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(57) ABSTRACT 
A semiconductor device of the present invention includes a 
conductive ?lm made up of a polysilicon ?lm, a barrier 
metal ?lm and a high melting point, metal nitride ?lm 
sequentially laminated in this order. The conductive ?lm is 
annealed to loWer the resistance of the metal nitride ?lm. 
Annealing causes the metal nitride ?lm, Which is formed in 
an amorphous state, to release nitrogen and increases the 
crystal size of metal having a high melting point. This 
successfully improves the crystallization of the high melting 
point metal and loWers the resistance of the metal nitride 
?lm Without regard to the crystallization of the underlying 
barrier metal ?lm. It is therefore possible to improve the 
crystallization of the metal nitride ?lm or to obviate the step 
of providing the barrier metal ?lm With a double-layer 
structure, i.e., to simplify the production procedure. A 
method of producing the semiconductor device is also 
disclosed. 
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FIG.3 
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FIG. 4 

Intensity (arb. units) 
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SEMICONDUCTOR DEVICE AND METHOD OF 
PRODUCING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a semiconductor 
device including a conductive ?lm implementing, e.g., a 
gate electrode included in a MOS (Metal Oxide Semicon 
ductor) transistor or an interconnection or Wiring, and a 
method of producing the same. More particularly, the 
present invention relates to a semiconductor device capable 
of loWering the resistance of a conductive ?lm thereof and 
a method of producing the same. 

[0002] In parallel With the trend toWard high speed, highly 
integrated semiconductor devices, there is an increasing 
demand for a decrease in the siZe of electrodes included in 
semiconductor devices and the siZe of interconnections 
betWeen the devices. HoWever, a decrease in the siZe, 
particularly a Width, of electrodes and that of interconnec 
tions bring about a problem that the resistance of electrodes 
and that of interconnections noticeably aggravate signal 
delay, voltage fall and other circuit factors. Particularly, a 
polysilicon layer conventionally used as an electrode or an 
interconnection and loWered in resistance by a dopant aggra 
vates signal delay because polysilicon has relatively high 
resistivity. To solve this problem, there has been proposed to 
form a titanium, cobalt, tungsten or similar metal ?lm 
having a high melting point on a polysilicon ?lm. Metal 
having a high melting point and silicon react to form a metal 
silicide layer having a high melting point and thereby form 
a polycrystalline silicide structure. Even the polycrystalline 
silicide structure, hoWever, cannot loWer the resistivity of 
the metal silicide having a high melting point beyond a 
certain limit. Speci?cally, When an interconnection or Wiring 
is 0.2 pm thick or less and is reduced in Width from 
convezntional 0.18 pm to 0.13 pm, resistance loWer than 4 
Qcm is required as the sheet resistance of the interconnec 
tion. Such a loW resistance is, hoWever, dif?cult to achieve 
With the polycrystalline silicide structure. 

[0003] A metal/polysilicon structure in Which a ?lm of 
metal having a high melting point is formed on a polysilicon 
?lm is one of recent achievements in the semiconductors 
device art. The metal/polysilicon structure is eXpected to 
implement loW resistance because a high melting point, 
metal silicide layer is absent. Speci?cally, after a ?lm of 
tungsten or similar metal having a high melting point has 
been formed on a polysilicon ?lm, a semiconductor device 
With, e.g., the tungsten ?lm is annealed. For eXample, after 
a tungsten/polysilicon (W/Si) structure has been formed as 
the gate electrode of a MOS transistor, ions are implanted in 
a source and a drain region. This is folloWed by annealing 
for activation. Annealing, hoWever, causes polysilicon and 
tungsten to react With each other and form tungsten silicide 

(WSi). 
[0004] In light of the above, a barrier metal ?lm imple 
mented by a titanium nitride (TiN) ?lm or similar metal 
nitride ?lm may be formed betWeen the polysilicon ?lm and 
the tungsten ?lm in order to suppress the reaction of poly 
silicon and tungsten, as also proposed in the past. HoWever, 
it is dif?cult to loWer the resistivity of the metal structure, i.e. 
W/TiN structure even With the barrier metal ?lm. In this 
connection, We found by measurement that the resistivity of 
the tungsten ?lm forming part of the W/TiN structure Was 
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about seven to eight times as high as the resistivity of bulk 
tungsten. This is presumably because the crystal structure of 
the barrier metal ?lm effects the crystalliZation of the 
overlying tungsten ?lm and thereby suppresses the crystal 
groWth of the tungsten ?lm, limiting the decrease in the 
resistivity of the W/TiN structure. 

[0005] To implement loW resistivity, Japanese Patent 
Laid-Open Publication No. 10-12869 (prior art 1 hereinaf 
ter) discloses a conductive ?lm that is a laminate of a 
tungsten ?lm, a TiN ?lm, and a polysilicon ?lm. In this 
structure, the TiN ?lm, Which serves as a barrier metal ?lm, 
is caused to recrystalliZe so as to increase the grain siZe. This 
improves the crystalliZation of the tungsten ?lm and thereby 
loWers resistance. Japanese Patent Laid-Open Publication 
No. 10-289885 (prior art 2 hereinafter) teaches a conductive 
?lm in the form of a high melting point metal/TiN/polysili 
con laminate structure. This conductive ?lm is characteriZed 
in that the barrier metal ?lm is provided With a double-layer 
structure in order to improve the crystalliZation of the 
overlying, high melting point metal ?lm for thereby loWer 
ing resistance. 

[0006] HoWever, the prior art 1 needs an additional step 
for the recrystalliZation of the barrier metal ?lm While the 
prior art 2 needs an additional step for providing the barrier 
metal ?lm With a double-layer structure. Such an additional 
step makes a production line sophisticated When combined 
With the essential steps of sequentially forming the consecu 
tive layers of the conductive ?lm. Moreover, the recrystal 
liZation and double-layer structure both increase the ?lm/ 
thickness of the barrier metal and therefore the overall 
thickness of the conductive ?lm. This obstructs the imple 
mentation of thin electrodes and thin interconnections that is 
necessary for scaling doWn semiconductor devices. 

SUMMARY OF THE INVENTION 

[0007] It is therefore an object of the present invention to 
provide a semiconductor device capable of reducing the 
resistivity of its top metal ?lm Without resorting to a 
sophisticated production line or increasing the thickness of 
a barrier metal ?lm. 

[0008] In accordance With the present invention, in a 
semiconductor device, a conductive ?lm formed on a semi 
conductor substrate for forming an electrode, an intercon 
nection or the like is implemented as a laminate of a 
polysilicon ?lm, a barrier metal ?lm and a metal nitride ?lm 
having a high melting point, as named from the bottom to the 
top of the laminate. 

[0009] Also, in accordance With the present invention, a 
method of producing a conductive ?lm included in a semi 
conductor device includes the steps of sequentially forming 
a laminate made up of a polysilicon ?lm, a barrier metal ?lm 
and a metal nitride ?lm having a high melting point on an 
insulation ?lm in this order, and annealing the laminate to 
thereby loWer the resistance of the metal nitride ?lm. 

[0010] Further, in accordance With the present invention, 
a method of producing a gate electrode included in a MOS 
transistor includes the steps of sequentially forming a poly 
silicon ?lm, a barrier metal ?lm and a metal nitride layer 
having a high melting point on a gate insulation ?lm in this 
order to thereby constitute a conductive ?lm having a 
laminate structure, patterning the conductive ?lm to thereby 
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form the gate electrode, implanting ions in a source and a 
drain region in a semiconductor layer by using the gate the 
gate electrode as a mask, and effecting annealing to thereby 
activate the resulting ion implanted layers and loWer the 
resistance of the metal nitride ?lm at the same time. 

[0011] Moreover, in accordance With the present inven 
tion, a method of producing a gate electrode included in a 
MOS transistor includes the steps of sequentially forming a 
polysilicon ?lm, a barrier metal ?lm and a metal nitride ?lm 
having a high melting point on a gate insulation ?lm in this 
order to thereby constitute a conductive ?lm having a 
laminate structure, annealing the conductive ?lm to thereby 
loWer the resistance of the metal nitride layer, and patterning 
the conductive ?lm to thereby form the gate electrode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The above and other objects, features and advan 
tages of the present invention Will become more apparent 
from the folloWing detailed description taken With the 
accompanying draWings in Which: 

[0013] FIG. 1 is a section shoWing a MOS transistor 
embodying the present invention; 

[0014] FIGS. 2A through 2F are sections demonstrating 
a sequence of steps for producing the MOS transistor of 
FIG. 1; 

[0015] FIG. 3 is a graph shoWing a relation betWeen 
resistivity Rs and annealing temperature; 

[0016] FIG. 4 is a vieW representative of a relation 
betWeen annealing temperature and the components of WN; 

[0017] FIGS. 5A and 5B are sections each shoWing a 
particular alternative lamp annealing step; and 

[0018] FIG. 6 is a section shoWing a speci?c DRAM 
(Dynamic Random Access Memory) cell con?guration to 
Which the illustrative embodiment is applied. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0019] Referring to FIG. 1 of the draWings, a semicon 
ductor device embodying the present invention is shoWn and 
applied to a gate electrode included in a MOS transistor by 
Way of example. As shoWn, the semiconductor device 
includes a p-type or an n-type silicon substrate 1 formed 
With a p-Well 2. A shalloW device isolating groove structure 
(STI) 3 delimits an area in Which a MOS transistor is to be 
formed. Speci?cally, to implement the STI 3, a shalloW 
groove 1a is formed in the surface of the silicon substrate 1 
and then ?lled With a silicon oXide ?lm 4. In the above MOS 
transistor forming area, a gate insulation ?lm 5 implemented 
by a silicon oXide ?lm is formed on the surface of the silicon 
substrate 1. A polysilicon ?lm 7, a barrier metal ?lm 8 
implemented by titanium nitride (TiN) and a tungsten nitride 
(WN) ?lm 9 are sequentially laminated on the gate insula 
tion ?lm 5, constituting a gate electrode 6. 

[0020] A silicon oXide ?lm 10 is formed on the top of the 
gate electrode 6. Side Walls 11 are formed on the sides of the 
gate electrode 6 and implemented by a silicon oXide ?lm. 
The silicon oXide ?lms 10 and 11 cover the gate electrode 6. 
Further, an LDD (Lightly Doped Drain) region 12 and a 
source and a drain region 13 are formed in the MOS 
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transistor forming region of the silicon substrate 1 and doped 
With an n-type impurity lightly and heavily, respectively. In 
this manner, an n-channel MOS transistor is completed. An 
interlayer dielectric 14 is formed With a contact hole. A 
buried contact 15 is positioned in the contact hole and 
connected to the source and drain regions 13. 

[0021] FIGS. 2A through 2F demonstrate a sequence of 
steps for producing the above-described MOS transistor. 
First, as shoWn in FIG. 2A, the p-Well 2 is formed in the 
p-type or n-type silicon substrate 1 While the shalloW groove 
1a is formed in the device separating region of the substrate 
1. Subsequently, the silicon oXide ?lm 4 is buried in the 
shalloW groove 1a to thereby form the STI 3. To bury the 
silicon oXide ?lm 4 in the groove 1a, there may be used the 
folloWing speci?c method. After the groove 1a has been 
formed in the silicon substrate 1, the silicon oXide ?lm 4 is 
formed on the surface of the substrate 1 to a thickness 
greater than the depth of the groove 1a. The silicon oXide 
?lm 4 is then etched back by chemicomechanical polishing 
(CMP) so as to eXpose the surface of the silicon substrate 1. 
As a result, the silicon oXide ?lm 4 is left in the groove 1a 
Without being etched. 

[0022] Subsequently, as shoWn in FIG. 2B, the surface of 
the silicon substrate 1 is cleaned. The silicon oXide ?lm 5 is 
formed on the cleaned surface of the substrate 1 to a 
thickness of about 10 nm. The polysilicon ?lm 7 containing 
phosphor (P) is formed on the silicon oXide ?lm 5 to a 
thickness of about 10 nm by CVD (Chemical Vapor Depo 
sition). The TiN ?lm 8 is formed on the polysilicon ?lm 7 
to a thickness of about 10 nm by sputtering. The WN ?lm 9 
is formed on the TiN ?lm 8 to a thickness of about 100 nm 
by CVD, Which uses tungsten heXa?uoride (WF6) gas and 
ammonia (NH3) gas. WF6 gas belongs to a family of 
halogen-based metallic gases having high melting points. 
More speci?cally, for CVD of the WN ?lm 9, a CVD 
reaction condition richer in nitrogen than a stoichiometric 
ratio is used, so that the WN ?lm 9 is formed in an 
amorphous state. For example, WF6 gas and NH3 gas are 
introduced into a reaction chamber such that WF6is more 
than 1/500, but less than 10, With respect to NH3. The WF6 
gas and NH3 gas are caused to react at a groWth temperature 
of room temperature to 550° C. and a reaction pressure of 
0.01 Torr to 5.0 Torr. As a result, a conductive ?lm 20 having 
a three-layer structure, i.e., a WN/TiN/polysilicon structure 
is formed. The silicon oXide ?lm 5 implementing the gate 
insulation ?lm may be replaced With a silicon nitride (SiN) 
?lm, a silicon oXide nitride (SiOXNy) ?lm or a tantalum 
oXide (TaO) ?lm, if desired. 

[0023] The silicon oXide ?lm 10 having a suitable thick 
ness is formed on the three-layer conductive ?lm 20. After 
a photoresist ?lm, not shoWn, has been formed on the silicon 
oXide ?lm 10, the laminate shoWn in FIG. 2B is eXposed to 
a gate electrode pattern and then developed to form a 
photoresist mask. Thereafter, the WN ?lm 9, TiN ?lm 8 and 
polysilicon ?lm 7 constituting the conductive ?lm 20 are 
sequentially etched via the photoresist mask. As a result, the 
gate electrode 6 is formed in a desired pattern, as shoWn in 
FIG. 2C. After the etching, the photoresist mask is removed. 
Subsequently, phosphor (P") ions are lightly implanted by a 
self-matching method using the gate electrode 6, so that a P+ 
ion implanted layer 21 is formed in the major surface of the 
substrate 1 at both sides of the gate electrode 6. 



US 2003/0197232 A1 

[0024] After the step shown in FIG. 2C, a silicon oxide 
?lm 22 having a desired thickness is formed on the entire 
surface of the laminate, as indicated by a dash-and-dots line 
in FIG. 2D. The silicon oXide ?lm 22 is etched back by 
anisotropic etching such that the ?lm 22 remains only on the 
sides of the gate electrode 6 and forms the side Walls 11. 
Subsequently, as shoWn in FIG. 2E, arsenic (As+) ions are 
heavily implanted in the laminate by the self-matching 
method using the gate electrode 6 and side Walls 11. Con 
sequently, an As+ ion implanted layer 23 is formed in the 
major surface of the silicon substrate 1 at both sides of the 
side Walls 11. 

[0025] As shoWn in FIG. 2F, the silicon substrate 1 With 
the As+ ion implanted layer 23 is annealed by a lamp 
annealer implemented by RTA (Rapid Thermal Annealing). 
In the illustrative embodiment, RTA is effected at 850° C. for 
60 seconds. Lamp annealing causes the WN ?lm 9 to release 
nitrogen (N) With the result that the WN ?lm 9 changes into 
a substantially nitrogen-free WN ?lm, i.e., a W ?lm. It is to 
be noted that such a W ?lm is also referred to as a WN ?lm 
herein because nitrogen is not completely removed from the 
WN ?lm 9. At the same time as the WN ?lm 9 so changes, 
the crystalliZation of tungsten in the WN ?lm 9 is improved 
and increases the crystal siZe of tungsten. At this instant, the 
TiN ?lm or barrier metal ?lm 8 betWeen the WN ?lm 9 and 
the polysilicon ?lm 7 prevents polysilicon from reacting 
With tungsten, Which is present in the WN ?lm 9, and 
forming a tungsten silicide layer. In this manner, a metal/ 
polysilicon structure is formed. It is noteWorthy that the 
resistivity of the WN ?lm or upper layer 9 decreases because 
of improved crystalliZation, loWering the resistivity of the 
entire gate electrode 6. Further, lamp annealing activates the 
P+ ion implanted layer 21 and As+ ion implanted layer 23 
and thereby forms the loW density, n-type LDD region 12 
and high density, n-type source and drain regions 13. 

[0026] After the above sequence of steps, the interlayer 
dielectric 14 is formed on the silicon substrate 1 in such a 
manner as to cover the n-channel MOS transistor. The buried 
contact 15 is formed in the contact hole formed in the 
interlayer dielectric 14 and connected to the source and drain 
regions 13, completing the MOS transistor structure shoWn 
in FIG. 1. 

[0027] As stated above, the gate electrode 6 of the MOS 
transistor has a WN/TiN/polysilicon structure and causes the 
intermediate TiN ?lm 8 to prevent tungsten of the WN ?lm 
9 and silicon of the polysilicon layer 7 from reacting With 
each other and forming a tungsten silicide layer. This is 
successful to implement a metal/polysilicon structure 
including the WN ?lm 9 and polysilicon ?lm 7. Further, the 
WN ?lm 9 is formed in an amorphous state and then 
subjected to lamp annealing in order to remove nitrogen and 
to promote the crystalliZation of tungsten at the same time. 
It folloWs that tungsten crystalliZes toWard regions Where 
nitrogen has disappeared, and therefore rapidly increases the 
grain siZe thereof. Consequently, the resistivity of the WN 
?lm 9 and therefore that of the entire metal/polysilicon 
structure is reduced. For this reason, even When the WN ?lm 
9 is as thin as 0.2 pm or less and the gate electrode 6 has a 
gate length as small as about 0.13 pm, loW resistivity 
required of a semiconductor device is achievable. 

[0028] To determine a relation betWeen the lamp anneal 
ing temperature and the resistivity of the WN ?lm 9, the 
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resistivity of the portion Where the WN ?lm 9 and TiN ?lm 
8 are laminated Was measured by varying the lamp anneal 
ing temperature. FIG. 3 is a graph shoWing the result of 
measurement and in Which the ordinate and abscissa indicate 
resistivity Rs and lamp annealing temperature, respectively. 
Also, W (Bulk) is representative of the resistivity of bulk 
tungsten. W/TiN is representative of a structure including 
tungsten formed on a TiN ?lm While WN/TiN is represen 
tative of the structure of the present invention in Which the 
amorphous WN ?lm is formed on the TiN ?lm. The resis 
tivity Rs of the W (Bulk) is constant Without regard to the 
annealing temperature and slightly loWer than 101. Although 
the resistivity Rs of the W/TiN structure decreases little by 
little in accordance With the rise of the annealing tempera 
ture, its slope is small; the resistivity Rs does not decrease 
beloW 101 even at 1,100° C. 

[0029] By contrast, the resistivity Rs of the WN/TiN 
structure of the illustrative embodiment sharply decreases in 
accordance With the rise of the annealing temperature 
although it is higher than the resistivity Rs of the W/TiN 
structure by about one ?gure just after the formation. Spe 
ci?cally, the resistivity Rs of the WN/TiN structure Was 
almost the same as the resistivity Rs of the W/TiN structure 
When the annealing temperature Was 800° C. HoWever, the 
WN/TiN structure Was loWer in resistivity Rs than the 
W/TiN structure When the annealing temperature exceeded 
800° C., and Was even loWer than 101 at 900° C. It is to be 
noted that the resistivity Rs of 101 is substantially 4 Qcm2 
to 6 Qcm2 in terms of sheet resistance. Therefore, the 
conductive ?lm of the illustrative embodiment has resistivity 
as loW as about one-third to one-fourth of the resistivity of 
the conventional W/TiN/polysilicon conductive ?lm. Con 
sequently, by effecting lamp annealing at 800° C. or above, 
preferably 900° C. or above, it is possible to realiZe an 
WN/TiN conductive ?lm having sheet resistance of 4 Qcm2 
or less. 

[0030] FIG. 4 shoWs components contained in the WN 
?lm and detected by X-ray analysis at various lamp anneal 
ing temperatures. As shoWn, While the WN ?lm 9 is in an 
amorphous state just after the deposition, a number of 
diffraction peaks of WZN appear as the annealing tempera 
ture rises, proving the polycrystalliZation of the WN ?lm 9. 
At temperatures above 900° C., tungsten occupies substan 
tially the entire WN ?lm 9. In FIG. 4, parenthesiZed 
numerical values indicate crystal face orientations. 

[0031] CVD used to form the WN ?lm 9 in the illustrative 
embodiment may be replaced With sputtering, if desired. For 
eXample, a tungsten target, Which is a high purity material, 
may be used to form a WN ?lm in an argon atmosphere 
containing nitrogen gas by sputtering. In this case, a groWth 
temperature of room temperature to 400° C. and a reaction 
pressure of 10'4 Torr to 10'2 Torr are selected. The WN ?lm 
9 to be formed by sputtering can be implemented by the 
same sputtering system as used to form the TiN ?lm 8, Which 
underlies the WN ?lm 9, just after the TiN ?lm 8. Sputtering 
is therefore desirable from the production ef?ciency stand 
point. 

[0032] In the illustrative embodiment, the conductive ?lm 
is applied to the gate electrode of a MOS semiconductor. 
Particularly, the WT/TiN/polysilicon structure is subjected 
to lamp annealing at the same time as the ion implanted 
layers of the LDD region and source and drain regions are 
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activated by heat. Alternatively, the lamp annealing of the 
above three-layer conductive ?lm may, of course, be 
effected in an independent step. 

[0033] Particularly, in the illustrative embodiment, lamp 
annealing is effected after the silicon oXide ?lms 10 and 11 
have been formed in such a manner as to cover the gate 
electrode or three-layer conductive ?lm 6. The silicon oXide 
?lms 10 and 11 may therefore happen to obstruct the parting 
of nitrogen from the WN ?lm 9. In light of this, lamp 
annealing may be effected in the condition Wherein the 
surface of the WN ?lm 9 is exposed to the outside. For 
example, lamp annealing may be effected just after the 
three-layer conductive ?lm 20 has been formed, as shoWn in 
FIG. 5, or just after the conductive ?lm 20 and silicon oXide 
layer 10 have been patterned to form the gate electrode 6, as 
shoWn in FIG. 5B. Such an alternative scheme is successful 
to promote the parting of nitrogen from the WN ?lm 9 and 
to further reduce the lamp annealing time. The cruX is 
therefore that lamp annealing should preferably be effected 
at least before the ?lms eXpected to cover the conductive 
?lm 20 are formed. 

[0034] Further, the conductive ?lm of the illustrative 
embodiment is, of course, applicable even to interconnec 
tions betWeen devices. FIG. 6 shoWs a speci?c DRAM cell 
con?guration using the MOS transistor of FIG. 1. As shoWn, 
after the MOS transistor has been formed by the previously 
described procedure, a bit line 16 is formed on the interlayer 
dielectric 14 and connected to the source region 13 by the 
buried contact 15 stated earlier. The bit line 16 is imple 
mented as a three-layer conductive ?lm made up of a Ti ?lm 
7‘, a TIN ?lm 8A and a WN ?lm 9A that are sequentially 
laminated in the same manner as in the illustrative embodi 
ment. The conductive ?lm is patterned and then subjected to 
lamp annealing in order to loWer the resistance of the WN 
?lm 9A and therefore the sheet resistance of the bit line 16. 

[0035] Subsequently, a second interlayer dielectric 17 is 
formed on the interlayer dielectric 14. Aburied contact 18 is 
formed in the second inter layer dielectric 17 and connected 
to the drain region 13. Thereafter, a charge store electrode 
24, a capacity insulation ?lm 25 and a counter electrode 26 
are sequentially formed on the second interlayer dielectric 
17, constituting a capacitor 19. In this con?guration, the 
buried contact 18 connects the charge store electrode 24 to 
the drain region 13. 

[0036] The DRAM shoWn in FIG. 6 has the gate electrode 
6, Which serves as a Word line, and the bit line 16 each 
having WT/TiN on the top. This, coupled With the fact that 
the WN ?lms 9 and 9A have their resistance loWered by 
lamp annealing, realiZes a high-speed DRAM cell or DRAM 
circuit. 

[0037] In summary, in accordance With the present inven 
tion, a polysilicon ?lm, a barrier metal ?lm and a high 
melting point, metal nitride ?lm are sequentially laminated 
to constitute a conductive ?lm. Subsequently, the conductive 
?lm is annealed to loWer the resistance of the metal nitride 
?lm. Annealing causes the metal nitride ?lm, Which is 
formed in an amorphous state, to release nitrogen and 
increases the crystal siZe of metal having a high melting 
point. This successfully improves the crystalliZation of the 
high melting point metal and loWers the resistance of the 
metal nitride ?lm Without regard to the crystalliZation of the 
underlying barrier metal ?lm. It is therefore possible to 
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improve the crystalliZation of the metal nitride ?lm or to 
obviate the step of providing the barrier metal ?lm With a 
double-layer structure, i.e., to simplify the production pro 
cedure. Even When the thickness of the metal nitride ?lm 
and the Width of the conductive ?lm are reduced to promote 
the integration of the semiconductor device, the above 
simple production procedure is capable of providing the 
conductive layer With resistance loWer than required resis 
tance. The present invention therefore realiZes a high speed, 
highly integrated semiconductor device. 

[0038] Various modi?cations Will become possible for 
those skilled in the art after receiving the teachings of the 
present disclosure Without departing from the scope thereof. 
For eXample, the metal having a high melting point, Which 
constitutes the metal nitride ?lm, and/or the metal consti 
tuting the barrier metal ?lm underlying it may be replaced 
With any other suitable metal comparable in function. 

What is claimed is: 
1. In a semiconductor device, a conductive ?lm formed on 

a semiconductor substrate for forming an electrode, an 
interconnection or the like comprises a laminate of a poly 
silicon ?lm, a barrier metal ?lm and a metal nitride ?lm 
having a high melting point, as named from a bottom to a top 
of said laminate. 

2. Asemiconductor device as claimed in claim 1, Wherein 
said barrier metal ?lm and said metal nitride ?lm comprise 
a TiN ?lm and a WN ?lm, respectively. 

3. Asemiconductor device as claimed in claim 2, Wherein 
said conductive ?lm constitutes a gate electrode included in 
a MOS transistor. 

4. Asemiconductor device as claimed in claim 3, Wherein 
said nitride ?lm is 0.2 pm thick or less While said gate 
electrode has a dimension of 0.13 pm or less in a direction 
of gate length. 

5. A method of producing a conductive ?lm included in a 
semiconductor device, comprising the steps of: 

(a) sequentially forming a laminate made up of a poly 
silicon ?lm, a barrier metal ?lm and a metal nitride ?lm 
having a high melting point on an insulation ?lm in this 
order; and 

(b) annealing said laminate to thereby loWer a resistance 
of said metal nitride ?lm. 

6. A method as claimed in claim 5, Wherein said metal 
nitride ?lm is formed in an amorphous state under a condi 
tion containing at least 0.1 of nitrogen. 

7. A method as claimed in claim 6, Wherein said metal 
nitride ?lm is formed by CVD or sputtering. 

8. A method of producing a gate electrode included in a 
MOS transistor, comprising the steps of: 

(a) sequentially forming a polysilicon ?lm, a barrier metal 
?lm and a metal nitride layer having a high melting 
point on a gate insulation ?lm in this order to thereby 
constitute a conductive ?lm having a laminate struc 

ture; 

(b) patterning said conductive ?lm to thereby form the 
gate electrode: 

(c) implanting ions in a source and a drain region in a 
semiconductor layer by using the gate the gate elec 
trode as a mask; and 
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(d) effecting annealing to thereby activate resulting ion 
implanted layers and loWer a resistance of said metal 
nitride ?lm at the same time. 

9. A method as claimed in claim 8, Wherein said metal 
nitride ?lm is formed in an amorphous state under a condi 
tion containing at least 0.1 of nitrogen. 

10. A method as claimed in claim 9, Wherein said metal 
nitride ?lm is formed by CVD or sputtering. 

11. A method as claimed in claim 10, Wherein said metal 
nitride ?lm is annealed in order to release nitrogen contained 
in said metal nitride ?lm. 

12. A method as claimed in claim 11, Wherein said metal 
nitride ?lm is subjected to rapid thermal processing using 
lamp annealing. 

13. A method as claimed in claim 12, Wherein said metal 
nitride ?lm is annealed at a temperature of 800° C. or above, 
preferably at 900° C. or above. 

14. A method as claimed in claim 9, Wherein said metal 
nitride ?lm is annealed in order to release nitrogen contained 
in said metal nitride ?lm. 

15. A method as claimed in claim 14, Wherein said metal 
nitride ?lm is subjected to rapid thermal processing using 
lamp annealing. 

16. A method as claimed in claim 15, Wherein said metal 
nitride ?lm is annealed at a temperature of 800° C. or above, 
preferably at 900° C. or above. 

17. A method as claimed in claim 8 Wherein said metal 
nitride ?lm is annealed in order to release nitrogen contained 
in said metal nitride ?lm. 

18. A method as claimed in claim 17, Wherein said metal 
nitride ?lm is subjected to rapid thermal processing using 
lamp annealing. 

19. A method as claimed in claim 18, Wherein said metal 
nitride ?lm is annealed at a temperature of 800° C. or above, 
preferably at 900° C. or above. 

20. Amethod of producing a gate electrode included in a 
MOS transistor, comprising the steps of: 

(a) sequentially forming a polysilicon ?lm, a barrier metal 
?lm and a metal nitride ?lm having a high melting point 
on a gate insulation ?lm in this order to thereby 
constitute a conductive ?lm having a laminate struc 

ture; 
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(b) annealing said conductive ?lm to thereby loWer a 
resistance of said metal nitride layer; and 

(c) patterning said conductive ?lm to thereby form the 
gate electrode. 

21. A method as claimed in claim 20, Wherein said metal 
nitride ?lm is formed in an amorphous state under a condi 
tion containing at least 0.1 of nitrogen. 

22. A method as claimed in claim 21, Wherein said metal 
nitride ?lm is formed by CVD or sputtering. 

23. A method as claimed in claim 22, Wherein said metal 
nitride ?lm is annealed in order to release nitrogen contained 
in said metal nitride ?lm. 

24. A method as claimed in claim 23, Wherein said metal 
nitride ?lm is subjected to rapid thermal processing using 
lamp annealing. 

25. A method as claimed in claim 24, Wherein said metal 
nitride ?lm is annealed at a temperature of 800° C. or above, 
preferably at 900° C. or above. 

26. A method as claimed in claim 21, Wherein said metal 
nitride ?lm is annealed in order to release nitrogen contained 
in said metal nitride ?lm. 

27. A method as claimed in claim 26, Wherein said metal 
nitride ?lm is subjected to rapid thermal processing using 
lamp annealing. 

28. A method as claimed in claim 27, Wherein said metal 
nitride ?lm is annealed at a temperature of 800° C. or above, 
preferably at 900° C. or above. 

29. A method as claimed in claim 20, Wherein said metal 
nitride ?lm is annealed in order to release nitrogen contained 
in said metal nitride ?lm. 

30. A method as claimed in claim 29, Wherein said metal 
nitride ?lm is subjected to rapid thermal processing using 
lamp annealing. 

31. A method as claimed in claim 30, Wherein said metal 
nitride ?lm is annealed at a temperature of 800° C. or above, 
preferably at 900° C. or above. 


