6.5; 
0030) 6.7 depositing a second dielectric layer to form a 
planarized surface that exposes a top surface of the sacrifice 
emitter; 
0031 6.8 removing portions of a surface layer of the sac 
rifice emitter to obtain a window, and forming an inner side 
wall structure on an inner sidewall of the window; 
0032 6.9 removing portions of the sacrifice emitter which 
are not covered by the inner sidewall; 
0033 6.10 depositing a polycrystalline layer; 
0034 6.11 removing edge portions of the polycrystalline 
layer of the step 6.10 and the second dielectric layer of the 
step 6.7 to form an emitter; 
0035 6.12 depositing a metal material on surfaces of the 
external base region and the emitter to form a metal silicide; 
and 6.13 forming a contact hole on the resulting structure of 
the step 6.12 to lead out an electrode of the emitter and an 
electrode of the base region. 
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0036 Particularly, the base region is formed of silicon 
(Si), SiGe or carbon-doped SiGe. 
0037 Particularly, the first dielectric layer is a composite 
dielectric layer, which comprises a silicon oxide layer depos 
ited on a surface of the base region and a silicon nitride layer 
deposited on a Surface of the silicon oxide layer. 
0038. In yet another aspect, the present invention provides 
a method of forming a bipolar transistor with an embedded 
epitaxial external base region, which comprises at least the 
following steps: 
0039. 9.1 forming a collector region of a first doping type: 
004.0 9.2 forming a base region of a second doping type on 
the resulting structure of the step 9.1; 
0041 9.3 depositing a first silicon oxide layer, a silicon 
nitride layer and a second silicon oxide layer in sequence on 
the resulting structure of the step 9.2: 
0042 9.4 opening a window in the second silicon oxide 
layer and the silicon nitride layer; 
0043 9.5 removing portions of the first silicon oxide layer 
that are within the window to expose the base region and to 
form an emitter window; 
0044. 9.6 depositing a polycrystalline layer on the result 
ing structure of the step 9.5; 
0045 9.7 planarizing the resulting structure of the step 9.6 
to expose the second silicon oxide layer, 
0046 9.8 removing the second silicon oxide layer and 
portions of the silicon nitride layer that are not covered by the 
polycrystalline layer; 
0047 9.9 forming a first sidewall on a side surface of the 
polycrystalline layer, and removing portions of the first sili 
con oxide layer that are not covered by the first sidewall; 
0048, 9.10 etching portions of the base region that are not 
covered, with an etching thickness being greater than a thick 
ness of the base region; 
0049. 9.11 forming an external base region of the second 
doping type on the resulting structure of the step 9.10, 
0050 9.12 depositing a dielectric layer to form a second 
sidewall outside the first sidewall; 
0051 9.13 depositing a metal layer on the resulting struc 
ture of the step 9.12, forming a metal silicide on the external 
base region and forming a metal silicide on the polycrystal 
line layer, and 
0052 9.14 forming a contact hole on the resulting struc 
ture of the step 9.13 to lead out an electrode of the emitter and 
an electrode of the base region. 
0053 Particularly, the base region is made of Si or SiGe. 
0054 Particularly, the sidewall is undercut during the 
etching of the base region. 
0055 Particularly, the metal deposited is one of Ti, Co or 
Ni. 
0056 Particularly, the external base region is formed 
through an epitaxy growth process, the external base region is 
formed of Si, SiGe or carbon-doped SiGe, and the impurity is 
doped at a concentration of 1E19 to 1E21 cm. 
0057 The bipolar transistor with an embedded epitaxial 
external base region of the present invention is provided with 
an embedded epitaxial base region, and can avoid the TED 
effect and also reduce the resistance of the external base 
region of the device so that the performance of the device is 
improved. 
0058. The method of forming a bipolar transistor with an 
embedded epitaxial external base region of the present inven 
tion achieves the aforesaid bipolar transistor with an embed 
ded epitaxial external base region. The second and the third 
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methods achieve the aforesaid bipolar transistor with an 
embedded epitaxial external base region through self align 
ment, and feature concise steps, a low cost and simple opera 
tions, and the structures obtained have good performance. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

0059 FIG. 1 to FIG. 7 are schematic flowchart diagrams of 
a first preferred embodiment of the present invention; 
0060 FIG. 8 to FIG. 17 are schematic flowchart diagrams 
of a second preferred embodiment of the present invention; 
and 
0061 FIG. 18 to FIG.28 are schematic flowchart diagrams 
of a third preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

0062 Hereinbelow, the present invention will be 
described in detail with reference to the attached drawings 
and preferred embodiments thereof. 
0063 A bipolar transistor with an embedded epitaxial 
external base region of the present invention comprises at 
least a collector region, a base region and an external base 
region on the collector region, an emitter on the base region, 
and sidewalls at both sides of the emitter. The external base 
region is grown through an in-situ doping selective epitaxy 
process and is embedded in the collector region. 
0064 Preferably, a portion of the external base region is 
located beneath the sidewalls. That is, when the structure is 
formed, a certain degree of undercutting is performed so that 
the performance of the bipolar transistor with an embedded 
epitaxial external base region of the present invention is 
improved. 
0065. The structure of the present invention is not limited 
to the Si bipolar transistor, and may also be made of other 
materials such as SiGe or Group III-V compounds. 
0066. The bipolar transistor with an embedded epitaxial 
external base region of the present invention is provided with 
the embedded epitaxial base region, and can avoid the TED 
effect and also reduce the resistance of the external base 
region of the device so that the performance of the device is 
improved. 
0067. The bipolar transistor with an embedded epitaxial 
external base region of the present invention at least com 
prises three kinds of basic structures. To achieve the three 
kinds of structures, the present invention provides three form 
ing methods correspondingly. 
0068 Structure I: as shown in FIG. 1, a collector region 
101 of a first doping type is formed. A layer of doped base 
region 102 of a second doping type is formed on the collector 
region 101 through an epitaxy growth process. The base 
region 102 may be formed of Si, SiGe or carbon-doped SiGe. 
A first dielectric layer is deposited on the base region 102. The 
first dielectric layer is preferably a composite dielectric layer, 
which comprises a siliconoxide layer 104 and a silicon nitride 
layer 106 in sequence from bottom to top. The silicon oxide 
layer is an etch stop layer. 
0069. As shown in FIG. 2, the silicon nitride layer 106 is 
etched through photolithography to form an emitter window, 
and then the silicon oxide layer 104 is selectively etched to 
expose monocrystals of the base region 102. The selective 
etching may be achieved through dry etching or wet etching 
(0070. As shown in FIG.3, a polycrystalline layer 108 and 
a second dielectric layer 110 are deposited. The polycrystal 
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line layer 108 may be a polysilicon layer or a poly-SiGe layer. 
The polycrystalline layer 108 needs to be doped and may be 
doped through ion implantation or in-situ doping, and the 
impurity is of the first doping type. The dielectric layer 110 
may be a silicon oxide layer or a silicon nitride layer. 
(0071. As shown in FIG. 4, the second dielectric layer 110 
and the polycrystalline layer 108 are etched through photoli 
thography to form an emitter, and exposed portions of the 
silicon oxide layer 104 and the silicon nitride layer 106 are 
removed to expose the monocrystals of the base region 102. 
0072. As shown in FIG. 5, a third dielectric layer is depos 
ited, and a sidewall structure 113 is formed on a side surface 
of the resulting emitter structure through an anisotropic etch 
ing process. 
0073. As shown in FIG. 6, by using the emitter structure as 
a mask, the epitaxial base region 102 is etched to the collector 
region 101 to obtain an etched region 115. The main purpose 
of this step is to reduce the TED effect. To reduce the resis 
tance of the external base region, an etching thickness shall be 
greater than a thickness of the epitaxial base region 102. The 
preferred etching thickness ranges between 10 nm and 2000 
nm. It is best to perform a certain degree of undercutting, 
which can further reduce the resistance of the external base 
region. 
10074 As shown in FIG. 7, a layer of external base region 
120 is formed on the etched structure through an in-situ 
doping selective epitaxy process. The epitaxial layer may be 
formed of Si, SiGe or carbon-doped SiGe. The impurity is of 
the second doping type. In order to reduce the resistance of the 
external base region 120, the doping concentration shall be as 
high as possible and is generally from 1E19 to 1E21 cm. For 
an NPN device, the impurity is generally boron. 
0075) A layer of metal silicide structure is formed on a 
Surface of the external base region. Then, a contact hole is 
formed on the resulting structure to lead out an electrode of 
the emitter and an electrode of the base region. The method of 
forming a bipolar transistor with an embedded epitaxial exter 
nal base region of the present invention achieves the aforesaid 
bipolar transistor with an embedded epitaxial external base 
region, and features concise steps, a low cost and simple 
operations, and the structure obtained has good performance. 
0076 Preferred embodiment I: as shown in FIG. 1 to FIG. 
7, a collector region 101 of a first doping type is formed, and 
a layer of doped base region 102 is formed on the collector 
region 101 through an epitaxy growth process, with the base 
region being carbon-doped SiGe of a second doping type. A 
silicon oxide layer 104 and a silicon nitride layer 106 are 
deposited on the base region 102 in sequence. 
0077. The silicon nitride layer 106 is etched through pho 
tolithography to form an emitter window, and then the silicon 
oxide layer 104 is dry etched to expose monocrystals of the 
base region 102. A polysilicon layer 108 and a silicon oxide 
layer 110 are deposited. The polysilicon layer 108 of the first 
doping type is obtained through in-situ doping. The second 
dielectric layer 110 and the polycrystalline layer 108 are 
etched through photolithography to forman emitter. Exposed 
portions of the silicon oxide layer 104 and the silicon nitride 
layer 106 are removed to expose the monocrystals of the base 
region 102. 
0078. A third dielectric layer is deposited, and a sidewall 
structure 113 is formed on a side surface of the resulting 
emitter structure through an anisotropic etching process. By 
using the emitter structure as a mask, the epitaxial base region 
102 is etched to the collector region 101 to obtain an etched 
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region 115, with the etching thickness being 1000 nm and 
undercutting being performed concomitantly. 
0079 A layer of Si external base region 120 is formed on 
the etched structure through an in-situ doping selective epit 
axy process, with the impurity being boron and the doping 
concentration being 1 E20 cm. A layer of metal silicide 
structure is formed on a surface of the external base region. 
Then, a contact hole is formed on the resulting structure to 
lead out an electrode of the emitter and an electrode of the 
base region. Thus, the device is finished. 
0080 Structure II: as shown in FIG. 8, a collector region 
201 of a first doping type is formed. A layer of doped base 
region 202 of a second doping type is formed on the collector 
region 201 through an epitaxy growth process. The base 
region 202 may be formed of Sior SiGe. A dielectric layer is 
deposited on the base region 202. The dielectric layer is 
preferably a composite dielectric layer, which comprises a 
silicon oxide layer 204 and a silicon nitride layer 206 in 
sequence from bottom to top. The silicon oxide layer is an 
etch stop layer. 
I0081. As shown in FIG.9, the silicon nitride layer 206 and 
the silicon oxide layer 204 are etched through photolithogra 
phy to form a sacrifice emitter. 
I0082. As shown in FIG. 10, the epitaxial base region202 is 
etched to the collector region 201 to form an etched structure 
210. The main purpose of this step is to reduce the TED effect. 
To reduce the resistance of the external base region, an etch 
ing thickness shall be greater than a thickness of the epitaxial 
base region 202. It is best to perform a certain degree of 
undercutting, which can further reduce the resistance of the 
external base region. 
I0083. As shown in FIG. 11, a layer of external base region 
220 is formed through an in-situ doping selective epitaxy 
process. The epitaxial layer may be formed of Si or SiGe. In 
order to reduce the resistance of the external base region, the 
doping concentration shall be as high as possible and is gen 
erally from 1E19 to 1 E21 cm. 
10084 As shown in FIG. 12, a silicon oxide layer 212 is 
deposited and then planarized through a chemical mechanical 
planarization (CMP) process or an etch-back process to 
expose the silicon nitride layer 206 of the sacrifice emitter. 
I0085. As shown in FIG. 13, the silicon nitride layer 206 of 
the sacrifice emitter is removed through wet etching, and then 
a layer of silicon nitride is deposited and formed into an inner 
sidewall 214 through an anisotropic etching process. 
I0086) As shown in FIG. 14, portions of the silicon oxide 
layer 204 in an emitter window which are not covered by the 
inner sidewall 214 are removed through a selective dry etch 
ing process or a selective wet etching process. 
I0087 As shown in FIG. 15, a polycrystalline layer 224 is 
deposited on the resulting structure. 
I0088 As shown in FIG. 16, the polycrystalline layer 224 
and the silicon oxide layer 212 are etched through photoli 
thography in sequence to form an emitter. 
I0089. As shown in FIG. 17, a metal material is deposited 
on surfaces of the external base region 220 and the emitter and 
then annealed to form a metal silicide structure 228. The 
metal deposited may be one of Ti, Co or Ni, but is not limited 
thereto. 
I0090. A contact hole is formed on the resulting structure to 
lead out an electrode of the emitter and an electrode of the 
base region. 
0091 Preferred embodiment II: as shown in FIG.8 to FIG. 
17, a collector region 201 of a first doping type is formed. A 
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layer of SiGe-doped base region 202 of a second doping type 
is formed on the collector region 201 through an epitaxy 
growth process. A silicon oxide layer 204 and a silicon nitride 
layer 206 are deposited in sequence on the base region 202. 
0092. The silicon nitride layer 206 and the silicon oxide 
layer 204 are etched through photolithography to form a 
sacrifice emitter. The epitaxial base region202 is etched to the 
collector region 201 to form an etched structure 210. An 
etching thickness is greater than a thickness of the epitaxial 
base region 202, and a certain degree of undercutting is per 
formed. A layer of SiGe external base region 220 is formed 
through an in-situ doping selective epitaxy process, with the 
doping concentration being 1E20 cm. 
0093. A silicon oxide layer 212 is deposited and then 
planarized through an etch-back process to expose the silicon 
nitride layer 206 of the sacrifice emitter. The silicon nitride 
layer 206 of the sacrifice emitter is removed through wet 
etching, and then a layer of silicon nitride is deposited and 
formed into an inner sidewall 214 through an anisotropic 
etching process. Portions of the silicon oxide layer 204 in an 
emitter window which are not covered by the inner sidewall 
214 are removed through a selective dry etching process. 
0094. A polycrystalline layer 224 is deposited on the 
resulting structure, and the polycrystalline layer 224 and the 
silicon oxide layer 212 are etched through photolithography 
in sequence to form an emitter. Ti is deposited on Surfaces of 
the external base region 220 and the emitter and thenannealed 
to form a metal silicidestructure 228. A contact hole is formed 
on the resulting structure to lead out an electrode of the 
emitter and an electrode of the base region. 
0095 Structure III: as shown in FIG. 18, a collector region 
301 of a first doping type is formed. A layer of doped base 
region 302 of a second doping type is formed on the collector 
region 301 through an epitaxy growth process. The base 
region 302 may be formed of Si or SiGe. On the base region 
302 is deposited a dielectric layer, which comprises a first 
silicon oxide layer 304, a silicon nitride layer 306 and a 
second silicon oxide layer 308 in sequence from bottom to 
top. The second silicon oxide layer 308 is an etch stop layer 
for protecting the epitaxial base region 302 from being dam 
aged in Such processes as the etching process. 
0096. As shown in FIG. 19, the second silicon oxide layer 
308 and the silicon nitride layer 306 are etched through pho 
tolithography to form a window. 
0097. As shown in FIG. 20, a window is opened in the first 
silicon oxide layer 304 through a selective dry etching pro 
cess or a selective wet etching process to form an emitter 
window. 
0098. As shown in FIG. 21, a first polycrystalline layer 
310 is deposited on the resulting structure, with the first 
polycrystalline layer 310 being filled in the emitter window 
and also covering a surface of the resulting structure. 
0099. As shown in FIG. 22, a surface layer of the first 
polycrystalline layer 310 is removed, and the first polycrys 
talline layer 310 is planarized to the second silicon oxide layer 
308. Then, peripheral portions of the dielectric layer are 
removed through a CMP process or an etch-back process. 
0100. As shown in FIG. 23, the second silicon oxide layer 
308 and portions of the silicon nitride layer 306 that are not 
covered by the first polycrystalline layer 310 are removed 
through a selective etching process. 
0101. As shown in FIG. 24, a silicon nitride dielectric 
layer is deposited on the resulting structure and then etched 
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into a first sidewall 312 structure; and then, portions of the 
first silicon oxide layer 304 that are not covered by the first 
sidewall 312 are etched off. 

0102. As shown in FIG. 25, the external base region 302 is 
etched to the collector region 301 to form an etched structure 
314. The main purpose of this step is to reduce the TED effect. 
To reduce the resistance of the external base region, an etch 
ing thickness shall be greater than a thickness of the epitaxial 
base region 302. It is best to perform a certain degree of 
undercutting, which can further reduce the resistance of the 
external base region. In the etching process, a portion of a 
surface of the first polycrystalline layer on the emitter is also 
etched off. 

0103) As shown in FIG. 26, a layer of external base region 
320 is formed through an in-situ doping selective epitaxy 
process. The epitaxial layer may be formed of Si or SiGe. In 
order to reduce the resistance of the external base region320, 
the doping concentration shall be as high as possible and is 
generally from 1E19 to 1E21 cm. A second polycrystalline 
layer 318 is also deposited on the emitter. 
0104. As shown in FIG. 27, a dielectric layer (e.g., a sili 
con nitride dielectric layer) is deposited and then etched into 
a second sidewall 313 at the position of the first sidewall 312. 
0105. As shown in FIG. 28, a metal layer is deposited on 
the resulting structure, a metal silicide 324 is formed on the 
external base region320 and a metal silicide 324 is formed on 
the second polycrystalline layer 318. 
0106. A contact hole is formed on the resulting structure to 
lead out an electrode of the emitter and an electrode of the 
base region. 
01.07 Preferred embodiment III: as shown in FIG. 18 to 
FIG. 28, a collector region 301 of a first doping type is 
formed. A layer of Si-doped base region 302 of a second 
doping type is formed on the collector region 301 through an 
epitaxy growth process. On the base region 302 is deposited 
a dielectric layer, which comprises a first silicon oxide layer 
304, a silicon nitride layer 306 and a second silicon oxide 
layer 308 in sequence from bottom to top. The second silicon 
oxide layer 308 and the silicon nitride layer 306 are etched 
through photolithography to form a window. 
0108. A window is opened in the first silicon oxide layer 
304 through a selective dry etching process to forman emitter 
window. A first polycrystalline layer 310 is deposited on the 
resulting structure, with the first polycrystalline layer 310 
being filled in the emitter window and also covering a Surface 
of the resulting structure. A surface layer of the first polycrys 
talline layer 310 is removed, and the first polycrystalline layer 
310 is planarized to the second silicon oxide layer 308. Then, 
peripheral portions of the dielectric layer are removed 
through a CMP process. 
0109 The second silicon oxide layer 308 and portions of 
the silicon nitride layer 306 that are not covered by the first 
polycrystalline layer 310 are removed through a selective 
etching process. A silicon nitride dielectric layer is deposited 
on the resulting structure and then etched into a first sidewall 
312 structure; and then, portions of the first siliconoxidelayer 
304 that are not covered by the first sidewall 312 are etched 
off. 

0110. The external base region 302 is etched to the collec 
torregion301 to forman etched structure 314, with an etching 
thickness being greater than a thickness of the epitaxial base 
region 302 and a certain degree of undercutting being per 
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formed concomitantly. In the etching process, a portion of a 
surface of the first polycrystalline layer on the emitter is also 
etched off. 
0111. A layer of Si external base region 320 is formed 
through an in-situ doping selective epitaxy process, with the 
doping concentration being 1E20 cm. A second polycrys 
talline layer 318 is also deposited on the emitter. A silicon 
nitride dielectric layer is deposited and then etched into a 
second sidewall 313 at the position of the first sidewall 312. A 
metal layer is deposited on the resulting structure, a metal 
silicide 324 is formed on the external base region 320 and a 
metal silicide 324 is formed on the second polycrystalline 
layer 318. A contact hole is formed on the resulting structure 
to lead out an electrode of the emitter and an electrode of the 
base region. 
0112 What described above are only preferred embodi 
ments of the present invention but are not intended to limit the 
Scope of the present invention. Accordingly, any modifica 
tions or substitutions that can be readily devised by those 
skilled in the art within the technical scope of the present 
invention shall also fall within the scope of the present inven 
tion. Therefore, the protective scope of the present invention 
shall be governed by the claims. 

1. A bipolar transistor with an embedded epitaxial external 
base region, comprising at least a collector region, a base 
region and an external base region on the collector region, an 
emitter on the base region, and sidewalls at both sides of the 
emitter, wherein the external base region is grown through an 
in-situ doping selective epitaxy process and is embedded in 
the collector region. 

2. The bipolar transistor with an embedded epitaxial exter 
nal base region of claim 1, wherein a portion of the external 
base region is located beneath the sidewalls. 

3. A method of forming a bipolar transistor with an embed 
ded epitaxial external base region, comprising at least the 
following steps: 

3.1 forming a collector region of a first doping type; 
3.2 forming a base region of a second doping type on the 

resulting structure of the step 3.1; 
3.3 depositing a first dielectric layer on the base region; 
3.4 opening a window in the first dielectric layer; 
3.5 forming a polycrystalline layer of the first doping type 

and a second dielectric layer in sequence on the resulting 
structure of the step 3.4: 

3.6 etching the second dielectric layer and the polycrystal 
line layer through photolithography to form an emitter, 
and removing exposed portions of the first dielectric 
layer; 

3.7 depositing a third dielectric layer and forming a side 
wall structure on a side surface of the resulting emitter 
structure through an anisotropic etching process; 

3.8 etching portions of the base region that are not covered 
in the resulting structure of the step 3.7 by using the 
emitter and the sidewall structure as a mask, with an 
etching thickness being greater than a thickness of the 
base region; 

3.9 forming an external base region of the second doping 
type on the resulting structure of the step 3.8 through an 
in-situ doping selective epitaxy process; 

3.10 forming a layer of metal silicide structure on a surface 
of the external base region; and 

3.11 forming a contact hole on the resulting structure of the 
step 3.10 to lead out an electrode of the emitter and an 
electrode of the base region. 
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4. The method of forming a bipolar transistor with an 
embedded epitaxial external base region of claim 3, wherein 
the polycrystalline layer of the step 3.5 is a polysilicon layer 
or a poly-SiGe layer, and the dielectric layers are formed of 
silicon oxide or silicon nitride. 

5. The method of forming a bipolar transistor with an 
embedded epitaxial external base region of claim 3, wherein 
the etching thickness of the step 3.8 ranges between 10 nm 
and 2000 nm, and the sidewall is undercut during the etching 
of the base region. 

6. A method of forming a bipolar transistor with an embed 
ded epitaxial external base region, comprising at least the 
following steps: 

6.1 forming a collector region of a first doping type; 
6.2 forming a base region of a second doping type on the 

resulting structure of the step 6.1: 
6.3 forming a first dielectric layer on the base region; 
6.4 removing exposed portions of the first dielectric layer 

through photolithography to form a sacrifice emitter, 
6.5 etching portions of the base region that are not covered 
by the sacrifice emitter, with an etching thickness being 
greater than a thickness of the base region; 

6.6 forming an external base region of the second doping 
type on the resulting structure of the step 6.5; 

6.7 depositing a second dielectric layer to form a pla 
narized surface that exposes a top Surface of the sacrifice 
emitter; 

6.8 removing portions of a surface layer of the sacrifice 
emitter to obtain a window, and forming an inner side 
wall structure on an inner sidewall of the window; 

6.9 removing portions of the sacrifice emitter which are not 
covered by the inner sidewall; 

6.10 depositing a polycrystalline layer, 
6.11 removing edge portions of the polycrystalline layer of 

the step 6.10 and the second dielectric layer of the step 
6.7 to form an emitter; 

6.12 depositing a metal material on Surfaces of the external 
base region and the emitter to form a metal silicide; and 

6.13 forming a contact hole on the resulting structure of the 
step 6.12 to lead out an electrode of the emitter and an 
electrode of the base region. 

7. The method of forming a bipolar transistor with an 
embedded epitaxial external base region of claim 6, wherein 
the base region is formed of silicon (Si), SiGe or carbon 
doped SiGe. 

8. The method of forming a bipolar transistor with an 
embedded epitaxial external base region of claim 6, wherein 
the first dielectric layer is a composite dielectric layer, which 
comprises a silicon oxide layer deposited on a Surface of the 
base region and a silicon nitride layer deposited on a Surface 
of the silicon oxide layer. 

9. A method of forming a bipolar transistor with an embed 
ded epitaxial external base region, comprising at least the 
following steps: 

9.1 forming a collector region of a first doping type; 
9.2 forming a base region of a second doping type on the 

resulting structure of the step 9.1; 
9.3 depositing a first silicon oxide layer, a silicon nitride 

layer and a second silicon oxide layer in sequence on the 
resulting structure of the step 9.2: 

9.4 opening a window in the second silicon oxide layer and 
the silicon nitride layer; 
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9.5 removing portions of the first silicon oxide layer that 
are within the window to expose the base region and to 
form an emitter window; 

9.6 depositing a polycrystalline layer on the resulting struc 
ture of the step 9.5; 

9.7 planarizing the resulting structure of the step 9.6 to 
expose the second silicon oxide layer, 

9.8 removing the second silicon oxide layer and portions of 
the silicon nitride layer that are not covered by the poly 
crystalline layer, 

9.9 forming a first sidewall on a side surface of the poly 
crystalline layer, and removing portions of the first sili 
con oxide layer that are not covered by the first sidewall; 

9.10 etching portions of the base region that are not cov 
ered, with an etching thickness being greater than a 
thickness of the base region; 

9.11 forming an external base region of the second doping 
type on the resulting structure of the step 9.10; 

9.12 depositing a dielectric layer to form a second sidewall 
outside the first sidewall; 

9.13 depositing a metal layer on the resulting structure of 
the step 9.12, forming a metal silicide on the external 
base region and forming a metal silicide on the polycrys 
talline layer, and 

9.14 forming a contact hole on the resulting structure of the 
step 9.13 to lead out an electrode of the emitter and an 
electrode of the base region. 

10. The method of forming a bipolar transistor with an 
embedded epitaxial external base region of claim 9, wherein 
the base region is made of Si or SiGe. 

11. The method of forming a bipolar transistor with an 
embedded epitaxial external base region of claim 9, wherein 
the sidewall is undercut during the etching of the base region. 

12. The method of forming a bipolar transistor with an 
embedded epitaxial external base region of claim 9, wherein 
the metal deposited is one of Ti, Co or Ni. 
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13. The method of forming a bipolar transistor with an 
embedded epitaxial external base region of claim 9, wherein 
the external base region is formed through an epitaxy growth 
process, the external base region is formed of Si, SiGe or 
carbon-doped SiGe, and the impurity is doped at a concen 
tration of 1E19 to 1E21 cm. 

14. The method of forming a bipolar transistor with an 
embedded epitaxial external base region of claim 3, wherein 
the base region is formed of silicon (Si), SiGe or carbon 
doped SiGe. 

15. The method of forming a bipolar transistor with an 
embedded epitaxial external base region of claim 3, wherein 
the first dielectric layer is a composite dielectric layer, which 
comprises a silicon oxide layer deposited on a Surface of the 
base region and a silicon nitride layer deposited on a Surface 
of the silicon oxide layer. 

16. The method of forming a bipolar transistor with an 
embedded epitaxial external base region of claim 6, wherein 
the sidewall is undercut during the etching of the base region. 

17. The method of forming a bipolar transistor with an 
embedded epitaxial external base region of claim 6, wherein 
the metal deposited is one of Ti, Co or Ni. 

18. The method of forming a bipolar transistor with an 
embedded epitaxial external base region of claim 3, wherein 
the external base region is formed through an epitaxy growth 
process, the external base region is formed of Si, SiGe or 
carbon-doped SiGe, and the impurity is doped at a concen 
tration of 1E19 to 1 E21 cm. 

19. The method of forming a bipolar transistor with an 
embedded epitaxial external base region of claim 6, wherein 
the external base region is formed through an epitaxy growth 
process, the external base region is formed of Si, SiGe or 
carbon-doped SiGe, and the impurity is doped at a concen 
tration of 1E19 to 1 E21 cm. 
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