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(57) ABSTRACT 
ProceSS for producing a Semiconductor device includes 
forming an insulation layer on a Semiconductor Substrate 
Surface and depositing a Silicon layer on the insulation layer, 
a reaction barrier layer Such as a metal nitride layer on the 
first metallic layer and a Second metallic layer on the barrier 
layer, processing a Stacked Structure of the Silicon layer, first 
metallic layer, barrier layer and Second metallic layer to 
form a gate electrode, using the gate electrode as a mask and 
doping an impurity into the Surface of the Semiconductor 
Substrate to form active regions of the device, heat reacting 
the first metallic layer with the silicon layer to form a metal 
Silicide layer between the reaction barrier layer and the 
Silicon layer. The heat reaction process effected may be 
performed prior to or after the formation of the gate elec 
trode. The metal silicide film may be a deposited film. 
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FIG. 2A FIG. 2B 
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SEMCONDUCTOR DEVICE AND PROCESS FOR 
PRODUCING THE SAME 

0001. This application is a continuation of U.S. applica 
tion Ser. No. 10/812,995, filed Mar. 31, 2004; which, in turn, 
is a divisional of U.S. application Ser. No. 09/829,969, filed 
Apr. 11, 2001 (now U.S. Pat. No. 6,750.503); and the entire 
disclosures of which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002 The present invention relates to a semiconductor 
device and a process for producing the same and, more 
particularly, to a Semiconductor device with an MIS type 
transistor and a proceSS for producing the same. 
0003) To attain higher performance and higher integra 
tion of devices, Semiconductor devices have been progres 
Sively Scaled down over the years, necessitating incorpora 
tion of low-resistance materials into the electrode materials. 
It is thus desirable to incorporate a metal also into the MOS 
transistor gate electrode. 
0004. In the case of high-speed CMOS devices, on the 
other hand, low threshold Voltage and low gate resistance 
alone are not enough to attain both higher performance and 
higher integration. It is also required to reduce the gate/ 
contact pitch. Conventional technologies of Satisfying these 
requirements include a SALICIDE technology of self 
aligned Silicidation of gate polycrystalline Silicon and 
Source/drain regions, a technology using POLICIDE Struc 
ture, i.e. using a gate of polycrystalline Silicon/silicide 
Stacked Structure, a technology using a gate electrode of 
polycrystalline Silicon/high melting point metal-stacked 
Structure, etc. 

0005. However, the SALICIDE technology is difficult to 
use together with a Self-aligned contact technology and thus 
is difficult to reduce the layout pitch. The POLICIDE 
Structure is So high in the Sheet resistance that it is difficult 
to obtain a Sufficiently low gate resistance. This is a problem 
of the POLICIDE structure. Thus, the desirable gate elec 
trode Structure capable of Satisfying the aforementioned 
requirements is a metal/polycrystalline Silicon-Stacked 
Structure. 

0006. However, such a stacked structure has a low ther 
mal Stability and even if tungsten, i.e. high melting point 
metal, is used as the metal, reaction takes place between the 
metal and silicon during the heat treatment at about 650 C., 
resulting in an increase in resistance, degradation of layer 
Surface State, dielectric breakdown, etc., which are examples 
of other problems arising. To Solve these problems, a struc 
ture of inserting a metal nitride layer as a reaction barrier 
between the metal and the polycrystalline Silicon (metal/ 
reaction barrier/polycrystalline Silicon-Stacked structure) 
has been proposed (e.g. 98 IEDM Technical Digest. pp. 
397-400). 
0007 Use of the tungsten nitride layer as a reaction 
barrier as mentioned above, still suffers from the following 
problems: 

0008 (1) Contact resistance between tungsten 
nitride and polycrystalline Silicon is very high, e.g. 
up to 2x' Q-cm. 

0009 (2) Device circuit performance is not 
improved due to the high contact resistance, etc. 
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BRIEF SUMMARY OF THE INVENTION 

0010. An object of the present invention is to provide a 
Semiconductor device with reduced contact resistance 
between the reaction barrier layer and the polycrystalline 
Silicon in the metal/reaction barrier/polycrystalline Silicon 
Stacked Structure, and a process for producing the Same. 
0011. The present invention provides a semiconductor 
device with an MOS transistor, wherein the gate electrode of 
the MOS transistor is in a Stacked Structure comprising a 
Silicon layer, a metal Silicide layer, a reaction barrier layer 
Such as a metal nitride layer and a metallic layer formed in 
this order from the bottom upwards. 
0012. The present invention also provides a process for 
producing a Semiconductor device, which comprises a Step 
of forming a first insulation layer on the Surface of a 
Semiconductor Substrate, a step of depositing a Silicon layer 
on the first insulation layer, a step of depositing a first 
metallic layer on the Silicon layer, a Step of depositing a 
reaction barrier layer Such as a metal nitride layer on the first 
metallic layer, a step of depositing a Second metallic layer on 
the metal nitride layer, a step of processing the Stacked 
Structure comprising the Silicon layer, the first metallic layer, 
the metal nitride layer and the Second metallic layer into a 
gate electrode form, a Step of ion implanting an impurity 
onto the Surface of the Semiconductor Substrate, using the 
gate electrode as a mask, and a step of reacting the first 
metallic layer with the Silicon layer by heat treatment, 
thereby forming a metal Silicide layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 FIGS. 1A to 1E are cross-sectional views showing 
process Steps of Example 1 according to the present inven 
tion. 

0014 FIGS. 2A to 2D are cross-sectional views showing 
process Steps of Example 2 according to the present inven 
tion. 

0.015 FIGS. 3A to 3D are cross-sectional views showing 
process Steps of Example 3 according to the present inven 
tion. 

0016 FIGS. 4A to 4C are cross-sectional views showing 
part of proceSS Steps of Example 4 according to the present 
invention. 

0017 FIGS. 5A to 5C are cross-sectional views showing 
part of proceSS Steps of Example 4 according to the present 
invention. 

0018 FIGS. 6A to 6C are cross-sectional views showing 
part of proceSS Steps of Example 5 according to the present 
invention. 

0019 FIGS. 7A to 7C are cross-sectional views showing 
part of proceSS Steps of Example 5 according to the present 
invention. 

0020. In the drawings, reference numerals have the fol 
lowing meanings: 

0021 101 and 301: semiconductor substrate, 102 and 
310: gate oxide layer, 103: polycrystalline silicon layer, 104 
and 309: metallic layer, 105 and 308: metal nitride layer, 106 
and 307: metallic layer, 107 and 306: silicon oxide layer, 108 
and 320: metal silicide layer, 109: metal silicide layer, 302: 
silicon oxide layer, 303 and 305: Silicon nitride layer, 304: 
Silicon oxide layer, 311: n-type polycrystalline Silicon layer, 
312: p-type polycrystalline silicon layer. 313: silicon oxide 
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layer, 315 and 317: punch-through stopper, 314 and 316: 
diffusion layer, and 318 and 319; deep diffusion layer. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0022. To reduce the contact resistance between reaction 
barrier film and polycrystalline Silicon, a metal/reaction 
barrier/metal Silicide/polycrystalline Silicon-Stacked Struc 
ture is applied to the present Semiconductor device as a gate 
electrode. 

0023 Specific modes of the present semiconductor 
device and the present process for producing the same are as 
follows: 

0024 (1) A semiconductor device with an MOS 
transistor, wherein the gate electrode of the MOS 
transistor is provided as a Stacked Structure compris 
ing a Silicon layer, a metal Silicide layer, a reaction 
barrier layer Such as a metal nitride layer and a 
metallic layer formed in this order from the bottom 
upwards. 

0025 (2) A semiconductor device according to item 
(1), wherein the Silicon layer is doped with an 
impurity of any desired conductivity type. 

0026 (3) A semiconductor device according to item 
(1), wherein the metal Silicide layer has a thickness 
of 5-20 nm. 

0027 (4) A semiconductor device according to item 
(1), wherein metal Silicide layer is a tungsten silicide 
layer, the metal nitride layer is a tungsten nitride 
layer, and the metallic layer is a tungsten layer. 

0028 (5) A semiconductor device with an MOS 
transistor whose gate electrode is provided as a 
Stacked Structure comprising a Silicon layer and a 
metallic layer, as the uppermost layer thereof, pro 
Vided above the Silicon layer, wherein a metal sili 
cide layer is provided on the Silicon layer Side and a 
reaction barrier layer Such as a metal nitride layer is 
provided under the metallic layer side between the 
Silicon layer and the metallic layer. 

0029 (6) A semiconductor device according to item 
(5), wherein the silicon layer is doped with an 
impurity of any desired conductivity type. 

0030 (7) A semiconductor device according to item 
(5), wherein the metal Silicide layer has a thickness 
of 5-20 nm. 

0031 (8) A semiconductor device according to item 
(5), wherein the metal silicide layer is a tungsten 
Silicide layer, the metal nitride layer is a tungsten 
nitride layer and the metallic layer is a tungsten layer. 

0032 (9) A process for producing a semiconductor 
device, which comprises a step of forming a first 
insulation layer on the Surface of a Semiconductor 
Substrate, a Step of depositing a Silicon layer on the 
first insulation layer, a Step of depositing a first 
metallic layer on the Silicon layer, a step of depos 
iting a reaction barrier layer Such as a metal nitride 
layer on the first metallic layer, a step of depositing 
a Second metallic layer on the metal nitride layer, a 
Step of processing a Stacked Structure of the Silicon 
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layer, the first metallic layer, the metal nitride layer 
and the Second metallic layer into a gate electrode 
form, a step of ion implanting an impurity onto the 
Surface of the Semiconductor Substrate, using the 
gate electrode as a mask, and a step of reacting the 
first metallic layer with the silicon layer by heat 
treatment, thereby forming a metal Silicide layer. 

0033 (10) A process according to item (9), wherein 
in the last Step the heat treatment is carried out at 
650° C. or higher, preferably up to 1100° C. 

0034 (11) A process according to item (9), wherein 
the metal Silicide layer is a tungsten Silicide layer, the 
metal nitride layer is a tungsten nitride layer and the 
first and Second metallic layers are tungsten layers. 

0035 (12) A process for producing a semiconductor 
device; which comprises a first Step of forming a first 
insulation layer on the Surface of a Semiconductor 
Substrate, a Second step of depositing a Silicon layer 
on the first insulation layer, a third Step of depositing 
a first metallic layer on the Silicon layer a fourth Step 
of depositing a reaction barrier layer Such as a metal 
nitride layer on the first metallic layer, a fifth step of 
depositing a Second metallic layer on the metal 
nitride layer, a Sixth Step of reacting the first metallic 
layer with the silicon layer by heat treatment, thereby 
forming a metal Silicide layer, a Seventh Step of 
processing the Stacked Structure comprising the sili 
con layer, the metal Silicide layer, the metal nitride 
layer and the Second metallic layer into a gate 
electrode form, and an eighth Step of ion implanting 
an impurity onto the Surface of the Semiconductor 
Substrate, using the gate electrode as a mask. 

0036 (13) A process according to item (12), wherein 
in the Sixth Step the heat treatment is carried out at 
650° C. or higher, preferably up to 1100° C. 

0037 (14) A process according to item (12), wherein 
the metal Silicide layer is a tungsten Silicide layer, the 
metal nitride layer is a tungsten nitride layer and the 
first and Second metallic layers are tungsten layers. 

0038 (15) A process for producing a semiconductor 
device, which comprises a step of forming a first 
insulation layer on the Surface of a Semiconductor 
Substrate, a Step of depositing a Silicon layer on the 
first insulation layer, a Step of depositing a metal 
Silicide layer on the Silicon layer, a Step of depositing 
a reaction barrier layer Such as a metal nitride layer 
on the metal Silicide layer, a step of depositing a 
metallic layer on the metal nitride layer, a step of 
processing the Stacked Structure comprising the sili 
con layer, the metal Silicide layer, the metal nitride 
layer and the metallic layer into a gate electrode 
form, and a step of ion implanting an impurity onto 
the Surface of the Semiconductor Substrate, using the 
gate electrode as a mask. 

0039 (16) A process according to item (15), wherein 
the metal Silicide layer is a tungsten Silicide layer, the 
metal nitride layer is a tungsten nitride layer and the 
metallic layer is a tungsten layer. 

0040 AS mentioned above, the semiconductor device of 
the present invention is characterized by having a metal/ 
reaction barrier/metal Silicide/polycrystalline Silicon Stacked 
gate electrode. 
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0041. The lowest layer is made of polycrystalline silicon 
which can be doped with an impurity, and Stacked thereon 
a metal Silicide layer made of; for example, tungsten Silicide, 
molybdenum Silicide, nickel Silicide, tantalum Silicide, 
hafnium Silicide, Zirconium Silicide, cobalt Silicide, etc., and 
Stacked thereon a reaction barrier layer made of, for 
example, tungsten nitride, titanium nitride, molybdenum 
nitride, tantalum nitride, tungsten carbide, titanium carbide, 
molybdenum carbide, tantalum carbide, etc. The uppermost 
layer is a metal layer made of, for example, tungsten, 
molybdenum, etc. 
0042. The present invention will be described in detail 
below, referring to Examples and Drawings. 

EXAMPLE 1. 

0.043 FIGS. 1A to 1E are cross-sectional views showing 
proceSS Steps for forming a gate electrode according to 
Example 1 of the present invention. 
0044) Gate insulation layer 102 is formed on the surface 
of Semiconductor Substrate 101 e.g., by thermal oxidation, 
and then polycrystalline silicon layer 103 is deposited 
thereon e.g. by CVD (FIG. 1A). 
0045 Polycrystalline silicon layer 103 is doped with an 
impurity of any desired conductivity type (e.g. phosphorus 
or boron) by ion implanting, followed by activation anneal 
ing at 950-1,000° C. Then, metallic layer 104 of e.g. 
tungsten is deposited thereon to a thickness of about 5 nm 
e.g. by Sputtering, where precleaning e.g. with hydrofluoric 
acid is carried out beforehand to remove natural oxide, etc. 
remaining on the Surface of polycrystalline Silicon layer 103. 
Then, metal nitride layer 105 of e.g. tungsten nitride as a 
reaction barrier and metallic layer 106 of e.g. tungsten are 
deposited thereon one after the other to a thickness of about 
5 to about 10 nm and to a thickness of about 50 nm, 
respectively, e.g. by sputtering (FIG. 1B). 
0046. It is desirable to deposit these metallic layers 104 
and 106 or metal nitride layer 105 continuously without 
exposure to the air. Then, silicon oxide layer 107 is depos 
ited on metallic layer 6 e.g. by plasma CVD (FIG. 1C). 
0047 The stacked structure of these deposited layers is 
processed into a gate electrode e.g. by lithography and 
anisotropic dry etching, using a resist (FIG. 1D). 
0.048. Then, metallic layer 104 is made to react with 
polycrystalline silicon layer 103 by heat treatment at 650 C. 
or higher in a process for forming a CMOS device, thereby 
forming metal Silicide layer 108 of e.g. tungsten Silicide to 
a thickness about twice as large as that of deposited metallic 
layer 104. 
0049. The gate electrode thus formed has a contact resis 
tance by about 1/10 to about /40 lower than that of the 
conventional gate electrode without insertion of a metal 
Silicide layer, because a desirable metal/semiconductor con 
tact can be formed between metal silicide layer 108 and 
polycrystalline silicon layer 103 in the present Example. 

EXAMPLE 2 

0050 FIG. 2A to 2D are cross-sectional views showing 
proceSS Steps for forming a gate electrode according to 
Example 2 of the present invention. 
0051) The process steps of FIGS. 2A and 2B are iden 

tical with those of FIGS. 1A and 1B of Example 1. After 
gate insulation layer 102, polycrystalline silicon layer 103, 
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metallic layer 104 of e.g. tungsten, metal nitride layer 105 of 
e.g. tungsten nitride, and metallic layer 106 of e.g. tungsten 
have been deposited on silicon substrate 101 as a stacked 
structure (FIG. 26), heat treatment of the stacked structure 
is carried out at 650 C. or higher in the present Example to 
react metallic layer 104 with polycrystalline silicon layer 
103, thereby forming metal silicide layer 108 of e.g. tung 
Sten Silicide only to a thickness about twice as large as that 
of deposited metallic layer 104 (FIG.2C) Then, the stacked 
Structure is processed into a gate electrode e.g. by lithogra 
phy and anisotropic dry etching using a resist (FIG. 2D) 
0052 The gate electrode thus formed has a contact resis 
tance by about 1/10 to about /40 lower than that of the 
conventional gate electrode without insertion of a metal 
Silicide layer, because a desirable metal/semiconductor con 
tact can be formed between metal silicide layer 108 and 
polycrystalline silicon layer 103 in the present Example. 

EXAMPLE 3 

0053 FIGS. 3A to 3D are cross-sectional views showing 
process Steps for forming a gate electrode according to 
Example 3 of the present invention. 
0054 Gate insulation layer 102 is formed on the surface 
of semiconductor substrate 101 e.g. by thermal oxidation, 
and then polycrystalline silicon layer 103 is deposited 
thereon e.g. by CVD (FIG. 3A). 
0055 Polycrystalline silicon layer 103 is doped with an 
impurity of any desired conductivity type (e.g. phosphorus 
or boron) by ion implanting, followed by activation anneal 
ing at 950-1,000° C. Then, metal silicide layer 109 of e.g. 
tungsten Silicide is deposited thereon to a thickness of 5-20 
nm e.g. by Sputtering or CVD, where precleaning e.g. with 
hydrofluoric acid is carried out beforehand to remove natural 
oxide, etc. remaining on the Surface of polycrystalline 
silicon layer 103. Then, metal nitride layer 105 of e.g. 
tungsten nitride as a reaction barrier and metallic layer 106 
of e.g. tungsten are deposited thereon one after the other to 
a thickness of about 5 to about 10 nm and to thickness of 
about 50 nm, respectively, e.g. by sputtering (FIG. 3B). 
0056. It is desirable to deposit these metal silicide layer 
109, metal nitride layer 105 and metallic layer 106 continu 
ously without exposure to the air. Then, Silicon oxide layer 
107 is deposited on metallic layer 106, e.g. by plasma CVD 
(FIG. 3C). 
0057 The stacked structure of these deposited layers is 
processed into a gate electrode, e.g. by lithography and 
anisotropic dry etching using a resist (FIG. 3D). 
0058. The gate electrode thus formed has a contact resis 
tance by about 1/10 to about /40 lower than that of the 
conventional gate electrode without insertion of a metal 
Silicide layer, because a desirable metal/semiconductor con 
tact can be formed between metal silicide layer 109 and 
polycrystalline silicon layer 103 in the present Example. 

EXAMPLE 4 

0059 FIGS. 4A to 4C and FIGS. 5A to 5C are cross 
Sectional views showing process Steps for producing CMOS 
(complementary MOS) transistors according to Example 4 
of the present invention. 
0060. The surface of silicon substrate 301 is oxidized to 
a thickness of about 10 nm e.g. by thermal oxidation to form 
oxide layer 302, and silicon nitride layer 303 is deposited 
thereon to a thickness of about 150 nm e.g. by thermal CVD. 
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Then, a trench is formed to a depth of about 0.3 um in a 
region Serving as isolation area of Silicon Substrate 301 by 
photolithography and dry etching and then the inside Surface 
of the trench is thermally oxidized to a thickness of about 10 
nm (FIG. 4A). 
0061 Then, silicon oxide layer 304 is deposited e.g. by 
CVD to fill the trench, and the silicon nitride layer 305 is 
deposited thereon e.g. by thermal CVD. Silicon nitride layer 
305 is removed only from the surface of device-active 
region e.g. by photolithography and dry etching, as shown in 
FIG. 4B, followed by flattening by CMP (Chemical 
Mechanical Polishing). Polishing rate of silicon nitride 
layers 303 and 305 is lower than that of silicon oxide layer 
304, so that the polishing can be discontinued at the level of 
silicon nitride layers 303 and 305. Then, silicon nitride 
layers 303 and 305 and silicon oxide layer 302 are removed 
by wet cleaning (FIG. 4C). 
0062) Then, gate insulation layer 310 is formed on the 
surface of semiconductor substrate 301 e.g. by thermal 
oxidation, and polycrystalline Silicon layer is formed 
thereon e.g. by CVD. The polycrystalline silicon layer is 
locally doped with an impurity of n-type (e.g. phosphorus) 
and with another impurity of p-type (e.g. boron) by ion 
implanting, thereby forming n-type polycrystalline Silicon 
layer 311 as an NMOS gate electrode and p-type polycrys 
talline silicon layer 312 as a PMOS gate electrode, respec 
tively, followed by activation annealing at 950 C. Then, 
metallic layer 309 of e.g. tungsten is deposited thereon to a 
thickness of about 5 nm e.g. by Sputtering, where preclean 
ing e.g. with hydrofluoric acid is carried out beforehand to 
remove natural oxide, etc. remaining on the Surfaces of 
polycrystalline silicon layers 311 and 312. Then, metal 
nitride layer 308 of e.g. tungsten nitride as a reaction barrier 
and metallic layer 307 of e.g. tungsten are deposited thereon 
one after the other to a thickness of about 5 to about 10 nm. 
and to a thickness of about 50 nm, respectively, e.g. by 
sputtering. It is desirable to deposit these metallic layer 309, 
metal nitride layer 308 and metallic layer 307 continuously 
without exposing to the air. Then, silicon oxide layer 306 is 
deposited on metallic layer 307 e.g. by plasma CVD. 
0.063. The stacked structure of these deposited layers is 
processed into gate electrodes e.g. by lithography and aniso 
tropic dry etching using a resist. 
0064. Then, NMOS diffusion layer region 314 and 
punch-through stopper region 315, and PMOS diffusion 
layer region 316 and punch-through Stopper region 317 are 
formed by photolithography and ion implanting (FIG. 5A). 
0065. Furthermore, after a silicon oxide layer is deposited 
thereon e.g. by plasma CVD, side walls 313 of silicon oxide 
are formed on the gate electrode sides by removing the 
deposited Silicon oxide layer only by a corresponding depos 
ited thickness portion by isotropic dry etching. Then, deeper 
NMOS and PMOS diffusion layer regions 318 and 319, 
respectively, are formed by photolithography and ion 
implanting (FIG. 5B). 
0066. Then, metallic layer 309 is made to react with 
polycrystalline silicon layers 311 and 312 by activation 
annealing of transistore.g. RTA(Rapid Thermal Annealing) 
at 950 C. for 10 seconds, thereby forming metal silicide 
layer 320 of e.g. tungsten Silicide to a thickness about, twice 
as large as that of deposited metallic layer 309 (FIG. 5C). 
0067. The gate electrodes thus formed have a contact 
resistance by about 1/10 to about /40 lower than that of the 
conventional gate electrodes without insertion of a metal 
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Silicide layer, because a desirable metal/semiconductor con 
tact can be formed between metal silicide layer 320 and 
polycrystalline silicon layer 311 or 312 in the present 
Example. Device circuit performance (propagation delay of 
CMOS device under no load) can be also increased to about 
12 ps from about 28 ps (CMOS device with gate length 
generation of 0.10 um) owing to these effects. 

EXAMPLE 5 

0068 FIGS. 6A to 6C and FIGS. 7A to 7C are cross 
Sectional views showing process Steps for producing CMOS 
transistors according to Example 5 of the present invention. 
0069. The surface of silicon substrate 301 is oxidized to 
a thickness of about 10 nm e.g. by thermal oxidation to form 
oxide layer 302, and silicon nitride layer 303 is deposited 
thereon to a thickness of about 150 nm e.g. by thermal CVD. 
Then, a trench is formed to a depth of about 0.3 pm in a 
region Serving as isolation area of Silicon Substrate 301 by 
photolithography and dry etching and then the inside Surface 
of the trench is thermally oxidized to a thickness of about 10 
nm (FIG. 6A). 
0070 Then, silicon oxide layer 304 is deposited e.g. by 
CVD to fill the trench and then silicon nitride layer 305 is 
deposited thereon e.g. by thermal CVD. Silicon nitride layer 
305 is removed only from the surface of device-active 
region e.g. by photolithography and dry etching as shown in 
FIG. 6B, followed by flattening by CMP (Chemical 
Mechanical Polishing). Polishing rate of silicon nitride layer 
303 and 305 is lower than that of silicon oxide layer 304, so 
that the polishing can be discontinued at the level of Silicon 
nitride layers 303 and 305. Then, silicon nitride layers 303 
and 305 and silicon oxide layers 302 are removed by wet 
cleaning (FIG. 6C). 
0071. Then, gate insulation layer 310 is formed on the 
surface of semiconductor substrate 301 e.g. by thermal 
oxidation, and polycrystalline Silicon layer is formed 
thereon e.g. by CVD. The polycrystalline silicon layer is 
locally doped with an impurity of n-type (e.g. phosphorus) 
and with another impurity of p-type (e.g. boron) by ion 
implanting, thereby forming n-type polycrystalline Silicon 
layer 311 as an NMOS gate electrode and p-type polycrys 
talline silicon layer 312 as a PMOS gate electrode, respec 
tively, followed by activation annealing at 950 C. Then, 
metallic layer 309 of e.g. tungsten is deposited thereon to a 
thickness of about S nm e.g. by Sputtering, where preclean 
ing e.g. with hydrofluoric acid is carried out beforehand to 
remove natural oxide, etc. remaining on the Surfaces of 
polycrystalline silicon layers 311 and 312. Then, metal 
nitride layer 308 of e.g. tungsten nitride as a reaction barrier 
and metallic layer 307 of e.g. tungsten are deposited thereon 
one after the other to a thickness of about 5 to about 10 nm. 
and to a thickness of about 50 nm, respectively, e.g. by 
sputtering. It is desirable to deposit these metallic layer 309, 
metal nitride layer 308 and metallic layer 307 continuously 
without exposing to the air. Then, silicon oxide layer 306 is 
deposited on metallic layer 307 e.g. by plasma CVD (FIG. 
7A). 
0072. In the present Example, heat treatment is carried 
out at 650 C. or higher at this stage to make metallic layer 
309 to react with polycrystalline silicon layers 311 and 312, 
thereby forming metal Silicide layer 320 of e.g. tungsten 
Silicide to a thickness about twice as large as that of 
deposited metallic layer 309 (FIG. 7B). 
0073. The stacked structure of these deposited layers is 
processed into gate electrodes e.g. by lithography and aniso 
tropic dry etching using a resist. 
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0074 Then, NMOS diffusion layer region 314 and 
punch-through stopper region 315, and PMOS diffusion 
layer region 316 and punch-through Stopper region 317 are 
formed by photolithography and ion implanting. Further 
more, after a Silicon oxide layer is deposited thereon e.g. by 
plasma CVD, side walls 313 of silicon oxide are formed on 
the gate electrode sides by, removing the deposited Silicon 
oxide layer only by a corresponding deposited thickneSS 
portion by isotropic dry etching. Then, deeper NMOS dif 
fusion layer region 318 and deeper PMOS diffusion layer 
region 319 are formed by photolithography and ion implant 
ing (FIG. 7C). 
0075. The gate electrodes thus formed have a contact 
resistance by about 1/10 to about /40 lower than that of the 
conventional gate electrodes without insertion of a metal 
Silicide, because a desirable metal/semiconductor contact 
can be formed between metal silicide layer 320 and poly 
crystalline silicon layer 311 or 312 in the present Example. 
Device circuit performance (propagation delay of CMOS 
device under no load) can be also increased to about 12 Ps 
from about 28 ps (CMOS device with gate length generation 
of 0.10 pm) owing to these effects. 
0.076 Contact resistance at the conventional tungsten 
nitride/polycrystalline silicon boundary is in the order of 
10 S2 cm irrespective of whether the polycrystalline silicon 
is of n- or p-type conductivity, thereby failing to achieve a 
metal/semiconductor boundary with desirable ohmic char 
acteristics. The present invention, however, can provide a 
substantially desirable metal/semiconductor boundary by 
making a tungsten nitride/tungsten Silicide/polycrystalline 
Silicon-Stacked Structure, i.e. can provide a low contact 
resistance boundary capable of realizing desirable ohmic 
characteristics. When the present Stacked Structure is used in 
the MOS transistor gate electrode, circuit performance can 
be increased owing to the gate resistance-reducing effect of 
the present invention. 

What we claim is: 
1. A process for producing a Semiconductor device, com 

prising the Steps of 
(a) forming a first insulation layer on a Surface of a 

Semiconductor Substrate; 
(b) forming a Silicon layer on the first insulation layer; 
(c) forming a first metallic layer on the Silicon layer; 
(d) forming a metal nitride layer on the first metallic layer; 
(e) forming a Second metallic layer on the metal nitride 

layer; 

(f) etching a stacked structure of the Silicon layer, the first 
metallic layer, the metal nitride layer and the Second 
metallic layer and forming a gate electrode; and 

(g) annealing the gate electrode and reacting the first 
metallic layer with the Silicon layer, thereby forming a 
metal Silicide layer between the metal nitride layer and 
the Silicon layer. 

2. A process according to claim 1, wherein the step (g) is 
carried out at 650 C. or higher. 

3. A process according to claim 1, wherein the metal 
Silicide layer is a tungsten Silicide layer, the metal nitride 
layer is a tungsten nitride layer, and the first and Second 
metallic layers are tungsten layers. 

4. A process according to claim 1, wherein the Silicon 
layer is doped with an impurity. 
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5. A proceSS according to claim 1, wherein the Silicon 
layer is a polycrystalline Silicon layer. 

6. A process according to claim 1, wherein, in the step (g), 
the reaction of the first metallic layer with the silicon layer 
during annealing is Such that the metal Silicide layer is 
formed to have a thickness of about twice as large as the first 
metallic layer. 

7. A proceSS for producing a Semiconductor device, com 
prising the Steps of 

(a) forming a first insulation layer on a Surface of a 
Semiconductor Substrate; 

(b) forming a Silicon layer on the first insulation layer; 
(c) forming a first metallic layer on the Silicon layer; 
(d) forming a metal nitride layer on the first metallic layer; 
(e) forming a Second metallic layer on the metal nitride 

layer; 
(f) annealing a stacked layer comprising the Silicon layer, 

the first metallic layer, the metal nitride layer and the 
Second metallic layer and reacting the first metallic 
layer with the Silicon layer, thereby forming a metal 
silicide layer between the metal nitride layer and the 
Silicon layer; and 

(g) etching the Stacked layer and forming a gate electrode. 
8. A process according to claim 7, wherein the Step (f) is 

carried out at 650 C. or higher. 
9. A proceSS according to claim 7, wherein the metal 

Silicide layer is a tungsten Silicide layer, the metal nitride 
layer is a tungsten nitride layer and the first and Second 
metallic layers are tungsten layers. 

10. A process according to claim 7, wherein the Silicon 
layer is doped with an impurity. 

11. A process according to claim 7, wherein the Silicon 
layer is a polycrystalline Silicon layer. 

12. A process according to claim 7, wherein, in the Step 
(f), the reaction of the first metallic layer with the silicon 
layer is Such that the metal Silicide layer is formed to have 
a thickness of about twice as large as the first metallic layer. 

13. A process for producing a Semiconductor device, 
comprising the Steps of: 

(a) forming a first insulation layer on a Surface of a 
Semiconductor Substrate; 

(b) forming a Silicon layer on the first insulation layer; 
(c) forming a metal Silicide layer on the Silicon layer; 
(d) forming a metal nitride layer on the metal Silicide 

layer; 
(e) forming a metallic layer on the metal nitride layer; and 
(f) etching the Stacked layer comprising the Silicon layer, 

the metal Silicide layer, the metal nitride layer and the 
metallic layer, and forming a gate electrode. 

14. A proceSS according to claim 13, wherein the metal 
Silicide layer is a tungsten Silicide layer, the metal nitride 
layer is a tungsten nitride layer and the metallic layer is a 
tungsten layer. 

15. A process according to claim 13, wherein the Silicon 
layer is doped with an impurity. 

16. A process according to claim 13, wherein the Silicon 
layer is a polycrystalline Silicon layer. 
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