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SEMICONDUCTOR DEVICE AND METHOD FOR 
FABRICATING THE SAME 

TECHNICAL FIELD OF THE INVENTION 

[0001] The present invention relates to semiconductor 
fabrication technology, and more particularly to a semicon 
ductor device that is fabricated using SALICIDE (Self 
Aligned Silicide) process. 

BACKGROUND OF THE INVENTION 

[0002] In recent years, semiconductor devices have been 
miniaturiZed and improved in performance, and at the same 
time, system LSIs have been proposed. In such a system 
LSI, for improving its performance, it is required to decrease 
resistance of a gate pattern and active regions of source and 
drain. As shoWn in “Semiconductor World”, May 1998, page 
66, salicide process has been used to decrease that resis 
tance. Especially for SOI (Silicon-On-Insulator) type of 
devices, the salicide process is important. SOI technology 
has become increasingly important in the ?eld of integrated 
circuits. In SOI fabrication, a layer of semiconductor mate 
rial overlies an insulating layer, typically, a single crystal 
layer of silicon overlies a layer of silicon dioxide, Which 
itself overlies a silicon substrate. 

[0003] According to a conventional method, a BOX (Bur 
ied Oxide) layer is formed on a silicon substrate. Next, a 
?led oxide layer and a SOI (Silicon on Insulator) layer are 
formed on the BOX layer. The SOI layer is usually designed 
to have a thickness of 50 nm to 100 nm. A gate oxide layer 
is formed on the SOI layer, and a poly-silicon gate layer is 
formed on the gate oxide layer. A gate side Wall layer is 
formed on the SOI layer to surround the poly-silicon gate 
layer and gate oxide layer. 

[0004] Before a ?rst RTA (Rapid Thermal Annealing) 
process, thus fabricated structure is covered With Co (cobalt) 
layer and TiN (Titanium Nitride) layer. In the ?rst RTA 
process, suicide reaction occurs at the junction area betWeen 
the SOI layer and the Co layer, and betWeen the poly-silicon 
gate layer and the Co layer, so that the SOI layer and gate 
layer are silicided. The silicide regions are of CoSi, Which 
still have a high resistance. After the ?rst RTA process, the 
remaining metal (Co and TiN) are selectively removed by a 
Wet process using such as ammonia Water or hydrogen 
peroxide solution. 

[0005] Next, the second RTA process is carried out so that 
silicon in the SOI layer and poly-silicon gate layer again 
react With the silicide regions. As a result, the silicide 
regions become to be of CoSi2, Which have loWer resistance. 

[0006] According to the above described conventional 
method, loW resistance Wiring can be realiZed by the salicide 
process. For more improving performance of SOI devices, it 
is required to make the SOI layer much thinner, for example 
less than 70 nm. If the SOI layer is formed to have irregular 
thickness, thinner part of the SOI layer may be salicided 
entirely and voids may be made in the SOI layer. If voids are 
made in the SOI layer, the BOX layer may be etched When 
contact holes are formed on the active areas. If the silicon 
substrate is etched as Well in Worst case, the silicon substrate 
is electrically connected to the upper electrode. As a result, 
undesirable electrical leakage is made. 
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OBJECTS OF THE INVENTION 

[0007] Accordingly, an object of the present invention is to 
improve quality of a semiconductor device even if a SOI 
layer is designed to be very thin. 

[0008] Additional objects, advantages and novel features 
of the present invention Will be set forth in part in the 
description that folloWs, and in part Will become apparent to 
those skilled in the art upon examination of the folloWing or 
may be learned by practice of the invention. The objects and 
advantages of the invention may be realiZed and attained by 
means of the instrumentalities and combinations particularly 
pointed out in the appended claims. 

SUMMARY OF THE INVENTION 

[0009] According to a ?rst aspect of the present invention, 
in a method for fabricating a semiconductor device, a 
silicide material is formed at least on the surface of an area 
to be silicided. Then, a ?rst RTA (Rapid Thermal Annealing) 
process is performed to form a ?rst-reacted silicide region. 
Next, a supplemental silicon layer is formed over the entire 
surface; and a second RTA process is performed to form a 
second-reacted silicide region. 

[0010] The main feature of the present invention is to form 
the supplemental silicon layer over the entire surface prior to 
the second RTAprocess. According to the present invention, 
silicon for silicide process is also provided from the supple 
mental silicon layer in the second RTA process. As a result, 
loW resistance Wiring can be Well realiZed by the salicide 
process even if an SOI layer is formed to be thinner. 
Consequently, the fabricated semiconductor device is pre 
vented from having a problem of electrical leakage. 

[0011] The silicide material may include cobalt (Co) or 
titanium (Ti). The supplemental silicon layer may be of 
poly-silicon formed by CVD (Chemical Vapor Deposition) 
technique. The supplemental silicon layer may be of a-Si 
(amorphousness silicon) formed by sputtering technique. 
[0012] An impurity may be doped into the supplemental 
silicon layer before the second RTA process, Wherein the 
impurity is of the same type as active regions. When such an 
impurity is doped into the supplemental silicon layer, the 
remaining (non-reacted) silicon can be removed at a high 
etching rate and high selectivity after the second RTA 
process. Further, the type of impurity is the same as that of 
the impurity doped into the corresponding active region, so 
that the silicide reaction progresses smoothly. 

[0013] The impurity may be doped into one of N-channel 
region and P-channel region. When impurity is doped one of 
N and P channel regions, the silicide reaction can be Well 
controlled betWeen the N-channel region and P-channel 
region. 
[0014] According to a second aspect of the present inven 
tion, a semiconductor device is fabricated by the above 
described method of the ?rst aspect of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIGS. 1A to 1C are cross-sectional vieWs shoWing 
fabrication steps of a semiconductor device according to a 
conventional technique. 

[0016] FIGS. 2A to 2E are cross-sectional vieWs shoWing 
fabrication steps of a semiconductor device according to a 
?rst preferred embodiment of the present invention. 
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[0017] FIGS. 3A to 3E are cross-sectional views showing 
fabrication steps of a semiconductor device according to a 
second preferred embodiment of the present invention. 

[0018] FIGS. 4A to 4E are cross-sectional vieWs shoWing 
fabrication steps of a semiconductor device according to a 
third preferred embodiment of the present invention. 

[0019] FIGS. 5A to 5D are cross-sectional vieWs shoWing 
fabrication steps of a semiconductor device according to a 
fourth preferred embodiment of the present invention. 

[0020] FIGS. 6A to 6C are cross-sectional vieWs shoWing 
fabrication steps of a semiconductor device according to a 
?fth preferred embodiment of the present invention. 

DETAILED DISCLOSURE OF THE INVENTION 

[0021] For better understanding of the present invention, a 
conventional technology is ?rst described. FIGS. 1A to 1C 
are cross-sectional vieWs shoWing fabrication steps of a 
conventional semiconductor device. FIGS. 1A to 1C shoW 
salicide process of a SOI (Silicon on Insulator) type of 
semiconductor device. 

[0022] FIG. 1A shoWs a condition in Which gate-side-Wall 
process is completed. As shoWn in FIG. 1A, a BOX (Buried 
Oxide) layer 14 is formed on a silicon substrate 12 to have 
a thickness of 100 nm to 200 nm. A ?led oXide layer 16 and 
a SOI (Silicon on Insulator) layer 18 are formed on the BOX 
layer 14. The SOI layer 18 is of ED (Fully Depletion) type 
and is designed to have a thickness of 50 nm to 100 nm. A 
gate oXide layer 20 is formed on the SOI layer 18 to have a 
thickness of 3.5 nm to 7.0 nm. Apoly-silicon gate layer 22 
is formed on the gate oXide layer 20 to have a thickness of 
150 nm to 250 nm. A gate side Wall layer 24 is formed on 
the SOI layer 18 to surround the poly-silicon gate layer 22 
and gate oXide layer 20. The gate side Wall layer 24 is 
designed to have a Width of 80 nm to 150 nm. 

[0023] FIG. 1B shoWs a condition in that the structure, 
shoWn in FIG. 1A, is covered With Co (cobalt) layer 26 and 
TiN (Titanium Nitride) layer 28 by sputtering process. The 
C0 layer 26 is formed over the entire structure to have a 
thickness of 5 nm to 12 nm. The TiN layer 28 is formed over 
the Co layer 26 to have a thickness of 5 nm to 10nm. The 
TiN layer 28 functions for controlling salicide process. 

[0024] FIG. 1C shoWs a condition in that ?rst and second 
RTA (Rapid Thermal Annealing) processes are carried out to 
the structure, shoWn in FIG. 1B. In the ?rst RTA process of 
500 to 600° C., silicide reaction occurs at the junction area 
betWeen the SOI layer 18 and the Co layer 26, and betWeen 
the poly-silicon gate layer 22 and the Co layer 26, so that 
silicide regions 30 and 32 are formed. 

[0025] After the ?rst RTA process, the remaining metal 
(Co and TiN) are selectively removed by a Wet process using 
such as ammonia Water or hydrogen peroXide solution. The 
silicide regions 30 and 32 are of CoSi, Which still have a 
high resistance. 

[0026] NeXt, the second RTA process is carried out at a 
temperature of 750 to 850° C. so that silicon in the SOI layer 
18 and poly-silicon gate layer 22 again react With the silicide 
regions 30 and 32, respectively. As a result, the silicide 
regions 30 and 32 become to be of CoSi2, Which have loWer 
resistance. 
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[0027] According to the above described conventional 
method, loW resistance Wiring can be realiZed by the salicide 
process. For more improving performance of SOI devices, it 
is required to make the SOI layer 18 much thinner, for 
eXample less than 70 nm. If the SOI layer 18 is formed to 
have irregular thickness, thinner part of the SOI layer 18 
may be salicided entirely and voids may be made in the SOI 
layer 18. If voids are made in the SOI layer 18, the BOX 
layer 14 may be etched When contact holes are formed on the 
active area (30). If the silicon substrate 12 is etched as Well 
in Worst case, the silicon substrate 12 is electrically con 
nected to the upper electrode. As a result, undesirable 
electrical leakage is made. 

[0028] FIGS. 2A to 2E are cross-sectional vieWs shoWing 
fabrication steps of a semiconductor device according to a 
?rst preferred embodiment of the present invention. FIGS. 
2A to 2E shoW salicide process of a SOI (Silicon on 
Insulator) type of semiconductor device. 

[0029] FIG. 2A shoWs a condition in Which gate-side-Wall 
process is completed. As shoWn in FIG. 2A, a BOX (Buried 
OXide) layer 114 is formed on a silicon substrate 112 to have 
a thickness of 100 nm to 200 nm. A ?led oXide layer 116 and 
a SOI (Silicon on Insulator) layer 118 are formed on the 
BOX layer 114. The SOI layer 118 is of ED (Fully Deple 
tion) type and is designed to have a thickness of 50 nm to 
100 nm. A gate oXide layer 120 is formed on the SOI layer 
118 to have a thickness of 3.5 nm to 7.0 nm. Apoly-silicon 
gate layer 122 is formed on the gate oXide layer 120 to have 
a thickness of 150 nm to 250 nm. A gate side Wall layer 124 
is formed on the SOI layer 118 to surround the poly-silicon 
gate layer 122 and gate oxide layer 120. The gate side Wall 
layer 124 is designed to have a Width of 80 nm to 150 nm. 

[0030] FIG. 2B shoWs a condition in that the structure, 
shoWn in FIG. 2A, is covered With Co (cobalt) layer 126 and 
TiN (Titanium Nitride) layer 128 by sputtering process. The 
C0 layer 126 is formed over the entire structure to have a 
thickness of 5 nm to 12 nm. The TiN layer 128 is formed 
over the Co layer 126 to have a thickness of 5 nm to 10 nm. 
The TiN layer 128 functions for controlling salicide process. 

[0031] FIG. 2C shoWs a condition in that a ?rst RTA 
(Rapid Thermal Annealing) process is carried out to the 
structure. The ?rst RTA process is carried out at 500 to 600° 
C., so that silicide reaction occurs at the junction area 
betWeen the SOI layer 118 and the Co layer 126, and 
betWeen the poly-silicon gate layer 122 and the Co layer 
126. As a result of the ?rst RTAprocess, silicide regions 130 
and 132 are formed. The silicide regions 130 and 132 can be 
called “higher-resistance silicide regions” or “?rst-reacted 
silicide regions”. The silicide regions 130 and 132 are of 
CoSi, Which still have a higher resistance. After the ?rst RTA 
process, the remaining metal (Co and TiN) are selectively 
removed by a Wet process using such as ammonia Water or 
hydrogen peroXide solution. 

[0032] Before a second RTA process, a poly-silicon layer 
136 is formed over the entire structure, as a supplemental 
silicon layer, as shoWn in FIG. 2D. The poly-silicon layer 
136 is formed by CVD (Chemical Vapor Deposition) pro 
cess at a temperature of 350 to 500° C. to have a thickness 
of 5 nm to 10 nm. 

[0033] NeXt, a second RTA process is carried out at a 
temperature of 750 to 850° C. In the second RTA process, 
silicon contained in the SOI layer 118 and poly-silicon layer 
136 reacts With the silicide region 130, While silicon con 
tained in the poly-silicon gate layer 122 and the poly-silicon 
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layer 136 reacts With the silicide region 132. According to 
this embodiment, silicon for silicide process is provided not 
only from the SOI layer 118 and the poly-silicon gate layer 
122 but also from the poly-silicon layer 136. Therefore, 
enough amount of silicon remains in the SOI layer 118 even 
after the second RTA process. As a result of the second RTA 
process, silicide regions 138 and 140 of CoSi2, Which have 
loWer resistance, are formed. The silicide regions 138 and 
140 can be called “loWer-resistance silicide regions” or 
“second-reacted silicide regions”. 

[0034] After the second RTA process, the remaining metal 
(Co and TiN) are selectively removed from the silicide 
regions 138 and 140. Such removing process can be carried 
out by a Wet process (dipping) using aquafortis or by plasma 
etching using a chlorine system gas or a ?uorine system gas. 

[0035] According to the ?rst preferred embodiment, sili 
con for silicide process is provided not only from the SOI 
layer 118 and the poly-silicon gate layer 112 but also from 
the poly-silicon layer 136. As a result, enough amount of 
silicon remains in the SOI layer 118 after the second RTA 
process; and therefore, loW resistance Wiring can be realiZed 
by the salicide process even if the SOI layer 118 is formed 
to be much thinner, for example less than 70 nm. In other 
Words, the BOX layer 114 is prevented from being etched 
When contact holes are formed on the active area (130). 
Consequently, the fabricated semiconductor device is pre 
vented from having a problem of electrical leakage. 

[0036] FIGS. 3A to 3E are cross-sectional vieWs shoWing 
fabrication steps of a semiconductor device according to a 
second preferred embodiment of the present invention. 
FIGS. 2A to 2E shoW salicide process of a SOI (Silicon on 
Insulator) type of semiconductor device. According to the 
second preferred embodiment, an a-Si (amorphousness sili 
con) layer is formed before second RTA process instead of 
the poly-silicon layer 136, shoWn in FIG. 2D, in the ?rst 
preferred embodiment. 

[0037] FIG. 3A shoWs a condition in Which gate-side-Wall 
process is completed. As shoWn in FIG. 3A, a BOX (Buried 
Oxide) layer 214 is formed on a silicon substrate 212 to have 
a thickness of 100 nm to 200 nm. A ?led oxide layer 216 and 
a SOI (Silicon on Insulator) layer 218 are formed on the 
BOX layer 214. The SOI layer 218 is of FD (Fully Deple 
tion) type and is designed to have a thickness of 50 nm to 
100 nm. A gate oxide layer 220 is formed on the SOI layer 
218 to have a thickness of 3.5 nm to 7.0 nm. Apoly-silicon 
gate layer 222 is formed on the gate oxide layer 220 to have 
a thickness of 150 nm to 250 nm. A gate side Wall layer 224 
is formed on the SOI layer 218 to surround the poly-silicon 
gate layer 222 and gate oxide layer 220. The gate side Wall 
layer 224 is designed to have a Width of 80 nm to 150 nm. 

[0038] FIG. 3B shoWs a condition in that the structure, 
shoWn in FIG. 3A, is covered With Co (cobalt) layer 226 and 
TiN (Titanium Nitride) layer 228 by sputtering process. The 
C0 layer 226 is formed over the structure to have a thickness 
of 5 nm to 12 nm. The TiN layer 228 is formed over the Co 
layer 226 to have a thickness of 5 nm to 10 nm. The TiN 
layer 228 functions for controlling salicide process. 

[0039] FIG. 3C shoWs a condition in that a ?rst RTA 
(Rapid Thermal Annealing) process is carried out to the 
structure. The ?rst RTA process is carried out at 500 to 600° 
C., so that silicide reaction occurs at the junction area 
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betWeen the SOI layer 218 and the Co layer 226, and 
betWeen the poly-silicon gate layer 222 and the Co layer 
226. As a result of the ?rst RTAprocess, silicide regions 230 
and 232 are formed. The silicide regions 230 and 232 can be 
called “higher-resistance silicide regions” or “?rst-reacted 
silicide regions”. The silicide regions 230 and 232 are of 
CoSi, Which still have a higher resistance. After the ?rst RTA 
process, the remaining metal (Co and TiN) are selectively 
removed by a Wet process using such as ammonia Water or 
hydrogen peroxide solution. 

[0040] Before a second RTA process, an a-Si layer 236 is 
formed over the entire structure, as a supplemental silicon 
layer, as shoWn in FIG. 3D. The a-Si layer 236 is formed by 
sputtering process. 

[0041] Next, a second RTA process is carried out at a 
temperature of 750 to 850° C. In the second RTA process, 
silicon contained in the SOI layer 218 and a-Si layer 236 
again reacts With the silicide region 130, While silicon 
contained in the poly-silicon gate layer 222 and the a-Si 
layer 236 again reacts With the silicide region 232. Accord 
ing to this embodiment, silicon for silicide process is pro 
vided not only from the SOI layer 218 and the poly-silicon 
gate layer 222 but also from the a-Si layer 236. Therefore, 
enough amount of silicon remains in the SOI layer 218 even 
after the second RTA process. As a result of the second RTA 
process, silicide regions 238 and 240 of CoSi2, Which have 
loWer resistance, are formed. The silicide regions 238 and 
240 can be called “loWer-resistance silicide regions” or 
“second-reacted silicide regions”. 

[0042] After the second RTA process, the remaining metal 
(Co, TiN and a-Si) are selectively removed from the silicide 
regions 238 and 240. Such removing process can be carried 
out by a Wet process (dipping) using aquafortis or by plasma 
etching using a chlorine system gas or a ?uorine system gas. 

[0043] According to the second preferred embodiment, 
silicon for silicide process is provided not only from the SOI 
layer 218 and the poly-silicon gate layer 212 but also from 
the a-Si layer 236. As a result, enough amount of silicon 
remains in the SOI layer 218 after the second RTA process; 
and therefore, loW resistance Wiring can be realiZed by the 
salicide process even if the SOI layer 218 is formed to be 
much thinner, for example less than 70 nm. In other Words, 
the BOX layer 214 is prevented from being etched When 
contact holes are formed on the active area (230). Conse 
quently, the fabricated semiconductor device is prevented 
from having a problem of electrical leakage. Comparing to 
the ?rst preferred embodiment, the a-Si layer 236 can be 
formed by a process at a loWer temperature (less than 200° 
C.). Thus, a silicide reaction is more ef?ciently prevented 
from undesirably progressing before the second RTA pro 
cess. 

[0044] FIGS. 4A to 4E are cross-sectional vieWs shoWing 
fabrication steps of a semiconductor device according to a 
third preferred embodiment of the present invention. FIGS. 
4A to 4E shoW salicide process of a SOI (Silicon on 
Insulator) type of semiconductor device. According to the 
third preferred embodiment, a Ti (titanium) layer is formed 
before a ?rst RTA process instead of the Co layer 126 (226), 
shoWn in FIG. 2B and 3B, in the ?rst and second preferred 
embodiments. 



US 2001/0045606 A1 

[0045] It is known that Titanium and Cobalt reacts With 
silicon in the different manner. When using titanium for 
salicide process, a TiSi2 is formed in the ?rst RTA process. 
Then, in the second RTA process, phase transition of C49 to 
C54 occurs in the silicide regions, so that the resistance of 
the silicide regions is lowered. 

[0046] FIG. 4A shoWs a condition in Which gate-side-Wall 
process is completed. As shoWn in FIG. 4A, a BOX (Buried 
Oxide) layer 314 is formed on a silicon substrate 312 to have 
a thickness of 100 nm to 200 nm. A ?led oxide layer 316 and 
a SOI (Silicon on Insulator) layer 318 are formed on the 
BOX layer 314. The SOI layer 318 is of FD (Fully Deple 
tion) type and is designed to have a thickness of 50 nm to 
100 nm. A gate oxide layer 320 is formed on the SOI layer 
318 to have a thickness of 3.5 nm to 7.0 nm. Apoly-silicon 
gate layer 322 is formed on the gate oxide layer 320 to have 
a thickness of 150 nm to 250 nm. A gate side Wall layer 324 
is formed on the SOI layer 318 to surround the poly-silicon 
gate layer 322 and gate oxide layer 320. The gate side Wall 
layer 324 is designed to have a Width of 80 nm to 150 nm. 

[0047] FIG. 4B shoWs a condition in that the structure, 
shoWn in FIG. 4A, is covered With Ti (titanium) layer 326 
and TiN (Titanium Nitride) layer 328. The Ti layer 326 is 
formed over the entire structure, and the TiN layer 328 is 
formed over the Co layer 326. The TiN layer 328 functions 
for controlling salicide process. 

[0048] FIG. 4C shoWs a condition in that a ?rst RTA 
(Rapid Thermal Annealing) process is carried out to the 
structure. The ?rst RTA process is carried out at 500 to 600° 
C., so that silicide reaction occurs at the junction areas 
betWeen the SOI layer 318 and the Ti layer 326, and betWeen 
the poly-silicon gate layer 322 and the Ti layer 326. As a 
result of the ?rst RTA process, silicide regions 330 and 332 
are formed. The silicide regions 330 and 332 can be called 
“higher-reacted silicide regions” or “?rst-reacted silicide 
regions”. The silicide regions 330 and 332 are of TiSi2 
(C49), Which still have a higher resistance. A part of the 
silicide regions 330 and 332 does not become to be of TiSi2 
(C49) but of TiSi. After the ?rst RTA process, the remaining 
metal (Ti and TiN) are selectively removed by a Wet process 
using such as ammonia Water or hydrogen peroxide solution. 

[0049] Before a second RTA process, a poly-Si (or a-Si) 
layer 336 is formed over the entire structure, as a supple 
mental silicon layer, as shoWn in FIG. 4D. Then, a second 
RTA process is carried out at a temperature of 800 to 850° 
C. In the second RTA process, phase transition of TiSi2 
(C49) to TiSi2 (C54) occurs in the silicide regions 320 and 
332, so that the resistance of the silicide regions 320 and 330 
is loWered. In other Words, silicide regions 338 and 340 of 
TiSi2 (C54) are formed. Incomplete silicide regions of TiSi 
are changed into of TiSi2. The silicide regions 338 and 340 
can be called “loWer-resistance silicide regions” or “second 
reacted silicide regions”. 

[0050] After the second RTA process, the remaining metal 
(Co, TiN and poly-Si/a-Si) are selectively removed, as 
shoWn in FIG. 4E. Such removing process can be carried 
out by a Wet process (dipping) using aquafortis or by plasma 
etching using a chlorine system gas or a ?uorine system gas. 

[0051] According to the third preferred embodiment, sili 
con for silicide process is provided not only from the SOI 
layer 318 and the poly-silicon gate layer 312 but also from 
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the poly-Si/a-Si layer 336. As a result, enough amount of 
silicon remains in the SOI layer 318 after the second RTA 
process; and therefore, loW resistance Wiring can be realiZed 
by the salicide process even if the SOI layer 318 is formed 
to be much thinner. In other Words, the BOX layer 314 is 
prevented from being etched When contact holes are formed 
on the active area (330). Consequently, the fabricated semi 
conductor device is prevented from having a problem of 
electrical leakage. 

[0052] FIGS. 5A to 5D are cross-sectional vieWs shoWing 
fabrication steps of a semiconductor device according to a 
fourth preferred embodiment of the present invention. 
FIGS. 5A to 5D shoW salicide process of a SOI (Silicon on 
Insulator) type of semiconductor device. According to the 
fourth preferred embodiment, impurities, Which are different 
betWeen N-channel region and P-channel region, are doped 
into a supplemental silicon layer. In the above described ?rst 
to third preferred embodiments, the same type of supple 
mental silicon layers (136, 236 and 336) are used both for 
N-channel region and P-channel region. 

[0053] FIG. 5A shoWs a condition in Which a ?rst RTA 
process is completed and a supplemental silicon layer (436) 
is formed over the entire structure. As shoWn in FIG. 5A, a 
BOX (Buried Oxide) layer 414 is formed on a silicon 
substrate 412 to have a thickness of 100 nm to 200 nm. A 

?led oxide layer 416 and a SOI (Silicon on Insulator) layer 
418 are formed on the BOX layer 414. The SOI layer 418 is 
of FD (Fully Depletion) type and is designed to have a 
thickness of 50 nm to 100 nm. A gate oxide layer 420 is 
formed on the SOI layer 418 to have a thickness of 3.5 nm 
to 7.0 nm. Apoly-silicon gate layer 422 is formed on the gate 
oxide layer 420 to have a thickness of 150 nm to 250 nm. A 
gate side Wall layer 424 is formed on the SOI layer 418 to 
surround the poly-silicon gate layer 422 and gate oxide layer 
420. The gate side Wall layer 424 is designed to have a Width 
of 80 nm to 150 nm. 

[0054] Although not shoWn in FIG. 6A, the structure is 
covered With Co (cobalt) layer and TiN (Titanium Nitride) 
layer by sputtering process. The C0 layer is formed over the 
structure to have a thickness of 5 nm to 12 nm. The TiN layer 
is formed over the Co layer to have a thickness of 5 nm to 
10 nm. The TiN layer functions for controlling salicide 
process. 

[0055] Next, a ?rst RTA (Rapid Thermal Annealing) pro 
cess is carried out at a temperature of 500 to 600° C., so that 
silicide reaction occurs at the junction area betWeen the SOI 
layer 418 and the Co layer, and betWeen the poly-silicon gate 
layer 422 and the Co layer. As a result of the ?rst RTA 
process, silicide regions 430 and 432 are formed. The 
silicide regions 430 and 432 can be called “loWer-resistance 
silicide regions” or “?rst-reacted silicide regions”. The sili 
cide regions 430 and 432 are of CoSi, Which still have a 
higher resistance. After the ?rst RTA process, the remaining 
metal (Co and TiN) are selectively removed by a Wet process 
using such as ammonia Water or hydrogen peroxide solution. 

[0056] Before a second RTA process, a poly-Si layer 436 
is formed over the entire structure, as a supplemental silicon 
layer, as shoWn in FIG. 5A. 

[0057] Next, the P-channel region is covered With a photo 
resist layer 450, as shoWn in FIG. 5B. Then, N type 
impurity, such as P (phosphorus) or As (arsenic), is doped 
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into the poly-Si layer 436 at the N-channel region by 
ion-implant technique to make a N-doped silicon layer 
436N. In the doping process, the N type impurity is also 
doped into the photo-resist layer 450. After the doping 
process, the remaining photo-resist 450 is removed by a 
predetermined process. 

[0058] Next, the N-channel region is covered With a 
photo-resist layer 452, as shoWn in FIG. 5C. Then, P type 
impurity, such as B (boron), is doped into the poly-Si layer 
436 at the P-channel region by ion-implant technique to 
make a P-doped silicon layer 436P. In the doping process, 
the P type impurity is also doped into the photo-resist layer 
452. After the doping process, the remaining photo-resist 
450 is removed by a predetermined process. 

[0059] Next, a second RTA process is carried out to the 
entire structure, as shoWn in FIG. 5D. With the second RTA 
process, loW resistance silicide regions 438 and 440 are 
formed, in the same manner as the ?rst to third preferred 
embodiments. The silicide regions 438 and 440 can be called 
“loWer-resistance silicide regions” or “second-reacted sili 
cide regions”. After the second RTA process, the remaining 
metal (Co, TiN and poly-Si/a-Si) are selectively removed by 
a Wet process (dipping) using aquafortis or by plasma 
etching using a chlorine system gas or a ?uorine system gas. 

[0060] According to the fourth preferred embodiment of 
the present invention, impurities are doped into the supple 
mental silicon layer 436, so that the remaining silicon after 
the second RTA process can be removed at a high etching 
rate and high selectivity. Such advantage is especially good 
in the case of dry etching process. Further, the type of 
impurity doped into the supplemental silicon layer 436 is the 
same as that of the impurity doped into the corresponding 
active regions (430), so that the silicide reaction progresses 
smoothly. 

[0061] FIGS. 6A to 6C are cross-sectional vieWs shoWing 
fabrication steps of a semiconductor device according to a 
?fth preferred embodiment of the present invention. FIGS. 
6A to 6C shoW salicide process of a SOI (Silicon on 
Insulator) type of semiconductor device. According to the 
?fth preferred embodiment, impurity is doped into a supple 
mental silicon layer (536) only in a N-channel region. In the 
same manner, impurity can be doped into a supplemental 
silicon layer (536) only in a P-channel region. 

[0062] FIG. 6A shoWs a condition in Which a ?rst RTA 
process is completed and a supplemental silicon layer (536) 
is formed over the entire structure. As shoWn in FIG. 6A, a 
BOX (Buried Oxide) layer 514 is formed on a silicon 
substrate 512 to have a thickness of 100 nm to 200 nm. A 

?led oxide layer 516 and a SOI (Silicon on Insulator) layer 
518 are formed on the BOX layer 514. The SOI layer 518 is 
of FD (Fully Depletion) type and is designed to have a 
thickness of 50 nm to 100 nm. A gate oxide layer 520 is 
formed on the SOI layer 518 to have a thickness of 3.5 nm 
to 7.0 nm. Apoly-silicon gate layer 522 is formed on the gate 
oxide layer 520 to have a thickness of 150 nm to 250 nm. A 
gate side Wall layer 524 is formed on the SOI layer 518 to 
surround the poly-silicon gate layer 522 and gate oxide layer 
520. The gate side Wall layer 524 is designed to have a Width 
of 80 nm to 150 nm. 
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[0063] Then, in the same manner as the fourth preferred 
embodiment, a ?rst RTA process is carried out. As a result 
of the ?rst RTA process, silicide regions 530 and 532 are 
formed. The silicide regions 530 and 532 can be called 
“higher-resistance silicide regions” or “?rst-reacted silicide 
regions”. The silicide regions 530 and 532 are of CoSi, 
Which still have a higher resistance. After the ?rst RTA 
process, the remaining metal (Co and TiN) are selectively 
removed by a Wet process using such as ammonia Water or 
hydrogen peroxide solution. Then, a poly-Si layer 536 is 
formed over the entire structure. 

[0064] Next, the P-channel region is covered With a photo 
resist layer 550, as shoWn in FIG. 6B. Then, N type 
impurity, such as P (phosphorus) or As (arsenic), is doped 
into the a-Si layer 536 at the N-channel region by ion 
implant technique to make a N-doped silicon layer 536N. In 
the doping process, the N type impurity is also doped into 
the photo-resist layer 550. After the doping process, the 
remaining photo-resist 550 is removed by a predetermined 
process. 

[0065] Next, a second RTA process is carried out to the 
entire structure, as shoWn in FIG. 6C. With the second RTA 
process, loW resistance silicide regions 538 and 540 are 
formed, in the same manner as the ?rst to fourth preferred 
embodiments. The silicide regions 538 and 540 can be called 
“loWer-resistance silicide regions” or “second-reacted sui 
cide regions”. After the second RTA process, the remaining 
metal (Co, TiN and poly-Si/a-Si) are selectively removed by 
a Wet process (dipping) using aquafortis or by plasma 
etching using a chlorine system gas or a ?uorine system gas. 

[0066] According to the ?fth preferred embodiment of the 
present invention, impurity is doped into the supplemental 
silicon layer 536 in one of N and P channel regions, so that 
the silicide reaction can be Well controlled betWeen the 
N-channel region and P-channel region. 

What is claimed is: 
1. Amethod for fabricating a semiconductor device using 

a salicide (self aligned silicide) process, comprising the 
steps of: 

providing a material to be silicided at least on the surface 
of an area to be silicided; 

performing a ?rst RTA (Rapid Thermal Annealing) pro 
cess to form a ?rst-reacted silicide region; 

providing a supplemental silicon layer over the surface; 
and 

performing a second RTA process to form a second 
reacted silicide region. 

2. A method according to claim 1, Wherein 

the material comprises cobalt (Co). 
3. A method according to claim 1, Wherein 

the material comprises titanium (Ti). 
4. A method according to claim 1, Wherein 

the supplemental silicon layer is of poly-silicon formed by 
CVD (Chemical Vapor Deposition) technique. 

5. A method according to claim 1, Wherein the supple 
mental silicon layer is of a-Si (amorphousness silicon) 
formed by sputtering technique. 
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6. A method according to claim 1, further comprising the 
step of: 

selectively removing non-reacted silicon from the second 
reacted silicide region after the second RTA process. 

7. A method according to claim 1, further comprising the 
step of: 

doping an impurity into the supplemental silicon layer 
before the second RTA process, Wherein 

the impurity is of the same type as active regions. 
8. A method according to claim 7, Wherein 

the impurity is doped into one of N-channel region and 
P-channel region. 

9. A method for fabricating a semiconductor device using 
a salicide (self aligned silicide) process, comprising the 
steps of: 

providing a silicon substrate; 

providing a BOX (Buried Oxide) layer in the silicon 
substrate; 

providing a ?led oXide layer and a $01 (Silicon on 
Insulator) layer on the BOX layer; 

providing a gate oXide layer on the SOI layer; 

providing a poly-silicon gate layer on the gate oXide layer; 

providing a gate side Wall layer on the SOI layer to 
surround the poly-silicon gate layer and gate oXide 
layer; 

providing a material to be silicided on the surface; 

performing a ?rst RTA (Rapid Thermal Annealing) pro 
cess to form ?rst-reacted silicide regions in the poly 
silicon gate layer and source/drain active areas of the 
SOI layer; 

removing non-reacted material from the ?rst-reacted sili 
cide regions; 

providing a supplemental silicon layer over the entire 
surface; 

performing a second RTA process so that the ?rst-reacted 
silicide regions react again With the supplemental sili 
con layer to form second-reacted silicide regions; and 

selectively removing non-reacted silicon from the second 
reacted silicide regions. 

10. Asemiconductor device that is fabricated by a method 
comprising the steps of: 

providing a material to be silicided at least on the surface 
of an area to be silicided; 

performing a ?rst RTA (Rapid Thermal Annealing) pro 
cess to form a ?rst-reacted silicide region; 

providing a supplemental silicon layer over the entire 
surface; and 

performing a second RTA process to form a second 
reacted silicide region. 

11. A semiconductor device according to claim 10, 
Wherein 

the silicide material comprises cobalt (Co). 
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12. A semiconductor device according to claim 10, 
Wherein 

the silicide material comprises titanium (Ti). 
13. A semiconductor device according to claim 10, 

Wherein 

the supplemental silicon layer is of poly-silicon formed by 
CVD (Chemical Vapor Deposition) technique. 

14. A semiconductor device according to claim 10, 
Wherein 

the supplemental silicon layer is of a-Si (amorphousness 
silicon) formed by sputtering technique. 

15. A semiconductor device according to claim 10, 
Wherein 

non-reacted silicon is selectively removed from the sec 
ond-reacted silicide region after the second RTA pro 
cess. 

16. A semiconductor device according to claim 10, 
Wherein 

an impurity is doped into the supplemental silicon layer 
before the second RTA process, and 

the impurity is of the same type as active regions. 
17. A semiconductor device according to claim 16, 

Wherein 

the impurity is doped into one of N-channel region and 
P-channel region. 

18. Asemiconductor device that is fabricated by a method 
comprising the steps of: 

providing a silicon substrate; 

providing a BOX (Buried Oxide) layer in the silicon 
substrate; 

providing a ?led oXide layer and a $01 (Silicon on 
Insulator) layer on the BOX layer; 

providing a gate oXide layer on the SOI layer; 

providing a poly-silicon gate layer on the gate oXide layer; 

providing a gate side Wall layer on the SOI layer to 
surround the poly-silicon gate layer and gate oXide 
layer; 

providing a material to be silicided on the surface; 

performing a ?rst RTA (Rapid Thermal Annealing) pro 
cess to form ?rst-reacted silicide regions in the poly 
silicon gate layer and source/drain active areas of the 
SOI layer; 

removing non-reacted material from the ?rst-reacted sili 
cide regions; 

providing a supplemental silicon layer over the entire 
surface; 

performing a second RTA process so that the ?rst-reacted 
silicide regions react again With the supplemental sili 
con layer to form second-reacted silicide regions; and 

selectively removing non-reacted silicon from the second 
reacted silicide regions. 

* * * * * 


