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METHOD OF PRODUCTION OF 
SEMCONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a method of pro 
duction of a Semiconductor device, more particularly relates 
to a method of production of a Semiconductor device having 
a BiCMOS transistor. 

0003 2. Description of the Related Art 
0004 Along with the increasingly small size and lighter 
weight of electronic equipment and reduction of power 
consumption in recent years, there has been growing 
demand for higher integration and greater miniaturization of 
Semiconductor devices. Therefore, there has been develop 
ment of a bipolar CMOS (Bi-CMOS) combining a CMOS 
having characteristics of low power consumption and high 
integration and a bipolar transistor having characteristics of 
a strong drive force and high Speed. 
0005 FIG. 13 is a sectional view of a BiCMOS transistor 
produced by a method of production of the related art. 
0006. As shown in FIG. 13, an n-type epitaxial layer 2 is 
formed on a p-type Semiconductor Substrate 1, and an 
element isolation insulating film 3 is formed by a LOCOS 
technique on a Surface of the n-type epitaxial layer 2. 
0007. In an inpn bipolar transistor formation region, an 
n-type collectorburying region 4 is formed below the n-type 
epitaxial layer 2 forming an n-type collector region, and a 
selective-ion-implantation-of-collector (SIC) region 17 for 
increasing a concentration of impurity directly below a base 
is formed above the n-type collector burying region 4. 
0008 An intrinsic base region 15 containing a p-type 
impurity and an external base region 16 for taking out a base 
containing a p-type impurity of a higher concentration than 
that in the intrinsic base region 15 and reduced in resistance 
are formed connected on the Surface of the n-type epitaxial 
layer 2. 
0009. On the p-type base regions (15 and 16) are formed 
a silicon oxide film 33. Emitter polycrystalline silicon 24 is 
formed in an opening 33a formed in the silicon oxide film 
33 and on the silicon oxide film 33. An n-type emitter region 
25 is formed on the surface of the intrinsic base region 15 
below the emitter polycrystalline silicon 24. 
0.010 Also, an n-type collector plug region 6 and an 
n-type collector take-out region 6a are formed on a part of 
the n-type epitaxial layer 2 on the n-type collector burying 
region 4 over the p-type base regions (15 and 16). 
0011. On a pMOS transistor formation region is formed 
an n-type isolation region 5 for isolation from the p-type 
semiconductor substrate 1. Further, an n-type well 7 is 
formed in the n-type epitaxial layer 2. Further, a p-type well 
8 is formed in the nMOS transistor region. 
0012. In pMOS and nMOS transistor formation regions, 
Source/drain regions (12 and 14) having LDD regions (11 
and 13) are formed on the surfaces of the n-type well 7 and 
p-type well 8, respectively. 

0013 Also, gate electrodes (22 and 23) are formed 
between the Source/drain regions (12 and 14) via gate oxide 
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films (31a and 31b). Sidewall insulating films (32a and 32b) 
are formed on the Side portions of the gate electrodes (22 and 
23). 
0014) A silicon oxide film 33 is formed covering the 
entire Surfaces of the gate electrodes (22 and 23), an 
interlayer insulating film 34 is formed covering the entire 
surfaces of the transistors, contact holes (41, 42, 43, 44, 45, 
46, and 47) reaching the source/drain regions (12 and 14) of 
the pMOS and nMOS transistors, the external base region 16 
and an emitter electrode 24 of the npn bipolar transistor, and 
a collector take-out region 6a are formed in the Silicon oxide 
film 33 and the interlayer insulating film 34, and intercon 
nection layers (51, 52, 53, 54, 55, 56, and 57) are formed 
inside and over the contact holes. 

0015. An example of a method of production of a semi 
conductor device having the above configuration will be 
explained next. 

0016 First, as shown in FIG. 14A, for example, a p-type 
Silicon Semiconductor Substrate 1 is oxidized by thermal 
oxidation to form an oxide film on the Surface. On the upper 
Surface of the oxide film is formed a resist film R1 of a 
pattern having openings at the npn bipolar transistor forma 
tion region and the pMOS transistor formation region on the 
above Silicon Semiconductor Substrate 1 by lithography. 
0017. Then, the oxide film is patterned by using the resist 
film R1 as a mask so as to form an oxide film 36 having 
openings at the npn bipolar transistor formation region and 
the pMOS transistor formation region. 
0018) Next, as shown in FIG. 14B, the resist film R1 is 
removed, then antimony is diffused in the Silicon Semicon 
ductor Substrate 1 through the openings formed in the above 
oxide film 36 by thermal diffusion using a solid source of 
antimony oxide (Sb2O) So as to form, for example, an 
n-type collector burying region 4 and an n-type isolation 
region 5 for isolation from the p-type Semiconductor Sub 
Strate 1. 

0019. Next, as shown in FIG. 15C, the oxide film 36 is 
removed by for example wet etching, then an n-type epi 
taxial layer 2 is formed on the Silicon Semiconductor Sub 
Strate 1 by epitaxial growth. 

0020 Next, as shown in FIG. 15D, an element isolation 
insulating film 3 is formed on the n-type epitaxial layer 2 by 
a LOCOS process. 

0021. In the process of forming the element isolation 
insulating film 3, for example, a Silicon oxide film 3a is 
formed by thermal oxidation on the surface of the n-type 
epitaxial layer 2, a not illustrated Silicon nitride film is 
formed on regions other than the element isolation insulating 
film formation region on the silicon oxide film 3a and the 
Surface of the n-type epitaxial layer 2 is thermally oxidized 
using the Silicon nitride film as an oxidation resistant mask 
to form the element isolation insulating film 3. Then, the 
silicon nitride film is removed by etching, whereby the 
element isolation insulating film 3. 

0022. Next, as shown in FIG. 16E, a resist film R2 
having an opening at a region for forming an n-type collector 
plug region on the npn bipolar transistor formation region is 
formed, then the resist film R2 is used as a mask and, for 
example, the n-type impurity phosphorus is implanted, So as 
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to form an n-type collector plug region 6 connected to the 
n-type collector burying region 4 on the n-type epitaxial 
layer 2. 
0023 Then, the resist film R2 is removed. 
0024) Next, as shown in FIG.16F, a resist film R3 having 
an opening at the pMOS transistor formation region is 
formed by lithography on the n-type epitaxial layer 2, then 
an n-type impurity, for example, phosphorus, is implanted to 
form an n-type well 7. Then, the resist film 3 is removed. 
0025) Next, as shown in FIG. 17G, a resist film R4 
having openings at an nMOS transistor formation region and 
a part of the element isolation region between the nMOS and 
pMOS transistor and npn bipolar transistor formation 
regions is formed on the n-type epitaxial layer 2 by lithog 
raphy. A p-type impurity boron is then for example 
implanted to form a p-type well using the element isolation 
region. 

0026. Next, as shown in FIG. 17H, the resist film R4 is 
removed, then the oxide film 3a is removed for example by 
wet etching and a gate oxide film 31 is formed for example 
by thermal oxidation. 
0027 Next, as shown in FIG. 18I, gate electrodes (22 and 
23) are formed on the nMOS and pMOS transistor formation 
regions. 

0028) Next, as shown in FIG. 18.J., a resist film R5 having 
an opening at the pMOS formation region is formed by 
lithography, then the resist film R5 is used as a mask for ion 
implantation of a p-type impurity, for example, boron dif 
luoride (BF) to form a p-type LDD region 11 in the n-type 
wells 7 on the two sides of the gate electrode 22. 
0029) Next, the resist film R5 is removed. 
0030) Next, as shown in FIG. 19K, a resist film R6 
having an opening at the nMOS transistor formation region 
is formed by lithography, then the resist film R6 is used as 
a mask for implantation of an n-type impurity, for example, 
arsenic (AS) to form an n-type LDD region 13 in the p-type 
wells 8 on the two sides of the gate 23. 
0031) Then, the resist film R6 is removed. 
0032) Next, as shown in FIG. 19L, a resist film R7 
having an opening at the intrinsic base formation region of 
the npn bipolar transistor is formed by lithography, then the 
resist film R7 is used as a mask for ion implantation of an 
n-type impurity, for example, boron difluoride to form an 
intrinsic base region 15. 
0033. Furthermore, by using the resist R7 as a mask for 
ion implantation of an n-type impurity of, for example, 
phosphorus, an SIC region 17 for increasing the concentra 
tion of collector impurity immediately below the base is 
formed. 

0034) Next, the resist film R7 is removed. 
0035) Next, as shown in FIG.20M, a sidewall insulating 
film 32 is formed by covering the transistors and depositing 
silicon oxide on the entire surface by CVD. 
0036) Next, as shown in FIG. 20N, the sidewall insulat 
ing film 32 is removed by etching for example by RIE and 
sidewall insulating films (32a and 32b) are formed on the 
Side portions of the gate electrodes (22 and 23). 
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0037. Then, as shown in FIG. 20O, a resist film R8 
having openings at the nMOS transistor region and the 
collector take-out region of an inpn bipolar transistor is 
formed by lithography. This is used as a mask for ion 
implantation of an n-type impurity of, for example, arsenic 
to form a source/drain region 14 of the nMOS transistor and 
collector take-out region 6a of the npn bipolar transistor. 
0038) Next, the resist film R8 is removed. 
0039) Next, as shown in FIG.21P, a resist film R9 having 
openings at the pMOS transistor formation region and 
external base formation region of the npn bipolar transistor 
is formed by lithography. This is used as a mask for ion 
implantation of a p-type impurity of, for example, boron 
difluoride to form a source/drain region 12 of the pMOS 
transistor and an external base region 16 of the npn bipolar 
transistor. 

0040. Next, the resist film R9 is removed. 
0041) Next, as shown in FIG. 22O, a silicon oxide film 
33 is deposited on the entire surface, a resist film R10 having 
an opening at the emitter formation region is formed by 
lithography on the silicon oxide film 33, and the resist film 
R10 is used as a mask to form an emitter formation opening 
33a in silicon oxide film 33. 

0042. Next, the resist film R10 is removed. 
0043. Next, as shown in FIG. 22R, an emitter polycrys 
talline Silicon-use layer 24a doped with an n-type impurity 
arsenic to a high concentration, for forming the emitter 
polycrystalline silicon, is formed on the entire Surface 
including the inside of the opening 33a by low preSSure 
chemical vapor deposition (LPCVD). 
0044) Next, as shown in FIG. 23S, a resist film R11 
having a pattern of the emitter polycrystalline Silicon of the 
npn bipolar transistor is formed by lithography on the 
emitter polycrystalline Silicon-use layer 24a. The resist film 
R11 is used as a mask for etching the emitter polycrystalline 
Silicon-use layer 24a to form the emitter polycrystalline 
silicon 24. 

0045 Next, the resist film R11 is removed. 
0046) Next, as shown in FIG. 23T, for example, rapid 
thermal annealing (RTA) is performed So as to activate the 
impurities introduced in the Source/drain regions (12 and 14) 
of the pMOS and nMOS transistors. Also, by heat treatment, 
the impurities are diffused in the p-type intrinsic base region 
15 via the opening 33a from the emitter polycrystalline 
silicon 24 to the silicon oxide film 33 to form an n-type 
emitter region 25. 
0047. After that, borophosphosilicate glass (BPSG) is 
deposited on the entire Surface to form an interlayer insu 
lating film 34. 
0048. A not shown resist film is formed on the interlayer 
insulating film 34. By using the resist film as a mask, 
openings (41 and 42) reaching the Source/drain regions 12 of 
the pMOS transistor, openings (43 and 44) reaching the 
Source/drain regions 14 of the nMOS transistor, an opening 
45 reaching the external base region 16 of the npn bipolar 
transistor, an opening 46 reaching the emitter polycrystalline 
Silicon 24, and an opening 47 reaching the collector take-out 
region 6a are formed in the interlayer insulating film 34 and 
the silicon oxide film 33. 
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0049. In the processes thereafter, not shown tungsten 
plugs are formed by depositing tungsten inside the openings 
(41 to 47). Via the tungsten plugs, interconnections (51 and 
52) connected to the source/drain regions 12 of the pMOS 
transistor, interconnections (53 and 54) connected to the 
Source/drain regions 14 of the nMOS transistor, an inter 
connection 56 connected to the emitter polycrystalline sili 
con 24, and an interconnection 57 connected to the collector 
take-out region 6a are formed So as to obtain a Semicon 
ductor device shown in FIG. 13. 

0050. In the method of production of a semiconductor 
device having a BiCMOS according to the above related art, 
as shown in FIG.20N, the sidewall insulating films (32a and 
32b) of the nMOS and pMOS transistors are formed by 
removing the sidewall insulating films 32 by RIE. At this 
time, since the Silicon portion (epitaxial layer 2) is exposed 
at other than regions of the element isolation insulating film 
32 and regions of the gate electrodes (22 and 23), damage is 
given to the silicon portion by the RIE. 
0051). At the pMOS and nMOS transistor formation 
regions, at the time of forming the Sidewall insulating film, 
the Silicon portion is exposed at the Source/drain regions. 
Since the Source/drain regions are regions where highly 
concentrated impurities are introduced, the effect due to the 
exposure of the Silicon portion is Small. 
0.052 However, in the bipolar transistor formation 
region, Since the emitter region is formed at the region where 
the Silicon portion is exposed, there is a disadvantage that 
the reliability declines due to reduction of the current 
amplification factor hit at a low current along with an 
increase of a Surface recombination current. 

0053. The decrease of the he at a low current due to an 
increase of the Surface recombination current on the bipolar 
transistor region is generally known. The Surface recombi 
nation current is caused by recombination of carriers via a 
Surface energy level generated by crystal discontinuity on 
the Substrate Surface and other defects, thus, is considerably 
affected by the processing State of the Surface. 
0.054 Accordingly, it is important that no RIE damage be 
given to the emitter formation region for forming the active 
region of the bipolar transistor and between the emitter and 
the p-type external base region. 

0055 Also, in the related art, as shown in FIG. 22O, in 
the proceSS for forming an opening in the Silicon oxide film 
33 by the resist film R10 in order to form emitter polycrys 
talline Silicon, it is necessary to consider alignment of the 
opening 33a for formation of the emitter region 25 with the 
external base regions 16 on the left and the right. 
0056 Namely, when the distance between the emitter 
region 25 and the external base regions 16 is too short, there 
are the disadvantages of decline of Voltage resistance and 
increase of the junction capacity of the emitter region 25 and 
the intrinsic and external base regions (15 and 16), while 
when the distance between the emitter region 25 and the 
external base regions 16 is too long an increase of base 
resistance and other disadvantages are caused. Therefore, 
optimization of the distance between the emitter region 25 
and the external base regions 16 becomes important. 
0057 To secure a certain margin of safety considering the 
above disadvantages and deviation in positioning of the 
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resist film, the distance between the emitter region 25 and 
the external base region 16 is normally made relatively 
large. 

0058 Specifically, for example, in the process for pro 
tecting the emitter polycrystalline Silicon formation region 
in FIG. 21P with the resist film R9 and forming the external 
base region 16, the resist film R9 of the part for protecting 
the emitter polycrystalline Silicon formation region is 
formed wide, the resist film R10 is positioned with respect 
to the widely protected region in the process from FIG. 22 
on, and the emitter polycrystalline Silicon is formed. Since 
the distance between the emitter region 25 and the external 
base region 16 becomes relatively large due to the need for 
this margin, there is a limit in miniaturization of the BiC 
MOS. 

SUMMARY OF THE INVENTION 

0059 An object of the present invention is to provide a 
method of production of a Semiconductor device able to be 
miniaturized by preventing decline of the hit at a low 
current caused by an increase of a Surface recombination 
current of the bipolar transistor and forming the external 
base region by Self-alignment with respect to emitter poly 
crystalline silicon in a BiCMOS process. 
0060. To attain the above object, according to the present 
invention, there is provided a method of production of a 
Semiconductor device forming a first Semiconductor element 
comprising a collector region, an emitter region, and an 
intrinsic base region on a first region and forming a second 
Semiconductor element comprising Source/drain regions and 
a gate electrode on a Second region and a Sidewall insulating 
film on Side portions of the gate electrode, including the 
Steps of forming Said collector region on a Semiconductor 
Substrate of Said first region; forming Said gate electrode on 
a Semiconductor SubStrate of Said Second region; forming 
Said intrinsic base region on Said Semiconductor Substrate of 
Said first region; forming an insulating film having an 
opening at an emitter formation region on Said intrinsic base 
region over Said Semiconductor Substrate of Said first and 
Second regions; forming an emitter electrode in Said opening 
and near Said opening of Said insulating film of Said first 
region; forming a protective film for Suppressing introduc 
tion of impurities to Said emitter electrode of Said first 
region; removing Said insulating film of Said first and Second 
regions while leaving a Sidewall insulating film on Said gate 
electrode side portions and emitter region formation insu 
lating film on a part under Said emitter electrode by using 
Said emitter electrode as a mask; forming an external base 
region connected to Said intrinsic base region by Self 
alignment with respect to Said emitter electrode over Said 
Semiconductor Substrate of Said first region; forming Said 
Source/drain regions on Said Semiconductor Substrate of Said 
Second region by using Said Sidewall insulating film as a 
mask, and forming Said emitter region connected to Said 
intrinsic base region on Said Semiconductor Substrate of Said 
first region under Said opening by diffusing an impurity in 
Said intrinsic base region from Said emitter electrode Via Said 
opening of Said emitter region formation insulating film. 

0061 According to the above method, an intrinsic base 
region is formed, an insulating film having an opening at an 
emitter formation region on the intrinsic base region is 
formed, and an emitter electrode of a first Semiconductor 
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element is formed and a protective film is formed on the 
insulating film having the opening. 

0.062 Next, a sidewall insulating film is left on the gate 
electrode Side portion by using the emitter electrode as a 
mask, and the insulating film on first and Second regions are 
removed while leaving the emitter region formation insu 
lating film partially below the emitter electrode. 

0.063) Next, an external base region connected to the 
intrinsic base region is formed by Self-alignment with 
respect to the emitter electrode on the Semiconductor Sub 
Strate on the first region. 
0064. Accordingly, at the time of forming the sidewall 
insulating film, Since the emitter region formation insulating 
film below the emitter electrode is left, the sidewall insu 
lating film can be formed on the emitter region as an active 
region of the first Semiconductor element and the Semicon 
ductor Substrate between the emitter region and the external 
base region without any damage at the time of forming 
Sidewall insulating film. 

0065. Also, since the external base region can be formed 
by Self-alignment with respect to the emitter electrode and 
Since a protective film is formed over the emitter electrode, 
it is possible to prevent changes in characteristic caused by 
introduction of impurities for forming the external base 
region to the emitter electrode. 
0.066 Also, preferably, the step of forming said intrinsic 
base region comprises forming Said intrinsic base region by 
ion implantation of an impurity to said semiconductor 
Substrate in Said first region and forming a diffusion layer of 
a conductive impurity at a lower concentration than that of 
a conductive impurity contained in Said Source/drain regions 
on Said Semiconductor Substrate of Said gate electrode side 
portion by ion implantation of an impurity to Said Second 
region. 

0067. As a result, it is possible to form a low concentra 
tion diffusion layer of the Second Semiconductor element 
Simultaneously in the Step of forming an intrinsic base 
region of the first Semiconductor element, So the production 
StepS can be reduced. 
0068 Preferably, the method comprises forming an 
impurity layer for increasing an impurity concentration of 
Said collector region under Said intrinsic base region in Said 
first region after the process of forming Said intrinsic base 
region and before forming Said insulating film and forming 
a pocket region containing a conductive impurity different 
from the low concentration diffusion layer under said low 
concentration diffusion layer in Said Second region in the 
Step of forming the impurity layer. 

0069. As a result, for example, in the step of forming an 
impurity layer for increasing the impurity concentration in 
the collector region below the base region of the first 
Semiconductor element, a pocket region for preventing short 
channel effects of the Second Semiconductor element can be 
formed Simultaneously, So the production Steps can be 
reduced. 

0070 Preferably, the step of forming said external base 
region comprises ion implantation of an impurity to Said 
Semiconductor Substrate in Said first region and forming Said 
external base region by Self-alignment with respect to Said 
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emitter electrode while Suppressing implantation of impu 
rities to Said emitter electrode by Said protective film. 
0071. As a result, source/drain regions of the second 
Semiconductor element can be formed Simultaneously in the 
Step of forming the external base region of the first Semi 
conductor element, So the production Steps can be reduced. 
0072 For example, the step of forming said emitter 
electrode and the Step of forming Said protective film 
includes the Steps of forming an emitter-use conductive 
layer inside Said opening of Said insulating film and on Said 
insulating film; forming Said protective film on Said emitter 
use conductive layer; and forming Said emitter electrode and 
Said protective film by forming a mask layer on Said pro 
tective film-use film of a region where said emitter region is 
to be formed and removing Said emitter-use conductive layer 
and Said protective film-use film by using the mask layer as 
a mask. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0073. These and other objects and features of the present 
invention will become clearer from the following descrip 
tion of the preferred embodiments given with reference to 
the attached drawings, in which: 
0074 FIG. 1 is a sectional view of a BiCMOS transistor 
produced by a method of production of a Semiconductor 
device of the present invention; 
0075 FIGS. 2A and 2B are sectional views of steps of a 
method of production of a Semiconductor device of the 
present invention, wherein FIG. 2A is a view up to a step of 
forming an opening in an oxide film and FIG. 2B is a view 
up to a step of forming an n-type collector burying region 
and an n-type isolation region; 
0.076 FIGS. 3C and 3D are sectional views of steps 
continuing from FIG. 2B, wherein FIG. 3C is a view up to 
a step of forming an n-type epitaxial layer and FIG. 3D is 
a view up to a step forming an element isolation insulating 
film; 

0.077 FIGS. 4E and 4F are sectional views of steps 
continuing from FIG. 3D, wherein FIG. 4E is a view up to 
a step of forming an n-type collector plug region and FIG. 
4F is a view up to a step of forming an n-type well; 
0078 FIGS. 5G and 5H are sectional views of steps 
continuing from FIG. 4F, wherein FIG. 5G is a view up to 
a step of forming a p-type well and FIG. 5H is a view up to 
a step of forming a gate insulating film; 

007.9 FIGS. 6J and 6 are sectional views of steps 
continuing from FIG. 5H, wherein FIG. 6J is a view up to 
a step of forming a gate electrode and FIG. 6 is a view up 
to a step of forming a p-type LDD region; 
0080 FIGS. 7K and 7L are sectional views of steps 
continuing from FIG. 61, wherein FIG. 7K is a view up to 
a step of forming an n-type LDD region and FIG. 7L is a 
View up to a Step of forming an intrinsic base region and an 
SIC region; 
0081 FIGS. 8M and 8N are sectional views of steps 
continuing from FIG. 7L, wherein FIG. 8M is a view up to 
a step of forming a sidewall insulating film and FIG. 8N is 
a view up to a step of forming an openings for forming an 
emitter; 
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0082 FIGS. 90 and 9P are sectional views of steps 
continuing from FIG. 8N, wherein FIG. 90 is a view up to 
a step of forming an antireflection film and FIG. 9P is a view 
up to a step of forming an emitter polycrystalline Silicon 
layer; 

0083 FIGS. 10O and 10R are sectional views of steps 
continuing from FIG. 9P, wherein FIG. 10O is a view up to 
a step of forming a sidewall insulating film and FIG. 10R is 
a view up to a step of forming Source/drain regions of an 
nMOS transistor and n-type collector take-out region; 
0084 FIGS. 11S and 11T are sectional views of steps 
continuing from FIG. 10R, wherein FIG. 11S is a view up 
to a step of forming Source/drain regions of a pMOS 
transistor and FIG. 11T is a view up to a step of forming 
openings for interconnections, 
0085 FIGS. 12J-L and 12K are other examples of a 
method of production of a Semiconductor device according 
to the present embodiment; 
0.086 FIG. 13 is a sectional view of a BiCMOS transistor 
produced by a method of production of the related art; 
0087 FIGS. 14A and 14B are sectional views of steps of 
a method of production of a BiCMOS transistor of the 
related art, wherein FIG. 14A is a view up to a step of 
forming an opening in an oxide film and FIG. 14B is a view 
up to a step of forming an n-type collector burying region 
and n-type Separation region; 

0088 FIGS. 15C and 15D are sectional views of steps 
continuing from FIG. 14B, wherein FIG. 15C is a view up 
to a step of forming an n-type epitaxial layer and FIG. 15D 
is a view up to a step of forming an element isolation 
insulating film; 

0089 FIGS. 16E and 16F are sectional views of steps 
continuing from FIG. 15D, wherein FIG.16E is a view up 
to a Step of forming an n-type collector plug region and FIG. 
15F is a view up to a step of forming an n-type well; 

0090 FIGS. 17G and 17H are sectional views of steps 
continuing from FIG. 16F, wherein FIG. 17G is a view up 
to a step of forming p-type well and FIG. 17H is a view up 
to a step of forming a gate insulating film; 

0091 FIGS. 18 and 18J are sectional views of steps 
continuing from FIG. 17H, wherein FIG. 18 is a view up 
to a step of forming a gate electrode and FIG. 18.J is a view 
up to a step of forming a p-type LDD region; 

0092 FIGS. 19K and 19L are sectional views of steps 
continuing from FIG. 18.J., wherein FIG. 19K is a view up 
to a step of forming an n-type LDD region and FIG. 19L is 
a process of forming an intrinsic base region and SIC region; 
0093 FIGS. 20M and 20N are sectional views of steps 
continuing from FIG. 19L, wherein FIG. 20M is a view up 
to a step of forming a Sidewall-use insulating film and FIG. 
20N is a view up to a step of forming a sidewall insulating 
film; 

0094 FIGS. 21O and 21P are sectional views of steps 
continuing from FIG. 20N, wherein FIG. 21O is a view up 
to a step of forming a Source/drain region of an nMOS 
transistor and n-type collector take-out region and FIG. 21P 
is a view up to a Step of forming a Source/drain region of a 
pMOS transistor and an external base region; 
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0.095 FIGS. 22O and 22R are sectional views of steps 
continuing from FIG. 21P, wherein FIG. 22O is a view up 
to a step of forming an oxide film for forming an emitter and 
FIG. 22R is a view up to a step of forming an emitter 
polycrystalline Silicon layer, and 
0096 FIGS. 23S and 23T are sectional views of steps 
continuing from FIG. 22R, wherein FIG. 23S is a view up 
to a step of forming emitter polycrystalline silicon and FIG. 
23T is a view up to a step of forming an opening for 
interconnection to an interlayer insulating film. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0097 Below, an embodiment of a method of production 
of a semiconductor device of the present invention will be 
explained with reference to the drawings. 
0.098 FIG. 1 is a sectional view of a BiCMOS transistor 
produced by a method of production of a Semiconductor 
device of the present invention. 
0099. As shown in FIG. 1, an n-type epitaxial layer 2 is 
formed on a p-type Semiconductor Substrate 1, and an 
element isolation insulating film 3 is formed by LOCOS on 
a Surface of the n-type epitaxial layer 2. 
0100. In an inpn bipolar transistor region, an n-type col 
lector burying region 4 is formed below the n-type epitaxial 
layer 2 for forming an n-type collector region, and a Selec 
tive-ion-implantation-of-collector (SIC) region 17 for 
increasing a concentration of the collector impurity imme 
diately below a base is formed above the n-type collector 
burying region 4. 
0101. An intrinsic base region 15 containing a p-type 
impurity and an external base region 16 containing a p-type 
impurity of a higher concentration than that in the intrinsic 
base region 15 and reduced in resistance are formed con 
nected for taking out the base on the Surface of the n-type 
epitaxial layer 2. 
0102 On part of the p-type base region 15 is formed a 
silicon oxide film 32c. Emitter polycrystalline silicon 24 is 
formed in an opening 32ca formed on the Silicon oxide film 
32c and on the silicon oxide film 32c. An anti-reflection film 
35 is formed on the emitter polycrystalline silicon 24 and an 
n-type emitter region 25 is formed on the Surface of the 
intrinsic base region 15 below the emitter polycrystalline 
silicon 24. 

0.103 Also, an n-type collector plug region 6 and an 
n-type collector take-out region 6a are formed on a part of 
the n-type epitaxial layer 2 on the n-type collector burying 
region 4 over the p-type base region (15 and 16). 
0104. An n-type separation region 5 for separating from 
the p-type semiconductor substrate 1 is formed on a pMOS 
transistor formation region, while an N-type well 7 is formed 
on the n-type epitaxial layer 2. A p-type well 8 is formed on 
the nMOS transistor formation region. 
0105. In the pMOS and nMOS transistor formation 
regions, Source/drain regions (12 and 14) having LDD 
regions (11 and 13) are formed on a Surface of the n-type 
well 7 and p-type well 8. 
0106 Also, gate electrodes (22 and 23) are formed 
between the Source/drain regions (12 and 14) via gate oxide 
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films (31a and 31b). Sidewall insulating films (32a and 32b) 
are formed on the Side portions of the gate electrodes (22 and 
23). 
0107 An interlayer insulating film 34 is formed covering 
the entire surface of the transistors. Contact holes (41, 42, 
43, 44, 45,46 and 47) reaching the source/drain regions (12, 
14) of the pMOS and nMOS transistors, the external base 
region 16 and emitter electrode 24 of the npn bipolar 
transistor, and a collector take-out region 6a are formed on 
the interlayer insulating film 34. Interconnection layers (51, 
52, 53, 54, 55, 56 and 57) are formed inside and over the 
contact holes. 

0108. The method of production of a semiconductor 
device having the above configuration will be explained 
neXt. 

0109 First, as shown in FIG. 2A, for example, a p-type 
Silicon Semiconductor Substrate 1 is oxidized by thermal 
oxidation to form an oxide film 36, tor example, to a 
thickness of 300 nm on the Surface. A resist film R1 of a 
pattern having openings at the npn bipolar transistor forma 
tion region and pMOS transistor formation region on the 
above Silicon Semiconductor Substrate 1 is formed by coat 
ing a resist and lithography. 
0110. Then, by using the resist film R1 as a mask, 
openings are formed in the oxide film 36 formed on the 
Surface of the Silicon Semiconductor Substrate 1 at the npn 
bipolar transistor formation region and pMOS transistor 
formation region, for example, by wet etching using hydrof 
luoric acid. 

0111) Next, as shown in FIG. 2B, the resist film R1 is 
removed for example by using a mixed Solution of hydrogen 
peroxide and Sulfuric acid, then antimony is diffused in the 
Silicon Semiconductor Substrate 1 through the openings 
formed on the above oxide film 36 by thermal diffusion at 
1200° C. for 60 minutes using a solid source of antimony 
oxide (SbO) So as to form, for example, an n-type collector 
burying region 4 and an n-type isolation region 5 for 
isolation from the p-type Semiconductor Substrate 1. 
0112 Next, as shown in FIG. 3C, the oxide film 36 is 
removed by for example wet etching using hydrofluoric 
acid, then an n-type epitaxial layer 2, for example, having a 
thickness of 1 um and a resistance of 1 S2cm is formed on 
the Silicon Semiconductor Substrate 1 by epitaxial growth. 
0113. Next, as shown in FIG. 3D, an element isolation 
insulating film 3 is formed on the n-type epitaxial layer 2 by 
LOCOS. 

0114. In the step of forming the element isolation insu 
lating film 3, for example, a Silicon oxide film 3a having a 
thickness of, for example, 30 nm is formed by oxidizing the 
Surface of the n-type epitaxial layer 2 by thermal oxidation. 
0115 Further, a not shown silicon nitride film is formed 
to a thickness of, for example, 100 nm on the above Silicon 
oxide film 3a by low preSSure chemical vapor deposition 
(LPCVD). 
0116. Then, a not shown resist film of a pattern having an 
opening at the element isolation insulating film formation 
region is formed on the Silicon nitride film. Using the resist 
film as a mask, the Silicon nitride film on the element 
isolation insulating film formation region is removed by 
reactive ion etching (RIE). 
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0117 Next, the silicon nitride film formed at regions 
other than the element isolation insulating film formation 
region is used as an oxidation resistant mask. The Surface of 
the n-type epitaxial layer 2 is thermally oxidized in a wet 
oxidizing atmosphere at 1050 C., So an element isolation 
information film 3 having a thickness of, for example, 450 
nm is formed. Then, an element isolation insulating film 3 is 
formed by removing the silicon nitride film selectively by 
etching, for example, by using hot phosphoric acid at 150 
C. 

0118 Next, as shown in FIG. 4E, an n-type collector plug 
region 6 connected to the n-type collector burying region 4 
on the npn bipolar transistor formation region is formed on 
the n-type epitaxial layer 2. 

0119) The n-type collector plug region 6 is formed by 
forming a resist film R2 having an opening at a region for 
forming the n-type collector plug region 6, then using the 
resist film R2 as a mask for ion implantation of phosphorus 
as an n-type impurity under conditions of an ion energy of 
500 keV and a dosage of 2x10' atoms/cm and an ion 
energy of 70 keV and a dosage of 7x10" atoms/cm. After 
that, the resist film R2 is removed by a resist peeling 
technique. 

0120 Next, as shown in FIG. 4F, a resist film R3 having 
an opening at the pMOS transistor formation region is 
formed by lithography on the n-type epitaxial layer 2. This 
is used as a mask for ion implantation of an n-type impurity, 
for example, phosphorus (P) under conditions of an ion 
energy of 600 keV and a dosage of 5x10' atoms/cm and 
conditions of anion energy of 300 keV and a dosage of 
3x10" atoms/cm so as to forman n-type well 7. Further, ion 
implantation of a p-type impurity, for example, boron (B") 
is performed for controlling a threshold under conditions of 
an ion energy of 20 keV and a dosage of 5x10' atoms/cm. 
Next, the resist film R3 is removed. 

0121 Next, as shown in FIG.5G, a resist film R4 having 
openings at the nMOS transistor formation region and at a 
part of the element isolation region between the pMOS and 
nMOS transistors and the npn bipolar transistor formation 
region on the n-type epitaxial layer 2. This is used as a mask 
for ion implantation of a p-type impurity, for example, 
boron, under conditions of an ion energy of 800 keV and a 
dosage of 5x10" atoms/cm, conditions of an ion energy of 
350 keV and a dosage of 5x10' atoms/cm’, and conditions 
of an ion energy of 100 keV and a dosage of 5x10' 
atoms/cm to form a p-type well 8 using the element 
isolation region in common. 
0.122 Further, ion implantation of an n-type impurity, for 
example, phosphorus is performed for controlling a thresh 
old under conditions of an ion energy of 20 keV and a dosage 
of 2x10' atoms/cm. 

0123) Next, as shown in FIG. 5H, the resist film R4 is 
removed, then the oxide film 3a is removed by wet etching 
by using hydrofluoric acid (HF) and a gate insulating film 31 
having a thickness of, for example, 5 nm is formed by 
thermal oxidation in a wet oxidizing atmosphere at 850 C. 
for 5 minutes. 

0124) Next, as shown in FIG. 6I, gate electrodes (22 and 
23) are formed on the nMOS and pMOS transistor formation 
regions. 
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0125 In the step of forming the gate electrodes (22 and 
23), a not shown polycrystalline Silicon film is formed to a 
thickness of, for example, 100 nm, for example, by LPCVD. 
Phosphorus is introduced to the polycrystalline silicon film 
at a high concentration by predeposition using, for example, 
phosphoryl trichloride (POCL). 
0.126 Then, a not shown tungsten film is formed to a 
thickness of, for example, 100 nm, for example, by chemical 
vapor deposition (CVD), a not shown resist film having a 
gate electrode pattern of the pMOS and nMOS transistors is 
formed by lithography, and the tungsten film and polycrys 
talline Silicon film other than the gate electrode portions are 
removed by RIE. As a result, gate electrodes (22 and 23) 
made by the polycrystalline Silicon film and tungsten film 
are formed. 

0127 Next, as shown in FIG. 6.J., a resist film R5 having 
an opening at the pMOS transistor formation region is 
formed by lithography. The resist film R5 is used as a mask 
for ion implantation of a p-type impurity, for example, boron 
difluoride (BF"), under conditions of an ion energy of 23 
keV and a dosage of 2x10" atoms/cm to form a p-type 
LDD region 11 in the n-type well 7 in the epitaxial layer 2 
on the two Sides of the gate electrodes 22. 
0128. Also, by successive ion implantation of an n-type 
impurity, for example, arsenic (AS) below the p-type LDD 
region 11 under conditions of an ion energy of 300 keV and 
a dosage of 1.5x10" atoms/cm for preventing short channel 
effects, a not shown n-type pocket for forming part of the 
n-type well 7 is formed below the p-type LDD region 11. 
0129. Then, the resist film R5 is removed. 
0130. Next, as shown in FIG. 7K, a resist film R6 having 
an opening at the nMOS transistor formation region is 
formed by lithography. The resist film R6 is as a mask for ion 
implantation of an n-type impurity, for example, arsenic 
(AS") under conditions of an ion energy of 60 keV and a 
dosage of 3.5x10" atoms/cm to forman n-type LDD region 
13 in the p-type well 8 in the epitaxial layer 2 on the two 
Sides of the gate electrode 23. 
0131. Also, by Successive ion implantation of a p-type 
impurity, for example, boron (B") below the n-type LDD 
region 13 under conditions of an ion energy of 30 keV and 
a dosage of 1.2x10" atoms/cm for preventing short channel 
effects, a not shown p-type pocket for forming part of the 
p-type well 8 is formed under the n-type LDD region 13. 
0132) Next, the resist film R6 is removed. 
0133) Next, as shown in FIG.7L, a resist film R7 having 
an opening at the intrinsic base formation region of the npn 
bipolar transistor is formed by lithography. The resist film 
R7 is used as a mask for ion implantation of a p-type 
impurity, for example, boron difluoride under conditions of 
an ion energy of 30 keV and a dosage of 5x10" atoms/cm 
to form the intrinsic base region 15. Note that the intrinsic 
base region 15 also Serves as a link base region between an 
external base region formed later on and the intrinsic base 
region. 

0134) Further, by Successive ion implantation of an 
n-type impurity, for example, phosphorus using the resist 
film R7 as a mask under conditions of an ion energy of 120 
keV and a dosage of 3x10' atoms/cm and conditions of an 
ion energy of 360 keV and a dosage of 3x10' atoms/cm, 
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an SIC region 17 for increasing the concentration of the 
collector impurity immediately below the intrinsic base 
region 15 is formed. 
0135). Note that in the above step, the intrinsic base region 
15 of the npn bipolar transistor may be about the same size 
as that of an emitter polysilicon to be formed later on. 
0.136) Next, as shown in FIG. 8M, a sidewall-use insu 
lating film 32 is formed by depositing Silicon oxide on the 
entire Surface covering the transistors to a thickness of for 
example 200 nm by CVD. 

0137 Next, as shown in FIG. 8N, a not shown resist film 
having an opening at the emitter formation region is formed 
on the Sidewall-use insulating film 32 by lithography. Using 
the resist film as a mask, emitter forming-use openings 32ca 
are formed on the Sidewall-use insulating film 32 and gate 
insulating film 31. 
0138 Next, as shown in FIG. 90, polycrystalline silicon 
doped with an n-type impurity arsenic to a high concentra 
tion is deposited, for example, to a thickness of 150 nm on 
the entire surface of the sidewall-use insulating film 32 
including the opening 33ca by LPCVD to form an emitter 
polycrystalline Silicon-use layer 24a. 
0.139. Further, a silicon oxide film is deposited, for 
example, by CVD to a thickness of 10 nm on the entire 
Surface to cover the emitter polycrystalline Silicon-use layer 
24a. A silicon nitride film is further deposited by CVD to a 
thickness of 110 nm to form the anti-reflection film 35a. 

0140 Next, as shown in FIG. 9P, a resist film R8 having 
a pattern of the emitter polycrystalline Silicon of the npn 
bipolar transistor is formed by lithography on the emitter 
polycrystalline silicon-use layer 24a. The resist film R8 is 
used as a mask for patterning the anti-reflection film 35a and 
the emitter polycrystalline Silicon-use layer 24a, for 
example, by RIE to form the anti-reflection film 35 and 
emitter polycrystalline Silicon 24. 

0141 Next, as shown in FIG. 10O, using the resist film 
R8 as a mask, the sidewall-use insulating film 32 and the 
gate insulating film 31 are removed by etching, for example, 
by RIE, to form the sidewall insulating films (32a and 32b) 
on the side portions of the gate electrodes (22 and 23). Note 
that at this time, the silicon oxide film 32c left as a 
Sidewall-use insulating film also remains below a part of the 
emitter polycrystalline Silicon 24. Also, the gate insulating 
films (31a and 31b) are formed below the gate electrodes (22 
and 23). Next, the resist film R8 is removed. 
0142. Note that in the figure, the gate insulating film 
below the sidewall insulating film (32a and 32b) and the 
silicon oxide film 32c is illustrated together with the side 
wall insulating film and the oxide Silicon film. 
0.143 Next, as a buffer for ion implantation to be per 
formed in a later Step, a not shown Silicon oxide film is 
deposited, for example, to an extent of 10 nm for example 
by CVD. The silicon oxide film is grown to about 12 nm by 
thermal oxidation. 

0144) Next, as shown in FIG. 10R, a resist film R9 
having openings at the nMOS transistor formation region 
and the n-type collector plug region 6 of the npn bipolar 
transistor is formed by lithography. This is used for a mask 
for ion implantation of an n-type impurity, for example, 
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arsenic under conditions of an ion energy of 35 keV and a 
dosage of 5x10" atoms/cm to form a source/drain region 
14 of the nMOS transistor and an n-type collector take-out 
region 6a of the npn bipolar transistor. 

0145 Next, as shown in FIG. 11S, a resist film R10 
having openings at the PMOS transistor formation region 
and an external base region of the npn bipolar transistor is 
formed by lithography. This is used as a mask for ion 
implantation of, for example boron difluoride as a p-type 
impurity under conditions of an ion energy of 35 keV and a 
dosage of 3x10" atoms/cm to form the source/drain 
regions of the pMOS transistor and the external base region 
16 of the npn bipolar transistor. 

0146) Next, as shown in FIG. 11T, rapid thermal anneal 
ing (RTA) is performed, for example, at 1000° C. for about 
10 Seconds So as to activate the impurity introduced to the 
source/drain regions (12 and 14) of the pMOS and nMOS 
transistors. Also, due to the heat treatment, the impurities are 
diffused in the p-type intrinsic base region 15 from the 
emitter polycrystalline Silicon 24 via the opening 32ca of the 
silicon oxide film 32c to form the n-type emitter region 25. 
0147 Next, borophosphosilicate glass (BPSG) is depos 
ited on the entire Surface to form an interlayer insulating film 
34. This is made flat by reflow in an N atmosphere at 900 
C. for 20 minutes. 

0148 Then, openings (41 and 42) reaching the source/ 
drain regions 12 of the pMOS transistor, openings (43 and 
44) reaching the Source/drain region 14 of the nMOS 
transistor, an opening 45 reaching the external base region 
16 of the npn bipolar transistor, an opening 46 reaching the 
emitter polycrystalline Silicon 24, and an opening 47 reach 
ing the n-type collector take-out region 6a are formed in the 
interlayer insulating film 34 and anti-reflection film 35 using 
a not shown resist film as a mask. 

014.9 The steps after that comprise to deposit, for 
example, tungsten inside the opening portions (41 to 47) to 
form not shown tungsten plugs and to form interconnections 
(51 and 52) connected to the source/drain regions 12 of the 
pMOS transistor, interconnections (53 and 54) connected to 
the source/drain regions 14 of the nMOS transistor, an 
interconnection 55 connected to the external base region 16 
of the npn bipolar transistor, an interconnection 56 con 
nected to the emitter polycrystalline Silicon 24, and an 
interconnection 57 connected to the collector take-out region 
6a via the tungsten plugs, whereby the Semiconductor 
device shown in FIG. 1 is obtained. 

0150. According to the method of production of a semi 
conductor device of the above embodiment of the present 
invention, the emitter region for forming an active region of 
the bipolar transistor and the region between the emitter 
region and the external base region are covered with the 
Sidewall-use insulating film below the emitter polysilicon at 
the time of etching for forming the Sidewall insulating film, 
So that it is possible to prevent damage to the base portion 
of the active region of the bipolar transistor caused by the 
etching. 

0151. Accordingly, in the BiCMOS process, it is possible 
to prevent decline of the hat a low current caused by an 
increase of a Surface recombination current of the bipolar 
transistor, So the reliability can be improved. 
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0152 Also, at the time of forming the external base 
region 16, since the anti-reflection film 35 covers the emitter 
polycrystalline Silicon 24, impurities for forming an external 
base region are not introduced inside the emitter polycrys 
talline Silicon 24, and the external base region can be formed 
by Self-alignment with respect to the emitter polycrystalline 
Silicon. 

0153. Furthermore, by forming the external base region 
of the bipolar transistor Simultaneously with the Source/drain 
regions of the pMOS transistor, the production StepS can be 
reduced. 

0154) The present invention is not limited to the above 
embodiments of the method of production of a Semiconduc 
tor device. For example, the steps from FIGS. 6J to 7L in 
the present embodiment may be made the following Steps. 

O155 For example, as shown in FIGS. 12J-L, the steps of 
FIG. 6J and FIG. 7L are performed in one step. 

0156 Namely, as shown in FIGS. 12J-L, a resist film R57 
having openings at the pMOS transistor region and the 
intrinsic base formation region of the npn bipolar transistor 
is formed by lithography. The resist film R57 is used as a 
mask for ion implantation of, for example, boron difluoride 
(BF) as a p-type impurity under conditions of an ion 
energy of 24 keV and a dosage of 2x10" atoms/cm to form 
the p-type LDD region 11 in the n-type well 7 in the epitaxial 
layer 2 at the two sides of the gate electrode 22 and the 
p-type intrinsic base region 15 Simultaneously. 

O157 Also, by using the resist film 57 as a mask for ion 
implantation of, for example, arsenic (AS) as an n-type 
impurity under conditions of an ion energy of 300 keV and 
a dosage of 1.5x10" atoms/cm to form a not shown n-type 
pocket for forming a part of the n-type well under the p-type 
LDD region 11 and the SIC region 17 for increasing the 
concentration of the n-type collector impurity immediately 
below the intrinsic base region 15 simultaneously. 

0158 Next, the resist film R57 is removed, then, as 
shown in FIG. 12K, the same step as in FIG. 7K is 
performed. 

0159. Namely, a resist R6 having an opening at the 
nMOS formation region is formed by lithography. The resist 
film R6 is used as a mask for ion implantation of, for 
example, arsenic (AS) as an n-type impurity under prede 
termined conditions to form the n-type LDD region 13 in the 
p-type well 8 in the epitaxial layer 2 at the two sides of the 
gate electrode 23. 

0160 Also, by successive ion implantation of, for 
example, boron (B") as a p-type impurity below the n-type 
LDD region 13 under predetermined conditions for prevent 
ing short channel effects, a not shown p-type pocket for 
forming part of the p-type well is formed under the n-type 
LDD region 13. 

0.161. By Successively performing the steps of FIG. 8M 
and on, a semiconductor device shown in FIG. 1 is obtained. 

0162. As a result, the production steps can be reduced by 
simultaneously forming the pMOS transistor p-type LDD 
region with the intrinsic base region of the bipolar transistor 
and the pocket region of the pMOS transistor with the SIC 
region of the bipolar transistor. 
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0163. In addition to the above, a variety of modifications 
can be made within the Scope of the present invention. 
0164. According to the method of production of a semi 
conductor device of the present invention, Since an emitter 
region formation insulating film is left below an emitter 
electrode at the time of forming a Sidewall insulating film, 
Sidewall insulating films can be formed on the emitter region 
as an active region of a first Semiconductor element and a 
Semiconductor Substrate on the region between the emitter 
region and the external base region without any damage at 
the time of forming the Sidewall insulating films. 
0.165 Also, since the external base region can be formed 
by Self-alignment with respect to the emitter electrode and a 
protective film is formed over the emitter electrode, it is 
possible to prevent changes in characteristics caused by 
introduction of impurities for forming the external base 
region to the emitter electrode. 
0166 Further, in the step of forming an intrinsic base 
region of a first Semiconductor element, an impurity layer 
for increasing the concentration of impurity in the collector 
region under the intrinsic base region, and the external base 
region, the production StepS can be reduced by Simulta 
neously forming a low concentration diffusion layer of a 
Second Semiconductor element, pocket region, and Source/ 
drain regions. 
0167. Note that the embodiments explained above were 
described to facilitate the understanding of the present 
invention and not to limit the present invention. Accord 
ingly, elements disclosed in the above embodiments include 
all design modifications and equivalents belonging to the 
technical field of the present invention. 

1. A method of production of a Semiconductor device 
forming a first Semiconductor element comprising a collec 
tor region, an emitter region, and an intrinsic base region on 
a first region and forming a Second Semiconductor element 
comprising Source/drain regions and a gate electrode on a 
Second region and a Sidewall insulating film on Side portions 
of the gate electrode, including the Steps of: 

forming Said collector region on a Semiconductor Sub 
Strate of Said first region; 

forming Said gate electrode on a Semiconductor Substrate 
of Said Second region; 

forming Said intrinsic base region on Said Semiconductor 
Substrate of Said first region; 

forming an insulating film having an opening at an emitter 
formation region on Said intrinsic base region over Said 
Semiconductor Substrate of Said first and Second 
regions, 

forming an emitter electrode in Said opening and near Said 
opening of Said insulating film of Said first region; 

forming a protective film for Suppressing introduction of 
impurities to Said emitter electrode of Said first region; 

removing Said insulating film of Said first and Second 
regions while leaving a Sidewall insulating film on Said 
gate electrode Side portions and emitter region forma 
tion insulating film on a part under Said emitter elec 
trode by using Said emitter electrode as a mask, 
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forming an external base region connected to Said intrin 
sic base region by Self-alignment with respect to Said 
emitter electrode over Said Semiconductor Substrate of 
Said first region; 

forming Said Source/drain regions on Said Semiconductor 
Substrate of Said Second region by using Said Sidewall 
insulating film as a mask, and 

forming Said emitter region connected to Said intrinsic 
base region on Said Semiconductor Substrate of Said first 
region under Said opening by diffusing an impurity in 
Said intrinsic base region from Said emitter electrode 
via Said opening of Said emitter region formation 
insulating film. 

2. A method of production of a Semiconductor device as 
Set forth in claim 1, wherein the Step of forming Said intrinsic 
base region comprises forming Said intrinsic base region by 
ion implantation of an impurity to Said Semiconductor 
Substrate in Said first region and forming a diffusion layer of 
a conductive impurity at a lower concentration than that of 
a conductive impurity contained in Said Source/drain regions 
on Said Semiconductor Substrate of Said gate electrode side 
portion by ion implantation of an impurity to Said Second 
region. 

3. A method of production of a Semiconductor device as 
Set forth in claim 2, further including the Steps of: 

forming an impurity layer for increasing an impurity 
concentration of Said collector region under Said intrin 
sic base region in Said first region after the process of 
forming said intrinsic base region and before forming 
Said insulating film and 

forming a pocket region containing a conductive impurity 
different from the low concentration diffusion layer 
under Said low concentration diffusion layer in Said 
Second region in the Step of forming the impurity layer. 

4. A method of production of a Semiconductor device as 
set forth in claim 1, wherein: 

the Step of forming Said external base region comprises 
ion implantation of an impurity to Said Semiconductor 
Substrate in Said first region and forming Said external 
base region by Self-alignment with respect to Said 
emitter electrode while Suppressing implantation of 
impurities to Said emitter electrode by Said protective 
film. 

5. A method of production of a Semiconductor device as 
set forth in claim 1, wherein: 

the Step of forming Said external base region and the Step 
of forming Said Source/drain regions comprise forming 
Said external base region by ion implantation of an 
impurity to Said Semiconductor Substrate in Said first 
region and forming Said Source/drain regions by ion 
implantation of Said impurity in Said Second region. 

6. A method of production of a Semiconductor device as 
Set forth in claim 1, wherein the Step of forming Said 
insulating film includes the Steps of 

forming an insulating film on the entire Surface of Said 
Semiconductor Substrate in Said first and Second 
regions; 

forming a mask layer having an opening at Said emitter 
formation region on Said intrinsic base region in Said 
first region over Said insulating film; and 
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removing Said insulating film in Said opening by using 
Said mask layer as a mask. 

7. A method of production of a Semiconductor device as 
set forth in claim 1, wherein: 

the Step of forming Said emitter electrode and the Step of 
forming Said protective film includes the Steps of 

forming an emitter-use conductive layer inside Said open 
ing of Said insulating film and on Said insulating film; 

forming Said protective film on Said emitter-use conduc 
tive layer; and 

forming Said emitter electrode and Said protective film by 
forming a mask layer on Said protective film-use film of 
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a region where said emitter region is to be formed and 
removing Said emitter-use conductive layer and Said 
protective film-use film by using the mask layer as a 
mask. 

8. A method of production of a Semiconductor device as 
Set forth in claim 1, wherein the Step of forming Said emitter 
electrode comprises forming Said emitter electrode by poly 
crystalline Silicon. 

9. A method of production of a semiconductor device as 
Set forth in claim 1, wherein the Step of forming Said 
protective film comprises forming Said protective film by an 
anti-reflection film. 


