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(57) ABSTRACT 

A metal-containing ?lm is formed on a silicon-containing 
conductive region at a temperature Where the metal of the 
metal-containing ?lm and silicon of the semiconductor 
substrate react With each other to form a diffusion restraint 
interface ?lm interposed betWeen the metal-containing ?lm 
and silicon of the and the semiconductor substrate. The 
resultant structure is annealed so that metal of the metal 
containing ?lm and silicon of the silicon-containing con 
ductive region react With each other to form a metal silicide 
?lm. 
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FIG. 8A 
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FIG. 9A 
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METHOD OF FORMING METAL SILICIDE FILM 
AND METHOD OF MANUFACTURING 

SEMICONDUCTOR DEVICE HAVING METAL 
SILICIDE FILM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This is a continuation application of US. patent 
application Ser. No. 10/686,768, ?led on Oct. 17, 2003, 
Which is a continuation-in-part of US. patent application 
Ser. No.10/457,449, ?led Jun. 10, 2003, noW abandoned, the 
entire contents of Which are incorporated herein by refer 
ence. In addition, a claim of priority is made to Korean 
Patent Application Nos. 2002-63567 and 2003-66498, ?led 
Oct. 17, 2002 and Sep. 25, 2003, respectively, the entire 
contents of Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention generally relates to the fab 
rication of semiconductor devices, and more particularly, the 
present invention relates to a method of forming a metal 
containing ?lm and to a method of manufacturing a semi 
conductor device having a metal silicide ?lm. 

[0004] 2. Description of the Related Art 

[0005] As the gate resistance and source/drain contact 
resistance of a metal oXide semiconductor (MOS) increases, 
the operation speed of a semiconductor device containing 
the MOS transistor decreases. Accordingly, silicide ?lms 
have been Widely used to decrease these resistances. Metal 
silicide ?lms, such as cobalt silicide ?lms, in particular 
monocobalt disilicide (CoSi2) ?lms, are especially useful in 
vieW of their loW resistance (16 to 18 #9 cm), good thermal 
stability, and reduced sheet resistance (Rs) dependency to 
siZe. Cobalt silicide ?lms have been used in static random 
access memory (SRAM) devices and in logic devices that 
require high operational speeds. 
[0006] A cobalt silicide ?lm having poor characteristics 
can result if impurities such as silicon oXide and silicon 
nitride are present at a surface of a silicon region on Which 
the cobalt silicide ?lm is formed. For this reason, prior to 
deposition of the cobalt silicide ?lm, a substrate surface is 
conventionally Wet-cleaned and then etched by radio fre 
quency (RF) sputtering. Unfortunately, hoWever, substrate 
surface defects can result since RF sputter etching using 
argon ions (Ar+) is a physical etching process. In addition, 
resputtering occurs during the RF sputter etching Which can 
result in a poorly formed cobalt silicide ?lm, Which can 
create short-circuits betWeen active regions. 

[0007] FIG. 1 is a plan vieW of a semiconductor device in 
Which a cobalt silicide ?lm has created a short-circuit 
betWeen active regions. In FIG. 1, reference numeral 3 
denotes an active region, reference numeral 4 is a Well 
region boundary, reference numeral 5 denotes a gate, refer 
ence numeral 7 denotes a gate spacer, and reference numeral 
11c indicates a cobalt silicide ?lm. As shoWn, the colbalt 
silicide ?lm 11c is defective in that it connects adjacent 
active regions 3 across the Well region boundary 4. 

[0008] FIG. 2 is a diagram to illustrate the occurrence of 
resputtering during RF sputter etching, and FIG. 3 is a 
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diagram illustrating a poorly formed cobalt silicide ?lm 
resulting from the resputtering. FIGS. 2 and 3 are sectional 
vieWs taken along line 11-11‘ of FIG. 1. 

[0009] As shoWn in FIG. 2, during the RF sputter etching 
10, an oXide 2a of a shalloW trench device isolation region 
(STI) 2 and/or a nitride 7a of a spacer 7 is resputtered onto 
an active region 3 or a gate 5 of a semiconductor device. 
Also, silicon 3a of the active region 3 is resputtered on the 
spacer 7. 

[0010] As shoWn in FIG. 3, the resputtered oXide 2a and 
nitride 7a cause a cobalt silicide ?lm 11a formed on the 
active region 3 and a cobalt silicide ?lm 11b formed on the 
gate 5 to have a nonuniform thickness. Also, the resputtered 
silicon 3a causes a cobalt silicide ?lm 11c to be formed 
along sideWalls of the spacer 7. This can result in the 
short-circuiting of active regions 3 as shoWn in FIG. 1. 

[0011] MeanWhile, referring to FIG. 4, transformation of 
a cobalt ?lm 11 formed on the front surface of a substrate 
into a cobalt silicide ?lm mainly takes place at the edges of 
a gate 5a pattern and the edges at Which the STI 2 and active 
region 3 are in contact With each other. This phenomenon is 
called an “edge effect” and is denoted by reference number 
13 in FIG. 4. The edge effect causes the thickness of the 
cobalt silicide ?lm 11a' to increase, Which in turn causes 
loading of the Rs of the silicide ?lm, making it dif?cult to 
adjust the Rs value. Furthermore, the edge effect can cause 
leakage current at the source/drain region 8. These draW 
backs are intensi?ed as the critical dimension (CD) of the 
gate is reduced to less than 100 nm. As shoWn in FIG. 4, the 
thickness of a cobalt silicide ?lm 116 formed at the gate 5b 
having a small CD is almost tWice as large as that of the 
cobalt silicide ?lm 11d formed at the gate 5a having a larger 
CD. This creates a limitation in decreasing the aspect ratio 
of the gate 5b pattern, Which adversely affects the process 
margin for subsequent processes. 

SUMMARY OF THE INVENTION 

[0012] The present invention provides a method of form 
ing a metal silicide ?lm having favorable characteristics. 

[0013] An embodiment of the present invention provides 
a method of forming a silicide ?lm by forming a metal 
containing ?lm on a surface of a semiconductor substrate 
having an insulating region and a silicon-containing con 
ductive region, the metal-containing ?lm being formed at a 
temperature at Which metal of the metal-containing ?lm and 
silicon of the silicon-containing conductive region react With 
each other to form a diffusion restraint interface ?lm inter 
posed betWeen the metal-containing ?lm and silicon of the 
silicon-containing conductive region, and annealing the 
resultant structure so that metal of the metal-containing ?lm 
and silicon of the silicon-containing conductive region react 
With each other to form the metal silicide ?lm. 

[0014] Another embodiment of the present invention pro 
vides a method of manufacturing a semiconductor device by 
forming an isolation region de?ning an active region on a 
semiconductor substrate, forming on the active region a 
transistor having source/source regions and a gate, forming 
a metal-containing ?lm on a surface of the semiconductor 
substrate, the metal-containing ?lm being formed at a tem 
perature at Which metal of the metal-containing ?lm and 
silicon of the semiconductor substrate With each other to 
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form a diffusion restraint interface ?lm interposed betWeen 
the metal-containing ?lm and silicon of the and the semi 
conductor substrate, and annealing the resultant structure so 
that metal of the metal-containing ?lm and silicon of the 
silicon-containing conductive region react With each other to 
form the metal silicide ?lm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The above and other aspects of the present inven 
tion Will become readily apparent from the detailed descrip 
tion that folloWs, With reference to the accompanying draW 
ings, in Which: 

[0016] FIG. 1 is a plan vieW illustrating a short-circuit 
betWeen active regions resulting from a conventional 
method of forming a cobalt silicide ?lm; 

[0017] FIG. 2 is a sectional vieW illustrating a resputtering 
that occurs during a conventional method of forming a 
cobalt silicide; 

[0018] FIG. 3 is a sectional vieW illustrating a poorly 
formed cobalt silicide ?lm formed by resputtering; 

[0019] FIG. 4 is a sectional vieW to illustrate an edge 
effect resulting from a conventional method of forming a 
cobalt silicide ?lm, and a loading of the sheet resistance (Rs) 
of the silicide ?lm caused by the edge effect; 

[0020] FIG. 5 is a How chart of a method of forming a 
cobalt silicide ?lm according to one embodiment of the 
present invention; 

[0021] FIGS. 6A through 6D are sectional vieWs of 
intermediate structures formed in the steps disclosed in FIG. 
5; 
[0022] FIG. 7 is a sectional vieW to illustrate a diffusion 
restraint characteristic of an interface ?lm formed in the 
deposition of a cobalt ?lm at a high temperature; 

[0023] FIGS. 8A and 8B are scanning electron micropho 
tographs (SEMs) of cobalt silicide ?lms formed according to 
an embodiment of the present invention; 

[0024] FIGS. 9A and 9B are SEMs of control sample 
cobalt silicide ?lms for comparison With the ?lms of FIGS. 
8A and 8B; 

[0025] FIGS. 10A and 10B are graphs shoWing Rs values 
of gates having cobalt silicide ?lms according to an embodi 
ment of the present invention and according to a conven 
tional method; 

[0026] FIG. 11A is a graph shoWing secondary ion-mass 
spectrometric (SIMS) results after primary rapid thermal 
annealing (RTA) according to an embodiment of the present 
invention and according to a conventional method; 

[0027] FIG. 11B is a graph shoWing SIMS results after a 
selective Wet etching according to an embodiment of the 
present invention and according to a conventional method; 

[0028] FIG. 12 is a graph shoWing a leakage current of a 
test sample Which has been pretreated by a Wet-clean 
process only according to the present invention, and a 
leakage current of a control sample Which has been pre 
treated by a Wet-clean process and then etched by radio 
frequency (RF) sputtering according to a conventional 
method; 
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[0029] FIG. 13A is a transmission electron microphoto 
graph (TEM) of a sample formed after depositing a cobalt 
?lm at a high temperature according to an embodiment of 
the present invention; 

[0030] FIGS. 13B and 13C shoW selected area diffraction 
(SAD) patterns of an interface ?lm formed by the high 
temperature deposition in FIG. 13A; and 

[0031] FIG. 14 is a graph shoWing leakage current char 
acteristics in the case of depositing a cobalt ?lm at a high 
temperature according to an embodiment of the present 
invention and in the case of depositing a cobalt ?lm accord 
ing to a conventional method. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0032] Embodiments of the present invention disclose the 
deposition of a titanium (Ti) rich ?lm on a previously 
formed metal-containing ?lm. Ti, Which is abundantly 
present in a capping ?lm, diffuses toWard an interface 
betWeen the metal-containing ?lm and an underlying silicon 
containing layer, such as a bulk Si ?lm or a (poly)Si ?lm, 
Which assists in the removal of oXides and nitrides at the 
interface. The removal of oXides and nitrides results in high 
quality metal silicide ?lm. Further, the present invention 
further discloses the use of a Wet pretreatment process that 
suf?ciently removes a natural oXide ?lm formed at a surface 
intended for formation of the metal silicide ?lm. Pretreat 
ment by radio frequency (RF) sputter etching may or may 
not be required. In this regard, as used herein, the phrase 
“Wet cleaning is used/carried out alone” means that a RF 
sputter etching is omitted in the pretreatment process. Still 
further, the present invention discloses the formation of a 
metal ?lm at a high temperature to compensate for the small 
process WindoW for formation of a metal silicide ?lm 
resulting from the edge effect. 

[0033] Hereinafter, by Way of eXample, a method of 
forming a cobalt silicide ?lm on a gate and an active region 
in a full CMOS (complementary metal oXide semiconduc 
tor)-type SRAM (static random access memory) device Will 
be described. HoWever, it is generally understood that the 
metal-containing ?lm can be selected from TaN, NiTa, Ti, 
TiN, Ta, W, WN, Hf, Nb, Mo, RuO2, Mo2N, Ni, Ir, Pt, Cr, 
RuO, Mo2N, WNX, and combination thereof. 

[0034] FIG. 5 is a How chart of a method of forming a 
cobalt silicide ?lm according to an embodiment of the 
present invention. FIGS. 6A through 6D are sectional 
vieWs of intermediate products resulting from the process 
steps of FIG. 5. 

[0035] Referring to FIGS. 5 and 6A, ?rst, a transistor (Tr) 
is formed (step S1). In detail, after forming a shalloW trench 
isolation (STI) region 102 using a conventional process, an 
N-Well 101 and a P-Well (not shoWn) are formed on a p-type 
Si substrate 100 by ion injection. Then, on the substrate 100, 
an oXide ?lm is formed to a thickness of 110 to 130 A and 
a poly-Si ?lm is formed to a thickness of 1,500 to 2,500 A, 
folloWed by successive patterning, to form a gate 105 and a 
gate oXide ?lm 104. The gate oXide ?lm 104 may be formed 
by depositing an oXide such as silicon oxide, hafnium oXide, 
Zirconium oXide, aluminum oxide, tantalum oXide, and 
lanthanum oXide using a chemical vapor deposition (CVD) 
or an atomic layer deposition The gate 105 made of 
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poly-Si may be formed by depositing poly-Si doped With 
impurity using loW pressure CVD (LPCVD). Poly-Si may 
be simultaneously deposited With impurity doping, or may 
be doped With impurity after deposition. Then, ion injection 
is carried out to form a lightly doped drain (LDD) region. A 
LDD 10611 for an NMOS transistor is formed by injecting an 
n-type ion such as As", and then a LDD 106p for a PMOS 
transistor is formed by injecting a p-type ion such as BF2+. 
Then, a spacer 107 is formed at a sideWall of the gate 105. 
The spacer 107 may be a silicon nitride ?lm or may be a 
laminated structure of a middle temperature oxide (MTO) 
?lm and a silicon nitride ?lm. After the formation of the 
spacer 107, an n+ source/drain region 10811 is formed by 
injecting an n-type ion such as As", and a p+ source/drain 
region 108p is formed by injecting a p-type ion such as 
BF2+. Finally, an NMOS source/drain (10911) and a PMOS 
source/drain (109p) are formed. 

[0036] FIGS. 5 and 6B illustrates a pretreatment process 
(steps S2 and S3‘). After the pretreatment process, a C0 
containing ?lm 111 is formed (step S3) is formed folloWed 
by the formation of a Ti-rich capping ?lm 113 (step S4). In 
the pretreatment process (steps S2 and S3‘), impurities, for 
example, natural oxide ?lms formed on the source/drain 
regions 10911 and 109p and the gate 105, and/or nitride 
particles remaining from formation of the spacer 107, are 
removed. For the pretreatment process, a Wet cleaning (step 
S2) may be used alone or in combination With RF sputter 
etching (step S3‘). 

[0037] Impurities such as oxide and nitride may also be 
generated due to resputtering caused after RF sputter etch 
ing. HoWever, as Will be described later, these impurities are 
typically removed by Ti Which is abundantly present in the 
capping ?lm 113. 

[0038] The RF sputter etching can be selectively carried 
out as required. Various modi?cations in the Wet cleaning 
may be made according to Whether or not the subsequent RF 
sputter etching is carried out. In a case Where the RF sputter 
etching is carried out, the Wet cleaning may be lightly 
carried out. On the other hand, in a case Where the RF sputter 
etching is omitted, the Wet cleaning is carried out so that 
impurities such as a natural oxide ?lm are completely 
removed. 

[0039] In a case Where the RF sputter etching is omitted, 
the Wet cleaning may be carried out in tWo processes. The 
?rst process for the Wet cleaning is divided into three steps: 
using a hydrogen ?uoride solution diluted With deion 
iZed (DI) Water (?rst step); using a mixture solution (also 
knoWn as SC1 solution) of ammonium hydroxide, hydrogen 
peroxide (H202), and Water (second step); and, using a HF 
solution diluted With DI Water. A 100:1 diluted HF solution 
or a 200:1 diluted HF solution may be used as the diluted HF 
solution. The ?rst step is carried out for about 10 to 300 
seconds, preferably about 150 seconds, the second step is 
carried out at a temperature of 40 to 90° C., preferably 70° 
C., for about 1 to 60 minutes, preferably about 30 minutes, 
and the third step is carried out for about 10 to 300 seconds, 
preferably about 60 seconds. The second process for the Wet 
cleaning is divided into tWo steps: using a mixture solution 
of sulfuric acid and H202 (?rst step) and using a HF solution 
diluted With DI Water (second step). Preferably, the ratio of 
sulfuric acid to H202 is 6 to 1. A 100:1 diluted HF solution 
or a 200:1 diluted HF solution may be used as the diluted HF 
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solution. The ?rst step is carried out at 120° C. for about 500 
to 700 seconds, preferably 600 seconds, and the second step 
is carried out for 150 to 300 seconds, preferably 250 
seconds. 

[0040] On the other hand, in a case Where the RF sputter 
etching is carried out, the steps in the above-described tWo 
Wet cleaning processes may be carried out for a shorter time. 
Alternatively, the Wet cleaning may be carried out only using 
a diluted HF solution. 

[0041] Next, the Co-containing ?lm 111 is conformally 
formed along an exposed stepped surface of the substrate 
100 (step S3). 

[0042] The Co-containing ?lm 111 may be a pure Co ?lm 
made of 100% C0 or a C0 alloy ?lm. Preferably, the Co alloy 
?lm contains 20 or less atomic % of one selected from 
tantalum (Ta), Zirconium (Zr), titanium (Ti), nickel (Ni), 
hafnium (Hf), tungsten (W), platinum (Pt), palladium (Pd), 
vanadium (V), niobium (Nb), and mixtures thereof. 

[0043] The Co-containing ?lm 111 is formed by sputter 
ing. The thickness of the Co-containing ?lm 111 is deter 
mined according to the critical dimension (CD) or height of 
the gate 105. For example, if the CD of the gate is 100 nm, 
it is preferable to form the Co-containing ?lm to a thickness 
of less than 150 

[0044] The Co-containing ?lm 111 may be deposited at a 
temperature higher than room temperature. HoWever, it is 
preferable to deposit the Co-containing ?lm 111 at a high 
temperature of 300 to 500° C. When the Co-containing ?lm 
111 is deposited at a high temperature, as shoWn in an 
enlarged circle of FIG. 6B, Co of the Co-containing ?lm 11 
reacts With Si of the source/drain regions 10911 and 109p and 
poly-Si of the gate 105, to thereby form an interface ?lm 
115a made of dicobalt monosilicide (Co2Si) or monocobalt 
monosilicide (CoSi). The interface ?lm 115a serves to 
restrain diffusion of Co during a subsequent annealing 
process. The detailed description thereof Will be described 
later. 

[0045] Next, a Ti-rich capping ?lm 113 is formed on the 
Co-containing ?lm 111 (step S4). As used herein, the term, 
“Ti-rich capping ?lm” indicates a ?lm With a Ti/other 
elements atomic % ratio of more than 1. The Ti-rich capping 
?lm may be one selected from the group consisting of a 
titanium nitride ?lm With a Ti/nitrogen (N) atomic % ratio of 
more than 1, a titanium tungsten ?lm With a Ti/W atomic % 
ratio of more than 1, a laminated structure of a pure Ti ?lm 
and a titanium nitride ?lm With a Ti/N atomic % ratio of 
more than 1, a laminated structure of a pure Ti ?lm and a 
titanium nitride ?lm With a Ti/N atomic % ratio of less than 
1, a laminated structure of a pure Ti ?lm and a titanium 
tungsten ?lm With a Ti/W atomic % ratio of more than 1, and 
a laminated structure of a pure Ti ?lm and a titanium 
tungsten ?lm With a Ti/W atomic % ratio of less than 1. The 
Ti-rich capping ?lm 113 may also be a pure Ti ?lm made of 
100% Ti. 

[0046] The capping ?lm 113 is also formed by sputtering. 
For example, in the case of a titanium nitride ?lm With a 
Ti/N atomic % ratio of more than 1, the capping ?lm 113 
With a desired composition ratio can be formed by depos 
iting a Ti target While adjusting the How rate of a nitrogen 
gas supplied into a sputtering apparatus. The function of the 
capping ?lm 113 Will be described later. 










