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SEMICONDUCTOR DEVICE AND FABRICATING 
METHOD FOR THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based upon and claims the 
bene?t of priority from the prior Japanese Patent Application 
No. 2001-384498, ?led on Dec. 18, 2001, the entire contents 
of Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention relates to a semiconductor device 
and a fabricating method for the same. 

[0004] 2. Description of the Related Art 

[0005] When a CMOS (Complementary Metal-Oxide 
Semiconductor) device With a gate length of sub-micron (0.1 
micrometer) generation is fabricated, there is a high possi 
bility that silicon used for a generation before the above 
cannot be utiliZed for a gate electrode as it is. 

[0006] The ?rst reason thereof is that because silicon has 
a relatively high speci?c resistance of several tens Q/III, RC 
delay cannot be disregarded in device operation if it is used 
as a gate electrode. For a device Whose gate length is in the 
sub-micron generation, it is thought that the RC delay cannot 
be negligible unless the speci?c resistance of the gate 
electrode is ZQ/III or less. 

[0007] Furthermore, as the second reason of the above, 
there is a problem that the silicon gate electrode gets 
depleted. This is the phenomenon that solubility of the 
dopant impurity added in the silicon is limited to the eXtent 
of 1><102O per cubic centimeter at most and a depletion layer 
of a ?nite length comes to expand in the silicon gate side at 
the interface betWeen the silicon gate electrode and a gate 
insulating ?lm. 

[0008] Because this depletion layer becomes practically a 
capacitance connected in series to the gate insulating ?lm, 
the capacitance results in being accumulated to the gate 
insulating ?lm. The accumulated capacitance is to be 0.3 nm 
(nanometer) in thickness calculated in terms of a silicon 
oXide ?lm. The gate insulating ?lm for a future device ought 
to be 1.5 nm in thickness calculated in terms of a silicon 
oXide ?lm, so that the thickness of 0.3 nm of the accumu 
lated capacitance calculated in terms of a silicon oXide ?lm 
cannot be ignored. 

[0009] On the other hand, decreasing the resistance of the 
silicon gate electrode is being tried by means of adding an 
impurity (such as phosphorus or boron) in high density 
thereto. HoWever the thickness of the gate insulating ?lm is 
required to be not greater than 1.5 nm calculated in terms of 
a silicon oXide ?lm, so that a problem that the impurity of 
high density passes through the thin-?lmed gate insulating 
?lm and reaches the silicon substrate becomes obvious. 
Therefore, there takes place a problem that the density of the 
impurity de?ects from the designed value and then the 
threshold voltage gets varied. 

[0010] In vieW of the above, it has been thought that a 
metal With a high melting point such as molybdenum, 
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tungsten, tantalum or their nitrides is utiliZed for the gate 
electrode. This is so-called metal gate technology. 

[0011] The metal gate has a loW speci?c resistance com 
pared to silicon in principle, so that the RC delay can be 
taken no account. In addition, because no depletion layer 
generates theoretically in the metal gate, any capacitance 
accumulated thereto does not take place. Furthermore, the 
metal gate is eXpected to be able to solve some problems 
concerning the silicon gate. For eXample, the problem that 
impurity penetrates to the gate insulating ?lm never occurs, 
because the metal gate does not require addition of any 
impurities to decrease the resistance thereof. 

[0012] HoWever, the metal gate has some particular prob 
lems described beloW When the CMOS devices are prepared. 
When the CMOS devices are formed, so-called dual 4) (phi) 
metal gate technology, in Which a metallic material having 
a Work function of p+ silicon and a metallic material having 
a Work function of n+ silicon are employed as a gate 
electrode of a p channel MOS transistor and a gate electrode 
of an n channel MOS transistor respectively, has been 
proposed. 

[0013] The method mentioned above can be eXpected to 
control effectively the threshold voltage of the p channel 
MOS transistor and that of the n channel MOS transistor. 
HoWever the dual 4) metal gate is restricted by some con 
ditions Where a metallic material having a Work function of 
p+ silicon and a metallic material having a Work function of 
n+ silicon must be found and moreover those materials must 
be heat resistant, so that it Will be quite dif?cult to ?nd 
combination of the appropriate materials. 

[0014] Moreover, even if tWo kinds of metallic materials 
having heat resistance and an appropriate Work function can 
be found, there is a disadvantage that complicates fabricat 
ing process of LSI because the gate electrode of the p 
channel MOS transistor and that of the n channel MOS 
transistor need to be formed by separate steps from each 
other for the fabricating process. 

[0015] As mentioned above, the RC delay cannot be 
disregarded because a conventional silicon gate electrode 
has a high speci?c resistance, and consequently results in a 
decrease of capacitance thereof caused by depletion of the 
silicon gate electrode. Besides, there are more problems that 
if an impurity is doped to loWer the resistance, the impurity 
penetrates the gate insulating ?lm out of the silicon gate 
electrode, so that the threshold voltage thereof gets ?uctu 
ated. 

[0016] Furthermore, in a method Where the n channel 
MOS and the p channel MOS employ tWo kinds of metallic 
gates (dual 4) metal gate technology) as the gate electrodes, 
not only it is predicted that discovering combination of 
metallic materials used for the gate electrodes of the p 
channel MOS transistor and the n channel MOS transistor is 
dif?cult, but also there is a problem that the fabricating 
process thereof gets complicated. 

[0017] The present invention is carried out in the light of 
the problems mentioned above and intended to loWer the 
resistance of the gate electrode and to provide a semicon 
ductor device having a gate electrode free from decreasing 
of the capacitance of the insulation ?lm caused by depletion 
and from penetrating of the impurity. 
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[0018] The present invention is further intended to provide 
a method for fabricating the above-mentioned semiconduc 
tor device by a simple method using silicon process. 

BRIEF SUMMARY OF THE INVENTION 

[0019] In accordance With an embodiment of the inven 
tion, a semiconductor device comprises a CMOS transistor 
formed on a substrate, having 

[0020] 

[0021] 
[0022] a gate insulating ?lm formed on the n type 

silicon layer, 

[0023] a metal boron compound layer formed on 
the gate insulating ?lm, and 

[0024] a gate electrode formed on the metal and 
containing boron compound layer at least silicon, 
and 

[0025] 

[0026] 
[0027] a gate insulating ?lm formed on the p type 

silicon layer, 

[0028] a metal silicide layer formed on the gate 
insulating ?lm, and 

[0029] a gate electrode containing at least silicon 
and formed on the metal silicide layer. 

a p channel MOS transistor comprising 

an n type silicon layer, 

an n channel MOS transistor comprising 

a p type silicon layer, 

[0030] In this case, a metal ful?lling the folloWing con 
ditions is preferably used: that is to say, the metal contained 
in the metal boron compound layer and the metal contained 
in the metal silicide layer are the same element and the 
absolute value of the free energy of the metal boron com 
pound layer is larger than the absolute value of the free 
energy of the metal silicide layer. 

[0031] Furthermore, it is preferable that the gate electrode 
contains germanium. 

[0032] More over it is desirable that the metal boron 
compound layer contains at least one metal selected from 
titanium, Zirconium, and hafnium, and the gate insulating 
?lm is an oXide ?lm of silicon or of at least one metal 

selected from any of Zirconium, hafnium, titanium, tanta 
lum, aluminum, yttrium, lanthanum, cerium, and other rare 
earth elements. 

[0033] The atomic ratio of the metal boron compound 
layer is preferably to be metal: boron=1:1.5 to 2 for the 
present invention. 

[0034] According to another embodiment of the present 
invention, a semiconductor device comprises 

[0035] 

[0036] 
layer, 

0037 a metal boron com ound layer formed on the P 
gate insulating ?lm, and 

[0038] a gate electrode formed on the metal boron 
compound layer and containing at least silicon. 

a silicon layer, 

a gate insulating ?lm formed on the silicon 
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[0039] In accordance With another embodiment of the 
present invention, a fabricating method for a semiconductor 
device comprises the steps of 

[0040] forming a gate insulating ?lm on a silicon 
substrate, 

[0041] forming a metallic thin ?lm on the gate insu 
lating ?lm, 

[0042] forming a thin ?lm containing at least silicon 
on the metallic thin ?lm, 

[0043] 
[0044] forming a metal silicide layer by reacting the 
Whole of the metallic thin ?lm to the part of the thin 
?lm containing silicon, and 

adding boron to at least a part of the thin ?lm, 

[0045] forming a metal boron compound layer by 
reacting a part of the metal silicide layer to boron. 

[0046] According to this embodiment, the gate electrode 
of the p channel MOS transistor and that of the n channel 
MOS transistor, Which have appropriate Work functions 
respectively, can be formed by the same step; accordingly a 
CMOS integrated circuit that can control effectively the 
threshold voltages of the MOSs of both channels can be 
fabricated. 

[0047] In accordance With another embodiment of the 
present invention, a fabricating method for a semiconductor 
device comprises the steps of 

[0048] forming a gate insulating ?lm on a silicon 
substrate, 

[0049] forming a metallic thin ?lm on the gate insu 
lating ?lm, 

[0050] forming a thin ?lm containing at least silicon 
on the metallic thin ?lm, 

[0051] 
[0052] adding an n type dopant to a second region of 

the thin ?lm, 

adding boron to a ?rst region of the thin ?lm, 

[0053] forming a metal silicide layer by reacting the 
Whole of the metallic thin ?lm to a part of the thin 
?lm, and 

[0054] forming a metal boron compound layer by 
reacting a part of the metal silicide layer in the ?rst 
region to boron. 

[0055] In accordance With further embodiment of the 
present invention, a fabricating method for a semiconductor 
device comprises the steps of 

[0056] forming a gate insulating ?lm added With a 
metal on a silicon substrate, 

[0057] forming a thin ?lm containing at least silicon 
on the gate insulating ?lm, 

[0058] 
[0059] adding an n type dopant to a second region of 

the thin ?lm, 

adding boron to a ?rst region of the thin ?lm, 

[0060] forming a metal silicide layer by reacting the 
metal added to the surface of the gate insulating ?lm 
to a part of the thin ?lm, and 
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[0061] forming a metal boron compound layer by 
reacting a part of the metal silicide layer in the ?rst 
region to boron. 

[0062] In accordance With further embodiment of the 
present invention, a fabricating method for a semiconductor 
device comprises the steps of 

[0063] forming a gate insulating ?lm of metal oxide 
on a silicon substrate, 

[0064] reducing a surface of the gate insulating ?lm, 

[0065] forming a thin ?lm containing at least silicon 
on the gate insulating ?lm, 

[0066] 
[0067] adding an n type dopant to a second region of 

the thin ?lm, 

adding boron to a ?rst region of the thin ?lm, 

[0068] forming a metal silicide layer by reacting a 
reduced metal existing on the surface of the gate 
insulating ?lm to a part of the thin ?lm, and 

[0069] forming a metal boron compound layer by 
reacting a part of the metal silicide layer in the ?rst 
region to boron. 

[0070] 
manium. 

In this case, the thin ?lm preferably contains ger 

[0071] Furthermore, Ti (titanium) is preferred for the 
metal of the metal boron compound layer or the metal 
silicide layer. HoWever, Zr (Zirconium), Hf (hafnium) etc., 
Which are the congeners of Ti, may be employed because 
chemical properties thereof are similar. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0072] FIG. 1 is a cross sectional vieW of a p channel 
MOS transistor according to the present invention; 

[0073] FIG. 2 is a cross sectional vieW of an n channel 
MOS transistor out of CMOS devices according to the 
present invention; 

[0074] FIG. 3 shoWs energy band diagrams of titanium 
silicide, titanium boron compound, n+ silicon and p+ sili 
con; 

[0075] FIG. 4 is a cross sectional vieW of a CMOS device 
according to the present invention; 

[0076] FIG. 5 is a cross sectional vieW shoWing an 
example of a fabricating step for a CMOS according to the 
present invention; 

[0077] FIG. 6 is a cross sectional vieW shoWing an 
example of a fabricating step for a CMOS according to the 
present invention; 

[0078] FIG. 7 is a cross sectional vieW shoWing an 
example of a fabricating step for a CMOS according to the 
present invention; 

[0079] FIG. 8 is a cross sectional vieW shoWing an 
example of a fabricating step for a CMOS according to the 
present invention; 

[0080] FIG. 9 is a cross sectional vieW shoWing an 
example of a fabricating step for a CMOS according to the 
present invention; 
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[0081] FIG. 10 is a cross sectional vieW shoWing an 
example of a fabricating step for a CMOS according to the 
present invention; 

[0082] FIG. 11 is a cross sectional vieW shoWing an 
example of a fabricating step for a CMOS according to the 
present invention; 

[0083] FIG. 12 is a cross sectional vieW shoWing an 
example of a fabricating step for a CMOS according to the 
present invention; 

[0084] FIG. 13 is a graph of a result of a SIMS experiment 
shoWing possibility of formation of metal boron compound 
according to the present invention; 

[0085] FIG. 14 is a graph of a result of a SIMS experiment 
shoWing no formation of metal boron compound; 

[0086] FIG. 15 is a schematic diagram of principal steps 
(a) and (b) in another method to form a metal silicide layer; 
and 

[0087] FIG. 16 is a schematic diagram of principal steps 
(a), (b) and (c) in another method to form a metal silicide 
layer. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0088] Hereinafter, the present invention Will be explained 
in detail referring to the draWings. HoWever the invention is 
not limited to embodiments described beloW, but can be 
carried out by varieties of devices. 

[0089] (Embodiment 1) 
[0090] FIG. 1 is a cross sectional vieW of a semiconductor 
device according to the invention. 

[0091] As shoWn in FIG. 1, the semiconductor device 
comprises an n type silicon layer 3, a gate insulating ?lm 7 
formed on the silicon layer, a metal boron compound layer 
8 formed on the insulation ?lm, and a gate electrode 9 of p+ 
polycrystalline silicon formed on the compound layer. 

[0092] In the ?gure, both positions betWeen Which a gate 
insulating ?lm 7 inside the n type silicon layer 3 is inter 
posed are provided With a source region and a drain region 
13 constituted of n+ silicon region. These portions men 
tioned above constitute the p channel MOS transistor. 

[0093] The semiconductor device is characteriZed in that 
the metal boron compound layer 8 is formed on the gate 
insulating ?lm 7. Because the metal boron compound layer 
8 has conductivity i.e. suf?ciently loW speci?c resistance 
and acts like a metal, a gate parasitic resistance at the gate 
electrode 9 made of p+ polycrystalline silicon can be 
reduced and no depletion layer expands. 

[0094] An example in Which titanium is employed as a 
metallic material of the metal boron compound Will be 
described. The speci?c resistance of the titanium boron 
compound is approximately 10 pQcm, Which is not inferior 
to metal gate materials. As a metallic material, Zirconium, 
hafnium, etc. can be quoted as Well as titanium. Resistances 
of the metal boron compounds of these metallic materials 
are suf?ciently loW and the depletion layers thereof do not 
expand. 
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[0095] Additionally, the present invention is preferably 
carried out by a semiconductor device in Which the p 
channel MOS transistor as shoWn in FIG. 1 and the n 
channel MOS transistor as shoWn in FIG. 2 are located on 
the same substrate. 

[0096] The n channel MOS transistor shoWn in FIG. 2 
comprises a p type silicon layer 5, a gate insulating ?lm 7 
formed on the silicon layer, a metal silicide layer 11 formed 
on the insulation ?lm, and a gate electrode 12 of n+ 
polycrystalline silicon formed on the silicide layer. 

[0097] In the ?gure, both positions betWeen Which a gate 
insulating ?lm 7 inside the p type silicon layer 5 is inter 
posed are provided With a source region and a drain region 
14 constituted of p+ silicon region. These portions men 
tioned above constitute the n channel MOS transistor. 
According to the present invention, a metal boron compound 
layer 8 is formed betWeen the gate insulating ?lm 7 and the 
p+ polycrystalline silicon gate electrode 9 for the p channel 
MOS transistor. The metal boron compound layer 8 does not 
create any serious problems on controlling the threshold 
voltage, because it has a Work function signi?cantly close to 
the Work function of the p+ polycrystalline silicon. A metal 
silicide layer 11 is formed betWeen the gate insulating ?lm 
2 and the n+ polycrystalline silicon gate electrode 7 for the 
n channel MOS transistor. The metal silicide layer 11 also 
does not create any serious problems on controlling the 
threshold voltage, because it has a Work function signi? 
cantly close to the Work function of the n+ polycrystalline 
silicon. 

[0098] By means of the invention, interposing the metal 
boron compound layer 8 betWeen the gate insulating ?lm 7 
and the gate electrode 9 for the p channel MOS transistor, 
and interposing the metal silicide layer 11 betWeen the gate 
insulating ?lm 7 and the gate electrode 11 for the n channel 
MOS transistor, can make respective threshold voltages 
control favorably. 

[0099] FIG. 3 shoWs the relation concerning band dia 
grams among titanium boron compound (TiBZ), titanium 
silicide (TiSi2) and silicon (n+Si, p+Si), When titanium is 
utiliZed as an eXample of the metallic material for the metal 
boron compound layer 8 and the metal silicide layer 11. 

[0100] The Work function of the titanium boron compound 
used for the p channel MOS transistor is 4.8 to 5.2 eV, and 
the Work function of the titanium silicide used for the n 
channel MOS transistor is 4.4 eV. It is thus understood that 
these values are extremely close to the Work function 5.2 eV 
of the p+ polycrystalline silicon and the Work function 4.1 
eV of the n+ polycrystalline silicon respectively. Conse 
quently, respective threshold voltages of the p channel MOS 
transistor and the n channel MOS transistor can be favorably 
controlled. Moreover, the speci?c resistance of the titanium 
silicide is equal to or smaller than 20 pQcm, Which is not 
inferior to that of the material of the metal gate. 

[0101] FIG. 4 shoWs a cross section of the CMOS device 
in Which the p channel MOS transistor as shoWn in FIG. 1 
and the n channel MOS transistor as shoWn in FIG. 2 are 
formed on the same silicon substrate 4. As shoWn in FIG. 4, 
the p channel MOS transistor 1 and the n channel MOS 
transistor 2 are prepared on the silicon substrate 4 in a 
manner that a device isolation 6 of shalloW trench structure 
is interposed betWeen them in order to separate them each 
other. 

Jul. 3, 2003 

[0102] An N silicon Well 3 is formed on the region of the 
silicon substrate 4 Where the p channel MOS transistor 1 is 
formed. AP silicon Well 5 is also formed on the region of the 
silicon substrate 4 Where the n channel MOS transistor 2 is 
formed. The p channel MOS transistor 1 comprises a lami 
nated structure (MIS structure) comprising the gate insulat 
ing ?lm 7 formed on the N silicon Well 3, the metal boron 
compound layer 8 formed the insulation ?lm, the p+poly 
crystalline silicon electrode 9 formed the compound layer, 
and a SALICIDE (self aligned silicide) 10 formed the silicon 
electrode. On the sideWalls of these laminated structures, 
gate sideWalls 17 of silicon nitride are formed. 

[0103] At both positions betWeen Which the gate insulat 
ing ?lm 7 in the N silicon Well 3 is interposed, a deep p+ 
impurity diffusion layers 13 and a shalloW p+ impurity 
diffusion layers 15 in Which an impurity is doped in high 
concentration are formed, and both of them act as a source 
and a drain respectively. On the deep p+ impurity diffusion 
layer 13, a silicide layer With for eXample Co (cobalt) in such 
a manner of self-alignment i.e. the SALICIDE 10 is formed. 

[0104] On the other hand, the P silicon Well 5 is formed on 
a region of the silicon substrate 4, Where the n channel MOS 
transistor 2 is formed. 

[0105] The n channel MOS transistor 2 comprises a lami 
nated structure (MIS structure) comprising the gate insulat 
ing ?lm 7 formed on the P silicon Well 5, the metal silicide 
layer 11 formed on the gate insulating ?lm, the n+polycrys 
talline silicon electrode 12 formed on the metal silicide 
layer, and a SALICIDE 10 formed on the n+ polycrystalline 
silicon electrode. On a sideWall of the laminated structure, a 
gate sideWall 17 of silicon nitride is formed. 

[0106] At both positions betWeen Which the gate insulat 
ing ?lm 7 in the P silicon Well 5 is interposed, a deep n+ 
impurity diffusion layer 14 and a shalloW n+ impurity 
diffusion layer 16 to Which an impurity is doped in high 
concentration, and both of them act as a source and a drain. 
On the deep n+ impurity diffusion layer 14, the SALICIDE 
10 as an electrode is formed. 

[0107] Then, a fabricating method for the CMOS device 
shoWn in FIG. 5 Will be described referring to FIG. 5 to 
FIG. 11. 

[0108] First of all, as shoWn in FIG. 5, the device isolation 
6 of shalloW trench structure is formed on the silicon 
substrate 4. NeXt, the N silicon Well 3 and the P silicon Well 
5 are formed, and thereafter the gate insulating ?lm 7 is 
formed. 

[0109] Silicon oXide (SiO2) ?lm, silicon oXide nitride 
(SiON) ?lm, other metal oXide ?lms, metal silicate ?lm, etc. 
can be used as the gate insulating ?lm 7. Thickness thereof 
is 2 nm in the case of silicon oXide. Besides, in the case of 
metal oXide ?lms, an oXide ?lm of at least one metal selected 

from Zirconium, hafnium, titanium, tantalum, aluminum, 
yttrium, lanthanum, cerium or other rare earth elements can 
be employed. 

[0110] Then, as shoWn in FIG. 6, a metallic thin ?lm 18 
is deposited on the gate insulating ?lm 7. In this case, 
titanium ?lm Was deposited by 1 nm in thickness as a 
metallic thin ?lm by means of chemical vapor deposition 
(CVD) method. 
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[0111] As a metallic material, Zirconium, hafnium, etc. as 
Well as titanium can be utilized. Regarding to ?lm forming 
method, CVD method Which can form a ?lm uniformly as 
it sticks fast to steps of the substrate is desirable, but 
evaporation method or sputtering method can also provide 
similar effect. Moreover the thickness of the metallic ?lm 18 
is preferably 0.5 nm to 2 nm. The reason Why the thickness 
is not less than 0.5 nm is that there is a possibility of 
occurrence of pinholes etc. on the substrate, Which make the 
metallic ?lm be a discontinuous structure tWo-dimension 
ally, if the thickness is smaller than that. MeanWhile, the 
reason Why the thickness is equal to or smaller than 2 nm is 
that a metallic ?lm With a thickness greater than the above 
thickness results in a metal-rich composition When boron 
compound is formed in the folloWing steps and metal-rich 
boron compounds are chemically unstable. The thickness of 
the metal boron compound layer in this case becomes 1 nm 
to 4 nm. The thickness of the metal silicide layer also 
becomes 1 nm to 4 nm. 

[0112] Next, as shoWn in FIG. 7, a non-doped polycrys 
talline silicon layer 19 is deposited on the metallic ?lm 18 
using a conventional method. Here as an example, the 
polycrystalline silicon layer 19 Was deposited by 200 nm in 
thickness by the CVD method using SiH4 gas. 

[0113] Next, as shoWn in FIG. 8, boron behaving as the 
acceptor impurity is added to the non-doped polycrystalline 
silicon layer 19 of the region 1, Which becomes the p channel 
MOS transistor, so as to form a p type doped polycrystalline 
silicon layer 20. 

[0114] On the other hand, phosphorus or arsenic behaving 
as the donor impurity is added to the non-doped polycrys 
talline silicon layer 19 of the region 2, Which becomes the 
n channel MOS transistor, so as to form an n type doped 
polycrystalline silicon layer 21. 

[0115] Ion implantation method, gaseous phase diffusion 
method, etc. can be used for the doping method by Which the 
impurity is added. Doping of boron should be carried out 
only in the vicinity of the surface of the non-doped poly 
crystalline silicon layer 19 so as not to reach the metallic thin 
?lm 18. OtherWise, boron reacts to the metallic thin ?lm 18 
such as Ti in the impurity-doping step, so that uniformity 
thereof may be deteriorated. 

[0116] Here, BF2 Was ion-implanted to the non-doped 
polycrystalline silicon layer 19 in the region 1, at Which the 
p channel MOS transistor is formed, by means of the ion 
implantation method used for a regular process on the 
implantation condition of dose energy of 30 keV and dose 
amount of 5x1015/cm2. 

[0117] In the meantime, As (arsenic) Was ion-implanted to 
the non-doped polycrystalline silicon layer 19 in the region 
2, at Which the n channel MOS transistor is to be formed, on 
the implantation condition of ion energy of 50 keV and dose 
of 3x1015/cm2. 

[0118] Then, as shoWn in FIG. 9, the entire metallic thin 
?lm 18, ie the region 1 thereof at Which the p channel MOS 
transistor is to be formed and the region 2 thereof at Which 
the n channel MOS transistor is to be formed, reacts to a part 
of the polycrystalline silicon 20 and 21, and thereby the 
uniform and ?at metal silicide layer 11 is formed by putting 
the ?rst heat treatment (700 to 800° C.) into practice. 
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[0119] As an example here, by the heat treatment in argon 
atmosphere of 750° C. during 30 seconds, reacting the 
titanium thin ?lm 18 of 1 nm in thickness to the polycrys 
talline silicon 20 and 21 has formed the titanium silicide 
layer 11 (TiSi2(C49)) of approximately 2 nm in thickness. 

[0120] Subsequently, as shoWn in FIG. 10, solely the 
metal silicide layer 11 of the region 1 at Which the p channel 
MOS transistor is to be formed reacts to the boron doped 
into the polycrystalline silicon layer 20, and thereby the 
uniform and ?at metal boron compound 8 is formed by 
putting the second heat treatment (850 to 1000° C.) higher 
than the ?rst heat treatment into practice. 

[0121] As an example here, by means of the heat treatment 
in nitrogen atmosphere of 1000° C. during 20 seconds, 
reacting the titanium silicide (TiSi2(C49)) layer 11 to the 
boron has formed the titanium boron compound (TiB2) layer 
8. 

[0122] At this time, the titanium silicide (TiSi2(C49)) 
layer 11 in the region 2 Where the n channel MOS transistor 
is to be formed changes into the titanium silicide 
(TiSi2(C54)) layer 11 and then the speci?c resistance thereof 
decreases. Flatness of the titanium silicide (TiSi2(C54)) 
layer 11 is maintained. 

[0123] Furthermore, by the second heat treatment step, the 
impurities added to the polycrystalline silicon layers 20 and 
21 are simultaneously activated electrically, so that the p+ 
polycrystalline silicon layer 9 and the n+ polycrystalline 
silicon layer 12 are formed. 

[0124] Then, as shown in FIG. 11, the laminated layer 
structure (MIS structure) comprising the gate insulating ?lm 
7, the metal boron compound layer 8, and the p+ polycrys 
talline silicon electrode 9 is formed by gate processing step 
in the region 1 of the p channel MOS transistor. On the other 
hand, the laminated layer structure (MIS structure) compris 
ing the gate insulating ?lm 7, the metal silicide layer 11, and 
the n+ polycrystalline silicon electrode 12 is formed at the 
same time by gate processing step in the region 2 of the n 
channel MOS transistor. 

[0125] As an example here, the p+ polycrystalline silicon 
electrode 9, the n+ polycrystalline silicon electrode 12, the 
titanium boron compound layer 8 and the titanium silicide 
layer 11 Were etched by reactive ion etching With a CF 
system reacting gas, and the gate insulating ?lm 7 Was 
etched With another existing gas system. The same gas 
system as silicon etching gas can process suf?ciently the 
titanium boron compound and the titanium silicide. Replac 
ing titanium With Zirconium or hafnium achieves the same 
result. Subsequently, the shalloW p+ impurity diffusion layer 
15 and the shalloW n+ impurity diffusion layer 16 are formed 
in self-alignment by means of ion implantation at the both 
sides of the gate, using laminated portions 22, 23 of the gate 
as a mask. Then as shoWn in FIG. 12, the sideWalls 17 of the 
gates of silicon nitride are formed With silicon oxide etc. on 
the sideWalls of the both gate laminated portions 22, 23. The 
deep p+ impurity diffusion layer 13 and the deep n+impurity 
diffusion layer 14 are diffused in self-alignment by means of 
ion implantation, using the side Walls 17 of the gate as a 
mask, in order to form the source-drain region. 

[0126] Finally, as shoWn in FIG. 4, each SALICIDE 10 is 
formed on the deep impurity diffusion layers 13, 14 and the 
gate laminated portions 22, 23, and thereby the device is 
completed. 
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[0127] The most important point in the fabricating method 
for the CMOS device mentioned above is that the metal 
silicide layer 11 is formed on both of the p channel MOS 
transistor 1 and the n channel MOS transistor by the ?rst 
heat treatment and then the metal boron compound layer 7 
is formed on only the p channel MOS transistor 1 by reacting 
a part of the boron added to the polycrystalline silicon layer 
20 to the metal silicide layer 11 by the second heat treatment. 

[0128] The method mentioned above enables to form the 
metal boron compound and the metal silicide having an 
appropriate Work function respectively for both of the p 
channel MOS transistor 1 and the n channel MOS transistor 
2 as a part of the electrode by merely adding another heat 
treatment step to the conventional silicon process. More 
over, uniformity and ?atness of the metal boron compound 
layer 8 and the metal silicide layer 11 can also be improved 
by the heat treatment. 

[0129] Namely, the metallic thin ?lm is kept reacted to the 
silicon gate electrode by the heat treatment on the condition 
that the metal silicide, Which is chemically stable, is formed 
?at and uniformly in the ?rst heat treatment step. On this 
condition, the uniform and ?at metal silicide electrodes are 
formed on both of the p channel MOS transistor 1 and the 
n channel MOS transistor 2. 

[0130] Then, in the second heat treatment, the metal 
silicide layer 11 formed in the region of the p channel MOS 
transistor 1 is converted into the boron compound layer 8. 
Thanks to the original metal silicide layer 11 formed uni 
formly and evenly, the metal boron compound layer 8 can 
also be formed evenly and uniformly. The second heat 
treatment step doubles as an electrical activation step for the 
impurity added to the silicon gates of the p channel MOS 
transistor and the n channel MOS transistor. Next, an 
example of the metal silicide, Which is converted into the 
metal boron compound after it reacts to boron, Will be 
explained using titanium as the metal. This chemical reac 
tion is theoretically predicted to be a reasonable reaction 
process alloWed thermodynamically. 

[0131] As an example, chemical reaction When the tita 
nium silicide layer (TiSi2) formed on a p+ silicon substrate 
doped With 1 atom % of boron is treated at a high tempera 
ture (850° C.) Will be considered. The chemical reaction 
formula When silicon (Si) and titanium boron compound 
(TiB2) are formed out of boron-doped p+ silicon and tita 
nium silicide (TiSi2) is as folloWs: 

[0132] NoteWorthy point is that the generating free energy 
of this formula is AG=—10192J(1000K). Namely, for this 
system, transformation from the titanium silicide (TiSi2)to 
the titanium boron compound (TiB2) is a chemical reaction 
proceeding voluntarily as long as boron exists. 

[0133] To con?rm practically the theoretical prediction 
described above, an experiment Whether the titanium boron 
compound is formed or not, is carried out as folloWs: 
Zirconium oxide is used as the gate insulating ?lm, and a 
titanium thin ?lm is formed thereon, and then a silicon layer 
doped With boron is deposited on the titanium ?lm. A heat 
treatment at about 800° C. for the above structure is carried 
out and thereafter a high temperature heat treatment at about 
1000° C. is put to practice. 
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[0134] FIG. 13 shoWs the result of the experiment in 
Which the formed laminated structure has been analyZed by 
SIMS. The abscissa axis represents the depth from the rear 
surface of the substrate and the ordinate axis represents the 
density of boron. 

[0135] As shoWn in FIG. 13, in contrast to the peak of 
Zirconium originated from the Zirconium oxide ?lm, the 
peaks of titanium and boron have the same shape and 
distribute shifted toWard the silicon gate electrode. The 
above result has actually proven that a compound compris 
ing titanium and boron is formed on the Zirconium oxide 
?lm. 

[0136] This is also clear by the fact that the density of 
boron in the silicon gate electrode is once decreasing near 
the boundary surface thereof to the Zirconium oxide ?lm 
(denoted by the arroW A in FIG. 13). 

[0137] For the sake of comparison, FIG. 14 shoWs the 
result of the experiment Where the laminated structure on 
Which the above-mentioned heat treatment has carried out in 
the absence of interposition of the titanium thin ?lm has 
been analyZed by SIMS. 

[0138] In this case, because no boron compound is natu 
rally formed on the Zirconium oxide, the boron density in the 
silicon gate electrode becomes ?at. 

[0139] It should be remarkable that there is a difference 
betWeen FIG. 13 and FIG. 14 With regard to penetrating 
action of boron into the silicon substrate side. 

[0140] That is to say, When the titanium boron compound 
(TiB2) in FIG. 13 has been formed, the titanium boron 
compound (TiB2) acts as an absorber for boron, so that it 
suppresses effectively diffusing of boron toWard the silicon 
substrate. 

[0141] MeanWhile, it is recogniZed that boron is diffusing 
in large quantities toWard the silicon substrate in the case of 
FIG. 14. As mentioned above, it is understood that the 
present invention can also prevent boron from penetrating. 

[0142] The metal boron compound layer is preferably 
formed in the range of metal: boron=1:1.5 to 2. The reason 
thereof is that if the rate of boron to metal is 1.5 or less, the 
effect of the invention cannot be achieved because chemical 
stability of the metal boron compound deteriorates. 

[0143] Furthermore, the effect of the present invention can 
be Well expected by employing some metal element Wherein 
the absolute value of the free energy of its metal boron 
compound is larger than the absolute value of the free energy 
of its metal silicide. 

[0144] Moreover a SiGe electrode containing germanium 
in the silicon electrode can be employed. Activation of 
impurity in Si can be executed at a loW temperature, thanks 
to addition of Ge. 

[0145] (Embodiment 2) 
[0146] Then, another forming method for the metal sili 
cide layer Will be described. In this embodiment, a metal 
element is added to the gate insulating ?lm during formation 
of the gate insulating ?lm. Thereafter the silicon ?lm is 
deposited thereon and then the metal added to the gate 
insulating ?lm reacts to the silicon ?lm so as to form the 
metal silicide layer. 
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[0147] FIG. 15 shows the schematic diagram thereof. 

[0148] As shown by the step (a) of FIG. 15, the metal 
added gate insulating ?lm 100 is formed on the silicon 
substrate 4. Here, an example Where titanium metal is added 
to the Zirconium oxide ?lm by means of sputtering Will be 
described. 

[0149] First of all, a Zirconium oxide target and a titanium 
metal target Were used as the sputtering target, and argon gas 
only or argon gas added With minute quantity of oxygen Was 
used as the sputtering gas. 

[0150] When the oxygen gas is added to the argon gas, 
How of the oxygen gas is preferably equal to or smaller than 
1 sccm. By means of such ?lming measure, the Zirconium 
oxide ?lm to be formed has stoichiometric composition, and 
titanium element to be added is in a state Which is short of 
coupling With oxygen element. 

[0151] In the next place, as shoWn in the step (b) of FIG. 
15, a silicon ?lm, for example, as the conductive ?lm 101 is 
deposited on the metal-added gate insulating ?lm 100, and 
heat treatment of about 750° C. is put in execution. Thereby 
the metal silicide layer 11 is formed in the metal-added gate 
insulating ?lm 100, and betWeen the metal-added gate 
insulating ?lm 100 and the conductive ?lm 101. 

[0152] The reason for the above is that metal elements 
Whose bonding to oxygen in the metal-added gate insulating 
?lm 100 is insuf?cient are reduced, and combine to silicon 
in the conductive ?lm 101, and then form the titanium 
silicide layer 11. 

[0153] There is a possibility that the impurity metal added 
in the insulation ?lm diffuses into the side of the Si substrate 
4, Which contacts the gate insulating ?lm 100, due to the heat 
treatment. HoWever, in the practical fabrication, the surface 
of the substrate is exposed to the air and oxidiZed. The 
oxidiZed surface acts as a barrier that prevents the metal 
from diffusing toWard the substrate side. 

[0154] Such fabricating method has the folloWing tWo 
advantages. 
[0155] Firstly, in a step forming a metallic thin ?lm on the 
gate insulating ?lm as shoWn in the embodiment 1, it is very 
dif?cult to form a ?at metallic thin ?lm if the af?nity 
betWeen the gate insulating ?lm and the metallic thin ?lm is 
poor. On the contrary, the method according to this embodi 
ment can easily solve this problem. 

[0156] Secondly, the method of this embodiment can 
diminish the forming steps for the metallic thin ?lm and 
consequently has an advantage to be able to make the 
forming process short. 

[0157] Preferably, titanium, Zirconium and hafnium are 
employed as the metal element to be added to the gate 
insulating ?lm in order to make them separately both silicide 
and boron compound in the method of this embodiment. 
Especially it is most desirable to add titanium that has a 
loW-level oxidiZed state and can be reduced easily. As the 
gate insulating ?lm to Which the metal is added, the material 
system described in the embodiment 1 can be utiliZed as it 
is. 

[0158] Although sputtering is presented here as an 
example of the forming method for the metal-added gate 
insulating ?lm, the method is not limited to it. 
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[0159] (Embodiment 3) 
[0160] Another forming method for the metal silicide 
layer Will be then described. In this embodiment, a reduced 
metal oxide ?lm (e.g. metallic thin ?lm) is obtained by 
forming a gate insulating ?lm and then reducing the surface 
thereof. Next, a silicon ?lm is deposited thereon and a metal 
silicide layer is formed by reacting the reduced metal oxide 
?lm to the silicon ?lm by heat treatment. 

[0161] 
[0162] In the ?rst place, as shoWn by the step (a) of FIG. 
16, a gate insulating ?lm 102 of metal oxide is formed on the 
silicon substrate 4. Titanium, Zirconium, or hafnium can be 
employed as the metal. Then, a reduced metal oxide ?lm, ie 
a metallic thin ?lm 103 here, is formed by reducing a part 
of the surface of the gate insulating ?lm 102 of metal oxide. 

FIG. 16 shoWs the schematic diagram thereof. 

[0163] Heat treatment in a reductive atmosphere such as 
hydrogen can be put to practice for example as the reducing 
method. Although it is dif?cult technologically to reduce 
only a part of the gate insulating ?lm 102 of metal oxide in 
such as ordinary hydrogen molecule atmosphere, it is tech 
nologically possible to reduce partially only the vicinity of 
the utmost surface of the gate insulating ?lm 102 of metal 
oxide by means of being exposed by eg hydrogen radical 
or inert gas plasma. 

[0164] In this case, the metal oxide shall not necessarily be 
reduced completely to the pure metal by reducing action, but 
a loW-level metal oxide state, Which is an unstable oxidiZed 
state, may be permitted. 

[0165] Furthermore, for this partially reducing method, a 
metal silicate instead of the metal oxide can also be used. 

[0166] Then, a silicon ?lm for example, is formed on the 
metallic thin ?lm 103 as the conductive thin ?lm 104, as 
shoWn by the step (b) of FIG. 15. 

[0167] Then, by means of heat-treating the substrate as 
shoWn by the step (c) of FIG. 15, the metal silicide layer 105 
can be formed by reacting the silicon in the conductive thin 
?lm 104 to the metal in the metallic thin ?lm 103. 

[0168] The advantage of such fabricating method is that 
?at metal silicide and metal boron compound can be formed 
even if a system is dif?cult to form a ?at metallic thin ?lm 
on the gate insulating ?lm. 

[0169] The present invention can provide a semiconductor 
device having a gate electrode free from increasing of 
resistance of the gate electrode, from decreasing of capaci 
tance of the insulation ?lm due to depletion, and from 
penetrating of impurity. 

[0170] Moreover, the fabricating method for the semicon 
ductor device mentioned above can be provided by a simple 
method using silicon process. 

What is claimed is: 
1. A semiconductor device including a CMOS transistor 

having: 
a p channel MOS transistor comprising 

a substrate, 

an n type silicon layer containing a source region and 
a drain region provided in or on the substrate and 
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positioned apart from each other, and a channel 
region provided betWeen the source region and the 
drain region, 

a gate insulating ?lm formed on the channel region of 
the n type silicon layer, 

a metal boron compound layer formed on the gate 
insulating ?lm, and 

a gate electrode formed on the metal boron compound 
layer and containing at least silicon, and 

an n channel MOS transistor comprising 

a p type silicon layer containing a source region and a 
drain region provided in or on the substrate and 
positioned apart from each other, and a channel 
region provided betWeen the source region and the 
drain region, 

a gate insulating ?lm formed on the p type silicon layer, 

a metal silicide layer formed on the gate insulating ?lm, 
and 

a gate electrode formed on the metal silicide layer and 
containing at least silicon. 

2. The semiconductor device as stated in claim 1, Wherein 
a metal contained in the metal boron compound layer and a 
metal contained in the metal silicide layer are the same 
element, and the metal is selected so that an absolute value 
of free energy of the metal boron compound can be greater 
than an absolute value of free energy of the metal silicide 
layer. 

3. The semiconductor device as stated in claim 1, Wherein 
the gate electrode contains germanium. 

4. The semiconductor device as stated in claim 1, Wherein 
the metal boron compound layer contains at least one metal 
selected from transition metals of group 4, and the gate 
insulating ?lm is an oXide ?lm of silicon or of at least one 
metal selected from any of transition metals of group 4, 
tantalum, aluminum, yttrium, lanthanum, cerium and other 
rare earth elements. 

5. The semiconductor device as stated in claim 2, Wherein 
the metal is titanium. 

6. The semiconductor device as stated in claim 1, Wherein 
atomic composition ratio is metal:boron=1:1.5 to 2. 

7. The semiconductor device as stated in claim 6, Wherein 
the metal is titanium. 

8. A semiconductor device comprising 

a silicon layer containing a source region and a drain 
region located apart from each other, and a channel 
region interposed betWeen the source region and the 
drain region, 

a gate insulating ?lm formed on the silicon layer, 

a metal boron compound layer formed on the gate insu 
lating ?lm, and 

a gate electrode formed on the metal boron compound 
layer and containing at least silicon. 

9. A fabricating method for a semiconductor device com 
prising: 

forming a gate insulating ?lm on a silicon substrate, 

forming a metallic thin ?lm on the gate insulating ?lm, 

forming a thin ?lm containing at least silicon on the 
metallic thin ?lm, 
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adding boron to at least a part of the thin ?lm, 

forming a metal silicide layer by reacting the metallic thin 
?lm to a part of the thin ?lm, and 

forming a metal boron compound layer by reacting a part 
of the metal silicide layer to boron. 

10. A fabricating method for a semiconductor device 
comprising: 

forming a gate insulating ?lm on a silicon substrate, 

forming a metallic thin ?lm on the gate insulating ?lm, 

forming a thin ?lm containing at least silicon on the 
metallic thin ?lm, 

adding boron to a ?rst region of the thin ?lm, 

adding n type dopant to a second region of the thin ?lm, 

forming a metal silicide layer by reacting the metallic thin 
?lm to a part of the thin ?lm, and 

forming a metal boron compound layer by reacting a part 
of the metal silicide layer in the ?rst region to boron. 

11. A fabricating method for a semiconductor device 
comprising: 

forming a gate insulating ?lm added With a metal on a 
silicon substrate, 

forming a thin ?lm containing at least silicon on the gate 
insulating ?lm, 

adding boron to a ?rst region of the thin ?lm, 

adding an n type dopant to a second region of the thin 
?lm, 

forming a metal silicide layer by reacting the metal added 
to the surface of the gate insulating ?lm to a part of the 
thin ?lm, and 

forming a metal boron compound layer by reacting a part 
of the metal silicide layer in the ?rst region to boron. 

12. A fabricating method for a semiconductor device 
comprising: 

forming a gate insulating ?lm of metal oXide on a silicon 
substrate, 

reducing a surface of the gate insulating ?lm, 

forming a thin ?lm containing at least silicon on the gate 
insulating ?lm, 

adding boron to a ?rst region of the thin ?lm, 

adding an n type dopant to a second region of the thin 
?lm, 

forming a metal silicide layer by reacting a reduced metal 
existing on a surface of the gate insulating ?lm to a part 
of the thin ?lm, and 

forming a metal boron compound layer by reacting a part 
of the metal silicide layer in the ?rst region to boron. 

13. The fabricating method for a semiconductor device as 
stated in claim 10, Wherein the thin ?lm contains germa 
nium. 

14. The fabricating method for a semiconductor device as 
stated in claim 10, Wherein the metal boron compound layer 
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contains at least one metal selected from transition metals of 16. The fabricating method for a semiconductor device as 
group 4, and the gate insulating ?lm is an oxide ?lm of stated in claim 10, Wherein atomic composition ratio of the 
silicon or of at least one metal selected from any of transition metal boron compound layer is metal:boron=1: 1.5 to 2. 
metals of group 4, tantalum, aluminum, yttrium, lanthanum, 17. The fabricating method for a semiconductor device as 
cerium and other rare earth elements. stated in claim 10, Wherein the metal is titanium. 

15. The fabricating method for a semiconductor device as 
stated in claim 10, Wherein the metal is titanium. * * * * * 


