
US 20080277790A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2008/0277790 A1 

LEE (43) Pub. Date: Nov. 13, 2008 

(54) SEMICONDUCTOR DEVICE (30) Foreign Application Priority Data 

(76) Inventor: Han-Choon LEE, Seoul (KR) Jul. 9, 2004 (KR) ........................ 10-2004-0053388 
Publication Classification 

Correspondence Address: 
THE LAW OFFICES OF ANDREW D. FORT- (S1) int. Cl 
NEY, PH.D., P.C. HOIL 23/248 (2006.01) 
401 W FALLBROOKAVE STE 204 (52) U.S. Cl. ................................... 257/751; 257/E23.01 
FRESNO, CA 937.11-5835 (US) (57) ABSTRACT 

(21) Appl. No.: 12/166,267 A semiconductor device having a semiconductor Substrate, 
an interlayer insulating layer formed on the Substrate and 

(22) Filed: Jul. 1, 2008 having a contact hole partially exposing the Substrate, and a 
e - 9 diffusion barrier formed on the interlayer insulating layer and 

in the contact hole. The diffusion barrier comprises a plurality 
of TaSiN thin films. The present invention advantageously 

(62) Division of application No. 1 1/177,921, filed on Jul. 8, provides a semiconductor device with enhanced step cover 
2005, now Pat. No. 7,407,881. age and reduced resistivity of a TaSiN layer. 

Related U.S. Application Data 

YAAAAZZZZY 
NNNNNNNNNNN 

AAZZZZZZZ 

4/ZZ 
NS Z/-//ZZZZZ23 

Nx 
2. 

Y W. W. 
% 2. % % % ZZZZZZZZ. 

  



Patent Application Publication Nov. 13, 2008 Sheet 1 of 3 US 2008/0277790 A1 

FIG. A 

FIG.B 
  



Patent Application Publication Nov. 13, 2008 Sheet 2 of 3 US 2008/0277790 A1 

FIG. C 

32-150 

11 

FIG.1D 

ZZZZZZZZZZZZZZZZ WZ 140 

11 

ZZZZZZZZZZZZZZ 

    



Patent Application Publication Nov. 13, 2008 Sheet 3 of 3 US 2008/0277790 A1 

FG, E. 

P//////ZZ/2/3 NS 5 
Y W. % 
% 2. % W % WS 

  



US 2008/0277790 A1 

SEMCONDUCTOR DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a divisional of U.S. patent appli 
cation Ser. No. 11/177,921 (Attorney Docket No. OPP-GZ 
2007-0240-US-00), filed Jul. 8, 2005, the contents of which 
are hereby incorporated by reference. This application also 
claims priority to and the benefit of Korean Patent Applica 
tion 10-2004-0053388, filed in the Korean Intellectual Prop 
erty Office on Jul. 9, 2004, the contents of which are hereby 
incorporated by reference. 

BACKGROUND OF THE INVENTION 

0002 (a) Field of the Invention 
0003. The present invention relates to a semiconductor 
device and a method for manufacturing the same. More par 
ticularly, the present invention relates to a diffusion barrier 
that blocks diffusion of metal from a metal line and a method 
for forming such a diffusion barrier. 
0004 (b) Description of the Related Art 
0005. During a process of manufacturing a semiconductor 
device, a diffusion barrier is frequently formed on an interior 
wall of a hole such as a contact hole or a via hole, in order to 
prevent diffusion of a metal Such as copper from a metal line 
into silicon and/or an oxide. 

0006 Group-II nitrides such as tantalum nitride (TaN), in 
which nitrogen (N) is contained in a refractory metal Such as 
tantalum (Ta), or group-III nitrides, such as tantalum-silicon 
nitride (TaSiN) containing Nand silicon (Si) together with Ta, 
may be used for the diffusion barrier. Among the two groups 
of nitrides, the group-III nitride containing Si shows better 
performance. 
0007. In addition, a TaSiN layer is generally easily depos 

ited, since it is usually deposited by a physical vapor deposi 
tion (PVD) method. On the other hand, the TaSiN layer 
formed by the PVD method shows poor step coverage for a 
contact hole of a high aspect ratio. In addition, Sufficient 
(poly)silicon remains such that, when PVD TaSiN is used as 
a diffusion barrier for a copper line, the copper may easily 
diffuse to form a copper-silicon compound or alloy (CuSi) at 
the interface of the TaSiN layer and the copper line layer. 
0008 For such a reasons, research and investigations are 
conducted into forming the TaSiN layer by chemical vapor 
deposition (CVD), which may provide better step coverage 
and a (more) amorphous state for the TaSiN layer. However, 
according to the CVD method, the substrate has to be heated 
to a temperature higher than 600° C. in order to obtain a 
sufficient reaction between the Ta precursor and the other 
reaction gas(es). Therefore, the method necessarily involves a 
high temperature, resulting in an increase in Surface rough 
ness of the layer, and in particular, a decrease in layer density, 
thereby causing an agglomeration phenomenon during ther 
mal processing. 
0009. In addition, due to various residual atoms or other 
materials included in the Ta precursor, an undesirable amount 
of impurities may be included in the layer during its deposi 
tion, thereby increasing the resistivity of the TaSiN layer. 
0010. The above information disclosed in this Back 
ground section is only for enhancement of understanding of 
the background of the invention, and therefore, it may contain 
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information that does not form prior art or other information 
that may be already known to others in this country. 

SUMMARY OF THE INVENTION 

0011. The present invention has been made in an effort to 
provide a semiconductor device having an enhanced diffu 
sion barrier and a manufacturing method thereof. 
0012. An exemplary semiconductor device according to 
an aspect of the present invention includes: a semiconductor 
Substrate; an interlayer insulating layer on the Substrate and 
having a contact hole therein partially exposing the Substrate; 
and a diffusion barrier on interlayer insulating layer and in the 
contact hole, comprising a plurality of TaSiN thin films. The 
TaSiN thin film may be formed by a reaction of a silicon 
source gas with an impurity-removed TaN thin film. 
0013 An exemplary method for manufacturing a semi 
conductor device according to another aspect of the present 
invention includes: (a) forming an interlayer insulating layer 
on a semiconductor Substrate, the interlayer insulating layer 
having a contact hole that partially exposes the Substrate; (b) 
depositing a TaN thin film on the interlayer insulating layer 
and in the contact hole using a reaction gas containing a Ta 
precursor and a nitrogen source gas; (c) removing impurities 
from the TaN thin film; (d) forming a TaSiN thin film by 
reacting the impurity-removed TaN thin film with a silicon 
Source gas, and (e) repeating steps (a) and (b) at least once to 
form a diffusion barrier comprising a plurality of TaSiN thin 
films. In one embodiment, the diffusion barrier (or the TaN 
thin film) may be formed by an ALD method. 
0014. In various other embodiments, the Ta precursor may 
comprise tertbutylimido(trisdiethylamide)tantalum (TBT 
DET), pentakis(diethylamide)tantalum (PDEAT), pentakis 
(dimethylamide)tantalum (PDMAT), or pentakis(ethylm 
ethyl-amino)tantalum (PEMAT): NH or N gas may be used 
as the nitrogen source gas; step (b) of the method may further 
comprise heating the substrate a temperature of 170 to 500° 
C.; in step (c) of the method, the impurities may be removed 
by plasma processing using a hydrogen containing gas, such 
as H, H+N or NH, the plasma processing may comprise 
applying a plasma power of 100-400W for 3 to 35 seconds; 
and/or the silicon Source gas may comprise a silane. Such as 
SiH. 

BRIEF DESCRIPTION OF THE DRAWINGS 

(0015 FIG. 1A to FIG. 1E are sectional views showing 
sequential stages of a method for forming a diffusion barrier 
according to an exemplary embodiment of the present inven 
tion. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

0016. An embodiment of the present invention will here 
inafter be described in detail with reference to the accompa 
nying drawings. 
0017 Firstly, a diffusion barrier of a semiconductor device 
according to an exemplary embodiment of the present inven 
tion will hereinafter be described with reference to FIG. 1E. 
0018. As shown in FIG. 1E, an interlayer insulating layer 
11 is formed on a semiconductor substrate 10 such that the 
substrate 10 may be partially exposed through a contact hole 
(reference 12 in FIG. 1A). A diffusion barrier 100 composed 
of multiple layers (i.e., at least two layers, for example, three 
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layers) of TaSiNthin films 14a. 14b, and 14c., is formed on the 
interlayer insulating layer 11, including in the contact hole 
12. 
0019. In one embodiment, one or more layers of the dif 
fusion barrier 100 is formed by an atomic layer deposition 
(ALD) method, wherein the respective TaSiN thin films 14a, 
14b, and 14c may comprise the reaction product(s) of an 
impurity-removed TaN thin film and a silicon (Si) source gas. 
In one implementation, all of the layers of the diffusion bar 
rier 100 comprise atomic layer deposited (ALD) TaSiN. The 
silicon source gas may comprise a silane of the formula SiH, 
where X is an integer of from 1 to 4 and y is 2x+2, and when 
X is 3 or 4 y may be 2x. In a preferred embodiment, the silicon 
Source gas comprises SiH4. 
0020. In addition, the impurity-removed TaN thin film 
may comprise a plasma processed TaN thin film. In one 
embodiment, the TaN thin film is processed with a plasma 
comprising a mixture of a hydrogen (H) containing gas and a 
noble gas. The hydrogen-containing gas may comprise H, 
H+N, or NH, and the noble gas may comprise He, Ne, Ar. 
Xe, or Kr (preferably Ar). The TaN thin film may have a 
thickness, for example, in a range of from 2 to 100 A. 
0021 Hereinafter, a method for forming a diffusion bar 
rier according to an exemplary embodiment of the present 
invention will be described in detail with reference to FIG. 1A 
to FIG. 1E. 
0022. As shown in FIG. 1A, the interlayer insulating layer 
11 is deposited on the semiconductor substrate 10, and then a 
contact hole 12 for partially exposing the substrate 10 is 
formed by patterning the interlayer insulating layer 11 by 
conventional photolithography and etching. 
0023. In the stage shown in FIG. 1B, a TaN thin film 13 is 
deposited on the interlayer insulating layer 11 and in the 
contact hole 12 at a thickness of 2 to 100 A, preferably by the 
ALD method. In the ALD method, reaction gases including a 
Ta precursor and a nitrogen Source gas are injected into a 
chamber, and then the Substrate is heated to a temperature 
controlled between 170 and 500° C. The Ta precursor may 
comprise a tantalum compound of the formula TaCNR) or 
RN=Ta(NR), where R and R' are independently an alkyl, 
cycloalkyl, alkenyl, cycloalkenyl, oraryl group. Preferably, R 
is C-C n-alkyl, and R' is C-C branched alkyl. More spe 
cifically, the Ta precursor may comprise one or more mem 
bers of the group consisting of tert-butylimido(trisdiethyla 
mide)tantalum (TBTDET), penta-kis(diethylamide)tantalum 
(PDEAT), pentakis(dimethylamide)tantalum (PDMAT), 
pentakis(ethylmethylamino)tantalum (PEMAT), etc. The Ta 
precursor is generally thermally decomposed (generally in 
the presence of the nitrogen source gas) to form the TaN thin 
film 13. The nitrogen source gas may comprise NH, NH or 
N (the latter of which may further comprise H). 
0024. A lot of impurities are usually contained in the TaN 
thin film 13 due to various residual materials included in the 
Ta precursor, particularly from the covalently bound organic 
(carbon-containing) groups in the preferred Ta precursors. 
Thereby, the TaN thin film 13 generally has a higher resistiv 
ity than is optimal or desired. Therefore, such residual mate 
rials should be removed. 
0025. In the stage shown in FIG. 1C, a hydrogen (H)- 
containing gas (such as H, H+N2, NH or NH) and a noble 
gas (Such as Ar) are injected into the chamber, and then the 
TaN thin film 13 is plasma processed, for example under a 
plasma power of 100-400W for a time sufficient to reduce the 
carbon content of the TaN film (e.g., a time of from 3-35 
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seconds). Then, the impurities within the layer and H atoms 
from the hydrogen-containing gas are believed to react with 
each other, and resultant Volatile chemical compound 
becomes extracted or exhausted to outside the chamber, such 
that the impurities are resultantly removed from the layer 13. 
Therefore, the resistivity of the TaN thin film 13a becomes 
lower. 

(0026. Then, in the stage shown in FIG. 1D, the TaSiN thin 
film 14a is formed by injecting or otherwise introducing a 
silicon (Si) source gas into the chamber such that the Sifrom 
the Si source gas may react with the TaN thin film 13a. In a 
preferred embodiment, SiH4 gas may be used as the silicon 
Source gas. 
(0027. The process for forming the TaSiN thin film 14a 
described above with reference to FIG. 1B to FIG. 1D is 
repeated at least once to form a multiple-layered diffusion 
layer 100, or until the diffusion barrier may have a desired 
thickness. As shown in FIG. 1E, the process for forming the 
TaSiN thin film (e.g., FIGS. 1B to 1D) is repeated twice such 
that the diffusion barrier 100 may have a triple layer structure 
of TaSiN thin films 14a. 14b, and 14c. The process for form 
ing the TaSiNthin film may be also repeated more than twice, 
that is, a few times to a few hundred times, such that the 
diffusion barrier may have numerous multiples or Substan 
tially any number of layers. 
0028. As described above, according to an embodiment of 
the present invention, impurities are removed from a TaN thin 
film by a plasma processing using a gas containing hydrogen 
(H) atoms, and then a TaSiN thin film is formed by reacting 
the purified TaN thin film and a gas containing silicon (Si). 
Therefore, a resistivity of the TaSiNthin film may be lowered. 
0029. In addition, according to an embodiment of the 
present invention, a process for forming a TaSiN thin film 
may be performed at a relatively low temperature by the ALD 
method, and the TaSiN thin film may be formed to a desired 
thickness by repeating the process as many times as desired or 
required. Therefore, such a TaSiN may have an enhanced 
Surface state, and shows enhanced step coverage for a contact 
hole having a high aspect ratio. Furthermore, the same ALD 
apparatus and Ta precursor as conventionally used may be 
used without alteration, and therefore, the method may be 
easily applied in the field. 
0030. While this invention has been described in connec 
tion with what is presently considered to be practical exem 
plary embodiments, it is to be understood that the invention is 
not limited to the disclosed embodiments, but, on the con 
trary, is intended to cover various modifications and equiva 
lent arrangements included within the spirit and scope of the 
appended claims. 

What is claimed is: 

1. A semiconductor device comprising: 
a semiconductor Substrate; 
an interlayer insulating layer formed on the Substrate and 

having a contact hole partially exposing the Substrate; 
and 

a diffusion barrier formed on the interlayer insulating layer 
and in the contact hole, comprising a plurality of TaSiN 
thin films. 

2. The semiconductor device of claim 1, wherein the TaSiN 
thin films comprise a reaction product of a silicon Source gas 
and an impurity-removed TaN thin film. 
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3. The semiconductor device of claim 1, wherein the dif 
fusion barrier comprises an ALD layer. 

4. The semiconductor device of claim 2, wherein the impu 
rity-removed TaN thin film comprises a TaN thin film pro 
cessed by a plasma comprising a mixture of a hydrogen 
containing gas and a noble gas. 

5. The semiconductor device of claim 4, wherein the TaN 
thin film has a thickness of from 2 to 100 A. 
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6. The semiconductor device of claim 4, wherein the 
hydrogen containing gas comprises a member selected from 
the group consisting of H, H+N2 and NH. 

7. The semiconductor device of claim 2, wherein the sili 
con Source gas comprises a silane. 

8. The semiconductor device of claim 2, wherein the sili 
con Source gas comprises SiH4. 
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