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(57) ABSTRACT 

A semiconductor device and a method of producing the 
same are disclosed. After boron or similar p-type irnpurity 
has been introduced into a polysilicon layer constituting a 
pMOS gate, annealing can be effected at an optimal tem 
perature loW enough to prevent the impurity from entering 
a silicon substrate via a gate oxide ?lrn, e.g., 800° C. or 
beloW in the case of boron. This prevents the characteristic 
of a transistor, e.g., threshold voltage from being varied. 
Further, in an nMOS gate electrode and source-drain region, 
the n-type irnpurity can be provided With a concentration 
reducing the resistance of a silicide layer. In addition, in the 
emitter diffusion layer of a bipolar transistor, the concentra 
tion of the n-type irnpurity does not fall and alloWs a current 
ampli?cation factor to be increased While alloWing an ernit 
ter resistance to be reduced. 
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A BICMOS DEVICE HAVING A CMOS GATE 
ELECTRODE AND A BIPOLAR EMITTER EACH 
CONTAINING TWO IMURITIES OF THE SAME 

CONDUCTIVITY TYPE 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a semiconductor 
device having a CMOS (Complementary Metal Oxide Semi 
conductor) transistor and a bipolar transistor formed on a 
single substrate and, more particularly, to a composite LSI 
(Large Scale Integrated Circuit) having the gate electrode of 
a MOS transistor and the emitter electrode of a bipolar 
transistor formed by sharing the same layers, and a method 
of producing the same. 

[0002] Today, BiCMOS technologies are available for 
forming a bipolar transistor having a high current drive 
capability and a CMOS transistor feasible for high integra 
tion on a single chip. A BiCMOS structure is attracting 
increasing attention as an implementation for a small poWer, 
high speed LSI including both of digital and analog circuitry. 
HoWever, a conventional BiCMOS procedure is undesirable 
from the cost standpoint beause it involve a great number of 
steps. Although various approaches to save the production 
steps have been proposed in the past, they have some 
problems left unsolved. 

SUMMARY OF THE INVENTION 

[0003] It is therefore an object of the present invention to 
provide a semiconductor device having a desirable charac 
teristic, and a method of producing the same. 

[0004] In accordance With the present invention, in a 
semiconductor device having a CMOS transistor and a 
bipolar transistor formed on a single semiconductor sub 
strate, a gate electrode and an emitter electrode included in 
the CMOS transistor and bipolar transistor, respectively, are 
formed by sharing the same polysilicon layers. An impurity 
contained in an nMOS gate electrode and an emitter elec 
trode of the bipolar transistor has a loWer concentration than 
an emitter diffusion layer formed in the intrinsic base region 
of the bipolar transistor. 

[0005] Also, in accordance With the present invention, a 
method of producing a semiconductor device has the steps 
of forming an emitter contact hole, introducing an impurity 
via the emitter contact hole by ion implantation to thereby 
form an emitter diffusion region, forming a gate electrode 
and an emitter electrode of a MOS transistor, effecting 
formation of an nMOS source-drain and introduction of an 
impurity into an emitter electrode of a bipolar transistor at 
the same time, effecting ?rst annealing, effecting formation 
of a pMOS source-drain and introduction of an impurity into 
an eXtrinsic base region of the bipolar transistor at the same 
time, and effecting second annealing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] The above and other objects, features and advan 
tages of the present invention Will become apparent from the 
folloWing detailed description taken With the accompanying 
draWings in Which: 

[0007] FIGS. 1A-1D are sections shoWing a conventional 
method of producing a semiconductor device; 
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[0008] FIG. 2 is a graph shoWing a relation betWeen the 
dose of arsenic and the resistance of a silicide layer for 
describing the problems of the conventional method; 

[0009] FIGS. 3A-3D are sections shoWing a procedure for 
producing a semiconductor device embodying the present 
invention; 
[0010] FIG. 4 is a section shoWing the semiconductor 
device produced by the procedure of FIGS. 3A-3D; and 

[0011] FIGS. 5A-5D are sections shoWing an alternative 
embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0012] To better understand the present invention, brief 
reference Will be made to a conventional method of produc 
ing a semiconductor device, shoWn in FIGS. 1A-1D. The 
semiconductor device has a BiCMOS structure customarily 
used to reduce the number of production steps. 

[0013] First, as shoWn in FIG. 1A, an n-type epitaXial 
layer 4 is formed on a semiconductor substrate 1 having an 
n-type and a p-type buried layer 2 and 3 thereinside. A ?eld 
oXide layer 5 is formed on the epitaXial layer 4 by conven 
tional LOCOS (Local Oxidation of Silicon). Subsequently, 
there are formed an n-type Well region 6 and a p-type Well 
region 7 as Well as an n-type collector lead-out region 8 and 
an intrinsic base region 9 of a bipolar transistor. Just after a 
gate oXide ?lm of a MOS transistor has been formed to a 
thickness of 5 nm to 20 nm, a polysilicon layer 27 is formed 
on the gate oXide ?lm 10 to a thickness of 50 nm to 100 nm. 
When an emitter contact hole is formed, as Will be described, 
the polysilicon layer 27 is used to protect the gate oXide ?lm 
10 from defective breakdoWn voltage ascribable to contami 
nation and damage. 

[0014] As shoWn in FIG. 1B, the polysilicon layer 27 and 
gate oXide ?lm 10 are etched in order to form an emitter 
contact hole 12. Then, a polysilicon layer 28 is formed over 
the entire surface of the substrate 1 to a thickness of 100 nm 
to 200 nm. 

[0015] As shoWn in FIG. 1C, the polysilicon layers 28 and 
27 are etched in order to form a gate electrode 15 of an 
nMOS transistor, a gate electrode 16 of a pMOS transistor, 
and an emitter electrode 17 of the bipolar transistor. After a 
100 nm to 150 nm thick oXide ?lm has been formed, side 
Walls 18 are respectively formed around the gate electrodes 
15 and 16 and emitter electrode 17 by anisotropic dry 
etching. Subsequently, boron ions are implanted in a source 
drain region 19a of the pMOS transistor, the gate electrode 
16 and an outside base region 19b of the bipolar transistor 
by acceleration energy of 10 keV and in a dose of 5><1015 
cm-2 to 7><1015 cm_2. On the other hand, arsenic ions are 
implanted in a source-drain region 20 of the nMOS transis 
tor, the gate electrode 15, and the emitter electrode 17 of the 
bipolar transistor by acceleration energy of 30 keV and in a 
dose of 1><1016 cm'2 to 2><1016 cm_2. The resulting laminate 
is annealed at 850° C. to 900° C. in a nitrogen atmosphere 
in order to to activate the implanted impurities. Speci?cally, 
in the gate electrode 16 of the pMOS transistor, boron is 
diffused from the upper polysilicon layer 28 to the loWer 
polysilicon layer 27, forming a p-type gate electrode. Like 
Wise, in the gate electrode of the nMOS transistor, arsenic is 
diffused from the upper polysilicon layer 28 to the loWer 
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polysilicon layer 27, forming an n-type gate electrode. 
Further, in the emitter electrode 17 of the bipolar transistor, 
arsenic is diffused from the upper polysilicon layer 28 to the 
loWer polysilicon layer 27 and intrinsic base region 9, 
forming an emitter diffusion region 21. 

[0016] Thereafter, as shoWn in FIG. 1D, an interlayer 
dielectric ?lm 22 is formed on the entire surface of the 
substrate produced by the above procedure. Then, contacts 
are opened in the dielectric ?lm 22, and plugs 23 are formed 
by use of, e.g., tungsten. Finally, metal Wirings 24 are 
formed, completing a semiconductor device. 

[0017] As stated above, to save the production steps, the 
gate electrodes 15 and 16 of the MOS transistors and the 
emitter electrode 17 of the bipolar transistor are formed by 
sharing the polysilicon layers 27 and 28. Further, to simplify 
the production, the source-drain region 19a of the pMOS 
transistor and the outside base region 19b of the bipolar 
transistor are formed by a single step. In addition, the the 
formation of the source-drain region 20 of the nMOS 
transistor and the implantation of the impurity in the emitter 
electrode 17 of the bipolar transistor are effected by a single 
step. 

[0018] The part of the above speci?c BiCMOS structure 
relating only to the bipolar transistor is disclosed in, e.g., 
Japanese Patent Publication No. 7-44184 speci?cally. 

[0019] HoWever, the conventional semiconductor device 
and procedure for producing it have the folloWing disad 
vantages. The p-type electrode portion of the pMOS tran 
sistor is implemented by the implantation and diffusion of 
boron in the upper polysilicon layer 28, as stated above. In 
the p-type electrode portion, boron diffused to the loWer 
silicon layer 27 is further diffused to the silicon substrate 1 
via the gate oXide ?lm 10, resulting in the variation of the 
threshold voltage of the pMOS transistor. Moreover, such 
penetration of boron is accelerated by the annealing atmo 
sphere and temperature and ?uorine present in polysilicon. 
This aggravates limitation on the production conditions after 
the introduction of boron into the gate electrode. 

[0020] On the other hand, a silicide layer formed by the 
silicidation of the nMOS gate electrode 15 has a resistance 
noticeably susceptible to the dose of arsenic implanted in the 
polysilicon layer, as shoWn in FIG. 2. As shoWn, so long as 
the dose of arsenic is as small as 1><1015 cm-2 to 3x1015 
cm_2, a desirable silicide layer With loW resistance is achiev 
able. 1IIoWever, When the dose increases to 1><1016 cm'2 to 
2x10 cm_2, silicidation is obstructed With the result that the 
silicide ?lm has its thickness reduced and therefore has its 
resistance increased to a noticeable degree. It is therefore 
optimal to implant about 1><1015 cm'2 to 3x1015 cm'2 of 
arsenic in the gate electrode and source-drain region of the 
nMOS portion in order to reduce the resistance of the silicide 
layer. 

[0021] Assume that the impurity introduced into the poly 
silicon layer of the emitter portion included in the bipolar 
transistor has a concentration of, e.g., about 1><1015 cm-2 to 
3x1015 cm'2 as loW as in the nMOS gate electrode 15. Such 
a small amount of emitter impurity causes the impurity to 
decrease around the emitter contact (generally referred to as 
a plugging effect). This brings about a decrease in current 
ampli?cation factor and an increase in emitter resistance as 
Well as other defects. In this manner, the optimal dose of 
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impurity for the nMOS transistor and the optimal dose of 
impurity for the bipolar transistor are different from each 
other. 

[0022] In light of the above, the impurity may be 
implanted in each of the gate electrode and source-drain 
region of the nMOS transistor and the emitter electrode of 
the bipolar transistor independently, each in an optimal dose. 
This, hoWever, increases the number of production steps. 

[0023] Referring to FIGS. 3A-3D, a procedure for pro 
ducing a semiconductor device embodying the present 
invention Will be described. As shoWn in FIG. 3A, an n-type 
epitaXial layer 4 is formed on a semiconductor substrate 1 
having an n-type and a p-type buried layer 2 and 3 therein. 
A?eld oXide layer 5 is formed on the substrate 1 by LOCOS. 
Subsequently, an n-type Well region 6 and a p-type Well 
region 7 and an n-type collector lead-out region 8 and an in 
intrinsic base region 9 of a bipolar transistor are formed. 
Then, just after a gate oXide ?lm 10 of a MOS transistor has 
been formed to a thickness of 5 nm to 20 nm, a polysilicon 
layer 11 is formed to a thickness of 50 nm to 100 nm. 

[0024] As shoWn in FIG. 3B, photoresist 13 is formed on 
the polysilicon layer 11 and then patterned. Subsequently, 
the polysilicon layer 11 is etched in the emitter region of the 
bipolar transistor With the patterned photoresist 13 playing 
the role of a mask, thereby forming an emitter contact hole 
12. Then, an n-type impurity is introduced into the intrinsic 
base region 9 via the emitter contact hole 12 by ion implan 
tation. Assuming that the n-type impurity is implemented by 
arsenic, then the acceleration energy and dose are respec 
tively selected to be 30 keV and 5x1014 cm-2 to 1><1016 
cm_2. Arsenic may, of course, be replaced With antimony or 
phosphor. 

[0025] After the gate oXide ?lm 10 is etched and stripped 
as shoWn in FIG. 3C, a 100 nm to 200 nm thick polysilicon 
layer 14 is formed over the entire surface of the substrate 1. 

[0026] Assume that the n-type impurity introduced into 
the intrinsic base region 9 has a surface concentration above, 
e.g., about 1><102O cm_3. Then, When the substrate 1 is 
conveyed into a CVD (Chemical Vapor Deposition) appa 
ratus in order to groW the polysilicon layer 14, it is likely that 
oxygen (air) around the inlet of the CVD apparatus enters 
the apparatus and forms an oXide ?lm on the eXposed n-type 
impurity layer. This oXide ?lm makes it dif?cult to set up 
desirable contact betWeen the polysilicon layer 14 and the 
n-type diffusion layer. This problem Will be solved if used is 
made of a so-called load-lock type polysilicon groWth 
apparatus in Which a substrate is introduced into a vacuum 
chamber and then into a groWth chamber. Alternatively, the 
extremely thin oXide ?lm may be removed by reduction 
using hydrogen gas before the groWth of the polysilicon 
layer 14 to be effected in a groWth chamber. 

[0027] As shoWn in FIG. 3D, the polysilicon layers 14 and 
11 are etched in order to form a gate electrode 15 of an 
nMOS transistor, a gate electrode 16 of a pMOS transistor, 
and an emitter electrode 17 of the bipolar transistor. Subse 
quently, a 100 nm to 150 nm thick oXide ?lm is formed and 
then subjected to dry etching so as to form side Walls 18 
around the gate electrodes 15 and 16 and emitter electrode 
17. Thereafter, arsenic ions are implanted in a source-drain 
region 20 and gate electrode 15 of the nMOS region and the 
emitter electrode 17 of the bipolar transistor by acceleration 
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energy of 30 keV and in a doZe of 3><1015 cm_2. The 
resulting substrate is annealed in a nitrogen atmosphere at 
900° C. in order to activate the implanted impurity. Speci? 
cally, in the gate electrode 15 of the pMOS transistor, arsenic 
is diffused from the upper polysilicon layer 14 to the loWer 
polysilicon layer 11, forming an n-type gate electrode. 
Likewise, in the emitter electrode 17 of the bipolar transis 
tor, arsenic is diffused from the upper polysilicon layer 14 to 
the loWer polysilicon layer 11, forming the emitter electrode 
17. 

[0028] Further, boron ions are implanted in the source 
drain region 19a and gate electrode 16 of the pMOS tran 
sistor and an outside base region 19b of the bipolar transistor 
by acceleration energy of 10 keV and in a doZe of 5><1015 
cm-2 to 7><1015 cm_2. This impurity is activated in a nitrogen 
atmosphere at 800° C. Speci?cally, in the gate electrode 16, 
boron is diffused from the upper polysilicon layer 14 to the 
loWer polysilicon layer 11, forming a p-type gate electrode. 
After an interlayer dielectric ?lm 22 has been formed on the 
substrate produced by the above produce, contacts are 
formed in the dielectric ?lm 22, and then plugs 23 are 
formed by use of tungsten. Finally, metal Wirings 24 are 
formed to complete a semiconductor device shoWn in FIG. 
4. 

[0029] In the illustrative embodiment, the gate electrode 
and emitter electrode are formed by sharing the same 
polysilicon layers, and the formation of the source-drain of 
the nMOS transistor and the impurity implantation in the 
emitter electrode of the bipolar transistor are effected by a 
single step. This, hoWever, does not bring about the previ 
ously mentioned troubles including a decrease in current 
ampli?cation factor and an increase in emitter resistance, 
because an emitter diffusion layer is formed beforehand to 
implement an optimal loW n-type impurity concentration for 
the silicidation of the nMOS gate electrode. Further, in the 
illustrative embodiment, the source-train of the pMOS tran 
sistor and the eXtrinsic base region of the bipolar transistor 
are formed by a single step. Nevertheless, because annealing 
necessary for the nMOS transistor and the emitters of the 
bipolar transistor is effected before the above step, annealing 
folloWing the boron implantation can be effected at a tem 
perature loW enough to obviate the penetration of boron, 
e.g., 800° C. or beloW. 

[0030] Reference Will be made to FIGS. 5A-5D for 
describing an alternative embodiment of the present inven 
tion. This embodiment is essentially similar to the previous 
embodiment eXcept for the folloWing. After the polysilicon 
layer 11 and gate oXide ?lm 10 have been etched in the 
emitter region of the bipolar transistor in order to form the 
emitter contact ?lm 12, the n-type impurity is introduced 
into the intrinsic base region 9 by ion implantation. At this 
instant, this embodiment removes the photoresist mask used 
to form the contact hole 12, and then implants the n-type 
impurity over the entire surface of the substrate 1. As a 
result, the n-type impurity introduced into the loWer poly 
silicon layer 11 captures the boron atoms. This embodiment 
is therefore capable of obstructing the penetration of boron 
more than the previous embodiment. Another advantage 
achievable With this embodiment is that in the nMOS 
transistor the above n-type impurity is added to the n-type 
impurity introduced into the gate electrode at the time of 
formation of the source-drain, obstructing depletion in the 
nMOS gate electrode. The n-type impurity to be introduced 
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into the loWer polysilicon layer 11 may be implemented by 
arsenic, phosphor, antimony or similar substance. Among 
them, phosphor is optimal because it obstructs the penetra 
tion of boron due to little segregation to the grain boundary 
portions of polysilicon even With a loW concentration. 

[0031] Speci?cally, the step shoWn in FIG. 5A is identical 
With the step described With reference to FIG. 3A. In the 
illustrative embodiment, as shoWn in FIG. 5B, the polysili 
con layer 11 and gate oXide ?lm 10 are etched in the emitter 
region of the bipolar transistor in order to form the emitter 
contact hole 12. Subsequently, the photoresist mask used to 
form the hole 12 is removed, and then an n-type impurity is 
implanted in the intrinsic base region 9 over the entire 
surface of the substrate 1. For ion implantation, use may be 
made of acceleration energy of 5 keV and a dose of 1><1015 
cm-2 to 1><1016 cm-2 by Way of eXample. If desired, the 
n-type impurity may be implemented by antimony or 
arsenic. 

[0032] The steps shoWn in FIGS. 5C and 5D are respec 
tively identical With the steps described With reference to 
FIGS. 3C and 3D and Will not be described in order to avoid 
redundancy. The resulting semiconductor device also has the 
con?guration shoWn in FIG. 4. 

[0033] In any one of the above embodiments, the emitter 
diffusion layer 21 provided in the substrate 1 may be 
constituted by tWo or more different kinds of impurities. For 
eXample, assume that the n-type impurity to be introduced 
by ion implantation is antimony While the n-type impurity to 
be introduced into the polysilicon layer of the emitter 
electrode 17 is phosphor. Then, the resulting substrate may 
be annealed at 900° C. to 800° C. in order to diffuse 
phosphor from polysilicon into the substrate 1 and further 
diffuse it to cover the antimony junction. This can be done 
because antimony in silicon has a diffusion constant smaller 
than the diffusion constant of phosphor by about tWo ?gures. 
If the antimony junction having such a small impurity 
diffusion constant and a sharp impurity distribution is cov 
ered With phosphor having a relatively great impurity dif 
fusion constant and a relatively gentle impurity distribution, 
then it is possible to ease an electric ?eld betWeen the base 
and the emitter. With this kind of con?guration, a base 
emitter breakdoWn voltage 2 V to 3 V higher than one 
available With only antimony is achievable. 

[0034] In summary, in accordance With the present inven 
tion, after boron or similar p-type impurity has been intro 
duced into a polysilicon layer constituting a pMOS gate, 
annealing can be effected at an optimal temperature loW 
enough to prevent the impurity from entering a silicon 
substrate via a gate oXide ?lm, e.g., 800° C. or beloW in the 
case of boron. This prevents the characteristic of a transistor, 
e.g., threshold voltage from being varied. Further, in an 
nMOS gate electrode and source-drain region, the n-type 
impurity can be provided With a concentration reducing the 
resistance of a silicide layer. In addition, in the emitter 
diffusion layer of a bipolar transistor, the concentration of 
the n-type impurity does not fall and alloWs a current 
ampli?cation factor to be increased While alloWing an emit 
ter resistance to be reduced. 

[0035] Various modi?cations Will become possible for 
those skilled in the art after receiving the teachings of the 
present disclosure Without departing from the scope thereof. 
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What is claimed is: 
1. In a semiconductor device having a CMOS transistor 

and a bipolar transistor formed on a single semiconductor 
substrate, a gate electrode and an emitter electrode included 
in said CMOS transistor and said bipolar transistor, respec 
tively, are formed by sharing same polysilicon layers, and an 
impurity contained in an nMOS gate electrode and an 
emitter electrode of said bipolar transistor has a loWer 
concentration than an emitter diffusion layer formed in an 
intrinsic base region of said bipolar transistor. 

2. Asemiconductor device as claimed in claim 1, Wherein 
tWo kinds of impurities are introduced in said emitter 
diffusion layer. 

3. A method of producing a semiconductor device, com 
prising the steps of: 

forming an emitter contact hole; 

introducing an impurity via said emitter contact hole by 
ion implantation to thereby form an emitter diffusion 
region; 

forming a gate electrode and an emitter electrode of a 
MOS transistor; 
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effecting formation of an nMOS source-drain and intro 
duction of an impurity into an emitter electrode of a 
bipolar transistor at the same time; 

effecting ?rst annealing; 

effecting formation of a pMOS source-drain and intro 
duction of an impurity into an eXtrinsic base region of 
said bipolar transistor at the same time; and 

effecting second annealing. 
4. A method as claimed in claim 3, Wherein said second 

annealing is effected at a loWer temperature than said ?rst 
annealing. 

5. A method as claimed in claim 3, Wherein said gate 
electrode and said emitter electrode are formed by sharing 
same polysilicon layers, said method further comprising 
removing, just before a groWth of a polysilicon layer for said 
gate electrode and said emitter electrode, an oXide ?lm 
formed on a surface of a substrate and eXposed via said 
emitter contact hole in a groWth apparatus. 


