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(57) ABSTRACT 

A shalloW impurity diffusion layer adjacent to a gate elec 
trode is formed by forming a side-Wall insulating ?lm of the 
gate electrode twice, and a MOS transistor of the salicide 
type having improved short-channel effect is embodied. An 
impurity diffusion layer portion not adjacent to a gate 
electrode of a source/drain region is formed ?rst by self 
alignment With a ?rst side-Wall insulating ?lm. After an 
impurity diffusion layer adjacent to the gate electrode is 
formed by self-alignment With the gate electrode, a second 
side-Wall insulating ?lm is formed. Silicide ?lms are formed 
on the gate electrode and source/drain region by self 
alignment With the second side-Wall insulating ?lm. 
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METHOD OF MANUFACTURING A 
SEMICONDUCTOR AND SEMICONDUCTOR 

DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based upon and claims the 
bene?t of priority from the prior Japanese Patent Applica 
tions No. 11-069897, ?led Mar. 16, 1999; and No. 
11-076355, Mar. 19, 1999, the entire contents of Which are 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to a method of manu 
facturing a MOS-type transistor or a MIS-type transistor and 
to a MOS-type transistor or a MIS-type transistor. More 
speci?cally, it relates to the method of forming a diffusion 
layer in the salicide process and to a MOS-type transistor or 
a MIS-type transistor Which Will be obtained by this method. 

[0003] As a result of an increasing demand in recent years 
for speeding-up as Well as for the realiZation of high 
performance, the formation of loW-resistance refractory 
metal silicide ?lm, such as TiSi2 and CoSi2, on the gate 
electrode and on the source-drain diffusion layer by self 
alignment With the gate electrode is noW being practiced. 
This is called the salicide structure. On the other hand there 
is a strong demand for miniaturiZation Which makes it 
indispensable to form a diffusion area thinly on the semi 
conductor substrate. 

[0004] Conventionally the salicide structure has been 
manufactured as folloWs. First form a polycrystal silicon 
layer on a silicon substrate 1 through a gate insulating ?lm 
2, and form a gate electrode 3 by patterning it (FIG. 1A). 
Then form a shalloW impurity diffusion layer 4 by the 
ion-implantation of impurity by using the gate electrode 3 as 
a mask (FIG. 1B). 

[0005] Next, form a silicon nitride ?lm on the entire 
surface of a substrate, and form a side-Wall insulating ?lm 
5 on the side Walls of a gate electrode 3 by implementing 
anisotropic etching, such as reactive ion etching (RIE). Then 
form a deep impurity diffusion layer 6 by the ion-implan 
tation of impurity by using the side-Wall insulating ?lm 5 as 
a mask, and at the same time introduce impurity into the gate 
electrode 3 (FIG. 1D) 

[0006] After this, heat the entire structure to activate the 
impurity in the gate electrodes 4 and 6 and also the impurity 
in the impurity diffusion layers 4 and 6 at the same time. This 
process forms a shalloW diffusion layer 7, adjacent to the 
gate electrode, having the so-called extension structure With 
a high-impurity concentration (FIG. 1E). 

[0007] As the condition for activating the impurity, hoW 
ever, it is necessary to activate the impurity in the polycrys 
tal silicon, Which is the gate electrode, as Well as the 
impurity in the deep impurity diffusion layer 6, all at the 
same time. Therefore, high temperature is required for this 
process, thus diffusing the shalloW impurity diffusion layer 
4 to a comparatively deep depth and making it dif?cult to 
maintain the shalloW impurity diffusion layer at the shalloW 
depth. 
[0008] Next, form a silicide ?lm 8 on the upper side of the 
gate electrode 3 and on the exposed surface of the impurity 
diffusion layer 7 (FIG. 1F). 
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[0009] As described above, the conventional technology 
has formed the shalloW impurity diffusion layer 4 before the 
deep impurity diffusion layer 6 is formed, thus diffusing the 
impurity of the shalloW impurity diffusion layer 4 to a deep 
depth and making it dif?cult to form the aimed shalloW 
impurity diffusion layer. 

[0010] In order to solve this problem, it is proposed to use 
the method of forming a deep impurity diffusion layer ?rst 
after forming a gate side-Wall insulating layer and then 
forming a shalloW impurity diffusion layer after removing 
the side-Wall insulating ?lm (Ref. Kenichi Goto et al. “A 
High Performance 50 nm PMOSFET using Decaborane 
(B1OH14) Ion Implantation and 2-step Activation Annealing 
Process” IEDM-97, pp. 471-474). HoWever, this technology 
does not provide the gate side-Wall insulating ?lm, and 
therefore forms a silicide ?lm on the side Wall of the gate 
electrode When trying to provide a loW resistance silicide 
?lm on the upper side of the gate and on the upper side of 
the impurity diffusion layer, resulting in a short circuit 
formed betWeen the gate electrode and the impurity diffu 
sion layer. Accordingly this structure cannot be applied to 
the silicide process. 

[0011] Further, in this method, the side-Wall insulating 
layer is removed by isotropic etching Without covering the 
gate insulating ?lm, so that an exposed portion of the gate 
insulating ?lm is slightly etched. This makes the life of the 
gate insulating ?lm shorter, or, at Worst, a failure occurs in 
the gate insulating ?lm. 

BRIEF SUMMARY OF THE INVENTION 

[0012] The objects of this invention are to form a shalloW 
impurity diffusion layer adjacent to a gate electrode, to 
provide the method of manufacturing a MOS transistor or a 
MIS transistor of the silicide type improved in the short 
channel effect, and to provide the composition of a semi 
conductor device Which is made possible by this method. 

[0013] In order to achieve the foregoing objects, a manu 
facturing method of a semiconductor device, Which is a ?rst 
aspect of the present invention, comprising the steps of: 

[0014] forming a gate electrode on a semiconductor 
substrate through a gate insulating ?lm; 

[0015] forming a protective insulating ?lm on a side 
Wall of the gate electrode; 

[0016] forming a ?rst side-Wall insulating ?lm on the 
protective insulating ?lm formed on the side-Wall of 
the gate electrode; 

[0017] forming a ?rst impurity diffusion layer on a 
surface of the semiconductor substrate by using the 
gate electrode and the ?rst side-Wall insulating ?lm 
as a mask; 

[0018] removing the ?rst side-Wall insulating ?lm 
after the step of forming the ?rst impurity diffusion 
layer; 

[0019] forming a second impurity diffusion layer on 
the surface of the semiconductor substrate by using 
the gate electrode and the protective insulating ?lm 
as a mask after the step of removing the ?rst side 
Wall insulating ?lm; 
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[0020] forming a second side-Wall insulating ?lm on 
the protective insulating ?lm formed on the side-Wall 
of the gate electrode after the step of forming the 
second impurity diffusion layer; and 

[0021] forming a conductive ?lm on an upper surface 
of the gate electrode and on a surface of the second 
impurity diffusion layer by using the second side 
Wall insulating ?lm as a mask. 

[0022] It is desirable that the step of forming the conduc 
tive ?lm includes the step of forming a conductive ?lm 
having a resistance loWer than that of the second impurity 
diffusion layer. 

[0023] It is desirable that a thickness of the ?rst side-Wall 
insulating ?lm differs from that of the second side-Wall 
insulating ?lm. 

[0024] It is desirable that a thickness of the ?rst side-Wall 
insulating ?lm is smaller than that of the second side-Wall 
insulating ?lm. 

[0025] Material of the ?rst side-Wall insulating ?lm can be 
differentiated from that of the second side-Wall insulating 
?lm. 

[0026] It is desirable that the material of the ?rst side-Wall 
insulating ?lm is SiO2 and that the second side-Wall insu 
lating ?lm is composed of SiN. 

[0027] It is desirable that the step of forming the ?rst 
impurity diffusion layer and the step of forming the second 
impurity diffusion layer include the step of introducing and 
activating an impurity and a temperature of a heat treatment 
for activating the impurity of the ?rst impurity diffusion 
layer is higher than that of the second impurity diffusion 
layer. 
[0028] It is desirable that a diffusion distance of an impu 
rity of the ?rst impurity diffusion layer is longer than that of 
the second impurity diffusion layer. 

[0029] It is desirable that the step of forming the ?rst or 
second side-Wall insulating ?lm includes the step of forming 
a silicon oXide ?lm and a silicon nitride ?lm laminated 
thereon, and that the step of forming a conductive ?lm on an 
upper surface of the gate electrode and on a surface of the 
?rst or second impurity diffusion layer includes the step of 
performing selective groWth of silicon under a supply lim 
ited condition, and the step of performing selective groWth 
of silicon under a reaction limited condition, after the step of 
performing selective groWth of silicon under a supply lim 
ited condition. 

[0030] It is also desirable to provide the step of etching 
back the silicon oXide ?lm underneath the silicon nitride 
?lm, before the step of forming a conductive ?lm on an 
upper surface of the gate electrode and on a surface of the 
?rst or second impurity diffusion layer. 

[0031] It is desirable that the step of performing selective 
groWth of silicon under a supply limited condition includes 
the step of performing the selective groWth up to an eXtent 
Where silicon-groWing ?lm becomes thicker than a ?lm 
thickness of the silicon oXide ?lm underneath the nitride 
?lm. 

[0032] It is desirable to further comprise the step of 
removing by etching silicon particles formed on the semi 
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conductor substrate including the side-Wall insulating ?lm, 
after the step of performing selective groWth of silicon under 
a supply limited condition. 

[0033] It is desirable that the gate electrode is formed of 
polycrystal silicon and the step of forming a ?rst impurity 
diffusion layer includes the step of performing simulta 
neously introduction of impurity into the gate electrode and 
activation of the impurity. 

[0034] It is desirable that the semiconductor substrate is 
composed of silicon and the conductive ?lm is mainly 
formed of a refractory metal and silicon. 

[0035] The semiconductor device, Which is a second 
aspect of the present invention, comprising: 

[0036] 
[0037] a gate electrode formed through a gate insu 

lating ?lm on the semiconductor substrate; 

[0038] a side-Wall insulating ?lm formed on a side of 
the gate electrode; 

[0039] a ?rst impurity diffusion layer formed With a 
?rst depth on a surface of the semiconductor sub 
strate underneath the side-Wall insulating ?lm on the 
side of the gate electrode; 

[0040] a second impurity diffusion layer formed With 
a second depth on the surface of the semiconductor 
substrate adjacent to and connected to the ?rst impu 
rity diffusion layer, the second depth being deeper 
than the ?rst depth; and 

[0041] a ?rst conductive layer formed on a surface of 
the second impurity diffusion layer With an end 
closest to the gate electrode in contact With the 
outermost portion of a surface of the side-Wall insu 
lating ?lm and formed to have a resistance loWer 
than that of the second diffusion impurity layer; and 

[0042] Wherein the shortest distance betWeen the end 
of the conductive layer and an end of the second 
impurity diffusion layer on the side of the gate 
electrode is greater than a distance betWeen a bottom 
of the conductive layer and a bottom of the second 
impurity diffusion layer. 

a semiconductor substrate; 

[0043] The gate electrode is desirably composed of poly 
crystal silicon, and has a second conductive ?lm formed on 
an upper surface thereof, the second conductive ?lm having 
a resistance loWer than that of the gate electrode. 

[0044] It is desirable that the side-Wall insulating ?lm is 
composed of SiN. 

[0045] It is desirable that the ?rst conductive ?lm include 
a refractory metal and Si and that the refractory metal is Ti. 

[0046] In the present invention, the side-Wall insulating 
?lm of the gate electrode is formed tWice. For this reason, it 
becomes possible to change the material of the side Wall and 
the Width (thickness) of a side-Wall insulating ?lm at the ?rst 
time and at the second time. This makes it possible to use at 
the ?rst time a side-Wall insulating ?lm suitable for enhanc 
ing the performance of a transistor and to use at the second 
time a side-Wall insulating ?lm of the Width and material 
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suitable for making the salicide structure for forming a 
silicide ?lm on to the gate electrode and the source/drain 
region. 
[0047] Also by forming the side-Wall of a gate electrode 
tWice, it becomes possible to embody the salicide structure 
for forming a silicide ?lm on to the gate electrode and the 
source-drain region after forming ?rst the portion of the 
impurity diffusion layer not adjacent to the gate electrode in 
the source-drain region and later the impurity diffusion layer 
adjacent to the gate electrode. 

[0048] Furthermore, this makes it possible to carry out 
?rst the heat treatment required for activating the impurity 
diffusion layer not adjacent to the gate electrode of a 
transistor as Well as impurity in the gate electrode, and thus 
to form a shalloW impurity diffusion layer adjacent to the 
gate electrode. This brings about improvement of the short 
channel effect Which prevents the miniaturization of a tran 
sistor, and is effective for the embodiment of further min 
iaturiZed transistor. 

[0049] Also, When forming silicon as a conductive ?lm on 
a secondary impurity diffusion layer, facets are not formed 
near the gate electrode because the initial groWth is done 
under the supply limited condition Which is changed to the 
reaction limited condition after it has reached the side-Wall 
nitride ?lm in the direction of thickness. 

[0050] Further, because the initial silicon groWth is done 
under the supply limited condition, a ?at ?lm not dependent 
on the crystallinity of underlying silicon is obtained. There 
is also an advantage that cavity is not formed underneath the 
nitride silicon side-Wall. 

[0051] The above-mentioned manufacturing method also 
makes it possible for the initial groWth to proceed under the 
supply limited condition up to the extent Where it does not 
reach the side-Wall nitride ?lm by placing a proper amount 
of side-etching in the oxide ?lm underneath the side-Wall 
nitride ?lm prior to the selective epitaxial groWth. This 
makes it possible to reduce the amount of side-etching to be 
placed underneath the nitride silicon side Wall and thus to 
Widen the margin for dilute hydro?uoric acid treatment 
Which is the pretreatment of the epitaxial groWth. Also the 
adoption of the elevated source-drain structure process 
makes it possible to easily form a silicon ?lm Which is not 
dependent on the underlying silicon Without forming facets 
near the gate electrode, by combining the supply limited 
condition and the reaction limited condition in the selective 
groWth process of silicon Which has been carried out con 
ventionally only either under the supply limited condition or 
under the reaction limited condition. 

[0052] Additional objects and advantages of the invention 
Will be set forth in the description Which folloWs, and in part 
Will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the 
invention may be realiZed and obtained by means of the 
instrumentalities and combinations particularly pointed out 
hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0053] The accompanying draWings, Which are incorpo 
rated in and constitute a part of the speci?cation, illustrate 
presently preferred embodiments of the invention, and 
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together With the general description given above and the 
detailed description of the preferred embodiments given 
beloW, serve to explain the principles of the invention. 

[0054] FIGS. 1A to 1F are sectional vieWs illustrating in 
steps the method of manufacturing a MOS device of the 
conventional salicide structure. 

[0055] FIGS. 2A to 2T are sectional vieWs illustrating in 
steps the method of manufacturing a MOS device according 
to the ?rst and second embodiments of the present invention. 

[0056] FIG. 3 is a sectional vieW illustrating the dimen 
sion of major parts of a MOS device according to a ?rst 
embodiment of the present invention. 

[0057] FIG. 4 is a sectional vieW illustrating the dimen 
sion of the major parts of a MOS device according to a 
second embodiment of the present invention. 

[0058] FIGS. 5A to 5H are sectional vieWs illustrating in 
steps the method of manufacturing a MOS device formed by 
a ?rst method of the conventional technology. 

[0059] FIG. 6 is a sectional vieW of a MOS device formed 
by a second method of the conventional technology. 

[0060] FIG. 7 is a sectional vieW of a MOS device formed 
by a third method of the conventional technology. 

[0061] FIG. 8 is another sectional vieW of a MOS device 
formed by a third method of the conventional technology. 

[0062] FIG. 9 is still another sectional vieW of a MOS 
device formed by a third method of the conventional tech 
nology. 
[0063] FIGS. 10A to 10G are sectional vieWs illustrating 
in steps the method of manufacturing a MOS device accord 
ing to a third embodiment of the present invention. 

[0064] FIGS. 11A to 11C are sectional vieWs illustrating 
in steps the method of manufacturing a MOS device accord 
ing to a fourth embodiment of the present invention. 

[0065] FIGS. 12A to 12C are sectional vieWs illustrating 
in steps the method of manufacturing a MOS device accord 
ing to a ?fth embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0066] Embodiments of the present invention Will noW be 
described With reference to the accompanying draWings. 

First Embodiment 

[0067] FIGS. 2A to 2T are partial sectional vieWs illus 
trating in steps the method of manufacturing a semiconduc 
tor device according to a ?rst embodiment of the present 
invention. The manufacturing method Will be described 
according to these draWings. 

[0068] First, form the SiO2 ?lm 11 having the thickness of 
50 nm on the p-type silicon single-crystal substrate 10 by the 
hydrogen burning oxidation method at 950° C., and further 
deposit the SiN ?lm 12 by 300 nm by the chemical vapor 
deposition method on it (FIG. 2A). 

[0069] Next, remove partly the SiN ?lm, SiO2 ?lm, and 
the silicon substrate by the lithography technology and the 
anisotropic reactive ion-etching method (hereinafter to be 
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referred to as the RIE method) (FIG. 2B). After that, deposit 
the SiO2 ?lm 14 Which Will be used for element isolation 
(FIG. 2C). 
[0070] Next, sharpen the surface uniformly by the chemi 
cal mechanical polishing technology (hereinafter to be 
referred to as the CMP technology) and expose the surface 
of the SiN ?lm 12 (FIG. 2D). At this time, give selectivity 
for CPM betWeen the SiO2 ?lm 14 and the SiN ?lm 12. 

[0071] Next, remove the remaining SiN ?lm 12 by the 
chemical vapor etching technology (FIG. 2E). Further, 
remove the SiO2 ?lm 11 With the NH4 F (ammonium 
?uoride) solution. 

[0072] Next, form a Well region 15 of the conductivity 
type (n type in this case), Which is contrary of the silicon 
substrate 10, and a Well region 16 of the same conductivity 
type (p type), by using the lithography technology and the 
ion-implantation technology. (FIG. 2F) 
[0073] Next, form a 6 nm thick SiO2 ?lm 17 on the silicon 
substrate 10 by the dry oxygen oxidation method, and 
deposit by the chemical vapor deposition method a 200 nm 
thick polycrystal silicon ?lm 18, Which Will be used for the 
gate electrode (FIG. 2G). 

[0074] Next, form a gate electrode 19 by removing the 
polycrystal silicon ?lm in parts other than the gate electrode 
portions by the lithography technology and the RIE tech 
nology (FIG. 2H). 
[0075] Next, deposit the SiO2 ?lm 20 by 20 nm and SiN 
by 100 nm as a ?rst insulation ?lm 21 (FIG. 2I). Next, leave 
the ?rst insulation ?lm 21 only on the side Wall of the gate 
electrode by using the RIE technology to form a side-Wall 
insulating ?lm 22. After that, form the impurity diffusion 
layer 24 (source/drain region) by covering unnecessary parts 
With the resist 23 and inducing boron into the silicon 
substrate With the acceleration voltage of 10 keV and the 
dose of 4><1015 cm_2. At this time, boron is introduced also 
into the gate electrode 19 (FIG. 2]). 

[0076] Next, cover unnecessary parts With resist 23 by the 
lithography technology, and introduce arsenic into the 
silicon substrate 10 by the ion-implantation technology With 
the acceleration voltage of 60 keV and the dose of 5><1015 
cm_2. By this process the impurity diffusion layer 25 
(source/drain region) is formed, and arsenic is also introduce 
into the gate electrode 19 Which has been exposed at that 
time (FIG. 2K). FolloWing this process, remove resist 23 
and give a heat treatment at 1015° C. for 15 seconds to 
activate the impurity introduced (FIG. 2L). 

[0077] Next, remove the gate side-Wall insulation ?lm 22 
by the chemical vapor etching technology (FIG. 2M). Next, 
cover unnecessary parts With resist 23 by the lithography 
technology, and form a shalloW impurity diffusion layer 26 
by introducing boron (B) into the silicon substrate 10 by the 
ion-implantation technology With the acceleration voltage of 
5 keV and the dose of 1><1014 cm-2 (FIG. 2N). 

[0078] Next, cover unnecessary parts With resist 23 by the 
lithography technology, and form a shalloW impurity diffu 
sion layer 27 by introducing arsenic into the silicon 
substrate 10 by the ion-implantation technology With the 
acceleration voltage of 15 kev and the dose of 1><1014 cm-2 
(FIG. 20). FolloWing this process, after removing the resist 
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23, give a heat treatment at 900° C. for 30 seconds to 
activate the introduced impurity (FIG. 2P). 

[0079] Next, deposit an SiN ?lm by 100 nm as a secondary 
insulating ?lm 28 over the entire surface of the substrate 
(FIG. 2Q). After that, leave the secondary insulating ?lm 28 
only on the side Wall of the gate electrode 19 by the RIE 
technology to form a secondary gate side-Wall insulating 
?lm 29 (FIG. 2R). 

[0080] Next, after removing the silicon oxide ?lms 20 and 
17 exposed on the surface of the substrate, form a Ti ?lm 30 
With the ?lm thickness of 30 nm and a TiN ?lm 31 With the 
?lm thickness of 15 nm by sputtering technology. (FIG. 2S) 
FolloWing this process, give a heat treatment at 675° C. for 
30 seconds to cause Si to react With Ti of the Ti ?lm on the 
surface of the source/drain layer and on the upper side of the 
gate electrode. After this process, remove unnecessary 
(unreacted) Ti ?lm 30 and TiN ?lm 31 With a mixed solution 
of sulfuric acid and peroxide. Further, in order to loWer 
resistance of TiSiX ?lm, give a heat treatment at 850° C. for 
30 seconds. This process forms a TiS'ni ?lm 32 selectively on 
the upper side of the gate electrode and on the surface of 
source/drain region. (FIG. 2T). 

[0081] FolloWing this process, by using the common tech 
nology, form a layer insulation ?lm, ?atten it, and further 
form interconnections of the metal interconnection ?lm 
(such as Al—Si—Cu alloy) by opening a contact hole. 

[0082] As described above, it is possible to form a tran 
sistor of the salicide structure, Which has a shalloW diffusion 
layer With a high impurity concentration, adjacent to the gate 
electrode. 

Second Embodiment 

[0083] In the ?rst embodiment, the explanation Was given 
about the case Where a primary side-Wall insulating-?lm and 
a secondary side-Wall insulating ?lm have the same material 
and thickness. HoWever, it is possible to differ the material 
and thickness of the primary and secondary side-Wall insu 
lating ?lms, and thus it is also possible to make the structure 
of a transistor Which can suppress cementing leaks than 
before. The second embodiment is such an example. 

[0084] The basic process of the second embodiment is the 
same as that of the ?rst embodiment, and therefore reference 
Will be made to FIGS. 2A to 2T Which Were used to describe 
the ?rst embodiment. If the process is exactly the same as 
that of the ?rst embodiment, duplication of the description 
Will be omitted. 

[0085] The processes of FIGS. 2A to 2H are implemented 
as done in the ?rst embodiment. FolloWing these processes, 
deposit a SiO2 ?lm 20 by 20 nm and polycrystal silicon by 
100 nm as a primary insulating ?lm 21 (FIG. 21). FolloWing 
this process, form a primary side-Wall insulating ?lm 22 by 
leaving the primary insulating ?lm 21 only on the side Wall 
of the gate electrode. The succeeding process of FIGS. 2J 
to 2P are implemented exactly in the same manner as in the 
?rst embodiment. Next, deposit a SiN ?lm by 150 nm as a 
secondary insulating ?lm 28 over the entire surface of the 
substrate (FIG. 2Q). FolloWing this process, form a sec 
ondary gate side-Wall insulating ?lm 29 by leaving the 
secondary insulating ?lm 28 only on the side Wall of the gate 
electrode 19 by the RIE technology (FIG. 2R). The pro 
















