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1. 

SEMCONDUCTOR DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This is a continuation of PCT International Application 
PCT/JP2011/006167 filed on Nov. 4, 2011, which claims 
priority to Japanese Patent Application No. 2011-068131 
filed on Mar. 25, 2011. The disclosures of these applications 
including the specifications, the drawings, and the claims are 
hereby incorporated by reference in their entirety. 

BACKGROUND 

The present disclosure relates to semiconductor devices 
and methods for fabricating semiconductor devices, and more 
particularly to a semiconductor device having a complemen 
tary metal insulator semiconductor (CMIS) dual-gate struc 
ture and a method for fabricating Such a semiconductor 
device. 
The integration degree of semiconductor integrated cir 

cuits have been increased by miniaturizing CMIS devices 
with dual-gate structures. A CMIS device with a dual-gate 
structure generally refers to a device including a polysilicon 
film doped with an n-type impurity as a gate electrode of an 
n-channel metal insulator semiconductor field effect transis 
tor (hereinafter referred to as an NMISFET) and also includ 
ing a polysilicon film doped with a p-type impurity as a gate 
electrode of a p-channel MISFET (hereinafter referred to as a 
PMISFET) (see, for example, Japanese Patent Publication 
No. H06-275788). In a CMIS device with a dual-gate struc 
ture, a metal silicide layer is formed on a polysilicon gate 
electrode in order to connect an n-type polysilicon gate elec 
trode and a p-type polysilicon gate electrode. In this structure, 
in the boundary between an n-type region and a p-type region 
in each of the polysilicon gate electrode, impurities in these 
regions are diffused from one region to the other through the 
metal silicide layer or the polysilicon film, resulting in a 
change in work function of the gate electrode, and thus, a 
variation in threshold voltage of each of the FETs. 
As a conventional method for forming an n-type region and 

a p-type region in a polysilicon film for gate electrodes, ions 
of impurities are implanted into the polysilicon film for gate 
electrodes using a mask designed Such that the boundary 
between the n-type region and the p-type region is located on 
an isolation between well regions (see, for example, Japanese 
Patent Publication No. H08-17934). 
A conventional semiconductor device in which an n-type 

region and a p-type region are formed by implanting ions into 
gate electrodes of a transistor for a logic circuit and a transis 
tor for a static random access memory (SRAM) circuit will be 
described with reference to the drawings. 

FIG. 15A is a plan view illustrating a logic area of a con 
ventional semiconductor device. FIG. 15B is a cross-sec 
tional view taken along the line B-B (along the gate width) in 
FIG. 15A. FIG. 15C is a plan view illustrating an SRAM area 
of the conventional semiconductor device. FIG. 15D is a 
cross-sectional view taken along the line D-D (along the gate 
width) in FIG. 15C. In FIGS. 15A-15D, sidewall spacers, a 
silicide layer, and an interlayer film, for example, are not 
shown for simplicity, and contacts are not shown in FIGS. 
15B and 15D. 
As illustrated in FIGS. 15A-15D, each of the logic area and 

the SRAM area of the conventional semiconductor device has 
anNMIS region and a PMIS region. In the NMIS region in the 
logic area, a p-well region 102a is provided on a semiconduc 
tor substrate 100 and an active region 100a is surrounded by 
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2 
an isolation region 101. In the PMIS region in the logic area, 
an n-well region 102b is provided on the semiconductor sub 
strate 100 and an active region 100b is surrounded by the 
isolation region 101. In the NMIS region in the SRAM area, 
a p-well region 102c is provided on the semiconductor sub 
strate 100, and an active region 100c is surrounded by the 
isolation region 101. In the PMIS region in the SRAM area, 
an n-well region 102d is provided on the semiconductor sub 
strate 100, and an active region 100d is surrounded by the 
isolation region 101. 
On the active region 100a, a gate electrode 111a including 

an n-type polysilicon film 104a is formed with a gate insu 
lating film 103 interposed therebetween. On the active region 
100b, a gate electrode 111b including a p-type polysilicon 
film 104b is formed with the gate insulating film 103 inter 
posed therebetween. The gate electrode 111a and the gate 
electrode 111b are connected to each other at a PN boundary 
113L between the active region 100a and the active region 
100b on the isolation region 101, thereby forming a dual-gate 
electrode 112L. N-type source/drain regions 105a are defined 
at both sides of the gate electrode 111a in the active region 
100a. P-type source/drain regions 105b are defined at both 
sides of the gate electrode 111b in the active region 100b. A 
contact 108 is formed to be connected to the dual-gate elec 
trode 112L, the n-type source/drain regions 105a, and the 
p-type source/drain regions 105b. 
On the active region 100c, a gate electrode 111c including 

an n-type polysilicon film 104c is formed with the gate insu 
lating film 103 interposed therebetween. On the active region 
100d, a gate electrode 111d including a p-type polysilicon 
film 104d is formed with gate insulating film 103 interposed 
therebetween. The gate electrode 111c and the gate electrode 
111d are connected to each other at a PN boundary 1135 
between the active region 100c and the active region 100d on 
the isolation region 101, thereby forming a dual-gate elec 
trode 112S. N-type source/drain regions 105c are defined at 
both sides of the gate electrode 111c in the active region 100c. 
P-type source/drain regions 105d are defined at both sides of 
the gate electrode 111d in the active region 100d. A contact 
108 is formed to be connected to the dual-gate electrode 
112S, the n-type source/drain regions 105c, and the p-type 
source/drain regions 105d. 

FIGS. 16A and 16B are views schematically illustrating 
formation of a p-type region and an n-type region by implant 
ing ions of impurities into a polysilicon film (before gate 
patterning) to be dual-gate electrodes 112L and 112S. In 
FIGS. 16A and 16B, components already shown in FIGS. 
15A-15D are denoted by the same reference characters. 
As illustrated in FIGS. 16A and 16B, in gate injection for 

the PMIS regions, ions of a p-type impurity are implanted into 
the polysilicon film 104 using a mask pattern 151 covering the 
NMIS region in each of the logic area and the SRAM area, 
thereby forming p-type polysilicon films 104b and 104d. That 
is, the p-type polysilicon films 104b and 104d have substan 
tially the same concentration of the p-type impurity. In gate 
injection for the NMIS regions, ions of an n-type impurity are 
implanted into the polysilicon film 104 using a mask pattern 
152 covering the PMIS region of each of the logic area and the 
SRAM area, thereby forming n-type polysilicon films 104a 
and 104c. That is, the n-type polysilicon films 104a and 104c 
have Substantially the same concentration of the n-type impu 
rity. For simplicity, not resist patterns actually employed in 
ion implantation but mask patterns on photomasks for form 
ing the resist patterns are schematically shown as the mask 
patterns 151 and 152. The mask patterns 151 and 152 are 
designed such that the PN boundaries formed in the polysili 
con film 104 are located between the active region 100a and 
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the active region 100b and between the active region 100c and 
the active region 100d, respectively, on the isolation region 
101. 

Although not shown, in ion implantation for forming 
source/drain regions in each of the PMIS region and the 
NMIS region, mask patterns similar to the mask patterns 151 
and 152 shown in FIGS. 16A and 16B are used. 

In the gate injection illustrated in FIGS. 16A and 16B, the 
PN boundary formed in the polysilicon film 104 is located on 
a portion of the isolation region between the active regions. 
Thus, it is possible to reduce degradation of characteristics of 
FETs due to mutual diffusion of impurities between the 
n-type region and the p-type region in the polysilicon gate 
electrode. 

SUMMARY 

However, as the gate length decreases with miniaturization 
of devices, there arises the following problem in addition to 
the problem of mutual diffusion in the polysilicon film. Spe 
cifically, the difference in the etching speed of the polysilicon 
film between different types of ions serving as dopants rela 
tively increases, thereby causing a variation in final gate 
length, and as a result, a variation in the threshold Voltages of 
transistors arises. To solve the problem, especially in devices 
such as SRAMs which need to have their cell sizes reduced, it 
is necessary to reduce a variation in gate dimensions occur 
ring near a PN boundary. 

In addition, as in the conventional methoddescribed above, 
even if the PN boundary in the polysilicon gate electrode is 
located on a portion of the isolation region between the active 
regions, a small width of the isolation region especially in a 
device such as an SRAM makes the influence of mutual 
diffusion of impurities between the n-type region and the 
p-type region in the polysilicon gate electrode nonnegligible. 
Consequently, a variation occurs in the work functions of the 
gate electrodes to deteriorate transistor characteristics such as 
a variation in threshold Voltage. As a result, failures in circuit 
operation often occurs. 

It is therefore an object of the present disclosure to reduce 
a variation in transistor characteristics due to a variation in 
gate dimensions near a PN boundary and mutual diffusion of 
impurities in a semiconductor device with a CMIS dual-gate 
Structure. 

To achieve the object, a semiconductor device in an aspect 
of the present disclosure includes: a first dual-gate electrode: 
and a second dual-gate electrode, wherein the first dual-gate 
electrode includes a first gate electrode located on a first 
active region and having a first silicon film of a first conduc 
tivity type and a second gate electrode located on a second 
active region and having a first silicon film of a second con 
ductivity type, the second dual-gate electrode includes a third 
gate electrode located on a third active region and having a 
second silicon film of the first conductivity type and a fourth 
gate electrode located on a fourth active region and having a 
second silicon film of the second conductivity type, the first 
active region and the second active region are isolated from 
each other with an isolation region interposed therebetween, 
the first gate electrode and the second gate electrode are 
connected to each other on the isolation region, and at least a 
portion of the first silicon film of the first conductivity type 
has a first-conductivity-type impurity concentration higher 
than that of a portion of the second silicon film of the first 
conductivity type located on the third active region. 
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4 
In the semiconductor device, an isolation width between 

the first active region and the second active region may be 
larger than that between the third active region and the fourth 
active region. 

In the semiconductor device, at least a portion of the first 
silicon film of the second conductivity type may have a sec 
ond-conductivity-type impurity concentration Substantially 
equal to that of a portion of the second silicon film of the 
second conductivity type located on the fourth active region. 

In the semiconductor device, a portion of the first silicon 
film of the first conductivity type located on the first active 
region may have a first-conductivity-type impurity concen 
tration higher than that of a portion of the second silicon film 
of the first conductivity type located on the third active region. 

In the semiconductor device, a portion of the first silicon 
film of the first conductivity type located on the first active 
region may have a first-conductivity-type impurity concen 
tration lower than that of a portion of the first silicon film of 
the first conductivity type located on the isolation region. 

In the semiconductor device, a portion of the first silicon 
film of the first conductivity type located on each of the first 
active region and the isolation region may have a first-con 
ductivity-type impurity concentration higher than that of a 
portion of the second silicon film of the first conductivity type 
located on the third active region. 

In the semiconductor device, a portion of the first silicon 
film of the second conductivity type located on the second 
active region may have a second-conductivity-type impurity 
concentration lower than that of a portion of the second sili 
con film of the second conductivity type located on the fourth 
active region. 

In the semiconductor device, a portion of the first silicon 
film of the second conductivity type located on the second 
active region may have a second-conductivity-type impurity 
concentration lower than that of a portion of the first silicon 
film of the second conductivity type located on the isolation 
region. 

In the semiconductor device, a portion of the first silicon 
film of the second conductivity type located on the isolation 
region may have a second-conductivity-type impurity con 
centration Substantially equal to that of a portion of the second 
silicon film of the second conductivity type located on the 
fourth active region. 

In the semiconductor device, a portion of the first silicon 
film of the first conductivity type located on the first active 
region may have a first-conductivity-type impurity concen 
tration substantially equal to that of a portion of the first 
silicon film of the first conductivity type located on the iso 
lation region. 

In the semiconductor device, a portion of the first silicon 
film of the first conductivity type located on the isolation 
region may have a first-conductivity-type impurity concen 
tration higher than that of a portion of the second silicon film 
of the first conductivity type located on the third active region. 

In the semiconductor device, a portion of the first silicon 
film of the first conductivity type located on the first active 
region may have a first-conductivity-type impurity concen 
tration Substantially equal to that of a portion of the second 
silicon film of the first conductivity type located on the third 
active region. 

In the semiconductor device, a portion of the first silicon 
film of the first conductivity type located on the first active 
region may have a first-conductivity-type impurity concen 
tration lower than that of a portion of the first silicon film of 
the first conductivity type located on the isolation region. 

In the semiconductor device, a portion of the first silicon 
film of the second conductivity type located on the second 
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active region may have a second-conductivity-type impurity 
concentration Substantially equal to that of a portion of the 
second silicon film of the second conductivity type located on 
the fourth active region. 

In the semiconductor device, a portion of the first silicon 
film of the second conductivity type located on the second 
active region may have a second-conductivity-type impurity 
concentration lower than that of a portion of the first silicon 
film of the second conductivity type located on the isolation 
region. 

In the semiconductor device, a portion of the first silicon 
film of the second conductivity type located on the isolation 
region may have a second-conductivity-type impurity con 
centration higher than that of a portion of the second silicon 
film of the second conductivity type located on the fourth 
active region. 

In the semiconductor device, a portion of the first silicon 
film of the first conductivity type located on the first active 
region may have a first-conductivity-type impurity concen 
tration higher than that of a portion of the second silicon film 
of the first conductivity type located on the third active region, 
and a portion of the first silicon film of the second conductiv 
ity type located on the second active region may have a 
second-conductivity-type impurity concentration higher than 
that of a portion of the second silicon film of the second 
conductivity type located on the fourth active region. 

In the semiconductor device, the first gate electrode may be 
a gate electrode of a first PMIS transistor, the second gate 
electrode may be a gate electrode of a first NMIS transistor, 
the third gate electrode may be a gate electrode of a second 
PMIS transistor, and the fourth gate electrode may be a gate 
electrode of a second NMIS transistor. 

In the semiconductor device, each of the first gate electrode 
and the second gate electrode may be a gate electrode of a 
transistor for a logic circuit, and each of the third gate elec 
trode and the fourthgate electrode may be a gate electrode of 
a transistor for an SRAM circuit. 
A method for fabricating a semiconductor device in an 

aspect of the present disclosure is a method for forming a 
semiconductor device including a first dual-gate electrode 
including a first gate electrode located on a first active region 
and a second gate electrode located on a second active region 
and a second dual-gate electrode including a third gate elec 
trode located on a third active region and a fourth gate elec 
trode located on a fourth active region. The method for fab 
ricating a semiconductor device includes the steps of: (a) 
forming a silicon film on the first active region, the second 
active region, the third active region, and the fourth active 
region; (b) introducing an impurity of a first conductivity type 
into the silicon film with portions of the silicon film located on 
the second active region, the third active region, and the fourth 
active region being covered with a first mask pattern; (c) 
introducing an impurity of a second conductivity type with a 
portion of the silicon film located on the first active region 
being covered with a second mask pattern; and (d) patterning 
the silicon film after steps (b) and (c), thereby forming the first 
gate electrode, the second gate electrode, the third gate elec 
trode, and the fourthgate electrode including the silicon film 
on the first active region, the second active region, the third 
active region, and the fourth active region, respectively. In the 
method for fabricating a semiconductor device, step (b) and 
step (c) may be performed in any order. 

In the method for fabricating a semiconductor device, the 
first mask pattern may expose a portion of the silicon film 
located on the first active region, and the second mask pattern 
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6 
may expose portions of the silicon film located on the second 
active region, the third active region, and the fourth active 
region. 

In the method for fabricating a semiconductor device, the 
first active region and the second active region are electrically 
isolated from each other by an isolation region. In step (a), the 
silicon film may also be formed on the isolation region, the 
first mask pattern may cover a portion of the silicon film 
located on the first active region and expose a portion of the 
silicon film located on the isolation region, and the second 
mask pattern may cover a portion of the silicon film located on 
the second active region and expose portions of the silicon 
film located on the isolation region, the third active region, 
and the fourth active region. The first mask pattern and the 
second mask pattern do not need to expose a portion of the 
silicon film located on the isolation region. In other words, the 
first mask pattern and the second mask pattern may cover a 
portion of the silicon film located on the isolation region. 

In the method for fabricating a semiconductor device, the 
first active region and the second active region may be elec 
trically isolated from each other by an isolation region. In step 
(a), the silicon film may also be formed on the isolation 
region, the first mask pattern may cover a portion of the 
silicon film located on the first active region and expose a 
portion of the silicon film located on the isolation region, and 
the second mask pattern may coverportions of the silicon film 
located on the second active region, the third active region, 
and the fourth active region and expose a portion of the silicon 
film located on the isolation region. 

In the method for fabricating a semiconductor device, the 
second mask pattern may cover portions of the silicon film 
located on the third active region and the fourth active region. 

According to the present disclosure described above, it is 
possible to reduce a variation in transistor characteristics due 
to a variation in gate dimensions near a PN boundary and 
mutual diffusion of impurities in a semiconductor device with 
a CMIS dual-gate structure. Thus, the present disclosure is 
useful for semiconductor devices with CMIS dual-gate struc 
tures and methods for fabricating Such semiconductor 
devices. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a plan view illustrating a logic area of a semi 
conductor device according to a first embodiment, FIG.1B is 
a cross-sectional view taken along the line I-I in FIG. 1A, 
FIG. 1C is a plan view illustrating an SRAM area of the 
semiconductor device of the first embodiment, and FIG.1D is 
a cross-sectional view taken along the line II-II in FIG. 1C. 

FIGS. 2A-2F are cross-sectional views showing a process 
step of a method for fabricating a semiconductor device 
according to the first embodiment. 

FIGS. 3A-3F are cross-sectional views showing a process 
step of the method for fabricating a semiconductor device of 
the first embodiment. 

FIGS. 4A-4F are cross-sectional views showing a process 
step of the method for fabricating a semiconductor device of 
the first embodiment. 

FIGS. 5A-5F are cross-sectional views showing a process 
step of the method for fabricating a semiconductor device of 
the first embodiment. 

FIGS. 6A-6F are cross-sectional views showing a process 
step of the method for fabricating a semiconductor device of 
the first embodiment. 

FIGS. 7A-7F are cross-sectional views showing a process 
step of the method for fabricating a semiconductor device of 
the first embodiment. 
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FIGS. 8A-8F are cross-sectional views showing a process 
step of the method for fabricating a semiconductor device of 
the first embodiment. 

FIG. 9A is a plan view illustrating a logic area of a semi 
conductor device according to a second embodiment, FIG.9B 
is a cross-sectional view taken along the line I-I in FIG.9A, 
FIG. 9C is a plan view illustrating an SRAM area of the 
semiconductor device of the second embodiment, and FIG. 
9D is a cross-sectional view taken along the line II-II in FIG. 
9.C. 

FIGS. 10A-10F are cross-sectional views showing a pro 
cess step of a method for fabricating a semiconductor device 
according to the second embodiment. 

FIG. 11A is a plan view illustrating a logic area of a semi 
conductor device according to a third embodiment, FIG. 11B 
is a cross-sectional view taken along the line I-I in FIG. 11A, 
FIG. 11C is a plan view illustrating an SRAM area of the 
semiconductor device of the third embodiment, and FIG. 11D 
is a cross-sectional view taken along the line II-II in FIG. 11C. 

FIGS. 12A-12F are cross-sectional views showing a pro 
cess step of a method for fabricating a semiconductor device 
according to the third embodiment. 

FIG. 13A is a plan view illustrating a logic area of a semi 
conductor device according to a fourth embodiment, FIG. 
13B is a cross-sectional view taken along the line I-I in FIG. 
13A, FIG. 13C is a plan view illustrating an SRAM area of the 
semiconductor device of the fourth embodiment, and FIG. 
13D is a cross-sectional view taken along the line II-II in FIG. 
13C. 

FIGS. 14A-14F are cross-sectional views showing a pro 
cess step of a method for fabricating a semiconductor device 
according to the fourth embodiment. 

FIG. 15A is a plan view illustrating a logic area of a con 
ventional semiconductor device, FIG. 15B is a cross-sec 
tional view taken along the line B-B in FIG. 15A, FIG. 15C is 
a plan view illustrating an SRAM area of the conventional 
semiconductor device, and FIG.15D is across-sectional view 
taken along the line D-D in FIG. 15C. 

FIGS. 16A and 16B are views schematically illustrating 
formation of p-type regions and n-type regions by implanting 
ions of an impurity into a polysilicon film (before gate pat 
terning) to be a dual-gate electrode in a conventional method 
for fabricating a semiconductor device. 

DETAILED DESCRIPTION 

First Embodiment 

A semiconductor device according to a first embodiment of 
the present disclosure will be described with reference to the 
drawings. 

FIG. 1A is a plan view illustrating a logic area of a semi 
conductor device according to the first embodiment. FIG. 1B 
is a cross-sectional view taken along the line I-I (along the 
gate width) in FIG. 1A. FIG. 1C is a plan view illustrating an 
SRAM area of the semiconductor device of the first embodi 
ment. FIG. 1D is a cross-sectional view taken along the line 
II-II (along the gate width) in FIG. 1C.. In FIGS. 1A-1D, 
sidewall spacers, a silicide layer, and an interlayer film, for 
example, are not shown for simplicity, and contacts are not 
shown in FIGS. 1B and 1D. 
As illustrated in FIGS. 1A-1D, the semiconductor device 

of this embodiment includes an area where a logic circuit is to 
be formed (hereinafter referred to as a logic area) and an area 
where an SRAM circuit is to be formed (hereinafter referred 
to as an SRAM area). Each of the logic area and the SRAM 
area includes a region where an NMISFET is to be formed 
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8 
(hereinafter referred to as an NMIS region) and a region 
where a PMISFET is to be formed (hereinafter referred to as 
a PMIS region). In the NMIS region in the logic area, a p-well 
region 12a is provided on a semiconductor Substrate 10, and 
an active region 10a is Surrounded by an isolation region 11. 
In the PMIS region in the logic area, an n-well region 12b is 
provided on the semiconductor substrate 10, and an active 
region 10b is surrounded by the isolation region 11. In the 
NMIS region in the SRAM area, a p-well region 12c is pro 
vided on the semiconductor Substrate 10, and an active region 
10c is surrounded by the isolation region 11. In the PMIS 
region in the SRAM area, an n-well region 12d is provided on 
the semiconductor substrate 10, and an active region 10d is 
surrounded by the isolation region 11. 
On the active region 10a, a gate electrode 30a including an 

n-type silicon film 14a is formed with a gate insulating film 13 
interposed therebetween. On the active region 10b, a gate 
electrode 30b including a p-type silicon film 14b is formed 
with the gate insulating film 13 interposed therebetween. The 
gate electrode 30a and the gate electrode 30b are connected to 
each other at a PN boundary 41L between the active region 
10a and the active region 10b on the isolation region 11, 
thereby forming a dual-gate electrode 31L. N-type source/ 
drain regions 20a are defined at both sides of the gate elec 
trode 30a in the active region 10a. P-type source/drain 
regions 20b are defined at both sides of the gate electrode 30b 
in the active region 10b. Contacts 26a and 26b are formed to 
be connected to the n-type source/drain regions 20a and the 
p-type source/drain regions 20b, and a contact 26e is formed 
to be connected to the dual-gate electrode 31L. 
On the active region 10c, a gate electrode 30c including an 

n-type silicon film 14c is formed with the gate insulating film 
13 interposed therebetween. On the active region 10d, a gate 
electrode 30d including a p-type silicon film 14d is formed 
with the gate insulating film 13 interposed therebetween. The 
gate electrode 30c and the gate electrode 30d are connected to 
each other at a PN boundary 41S between the active region 
10c and the active region 10d on the isolation region 11, 
thereby forming a dual-gate electrode 31S, N-type source/ 
drain regions 20c are defined at both sides of the gate elec 
trode 30c in the active region 10c. P-type source/drain regions 
20d are defined at both sides of the gate electrode 30d in the 
active region 10d. Contacts 26c and 26d are formed to be 
connected to the n-type source/drain regions 20c and the 
p-type source? drain regions 20d, and a contact 26fis formed 
to be connected to the gate electrode 30c. 
A feature of this embodiment is that the p-type impurity 

concentration in the entire p-type silicon film 14b is higher 
than that in the entire p-type silicon film 14d. 
The n-type impurity concentration of the n-type silicon 

film 14a is substantially equal to that of the n-type silicon film 
14c. The width of the isolation region 11 (specifically a por 
tion of the isolation region 11 between the active region 10a 
and the active region 10b) in the logic area is, for example, 
about 70 nm or more, whereas the width of the isolation 
region 11 (specifically a portion of the isolation region 11 
between the active region 10c and the active region 10d) in the 
SRAM area is, for example, about 30-60 nm. 
A method for fabricating a semiconductor device accord 

ing to the first embodiment will be described hereinafter with 
reference to the drawings. 

FIGS. 2A-2F, 3A-3F, 4A-4F, 5A-5F, 6A-6F, 7A-7F, and 
8A-8F are cross-sectional views illustrating process steps of a 
method for fabricating a semiconductor device according to 
the first embodiment. FIGS. 2A, 3A, 4A, 5A, 6A, 7A, and 8A 
illustrate cross-sectional structures taken along the line III-III 
(along the gate length) in FIG. 1A in respective process steps. 
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FIGS. 2B, 3B, 4B, 5B, 6B, 7B, and 8B illustrate cross-sec 
tional structures taken along the line IV-IV (along the gate 
length) in FIG. 1A in the respective process steps. FIGS. 2C, 
3C, 4C, 5C, 6C, 7C, and 8C illustrate cross-sectional struc 
tures taken along the line V-V (along the gate length) in FIG. 
1C in the respective process steps. FIGS. 2D, 2D,3D, 4D,5D, 
6D, 7D, and 8D illustrate cross-sectional structures taken 
along the line VI-VI (along the gate length) in FIG. 1C in the 
respective process steps. FIGS. 2E, 3E, 4E, 5E, 6E, 7E, and 
8E illustrate cross-sectional structures taken along the line I-I 
(along the gate width) in FIG. 1A in the respective process 
steps. FIGS. 2F, 3F, 4F, 5F, 6F, 7F, and 8F illustrate cross 
sectional structures taken along the line II-II (along the gate 
width) in FIG. 1C in the respective process steps. 

First, as illustrated in FIGS. 2A-2F, an isolation region 11 
formed by filling a trench with an insulating film is selectively 
formed in an upper portion of a semiconductor substrate 10 
of for example, p-type silicon by a method Such as shallow 
trench isolation (STI). Accordingly, in the NMIS region in the 
logic area, an active region 10a is formed in a portion of the 
semiconductor substrate 10 surrounded by the isolation 
region 11. In the PMIS region in the logic area, an active 
region 10b is formed in a portion of the semiconductor sub 
strate 10 surrounded by the isolation region 11. In the NMIS 
region in the SRAM area, an active region 10c is formed in a 
portion of the semiconductor substrate 10 surrounded by the 
isolation region 11. In the PMIS region in the SRAM area, an 
active region 10d is formed in a portion of the semiconductor 
substrate 10 surrounded by the isolation region 11. Thereaf 
ter, a p-type impurity Such as boron (B) is implanted into each 
of the NMIS regions of the semiconductor substrate 10 by, for 
example, lithography and ion implantation. Subsequently, an 
n-type impurity Such as phosphorus (P) is implanted into each 
of the PMIS regions of the semiconductor substrate 10 by, for 
example, lithography and ion implantation. Then, the semi 
conductor substrate 10 is subjected to heat treatment at 850° 
C. for 30 seconds, for example, thereby forming a p-well 
region 12a on the semiconductor substrate 10 in the NMIS 
region in the logic area, an n-well region 12b on the semicon 
ductor substrate 10 in the PMIS region in the logic area, a 
p-well region 12c on the semiconductor substrate 10 in the 
NMIS region in the SRAM area, and an n-well region 12d on 
the semiconductor substrate 10 in the PMIS region in the 
SRAM area. 

Next, as illustrated in FIGS. 3A-3F, the surface of the 
semiconductor substrate 10 is cleaned with diluted hydrogen 
fluoride, and then a gate insulating film 13 of a silicon dioxide 
film with a thickness of, for example, about 2 nm is formed by 
in-situ Steam generation (ISSG) oxidation on the active 
regions 10a, 10b, 10c, and 10d. Thereafter, the semiconductor 
Substrate 10 is Subjected to, for example, a nitrogen plasma 
process, thereby nitriding the Surface of the gate insulating 
film 13 to form a nitrided layer (not shown). Then, annealing 
is performed, thereby removing nitrogen atoms with weak 
bonds from the nitrided layer. Subsequently, a silicon film 14 
of for example, polysilicon with a thickness of about 100 nm 
is deposited by, for example, chemical vapor deposition 
(CVD) over the gate insulating film 13. 

Then, as illustrated in FIGS. 3A-3F, with a mask pattern 
51A covering the entire NMIS region in the logic area and the 
entire SRAM area (i.e., the entire NMIS region and the entire 
PMIS region in the SRAM area) and exposing the entire 
PMIS region in the logic area, ions of a p-type impurity Such 
as boron (B) are implanted into the silicon film 14 at a dose of 
4x10" cm, thereby forming a p-type silicon film 14P. 
Thereafter, with a mask pattern 52A covering the entire PMIS 
region in the logic area and exposing the entire NMIS region 
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10 
in the logic area and the entire SRAM area (i.e., the entire 
NMIS region and the entire PMIS region in the SRAM area), 
ions of an n-type impurity Such as phosphorus (P) are 
implanted into the silicon film 14 at a dose of 3x10" cm, 
thereby forming an n-type silicon film 14N. That is, as a 
feature of this embodiment, ions of the n-type impurity are 
implanted in the gate injection for the PMIS region in the 
SRAM area. 

Formation of the p-type silicon film 14P and formation of 
the n-type silicon film 14N may be performed in any order. In 
FIGS. 3A-3F, not resist patterns formed on the semiconductor 
substrate 10 by photolithography but mask patterns on pho 
tomasks for forming these resist patterns are schematically 
shown as the mask patterns 51A and 52A for simplicity. The 
mask patterns 51A and 52A are designed such that the PN 
boundary 41L between the p-type silicon film 14P and the 
n-type silicon film 14N is located on a portion of the isolation 
region 11 between the active region 10a and the active region 
10b. 

After formation of the p-type silicon film 14P and the 
n-type silicon film 14N, the semiconductor substrate 10 is 
subjected to heat treatment at 850° C. for 30 seconds, for 
example, thereby uniformizing a profile (specifically a profile 
vertical to the principal surface of the substrate, hereinafter 
referred to as a vertical profile) of an impurity implanted in 
the form of ions into each of the p-type silicon film 14P and 
the n-type silicon film 14N. 

Thereafter, a resist pattern (not shown) having a gate shape 
is formed by photolithography on the silicon film 14, and then 
using the resist pattern as a mask, the silicon film 14 is 
patterned by dry etching. In this manner, as illustrated in 
FIGS. 4A-4F, a gate electrode 30a including an n-type silicon 
film 14a is formed on the active region 10a with a gate 
insulating film 13a interposed therebetween, a gate electrode 
30b including a p-type silicon film 14b is formed on the active 
region 10b with a gate insulating film 13b interposed therebe 
tween, a gate electrode 30c including an n-type silicon film 
14c is formed on the active region 10c with a gate insulating 
film 13c interposed therebetween, and a gate electrode 30d 
including an n-type silicon film 14d is formed on the active 
region 10d with a gate insulating film 13d interposed therebe 
tween. The gate electrode 30a and the gate electrode 30b are 
connected to each other at the PN boundary 41L between the 
active region 10a and the active region 10b on the isolation 
region 11, thereby forming a dual-gate electrode 31L. The 
gate electrode 30c and the gate electrode 30d are connected to 
each other on a portion of the isolation region 11 between the 
active region 10c and the active region 10d, thereby forming 
a dual-gate electrode 31S. At the end of the process step 
shown in FIGS. 4A-4F, no PN boundary is formed in the 
dual-gate electrode 31S. 

Subsequently, an insulating film for offset spacers of for 
example, a silicon dioxide film with a thickness of 8 nm is 
deposited by, for example, CVD over the entire surface of the 
semiconductor substrate 10, and then the insulating film for 
offset spacers is Subjected to anisotropic etching. In this man 
ner, as illustrated in FIGS. 5A-5F. offset spacers 15a are 
formed on side Surfaces of the gate insulating film 13a and the 
gate electrode 30a, offset spacers 15b are formed on side 
Surfaces of the gate insulating film 13b and the gate electrode 
30b, offset spacers 15c are formed on side surfaces of the gate 
insulating film 13c and the gate electrode 30c, and offset 
spacers 15d are formed on side Surfaces of the gate insulating 
film 13d and the gate electrode 30d. 

Then, a resist pattern (not shown) exposing each NMIS 
region and covering each PMIS region is formed on the semi 
conductor Substrate 10, and then, using the resist pattern and 
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the gate electrodes 30a and 30c as masks, ions of an n-type 
impurity Such as arsenic (AS) are implanted. With this pro 
cess, as illustrated in FIGS. 5A-5D, n-type source/drain 
regions (e.g., lightly doped drain (LDD) regions or extension 
regions) 16a and 16c having relatively shallow junction 
depths are defined in a self-aligned manner in portions of the 
active region 10a below the sides of the gate electrode 30a and 
in portions of the active region 10c below the sides of the gate 
electrode 30c. Subsequently, a resist pattern (not shown) cov 
ering each NMIS region and exposing each PMIS region is 
formed on the semiconductor Substrate 10, and using the 
resist pattern and the gate electrodes 30b and 30d as masks, 
ions of a p-type impurity such as BF are implanted. With this 
process, as illustrated in FIGS. 5A-5D. p-type source/drain 
regions (e.g., LDD regions or extension regions) 16b and 16d 
having relatively shallow junction depths are defined in a 
self-aligned manner in portions of the active region 10b below 
the sides of the gate electrode 30b and portions of the active 
region 10d below the sides of the gate electrode 30d. 

Formation of the n-type source/drain regions 16a and 16c 
and formation of the p-type source/drain regions 16b and 16d 
may be performed in any order. 

Then, a first insulating film of for example, a silicon diox 
ide film with a thickness of about 10 nm and a second insu 
lating film of, for example, a silicon nitride film with a thick 
ness of about 30 nm are deposited in this order by, for 
example, CVD over the entire surface of the semiconductor 
substrate 10, and then the first insulating film and the second 
insulating film are subjected to anisotropic etching. In this 
manner, as illustrated in FIGS. 6A-6F, sidewall spacers 19a 
are formed on side surfaces of the gate electrode 30a with the 
offset spacers 15a interposed therebetween, sidewall spacers 
19b are formed on side surfaces of the gate electrode 30b with 
the offset spacers 15b interposed therebetween, sidewall 
spacers 19C are formed on side surfaces of the gate electrode 
30c with the offset spacers 15c interposed therebetween, and 
sidewall spacers 19d are formed on side surfaces of the gate 
electrode 30d with the offset spacers 15d interposed therebe 
tween. Each of the sidewall spacers 19a includes an inner 
sidewall 17a having an L shape in cross section and made of 
the first insulating film and an outer sidewall 18a located on 
the inner sidewall 17a and made of the second insulating film. 
Each of the sidewall spacers 19b includes an inner sidewall 
17b having an L shape in cross section and made of the first 
insulating film and an outer sidewall 18b located on the inner 
sidewall 17b and made of the second insulating film. Each of 
the sidewall spacers 19c includes an inner sidewall 17c hav 
ing an L shape in cross section and made of the first insulating 
film and an outer sidewall 18c located on the inner sidewall 
17c and made of the second insulating film. Each of the 
sidewall spacers 19d includes an inner sidewall 17d having an 
L shape in cross section and made of the first insulating film 
and an outer sidewall 18d located on the inner sidewall 17d 
and made of the second insulating film. 

Subsequently, as illustrated in FIGS. 6A-6F, using a mask 
pattern 53 covering the entire NMIS region in the logic area 
and the entire NMIS region in the SRAM area, the gate 
electrode 30b, the offset spacers 15b, and the sidewall spacers 
19b in the active region 10b, and the gate electrode 30d, the 
offset spacers 15d, and the sidewall spacers 19d in the active 
region 10d as mask, ions of a p-type impurity Such as boron 
(B) are implanted into the active region 10b and the active 
region 10d at a dose of 5x10" cm’. In this manner, p-type 
Source/drain regions 20b having a junction depth deeper than 
that of the shallow p-type source/drain regions 16b and con 
nected to the p-type source/drain regions 16b are defined in a 
self-aligned manner below the outer sides of the sidewall 
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12 
spacers 19b in the active region 10b, and p-type source/drain 
regions 20d having a junction depth deeper than that of the 
shallow p-type source/drain regions 16d and connected to the 
p-type source? drain regions 16d are defined in a self-aligned 
manner below the outer sides of the sidewall spacers 19d in 
the active region 10d. In this process step, the p-type impurity 
is also implanted into the p-type silicon film 14b forming the 
gate electrode 30b and the n-type silicon film 14d forming the 
gate electrode 30d, thereby increasing the p-type impurity 
concentration of the p-type silicon film 14b and changing the 
n-type silicon film 14d into the p-type silicon film 14d. In this 
manner, a PN boundary 41S between the n-type silicon film 
14c (the gate electrode 30c) and the p-type silicon film in 14d 
(the gate electrode 30d) is formed in the dual-gate electrode 
31S. At this time, the p-type impurity concentration of the 
p-type silicon film 14b is higher than that of the p-type silicon 
film 14d. 

Thereafter, as illustrated in FIGS. 6A-6F, using a mask 
pattern 54 covering the entire PMIS region in the logic area 
and the entire PMIS region in the SRAM area, the gate elec 
trode 30a, the offset spacers 15a, and the sidewall spacers 19a 
in the active region 10a, and the gate electrode 30c, the offset 
spacers 15c, and the sidewall spacers 19C in the active region 
10c as masks, ions of an n-type impurity Such as arsenic (AS) 
are implanted into the active region 10a and the active region 
10c at a dose of 4x10' to 5x10" cm’. In this manner, n-type 
Source/drain regions 20a having a junction depth deeper than 
that of the shallow n-type source/drain regions 16a and con 
nected to the n-type source/drain regions 16a are defined in a 
self-aligned manner below the outer sides of the sidewall 
spacers 19a in the active region 10a, and n-type source/drain 
regions 20c having a junction depth deeper than that of the 
shallow n-type source? drain regions 16c and connected to the 
n-type source/drain regions 16c are defined in a self-aligned 
manner below the outer sides of the sidewall spacers 19C in 
the active region 10c. 

Formation of the p-type source/drain regions 20b and 20d 
and formation of the n-type source/drain regions 20a and 20c 
may be performed in any order. In FIGS. 6A-6F, not resist 
patterns formed by photolithography on the semiconductor 
Substrate 10 but mask patterns on photomasks for forming the 
resist patterns are schematically shown as the mask patterns 
53 and 54 for simplicity. The mask patterns 53 and 54 are 
designed Such that the location (i.e., on a portion of the 
isolation region 11 between the active region 10a and the 
active region 10b) of the PN boundary 41L between the 
p-type silicon film 14a (the gate electrode 30a) and the n-type 
silicon film 14b (the gate electrode 30b) is not changed and 
that the PN boundary 41S between the p-type silicon film 14c 
(the gate electrode 30c) and the n-type silicon film 14d (the 
gate electrode 30d) is located on a portion of the isolation 
region 11 between the active region 10c and the active region 
10d. 

After formation of the n-type source/drain regions 20a and 
20c and the p-type source/drain regions 20b and 20d, the 
semiconductor substrate 10 is subjected to heat treatment, 
thereby activating the impurities implanted into the n-type 
Source/drain regions 20a and 20c and the p-type source/drain 
regions 20b and 20d. 

Then, natural oxide films (not shown) on the surfaces of the 
deep n-type source/drain regions 20a and 20c and the deep 
p-type source/drain regions 20b and 20d are removed, and 
then a metal film (not shown) of, for example, nickel with a 
thickness of about 10 nm is deposited by, for example, sput 
tering over the entire surface of the semiconductor substrate 
10. Thereafter, first rapid thermal annealing (RTA) is per 
formed on the semiconductor substrate 10 at, for example, 
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320°C. in, for example, a nitrogen atmosphere, thereby caus 
ing silicon (Si) in Surface portions of the deep n-type source? 
drain regions 20a and 20c and the deep p-type source/drain 
regions 20b and 20d and nickel (Ni) in the metal film to react 
with each other. In this manner, as illustrated in FIGS. 7A-7F, 
metal silicide layers 21a-21d of nickel silicide are formed on 
the deep n-type source/drain regions 20a and 20c and the deep 
p-type source/drain regions 20b and 20d. In this process step, 
Si in surface portions of the n-type silicon films 14a and 14c 
constituting the gate electrode 30a and 30c and the p-type 
silicon films 14b and 14d constituting the gate electrodes 30b 
and 30d also reacts with Ni in the metal film, thereby forming 
metal silicide layers 22a-22d of nickel silicide on the gate 
electrodes 30a-30d. Subsequently, the semiconductor sub 
strate 10 is immersed in an etchant of a mixed solution of, for 
example, Sulfuric acid and a hydrogen peroxide solution, 
thereby removing unreacted portions of the metal film 
remaining on, for example, the isolation region 11, the offset 
spacers 15a-15d, and the sidewall spacers 19a–19d. Then, 
second RTA is performed at a temperature (e.g., 550° C.) 
higher than that in the first RTA, thereby stabilizing the sili 
cide content in each of the metal silicide layers 21a-21d and 
the metal silicide layers 22a-22d. 

Thereafter, as illustrated in FIGS. 8A-8F, an insulating film 
23 of for example, a silicon nitride film a thickness of about 
20 nm is deposited by, for example, plasma CVD over the 
entire surface of the semiconductor substrate 10. Then, an 
interlayer insulating film 24 of for example, a silicon dioxide 
film is deposited by, for example, CVD over the insulating 
film 23. Subsequently, the surface of the interlayer insulating 
film 24 is planarized by, for example, chemical mechanical 
polishing (CMP). Then, as in a method for fabricating a 
semiconductor device with a general MIS transistor, a resist 
film (not shown) having a contact hole pattern is formed on 
the interlayer insulating film 24, and using the resist film as a 
mask, contact holes 25a-25a are formed by dry etching in the 
insulating film 23 and the interlayer insulating film 24 Such 
that the contact holes 25a-25a reach the upper surfaces of the 
metal silicide layers 21a-21d, respectively. In this process 
step, a two-step etching process in which etching is tempo 
rarily stopped when the insulating film 23 is exposed is 
employed, thereby reducing the amount of overetching of the 
metal silicide layers 21a-21d. Thereafter, a barrier metal film 
(not shown) as a stack of for example, a titanium film and a 
titanium nitride film is formed by, for example, Sputtering or 
CVD on each of the bottoms and side surfaces of the contact 
holes 25a-25a. Subsequently, a tungsten film, for example, is 
deposited by CVD over the interlayer insulating film 24 to fill 
the contact holes 25a-25a, and then portions of the tungsten 
film located outside the contact holes 25a-25a are removed 
by, for example, CMP. In this manner, contacts 26a-26d in 
each of which the tungsten film is buried with the barrier 
metal film interposed between the contact hole and the tung 
sten film are formed in the contact holes 25a-25a. Thereafter, 
metal interconnects (not shown) electrically connected to the 
contacts 26a-26d are formed on the interlayer insulating film 
24. 

In the foregoing manner, the semiconductor device of this 
embodiment, i.e., the semiconductor device including: an 
NMISFET located in the logic area and including the gate 
electrode 30a having the n-type silicon film 14a: a PMISFET 
located in the logic area and including the gate electrode 30b 
having the p-type silicon film 14b; an NMISFET located in 
the SRAM area and including the gate electrode 30c having 
the n-type silicon film 14c.; and a PMISFET located in the 
SRAM area and including the gate electrode 30d having the 
p-type silicon film 14d, can be fabricated. 
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In this embodiment, informing the gate electrodes 30a-30d 

by dry-etching the silicon film 14, substantially only the 
n-type impurity is present in portions of the silicon film 14 
constituting the gate electrodes 30c and 30d in the SRAM 
area susceptible to the influence of mutual diffusion of the 
impurities because of a small width of the isolation region 11 
(specifically a portion of the isolation region 11 between the 
active region 10c and the active region 10d). Accordingly, it is 
possible to avoid occurrence of difference in the etching 
speed of the silicon film 14 caused by difference between ion 
species of the implanted impurities. Thus, no difference 
occurs in gate dimensions between the gate electrode 30c of 
the NMISFET and the gate electrode 30d of the PMISFET, 
thereby reducing variations intransistor characteristics due to 
variations in gate length. In addition, in dry-etching the sili 
con film 14, it is necessary to uniformize the vertical profile of 
an impurity implanted into the silicon film 14 beforehand by 
annealing. However, in this embodiment, since Substantially 
only an n-type impurity is present in a portion of the silicon 
film 14 located in the SRAM area at the time when the silicon 
film 14 is etched, the influence of mutual diffusion (specifi 
cally diffusion in the direction parallel to the principal surface 
of the substrate) of the impurities due to the annealing is 
Substantially negligible. As a result, variations in transistor 
characteristics can be further reduced. 

In this embodiment, in an a portion of the silicon film 14 
constituting the gate electrode 30d of the PMIS region in the 
SRAM area, the n-type impurity is implanted in the gate 
injection, whereas the p-type impurity is implanted in Source? 
drain implantation. Accordingly, to form the PMISFET in the 
SRAM area as a Surface channel type, the n-type impurity 
concentration in the gate injection is preferably lower than the 
p-type impurity concentration in the Source/drain implanta 
tion. In this case, as a feature of this embodiment, the p-type 
impurity concentration of the p-type silicon film 14b consti 
tuting the gate electrode 30b in the PMIS region in the logic 
area is higher than that of the p-type silicon film 14d in 
constituting the gate electrode 30d in the PMIS region in the 
SRAM area. 

In this embodiment, gate injection of the n-type impurity is 
performed on the NMIS region and the PMIS region in the 
SRAM area, and then source/drain implantation of the p-type 
impurity is performed, thereby reversing the conductivity 
type of a portion of the silicon film 14 constituting the gate 
electrode 30d in the PMIS region in the SRAM area to the 
p-type. Alternatively, the conductivity type of a portion of the 
silicon film 14 constituting the gate electrode 30c in the NMIS 
region in the SRAM area may be reversed to the n-type by 
performing gate injection of the p-type impurity on the NMIS 
region and the PMIS region in the SRAM area and then 
performing source/drain implantation of the n-type impurity. 

Second Embodiment 

A semiconductor device according to a second embodi 
ment of the present disclosure will be described hereinafter 
with reference to the drawings. 

FIG. 9A is a plan view illustrating a logic area of the 
semiconductor device of the second embodiment. FIG.9B is 
a cross-sectional view taken along the line I-I (along the gate 
width) in FIG. 9A. FIG. 9C is a plan view illustrating an 
SRAM area of the semiconductor device of the second 
embodiment. FIG. 9D is a cross-sectional view taken along 
the line II-II (along the gate width) in FIG. 9C. In FIGS. 
9A-9D. sidewall spacers, a silicide layer, and an interlayer 
film, for example, are not shown for simplicity, and contacts 
are not shown in FIGS.9B and 9D. In FIGS. 9A-9D, compo 

AICP EX2018 
TSMC v AICP, IPR2025-01211 

Page 24 of 31



US 8,884,373 B2 
15 

nents already shown in FIGS. 1A-1D for the first embodiment 
are denoted by the same reference characters, and descrip 
tions thereof will not be repeated and only different charac 
teristics will be described hereinafter. 

The second embodiment is different from the first embodi 
ment in the following aspects. As illustrated in FIGS. 9A and 
9B, a dual-gate electrode 31L in a logic area includes: a gate 
electrode 30a located in an NMIS region and including an 
n-type silicon film 14a 1 provided on an active region 10a and 
a portion of an isolation region 11 near the active region 10a 
and an n-type silicon film 14a2 provided on portions of the 
isolation region 11 at both ends of the n-type silicon film 
14a1; and a gate electrode 30b located on a PMIS region and 
including a p-type silicon film 14b1 provided on an active 
region 10b and a portion of the isolation region 11 near the 
active region 10b and a p-type silicon film 14b2 provided on 
portions of the isolation region 11 at both ends of the p-type 
silicon film 14b1. 
The configuration of the SRAM area illustrated in FIGS. 

9C and 9D including the structure of a dual-gate electrode 
31S is the same as that in the SRAM area of the first embodi 
ment illustrated in FIGS. 1C and 1D. Specifically, in the same 
manner as in the first embodiment, the dual-gate electrode 
31S includes a gate electrode 30c located on an NMIS region 
and including an n-type silicon film 14c and a gate electrode 
30d located on a PMIS region and including a p-type silicon 
film 14d. 
A feature of this embodiment is that the p-type silicon film 

14b1 has a p-type impurity concentration lower than that of 
the p-type silicon film 14b2. In addition, each of the p-type 
silicon film 14b1 and the p-type silicon film 14b2 has a p-type 
impurity concentration higher than that of the p-type silicon 
film 14d. The n-type silicon film 14a 1 has an n-type impurity 
concentration lower than that of each of the n-type silicon film 
14a2 and the n-type silicon film 14c. The n-type silicon film 
14a2 has an n-type impurity concentration Substantially equal 
to that of the n-type silicon film 14c. 
A method for fabricating a semiconductor device accord 

ing to the second embodiment will be described hereinafter 
with reference to the drawings. The method for fabricating a 
semiconductor device of this embodiment is different from 
that of the first embodiment only in the location of gate 
injection in the logic area (see FIGS. 10A-10F). 

FIGS. 10A-10F are cross-sectional views illustrating a pro 
cess step of the method for fabricating a semiconductor 
device of the second embodiment. FIG. 10A illustrates a 
cross-sectional structure in the process step taken along the 
line III-III (along the gate length) in FIG. 9A. FIG. 10B 
illustrates a cross-sectional structure in the process step taken 
along the line IV-IV (along the gate length) in FIG.9A. FIG. 
10C illustrates a cross-sectional structure in the process step 
taken along the line V-V (along the gate length) in FIG.9C. 
FIG. 10D illustrates a cross-sectional structure in the process 
step taken along the line VI-VI (along the gate length) in FIG. 
9.C. FIG. 10E illustrates a cross-sectional structure in the 
process step taken along the line I-I (along the gate width) in 
FIG.9A. FIG.10F illustrates across-sectional structure in the 
process step taken along the line II-II (along the gate width) in 
FIG.9C. 

In this embodiment, first, the same process step as that of 
the first embodiment illustrated in FIGS. 2A-2F is performed. 
Thereafter, as illustrated in FIGS. 10A-10F, the surface of a 
semiconductor substrate 10 is cleaned with, for example, 
diluted hydrogen fluoride, and then a gate insulating film 13 
of for example, a silicon dioxide film with a thickness of 
about 2 nm is deposited by, for example, ISSG oxidation on 
the active regions 10a, 10b, 10c, and 10d. Subsequently, the 
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semiconductor Substrate 10 is subjected to, for example, a 
nitrogen plasma process, thereby nitriding the Surface of the 
gate insulating film 13 to form a nitrided layer (not shown). 
Then, annealing is performed, thereby removing nitrogen 
atoms with weak bonds from the nitrided layer. Subsequently, 
a silicon film 14 of for example, polysilicon with a thickness 
of about 100 nm is deposited by, for example, CVD over the 
gate insulating film 13. 

Then, as illustrated in FIGS. 10A-10F, with a mask pattern 
51B covering the entire NMIS region and the active region 
10b in the PMIS region in the logic area and the entire SRAM 
area (i.e., the entire NMIS region and the entire PMIS region 
in the SRAM area) and exposing the isolation region 11 in the 
PMIS region in the logic area, ions of a p-type impurity Such 
as boron (B) are implanted into the silicon film 14 at a dose of 
4x10" cm, thereby forming a p-type silicon film 14P on a 
portion of the isolation region 11 in the PMIS region in the 
logic area. In this process step, the length (e.g., about 50 nm) 
of a portion of the isolation region 11 covered with the mask 
pattern 51B near the active region 10b in the PMIS region in 
the logic area is determined in consideration of the influence 
of mutual diffusion of the impurities. Thereafter, with a mask 
pattern 52B covering the entire PMIS region and the active 
region 10a in the NMIS region in the logic area and exposing 
the isolation region 11 in the NMIS region in the logic area 
and the entire SRAM area (i.e., the entire NMIS region and 
the entire PMIS region in the SRAM area), ions of an n-type 
impurity Such as phosphorus (P) are implanted into the silicon 
film 14 at a dose of 3x10" cm’, thereby forming an n-type 
silicon film 14N on a portion of the isolation region 11 located 
in the NMIS region in the logic area and the entire SRAM 
area. In this process step, the length (e.g., about 50 nm) of a 
portion of the isolation region 11 covered with the mask 
pattern 51B near the active region 10a in the NMIS region in 
the logic area is determined in consideration of the influence 
of mutual diffusion of the impurities. That is, in this embodi 
ment, ions of the n-type impurity are implanted in gate injec 
tion for the PMIS region in the SRAM area in the same 
manner as in the first embodiment. 

Formation of the p-type silicon film 14P and formation of 
the n-type silicon film 14N may be performed in any order. In 
FIGS. 10A-10F, not resist patterns formed on the semicon 
ductor substrate 10 by photolithography but mask patterns on 
photomasks for forming these resist patterns are schemati 
cally shown as the mask patterns 51B and 52B for simplicity. 
The mask patterns 51B and 52B are designed such that a PN 
boundary 41L between the p-type silicon film 14P and the 
n-type silicon film 14N is located on a portion of the isolation 
region 11 between the active region 10a and the active region 
10b. 

After formation of the p-type silicon film 14P and the 
n-type silicon film 14N, the semiconductor substrate 10 is 
subjected to heat treatment at 850° C. for 30 seconds, for 
example, thereby uniformizing a vertical profile of an impu 
rity implanted as ions into each of the p-type silicon film 14P 
and the n-type silicon film 14N. 

Thereafter, process steps similar to the process step (gate 
patterning) illustrated in FIGS. 4A-4F, the process step (for 
mation of offset spacers and shallow source/drain regions) 
illustrated in FIGS. 5A-5F, the process step (formation of 
sidewall spacers and deep Source/drain regions) illustrated in 
FIGS. 6A-6F, the process step (formation of a silicide layer) 
illustrated in FIGS. 7A-7F, and the process step (formation of 
an interlayer insulating film and a contact silicide layer) illus 
trated in FIGS. 8A-8F of the first embodiment are performed 
in order. 
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In the foregoing manner, the semiconductor device of this 
embodiment, i.e., the semiconductor device including: an 
NMISFET located in the logic area and including the gate 
electrode 30a having the n-type silicon films 14a 1 and 14a2: 
a PMISFET located in the logic area and including the gate 
electrode 30b having the p-type silicon films 14b1 and 14b2: 
an NMISFET located in the SRAM area and including the 
gate electrode 30c having the n-type silicon film 14c., and a 
PMISFET located in the SRAM area and including the gate 
electrode 30d having the p-type silicon film 14d, can be 
fabricated. 

In this embodiment, informing the gate electrodes 30a-30d 
by dry-etching the silicon film 14, substantially only the 
n-type impurity is present in portions of the silicon film 14 
constituting the gate electrodes 30c and 30d in the SRAM 
area susceptible to the influence of mutual diffusion of the 
impurities because of a small width of the isolation region 11 
(specifically a portion of the isolation region 11 between the 
active region 10c and the active region 10d). Accordingly, it is 
possible to avoid occurrence of difference in the etching 
speed of the silicon film 14 caused by difference between ion 
species of the implanted impurities. Thus, no difference 
occurs in gate dimensions between the gate electrode 30c of 
the NMISFET and the gate electrode 30d of the PMISFET, 
thereby reducing variations in transistor characteristics due to 
variations in gate length. In addition, in dry-etching the sili 
con film 14, it is necessary to uniformize the vertical profile of 
an impurity implanted into the silicon film 14. However, in 
this embodiment, since Substantially only the n-type impurity 
is present in a portion of the silicon film 14 located in the 
SRAM area at the time when the silicon film 14 is etched in 
the same manner as in the first embodiment, the influence of 
mutual diffusion (specifically diffusion in the direction par 
allel to the principal surface of the substrate) of the impurities 
due to the annealing is Substantially negligible. As a result, 
variations in transistor characteristics can be further reduced. 

In this embodiment, informing the gate electrodes 30a-30d 
by dry-etching the silicon film 14, Substantially no impurities 
are implanted into portions of the silicon film 14 at least on the 
active regions 10a and 10b in the logic area. Accordingly, it is 
possible to avoid occurrence of difference in the etching 
speed of the silicon film 14 caused by difference between ion 
species of the implanted impurities. Thus, no difference 
occurs in gate dimensions between the gate electrode 30a of 
the NMISFET and the gate electrode 30b of the PMISFET, 
thereby reducing variations in transistor characteristics due to 
variations in gate length. 

In addition, in this embodiment, in a portion of the silicon 
film 14 constituting the gate electrode 30d in the PMIS region 
in the SRAM area, the n-type impurity is implanted in the gate 
injection, whereas the p-type impurity is implanted in Source? 
drain implantation. Accordingly, to form the PMISFET in the 
SRAM area as a Surface channel type, the n-type impurity 
concentration in the gate injection is preferably lower than the 
p-type impurity concentration in the Source/drain implanta 
tion, as in the first embodiment. In this case, as a feature of this 
embodiment, the p-type impurity concentration of each of the 
p-type silicon films 14b1 and 14b2 constituting the gate elec 
trode 30b in the PMIS region in the logic area is higher than 
that of the p-type silicon film 14d in constituting the gate 
electrode 30d in the PMIS region in the SRAM area. 

Further, in this embodiment, the n-type silicon film 14a 1 
on the active region 10a formed in the logic area has an n-type 
impurity concentration lower than that of the n-type silicon 
film 14a2 on a portion of the isolation region 11 formed in the 
logic area, and the p-type silicon film 14b1 on the active 
region 10b formed in the logic area has a p-type impurity 
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concentration lower than that of the p-type silicon film 14b2 
on a portion of the isolation region 11 formed in the logic area. 
Accordingly, although the gate electrodes 30a and 30b on the 
active regions 10a and 10b formed in the logic area have high 
resistances, metal silicide layers 22a and 22b are formed on 
the gate electrodes 30a and 30b, and the gate electrodes 30a 
and 30b (i.e., gate lines) on portions of the isolation region 11 
formed in the logic area have high impurity concentrations 
similar to those in the first embodiment. In this manner, a 
delay of the circuit speed due to increase in resistance of the 
gate electrodes 30a and 30b on the active regions 10a and 10b 
can be reduced. Since no impurities are implanted into por 
tions of the silicon film 14 constituting the gate electrodes 30a 
and 30b on the active regions 10a and 10b in gate injection in 
this embodiment, an impurity in an amount necessary for 
preventing formation of depletion in the final structure needs 
to be implanted in source/drain implantation. In a case where 
a delay of the circuit speed due to an increase in resistance of 
the gate electrodes 30a and 30b on the active regions 10a and 
10b has a small influence, an impurity does not need to be 
implanted into portions the silicon film 14 constituting the 
gate electrodes 30a and 30b on portions of the isolation region 
11 formed in the logic area in gate injection. 

In this embodiment, gate injection of the n-type impurity is 
performed on the NMIS region and the PMIS region in the 
SRAM area, and then source/drain implantation of the p-type 
impurity is performed, thereby reversing the conductivity 
type of a portion of the silicon film 14 constituting the gate 
electrode 30d in the PMIS region in the SRAM area to the 
p-type. Alternatively, the conductivity type of a portion of the 
silicon film 14 constituting the gate electrode 30c in the NMIS 
region in the SRAM area may be reversed to the n-type by 
performing gate injection of an p-type impurity on the NMIS 
region and the PMIS region in the SRAM area and then 
performing Source? drain implantation of an n-type impurity. 

Third Embodiment 

A semiconductor device according to a third embodiment 
of the present disclosure will be described hereinafter with 
reference to the drawings. 

FIG. 11A is a plan view illustrating a logic area of the 
semiconductor device of the third embodiment. FIG. 11B is a 
cross-sectional view taken along the line I-I (along the gate 
width) in FIG. 11 A. FIG. 11C is a plan view illustrating an 
SRAM area of the semiconductor device of the third embodi 
ment. FIG. 11D is a cross-sectional view taken along the line 
II-II (along the gate width) in FIG. 11C. In FIGS. 11A-11D, 
sidewall spacers, a silicide layer, and an interlayer film, for 
example, are not shown for simplicity, and contacts are not 
shown in FIGS. 11B and 11D. In FIGS. 11A-11D, compo 
nents already shown in FIGS. 1A-1D for the first embodiment 
are denoted by the same reference characters, and descrip 
tions thereof will not be repeated and only different charac 
teristics will be described hereinafter. 
The third embodiment is different from the first embodi 

ment in the following aspects. As illustrated in FIGS. 11A and 
11B, in the same manner as in the second embodiment illus 
trated in FIGS. 9A and 9B, a dual-gate electrode 31L. 
includes: a gate electrode 30a located in an NMIS region and 
including an n-type silicon film 14a 1 provided on an active 
region 10a and a portion of the isolation region 11 near the 
active region 10a and an n-type silicon film 14a2 provided on 
portions of the isolation region 11 at both ends of the n-type 
silicon film 14a1; and a gate electrode 30b located on a PMIS 
region and including a p-type silicon film 14b1 provided on 
an active region 10b and a portion of the isolation region 11 
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near the active region 10b and a p-type silicon film 14b2 
provided on portions of the isolation region 11 at both ends of 
the p-type silicon film 14b1. 

The configuration of an SRAM area illustrated in FIGS. 
11C and 11D including the structure of a dual-gate electrode 
31S is basically the same as that in the SRAM area of the first 
embodiment illustrated in FIGS. 1C and 1D. Specifically, in 
the same manner as in the first embodiment, the dual-gate 
electrode 31S includes a gate electrode 30c located in an 
NMIS region and including an n-type silicon film 14c and a 
gate electrode 30d located in a PMIS region and including a 
p-type silicon film 14d. However, in this embodiment, the 
n-type impurity concentration of the n-type silicon film 14c 
and the p-type impurity concentration of the p-type silicon 
film 14d are lower than those in the first embodiment. 
A feature of this embodiment is that the p-type silicon film 

14b2 has a p-type impurity concentration higher than that of 
the p-type silicon film 14d and that the p-type silicon film 
14b1 has a p-type impurity concentration Substantially equal 
to that of the p-type silicon film 14d. Specifically, the p-type 
silicon film 14b1 has a p-type impurity concentration lower 
than that of the p-type silicon film 14b2. The n-type silicon 
film 14a 1 has an n-type impurity concentration Substantially 
equal to that of the n-type silicon film 14c. The n-type silicon 
film 14a 1 has an n-type impurity concentration lower than 
that of the n-type silicon film 14a2. Specifically, the n-type 
silicon film 14a2 has an n-type impurity concentration lower 
than that of the n-type silicon film 14c. 
A method for fabricating a semiconductor device accord 

ing to the third embodiment will be described hereinafter with 
reference to the drawings. The method for fabricating a semi 
conductor device of this embodiment is different from that of 
the first embodiment only in the location of gate injection in 
each of the logic area and the SRAM area (see FIGS. 12A 
12F). 

FIGS. 12A-12F are cross-sectional views illustrating a pro 
cess step of the method for fabricating a semiconductor 
device of the third embodiment. FIG. 12A illustrates a cross 
sectional structure in the process step taken along the line 
III-III (along the gate length) in FIG. 11 A. FIG. 12B illus 
trates a cross-sectional structure in the process step taken 
along the line IV-IV (along the gate length) in FIG. 11A. FIG. 
12C illustrates a cross-sectional structure in the process step 
taken along the line V-V (along the gate length) in FIG. 11C. 
FIG. 12D illustrates a cross-sectional structure in the process 
step taken along the line VI-VI (along the gate length) in FIG. 
11C. FIG. 12E illustrates a cross-sectional structure in the 
process step taken along the line I-I (along the gate width) in 
FIG. 11A. FIG. 12F illustrates a cross-sectional structure in 
the process step taken along the line (along the gate width) in 
FIG 11C. 

In this embodiment, first, the same process step as that of 
the first embodiment illustrated in FIGS. 2A-2F is performed. 
Thereafter, as illustrated in FIGS. 12A-12F, the surface of a 
semiconductor substrate 10 is cleaned with, for example, 
diluted hydrogen fluoride, and then a gate insulating film 13 
of for example, a silicon dioxide film with a thickness of 
about 2 nm is deposited by, for example, ISSG oxidation on 
the active regions 10a, 10b, 10c, and 10d. Subsequently, the 
semiconductor Substrate 10 is subjected to, for example, a 
nitrogen plasma process, thereby nitriding the Surface of the 
gate insulating film 13 to form a nitrided layer (not shown). 
Then, annealing is performed, thereby removing nitrogen 
atoms with weak bonds from the nitrided layer. Subsequently, 
a silicon film 14 of for example, polysilicon with a thickness 
of about 100 nm is deposited by, for example, CVD over the 
gate insulating film 13. 
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Then, as illustrated in FIGS. 12A-12F, with a mask pattern 

51C covering the entire NMIS region and the active region 
10b in the PMIS region in the logic area and the entire SRAM 
area (i.e., the entire NMIS region and the entire PMIS region 
in the SRAM area) and exposing the isolation region 11 in the 
PMIS region in the logic area, ions of a p-type impurity Such 
as boron (B) are implanted into the silicon film 14 at a dose of 
4x10" cm’, thereby forming a p-type silicon film 14P on a 
portion of the isolation region 11 in the PMIS region in the 
logic area. In this process step, the length (e.g., about 50 nm) 
of a portion of the isolation region 11 covered with the mask 
pattern 51C near the active region 10b in the PMIS region in 
the logic area is determined in consideration of the influence 
of mutual diffusion of the impurities. Thereafter, with a mask 
pattern 52C covering the entire PMIS region and the active 
region 10a in the NMIS region in the logic area and the entire 
SRAM area (i.e., the entire NMIS region and the entire PMIS 
region in the SRAM area) and exposing the isolation region 
11 in the NMIS region in the logic area, ions of an n-type 
impurity Such as phosphorus (P) are implanted into the silicon 
film 14 at a dose of 3x10" cm, thereby forming an n-type 
silicon film 14N on a portion of the isolation region 11 located 
in the NMIS region in the logic area. In this process step, the 
length (e.g., about 50 nm) of a portion of the isolation region 
11 covered with the mask pattern 52C near the active region 
10a in the NMIS region in the logic area is determined in 
consideration of the influence of mutual diffusion of the 
impurities. That is, in this embodiment, no gate injection is 
performed on any of the NMIS region and PMIS region in the 
SRAM area, unlike the first and second embodiments. 

Formation of the p-type silicon film 14P and formation of 
the n-type silicon film 14N may be performed in any order. In 
FIGS. 12A-12F, not resist patterns formed on the semicon 
ductor substrate 10 by photolithography but mask patterns on 
photomasks for forming these resist patterns are schemati 
cally shown as the mask patterns 51C and 52C for simplicity. 
The mask patterns 51C and 52C are designed such that a PN 
boundary 41L between the p-type silicon film 14P and the 
n-type silicon film 14N is located on a portion of the isolation 
region 11 between the active region 10a and the active region 
10b. 

After formation of the p-type silicon film 14P and the 
n-type silicon film 14N, the semiconductor substrate 10 is 
subjected to heat treatment at, for example, 850° C. for 30 
seconds, thereby uniformizing a vertical profile of an impu 
rity implanted as ions into each of the p-type silicon film 14P 
and the n-type silicon film 14N. 

Thereafter, process steps similar to the process step (gate 
patterning) illustrated in FIGS. 4A-4F and the process step 
(formation of offset spacers and shallow source/drain 
regions) illustrated in FIGS. 5A-5F, the process step (forma 
tion of sidewall spacers and deep Source? drain regions) illus 
trated in FIGS. 6A-6F, the process step (formation of a sili 
cide layer) illustrated in FIGS. 7A-7F, and the process step 
(formation of an interlayer insulating film and a contact sili 
cide layer) illustrated in FIGS. 8A-8F of the first embodiment 
are performed in order. 

In the foregoing manner, the semiconductor device of this 
embodiment, i.e., the semiconductor device including: an 
NMISFET located in the logic area and including the gate 
electrode 30a having the n-type silicon films 14a 1 and 14a2: 
a PMISFET located in the logic area and including the gate 
electrode 30b having the p-type silicon films 14b1 and 14b2: 
an NMISFET located in the SRAM area and including the 
gate electrode 30c having the n-type silicon film 14c., and a 
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PMISFET located in the SRAM area and including the gate 
electrode 30d having the p-type silicon film 14d, can be 
fabricated. 

In this embodiment, informing the gate electrodes 30a-30d 
by dry-etching the silicon film 14, no impurities are implanted 
into portions of the silicon film 14 constituting the gate elec 
trodes 30c and 30d in the SRAM area susceptible to the 
influence of mutual diffusion of the impurities because of a 
small width of the isolation region 11 (specifically a portion 
of the isolation region 11 between the active region 10c and 
the active region 10d). Accordingly, it is possible to avoid 
occurrence of difference in the etching speed of the silicon 
film 14 caused by difference between ion species of the 
implanted impurities. Thus, no difference occurs in gate 
dimensions between the gate electrode 30c of the NMISFET 
and the gate electrode 30d of the PMISFET, thereby reducing 
variations in transistor characteristics due to variations in gate 
length. In addition, in dry-etching the silicon film 14, it is 
necessary to uniformize the vertical profile of an impurity 
implanted into the silicon film 14 beforehand by annealing. 
However, in this embodiment, since Substantially no impuri 
ties are implanted into a portion of the silicon film 14 located 
in the SRAM area at the time when the silicon film 14 is 
etched, the influence of mutual diffusion (specifically diffu 
sion in the direction parallel to the principal surface of the 
Substrate) of the impurities due to the annealing is Substan 
tially negligible. As a result, variations in transistor charac 
teristics can be further reduced. 

In this embodiment, informing the gate electrodes 30a-30d 
by dry-etching the silicon film 14, Substantially no impurities 
are implanted into portions of the silicon film 14 at least on the 
active regions 10a and 10b in the logic area. Accordingly, it is 
possible to avoid occurrence of difference in the etching 
speed of the silicon film 14 caused by difference between ion 
species of the implanted impurities. Thus, no difference 
occurs in gate dimensions between the gate electrode 30a of 
the NMISFET and the gate electrode 30b of the PMISFET, 
thereby reducing variations in transistor characteristics due to 
variations in gate length. 

In addition, in this embodiment, the n-type silicon film 
14a1 on the active region 10a formed in the logic area has an 
n-type impurity concentration lower than that of the n-type 
silicon film 14a2 on a portion of the isolation region 11 
formed in the logic area, and the p-type silicon film 14b1 on 
the active region 10b formed in the logic area has a p-type 
impurity concentration lower than that of the p-type silicon 
film 14b2 on a portion of the isolation region 11 formed in the 
logic area. Accordingly, although the gate electrodes 30a and 
30b on the active regions 10a and 10b formed in the logic area 
have high resistances, metal silicide layers 22a and 22b are 
formed on the gate electrodes 30a and 30b, and the gate 
electrodes 30a and 30b (i.e., gate lines) on portions of the 
isolation region 11 formed in the logic area have high impu 
rity concentrations similar to those in the first embodiment. In 
this manner, a delay of the circuit speed due to increase in 
resistance of the gate electrodes 30a and 30b on the active 
regions 10a and 10b can be reduced. Since no impurities are 
implanted into the silicon film 14 constituting the gate elec 
trodes 30a and 30b on the active regions 10a and 10b in gate 
injection in this embodiment, an impurity in an amount nec 
essary for preventing formation of depletion in the final struc 
ture needs to be implanted in source/drain implantation. In a 
case where a delay of the circuit speed due to an increase in 
resistance of the gate electrodes 30a and 30b on the active 
regions 10a and 10b has a small influence, an impurity does 
not need to be implanted into portions of the silicon film 14 
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constituting the gate electrodes 30a and 30b on portions of the 
isolation region 11 formed in the logic area in gate injection. 

Further, in this embodiment, no impurities are implanted 
into portions of the silicon film 14 constituting the gate elec 
trodes 30c and 30d in the SRAM area in gate injection, i.e., 
impurities are implanted into portions of the silicon film 14 
constituting the gate electrodes 30c and 30d only in source/ 
drain implantation. Thus, the gate electrodes 30c and 30d 
have resistances higher than those of the gate electrodes 30a 
and 30b in the logic area. However, since transistors for 
SRAM circuits do not need to operate at high speed, unlike 
transistors for logic circuits, the influence of for example, a 
delay of the circuit speed due to increase in resistance of the 
gate electrodes 30c and 30d is small. 

Fourth Embodiment 

A semiconductor device according to a fourth embodiment 
of the present disclosure will be described hereinafter with 
reference to the drawings. 

FIG. 13A is a plan view illustrating a logic area of the 
semiconductor device of the fourth embodiment. FIG. 13B is 
a cross-sectional view taken along the line I-I (along the gate 
width) in FIG. 13 A. FIG. 13C is a plan view illustrating an 
SRAM area of the semiconductor device of the fourth 
embodiment. FIG.13D is a cross-sectional view taken along 
the line II-II (along the gate width) in FIG. 13C. In FIGS. 
13A-13D, sidewall spacers, a silicide layer, and an interlayer 
film, for example, are not shown for simplicity, and contacts 
are not shown in FIGS. 13B and 13D. In FIGS. 13 A-13D, 
components already shown in FIGS. 1A-1D for the first 
embodiment are denoted by the same reference characters, 
and descriptions thereof will not be repeated and only differ 
ent characteristics will be described hereinafter. 
The configuration of the logic area illustrated in FIGS. 13A 

and 13B including the structure of a dual-gate electrode 31L. 
is the same as that of the logic area of the first embodiment 
illustrated in FIGS. 1A and 1B. Specifically, in the same 
manner as in the first embodiment, the dual-gate electrode 
31L includes a gate electrode 30a located in an NMIS region 
and including an n-type silicon film 14a and a gate electrode 
30b located in a PMIS region and including a p-type silicon 
film 14b. 
On the other hand, the configuration of the SRAM area 

illustrated in FIGS. 13C and 13D including the structure of a 
dual-gate electrode 31S is basically the same as that in the 
SRAM area of the first embodiment illustrated in FIGS. 1C 
and 1D. Specifically, in the same manner as in the first 
embodiment, the dual-gate electrode 31S includes a gate elec 
trode 30c located on an NMIS region and including an n-type 
silicon film 14c and a gate electrode 30d located on a PMIS 
region and including a p-type silicon film 14d. However, in 
this embodiment, the n-type impurity concentration of the 
n-type silicon film 14c and the p-type impurity concentration 
of the p-type silicon film 14d are lower than those in the first 
embodiment. 
A feature of this embodiment is that the p-type silicon film 

14b has a p-type impurity concentration higher than that of 
the p-type silicon film 14d and that the n-type silicon film 14a 
has an n-type impurity concentration higher than that of the 
n-type silicon film 14c. 
A method for fabricating a semiconductor device accord 

ing to the fourth embodiment will be described hereinafter 
with reference to the drawings. The method for fabricating a 
semiconductor device of this embodiment is different from 
that of the first embodiment only in the location of gate 
injection in the SRAM area (see FIGS. 14A-14F). 

AICP EX2018 
TSMC v AICP, IPR2025-01211 

Page 28 of 31



US 8,884,373 B2 
23 

FIGS. 14A-14F are cross-sectional views illustrating a pro 
cess step of the method for fabricating a semiconductor 
device of the fourthembodiment. FIG. 14A illustrates across 
sectional structure in the process step taken along the line 
III-III (along the gate length) in FIG. 13 A. FIG. 14B illus 
trates a cross-sectional structure in the process step taken 
along the line IV-IV (along the gate length) in FIG. 13A. FIG. 
14C illustrates a cross-sectional structure in the process step 
taken along the line V-V (along the gate length) in FIG. 13C. 
FIG. 14D illustrates a cross-sectional structure in the process 
step taken along the line VI-VI (along the gate length) in FIG. 
13C. FIG. 14E illustrates a cross-sectional structure in the 
process step taken along the line I-I (along the gate width) in 
FIG. 13A. FIG. 14F illustrates a cross-sectional structure in 
the process step taken along the line II-II (along the gate 
width) in FIG. 13C. 

In this embodiment, first, the same process step as that of 
the first embodiment illustrated in FIGS. 2A-2F is performed. 
Thereafter, as illustrated in FIGS. 14A-14F, the surface of a 
semiconductor substrate 10 is cleaned with, for example, 
diluted hydrogen fluoride, and then a gate insulating film 13 
of for example, a silicon dioxide film with a thickness of 
about 2 nm is deposited by, for example, ISSG oxidation on 
the active regions 10a, 10b, 10c, and 10d. Subsequently, the 
semiconductor Substrate 10 is subjected to, for example, a 
nitrogen plasma process, thereby nitriding the Surface of the 
gate insulating film 13 to form a nitrided layer (not shown). 
Then, annealing is performed, thereby removing nitrogen 
atoms with weak bonds from the nitrided layer. Subsequently, 
a silicon film 14 of for example, polysilicon with a thickness 
of about 100 nm is deposited by, for example, CVD over the 
gate insulating film 13. 

Then, as illustrated in FIGS. 14A-14F, with a mask pattern 
51D covering the entire NMIS region in the logic area and the 
entire SRAM area (i.e., the entire NMIS region and the entire 
PMIS region in the SRAM area) and exposing the entire 
PMIS region in the logic area, ions of a p-type impurity Such 
as boron (B) are implanted into the silicon film 14 at a dose of 
4x10" cm, thereby forming ap-type silicon film 14P in the 
entire PMIS region in the logic area. Thereafter, with a mask 
pattern 52D covering the entire PMIS region in the logic area 
and the entire SRAM area (i.e., the entire NMIS region and 
the entire PMIS region in the SRAM area) and exposing the 
entire NMIS region in the logic area, ions of an n-type impu 
rity such as phosphorus (P) are implanted into the silicon film 
14 at a dose of 3x10" cm, thereby forming ann-typesilicon 
film 14N in the entire NMIS region in the logic area. That is, 
in this embodiment, no gate injection is performed on any of 
the NMIS region and the PMIS region in SRAM area, as in the 
third embodiment. 

Formation of the p-type silicon film 14P and formation of 
the n-type silicon film 14N may be performed in any order. In 
FIGS. 14A-14F, not resist patterns formed on the semicon 
ductor substrate 10 by photolithography but mask patterns on 
photomasks for forming these resist patterns are schemati 
cally shown as the mask patterns 51D and 52D for simplicity. 
The mask patterns 51D and 52D are designed such that a PN 
boundary 41L between the p-type silicon film 14P and the 
n-type silicon film 14N is located on a portion of the isolation 
region 11 between the active region 10a and the active region 
10b. 

After formation of the p-type silicon film 14P and the 
n-type silicon film 14N, the semiconductor substrate 10 is 
subjected to heat treatment at, for example, 850° C. for 30 
seconds, thereby uniformizing a vertical profile of an impu 
rity implanted in the form of ions into each of the p-type 
silicon film 14P and the n-type silicon film 14N. 
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Thereafter, process steps similar to the process step (gate 

patterning) illustrated in FIGS. 4A-4F, the process step (for 
mation of offset spacers and shallow source/drain regions) 
illustrated in FIGS. 5A-5F, the process step (formation of 
sidewall spacers and deep Source/drain regions) illustrated in 
FIGS. 6A-6F, the process step (formation of a silicide layer) 
illustrated in FIGS. 7A-7F, and the process step (formation of 
an interlayer insulating film and a contact silicide layer) illus 
trated in FIGS. 8A-8F of the first embodiment are performed 
in order. 

In the foregoing manner, the semiconductor device of this 
embodiment, i.e., the semiconductor device including: an 
NMISFET located in the logic area and including the gate 
electrode 30a having the n-type silicon film 14a: a PMISFET 
located in the logic area and including the gate electrode 30b 
having the p-type silicon film 14b; an NMISFET located in 
the SRAM area and including the gate electrode 30c having 
the n-type silicon film 14c., and a PMISFET located in the 
SRAM area and including the gate electrode 30d having the 
p-type silicon film 14d, can be fabricated. 

In this embodiment, informing the gate electrodes 30a-30d 
by dry-etching the silicon film 14, no impurities are implanted 
into portions of the silicon film 14 constituting the gate elec 
trodes 30c and 30d in the SRAM area susceptible to the 
influence of mutual diffusion of the impurities because of a 
small width of the isolation region 11 (specifically a portion 
of the isolation region 11 between the active region 10c and 
the active region 10d). Accordingly, it is possible to avoid 
occurrence of difference in the etching speed of the silicon 
film 14 caused by difference between ion species of the 
implanted impurities. Thus, no difference occurs in gate 
dimensions between the gate electrode 30c of the NMISFET 
and the gate electrode 30d of the PMISFET, thereby reducing 
variations in transistor characteristics due to variations in gate 
length. In addition, in dry-etching the silicon film 14, it is 
necessary to uniformize the vertical profile of an impurity 
implanted into the silicon film 14 beforehand by annealing. 
However, in this embodiment, since no impurities are 
implanted into a portion of the silicon film 14 located in the 
SRAM area at the time when the silicon film 14 is etched, the 
influence of mutual diffusion (specifically diffusion in the 
direction parallel to the principal surface of the substrate) of 
the impurities due to the annealing is Substantially negligible. 
As a result, variations in transistor characteristics can be 
further reduced. 

In this embodiment, no impurities are implanted into por 
tions of the silicon film 14 constituting the gate electrodes 30c 
and 30d in the SRAM area in gate injection, i.e., impurities 
are implanted into portions of the silicon film 14 constituting 
the gate electrodes 30c and 30d only in source/drain implan 
tation. Thus, the gate electrodes 30c and 30d have resistances 
higher than those of the gate electrodes 30a and 30b in the 
logic area. However, since transistors for SRAM circuits do 
not need to operate at high speed, unlike transistors for logic 
circuits, the influence of for example, a delay of the circuit 
speed due to increase in resistance of the gate electrodes 30c 
and 30d is small. 

In the first through fourth embodiments, a silicon oxyni 
tride film is used as a gate insulating film and a polysilicon 
electrode is used as a gate electrode, as examples. However, 
the present disclosure is not limited to these embodiments. 
Alternatively, the gate insulating film material may be a 
high-k material (e.g., an insulating material having a relative 
dielectric constant of 8 or more) typified by metal oxide such 
as alumina (Al2O), hafnium oxide (H?O), or hafnium sili 
cate (HfSiO), and the gate electrode structure may be a 
metal-inserted poly-silicon stack (MIPS) structure including 
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a metal film of for example, titanium nitride (TiN) or tanta 
lum nitride (TaN) between the gate insulating film and the 
polysilicon film in addition to the polysilicon film. In Such a 
case, advantages similar to those of the foregoing embodi 
ments can be obtained. In the MIPS structure, the threshold 
Voltage of a transistor is adjusted mainly by using the work 
function. This adjustment is determined by a combination of 
a high-kgate insulating film material and a metal film mate 
rial. Specifically, the adjustment of the threshold voltage 
between the NMISFET and the PMISFET may be performed 
either by changing metal film materials while using the same 
high-k gate insulating film material or by changing high-k 
gate insulating film materials while using the same metal film 
material. Since formation of depletion in the gate electrode is 
reduced in the MIPS structure, the impurity concentration in 
the polysilicon film only needs to be set in consideration of 
gate resistance (resistance of a bulk region, resistance of a 
silicide/polysilicon interface, resistance of a polysilicon/ 
metal interface). When each of the interface resistances has a 
sufficiently low resistance, gate resistance is low in a MIPS 
structure using a metal film. 

In the first and second embodiments, to form the PMISFET 
in the SRAM area as a surface channel type, the n-type 
impurity concentration in gate injection is preferably lower 
than the p-type impurity concentration in source/drain 
implantation. However, in the case of employing an MIPS 
structure, in view of reducing the resistance of the silicon film 
and the interface resistances mentioned above, the n-type 
impurity concentration in gate injection may be higher than 
the p-type impurity concentration in Source/drain implanta 
tion. Alternatively, no source/drain implantation may be per 
formed on the silicon films constituting the gate electrodes in 
the SRAM area. In other words, only gate injection of an 
n-type impurity may be performed on the silicon films con 
stituting the gate electrodes in the SRAM area. This process 
changes all the silicon films constituting the gate electrodes of 
the CMISFETs in the SRAM area into n-type silicon films. In 
this case, only gate injection of an n-type impurity may be 
performed on the silicon films constituting the gate electrodes 
in the logic area, without performing source/drain implanta 
tion. This process also changes all the silicon films constitut 
ing the gate electrodes of the CMISFET in the logic area into 
n-type silicon films. 

In the third and fourth embodiments, no gate injection is 
performed on the silicon films constituting the gate electrodes 
in the SRAM area. However, in the case of employing an 
MIPS structure, gate injection does not need to be performed 
on the silicon films constituting the gate electrodes in the 
SRAM area and the logic area. In other words, only source/ 
drain implantation may be performed on the silicon films 
constituting the gate electrodes in the SRAM area and the 
logic area. 
The first through fourth embodiments are directed to semi 

conductor device including logic circuits and SRAM circuits. 
However, the present disclosure is not limited to these 
embodiments. For example, in the case of including input/ 
output circuits instead of the logic circuits, the dual-gate 
electrodes for logic circuits of the above embodiments are 
applicable. Specifically, the two types of dual-gate electrodes 
described in each of the above embodiments can be selec 
tively used depending on the width of the isolation region 
between a pair of active regions where CMISFETs are to be 
formed. Specifically, the dual-gate electrodes for logic cir 
cuits described in the above embodiments may be used for 
CMISFETs with a relatively wide isolation region, whereas 
the dual-gate electrodes for SRAM circuits described in the 
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above embodiments may be used for CMISFETs with a rela 
tively narrow isolation region. 

What is claimed is: 
1. A semiconductor device, comprising: 
a first dual-gate electrode; and 
a second dual-gate electrode being separated from the first 

dual-gate electrode, wherein 
the first dual-gate electrode includes a first gate electrode 

located on a first active region and having a first silicon 
film of a first conductivity type and a second gate elec 
trode located on a second active region and having a first 
silicon film of a second conductivity type, 

the second dual-gate electrode includes a third gate elec 
trode located on a third active region and having a sec 
ond silicon film of the first conductivity type and a fourth 
gate electrode located on a fourth active region and 
having a second silicon film of the second conductivity 
type, 

the first active region and the second active region are 
isolated from each other with an isolation region inter 
posed therebetween, 

the first gate electrode and the second gate electrode are 
connected to each other on the isolation region, and 

at least a portion of the first silicon film of the first conduc 
tivity type has a first-conductivity-type impurity con 
centration higher than that of a portion of the second 
silicon film of the first conductivity type located on the 
third active region. 

2. The semiconductor device of claim 1, wherein an isola 
tion width between the first active region and the second 
active region is larger than that between the third active region 
and the fourth active region. 

3. The semiconductor device of claim 1, wherein at least a 
portion of the first silicon film of the second conductivity type 
has a second-conductivity-type impurity concentration Sub 
stantially equal to that of a portion of the second silicon film 
of the second conductivity type located on the fourth active 
region. 

4. The semiconductor device of claim 1, wherein a portion 
of the first silicon film of the first conductivity type located on 
the first active region has a first-conductivity-type impurity 
concentration higher than that of a portion of the second 
silicon film of the first conductivity type located on the third 
active region. 

5. The semiconductor device of claim 1, wherein a portion 
of the first silicon film of the first conductivity type located on 
the first active region has a first-conductivity-type impurity 
concentration lower than that of a portion of the first silicon 
film of the first conductivity type located on the isolation 
region. 

6. The semiconductor device of claim 1, wherein a portion 
of the first silicon film of the second conductivity type located 
on the second active region has a second-conductivity-type 
impurity concentration lower than that of a portion of the 
second silicon film of the second conductivity type located on 
the fourth active region. 

7. The semiconductor device of claim 1, wherein a portion 
of the first silicon film of the second conductivity type located 
on the second active region has a second-conductivity-type 
impurity concentration lower than that of a portion of the first 
silicon film of the second conductivity type located on the 
isolation region. 

8. The semiconductor device of claim 1, wherein a portion 
of the first silicon film of the first conductivity type located on 
the first active region has a first-conductivity-type impurity 
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concentration Substantially equal to that of a portion of the 
first silicon film of the first conductivity type located on the 
isolation region. 

9. The semiconductor device of claim 1, wherein a portion 
of the first silicon film of the first conductivity type located on 
the isolation region has a first-conductivity-type impurity 
concentration higher than that of a portion of the second 
silicon film of the first conductivity type located on the third 
active region. 

10. The semiconductor device of claim 1, wherein a portion 
of the first silicon film of the first conductivity type located on 
the first active region has a first-conductivity-type impurity 
concentration Substantially equal to that of a portion of the 
second silicon film of the first conductivity type located on the 
third active region. 

11. The semiconductor device of claim 1, wherein a portion 
of the first silicon film of the second conductivity type located 
on the second active region has a second-conductivity-type 
impurity concentration Substantially equal to that of a portion 
of the second silicon film of the second conductivity type 
located on the fourth active region. 

12. The semiconductor device of claim 1, wherein 
a portion of the first silicon film of the first conductivity 

type located on the first active region has a first-conduc 
tivity-type impurity concentration higher than that of a 
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portion of the second silicon film of the first conductivity 
type located on the third active region, and 

a portion of the first silicon film of the second conductivity 
type located on the second active region has a second 
conductivity-type impurity concentration higher than 
that of a portion of the second silicon film of the second 
conductivity type located on the fourth active region. 

13. The semiconductor device of claim 1, wherein 
the first gate electrode is a gate electrode of a first PMIS 

transistor, 
the second gate electrode is a gate electrode of a first NMIS 

transistor, 
the third gate electrode is a gate electrode of a second PMIS 

transistor, and 
the fourth gate electrode is a gate electrode of a second 
NMIS transistor. 

14. The semiconductor device of claim 1, wherein 
each of the first gate electrode and the second gate elec 

trode is a gate electrode of a transistor for a logic circuit, 
and 

each of the third gate electrode and the fourth gate elec 
trode is a gate electrode of a transistor for an SRAM 
circuit. 
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