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FG. 5 (i-RD EXEMPLARY EMBODMENT) 
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F.G. 6A (FOURTH EXEMPLARY EMBODIMENT) 

F.G. 6B (FOURTH EXEMPLARY EMBODIMENT) 

F.G. 6C (FOURTH EXEMPLARY EMBODIMENT) 
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FG. 7A (FOURTH EXEMPLARY EMBODIMEN) 

FG. 7 B (FOURTH EXEMPLARY EMBODIMENT) 
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F.G. 8A (FourTH EXEMPLARY EMBODIMENT) 
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FG. 9A (FFH EXEMPLARY EMBOD MENT) 
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FIG. OA (FIFTH EXEMPLARY EMBODIMENT) 

F.G. 1 OB (FIFTH EXEMPLARY EMBODIMENT) 

FG. OC (FIFTH EXEMPLARY EMBODMENT) 
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FG. 1 A (SXTH EXEMPLARY EMBODIMENT) 

F.G. 11B (SIXTH EXEMPLARY EMBODIMENT) 
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F.G. 12A (SIXTH EXEMPLARY EMBODIMENT) 
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F.G. 13A (SIXTH EXEMPLARY EMBODIMENT) 
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FG. 6A (SEVENTH EXEMPLARY EMBOOMENT) 
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FG. 7A (EIGHTH EXEMPLARY EMBODIMEN) 
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FG. 1 8A (EGHTH EXEMPLARY EMBODEMENT) 
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F.G. 19A (EIGHTH EXEMPLARY EMBODIMENT) 
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SEMCONDUCTOR DEVICE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a division of co-pending appli 
cation Ser. No. 12/303,822 filed on Jan. 28, 2009, which is a 
National Stage of PCT/JP2007/061382 filed on Jun. 5, 2007, 
which claims foreign priority to Japanese application No. 
2006-159779 filed on Jun. 8, 2006. The entire content of each 
of these applications is hereby expressly incorporated by 
reference. 

REFERENCE TO RELATED APPLICATION 

0002 This application is based upon and claims the ben 
efit of the priority of Japanese patent application No. 2006 
159779, filed on Jun. 8, 2006, the disclosure of which is 
incorporated herein in its entirety by reference thereto. 

TECHNICAL FIELD 

0003. This invention relates to a semiconductor device 
and, more particularly, to a semiconductor device including a 
MISFET the channel region of which is subject to compres 
sive strain. 

BACKGROUND ART 

0004 Recently, with development in the field of the infor 
mation communication equipment, the processing ability 
required of the LSI is becoming higher, and correspondingly, 
the operating speed of transistors is increasing. Up to now, the 
device structure has to be miniaturized in order to cope with 
Such increase in the operating speed of transistors. However, 
it is becoming difficult to reduce the gate length due to limi 
tations imposed on the photolithographic technique, while it 
is becoming difficult to reduce the film thickness of the gate 
insulating film due to physical factors. 
0005 For this reason, there is a demand for techniques for 
achieving high performance of LSIs by routes other than 
device size miniaturization. Among such techniques, there is 
Such a technique consisting in applying the stress to apply 
strainto the channel to improve the mobility (piezo-resistance 
effect). In a known manner, if a tensile (or compressive) stress 
is applied in a parallel (horizontal) direction to the channel to 
induce strain, the electron mobility is improved (or deterio 
rated), while the hole mobility is deteriorated (or improved). 
Several techniques for improving the performance of LSIs by 
taking advantage of this phenomenon have so far been dis 
closed (see for example Patent Documents 1 and 2). 
0006. In Patent Document 1, there is disclosed a technique 
in which a silicon nitride film is used as a stopper film at the 
time of opening a contact hole. This silicon nitride film is 
Subjected to high tensile stress to induce strain to the channel 
to improve the electron mobility thereby improving the per 
formance of the n-channel MISFET (abbreviated herein to 
nMISFET). 
0007. In Patent Document 2, there is disclosed a technique 
in which the nMISFET is covered with a silicon nitride film 
being under the tensile stress, and a p-channel MISFET (ab 
breviated hereinto pMISFET) is covered with another silicon 
nitride film being under the compression stress, thereby to 
improve the mobility of both carriers to improve the perfor 
mance of both the nMISFET and the pMISFET. 
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0008 Patent Document 1: JP Patent Kokai Publication 
No.JP-P2002-198368A 

0009 Patent Document 2: JP Patent Kokai Publication 
No.JP-P2003-86708A 

0010 Non-Patent Document 1 : “Journal Vacancy Science 
Technology (J. Vac. Sci. Technol”, US, 1998, A16(4), 
p2003 

0011 Non-Patent Document 2: “Journal Vacancy Science 
Technology (J. Vac. Sci. Technol.” US, 1999, A17(5), 
p2612 

DISCLOSURE OF THE INVENTION 

Problems to be Solved by the Invention 
0012 However, if the silicon nitride film being under a 
high compression stress is directly used as a stress film, 
problems fatal to LSI manufacture are raised. In addition, it is 
difficult in Such case to apply a high stress to the channel. The 
reason is explained as follows: 
0013 FIG. 24 shows a plan image, as observed over an 
optical microscope, of a silicon nitride film of high compres 
sion stress as deposited on a metal silicide film. Tests con 
ducted by the present inventors have revealed that, when a 
silicon nitride film of high compression stress is deposited on 
a metal silicide film, formed on arsenic-doped silicon, numer 
ous bubbles, looking like white nebulae or stars, are formed 
(see fourth column from above of FIGS. 24A, 24B and 24C). 
These bubbles, though small in number, were similarly 
observed in a case where a metal silicide film of a high 
compression stress, is deposited on a metal silicide film 
formed on a non-doped silicon Substrate or on boron-doped 
silicon (see second and third layers from above of FIG.24C). 
It should be noted that such phenomenon was not noticed with 
a silicon nitride film under the tensile stress or a silicon nitride 
film of a low stress. 
0014 FIG. 25 shows an image of a cross-section of a 
bubble part of a silicon nitride film as observed with a SEM. 
It has been confirmed that the bubble part is a partially peel 
off portion of an interface between a metal silicide film and a 
silicon nitride film that is Subjected to a high compression 
StreSS. 

0015. According to the founding, as obtained by the 
present inventors, this phenomenon may be accounted for as 
follows: A silicon nitride film, Subjected to high compression 
stress, is increased in its Volume by peeling off from the metal 
silicide film, and attempts to release its stress. On the other 
hand, a silicon nitride film, Subjected to the tensile stress, or a 
silicon nitride film of a low stress, is immune from this peel 
ing-off brought forth by the stress. The bubble part of the 
silicon nitride film may cause peeling-off of the entire film in 
the course of the CMP (chemical mechanical polishing) step 
among the steps of the LSI manufacturing process. 
0016. If the silicon nitride film is peeled off not only, the 
entire lot of such film is discarded, but, to make the matters 
worse, the peeled-off film may be turned into dust to lower the 
yield of other lots. Even though the film is not completely 
peeled-off, partial peeling-off of the film (bubble part) tends 
to lower the stress applied to the channel, offering a fear to 
deteriorate characteristics of MISFETs. 
(0017. The problems about manufacturing pMISFET by 
using a nitride film, Subjected to a high compressive stress, 
are now described with reference to the drawings. FIGS. 26A 
to 26C and FIGS. 27A to 27C are cross-sectional views sche 
matically showing the process steps for manufacturing a 
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semiconductor device according to a conventional technique. 
Initially, a device isolation 102 is formed on a silicon sub 
strate 101. A gate insulating film and a gate electrode film are 
then deposited, after which a gate insulating film 103 and a 
gate electrode 104 are formed by patterning. Then, using the 
gate electrode 104 as a mask, boron ions are implanted into 
the silicon substrate 101 to form a source/drain extension sic. 
diffusion region 105 (see FIG. 26A). After that, a silicon 
oxide film 106 is deposited thereon by a CVD method (see 
FIG. 26B) and etched back. As a result, gate sidewall spacers 
107 are formed (FIG. 26C). Then, using the gate electrode 
104 and the gate sidewall spacer 107 as a mask, boronions are 
implanted in the source/drain extension sic. diffusion region 
105 and activated by heat treatment to form a source/drain 
108 (FIG.27A). A silicidation reaction is then produced on an 
upper surface of a source/drain 108 by nickel sputtering and 
heat treatment. As a result, nickel silicide layer 109 is formed 
(FIG. 27B). Excess nickel is removed by, for example, wet 
etching. A silicon nitride film 110 with high compressive 
stress is then deposited on the pMISFET (see FIG. 27C). 
0018. However, since the nickel silicide 109 is poor in 
tight adhering property with respect to the silicon nitride film 
110 Subjected to high compression stress, such that a partially 
peeled-off portion 111 tends to be produced. Thus, the stress 
applied to the channel is not sufficient and hence a sufficient 
pMOSFET performance cannot be achieved. Furthermore, 
there are even cases where the silicon nitride film 110, Sub 
jected to high compression stress, is peeled off over a wide 
area in the course of subsequent process steps, such that LSI 
manufacture may not be brought to completion. 
0019. It is a principal object of the present invention to 
improve the tight adhering property of a silicon nitride film, 
Subjected to a high compression stress, relative to its under 
lying structure, such as to enable a high stress to be applied to 
the channel, to make hard to peel of, and thereby to improve 
characteristics of a MISFET. 
0020. In a first aspect, the present invention provides a 
semiconductor device including a MISFET, in which the 
semiconductor device comprises a first film that covers at 
least a portion of an upper part of a source/drain of the MIS 
FET, and a second film arranged on the first film. The first film 
is of a film thickness thinner than a height of a gate electrode. 
The second film is a stressed film including a stress. A tight 
adhering property between the first film and the surface of the 
Source/drain and a tight adhering property between the first 
film and the second film are rendered higher than a tight 
adhering property between the second film and the source? 
drain which would prevail when the second film and the 
Source/drain be made to adhere tightly together. 
0021. In a second aspect, the present invention provides a 
semiconductor device including a MISFET, in which the 
semiconductor device comprises a first film that covers at 
least a portion of an upper part of a source/drain of the MIS 
FET and a second film arranged on the first film. The first film 
is of a film thickness thinner than the height of a gate elec 
trode. The first and second films are films subjected to com 
pressive stress. The compressive stress of the first film is 
lower than the compressive stress of the second film. 
0022. In a third aspect, the present invention provides a 
semiconductor device including a MISFET, in which the 
semiconductor device comprises a first film that covers at 
least a portion of an upper part of a source/drain of the MIS 
FET and a second film arranged on the first film. The first film 
is of a film thickness thinner than the height of a gate elec 
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trode. The first film is free of stress, while the second film is 
a film Subjected to compressive stress. 
0023. In a fourth aspect, the present invention provides a 
semiconductor device including a MISFET, in which the 
semiconductor device comprises a first film that covers at 
least a portion of an upper part of a source/drain of the MIS 
FET and a second film arranged on the first film. The first film 
is of a film thickness thinner than the height of a gate elec 
trode. The first film and the second film are silicon nitride 
films. The first film has a nitrogen concentration higher than 
that of the second film. 
0024. In a fifth aspect, the present invention provides a 
semiconductor device including a MISFET, in which the 
semiconductor device comprises a first film that covers at 
least a portion of an upper part of a source/drain of the MIS 
FET and a second film arranged on the first film. The first film 
is of a film thickness thinner than the height of a gate elec 
trode. The first film and the second film are hydrogen-con 
taining silicon nitride films. The first film has a ratio of a 
concentration of silicon-hydrogen bond to a concentration of 
nitrogen-hydrogen bond higher than that of the second film. 

Meritorious Effects of the Invention 

0025. According to the present invention, in which the 
tight adhering property of the silicon nitride film of high 
compression stress with respect to the underlying structure 
may be improved, peel-off of the silicon nitride film in its 
entirety during the LSI manufacturing process may be inhib 
ited to obviate the problems of lot discarding or the lowered 
line yield. Furthermore, the stress applied to the channel may 
be increased, resulting in improved MISFET characteristics. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0026 FIGS. 1A to 1C are cross-sectional views schemati 
cally showing process steps of a method for manufacturing a 
semiconductor device according to a first exemplary embodi 
ment of the present invention. 
0027 FIGS. 2A to 2C are cross-sectional views schemati 
cally showing process steps of a method for manufacturing a 
semiconductor device according to a second exemplary 
embodiment of the present invention. 
0028 FIG. 3 is a bar graph showing values of the stress 
applied on the channel by an upper part of a gate electrode, a 
lateral side part of the gate electrode and an upper source? 
drain part of the silicon nitride film subjected to a high com 
pression stress. 
0029 FIGS. 4A to 4D are cross-sectional views schemati 
cally showing process steps of a method for manufacturing a 
semiconductor device according to a third exemplary 
embodiment of the present invention. 
0030 FIG. 5 is a graph showing the results of simulation 
for the width of the gate sidewall and the magnitude of the 
channel stress by calculations. 
0031 FIGS. 6A to 6C are cross-sectional views schemati 
cally showing a first process step of a method for manufac 
turing a semiconductor device according to a fourth exem 
plary embodiment of the present invention. 
0032 FIGS. 7A to 7C are cross-sectional views schemati 
cally showing a second process step of the method for manu 
facturing the semiconductor device according to the fourth 
exemplary embodiment of the present invention. 
0033 FIGS. 8A and 8B are cross-sectional views sche 
matically showing a third process step of the method for 
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manufacturing the semiconductor device according to the 
fourth exemplary embodiment of the present invention. 
0034 FIGS. 9A to 9C are cross-sectional views schemati 
cally showing a first process step of a method for manufac 
turing a semiconductor device according to a fifth exemplary 
embodiment of the present invention. 
0035 FIGS. 10A to 10C are cross-sectional views sche 
matically showing a second process step of the method for 
manufacturing the semiconductor device according to the 
fifth exemplary embodiment of the present invention. 
0.036 FIGS. 11A to 11C are cross-sectional views sche 
matically showing a first process step of a method for manu 
facturing a semiconductor device according to a sixth exem 
plary embodiment of the present invention. 
0037 FIGS. 12A to 12C are cross-sectional views sche 
matically showing a second process step of the method for 
manufacturing the semiconductor device according to the 
sixth exemplary embodiment of the present invention. 
0038 FIGS. 13A and 13B are cross-sectional views sche 
matically showing a third process step of the method for 
manufacturing the semiconductor device according to the 
sixth exemplary embodiment of the present invention. 
0039 FIGS. 14A to 14C are cross-sectional views sche 
matically showing a first process step of a method for manu 
facturing a semiconductor device according to a seventh 
exemplary embodiment of the present invention. 
0040 FIGS. 15A to 15C are cross-sectional views sche 
matically showing a second process step of the method for 
manufacturing the semiconductor device according to the 
seventh exemplary embodiment of the present invention. 
0041 FIGS. 16A and 16B are cross-sectional views sche 
matically showing a third process step of the method for 
manufacturing the semiconductor device according to the 
seventh exemplary embodiment of the present invention. 
0042 FIGS. 17A to 17C are cross-sectional views sche 
matically showing a first process steps of a method for manu 
facturing a semiconductor device according to an eighth 
exemplary embodiment of the present invention. 
0043 FIGS. 18A to 18C are cross-sectional views sche 
matically showing a second process step of the method for 
manufacturing the semiconductor device according to the 
eighth exemplary embodiment of the present invention. 
0044 FIGS. 19A to 19C are cross-sectional views sche 
matically showing a third process step of the method for 
manufacturing the semiconductor device according to the 
eighth exemplary embodiment of the present invention. 
004.5 FIGS. 20A to 20D are partial cross-sectional views 
schematically showing the structures of samples of Examples 
of the present invention and Comparative Examples. 
0046 FIG. 21 shows, in a tabulated form, the results of a 
checkerboard pattern tape test of a silicon nitride film of high 
compression stress on metal silicide. 
0047 FIG.22 is a bar graph showing the difference in the 
on-current of pMISFETs of respective different structures of 
the samples of Examples of the present invention and Com 
parative Examples. 
0048 FIG. 23 is a graph showing the results of the simu 
lation for the magnitudes of the stress of the channel by 
calculations for a case where a silicon nitride film with the 
Stress of 12 GPa is formed on a MISFET. 
0049 FIGS. 24A to 24C show plan images as observed by 
an optical microscope of a silicon nitride film of high com 
pression stress as deposited on a metal silicide film. 
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0050 FIG.25 shows an image, as observed overa SEM, of 
the cross-section of a bubble part of a silicon nitride film. 
0051 FIG. 26 is a cross-sectional view showing a first step 
schematically showing a method for manufacturing a semi 
conductor device according to a conventional technique. 
0.052 FIG. 27 is a cross-sectional view showing a second 
step schematically showing the method for manufacturing a 
semiconductor device according to the conventional tech 
nique. 

EXPLANATION OF SYMBOLS 

0053 1, 101 silicon substrate 
0054 2, 102 device isolation region 
0055 3. 103 gate insulating film 
0056 4, 104 gate electrode 
0057 5, 105 source/drain extension region 
0058 6, 106 silicon oxide film 
0059 7, 107 gate sidewall 
0060 7" diffusion layer sidewall 
0061 8, 108 source/drain 
0062 9, 109 nickel silicide 
0063 10, 110 silicon nitride film subjected to high com 
pression stress 

0064. 12 silicon nitride film subjected to low compression 
StreSS 

0065. 13 small gate sidewall 
0066 14 silicon oxide film 
0067. 15 silicon nitride film 
0068 16 gate sidewall 
0069. 17 gate sidewall 
0070 18 recess 
(0071) 19 recess 
0072 20 N-well 
0073 21 P-well 
0074 22 silicon nitride film subjected to tensile stress 
0075 23 silicon oxide film 
(0076 24, 25, 26, 27, 28 photoresist films 
(0077. 111 partially peeled-off portion 

PREFERRED MODES FOR CARRYING OUT 
THE INVENTION 

0078. In the first aspect, the stress of the second film is 
preferably the compression stress. 
0079. In the first to third aspects, the second film is pref 
erably a silicon nitride film. 
0080. In the first to third aspects, the second film may 
contain hydrogen. 
I0081. The first film is preferably a silicon nitride film. 
I0082. The first film may contain hydrogen. 
I0083. The first film may be a silicon oxide film. 
I0084. In the first to fifth aspects, the first film is preferably 
of a thickness not less than 5 nm. 
I0085. In the respective aspects, the first film is preferably 
of a thickness not less than 10 nm. 
I0086. In the respective aspects, the MISFET is preferably 
a p-channel MISFET. 
I0087. In the respective aspects, a metal silicide film is 
preferably formed at an interface between the first film and 
the source/drain. 
I0088. In the respective aspects, the first and second films 
are preferably removed at least at an upper part of the gate 
electrode. 



US 2012/0181.587 A1 

0089. In the respective aspects, gate sidewalls lower in 
height than the gate electrode are preferably formed on both 
sides of the gate electrode. 
0090. In the respective aspects, gate sidewalls having a 
cross-section in the form of an uppercase letter L are prefer 
ably formed on both sides of the gate electrode. 
0091. In the respective aspects, the source/drain is prefer 
ably sunk to a lower level (depth) than the gate insulating film 
lying below the gate electrode. 
0092. In the respective aspects, there are provided a device 
isolation region and a diffusion layer sidewall. The device 
isolation region is formed around the Source/drain and etched 
to a level (depth) lower than the upper surface of the source/ 
drain. The diffusion layer sidewall is formed on the lateral 
side of the source? drain. 

First Exemplary Embodiment 
0093. A semiconductor device according to a first exem 
plary embodiment of the present invention is now described 
with reference to the drawings. FIGS. 1A to 1C depict cross 
sectional views schematically showing a method for manu 
facturing a semiconductor device according to the first exem 
plary embodiment of the present invention. It should be noted 
that the term source/drain as used in the present description 
means a region inclusive of a metal silicide part on the source? 
drain as well. 
0094) Referring to FIG. 1C, the present semiconductor 
device includes a device isolation region 2 which is formed by 
embedding an insulating material in a groove defined 
between neighboring device forming regions on a silicon 
Substrate 1. A MISFET is to be formed in each of the device 
forming regions. In each of the device forming regions, a gate 
electrode 4 is formed on top of a channel via a gate insulating 
film 3. A gate sidewall 7, formed by a silicon oxide film, is 
formed to define the sidewall of the gate electrode 4. A source/ 
drain extension region 5 is formed below the gate sidewall 7 
on both sides of the channel by injecting boron ions by ion 
implantation into the silicon substrate 1. On an outer side of 
the source/drain extension region 5, there is formed a source? 
drain 8 by injecting boron ions into the silicon substrate 1 to 
a site (or level) deeper than the source/drain extension region 
5. Nickel silicide 9 is formed on the surface of the source? 
drain 8 in a region defined between the gate sidewall 7 and the 
device isolation region 2. On the surface part of the substrate, 
including the device isolation region 2, nickel silicide 9, gate 
sidewall 7 and the gate electrode 4, there is formed a silicon 
nitride film 12 thinner in thickness than the height of the gate 
electrode 4 and which is subjected to compression stress 
lower (weaker) than that of a silicon nitride film 10. The 
compression stress of the silicon nitride film 12 is preferably 
lower than -2.2 GPa. The silicon nitride film 10, formed on 
the surface of the silicon nitride film 12, is a stressed film (a 
film Subjected to a compression stress) higher (stronger) than 
that of the silicon nitride film 12. 
0095. The method for preparation of the semiconductor 
device of the first exemplary embodiment is now described. 
0096. Initially, the device isolation region 2 is formed on 
the N-type silicon substrate 1 by a method similar to the 
method of the conventional technique (see FIGS. 26A to 26C 
and 27A). Agate insulating film and a gate electrode layer are 
then deposited, after which a gate insulating film 3 and a gate 
electrode 4 are formed by patterning. The source/drain exten 
sion region 5 is then formed by injecting boron ions by ion 
implantation, using the gate electrode 4 as a mask. A silicon 
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oxide film for forming the gate sidewall 7 is then caused to 
grow on the entire substrate surface by the CVD method. The 
gate sidewall 7 is then formed by etchback. Then, using the 
gate electrode 4 and the gate sidewall 7 as a mask, boron ions 
are injected into the source/drain region by ion implantation. 
The source/drain 8 then is formed by boron activation by heat 
treatment. Nickel sputtering and heat treatment are then car 
ried out to produce a siliciding reaction on the upper Surface 
of the source/drain 8 to form nickel silicide 9 (see FIG. 1A). 
Excess nickel is removed by e.g., wet etching. 
0097. The silicon nitride film 12, thinner in thickness than 
the height of the gate electrode 4 and which is subjected to low 
compression stress, is then formed as a tight adhering layer 
(see FIG. 1B). The silicon nitride film 10, subjected to high 
compression stress, is then formed on the pMISFET (see FIG. 
1C). Contact plugs and writing (interconnect) layers etc., are 
then formed. 
0098. The silicon nitride film 10 and the silicon nitride 
film 12 are now described. It is noted that the compositional 
proportions of silicon and nitrogen and the content of hydro 
gen as well as the state of hydrogen linkages influence the 
stress of the silicon nitride film. According to Non-Patent 
Document 1, the compression stress decreases with increase 
in the proportion of nitrogen in the silicon nitride film. 
According to Non-Patent Document 2, the compression stress 
decreases with increase in a ratio (number of N-H linkages) 
--(number of Si-H linkages) in the silicon nitride film. 
0099 Hence, to form the silicon nitride film 12 with a low 
compression stress, it is only sufficient to increase the pro 
portion of nitrogen or to increase the ratio (number of N–H 
linkages)--(number of Si H linkages)) in the film. Mean 
while, a silicon oxide layer may be used in place of the silicon 
nitride film 12 as a tight adhering layer. In this case, a film 
thickness of the silicon oxide layer not less than 5 nm is more 
effective. The film thickness not less than 10 nm is desirable 
for increasing the on-current. 
0100 Although the presence of the tight adhering layer 
may be confirmed by elementary analysis along the depth 
wise direction, such as SIMS, the presence of the layer may 
more simply be observed by using the differential wet etch 
rate of the tight adhering layer and the nitride film subjected 
to the compression stress with respect to an etching solution. 
According to Non-Patent Document 1 the wet etch rate rela 
tive to buffered hydrofluoric acid increases with decrease in 
the compression stress of the silicon nitride film. The pres 
ence of the tight adhering layer may thus be confirmed by wet 
etching the cross-sectional surface of a sample of the pMIS 
FET of the first exemplary embodiment with buffered hydrof 
luoric acid and observing the resulting surface with SEM. 
0101. With the first exemplary embodiment, tight adher 
ing property is improved due to the presence of the silicon 
nitride film 12, as the tight adhering layer, below the silicon 
nitride film 10 of high compression stress. The result is that 
the film in its entirety is hardly liable to peel off in the course 
of the LSI manufacturing process. The problem of lot dis 
carding or decrease in yield is not presented Such that LSIs 
manufacturing can be completed satisfactorily. Also, the 
stress is Sufficiently applied to the channel, thus achieving a 
high pMISFET performance. 

Second Exemplary Embodiment 
0102. A method for manufacturing a semiconductor 
device according to a second exemplary embodiment is now 
described. FIGS. 2A to 2C depict schematic cross-sectional 
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views for illustrating a process for manufacturing a semicon 
ductor device according to the second exemplary embodi 
ment. 

0103) The semiconductor device according to the second 
exemplary embodiment corresponds to the semiconductor 
device of the first exemplary embodiment devoid of the sili 
con nitride film 10 of high compression stress and the silicon 
nitride film 12 of low compression stress which are formed on 
top of the gate electrode (4 of FIG. 1) (see FIG. 2C). The 
formulation of the second exemplary embodiment is other 
wise the same as that of the first exemplary embodiment. 
0104. The method for manufacturing the semiconductor 
device of the second exemplary embodiment is now 
described. 
0105. A semiconductor device similar to the semiconduc 
tor device of the first exemplary embodiment is manufactured 
by a method similar to the method of the first exemplary 
embodiment (see FIG. 2A). A photoresist film 28 then is 
coated on the surface of the silicon nitride film 10 and, using 
a photolithographic technique, the portion of the photoresist 
film 28 overlying the gate electrode 4 is removed (see FIG. 
2B). The silicon nitride film 10 of high compression stress 
and the silicon nitride film 12 of low compression stress are 
removed by anisotropic dry etching, using the photoresist 
film 28 as a mask (see FIG.2C). The photoresist film 28 is also 
removed Subsequently. Contact plugs, interconnect (wiring) 
layers and so forth are then formed. 
0106 With the second exemplary embodiment, in which 
the silicon nitride film 12, operating as the tight adhering 
layer, is provided below the silicon nitride film 10 of high 
compression stress, the tight adhering property is improved, 
and hence the film peel-off is hardly produced. Thus, not only 
LSI manufacture may be completed satisfactorily, but also the 
stress may sufficiently be applied to the channel, thus achiev 
ing the high pMISFET performance. 
0107 Moreover, since the portion of the silicon nitride 
film of high compression stress, overlying the gate electrode, 
is now removed, the channel stress becomes correspondingly 
higher than with the structure of the first exemplary embodi 
ment. The underlying principle is now explained. 
0108 FIG. 3 shows values of the stress applied to the 
channel from different portions of the silicon nitride film (10 
of FIG. 2) subjected to high compression stress. These por 
tions are those in register with the upper part of the gate 
electrode (4 of FIG. 2), the lateral side of the gate electrode (4 
of FIG. 2) and with the upper part of the source/drain (8 of 
FIG. 2). The silicon nitride film portion in register with the 
upper part of the gate electrode rather acts for lowering the 
channel stress. Thus, the channel stress becomes correspond 
ingly higher, if this silicon nitride film portion overlying the 
gate electrode is removed. 

Third Exemplary Embodiment 

0109 The semiconductor device according to the third 
exemplary embodiment of the present invention is now 
described with reference to the drawings. FIG. 4 depicts a 
schematic cross-sectional view for illustrating the process for 
manufacturing the semiconductor device according to the 
third exemplary embodiment of the present invention. 
0110. With the semiconductor device of the third exem 
plary embodiment, the gate sidewall (7 of FIG. 1) in the 
semiconductor device of the first exemplary embodiment is 
formed so as to be a small gate sidewall 13 (lower in height 
than the gate electrode 4) (see FIG. 4D). The present exem 
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plary embodiment is otherwise similar in its formulation to 
the first exemplary embodiment. 
0111. The method for manufacturing the semiconductor 
device of the present third exemplary embodiment is now 
described. 
0112 Initially, a device separation region 2 is formed in an 
N-type silicon substrate 1, by a method similar to that of the 
conventional technique (see FIGS. 26A to C and 27A). Agate 
insulating film and a gate electrode film are then deposited. A 
gate insulating film 3 and a gate electrode 4 are then formed 
by patterning. Then, using the gate electrode 4 as the mask, 
boron ions are injected by ion implantation to form a source? 
drain extension region 5. A silicon oxide film for a gate 
sidewall 7 is then caused to grow by CVD on the entire 
substrate surface. The gate sidewall 7 is then formed by etch 
back. Then, using the gate electrode 4 and the gate sidewall 7 
as a mask, boronions are injected by ion implantation into the 
Source/drain region. Heat treatment is then carried out for 
boron activation for forming the source/drain 8. Nickel sput 
tering and heat treatment are then carried out to produce a 
siliciding reaction on the upper Surface of the source/drain 8 
to form nickel silicide 9 (see FIG. 4A). Excess nickel is 
removed by e.g., wet etching. 
0113. The gate sidewall 7 is then etched by isotropic dry 
etching to form a small gate sidewall 13 (see FIG. 4B). In this 
case, the gate sidewall 7 may be removed completely. If a 
common contact technique is used, the gate sidewall is pref 
erably left. However, if the common contact technique is not 
used, the gate sidewall need not necessarily be left. 
0114. A silicon nitride film 12 is then formed as a tight 
adhering layer (FIG. 4C). This silicon nitride film has a film 
thickness thinner than the height of the gate electrode, and is 
Subjected to a low compression stress. A gate oxide film may 
also be used, as a tight adhering layer, in place of the silicon 
nitride layer 12. In the latter case, a film thickness of the 
silicon oxide film in excess of 5 nm is more effective. Pref 
erably, the film thickness is 10 nm or larger for increasing the 
On-Current. 

0115 Asilicon nitride film 10, having a high compression 
stress, is then formed on the p-MISFET (see FIG. 4D). Con 
tact plugs or interconnect layers are then formed. 
0116. With the third exemplary embodiment, tight adher 
ing property may be improved due to the tight adhering layer 
underlying the silicon nitride film 10 subjected to the high 
compression stress, so that film peel-off is hardly produced. 
This not only enables LSI manufacture to be completed sat 
isfactorily, but also enables a sufficient stress to be applied to 
the channel, thus achieving the high pMISFET performance. 
0117 Since the gate sidewall has become smaller in size, 
the distance between the silicon nitride film 10 subjected to 
the high compression stress and the channel is correspond 
ingly reduced, with a result that the channel stress becomes 
higher than with the structure of the first exemplary embodi 
ment. The underlying principle is now explained. 
0118 FIG. 5 depicts a graph showing the results of simu 
lation of the relationship between the width of the gate side 
wall and the magnitude of the channel stress by calculations. 
It is seen from FIG. 5 that, by reducing the width of the gate 
sidewall from 60 nm to 30 nm, the channel stress increases by 
770%. 

Fourth Exemplary Embodiment 
0119 The semiconductor device according to a fourth 
exemplary embodiment of the present invention is now 
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described with reference to the drawings. FIGS. 6 to 8 depict 
schematic cross-sectional views for illustrating the process 
for manufacturing the semiconductor device according to the 
fourth exemplary embodiment of the present invention. 
0120. With the semiconductor device of the fourth exem 
plary embodiment, the gate sidewall 7 of the semiconductor 
device of the first exemplary embodiment is now formed so as 
to be a gate sidewall 16 of a thin thickness (with the cross 
section in the form of an uppercase letter L) (see FIG. 8B). 
The formulation of the fourth exemplary embodiment is oth 
erwise the same as that of the first exemplary embodiment. 
0121 The method for manufacturing the semiconductor 
device of the fourth exemplary embodiment is now described. 
0122) Initially, a device isolation region 2 is formed in an 
N-type substrate 1 by a method similar to that of the conven 
tional technique (refer to FIG. 26A). A gate insulating film 
and a gate electrode film are then deposited. A gate insulating 
film 3 and a gate electrode 4 are then formed by patterning. 
Boron ions are then injected by ion implantation, using the 
gate electrode 4 as a mask, to form a source/drain extension 
region 5 (see FIG. 6A). 
0123. A silicon oxide film 14 and a silicon nitride film 15 
are then formed in this order by the CVD method on the entire 
substrate surface (FIG. 6B). Then, gate sidewalls 16, 17 are 
formed by etchback (see FIG. 6C). 
0.124. Then, boron ions are injected by ion implantation 
into the source/drain region, using the gate electrode 4 and the 
gate sidewalls 16, 17 as a mask. A source/drain 8 is then 
formed by boron activation by heat treatment (see FIG. 7A). 
Part of the gate sidewall 17 is then removed by isotropic dry 
etching or heated phosphoric acid (FIG. 7B). 
0.125 Nickelsputtering and heat treatment are then carried 
out to produce a siliciding reaction on the upper Surface of the 
source/drain to form nickel silicide 9 (see FIG. 7C). Excess 
nickel is removed by e.g., wet etching. 
0126 Then, as a tight adhering layer, a silicon nitride film 
12 is formed (FIG. 8A). This silicon nitride film has a film 
thickness thinner than the height of the gate electrode 4, and 
is Subjected to low compression stress. A silicon oxide film 
may be used as a tight adhering layer in place of the silicon 
nitride film 12. In this case, a film thickness of the gate oxide 
film in excess of 5 nm is more effective. Preferably, the film 
thickness is 10 nm or larger for increasing the on-current. 
0127. A silicon nitride film 10, subjected to high compres 
sion stress, is then formed on the p-MISFET to apply stress to 
the channel (see FIG. 8B). Contact plugs or interconnect 
layers are then formed. 
0128. With the fourth exemplary embodiment, tight adher 
ing property may be improved due to the presence of the 
silicon nitride layer 12 as the tight adhering layer below the 
silicon nitride film 10 which is subjected to the high compres 
sion stress. The result is that the silicon nitride film in its 
entirety is hardly liable to peel off in the course of the LSI 
manufacturing process. This not only enables LSI manufac 
ture to be completed satisfactorily, but also enables sufficient 
stress to be applied to the channel, thus achieving a high 
pMISFET performance. 
0129. Since the gate sidewall 16 is thinner in thickness, the 
distance between the silicon nitride film 10 having the high 
compression stress and the channel is correspondingly 
reduced, with a result that the channel stress becomes higher. 
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Thus, the favorable result similar to that described in connec 
tion with the second exemplary embodiment may be 
achieved. 

Fifth Exemplary Embodiment 

0.130. The semiconductor device according to a fifth 
exemplary embodiment of the present invention is now 
described with reference to the drawings. FIGS. 9 and 10 
depict schematic cross-sectional views for illustrating the 
process for manufacturing the semiconductor device accord 
ing to the fifth exemplary embodiment of the present inven 
tion. 

0.131. With the semiconductor device of the fifth exem 
plary embodiment, the source/drain region of the semicon 
ductor device of the first exemplary embodiment is etched to 
a site (or level) lower (deeper) than the gate insulating film 3 
(FIG. 10C). In other respects, the present exemplary embodi 
ment is similarin configuration to the first exemplary embodi 
ment. 

0.132. The method for manufacturing the semiconductor 
device of the fifth exemplary embodiment is now described. 
I0133. Initially, a device isolation region 2 is formed in an 
N-type silicon substrate 1, by a method similar to that used in 
the conventional technique (see FIGS. 26A to 26C). A gate 
insulating film and a gate electrode film are then deposited. A 
gate insulating film 3 and a gate electrode 4 are then formed 
by patterning. Then, using the gate electrode 4 as a mask, 
boron ions are injected by ion implantation to form a source? 
drain extension region 5. A silicon oxide film for a gate 
sidewall 7 is then caused to grow by CVD over the entire 
substrate surface. The gate sidewall 7 is then formed by etch 
back (see FIG.9A). 
I0134. The region of the silicon substrate 1 which is to 
become a source? drain of the silicon substrate 1 is then etched 
by isotropic dry etching to form a recess 18 (FIG.9B). Then, 
using the gate electrode 4 and the gate sidewall 7 as a mask, 
boron ions are injected into the Source? drain region by ion 
implantation. Heat treatment is then carried out for boron 
activation for forming a source/drain 8 (FIG. 9C)). 
I0135) Nickelsputtering and heat treatment are then carried 
out to produce a siliciding reaction on the upper Surface of the 
source/drain to form nickel silicide 9 (see FIG. 10A). Excess 
nickel is removed by e.g., wet etching. 
0.136 Then, as a tight adhering layer, a silicon nitride film 
12 is formed (see FIG. 10B). This silicon nitride film is 
thinner in film thickness than the height of the gate electrode 
4 and subjected to low compression stress (see FIG. 10B). 
Meanwhile, a silicon oxide film may be used as a tight adher 
ing layer in place of the silicon nitride film 12. In this case, a 
film thickness of the gate oxide film of at least 5 nm is more 
effective. Preferably, the film thickness is 10 nm or more for 
increasing the on-current. 
0.137 Then, to stress the channel, a silicon nitride film 10, 
subjected to high compression stress, is formed on the pMOS 
FET (see FIG. 10C). Contact plugs, interconnect layers and 
so forth are then formed. 

(0.138. With the fifth exemplary embodiment, in which the 
silicon nitride film 12, operating as a tight adhering layer, is 
provided below the highly compressively stressed silicon 
nitride film 10, the tight adhering property is improved, such 
that the silicon nitride film 10 is not susceptible to peel-off. 
This enables LSI manufacture to be completed satisfactorily. 
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Moreover, a sufficient stress may be applied to the channel, 
with a consequence that the high pMISFET performance can 
be achieved. 
0139 Since the source/drain region has been etched to 
(disposed at) a lower site (or level), the silicon nitride film 10 
of high compression stress is closer to the channel, with a 
result that the channel can be stressed more strongly than in 
the case of the arrangement of the first exemplary embodi 
ment. 

Sixth Exemplary Embodiment 
0140. A semiconductor device according to a sixth exem 
plary embodiment of the present invention is now described 
with reference to the drawings. FIGS. 11 to 13 depict sche 
matic cross-sectional views for illustrating the process for 
manufacturing the semiconductor device according to the 
sixth exemplary embodiment of the present invention. 
0141. With the semiconductor device of the sixth exem 
plary embodiment, the device isolation region 2 of the semi 
conductor device of the first exemplary embodiment has been 
etched to (disposed at) a lower site (or level) than the upper 
surface of the source/drain 8 (see FIG. 13B). The present 
exemplary embodiment is otherwise similar in its formula 
tion to the first exemplary embodiment. 
0142. The method for manufacturing the semiconductor 
device according to the sixth exemplary embodiment is now 
described. 
0143. Initially, a device isolation region 2 is formed on an 
N-type silicon substrate 1, by a method similar to that of the 
conventional technique (see FIG. 26A). A gate insulating film 
and a gate electrode are then formed. A gate insulating film 3 
and a gate electrode 4 are then formed by patterning. Then, 
using the gate electrode 4 as a mask, boron ions are injected 
by ion implantation to form a source/drain extension region 5 
(FIG. 11A). The device isolation region 2 is then formed by 
etching to form a recess 19 (FIG. 11B). A silicon oxide film 6 
then is formed thereon by CVD (FIG. 11C). 
0144. A gate sidewall 7 and a diffusion layer sidewall 7" 
are then formed by etchback (see FIG. 12A). Then, using the 
gate electrode 4 and the gate sidewall 7 as a mask, boron ions 
are injected by ion implantation into a source/drain region. 
Heat treatment is then carried out for boron activation for 
forming the source/drain 8 (FIG. 12B). Nickel sputtering and 
heat treatment are then carried out to produce a siliciding 
reaction on the upper surface of the source/drain 8 to form 
nickel silicide 9 (see FIG. 12C). Excess nickel is removed by 
e.g., wet etching. 
0145 Then, as a tight adhering layer, a silicon nitride film 
12, thinner in film thickness than the height of the gate elec 
trode 4, and Subjected to low compression stress, is formed 
(see FIG. 13A). Meanwhile, a silicon oxide film may be used 
as a tight adhering layer in place of the silicon nitride film 12. 
In this case, a film thickness of the gate oxide film of at least 
5 nm is more effective. Preferably, the film thickness is 10 nm 
or more for increasing the on-current. 
0146 Then, to stress the channel, a silicon nitride film 10, 
subjected to high compression stress, is formed on the pMOS 
FET (see FIG. 10B). Contact plugs, interconnect layers and 
so forth are then formed. 
0147 With the sixth exemplary embodiment, in which 
there the silicon nitride film 12, acting as a tight adhering 
layer, is provided below the highly compressively stressed 
silicon nitride film 10, the tight adhering property is 
improved, such that peeling-off of the silicon nitride film 10 is 
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not liable to be produced. This enables LSI manufacture to be 
completed satisfactorily. Moreover, the stress may be applied 
Sufficiently to the channel, with a consequence that a high 
pMISFET performance may be achieved. 
0.148. Since the device isolation region 2 is etched to (dis 
posed at) a deep site (or level), the silicon nitride film 10, 
Subjected to a high compression stress, is formed so as to be 
turned around the side(s) of the source/drain 8. Since the 
compression stress is applied not only from the tight adhering 
region overlying the source/drain 8, but also from the lateral 
side of the source/drain 8, a higher stress may be applied to the 
channel than is possible with the formulation of the first 
exemplary embodiment. 

Seventh Exemplary Embodiment 
0149. A semiconductor device according to a seventh 
exemplary embodiment of the present invention is now 
described with reference to the drawings. FIGS. 14 to 16 
depict cross-sectional views for schematically illustrating the 
process for manufacturing the semiconductor device accord 
ing to the seventh exemplary embodiment of the present 
invention. 
0150. The semiconductor device of the present seventh 
exemplary embodiment is a complementary MISFET com 
posed of a pMISFET and an nMISFET (see FIG. 16B). The 
pMISFET side formulation in the semiconductor device of 
the seventh exemplary embodiment is similar to the first 
exemplary embodiment. On the nMISFET side of the semi 
conductor device of the seventh exemplary embodiment, the 
nMISFET is covered by a silicon nitride film 22 subjected to 
the tensile stress. 
0151. The method for manufacturing the semiconductor 
device according to the seventh exemplary embodiment is 
now described. 
0152 Initially, a device isolation region 2 is formed on a 
silicon substrate 1. An N-well 20 and a P-well 21 are then 
formed in preset regions of the silicon Substrate. A gate insu 
lating film and a gate electrode film are then deposited. A gate 
insulating film 3 and a gate electrode 4 are then formed by 
patterning. Then, using the gate electrode 4 as a mask, preset 
impurities are injected in accordance with the N-well 20 and 
the P-well 21 to form the source/drain extension region 5. A 
silicon oxide film for a gate sidewall 7 then is formed by CVD 
on the entire substrate surface. The gate sidewall 7 is then 
formed by etchback. Then, using the gate electrode 4 and the 
gate sidewall 7 as a mask, preset impurities are injected into 
the source/drain regions in accordance with the N-well 20 and 
the P-well 21. Heat treatment is then carried out to activate the 
impurities to form a source/drain 8. Nickel sputtering and 
heat treatment are then carried out to produce a siliciding 
reaction on the upper surface of the source/drain 8 to form 
nickel silicide 9 (see FIG. 14A). Excess nickel is removed by 
e.g., wet etching. 
0153. The silicon nitride film 22, subjected to the tensile 
stress, and the silicon oxide film 23, are then formed in this 
order (FIG. 14B). Meanwhile, since the silicon nitride film 
22, Subjected to the tensile stress, is highly adhesive tightly to 
the silicon oxide 9, direct film forming is also possible. 
0154) A photoresist film 24 is then applied by coating and, 
using the photolithographic technique, the portion of the pho 
toresist film 24 in register with the pMISFET region is 
removed (see FIG. 14C). 
0155 Then, using the photoresist film 24 as a mask, the 
silicon oxide film 23 and the silicon nitride film 22, subjected 
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to the tensile stress, are removed by anisotropic etching. The 
photoresist film 24 is then removed (see FIG. 15A). A silicon 
nitride film 12 is then formed as a tight adhering layer. This 
silicon nitride film 12 is thinner in thickness than the height of 
the gate electrode 4 and is subjected to a low compression 
stress. A silicon nitride film 10, Subjected to a high compres 
sion stress, is then formed (see FIG. 15B). Meanwhile, a 
silicon oxide film may be used in place of the silicon nitride 
film 12 as the tight adhering layer. In this case, a film thick 
ness of the silicon oxide film not less than 5 nm is more 
effective. The film thickness not less than 10 nm is desirable 
for increasing the on-current. 
0156 A photoresist film 25 is then applied by coating and, 
using the photolithographic technique, the portion of the pho 
toresist film 25 overlying the nMISFET region is removed 
(see FIG.15C). Then, using the photoresist film 25 as a mask, 
the silicon nitride film 10 and the silicon nitride film 12 are 
removed by anisotropic dry etching (see FIG. 16A). If the 
etching condition used is selective for the silicon nitride film 
12, the silicon nitride film 22 in the nMISFET region, sub 
jected to the tensile stress, is protected by the silicon oxide 
film 23 and hence is not etched. The photoresist film 25 is then 
removed. 

0157 Finally, the silicon oxide film 23, overlying the 
nMISFET, is removed (see FIG. 16B). This gives a structure 
in which the nMISFET is covered by the silicon nitride film 
22, subjected to the tensile stress, and in which the pMISFET 
is covered with the silicon nitride film 10 subjected to the 
compression stress. Contact plugs, interconnect layers and so 
forth are then formed. 

0158 With the seventh exemplary embodiment, in which 
the silicon nitride film 12, acting as a tight adhering layer, is 
formed below the silicon nitride film 10 subjected to high 
compression stress, the tight adhering property is improved, 
while the silicon nitride film 10 is not liable to be peeled off. 
This enables LSI manufacture to be completed satisfactorily. 
Moreover, the stress may be applied sufficiently to the chan 
nel, thus realizing a high pMISFET performance. 

Eighth Exemplary Embodiment 

0159. A semiconductor device according to an eighth 
exemplary embodiment of the present invention is now 
described with reference to the drawings. FIGS. 17 to 19 
depict schematic cross-sectional views for illustrating the 
process for manufacturing the semiconductor device accord 
ing to the eighth exemplary embodiment of the present inven 
tion. 

0160 The semiconductor device of the present eighth 
exemplary embodiment is a complementary MISFET com 
posed of a pMISFET and a nMISFET (see FIG. 19B). The 
pMISFET side formulation in the semiconductor device of 
the eighth exemplary embodiment is similar to that of the first 
exemplary embodiment. On the nMISFET side of the semi 
conductor device of the eighth exemplary embodiment, the 
nMISFET is covered by a silicon nitride film 22 subjected to 
the tensile stress. The method for manufacturing the semicon 
ductor device of the eighth exemplary embodiment differs 
from the seventh exemplary embodiment in that the silicon 
nitride film 22 subjected to the tensile stress is deposited on 
the nMISFET side after forming the silicon nitride film 12 of 
the low compression stress and the silicon nitride film 10 of 
the high compression stress on the pMISFET side. 
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0.161 The method for manufacturing the semiconductor 
device according to the eighth exemplary embodiment is now 
described. 
0162 Initially, a device isolation region 2 is formed on a 
silicon substrate 1. An N-well 20 and a P-well 21 are then 
formed in preset regions of the silicon Substrate. A gate insu 
lating film and a gate electrode film are then deposited. A gate 
insulating film 3 and a gate electrode 4 are then formed by 
patterning. Then, using the gate electrode 4 as a mask, preset 
impurities are injected in keeping with the N-well 20 and the 
P-well 21 to form the source/drain extension region 5. A 
silicon oxide film for a gate sidewall 7 is then formed by CVD 
on the entire substrate surface. The gate sidewall 7 is then 
formed by etchback. Then, using the gate electrode 4 and the 
gate sidewall 7 as a mask, preset impurities are injected into 
the source/drain regions in keeping with the N-well 20 and the 
P-well 21. Heat treatment is then carried out to activate the 
impurities to form the source/drain 8. Nickel sputtering and 
heat treatment are then carried out to produce a siliciding 
reaction on the upper surface of the source/drain 8 to form 
nickel silicide 9 (see FIG. 17A). Excess nickel is removed by 
e.g., wet etching. 
0163 A silicon nitride layer 12 is then formed as a tight 
adhering layer. This silicon nitride layer has a film thickness 
thinner than the height of the gate electrode 4, and is Subjected 
to the low compression stress. A silicon nitride layer 10, 
Subjected to a high compression stress, is formed, and Subse 
quently a silicon oxide film 23 is formed (FIG. 17B). Mean 
while, a silicon oxide film may be used as a tight adhering 
layer in place of the silicon nitride film 12. In this case, a film 
thickness exceeding 5 nm of the silicon oxide film is more 
effective. Preferably, the film thickness is 10 nm or more for 
increasing the on-current. 
0164. A photoresist film 26 is then applied by coating and, 
using the photolithographic technique, the portion of the pho 
toresist film 26 overlying the nMISFET region is removed 
(see FIG. 17C). Then, using the photoresist film 26 as a mask, 
the silicon oxide film 23, the silicon nitride film 12, subjected 
to high compression stress, and the silicon nitride film 10, 
Subjected to low compression stress, are removed by aniso 
tropic dry etching. The photoresist film 26 is also removed 
(FIG. 18A). A silicon nitride film 22, subjected to the tensile 
stress, is then formed (FIG. 18B). Meanwhile, since the sili 
con nitride film 22, subjected to the tensile stress, exhibits a 
good adhering property with respect to nickel silicide9, direct 
film forming is also possible. 
0.165. A photoresist film 27 is then applied by coating and, 
using the photolithographic technique, the portion of the pho 
toresist film 27 in register with the pMISFET region is 
removed (see FIG. 18C). Then, using the photoresist film 27 
as a mask, the silicon nitride film 22, Subjected to tensile 
stress, is removed by anisotropic dry etching (see FIG. 19A). 
If an etching condition used is selective for the silicon oxide 
film 23, the silicon nitride film 10 in the pMISFET region, 
Subjected to the high compression stress, is not etched, 
because it is protected by the silicon oxide film 23. The 
photoresist film 27 is then removed. 
0166 Finally, the silicon oxide film 23, overlying the 
nMISFET, is removed. This gives a structure in which the 
nMISFET is covered by the silicon nitride film 22, subjected 
to the tensile stress, and in which the pMISFET is covered 
with the silicon nitride film 10 subjected to the high compres 
sion stress. Contact plugs, interconnect layers and so forth are 
then formed. 
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0167. With the seventh exemplary embodiment, in which 
the silicon nitride film 12, acting as a tight adhering layer, is 
formed below the silicon nitride film 10 subjected to high 
compression stress, the tight adhering property is improved, 
while the silicon nitride film 10 is not susceptible to peel-off. 
This enables LSI manufacture to be completed satisfactorily. 
Moreover, the stress may be applied sufficiently to the chan 
nel, thus realizing the high pMISFET performance. 

EXAMPLES 

0168 The meritorious effect of the first to eighth exem 
plary embodiments is now described based on test results 
obtained by the present inventors. FIGS. 20A to 20D depict 
partial cross-sectional views showing the structure of samples 
pertaining to Examples of the present invention and Com 
parative Examples. FIG. 21 shows, in a tabular form, the 
results of a checkerboard pattern tape test on a highly com 
pressively stressed silicon nitride film on metal silicide. 
0169. By the checkerboard pattern tape test is meant such 
a test in which scars of a 10x10 checkerboard pattern, each of 
1 mm in width, are formed on each of a plurality of test films 
by e.g., a diamond cutter, an adhesive tape is applied suffi 
ciently strongly on each test film. Each test film is then peeled 
off. The number of the test films thus peeled off is then 
checked. The smaller the number of the films peeled off, the 
higher is the tight adhering property. 
0170 The results of the checkerboard pattern tape test 
have indicated that the lower the stress of the compressively 
stressed silicon nitride film, the more pronounced is the effect 
in improving the tight adhering property. The tight adhering 
property has been improved even in case a weakly compres 
sively stressed silicon nitride film of 5 nm in thickness is 
sandwiched between nickel silicide and the strongly com 
pressively stressed silicon nitride film. The tight adhering 
property has also been improved in case a silicon nitride film 
not less than 5 nm is sandwiched as described above. The film 
of this sort is termed a tight adhering film. It should be noted 
that no effect of improving the tight adhering property may be 
observed with a silicon oxide film 2.5 nm in thickness. This is 
possibly due to the fact that the silicon oxide film failed to 
sufficiently cover the surface of nickel silicide. 
0171 The effect of the tight adhering film has on electrical 
characteristics of the MISFET has thenbeen checked. FIG.22 
depicts a bar graph showing the difference in the on-currents 
of the pMISFETs of respective structures of the samples of 
the Examples of the present invention and the Comparative 
Examples. 
0172. As regards structure dependency, the on-current is 
slightly increased with a structure B including a tight adher 
ing layer and a structure D as compared to a conventional 
structure A. The structure B includes a silicon nitride film of 
5 nm of a low compression stress, while the structure D 
includes a silicon oxide film of 10 nm. This is in keeping with 
the result of the checkerboard pattern tape test insofar as 
insusceptibility to peel-off is concerned, and indication is that 
the higher the tight bonding property, the higher is the value of 
the on-current. Meanwhile, in case a structure C with the 
silicon nitride film of 5 nm of tensile stress is used as a tight 
adhering layer, the on-current is of Substantially the same 
order of magnitude as that obtained with the conventional 
structure. This is presumably due to the fact that the current 
increase due to the improved tight adhering property is coun 
terbalanced by current decrease caused by the stress of the 
opposite polarity. 
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0173 Thus, if the silicon nitride film is used as a tight 
adhering layer, it is preferred to use a silicon nitride film 
subjected to a low compression stress. With the structure D 
and the silicon nitride film of 2.5 nm, no improvement may be 
observed both as to tight adhering property and as to on 
current. This may be said to be ascribable to insufficient tight 
adhering property, as evidenced by the result of the checker 
board pattern tape test. Thus, with the silicon oxide film, the 
film thickness not less than 5 nm is preferred. In light of 
increasing the on-current, the film thickness is preferably not 
less than 10 nm. 

0.174. The above results may be accounted for as follows: 
In the case of the conventional structure A, peel-off occurs on 
the interface between the metal silicide film and the silicon 
nitride film of high compression stress, on the upper Surface 
of the source? drain of the MISFET, such that the stress is not 
effectively transmitted to the channel. Conversely, if the tight 
adhering layer is introduced, no peel-off is produced, so that 
the compression stress of the silicon nitride film may effec 
tively be applied to the channel. It may thus be regarded that 
the on-current has been increased as compared to the case 
where no tight adhering layer is introduced. 
0.175. Next, inspection is now to be made on an upper limit 
of the film thickness of the tight adhering film. FIG. 23 shows 
the results of simulation of the magnitude of the channel 
stress by calculations in case a silicon nitride film Subjected to 
a stress of 2 GPa is deposited on the MISFET. 
(0176 When the film thickness of the stressed silicon 
nitride film exceeds the height of the gate electrode, the stress 
applied to the stress is saturated. This indicates that the por 
tion of the silicon nitride film over the top of the gate electrode 
does not contribute to the channel stress. Thus, in case the 
thickness of the tight adhering layer exceeds the height of the 
gate electrode, no stress may be applied to the channel even 
though the silicon nitride film is formed to any greater height. 
The thickness of the tight adhering layer thus needs to be less 
than the height of the gate electrode at the maximum. 
0177. As a matter of principle, the force of linkage can be 
reinforced if the lower limit of the thickness of the tight 
adhering layer is equal to one atomic layer. In effect, however, 
the lower limit is thought to be determined by the rate of film 
coverage which in turn depends upon the film forming 
method used. That is, if island-like growth occurs at an earlier 
period of deposition of the tight adhering layer, the metal 
silicide film cannot sufficiently be covered, with a result that 
the metal silicide is contacted by a silicon nitride film of a low 
tight adhering property Subjected to high compression stress. 
The present inventors have confirmed that, to improve the 
tight adhering property, the film thickness at least not less 
than 5 nm is effective bothin the case of the silicon nitride film 
of low compressive force and in the case of the silicon oxide 
film. However, to improve the on-current as well, the film 
thickness of the tight adhering layer not less than 10 nm is 
desirable in case the tight adhering layer is the silicon oxide 
film. The film thickness of 5 nm of the tight adhering layer is 
also effective to improve the on-current in the case of the 
silicon nitride film Subjected to low compression stress. 
0.178 The particular exemplary embodiments or examples 
may be modified or adjusted within the gamut of the entire 
disclosure of the present invention, inclusive of claims, based 
on the fundamental technical concept of the invention. Fur 
ther, variegated combinations or selection of elements dis 
closed herein may be made within the framework of the 
claims. That is, the present invention may encompass various 
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modifications or changes that may occur to those skilled in the 
art in accordance with the within the gamut of the entire 
disclosure of the present invention, inclusive of claim and the 
technical concept of the present invention. 

1. A semiconductor device including a MISFET, said semi 
conductor device comprising: 

a first film that covers at least a portion of an upper part of 
a source/drain of said MISFET, said first film being of a 
film thickness thinner than the height of a gate electrode: 
and 

a second film arranged on said first film; wherein 
said first film and said second film are films subjected to 

compressive stress; 
a compressive stress of said first film is lower than that of 

said second film; and 
gate sidewall spacers arranged on both sides of said gate 

electrode; said gate sidewall spacers being of a cross 
sectional shape of an uppercase letter L. 

2. The semiconductor device according to claim 1 wherein 
said second film is a silicon nitride film. 

3. The semiconductor device according to claim 2 wherein 
said second film contains hydrogen. 

4. The semiconductor device according to claim 1 wherein 
said first film is a silicon nitride film. 

5. The semiconductor device according to claim 4 wherein 
said first film contains hydrogen. 

6. The semiconductor device according to claim 1 wherein 
said first film is a silicon oxide film. 

7. The semiconductor device according to claim 1 wherein 
said first film has a thickness not less than 5 nm. 

8. The semiconductor device according to claim 7 wherein 
said first film has a thickness not less than 10 nm. 

9. The semiconductor device according to claim 1 wherein 
said MISFET is a p-channel MISFET. 

10. The semiconductor device according to claim 1 further 
comprising: 

a metal silicide film at an interface between said first film 
and said source/drain. 

11. The semiconductor device according to claim 1 
wherein said first and second films are removed at least in an 
area above said gate electrode. 

12. The semiconductor device according to claim 1 further 
comprising: 
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a gate sidewall spacers arranged on both sides of said gate 
electrode; said gate sidewall spacers being lower in 
height than said gate electrode. 

13. The semiconductor device according to claim 1 
wherein 

said source/drain is sunk to a level lower than the gate 
insulating film lying below said gate electrode. 

14. The semiconductor device according to claim 1 further 
comprising: 

a device isolation region formed around said source/drain; 
said device isolation region being sunk to a level lower 
than an upper Surface of said source/drain; and 

a diffusion layer sidewall spacers formed on a lateral side 
of said source/drain. 

15. A semiconductor device including a MISFET, said 
semiconductor device comprising: 

a first film that covers at least a portion of an upper part of 
a source/drain of said MISFET, said first film being of a 
film thickness thinner than a height of a gate electrode: 
and 

a second film arranged on said first film; wherein 
said first film is free of stress; 
said second film is a film Subjected to compressive stress; 

and 
gate sidewall spacers arranged on both sides of said gate 

electrode; said gate sidewall spacers being of a cross 
sectional shape of an uppercase letter L. 

16. A semiconductor device including a MISFET, said 
semiconductor device comprising: 

a first film that covers at least a portion of an upper part of 
a source/drain of said MISFET said first film being of a 
film thickness thinner than a height of a gate electrode: 
and 

a second film arranged on said first film; wherein 
said first film and said second film are silicon nitride films; 
said first film has a nitrogen concentration higher than that 

of said second film; and 
gate sidewall spacers arranged on both sides of said gate 

electrode; said gate sidewall spacers being of a cross 
sectional shape of an uppercase letter L. 

17. The semiconductor device according to claim 16 
wherein said first film contains hydrogen. 

18. The semiconductor device according to claim 16 
wherein said second film contains hydrogen. 
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