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(57) ABSTRACT 

A semiconductor device comprising a substrate, a conductor 
and an insulating ?lm provided on the surface of the 
substrate, part of the surface of the substrate being electri 
cally connected With the conductor through a contact hole 
made in the insulating ?lm, Wherein a barrier layer present 
betWeen part of the surface of the substrate and the conduc 
tor is provided only on the bottom of the contact hole, and 
the barrier layer provided on the bottom comprises amor 
phous titanium silicon nitride. 

This can provide a structure that has a barrier layer With a 
10W contact resistance, enables formation of a conductor 
?lm of good quality on the barrier layer, and can attain a 
good electrical conduction even at ?ne contact holes. 
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SEMICONDUCTOR DEVICE AND PROCESS FOR 
FORMING AMORPHOUS TITANIUM SILICON 

NITRIDE ON SUBSTRATE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates to a semiconductor inte 
grated-circuit device used in microprocessors, DRAMs 
(dynamic random access memories), theoretical circuits and 
so forth, and more particularly to a semiconductor device 
characteristic of structure at its contact holes. It also relates 
to a process for forming amorphous titanium silicon nitride 
on a substrate. 

[0003] 2. Related Background Art 

[0004] FIG. 11 is a schematic cross-sectional vieW at the 
part of a contact hole of a conventional semiconductor 
integrated-circuit device. 

[0005] On the surface of a substrate 1 such as a silicon 
Wafer, an insulating ?lm 2 is formed Where the contact hole 
has been formed. A barrier layer 4 is formed on the surface 
of the insulating ?lm 2 inclusive of that on the sideWall of 
the contact hole and on the substrate surface to Which the 
bottom of the contact hole is laid bare. A conductive layer 8 
such as an Al—Cu or Al—Si—Cu layer is formed on the 
barrier layer 4. 

[0006] The aluminum Which is an element constitut 
ing the conductive layer 8 that functions as an electrode or 
Wiring tends to react With the silicon (Si) Which is an 
element constituting the substrate. Hence, in order to prevent 
such reaction, the barrier layer 4 is provided betWeen the 
substrate and the conductive layer. Titanium nitride (TiN) is 
used in the barrier layer. 

[0007] FIG. 12 shoWs an example of a contact hole 
disclosed in Japanese Patent Application Laid-Open No. 
8-274173. 

[0008] In this example, tWo layers, a titanium (Ti) layer 3 
and a TiN barrier layer 4, are formed on the insulating ?lm 
2 and the sideWall and bottom of the contact hole, and a W 
(tungsten) Wiring 9 is formed in the contact hole. ATiN layer 
5, a Ti layer 6 and TiN layer 7 are further provided as a triple 
diffusion barrier for preventing the Wiring 8 formed of 
Al—Cu or the like from reacting With the tungsten Wiring 9. 

[0009] FIG. 13 shoWs a structure disclosed in Japanese 
Patent Application Laid-Open No. 8-316233. This structure 
is basically the same as the prior art shoWn in FIG. 11, 
except that an insulating ?lm 10 of silicon nitride (SiN) is 
formed on the surface of the substrate 1 and an insulating 
?lm 2 having contact holes is formed thereon. 

[0010] In all the prior art described above, the barrier layer 
4 is so provided as to cover the Whole substrate surface, i.e., 
the surface of insulating ?lm 2 and the sideWall and bottom 
of each contact hole. 

[0011] Then the barrier layer has a thickness of from 30 
nm to 50 nm. Hence, if the contact hole has a side length 
smaller than 0.25 pm, the inside of the contact hole may 
come to be substantially ?lled up With the barrier layer 4, 
resulting in a high contact resistance. For example, a barrier 
layer of 50 nm thickness is formed in a contact hole of 0.18 
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pm in side length, the inside of the contact hole is half or 
more held by the barrier layer. 

[0012] Accordingly, it is desired to form the barrier layer 
comprised of TiN, only on the bottom of the contact hole, 
i.e., only on the surface of the substrate 1 Which is laid bare 
at the contact hole. HoWever, any groWth process for such 
selective formation is unknoWn. 

[0013] Under such circumstances, a method is available in 
Which, using titanium silicon nitride (TiSiN) in place of TiN, 
a barrier layer comprised of TiSiN is formed only on the 
bottom of the contact hole. 

[0014] FIG. 14 shoWs hoW it stands. 

[0015] A titanium silicide (TiSi2) ?lm 11 is formed on the 
surface of a substrate 1, and an insulating ?lm 2 having a 
contact hole is formed on the titanium silicide ?lm 11. Then 
a titanium silicon nitride (TiSiN) 12 is formed only on the 
bottom of the contact hole. No titanium silicon nitride is 
present on the sideWall of the contact hole. 

[0016] This structure can be set up by forming the TiSi2 
?lm on the substrate comprised of silicon (Si), forming the 
insulating ?lm thereon, making the contact hole, and then 
nitriding the Ti uncovered surface, laid bare to the bottom of 
the contact hole Shinriki et al., Extended Abstracts on 
SSDM (1994), p.946). 

[0017] HoWever, this method has a possibility of causing 
impurities to be sucked up into TiSi2 as a result of high 
temperature heat treatment. 

[0018] MeanWhile, as a method different from the above 
selective ?lm formation on the contact hole bottom surface, 
Extended Abstracts of The 43rd Spring Meeting (1996), The 
Japan Society of Applied Physics and Related Societies, 
page 673, 26p-Q-4, discloses a method in Which a TiSiN ?lm 
is formed over the Whole substrate surface at a loW tem 
perature. In this method, the TiSi2 ?lm is formed on the 
silicon substrate in a thickness of 70 nm, and the back 
thereof is exposed to nitrogen (N2) plasma. It is done at an 
N2 pressure of 80 mTorr and an applied poWer of 300 W. 

[0019] HoWever, the TiSiN ?lm thus obtained by N2 
plasma processing at a pressure of 80 mTorr and a tempera 
ture of 50° C. is, as Will be detailed later, a coarse crystalline 
?lm in Which titania (TiO2) is much produced, and can not 
be made into a uniform continuous ?lm if it is formed in a 
thin ?lm of about 10 nm. Moreover, it has been found that 
this coarse crystalline TiSiN ?lm may cause a loW ?lm 
quality for the conductor ?lm to be deposited thereon. 
Hence, the TiSiN ?lm formed by this method is not suitable 
for its Working according to the design criterion of a 
minimum Working siZe of less than 0.25 pm. 

SUMMARY OF THE INVENTION 

[0020] An object of the present invention is to provide a 
structure having a barrier layer With a loW contact resistance. 

[0021] Another object of the present invention is to pro 
vide a structure that can attain a good electrical conduction 
even at ?ne contact holes of smaller than 0.25 pm in side 
length. 
[0022] Still another object of the present invention is to 
provide a structure having a barrier layer that enables 
formation of a conductor ?lm of good quality on the barrier 
layer. 
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[0023] A further object of the present invention is to 
provide a process for forming by CVD (chemical vapor 
deposition) a titanium silicon nitride ?lm that can form a 
good barrier layer. 

[0024] The semiconductor device according to the present 
invention is a semiconductor device comprising a substrate, 
a conductor and an insulating ?lm provided on the surface 
of the substrate, part of the surface of the substrate being 
electrically connected With the conductor through a contact 
hole made in the insulating ?lm, Wherein; 

[0025] a barrier layer present betWeen part of the 
surface of the substrate and the conductor is provided 
only on the bottom of the contact hole; and 

[0026] the barrier layer provided on the bottom comprises 
amorphous titanium silicon nitride. 

[0027] The process for forming amorphous titanium sili 
con nitride according to the present invention is a process for 
forming amorphous titanium silicon nitride on the surface of 
a substrate, comprising the steps of: 

[0028] a) forming titanium silicide on the surface of 
the substrate; and 

[0029] b) eXposing the titanium silicide formed on 
the surface of the substrate, to nitrogen plasma While 
maintaining the temperature of the substrate Within 
the range of from 200° C. to 450° C. and keeping the 
inside of a reaction chamber at a pressure of 13.3 Pa 
or above, to form the amorphous titanium silicon 
nitride. 

[0030] The process for forming amorphous titanium sili 
con nitride according to the present invention is also a 
process for forming amorphous titanium silicon nitride on 
the surface of a substrate provided in a reaction chamber, 
comprising the step of introducing a tetradiethylaminotita 
nium gas and an Si2H6 gas into the reaction chamber While 
maintaining the substrate temperature Within the range of 
from 200° C. to 450° C. and keeping the inside of the 
reaction chamber at a pressure of from 13.3 Pa to 267 Pa, to 
form the amorphous titanium silicon nitride on the substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] FIG. 1 cross-sectionally illustrates an amorphous 
titanium silicon nitride ((X-TISIN) ?lm formed on the sub 
strate surface according to the present invention. 

[0032] FIG. 2 illustrates an eXample of a plasma process 
ing system usable in the present invention. 

[0033] FIG. 3 illustrates an embodiment of the semicon 
ductor device of the present invention. 

[0034] FIG. 4 is a graph shoWing the results of analysis by 
ESCA of an ot-TiSiN ?lm formed according to the present 
invention. 

[0035] FIGS. 5A and 5B are graphs shoWing the results of 
analysis by XPS of the ot-TiSiN ?lm formed according to the 
present invention. 

[0036] FIG. 6 illustrates an eXample of a nitrogen plasma 
processing system usable in the present invention. 

[0037] FIG. 7 illustrates a fabrication process of an 
eXample in Which the structure shoWn in FIG. 3 is employed 
in the source or drain of an MOS transistor. 
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[0038] FIG. 8 illustrates a fabrication process of an 
eXample in Which the structure shoWn in FIG. 3 is employed 
in the source or drain of an MOS transistor. 

[0039] FIG. 9 illustrates another embodiment of the semi 
conductor device of the present invention. 

[0040] FIG. 10 is a schematic vieW of a CVD system for 
forming the ot-TiSiN ?lm. 

[0041] FIG. 11 is a schematic cross-sectional vieW of an 
eXample of a contact hole portion of a conventional semi 
conductor device. 

[0042] FIG. 12 is a schematic cross-sectional vieW of 
another eXample of a contact hole portion of a conventional 
semiconductor device. 

[0043] FIG. 13 is a schematic cross-sectional vieW of still 
another eXample of a contact hole portion of a conventional 
semiconductor device. 

[0044] FIG. 14 illustrates a conventional titanium silicon 
nitride provided on the bottom of a contact hole. 

[0045] FIG. 15 illustrates a parallel plate type plasma 
processing system. 

[0046] FIG. 16 illustrates the state of aluminum deposited 
on the titanium silicon nitride formed using the system 
shoWn in FIG. 15. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0047] The semiconductor device of the present invention 
has a structure Wherein part of the surface of a substrate is 
electrically connected With a conductor through a contact 
hole made in an insulating ?lm provided on the surface of 
the substrate, and is characteriZed in that a barrier layer 
present betWeen part of the substrate surface and the con 
ductor is provided only on the bottom of the contact hole and 
the barrier layer provided on the bottom is formed of 
amorphous titanium silicon nitride. 

[0048] The substrate herein referred to is not limited to the 
silicon Wafer itself, and may also include those in Which a 
semiconductor layer or a metal ?lm has already been formed 
on the Wafer. 

[0049] The amorphous titanium silicon nitride (ot-TiSiN) 
can be made into a continuous thin ?lm of good quality even 
When formed in a small thickness of 10 nm or less, and also 
can have a sufficiently loW resistivity in its thickness direc 
tion. 

[0050] In addition, When other conductor is deposited on 
the ot-TiSiN ?lm, the conductor can be a ?lm of good quality 
because titania may hardly be produced. 

[0051] Here, a titanium silicide layer may preferably be 
provided betWeen the substrate surface and the barrier layer. 

[0052] The conductor may preferably have a conductive 
plug provided on the barrier layer and present in the contact 
hole and a conductive layer present on the conductive plug 
and on the insulating ?lm, and a layer of a material different 
from both the materials for the conductive plug and con 
ductive layer may preferably be provided betWeen the 
conductive plug and the conductive layer. 
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[0053] Part of the substrate surface corresponds to part of 
the surface of a source or drain region of a transistor, and a 
titanium silicide layer may be provided on the Whole surface 
of the source or drain region. 

[0054] The contact hole may preferably have a diameter 
(or side length) smaller than 0.25 pm. 

[0055] The conductive plug may preferably be made of an 
Al metal, a W metal or a Cu metal, and may preferably come 
in contact With the sideWall of the contact hole (surface 
formed of the insulating ?lm). 

[0056] The insulating ?lm may contain nitrogen in its 
surface portion. Also, the amorphous titanium silicon nitride 
is in a thickness of 10 nm or less. 

[0057] A conductor of good quality can be readily formed 
in the contact hole having a diameter (or side length) smaller 
than 0.25 pm, by the process for forming amorphous tita 
nium silicon nitride according to the present invention. 
Thus, a ?ne structure having a loW contact resistance can be 
provided. 

[0058] In the process of the present invention, titanium 
silicide formed on a substrate is exposed to nitrogen plasma 
While making the inside of a reaction chamber have a high 
pressure of 13.3 Pa or above, and maintaining the substrate 
temperature at from 200° C. to 450° C. Because of the 
former (pressure) condition, any reactive ion etching mode 
can be restrained. Because of the latter (temperature) con 
dition, the nitriding ef?ciency can be made higher While 
preventing impurities from being sucked up into titanium 
silicide. Thus, the TiSiN ?lm may hardly be crystalliZed 
because titania can hardly be formed, and can be made into 
a amorphous ?lm of good quality. 

[0059] Here, as a preferred process, the insulating ?lm 
having a contact hole is formed on the titanium silicide after 
the titanium silicide has been formed, and the amorphous 
titanium silicon nitride is formed on the surface of the 
titanium silicide laid bare at the contact hole. 

[0060] The process may further comprise the step of 
selectively depositing in the contact hole a conductor dif 
ferent from the titanium silicon nitride, and such a conductor 
may be formed by CVD making use of an alkyl aluminum 
hydride as a material gas. 

[0061] Before the titanium silicide is exposed to nitrogen 
plasma, its surface may preferably be cleaned. 

[0062] The process for forming amorphous titanium sili 
con nitride according to the present invention may also be a 
process for forming amorphous titanium silicon nitride on a 
substrate provided in a reaction chamber, comprising the 
step of introducing a tetradiethylaminotitanium gas and an 
SiZH6 gas into the reaction chamber While maintaining the 
substrate temperature Within the range of from 200° C. to 
450° C. and keeping the inside of the reaction chamber at a 
pressure of from 13.3 Pa to 267 Pa, to form the amorphous 
titanium silicon nitride on the substrate. 

[0063] In the above process, the substrate temperature 
may more preferably be set Within the range of from 300° C. 
to 400° C. 

[0064] Ammonia gas may also preferably be introduced 
into the reaction chamber. 
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[0065] A metal ?lm containing aluminum may more pref 
erably be formed after the amorphous titanium silicon 
nitride has been formed. 

[0066] Prior to speci?c description of embodiments of the 
present invention, an experiment made until the present 
invention has been accomplished and studies on the results 
thus obtained Will be reported. This Will facilitate the 
understanding of the present invention. 

[0067] FIG. 15 shoWs a plasma processing system used in 
the experiment and studies. 

[0068] As shoWn in FIG. 15, a parallel plate type plasma 
processing system is set ready, and a substrate 1 is placed on 
a holder 22 serving also as an electrode, in a reaction 
chamber 20 of the system in such a Way that the substrate 
surface to be processed (the side having titanium silicide 
TiSi2) faces an opposing electrode 21. A vacuum pump 23 
is operated to evacuate the inside of the chamber 20, and N2 
is fed from a gas feed source 24 as a processing gas. A 
high-frequency poWer is applied from a poWer source 25 
While maintaining the chamber internal pressure at 80 mTorr 
(about 10.7 Pa). Here, the substrate temperature is 50° C. 

[0069] The processing surface of the substrate 1, having 
the titanium silicide TiSi2, Was processed With plasma in this 
Way to obtain TiSiN, and aluminum Was tried to be depos 
ited thereon. As a result, the aluminum greW as shoWn by 
reference numerals 13’s in FIG. 16, and did not become a 
continuous ?lm of good quality even When it Was continued 
to groW. 

[0070] The cause Was examined to ?nd that, although a 
?lm 12 should have been formed of TiSiN, the portions 12‘ 
of the ?lm, Where the aluminum did not become deposited, 
appeared to be formed of TiO2. Namely, the ?lm 12 Was not 
formed of a TiSiN of good quality but rather formed of 
TiSiNO containing oxygen (O) in excess as an impurity. 

[0071] This is presumed to be due to the conditions for N2 
plasma processing, a loW pressure and a loW temperature, 
Which have brought the plasma into a state of the reactive 
ion etching mode, so that oxygen ions have been knocked on 
together With nitrogen ions to form an oxygen-rich, crystal 
line TiSiNO. 

[0072] Embodiments of the present invention Will be 
speci?cally described beloW ?rst With reference to FIGS. 1 
and 2. 

[0073] FIG. 1 cross-sectionally illustrates a ?lm 12 of 
amorphous titanium silicon nitride (ot-TiSiN) formed on the 
surface of a substrate 1 according to the present invention. 
In the ot-TiSiN in the present invention, there are no par 
ticular limitations on the compositional ratio betWeen Ti, Si 
and N. 

[0074] This amorphous titanium silicon nitride can be 
formed using a plasma processing system shoWn in FIG. 2. 

[0075] FIG. 2 illustrates an example of the plasma pro 
cessing system usable in the present invention, Which is 
obtained by improving a deposition ?lm forming system for 
forming aluminum ?lms, disclosed in US. Pat. No. 5,091, 
210 and Japanese Patent Application Laid-Open No. 
3-11571. In FIG. 2, reference numeral 20 denotes a reaction 
tube made of quartZ; 22‘, a holder on Which the substrate 1 
is placed and Which is up and doWn movable by means of an 
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up-and-doWn mechanism 33. A heating element 31 is pro 
vided inside the holder. Reference numeral 23 denotes a 
vacuum pump for evacuating the inside of the reaction tube 
20; 25, a poWer source; 26, ring type electrodes; and 27, a 
load lock chamber that can hold substrates before processing 
and Whose inside can be previously evacuated by a vacuum 
pump 28 and through a valve 29. Reference numeral 30 
denotes a gate valve; 32, a variable valve for controlling the 
degree of vacuum produced by the vacuum pump 23 to 
adjust the pressure inside the reaction tube; and 34, a 
pressure sensor. Reference numeral 35 denotes a connector 
section for sWitching the gas feed system. 

[0076] A process of forming the ot-TiSiN ?lm 12 on the 
surface of the substrate 1 Will be described beloW. 

[0077] The substrate placed inside the load lock chamber 
27 is, after the inside of the load lock chamber 27 is 
evacuated and then the valve 30 is opened, transported into 
a processing chamber (reaction chamber) 40. The substrate 
is placed by a transport arm (not shoWn) on the holder 22‘ 
kept moved doWn, Where the holder 22‘ moves up to set the 
substrate at the position shoWn in the draWing. The vacuum 
pump 23 is driven and the valve 32 is opened to evacuate the 
inside of the reaction chamber 40. Processing gas is intro 
duced from a gas source 24 and the inside of the reaction 
chamber is kept at a predetermined pressure. The heating 
element 31 is electri?ed to heat the substrate and also an RF 
poWer is supplied to the electrodes 26 from the poWer source 
25 to cause N2 plasma to take place. 

[0078] At this stage, the pressure inside the reaction cham 
ber 40 is set at 13.3 Pa or above, e.g., 26.7 Pa, and the 
substrate temperature at 200° C. to 450° C., so that the TiSi2 
present at the surface of the substrate is nitrided to become 
a-TiSiN. Analysis by ESCA (electron spectroscopy for 
chemical analysis) of the a-TiSiN ?lm thus formed has 
proved that a nitride is formed, because a peak of nitrogen 
Was detectable as shoWn in FIG. 4. 

[0079] Analysis by XPS (X-ray photoelectron spectros 
copy) has also proved that a Ti—Si—N ternary compound 
of good quality is formed, because a Ti—and—N binding 
peak and a Ti—and—Si binding peak Which is a smaller 
peak than the former, and an Si—and—N binding peak and 
a Si—and—Ti binding peak Which is a smaller peak than the 
former, are seen as shoWn in FIGS. 5A and 5B. 

[0080] Analysis of this TiSiN ?lm on TEM (transmission 
electron microscope) and electron ray diffraction patterns 
has also proved that it is an amorphous ?lm. 

[0081] This is because, in the N2 plasma processing of the 
present invention, the pressure is not so excessively loW that 
the processing can be in the mode of plasma doping Where 
the knock-on effect has been restrained, and also the tem 
perature is not so excessively loW that the nitriding can be 
Well accelerated, thus the ?lm is, restrained from crystalli 
Zation to become an amorphous ?lm. 

[0082] Next, on the silicon substrate having thereon the 
ot-TiSiN ?lm thus formed, an aluminum ?lm Was formed 
using dimethylaluminum hydride (DMAH) and hydrogen. 

[0083] As a ?lm forming system, the same one as that 
shoWn in FIG. 2 Was used, except that the connector portion 
35 of the gas feed system Was detached and an aluminum 
material gas feed system (not shoWn) Was connected. At the 
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time of aluminum ?lm formation, the substrate temperature 
Was set at 180° C., the total pressure inside the reaction 
chamber at 160 to 400 Pa, and the DMAH partial pressure 
at 1/1,000 to 1/100 of the total pressure. 

[0084] In this Way, aluminum Was formed on the ot-TiSiN 
?lm into a ?lm of about 1.0 pm thick, Which Was then heated 
at 400° C. for 30 minutes, and thereafter the aluminum ?lm 
Was peeled to observe the substrate surface. As the result, no 
etch pits Were seen on the substrate surface. Namely, the 
ot-TiSiN ?lm Was found to Well function as a barrier layer 
that prevents the reaction of aluminum With silicon. 

[0085] The process for forming the ot-TiSiN ?lm accord 
ing to the present invention is as described above. In this 
regard, the aforesaid Japanese Patent Application Laid-Open 
No. 8-316233 discloses that the TiN ?lm 4 non-selectively 
formed not only on the bottom of the contact hole but also 
the sideWall of the contact hole and the surface of the 
insulating ?lm can be replaced With TiSiN ?lm, but has no 
description on hoW to produce it. This is presumably 
because any amorphous TiSiN ?lm is actually not formed, 
not to speak of the fact that the publication does not even 
suggest the formation of an amorphous TiSiN ?lm only on 
the bottom of the contact hole. 

[0086] FIG. 3 illustrates a semiconductor device accord 
ing to an embodiment of the present invention. 

[0087] On at least part of the surface of a p-type substrate 
1, an n+-type semiconductor layer in is formed, and a TiSi 
layer 11 is formed thereon. On the TiSi layer 11, an insu 
lating ?lm 2 having a contact hole is provided, and an 
ot-TiSiN layer 12 is formed on the surface of the TiSi layer 
11 at the bottom of the contact hole. Here, What is important 
is that the ot-TiSiN layer 12 is formed only on the bottom of 
the contact hole and is not formed on the sideWall of the 
contact hole. On the ot-TiSiN layer, a conductive metal plug 
14 is formed With Which the contact hole is ?lled, and a 
conductive layer 8 is formed on the surfaces of the metal 
plug 14 and insulating ?lm 2. 

[0088] The conductive metal plug 14 may preferably 
comprise an aluminum metal such as pure Al, Al—Si, 
Al—Ti, Al—Cu, Al—Si—Ti, Al—Si—Cu or Al—Ti—Cu. 
It may also comprise tungsten or copper (Cu). 

[0089] The conductive layer 8 may preferably comprise an 
aluminum metal such as pure Al, Al—Si, Al—Ti, Al—Cu, 
Al—Si—Ti, Al—Si—Cu or Al—Ti—Cu. It may also com 
prise copper (Cu) or gold (Au). 

[0090] The ot-TiSiN layer 12 may a little contain inevi 
table oxygen. 

[0091] The TiSi layer 11 may have a thickness of from 5 
nm to 100 nm, and preferably from 5 nm to 50 nm. 

[0092] The ot-TiSiN layer may preferably have a thickness 
equal to or smaller than the thickness of the TiSi layer 11. It 
may preferably have a thickness of 10 nm or less, and 
speci?cally from 1 to 9 nm. 

[0093] The conductive metal plug 14 may have a thick 
ness, i.e., a height of from about 0.5 pm to about 3 pm and 
preferably from 0.5 pm to 1.5 pm. 

[0094] It is also preferable to provide a Ti or TiN layer 
betWeen the top of the plug 14 and the underside of the 
conductive layer 8. 
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[0095] The contact hole is an open hole having a side 
length of, e.g., 0.25 pm, 0.18 pm or 0.13 pm. 

[0096] According to the structure shown in FIG. 3, the 
TiSiN layer is made amorphous, and hence it can function as 
a good barrier layer even When formed in a thickness of as 
small as 1 nm to 10 nm and can prevent the constituent 
element(s) of the plug 14 from reacting With the constituent 
element(s) of the TiSi layer or n+-type layer. 

[0097] In addition, the quality of the plug 14 is also 
improved When the under layer (barrier layer) of the plug 14 
is the a-TiSiN of the present invention. Thus, the structure 
that takes charge of electrical interconnection betWeen the 
conductive layer 8 and the n+-type layer in can be improved 
in electrical characteristics. 

[0098] It can also have a loW contact resistance because 
the barrier layer 12 is not present on the sideWall of the 
contact hole, and the plug 14, groWn on the barrier layer 12 
and having a loW resistance, is provided in contact With the 
sideWall of the contact hole. Especially in the case of an 
aluminum metal plug, such a plug has a good close contact 
With the insulating ?lm and is more preferred. 

[0099] Thus, a structure at the contact hole portion can be 
obtained Which is loW-resistant, though ?ne. 

[0100] A preferred fabrication process for forming the 
ot-TiSiN ?lm used in the present invention Will be described 
beloW. 

[0101] FIG. 6 is a schematic perspective vieW shoWing a 
sheet-by-sheet type multi-chamber system having a nitrogen 
plasma processing system used in the present invention and 
a CVD system for forming conductors. Part of the structure 
shoWn in FIG. 3 can also be produced using this system. 

[0102] In FIG. 6, reference numerals 101 and 102 denote 
load lock chambers for holding the substrates to be pro 
cessed; 103, 104, 106 and 107, reaction chambers; 105, a 
heating chamber; and 108, a transport chamber internally 
having a substrate transport means, Which is omitted from 
illustration in the draWing. Each chamber is placed on a 
supporting stand 111. 

[0103] The above chambers respectively communicate 
With vacuum pumps 109 through eXhaust pipes 110 so that 
the chamber insides can be maintained at an appropriate 
pressure. This system is called a cluster type, and has the 
reaction chambers 103, 104, 106 and 107, at least one of 
Which, hoWever, may not be used depending on a fabrication 
process. In such an instance, it is also possible to detach the 
reaction chamber(s) not on use. 

[0104] In the folloWing fabrication process for the semi 
conductor device of the present invention, the reaction 
chamber 107 is set unused. 

[0105] According to this system, the nitriding and plug 
formation can be continuously carried out Without eXposing 
substrates to the atmosphere, and hence structures can be 
produced in a superior reproducibility. 

[0106] The system is operated in the folloWing Way. 

[0107] First, the load lock chamber 101 is set to serve as 
a substrate carrying-in chamber (hereinafter “carrying 
chamber”). An open-close means 112 is opened, and a 
substrate on Which titanium silicide (TiSi2) has been formed 
is put into the carrying chamber 101. After its inside is 
evacuated, a gate valve provided betWeen the carrying 
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chamber 101 and the transport chamber 108 is opened to 
carry the substrate into the transport chamber 108. 

[0108] The substrate is put into the heating chamber 105, 
and the substrate is heated there. 

[0109] The substrate preheated is transported to the reac 
tion chamber 103, and then the reaction chamber 103 is 
closed. The pressure inside the reaction chamber is main 
tained at 13.3 Pa to 133 Pa and the substrate temperature is 
set at 100° C. to 200° C., Where the surface of the substrate, 
i.e., the surface of TiSi2 is cleaned. Gas used here is a gas 
obtained by diluting ClF3, and the surface of TiSi2 is cleaned 
by etching to a depth of about 5 nm to about 10 nm. 

[0110] The gate valve of the reaction chamber 103 is 
opened, and the substrate thus cleaned is transported from 
the reaction chamber 103 to the reaction chamber 104 
through the transport chamber 108, Where a gate valve of the 
reaction chamber 104 is closed. Nitrogen plasma processing 
is carried out in the reaction chamber 104. The inside of the 
reaction chamber 104 is kept evacuated to about 13.3 Pa to 
about 133 Pa, and the the substrate is kept heated to 200° C. 
to 450° C. In this reaction chamber, a parallel plate type 
electrode is used to cause gloW-discharge plasma of nitrogen 
gas to take place. Thus, the titanium silicide at the substrate 
surface is nitrided to become a-TiSiN. If the pressure is 
loWer than 13.3 Pa or the temperature is loWer than 200° C., 
a poor ?lm quality may result. If on the other hand the 
temperature is higher than 450° C., the TiSiN tends to 
become polycrystalline, and if the pressure is higher than 
133 Pa, the ot-TiSiN ?lm tends to take in impurities. 

[0111] The gate valve of the reaction chamber 104 is 
opened, and the substrate is transported from the reaction 
chamber 104 to the reaction chamber 106 through the 
transport chamber 108. In the reaction chamber 106, the 
substrate is maintained at 160° C. to 450° C., and DMAH 
gas and hydrogen gas are introduced into it to deposit an 
aluminum metal on the ot-TiSiN by CVD. 

[0112] After the aluminum metal is deposited, the gate 
valve of the reaction chamber 106 is opened, and the 
substrate is transported to the transport chamber 108. Then 
the gate valve of the load lock chamber 102, Which serves 
as a delivery chamber, is opened to collect the substrate in 
the load lock chamber 102. 

[0113] Processing conditions in each reaction chamber 
may be adjusted so that substrates can be processed simul 
taneously in the reaction chambers 103, 104 and 106. This 
can make larger the number of substrates to be processed per 
unit time. 

[0114] A fabrication process of an eXample in Which the 
structure shoWn in FIG. 3 is employed as the source or drain 
of an MOS transistor Will be described With reference to 
FIGS. 7 and 8. 

[0115] On the top surface of a silicon substrate 1, a ?eld 
insulating ?lm 51 is formed by selective oxidation and a gate 
insulating ?lm 52 is formed. Thereafter, a gate electrode 53 
comprised of polysilicon is formed. Subsequently, phospho 
rus ions are ion-implanted (Si in FIG. 7). Instead of phos 
phorus ions, arsenic ions can be used. 

[0116] Next, heat treatment is carried out to form an 
n_-type semiconductor layer 55 serving as a source or drain 
and also to thermally oXidiZe the surface. The Whole sub 
strate surface is subjected to anisotropic etching so that a 
sideWall region 54 comprised of silicon oXide is left on the 
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sides of the gate electrode 53. Then, phosphorus ions are 
ion-implanted (S2 in FIG. 7). 
[0117] Heat treatment is carried out to form an n+-type 
semiconductor layer 58 serving as a source or drain, and 
thereafter the oxide ?lm present on the source or drain and 
gate electrode is removed by etching, folloWed by sputtering 
or CVD to deposit a titanium (Ti) ?lm over the Whole 
surface. Thereafter, heat treatment is carried out to cause the 
Ti on the source or drain and gate electrode to react and 
combine With the underlying Si to make them into silicide, 
folloWed by etching to remove the Ti ?lm having been left 
Without being made into silicide. Thus, titanium silicide 
layers 56 and 57 remain only on the gate electrode and on 
the source or drain, respectively (S3 in FIG. 7). 

[0118] Insulating ?lms 59 are formed by CVD, and con 
tact holes 60 are formed by reactive ion etching (S4 in FIG. 
7). 
[0119] Next, using the sheet-by-sheet type multi-chamber 
system shoWn in FIG. 6, steps S5 and S6 shoWn in FIG. 8 
are carried out. 

[0120] In the same manner as previously described, the 
substrate is maintained at 400° C. and the pressure is set at 
27 Pa, Where the surface of the substrate is exposed to N2 
plasma. Thus, the titanium silicide layers laid bare at the 
contact hole are nitrided to produce ot-TiSiN ?lms 61 of less 
than 10 nm thickness (S5 in FIG. 8). 

[0121] At this stage, the surface of the insulating ?lm 59 
of silicon oxide or the like and the sideWall of the contact 
hole have been doped With nitrogen atoms. 

[0122] Next, plugs 62 of an aluminum metal are formed in 
the contact holes by selective CVD making use of DMHA 
and H2 (S6 in FIG. 8). 

[0123] Then, the substrate thus processed is taken out of 
the system shoWn in FIG. 6. Next, using another system, a 
conductive ?lm 63 of Al—Si—Cu or the like is formed by 
sputtering or CVD (S7 in FIG. 8). 

[0124] Finally, the conductive ?lm 63 is patterned by 
etching to have the shape of source or drain Wiring (S8 in 
FIG. 8). 

[0125] Thus, the structure shoWn in FIG. 3 can be 
employed as the source or drain of an MOS transistor. 

[0126] If necessary, additional plugs may further be 
formed by ?rst forming titanium silicide on the surface of 
the conductive ?lm 63, then forming an interlayer insulating 
?lm, forming contact holes therein (Which may also called 
via holes or through holes), and thereafter forming the 
—-TiSiN ?lms in the manner as described above. 

[0127] Thus, Without limitation to the contact portions 
betWeen transistors and metal Wiring, the structure of the 
present invention can also be applied to contact portions 
betWeen metal Wirings each other. 

[0128] A process for forming titanium silicon nitride 
(TiSiN) by CVD and the fabrication of a semiconductor 
device by the use of such a process Will be described With 
reference to FIGS. 9 and 10. 

[0129] FIG. 9 is a schematic cross-sectional illustration of 
a semiconductor device produced by this process. In FIG. 9, 
reference numeral 1 denotes a substrate; and 16 and 18, 
barrier layers of titanium silicide, Which may optionally be 
provided. Reference numeral 17 denotes a metal ?lm of pure 
Al, Al—Si, Al—Si—Cu, Al—Cu or Cu; 2, an insulating ?lm 
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of SiO2 or SiN; 12, an amorphous TiSiN ?lm deposited on 
the sideWall of a through hole made in the insulating ?lm 2, 
the bottom of the through hole and the top surface of the 
insulating ?lm 2, and having a thickness of about 10 nm. 
Reference numeral 8 denotes a metal ?lm like the ?lm 17. 

[0130] The fabrication of the semiconductor device shoWn 
in FIG. 9 Will be described beloW. A system shoWn in FIG. 
10 is used to form the amorphous TiSiN ?lm. 

[0131] First, the barrier layer 18, the metal layer 17 and the 
barrier layer 16 are successively formed on the substrate 1 
by sputtering or CVD. 

[0132] Next, the insulating ?lm 2 is formed by CVD 
making use of an organosilane as exempli?ed by TEOS 
(tetraethoxysilane or tetraethyl orthosilicate), folloWed by 
coating With a photoresist, exposure of the photoresist to 
KrF excimer laser light, development of the photoresist and 
then reactive ion etching to form through holes of 0.25 pm 
square each. Thereafter, the substrate having the through 
hole is cleaned With plasma, and then put in a CVD chamber 
(reaction chamber) 20 Without exposure to the atmosphere. 
The substrate 1 is heated With a heater (not shoWn) provided 
in a substrate holder 22‘. The inside of the reaction chamber 
20 is evacuated by a vacuum pump 23 and is kept at a 
predetermined pressure. A gate valve 25 is operated to 
introduce tetradiethylaminotitanium (Ti[N(C2H5)2]4) 
(TDEAT) and silicon-containing gas such as Si2H6 into the 
reaction chamber, Where the barrier layer 12 comprised of 
amorphous titanium silicon nitride ((X-TlSiN) is formed in a 
thickness of about 10 nm by CVD under conditions of a 
substrate temperature of from 200° C. to 450° C., and 
preferably from 300° C. to 400° C., and a pressure of from 
13.3 Pa to 267 Pa. 

[0133] The tetradiethylaminotitanium (TDEAT) is an 
organotitanium compound Which is a dark-orange liquid at 
normal temperature and has a boiling point of 150° C. and 
a vapor pressure of 13.3 Pa. Upon its reaction With Si2H6, 
nitrogen (N) atoms remain to give a ?lm containing N atoms 
in a relatively smaller quantity than Ti atoms and Si atoms. 
This TDEAT is vaporiZed With a vaporiZer, and then mixed 
With disilane (Si2H6), optionally folloWed by addition of 
ammonia (NH3), thus, a TiSiN ?lm can be formed on the 
surface of the substrate 1 in the reaction chamber 20. This 
?lm, though it is thin, exhibits superior barrier properties. 
Hence, even if deposited on the sideWall of the through hole, 
the through hole does not have a high resistance. 

[0134] The substrate temperature Was set at 300° C. to 
400° C. and the ?lm Was groWn to a thickness of about 10 
nm, so that an amorphous ?lm of ot-TiXSiyNZ (x+y+Z=1) ?lm 
Was formed as the TiSiN ?lm, Which shoWed good barrier 
properties. 
[0135] Next, a conductive layer 8 composed chie?y of Al 
is deposited by CVD making use of DMAH, and thereafter 
aluminum is re?oWed to provide the shape as shoWn in FIG. 
9. 

[0136] According to the present embodiment, the thin 
ot-TiSiN ?lm can be formed not only on the bottom of the 
through hole but also on the sideWall, and hence any voids 
can be prevented from being caused in the sideWall by 
migration of aluminum. 

[0137] Since in the example shoWn in FIG. 9 the ot-TiSiN 
?lm is formed also on the sideWall of the contact hole 
(through hole), the contact hole may have a high contact 
resistance as the contact hole is made ?ner, hoWever it can 
be formed in a thickness of about 10 nm. 
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[0138] Accordingly, before the insulating ?lm 2 is formed, 
the ot-TiSiN ?lm may be deposited on the Whole surface of 
the barrier layer 16, or on the Whole surface of the metal 
layer 17 in place of the barrier layer 16, by CVD making use 
of the above TDEAT. Thus, a structure can be obtained 
Wherein the ot-TiSiN ?lm is present in the state it is laid bare 
only at the bottom of the contact hole. 

[0139] Alternatively, it is also preferable to control the 
conditions for the CVD so that selective CVD Where ot-Ti 
SiN groWs only on the bottom of the contact hole is carried 
out to form on the bottom of the contact hole a barrier layer 
comprised of the ot-TiSiN ?lm. 

[0140] The top of a plug protruding at the upper part of the 
contact hole may preferably be removed by polishing such 
as CMP (chemical mechanical polishing) so that the tops of 
the plug and insulating ?lm can be made even so as to be 
?at-topped. 
[0141] As described above, according to the present 
invention, since the amorphous titanium silicon nitride 
((X-TiSiN) ?lm is formed as a barrier layer, a conductor ?lm 
of good quality can be formed on the barrier layer. In 
particular, the barrier layer of the present invention can be a 
continuous thin ?lm of good quality even When formed in a 
small thickness of less than 10 nm, and moreover can have 
a sufficiently loW resistivity in its thickness direction. 

[0142] According to the present invention, since any bar 
rier layer is not present on the sideWall of the contact hole 
and the plug groWn on the barrier layer and having a loWer 
resistance than the resistance of the barrier layer is provided 
in contact With the sideWall, the contact hole can have a loW 
contact resistance. 

[0143] Thus, the structure at the contact hole portion can 
be obtained Which is loW-resistant, though ?ne. 

What is claimed is: 
1. A semiconductor device comprising a substrate, a 

conductor and an insulating ?lm provided on the surface of 
the substrate, part of the surface of the substrate being 
electrically connected With the conductor through a contact 
hole made in the insulating ?lm, Wherein; 

a barrier layer present betWeen part of the surface of the 
substrate and the conductor is provided only at the 
bottom of the contact hole; and 

the barrier layer provided at the bottom comprises amor 
phous titanium silicon nitride. 

2. The semiconductor device according to claim 1, 
Wherein a titanium silicide layer is provided betWeen the 
substrate surface and the barrier layer. 

3. The semiconductor device according to claim 1, 
Wherein the conductor has a conductive plug provided on the 
barrier layer and present in the contact hole and a conductive 
layer present on the conductive plug and on the insulating 
?lm. 

4. The semiconductor device according to claim 3, 
Wherein a layer of a material different from both the mate 
rials for the conductive plug and conductive layer is pro 
vided betWeen the conductive plug and the conductive layer. 

5. The semiconductor device according to claim 1, 
Wherein part of the substrate surface corresponds to part of 
the surface of a source or drain region of a transistor, and a 
titanium silicide layer is provided on the uncovered surface 
of the source or drain region. 
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6. The semiconductor device according to claim 1, 
Wherein the contact hole has a side length smaller than 0.25 
pm. 

7. The semiconductor device according to claim 3, 
Wherein the conductive plug is made of an aluminum metal, 
a tungsten metal or a copper metal. 

8. The semiconductor device according to claim 3, 
Wherein the conductive plug comes in contact With the 
sideWall of the contact hole. 

9. The semiconductor device according to claim 1, 
Wherein the insulating ?lm contains nitrogen in its surface 
portion. 

10. The semiconductor device according to claim 1, 
Wherein the amorphous titanium silicon nitride is in a 
thickness of 10 nm or less. 

11. A process for forming amorphous titanium silicon 
nitride on the surface of a substrate, comprising the steps of: 

a) forming titanium silicide on the surface of the sub 
strate; and 

b) eXposing the titanium silicide formed on the surface of 
the substrate, to nitrogen plasma While maintaining the 
temperature of the substrate Within the range of from 
200° C. to 450° C. and keeping the inside of a reaction 
chamber at a pressure of 13.3 Pa or above, to form the 
amorphous titanium silicon nitride. 

12. The process according to claim 11, Wherein an insu 
lating ?lm having a contact hole is formed on the titanium 
silicide after the titanium sulicide has been formed, and the 
amorphous titanium silicon nitride is formed on the surface 
of the titanium silicide laid bare at the contact hole. 

13. The process according to claim 12, Which further 
comprises the step of selectively depositing in the contact 
hole a conductor different from the titanium silicon nitride. 

14. The process according to claim 13, Wherein the 
conductor is formed by chemical vapor deposition making 
use of an alkyl aluminum hydride as a material gas. 

15. The process according to claim 11, Wherein before the 
titanium silicide is eXposed to nitrogen plasma, the surface 
of the titanium silicide is cleaned. 

16. A process for forming amorphous titanium silicon 
nitride on the surface of a substrate provided in a reaction 
chamber, comprising the step of introducing a tetradiethy 
laminotitanium gas and an Si2H6 gas into the reaction 
chamber While maintaining the substrate temperature Within 
the range of from 200° C. to 450° C. and keeping the inside 
of the reaction chamber at a pressure of from 13.3 Pa to 267 
Pa, to form the amorphous titanium silicon nitride on the 
substrate. 

17. The process according to claim 16, Wherein the 
substrate temperature is set Within the range of from 300° C. 
to 400° C. 

18. The process according to claim 16, Wherein ammonia 
gas is introduced into the reaction chamber. 

19. The process according to claim 16, Wherein a metal 
?lm containing aluminum is formed after the amorphous 
titanium silicon nitride has been formed. 

20. A process for producing the semiconductor device 
according to claim 1, comprising the step of eXposing 
titanium silicide to nitrogen plasma or to a gas of tetradi 
ethylaminotitanium. 


