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(57) ABSTRACT

A method of manufacturing a semiconductor device which
includes forming first and second gate patterns, forming first
and second sidewall spacers on sidewalls of the first and
second gate patterns respectively, implanting a first impurity
into the semiconductor substrate, forming a third sidewall
spacer on the first sidewall spacer and a fourth sidewall spacer
on the second sidewall spacer in such a manner that the third
sidewall spacer is in contact with the fourth sidewall spacer
between the first and second gate patterns, implanting a sec-
ond impurity into the semiconductor substrate, and removing
the third and the fourth sidewall spacers.

58

24,96 c5 oo
| \ S

58 56 58 58
| 55 53772032 55) 30 55) 33 |21)
\ #(

\

L

2ol Ll

N
SIS SIS

777477777+ QIR 48

L
%

o Y

'\—/2

1 v\ \ v \ YR
352726 26273546 3 41 3029 29 30

UMC 1435
UMC v. AICP



Patent Application Publication

Mar. 25,2010 Sheet10f17  US 2010/0075476 Al
FIG. 1A
NMOS REGION PMOS REGION
- > - >
~_ 2
[N 4
Yl 2

FIG.

1C

S

W J

\

3

UMC 1435
UMC v. AICP



Patent Application Publication = Mar. 25, 2010 Sheet 2 of 17 US 2010/0075476 A1

FIG. 1D
8 T 8

\
8
L 2
10
\
8 SN

UMC 1435
UMC v. AICP



Patent Application Publication

"

Mar. 25, 2010 Sheet 3 of 17

FIG. 1G

US 2010/0075476 Al

N

AN

AN

S

AN

UMC 1435
UMC v. AICP



Patent Application Publication = Mar. 25, 2010 Sheet 4 of 17 US 2010/0075476 A1

FIG. 1J

26 27 3

UMC 1435
UMC v. AICP



Patent Application Publication

28

23

27\/‘

20

Mar. 25, 2010 Sheet 5 of 17

FIG. 1M

US 2010/0075476 Al

26

27\f

26 ]

27

26 ]

UMC 1435
UMC v. AICP



Patent Application Publication

Mar. 25, 2010 Sheet 6 of 17

US 2010/0075476 Al

% , .
" o
35 . B ‘
2
T Py
27 26 2627 35 3 30 29 29 30
20 FIG. 1Q
36 21
23 SOy
32 32
33§ 33
35 5 AN S~ 37
-,
R R
27 26 26 27 35 3 37 3029 29 30
20 FIG. 1R
39 2
38 23 " )
23 \ 39 ;@\ 24
32 33 33
NS Y= A = \J ORI S~ 537
: w
R R

27 26 26 27 35 3

37 3029 29 30

UMC 1435
UMC v. AICP



Patent Application Publication = Mar. 25, 2010 Sheet 7 of 17 US 2010/0075476 A1
" FIG. 1S
38 23 21
23 T Y
32 W 0 33
(7 37
35 A, ‘}\_‘ ....... I ) \ \E/'\ 40
N 2
BRI \
27 26 26 27 35 3 30 29 29 30
FIG. 1T
20
38 23 21
23 24
2 AR 3 %
40
_J”%__ -
35NN N NG ~ 40
N 2
R L \
27 26 26 27 35 3 3029 29 30

FIG. 1U

35

!

U

27 26 26 27 35 3

|

I
30 29

|\

29 30

UMC 1435
UMC v. AICP



Patent Application Publication = Mar. 25, 2010 Sheet 8 of 17 US 2010/0075476 A1
FIG. 1V
20 21
42 23 33 24
23 _ 33
32 N 32 N
N N\
35PN N\ N ) an Y N \4/'\41
~_ 2
R
27 26 26 27 35 3 41 3029 29 30
FIG. 1W
20 21
23 24
23 33 24
32 < 32 > Q\ < 33
\N\ 43 M 44
43 N
AN \ AN R
B K A\ N ‘—/\41
~_ 2
R R
27 2626 27 35 3 41 3029 29 30

UMC 1435
UMC v. AICP



Patent Application Publication = Mar. 25, 2010 Sheet 9 of 17 US 2010/0075476 A1

FIG. 1X

44 33 24 21 24 33
20

. B -
432 43 \Q | 44
3 \\
46 N LA R NGHE T Y
™~ 2

BRI AR

3527 26 26273546 3 41 3029 29 30

FIG. 1Y
20 23 32 43
47~
23
32 s\\:
43 \
\.s:\ /// BHEE
46 R s SRS

B RE R

352726 26273546 3 41 3029 29 30

UMC 1435
UMC v. AICP



Patent Application Publication  Mar. 25,2010 Sheet 10 of 17

US 2010/0075476 Al
FIG. 2A
20A 23 10A 23) 308
23 N 32B N 23
NNERY:
32A | N\ \\\
A2
T T T UV 71D T 1A\
35 27 26 2726 35 2726 27 26 35
FIG. 2B
20A 23 23 20B
F e AR, 7
23 A}
\ 32B
oA &\ Kg\\\
N
R
35 27 26 27 26 35 27 26 27 26 35
UMC 1435

UMC v. AICP



Patent Application Publication  Mar. 25,2010 Sheet 11 0of 17  US 2010/0075476 Al

FIG. 2C
32A  32B
23
32A
43A
46

1 2
Cr 0t P TN
35 27 26 27 26 35 27 26 27 26 35
FIG. 2D
30A 328
Bon T 436G 2)3 jOB 23328
43B
43A | 43D
46 A SN g WA A 46
|2
T T LTy

35 2726 2726 354635 27 26 27 26 35

UMC 1435
UMC v. AICP



Patent Application Publication  Mar. 25,2010 Sheet 12 0f 17  US 2010/0075476 Al

FIG. SA
21A 24
24 K2433A ) ) 24
33A
\ 33B 33B
PO

L2
BN
30 293029 41 30 29 29 30
FIG. 3B
21A 94 24 21B o
2 33
A S\( 338 \; )\ (s
N2

BRI
30 2930 29 41 30 29 29 30

UMC 1435
UMC v. AICP



Patent Application Publication  Mar. 25,2010 Sheet 13 0f 17  US 2010/0075476 Al

FIG. 3C
33A 33B
o LA 2? 1ch24 21B
33a N\ ((aap () J (" a3
44A 3 \ N 44D
M RN N4
L2

BN

30 29 3029 41 3029 29 30

FIG. 3D

L

44A QPO 446 44D
ML SRS NP a

BERE RN

30 2930 29 41 3029 29 30

UMC 1435
UMC v. AICP



Patent Application Publication

SW width (nm/side)

SW width (nm/side)

458

45
40
35

30

707
os|
605
55

50F

Mar. 25,2010 Sheet 14 of 17 US 2010/0075476 Al
FIG. 4A
| ! | ! | ! | |
N _
B 9
u|
- E —
o Isolated
O Dense
5 10 15 20 25 30 35 40
SW- EB OE (%)
FIG. 4B
| | |
B 5 ]
[ 6 ]
o)
u| o
[ E ]
o
|
o lsolated |
O Dense
0 5 10 15 20 25

SW -EB OF (%)

UMC 1435
UMC v. AICP



Patent Application Publication

FIG. SA

NMOS REGION

Mar. 25, 2010 Sheet 15 of 17

PMOS REGION

US 2010/0075476 Al

2
o FIG. 5B
50, _
49 | )3 24482124
23— 33 33
32 /32 48
46 AN D AN 4
2
| R i Voo \ / P \ \
352720 2627 3546 3 41 3029 29 30
FIG. 5C
24 4148 24 51
20 \ \ \ 7 ] 52
49 48 93 33 g
48 :
46\_/‘\ .......... \_/_\41
L2

L D R | 1 T 1
3527 26 26 273546 3 41 30 29 29 30

UMC 1435
UMC v. AICP



Patent Application Publication  Mar. 25,2010 Sheet 16 of 17  US 2010/0075476 Al

FIG. 5D ’1
2048 23 32 33 2474824 5 53
49| 7/ B
23 a | 33
32 \
48
46~ ¥
1.2

R BV
356272626 273546 3 41 302929 30

FIG. SE

2348 21
5 %5 \20J325354 53 94 51 3T24’48 53 4
) S J 2 I I

k! E

53 \ 33

N
48 Z-:"'::::::Ef =% SEEE: 48

46 IRNGR

L~

/\/2

I [ \ \

T ) R
352726 2627 35463 41 3029 29 30

6 o FIG. S5F

21, 24
20 53
55 5% 0 | 79255 53 55 33 24 48y 53 56

49
23 |
320

48

46N ALK CN\E

Tt { U v T L1 1\
35 2726 26273546 3 41 302929 30

UMC 1435
UMC v. AICP



Patent Application Publication  Mar. 25,2010 Sheet 17 0f 17  US 2010/0075476 Al

FIG. 5G
NMOS REGION PMOS REGION
S

55 53204824 32 55 53 55 33 242/ 48753 55

BN RWRRN VA s
/
49
23\
32 \
48
46\-/—\ """
'\_/2
T T\ T\ \ \ \ \ | \ \ \
35 272626273546 3 41 3029 29 30
FIG. SH
57 57 57 56 ., o7
k& 20%032 2555[% %5 33 21) 83 355
\ \
| i
49
23
32
48 e
46 NN
1 i vV U\ 1 \ IV
352726 26273546 3 41 3029 29 30
FIG. 5I
58 58 58 24 56 58
55 53°020 32 55 56 5533°1 21 53 85
49 |51
23
32 |33
48 48
46~k A N T 4
\/2

— 1 1 v\ \ 1 \ T T 1T N
352726 26273546 3 41 3029 29 30

UMC 1435
UMC v. AICP



US 2010/0075476 Al

SEMICONDUCTOR DEVICE FABRICATION
METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from the prior Japanese Patent Application No.
2008-243309, filed on Sep. 22, 2008, the entire content of
which is incorporated herein by reference.

FIELD

[0002] The present invention relate to a method of manu-
facturing a semiconductor device.

BACKGROUND

[0003] The development of the Complementary Metal-Ox-
ide Semiconductor (CMOS) device technology has been sup-
porting the electronics industry and engineers are adopting
finer CMOS design rules at an unprecedented pace in order to
further improve the performance. As for generations of
CMOS devices, which are expressed in terms of technology
node, volume production of the 45-nm node has been started,
the 32-nm node technology has been developed, and devel-
opment of the next generation or the 22-nm node has begun.
The feature sizes of devices become smaller and smaller and
the gate lengths of MOS transistors are now 35 nm or less.
[0004] As the feature size of devices becomes smaller, pro-
cesses such as the photolithography and etching processes are
becoming more difficult to perform. Source-drain impurity
profiles are designed so that devices operate even when gate
pitches are reduced. Sidewalls are used primarily to set an
offset for regions such as source-drain regions to gate elec-
trodes. It is known that a problem of variations in threshold
voltage arises as the gate length of a MOS gate transistor
decreases. The phenomenon is called the short-channel
effect.

SUMMARY

[0005] According to an aspect of the invention, a method of
manufacturing a semiconductor device includes forming a
first and a second gate patterns, forming first and second
sidewall spacers on sidewalls of the first and second gate
patterns respectively, implanting a first impurity into the
semiconductor substrate, forming a third sidewall spacer on
the first sidewall spacer and a fourth sidewall spacer on the
second sidewall spacer in such a manner that the third side-
wall spacer is in contact with the fourth sidewall spacer
between the first and second gate patterns, implanting a sec-
ond impurity into the semiconductor substrate, and removing
the third and the fourth sidewall spacers.

[0006] The object and advantages of the invention will be
realized and attained by means of the elements and combina-
tions particularly pointed out in the claims.

[0007] Itisto be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the invention,
as claimed.

BRIEF DESCRIPTION OF DRAWINGS

[0008] FIGS. 1A to 1Y are cross-sectional views illustrat-
ing a process for fabricating a semiconductor device accord-
ing to an embodiment;
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[0009] FIGS. 2A to 2D are cross-sectional views illustrat-
ing a process for fabricating a semiconductor device accord-
ing to an embodiment in which NMOS regions are adjacent to
each other;

[0010] FIGS. 3A to 3D are cross-sectional views illustrat-
ing a process for fabricating a semiconductor device accord-
ing to an embodiment in which NMOS regions are adjacent to
each other;

[0011] FIGS.4A and 4B are graphs illustrating the relation-
ship between the overetching rate (%) of insulating film etch-
ing and the resulting sidewall spacer width; and

[0012] FIGS.5A to 51 are cross-sectional views illustrating
aprocess for fabricating a semiconductor device according to
an embodiment.

DESCRIPTION OF EMBODIMENTS

[0013] Referring to FIGS. 1A to 1Y, a semiconductor
device fabrication method according to an embodiment will
be described. In the semiconductor device fabrication method
according to the present embodiment, an element isolation
film 3 having a Shallow Trench Isolation (STI) structure is
formed in a semiconductor substrate 2 as illustrated in FIG.
1A. For example, a resist pattern is formed over the semicon-
ductor substrate 2 by photolithography and an element isola-
tion trench is formed in the semiconductor substrate 2 by
Reactive Ion Etching (RIE). The element isolation trench
formed in the semiconductor substrate 2 is filled with silicon
oxide film and a silicon oxide film is deposited over the
semiconductor substrate 2 by a method such as Plasma
Enhanced Chemical Vapor Deposition (PECVD).

[0014] The silicon oxide film over the semiconductor sub-
strate 2 is planarized by Chemical Mechanical Polishing
(CMP) to form an element isolation film 3 in the semicon-
ductor substrate 2. The formation of the element isolation film
3 in the semiconductor substrate 2 defines a region where
N-type MOS transistor is to be formed (hereinafter referred to
as the NMOS region) and a region where a P-type MOS
transistor is to be formed (hereinafter referred to as the PMOS
region) in the semiconductor substrate 2.

[0015] Multiple NMOS and PMOS regions may be defined
in the semiconductor substrate 2. In the present embodiment,
an example will be described in which NMOS and PMOS
regions adjacent to each other are defined in a semiconductor
substrate 2. NMOS regions adjacent to each other may be
defined in a semiconductor substrate 2. Also, PMOS regions
adjacent to each other may be defined in a semiconductor
substrate 2.

[0016] The embodiment will be described below in which
NMOS transistors adjacent to each other are formed in a
single active region of a semiconductor substrate 2.

[0017] A photoresist 4 is formed over a PMOS region of a
semiconductor substrate 2 by photolithography as illustrated
in FIG. 1B. The photoresist 4 is used as a mask to implant B
(boron) ions with an acceleration energy of 100 keV and a
dose in the range from 1x10"* cm ™~ to 5x10" cm™> to form a
P-well 5 in the NMOS region of the semiconductor substrate
2. Channel implantation is performed in the NMOS region of
the semiconductor substrate 2 to form a channel region 5-1. B
(boron), for example, is implanted into the NMOS region of
the semiconductor substrate 2 by channel stop implantation
with an acceleration energy in the range from 15 keV to 25
keV and a dose of 5x10"2 cm~2 to form a channel stop region
5-2. In order to adjust the threshold value of the NMOS
transistor, B (boron) ions, for example, are implanted into the
NMOS region of the semiconductor substrate 2 with an accel-
eration energy of 10 keV and a dose in the range from 0.5x
10" em™ 10 2x10" cm™2.
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[0018] Ashing or a wet process using an agent such as
sulfuric acid hydrogen peroxidemixture (SPM) is performed
to remove the photoresist 4 formed over the PMOS region of
the semiconductor substrate 2. A photoresist 6 is formed over
the NMOS region of the semiconductor substrate 2 by pho-
tolithography as illustrated in FIG. 1C. The photoresist 6 is
used as a mask to implant P (phosphorus) ions into the PMOS
region of the semiconductor substrate 2 with an acceleration
energy in the range from 250keV to 350 keV and a dose in the
range from 1x10" cm™2to 5x10"® cm™ to form an N-well 7
in the semiconductor substrate 2. As (arsenic), for example, is
implanted into the PMOS region 2 of the semiconductor
substrate 2 by channel stop implantation with an acceleration
energy in the range from 100 keV to 150 keV to form a
channel stop region 5-2 and a dose in the range from 1x10"2
cm™2to 5x10*% cm™2. In order to adjust the threshold value of
the PMOS transistor, As (arsenic) ions, for example, are
implanted into the PMOS region of the semiconductor sub-
strate 2 with an acceleration energy in the range from 50 keV
to 100 keV and a dose in the range from 0.5x10'* cm™ to
2x10"* ¢cm™2 to form a channel region 5-1.

[0019] Ashing or a wet process using an agent such as SPM
is performed to remove the photoresist 6 formed over the
NMOS region of the semiconductor substrate 2. In order to
activate impurities such as B (boron), P (phosphorus), and As
(arsenic) implanted in the semiconductor substrate 2, anneal-
ing is applied to the semiconductor substrate 2 at a heat
treatment temperature of 1000° C. for a treatment time of 10
seconds, for example.

[0020] A gate insulating film 8 is formed over the semicon-
ductor substrate 2 as shown in FIG. 1D. For example, dry
oxidization is performed at approximately 900° C. to form a
foundation oxide film with a thickness of approximately 1 nm
over the semiconductor substrate 2. Then, plasma nitridation
is performed in an atmosphere of NO to form an oxinitride
film, which is a gate insulating film 8, on the semiconductor
substrate 2. The plasma nitridation may be performed in an
atmosphere of N,O or NH,, instead of an atmosphere of NO.
The gate oxide film 8 is not limited to an oxinitride film; the
gate oxide film 8 may be a high-dielectric-constant (High-k)
insulating film. The P-well 5 and the N-well 7 are not illus-
trated in FIG. 1D and the subsequent figures.

[0021] A gatepolysilicon 9 is deposited over the gate oxide
film 8 to a thickness of approximately 100 nm by a method
such as Low Pressure Chemical Vapor Deposition (LPCVD)
at 600° C., for example, as illustrated in FIG. 1E. A photore-
sist 10 is formed over the gate polysilicon 9 in the PMOS
region by photolithography as illustrated in FIG. 1F. The
photoresist 10 is used as a mask to implant n-type impurity
ions into the gate polysilicon 9 in the NMOS region. For
example, As (arsenic) ions may be implanted into the gate
polysilicon 9 in the NMOS region with an acceleration energy
in the range from 20 keV to 30 keV and a dose in the range
from 3x10"® cm ™ to 5x10"° cm ™.

[0022] The photoresist 10 is removed by ashing or a wet
process using an agent such as SPM. A photoresist 11 is
formed over the gate polysilicon 9 in the NMOS region by
photolithography as illustrated in FIG. 1G. The photoresist 11
is used as a mask to implant p-type impurity ions into the gate
polysilicon 9 in the PMOS region. For example, B (boron)
ions may be implanted into the gate polysilicon 9 in the
PMOS region with an acceleration energy in the range from 3
keV to 5 keV and a dose of 3x10'® cm™ to 5x10*® cm™2.

[0023] The photoresist 11 is removed by ashing or a wet
process using an agent such as SPM. In order to accelerate
diffusion of the n-type and p-type impurities implanted in the
gate polysilicon 9 as required, spike annealing may be applied
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to the semiconductor substrate 2 at a heat treatment tempera-
ture of 1000° C. for a treatment time of approximately 5
seconds, for example.

[0024] Asillustrated in FIG. 1H, a photoresist 12 is formed
over the gate polysilicon 9 by photolithography. An anti-
reflection coating may be formed over the gate polysilicon 9
as required. If an anti-reflection coating is formed over the
gate polysilicon 9, the photoresist 12 is formed over the
anti-reflection coating.

[0025] The photoresist 12 is used as a mask to anisotropi-
cally etch the gate polysilicon 9 by RIE to form gate patterns
20 and 21 as illustrated in FIG. 11. The gate patterns 20 and 21
are formed adjacent to each other as illustrated in FIG. 11. The
photoresist 12 formed over the gate patterns 20 and 21 are
removed by ashing or a wet process using an agent such as
SPM.

[0026] As illustrated in FIG. 1J, an insulating film 22 is
formed over the entire NMOS and PMOS regions of the
semiconductor substrate 2. For example, a SiO, film is depos-
ited by LPCVD, for example, from Tetra Ethyl Ortho Silicate
(TEOS) over the semiconductor substrate 2 to a thickness of
10 nm, for example, at 600° C., for example. For example, a
SiN film may be deposited over the semiconductor substrate
2 from dichlorsilane (SiH,Cl,) to a thickness of 10 nm by
LPCVD at 650° C., for example.

[0027] Overall anisotropic etch back is applied to the insu-
lating film 22 by RIE to form sidewall spacers 23 and 24 as
illustrated in FIG. 1K. That is, the sidewall film 22 is left on
the sidewalls of the gate pattern 20 to form a sidewall spacer
23 and the sidewall film 22 is left on the sidewalls of the gate
pattern 21 to form a sidewall spacer 24. The sidewall film 22
and the sidewall spacers 23 and 24 are not essential to the
present embodiment.

[0028] A photoresist 25 is formed over the PMOS region of
the semiconductor substrate 2 by photolithography. As illus-
trated in FIG. 1L, the gate pattern 20, the sidewall spacer 23,
and the photoresist 25 are used as a mask to apply pocket
implantation and extension implantation to the NMOS region
of'the semiconductor substrate 2. Here, co-implantation of N
(nitrogen) or Ge (germanium) may be used. In this way, the
sidewall spacer 23 functions as an offset film for the pocket
implantation and extension implantation in the NMOS region
of the semiconductor substrate 2. If the step of forming the
sidewall spacer 23 has been omitted, the gate pattern 20 and
the photoresist 25 are used as a mask to apply the pocket
implantation and extension implantation to the NMOS region
of the semiconductor substrate 2.

[0029] The pocket implantation into the NMOS region of
the semiconductor substrate 2 is accomplished by implanting
a pocket impurity into the NMOS region of the semiconduc-
tor substrate 2. The pocket impurity to be implanted into the
NMOS region of the semiconductor substrate 2 is a p-type
impurity such as B (boron) or In (indium). For example, B
(boron) ions may be implanted into the NMOS region of the
semiconductor substrate 2 with an acceleration energy in the
range from 3 keV to 6 keV at a tilt angle in the range from 20
degrees to 30 degrees, with a doze in the range from 0.4x10
cm™2 to 1x10" cm~ in four directions.

[0030] The extension implantation into the NMOS region
of'the semiconductor substrate 2 is accomplished by implant-
ing an extension impurity into the NMOS region of the semi-
conductor substrate 2. The extension impurity to be
implanted into the NMOS region of the semiconductor sub-
strate 2 is an n-type impurity such as P (phosphorus) or As
(arsenic). For example, As (arsenic) ions may be implanted
into the NMOS region of the semiconductor substrate 2 with
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an acceleration energy in the range from 1 kevto3 kevanda
dose in the range from 1.0x10"° cm™ to 2x10"° cm™2, for
example.

[0031] The pocket impurity implantation into the NMOS
region of the semiconductor substrate 2 forms a pocket region
26 in the NMOS region of the semiconductor substrate 2 as
illustrated in FIG. 1L. The extension impurity implantation
into the NMOS region of the semiconductor substrate 2 forms
an extension region 27 in the NMOS region of the semicon-
ductor substrate 2 as illustrated in FIG. 1L. The pocket impu-
rity is implanted deeper than the extension impurity
implanted in the NMOS region of the semiconductor sub-
strate 2.

[0032] Ashing or a wet process using an agent such as SPM
is performed to remove the photoresist 25 formed over the
PMOS region of the semiconductor substrate 2. Pocket
implantation and extension implantation into different
NMOS regions of the semiconductor substrate 2 may be
performed under different conditions. In that case, the steps of
forming the photoresist 25, performing pocket implantation
into an NMOS region of the semiconductor substrate 2, per-
forming extension implantation into the NMOS region of the
semiconductor substrate 2, and removing the photoresist 25
are repeated as many times as required.

[0033] A photoresist 28 is formed over the NMOS region of
the semiconductor substrate 2 by photolithography. As illus-
trated in FIG. 1M, the gate pattern 21, sidewall spacer 24, and
the photoresist 28 are used as a mask to apply pocket implan-
tation and extension implantation to the PMOS region of the
semiconductor substrate 2. Here, co-implantation of a mate-
rial such as C (carbon) or Ge (germanium) may be used. In
this way, the sidewall spacer 24 functions as an offset for
performing pocket implantation and extension implantation
into the PMOS region of the semiconductor substrate 2. If the
step of forming the sidewall spacer 24 has been omitted, the
gate pattern 21 and the photoresist 28 are used as a mask to
perform the pocket implantation and extension implantation
into the PMOS region of the semiconductor substrate 2.
[0034] The pocket implantation into the PMOS region of
the semiconductor substrate 2 is accomplished by implanting
apocketimpurity into the PMOS region of the semiconductor
substrate 2. The pocket impurity to be implanted into the
PMOS region of the semiconductor substrate 2 is an n-type
impurity such as As (arsenic) or Sb (antimony). For example,
As (arsenic) ions may be implanted into the PMOS region of
the semiconductor substrate 2 with an acceleration energy in
the range from 25 keV to 40 keV at a tilt angle in the range
from 20 degrees to 30 degrees with a dose in the range from
0.4x10" cm™2 to 1x10"* cm~ in four directions.

[0035] The extension implantation into the PMOS region
of'the semiconductor substrate 2 is accomplished by implant-
ing an extension impurity into the PMOS region of the semi-
conductor substrate 2. The extension impurity to be
implanted into the PMOS region of the semiconductor sub-
strate 2 is a p-type impurity such as boron (B). For example,
B (boron) ions may be implanted into the PMOS region of the
semiconductor substrate 2 with an acceleration energy of 0.5
keVzwith a dose in the range from 1.0x10"> cm™ to 2x10*°
cm™”.

[0036] The implantation of pocket impurity into the PMOS
region of the semiconductor substrate 2 forms a pocket region
29 in the PMOS region of the semiconductor substrate 2 as
illustrated in FIG. 1M. The implantation of extension impu-
rity into the PMOS region of the semiconductor substrate 2
forms an extension region 30 in the PMOS region of the
semiconductor substrate 2 as illustrated in FIG. 1M. The
pocket impurity ions are implanted into the PMOS region of
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the semiconductor substrate 2 deeper than the extension
impurity implanted in the PMOS region of the semiconductor
substrate 2.

[0037] Ashing or a wet process using an agent such as SPM
is performed to remove the photoresist 28 formed over the
NMOS region of the semiconductor substrate 2. Pocket
implantation and extension implantation into different PMOS
regions of the semiconductor substrate 2 may be performed
under different conditions. In this case, the steps of forming
photoresist 28, performing pocket implantation into the
PMOS regions of the semiconductor substrate 2, performing
extension implantation into the PMOS regions of the semi-
conductor substrate 2, and removing the photoresist 28 are
repeated as many times as required.

[0038] An insulating film 31 is formed to cover the semi-
conductor substrate 2, the gate patterns 20, 21, and the side-
wall spacers 23, 24 as illustrated in FIG. IN. That is, the
sidewall film 31 is formed over the entire NMOS and PMOS
regions of the semiconductor substrate 2. For example, a
SiON film may be deposited over the semiconductor substrate
2 to a thickness in the range from 20 nm to 40 nm by LPCVD
at a low temperature of less than or equal to approximately
600° C. to form the insulating film 31. If the step of forming
the sidewall spacers 23 and 24 has been omitted, the insulat-
ing film 31 is formed to cover the semiconductor substrate 2
and the gate patterns 20 and 21. The insulating film 31 may be
exposed to an HF solution in a subsequent process step. The
insulating film 31 may be made of SiN because SiN is highly
resistant to solutions such as an HF solution.

[0039] As illustrated in FIG. 10, overall anisotropic etch
back is applied to the insulating film 31 by RIE to form
sidewall spacers 32 and 33.

[0040] A photoresist 34 is formed over the PMOS region of
the semiconductor substrate 2 by photolithography. As illus-
trated in FIG. 1P, the gate pattern 20, the sidewall spacers 23,
32, and the photoresist 34 are used as a mask to perform buffer
implantation into the NMOS region of the semiconductor
substrate 2. In this way, the sidewall spacer 32 functions as an
offset film for buffer implantation into the NMOS region of
the semiconductor substrate 2. If the step of forming the
sidewall spacer 23 has been omitted, the gate pattern 20, the
sidewall spacer 32, and the photoresist 34 are used as a mask
to perform buffer implantation into the NMOS region of the
semiconductor substrate 2.

[0041] The buffer implantation into the NMOS region of
the semiconductor substrate 2 is accomplished by implanting
a buffer impurity into the NMOS region of the semiconductor
substrate 2. The buffer impurity to be implanted into the
NMOS region of the semiconductor substrate 2 is an n-type
impurity such as As (arsenic). For example, As (arsenic) ions
may be implanted into the NMOS region of the semiconduc-
tor substrate 2 with an acceleration energy of 10 keV to 15
keV and adose in the range from 1x10*® cm™2 to 5x10*° cm™2.
[0042] The buffer impurity implantation into the NMOS
region of the semiconductor substrate 2 forms a buffer region
35 in the NMOS region of the semiconductor substrate 2 as
illustrated in FIG. 1P. The buffer impurity is implanted into
the NMOS region of the semiconductor substrate 2 deeper
than the extension impurity implanted in the NMOS region of
the semiconductor substrate 2.

[0043] Ashing or a wet process using an agent such as SPM
is performed to remove the photoresist 34 formed over the
PMOS region of the semiconductor substrate 2. Then, a pho-
toresist 36 is formed over the NMOS region of the semicon-
ductor substrate 2 by photolithography. The gate pattern 21,
the sidewall spacers 24 and 33, and the photoresist 36 are used
as a mask to perform buffer implantation into the PMOS
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region of the semiconductor substrate 2. In this way, the
sidewall spacer 33 functions as an offset film for buffer
implantation into the PMOS region of the semiconductor
substrate 2. If the step of forming the sidewall spacer 24 has
been omitted, the gate pattern 21, sidewall spacer 33, and the
photoresist 36 are used as a mask to perform buffer implan-
tation into the PMOS region of the semiconductor substrate 2.
[0044] The buffer implantation into the PMOS region of the
semiconductor substrate 2 is accomplished by implanting a
buffer impurity into the PMOS region of the semiconductor
substrate 2. The buffer impurity to be implanted into the
PMOS region of the semiconductor substrate 2 is a p-type
impurity such as B (boron). For example, B (boron) ions may
be implanted into the PMOS region of the semiconductor
substrate 2 with an acceleration energy in the range from 10
keV to 15 keV and a dose in the range from 1x10'° cm™ to
5x10'° cm™2.

[0045] The buffer impurity implantation into the PMOS
region of the semiconductor substrate 2 forms a buffer region
37 in the PMOS region of the semiconductor substrate 2 as
illustrated in FIG. 1Q. The buffer impurity is implanted into
the PMOS region of the semiconductor substrate 2 deeper
than the extension impurity implanted in the PMOS region of
the semiconductor substrate 2.

[0046] Ashing or a wet process using an agent such as SPM
is performed to remove the photoresist 36 formed over the
NMOS region of the semiconductor substrate 2. A cap film 38
is formed over the entire NMOS and PMOS regions of the
semiconductor substrate 2. For example, a SiO, film may be
deposited by LPCVD over the semiconductor substrate 2 to a
thickness of 50 nm at a low temperature lower than or equal to
550° C. to form the cap film 38. If the step of forming the
sidewall spacers 23 and 24 has been omitted, the cap film 38
is formed to cover the semiconductor substrate 2, the gate
patterns 20, 21, and the sidewall spacers 32 and 33.

[0047] A photoresist39 is formed over the NMOS region of
the semiconductor substrate 2 by photolithography. As illus-
trated in FIG. 1R, the photoresist 39 is used as a mask to
perform anisotropic etching of the cap film 38 in the PMOS
region of the semiconductor substrate 2 by RIE to remove the
cap film 38 from the PMOS region of the semiconductor
substrate 2. In this way, the photoresist 39 formed over the
NMOS region of the semiconductor substrate 2 functions as a
mask in removing the cap film 38 in the PMOS region of the
semiconductor substrate 2. The photoresist 39 may be selec-
tively formed over multiple NMOS regions of the semicon-
ductor substrate 2. With this, the cap film 38 may be selec-
tively removed from the multiple NMOS regions of the
semiconductor substrate 2.

[0048] Ashing or a wet process using an agent such as SPM
is performed to remove the photoresist 39 formed over the
NMOS region of the semiconductor substrate 2. As illustrated
in FIG. 1S, the gate pattern 21, the sidewall spacers 24 and 33,
and the cap film 38 are used as a mask to perform anisotropic
etching of the PMOS region of the semiconductor substrate 2
by RIE to form a trench 40 in the PMOS region of the semi-
conductor substrate 2.

[0049] Asillustrated in FIG. 1T, the trench 40 formed in the
PMOS region of the semiconductor substrate 2 is horizontally
extended by wet etching. That is, the trench 40 formed in the
PMOS region of the semiconductor substrate 2 is processed
by wet etching so that the sidewall of the trench 40 is shaped
like a letter Z. The trench 40 formed in the PMOS region of
the semiconductor substrate 2 is shaped in this way in order to
efficiently apply a strain to the channel in the PMOS region of
the semiconductor substrate 2. The shaping of the trench 40
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formed in the PMOS region of the semiconductor substrate 2
may be performed as required. Therefore the step of shaping
of the trench 40 formed in the PMOS region of the semicon-
ductor substrate 2 may be omitted.

[0050] SiGe (silicon germanium) is selectively epitaxially
grown in the trench 40 formed in the PMOS region of the
semiconductor substrate 2. By epitaxially growing SiGe in
the trench 40 formed in the PMOS region of the semiconduc-
tor substrate 2, a SiGe layer 41 is formed in the PMOS region
of the semiconductor substrate 2 as illustrated in FIG. 1U.
During the epitaxial growth of SiGe, the PMOS region of the
semiconductor substrate 2 may be in situ doped with B (bo-
ron). If the PMOS region of the semiconductor substrate 2 is
in-situ doped with B (boron) in the silicon germanium layer
41 forming process, the step of performing buffer implanta-
tion into the PMOS region of the semiconductor substrate 2
may be omitted.

[0051] Because the lattice constant of Si; Ge, (x=0.1 to
0.3) is greater than that of Si, a compressive strain is caused in
the depth direction and a tensile strain is cased in the hori-
zontal direction. As a result, the compressive strain is applied
along the channel direction, which increases the hole mobil-
ity. The width of the sidewall spacer 33 is set so that a desired
distance between the silicon germanium layer 41 and the
channel is provided. In order to suppress the growth of SiGe
on the gate pattern 21, an insulating film of a material such as
SiO, may be formed over the gate pattern 21 before SiGe is
epitaxially grown.

[0052] By a wet process using an HF solution, the cap film
38 is removed from the PMOS region of the semiconductor
substrate 2. An insulating film 42 is formed over the entire
NMOS and PMOS regions of the semiconductor substrate 2
as illustrated in FIG. 1V. For example, a SiO, film may be
deposited over the semiconductor substrate 2 by LPCVD ata
temperature equal to or less than 550° C. to a thickness of 50
nm to form the insulating film 42. If the step of forming the
sidewall spacers 23 and 24 has been omitted, the insulating
film 42 is formed to cover the semiconductor substrate 2, gate
patterns 20, 21, and the sidewall spacers 32, 33. Because the
insulating film 42 is removed in a subsequent process step, the
sidewall film 42 is preferably formed of SiO, film, which may
be removed with an HF solution.

[0053] As illustrated in FIG. 1W, overall anisotropic etch
back is applied to the insulating film 42 by RIE to form
sidewall spacers 43 and 44.

[0054] A photoresist 45 is formed in the PMOS region over
the semiconductor substrate 2 by photolithography. As illus-
trated in FIG. 1X, the gate pattern 20, the sidewall spacers 23,
32, 43, and the photoresist 45 are used as a mask to perform
deep-source-drain (SD) impurity implantation into the
NMOS region of the semiconductor substrate 2. In this way,
the sidewall spacer 43 functions as an offset film in deep-SD
impurity implantation into the NMOS region of the semicon-
ductor substrate 2. If the step of forming the sidewall spacer
23 has been omitted, the gate pattern 20, the sidewall spacers
32 and 43, and the photoresist 45 are used as a mask to
perform the deep-SD impurity implantation into the NMOS
region of the semiconductor substrate 2. The distance
between the deep-SD region 46 and the end of the gate pattern
20 may be controlled by the widths of the sidewall spacers 43,
23 and 32. In the present embodiment, an offset between the
deep-SD region 46 and the end of the gate pattern 20 in the
NMOS region may be set by the provision of the sidewall
spacer 43, independently of an offset between the silicon
germanium layer 41 and a channel region in the PMOS
region.
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[0055] The deep-SD impurity implantation into the NMOS
region of the semiconductor substrate 2 is accomplished by
implanting a deep-SD impurity into the NMOS region of the
semiconductor substrate 2. The deep-SD impurity to be
implanted into the NMOS region of the semiconductor sub-
strate 2 is an n-type impurity such as P (phosphorus). For
example, P (phosphorus) ions may be implanted into the
NMOS region of the semiconductor substrate 2 with an accel-
eration energy in the range from 5 keV to 10 keV and a dose
in the range from 1x10'° cm™ to 5x10*° cm ™.

[0056] The deep-SD impurity implantation into the NMOS
region of the semiconductor substrate 2 forms the deep-SD
region 46 in the NMOS region of the semiconductor substrate
2 as illustrated in FIG. 1X. Since the deep-SD impurity is
implanted into the NMOS region of the semiconductor sub-
strate 2 deeper than the extension impurity implanted in the
NMOS region of the semiconductor substrate 2, the deep-SD
region 46 extends to a depth deeper than the extension region
27. In other words, since the extension impurity is implanted
into the NMOS region of the semiconductor substrate 2 shal-
lower than the deep-SD impurity implanted in the NMOS
region of the semiconductor substrate 2, the extension region
27 is formed to a depth shallower than the deep-SD region 46.

[0057] Since the deep-SD impurity is implanted into the
NMOS region of the semiconductor substrate 2 deeper than
the buffer impurity implanted in the NMOS region of the
semiconductor substrate 2, the deep-SD region 46 extends to
a depth deeper than the buffer region 35. In other words, since
the buffer impurity is implanted into the NMOS region of the
semiconductor substrate 2 shallower than the deep-SD impu-
rity implanted in the NMOS region of the semiconductor
substrate 2, the bufter region 35 is formed to a depth shallower
than the deep-SD region 46.

[0058] A photoresist47 is formed over the NMOS region of
the semiconductor substrate 2 by photolithography as illus-
trated in FIG. 1Y. The gate pattern 21, sidewall spacers 24, 33,
and 44 and the photoresist 47 are used as a mask to implant a
deep-SD impurity into the epitaxial layer 41 in the PMOS
region of the semiconductor substrate 2. For example, B
(boron) ions may be implanted as the deep-SD impurity into
the PMOS region of the semiconductor substrate 2.

[0059] The sidewall spacer 44 functions as an offset film for
deep-SD impurity implantation into the PMOS region of the
semiconductor substrate 2. If the step of forming the sidewall
spacer 24 has been omitted, the gate pattern 21, sidewall
spacers 33 and 44, and the photoresist 47 are used as a mask
to implant the deep-SD impurity into the PMOS region of the
semiconductor substrate 2.

[0060] Ifthe PMOS region of the semiconductor substrate
2 has been doped in situ with B (boron) in the step of forming
the epitaxial layer 41, the deep-SD impurity may not be
implanted into the PMOS region of the semiconductor sub-
strate 2 in addition. However, even if the PMOS region has
been doped in situ with B (boron) in the step of forming the
epitaxial layer 41, the PMOS region of the semiconductor
substrate 2 may be further implanted with the deep-SD impu-
rity in order to reduce bonding leakage or adjust bonding
capacity.

[0061] Anexample in which multiple NMOS regions adja-
cent to each other are formed and an example in which mul-
tiple PMOS regions adjacent to each other are formed will be
described. FIGS. 2A to 2D illustrate an example in which two
adjacent NMOS regions are formed in a semiconductor sub-
strate 2. FIGS. 3A to 3D illustrate an example in which two
adjacent PMOS regions are formed in a semiconductor sub-
strate 2.
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[0062] Sidewall spacers 43 and 44 are formed by forming
an insulating film 42 over the entire NMOS and PMOS
regions of the semiconductor substrate 2 and applying overall
anisotropic etch back to the insulating film 42 as described
above. In the etching step for forming the sidewall spacers 43
and 44, the width of the insulating film remaining as the
sidewall spacers depends on the gate pitch. The smaller the
gate pitch is, the smaller the width of the sidewall spacer will
be.

[0063] If the pitch between gate patterns 20A and 20B is
small as illustrated in FIG. 2A, the width of the sidewall
spacer 43 formed between the gate patterns 20A and 20B may
be small. The region between gate patterns 20A and 20B
where the width of a sidewall spacer 43 formed between the
gate patterns 20A and 20B will be small is herein referred to
as a “narrow pitch region”.

[0064] As illustrated in FIG. 2B, if the pitch between the
gate patterns 20A and 20B is larger than the gate pitch illus-
trated in FIG. 2A, the width of the sidewall spacer 43 formed
between the gate patterns 20A and 20B will not be small. The
region between gate patterns 20A and 20B where the width of
a sidewall spacer 43 formed between the gate patterns 20A
and 20B is not small is herein referred to as a “wide pitch
region”.

[0065] In order to suppress the short-channel effect of a
MOS transistor, it is important to set the width of the sidewall
spacer 43 to a proper value. For example, if a deep-SD impu-
rity is implanted into an NMOS region in a narrow pitch
region of the semiconductor substrate 2 under the same con-
ditions for deep-SD impurity implantation into an NMOS
region in a wide pitch region of the semiconductor substrate 2,
the short-channel characteristics will degrade because the
width of the sidewall spacer 43 in the narrow pitch region is
small.

[0066] In the present embodiment, if the region between
gate patterns 20A and 20B is a narrow pitch region as illus-
trated in FIG. 2C, sidewall spacers 43B and 43C in the narrow
pitch region are formed in such a manner that sidewall spacers
43B and 43C are in contact with each other. By forming the
sidewall spacers 43B and 43C in the narrow pitch region in
contact with each other, deep-SD impurity implantation into
the narrow pitch region of the semiconductor substrate 2 may
be reduced. As a result, degradation of the short-channel
characteristics may be reduced. Although the deep-SD region
46 is not formed in a region where a narrow-pitch gate pattern
20 is formed as illustrated in FIG. 2C, the resistance of the
source-drain region may be reduced because a buffer region
35, which is an impurity diffusion region, is formed.

[0067] Thus, an NMOS region of the semiconductor sub-
strate 2 where a deep-SD impurity is not implanted may be
used for a circuit, for example an SRAM, for which the
short-channel effect has higher priority than a driving current.
[0068] If the pitch between gate patterns 20A and 20B is
large enough as illustrated in FIG. 2D, a deep-SD impurity
may be implanted into the NMOS region of the semiconduc-
tor substrate 2 even if sidewall spacers 43B and 43C are
formed.

[0069] If the pitch between gate patterns 21A and 21B is
small as illustrated in FIG. 3A, the width of the sidewall
spacer 44 formed between the gate patterns 21A and 21B will
be small.

[0070] If the pitch between gate patterns 21A and 21B is
large enough as illustrated in FIG. 3B, the width of the side-
wall spacer 44 formed between the gate patterns 21A and 21B
will not be small.
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[0071] In order to reduce the short-channel effect, it is
important to set the width of the sidewall spacer 44 to a proper
value. For example, if a deep-SD impurity is implanted into a
PMOS region of the semiconductor substrate 2 in a narrow
pitch region under the same conditions for deep-SD impurity
implantation into a PMOS region of the semiconductor sub-
strate 2 in a wide pitch region, the short-channel characteris-
tics will degrade because the width of the sidewall spacer 44
in the narrow pitch region is small.

[0072] Therefore, if the pitch between gate patterns 21A
and 21B is not large enough, sidewall spacers 43B and 44C
are formed in contact with each other as illustrated in FIG. 3C
in the present embodiment. That is, if the region between gate
patterns 21A and 21B is a narrow pitch region, the sidewall
spacers 44B and 44C in the narrow pitch region are formed in
contact with each other. By forming the sidewall spacers 44B
and 44C in the narrow pitch region so that the sidewall spacers
44B and 44C are in contact with each other, deep-SD impurity
implantation into the narrow pitch region of the semiconduc-
tor substrate 2 may be reduced. As a result, degradation of the
short-channel characteristics may be reduced.

[0073] If the pitch between gate patterns 21A and 21B is
large enough as illustrated in FIG. 3D, a deep-SD impurity
may be implanted into the PMOS region of the semiconductor
substrate 2 even if sidewall spacers 44A and 44B are formed.
[0074] In FIG. 4A, horizontal axis shows overetching rate
(%) of sidewall film 31, and vertical axis shows resulting
width of sidewall spacers 32 and 33. In FIG. 4A, the symbol
O represents data on a wide pitch region and [J represents
data on a narrow pitch region. The sidewall films 31 in the
wide and narrow pitch regions were etched under the same
conditions.

[0075] As illustrated in FIG. 4A, under the same condi-
tions, the resulting widths of the sidewall spacers 32 and 33 in
the narrow pitch region is smaller than those of the sidewall
spacers 32 and 33 in the wide pitch region.

[0076] In FIG. 4B, horizontal axis shows overetching rate
(%) of sidewall film 42, and vertical axis shows resulting
width of sidewall spacers 43 and 44. In FIG. 4B, the symbol
O represents data on a wide pitch region and [J represents
data on a narrow pitch region. The sidewall films 42 in the
wide and narrow pitch regions were etched under the same
conditions.

[0077] Asillustrated in FIG. 4B, under the same conditions,
the resulting widths of the sidewall spacers 43 and 44 in the
narrow pitch region is smaller than those of the sidewall
spacers 43 and 44 in the wide pitch region.

[0078] FIGS.5A toS1illustrate a process for fabricating the
semiconductor device continued from FIG. 1Y. The photore-
sist 47 formed over the NMOS region of the semiconductor
substrate 2 is removed by ashing or a wet process using an
agent such as SPM. Then spike annealing is applied to the
semiconductor substrate 2 in order to activate the impurity
implanted in the NMOS and PMOS regions of the semicon-
ductor substrate 2. The spike annealing is performed at 1050°
C., for example. In order to further activate the impurity
implanted in the NMOS and PMOS regions of the semicon-
ductor substrate 2 and to reduce abnormal diffusion of the
impurity, flashlamp annealing or laser spike annealing may be
applied at a temperature higher than or equal to 1150° C. for
a millisecond time in addition.

[0079] The sidewall spacer 43 in the NMOS region of the
semiconductor substrate 2, the sidewall spacer 44 in the
PMOS region ofthe semiconductor substrate 2, and the native
oxide film on the surface of the silicon substrate 2 are
removed by a wet process using an HF solution. As illustrated
in FIG. 5A, assilicide 48 such as NiSi, is formed over the gate
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patterns 20 and 21, the buffer region 35, the deep-SD region
46, and the epitaxial layer 41. Before forming the silicide 48,
the sidewall spacers 43 and 44 are removed.

[0080] In order to increase the electron mobility in the
NMOS, or as an etching stopper in formation of a contact
hole, atensile film 49 having a tensile stress is formed over the
entire NMOS and PMOS regions of the semiconductor sub-
strate 2. For example, SiN film may be deposited over the
semiconductor substrate 2 by PECVD to a thickness in the
range from 30 nm to 100 nm to form the tensile film 49.
[0081] A photoresist50 is formed over the NMOS region of
the semiconductor substrate 2 by photolithography. As illus-
trated in FIG. 5B, the photoresist 50 is used as a mask to
anisotropically etch the tensile film 49 in the PMOS region of
the semiconductor substrate 2 by RIE to selectively remove
the tensile film 49 from the PMOS region of the semiconduc-
tor substrate 2. The photoresist 50 may be selectively formed
over multiple NMOS regions of the semiconductor substrate
2. With this, the tensile film 49 in the multiple NMOS regions
of'the semiconductor substrate 2 may be selectively removed.
[0082] The photoresist 50 formed over the NMOS region of
the semiconductor substrate 2 is removed by ashing or a wet
process using an agent such as SPM. In order to increase the
hole mobility in the PMOS region, or as an etching stopper in
formation of a contact hole, a compressive film 51 having a
compressive stress is formed over the entire NMOS and
PMOS regions of the semiconductor substrate 2. For
example, SiN film may be deposited over the semiconductor
substrate 2 by PECVD to a thickness in the range from 30 nm
to 100 nm to form the compressive film 51.

[0083] A photoresist 52 is formed over the PMOS region of
the semiconductor substrate 2 by photolithography. As illus-
trated in FIG. 5C, the photoresist 52 is used as a mask to
anisotropically etch the compressive film 51 in the NMOS
region of the semiconductor substrate 2 by RIE to selectively
remove the compressive film 51 from the NMOS region of the
semiconductor substrate 2. The photoresist 52 may be selec-
tively formed over multiple PMOS regions of the semicon-
ductor substrate 2. With this, the compressive film 51 in the
multiple PMOS regions of the semiconductor substrate 2 may
be selectively removed.

[0084] As illustrated in FIG. 5D, an interlayer insulating
film 53 is formed over the tensile film 49 and the compressive
film 51. For example, SiO, film may be deposited over the
tensile film 49 and the compressive film 51 by CVD from
TEOS to a thickness in the range from 0.5 um to 0.7 pm to
form the interlayer insulating film 53.

[0085] The interlayer insulating film 53 is planarized by
CMP. A contact hole pattern is formed over the interlayer
insulating film 53 by photolithography. As illustrated in FIG.
5E, the interlayer insulating film 53 is etched by RIE to form
contact holes 54 in the interlayer insulating film 53.

[0086] A diffusion barrier having a multilayer structure of
TiN and Tiis formed in the contact holes 54. Then, the contact
holes 54 are filled with W (tungsten) and W (tungsten) is
deposited over the interlayer insulating film 53 by CVD, for
example. The W over the interlayer insulating film 53 is
polished by CMP. W is left only in the contact holes 54 to form
W plugs 55 as illustrated in FIG. 5F.

[0087] In order to form an interconnect trench for a first
interconnect to be formed by a damascene process, a first
interconnect interlayer insulating film 56 is formed over the
interlayer insulating film 53 and the W plugs 55 as illustrated
in FIG. 5G. The first interconnect interlayer insulating film 56
is an oxide film or a low-dielectric-constant insulating film,
for example. A wiring pattern is formed over the first inter-
connect interlayer insulating film 56 by photolithography.
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[0088] As illustrated in FIG. 5H, the wiring pattern formed
over the first interconnect interlayer insulating film 56 is used
as a mask to anisotropically etch the first interconnect inter-
layer insulating film 56 by RIE to form interconnect trenches
57.

[0089] The interconnect trenches 57 are filled with a barrier
metal and Cu (copper) and the barrier metal and Cu are
deposited over the first interconnect interlayer insulating film
56. As illustrated in FIG. 51, the barrier metal and Cu on the
first interconnect interlayer insulating film 56 is polished by
CMP to form a copper interconnect 58, which is a first inter-
connect.

[0090] For example, if the gate pitch of adjacent NMOS
regions is in the range from 140 nm to 180 nm, the sidewall
spacers 43 in the adjacent NMOS regions may be formed in
contact with each other to reduce a deep-SD impurity from
being implanted into the NMOS regions of the semiconductor
substrate 2. In this case, the sidewall spacers 43 in the adjacent
NMOS regions with a gate pitch in the range from 140 nm to
180 nm may be formed in contact with each other by control-
ling the conditions under which the sidewall film 42 is
formed. This applies to adjacent PMOS transistors as well.
[0091] Whetherthe space between gate patterns in adjacent
NMOS regions is to be filled or not is determined based on the
gate pitch of the NMOS regions. However, in practice, the
gate height is also related and therefore whether the space
between gates in adjacent NMOS regions is to be filled or not
may be determined by the aspect ratio (AR) of the gate height
to gate pitch. For example, in a narrow pitch region with an
aspect ratio of 0.4 or less, the widths of sidewalls may be
designed so that the space between the gates of adjacent
NMOS regions is filled. In a narrow pitch region with an
aspect ratio greater than 0.4, the width of side walls may be
designed so that the space between gates of the adjacent
NMOS regions is not filled. This applies to adjacent PMOS
transistors as well.

[0092] The present embodiments have been described with
respect to an example in which an n-type impurity is
implanted in the gate polysilicon 9 in NMOS regions. How-
ever, the step of implanting an n-type impurity in the gate
polysilicon 9 in NMOS regions may be omitted because the
n-type impurity has been implanted in the gate pattern 20 in
the step of implanting the deep-SD impurity in the NMOS
regions of the semiconductor substrate 2.

[0093] The present embodiments have been described with
respect to an example in which a p-type impurity is implanted
in the gate polysilicon 9 in PMOS regions. However, if the
step of implanting a deep-SD impurity into the PMOS regions
of the semiconductor substrate 2 is performed, the p-type
impurity is also implanted in the gate pattern 21 and therefore
the step of implanting the p-type impurity into the gate poly-
silicon 9 in the PMOS regions may be omitted.

[0094] The sidewall spacers 43 and 44 are removed after the
impurity implanted in the semiconductor substrate 2 is acti-
vated by heat treatment in the present embodiments. The
present invention is not limited to the present embodiments,
the impurity implanted in the semiconductor substrate 2 may
be activated by heat treatment after the sidewall spacers 43
and 44 are removed. Semiconductor devices and methods for
fabricating the semiconductor devices according to the
present embodiments include a semiconductor device having
multilayer interconnections and a method for fabricating the
semiconductor device.

[0095] All examples and conditional language recited
herein are intended for pedagogical purposes to aid the reader
in understanding the invention and the concepts contributed
by the inventor to furthering the art, and are to be construed as
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being without limitation to such specifically recited examples
and conditions, nor does the organization of such examples in
the specification relate to a showing of the superiority and
inferiority of the invention. Although the embodiments ofthe
present inventions have been described in detail, it should be
understood that the various changes, substitutions, and alter-
ations could be made hereto without departing from the spirit
and scope of the invention.

What is claimed is:

1. A method of manufacturing a semiconductor device
comprising:

forming a first gate pattern and a second gate pattern adja-

cent to the first gate pattern over a semiconductor sub-
strate;

forming a first sidewall spacer on a sidewall of the first gate

pattern and a second sidewall spacer on a sidewall of the
second gate pattern;

implanting a first impurity into the semiconductor sub-

strate using the first gate pattern, the first sidewall spacer,
the second gate pattern, and the second sidewall spacer
as a mask;

forming a first insulating film covering the first gate pat-

tern, the first sidewall spacer, the second gate pattern,
and the second sidewall spacer;
etching the first insulating film to form a third sidewall
spacer on a side surface of the first sidewall spacer and a
fourth sidewall spacer on a side surface of the second
sidewall spacer in such a manner that the third sidewall
spacer is in contact with the fourth sidewall spacer
between the first gate pattern and second gate pattern;

implanting a second impurity into the semiconductor sub-
strate using the first gate pattern, the first sidewall spacer,
the third sidewall spacer, the second gate pattern, the
second sidewall spacer, and the fourth sidewall spacer as
a mask; and

after the implantation of the second impurity, removing the

third sidewall spacer and the fourth sidewall spacer.

2. The method according to claim 1, further comprising:

before forming the first sidewall spacer and second side-

wall spacer, implanting a third impurity into the semi-
conductor substrate using the first gate pattern and the
second gate pattern as a mask.

3. The method according to claim 2, wherein the first
impurity is implanted shallower than the second impurity
implanted and deeper than the third impurity implanted.

4. The method according to claim 2, further comprising:

after removing the third sidewall spacer and the fourth

sidewall spacer, forming a silicide over a surface of the
semiconductor substrate.

5. A method of manufacturing a semiconductor device
comprising:

forming a first gate pattern in a first region of a semicon-

ductor substrate and a second gate pattern in a second
region of the semiconductor substrate;

forming a first sidewall spacer on a sidewall of the first gate

pattern and a second sidewall spacer on a sidewall of the
second gate pattern;

implanting a first impurity into the first region of the semi-

conductor substrate using the first gate pattern and the
first sidewall spacer as a mask;

implanting a second impurity into the second region of the

semiconductor substrate using the second gate pattern
and the second sidewall spacer as a mask;
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etching the semiconductor substrate in the second region
using the second gate pattern and the second sidewall
spacer as a mask to form a trench;

forming a semiconductor layer in the trench;

after forming the semiconductor layer, depositing a first

insulating film over the first region and the second
region;

etching the first insulating film to form a third sidewall

spacer on a side surface of the first sidewall spacer and a
fourth sidewall spacer on a side surface of the second
sidewall spacer;
implanting a third impurity into the first region of the
semiconductor substrate using the first gate pattern and
the first sidewall spacer and the third sidewall spacer as
a mask;

implanting a fourth impurity into the second region of the
semiconductor substrate using the second gate pattern
and the second sidewall spacer and the fourth sidewall
spacer as a mask; and

after implanting the third impurity and the fourth impurity,

removing the third sidewall spacer and the fourth side-
wall spacer.

6. The method according to claim 5, further comprising:

before forming the first sidewall spacer, implanting a fifth

impurity into the semiconductor substrate using the first
gate pattern as a mask; and

before forming the second sidewall spacer, implanting a

sixth impurity into the semiconductor substrate using
the second gate spacer as a mask.

7. The method according to claim 6, wherein:

the first impurity is implanted shallower than the third

impurity implanted and deeper than the fifth impurity
implanted; and

the second impurity is implanted shallower than the fourth

impurity implanted and deeper than the sixth impurity
implanted.

8. The method according to claim 7, further comprising,
after removing the third sidewall spacer and fourth sidewall
spacer, forming a silicide on the first region and the second
region of the semiconductor substrate.

9. The method according to claim 7, wherein the semicon-
ductor layer includes SiGe.

10. The method according to claim 9, wherein the first gate
pattern is a gate electrode of an N-type MOS transistor and the
second gate pattern is a gate electrode of a P-type MOS
transistor.

11. A method of manufacturing a semiconductor device
comprising:

forming a first gate pattern and a second gate pattern adja-

cent to the first gate pattern in a first region of a semi-
conductor substrate;
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forming a third gate pattern in a second region of the

semiconductor substrate:

forming a first sidewall spacer on a sidewall of the first gate

pattern, a second sidewall spacer on a sidewall of the
second gate pattern, and a third sidewall spacer on a
sidewall of the third gate pattern;

implanting a first impurity into the first region of the semi-

conductor substrate using the first gate pattern, the first
sidewall spacer, the second gate pattern, and the second
sidewall spacer as a mask;

implanting a second impurity into the second region of the

semiconductor substrate using the third gate pattern and
the third sidewall spacer as a mask;

etching the semiconductor substrate in the second region

using the third gate pattern and the third sidewall spacer
as a mask to form a trench;

forming a semiconductor layer in the trench;

after forming the semiconductor layer, depositing a first

insulating film over the first region and the second
region;

etching the first insulating film to form a fourth sidewall

spacer on a side surface of the first sidewall spacer, a fifth
sidewall spacer on a side surface of the second sidewall
spacer, and a sixth sidewall spacer on a side surface of
the third sidewall spacer in such a manner that the fourth
sidewall spacer and the fifth sidewall spacer are in con-
tact with each other between the first gate pattern and
second gate pattern;

implanting a third impurity into the first region of the

semiconductor substrate using the first gate pattern, the
first sidewall spacer, the fourth sidewall spacer, the sec-
ond gate pattern, the second sidewall spacer, and the fifth
sidewall spacer as a mask;

implanting a fourth impurity into the second region of the

semiconductor substrate using the third gate pattern, the
third sidewall spacer and sixth sidewall spacer as a mask;
and

after implanting the third impurity and implanting the

fourth impurity, removing the fourth sidewall spacer, the
fifth sidewall spacer, and the sixth sidewall spacer.

12. The method according to claim 11, further comprising:

after removing the fourth sidewall spacer, the fifth sidewall

spacer, and the sixth sidewall spacer, forming a silicide
in the first region and the second region of the semicon-
ductor substrate.

13. The method according to claim 11, wherein the semi-
conductor layer includes SiGe.

14. The method according to claim 13, wherein the first
gate pattern and the second gate pattern are gate electrodes of
an N-type MOS transistor, and the third gate pattern is a gate
electrode of a P-type MOS transistor.
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