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(57) ABSTRACT 

A method of removing a metal Suicide layer on a gate elec 
trode in a semiconductor manufacturing process is disclosed, 
in which the gate electrode, a metal silicide layer, a spacer, a 
silicon nitride cap layer, and a dielectric layer have been 
formed. The method includes performing a chemical 
mechanical polishing process to polish the dielectric layer 
using the silicon nitride cap layer as a polishing stop layer to 
expose the silicon nitride cap layer over the gate electrode: 
removing the exposed silicon nitride cap layer to expose the 
metal silicide layer, and performing a first etching process to 
remove the metal silicide layer on the gate electrode. 
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METHOD OF REMOVING AMETAL 
SLCDELAYER ON A GATE ELECTRODE 
INA SEMCONDUCTOR MANUFACTURING 

PROCESS AND ETCHING METHOD 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This is a divisional application of U.S. patent appli 
cation Ser. No. 1 1/163,849 filed on Nov. 1, 2005, and the 
contents of which are included herein entirely by reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relate to a semiconductor 
device manufacturing process, and particularly to removal of 
a salicide layer in a semiconductor device manufacturing 
process. 
0004 2. Description of the Prior Art 
0005 Semiconductor device geometries have dramati 
cally decreased in size since Such devices were first intro 
duced several decades ago. Today's fabrication plants are 
producing devices having 0.35 um, 90 nm, and even 65 nm. 
feature sizes or Smaller. AS geometries shrink, semiconductor 
manufacturing methods often need to be improved. 
0006. As MOS devices have been integrated at a rapid 
speed, an existing process using polysilicon as a gate elec 
trode has caused many problems such as highgate resistance, 
depletion of polysilicon, and boron penetration into a channel 
area. A known process including a metal gate electrode/ 
high-kgate dielectric layer has been proposed to eliminate the 
poly depletion effect and to offer an option of a lower thermal 
budget process. 
0007 FIGS. 1 to 5 are cross-sectional views illustrating a 
MOS transistor 10 having a metal gate electrode fabricated 
according to a known process. Referring to FIG. 1, a polysili 
congate electrode 12 is formed on a semiconductor Substrate 
comprising a silicon layer 16, and a shallow-junction Source 
extension 17 and a shallow-junction drain extension 19 are 
formed in the silicon layer 16 at both sides of the polysilicon 
gate electrode 12 and separated by a channel region 22. Then, 
a spacer 32 is formed on both lateral walls of the polysilicon 
gate electrode 12, and source and drain regions 18 and 20 are 
formed in the silicon layer 16 at both sides of the polysilicon 
gate electrode 12 and border the shallow-junction source 
extension 17 and the shallow-junction drain extension 19. A 
gate dielectric layer 14 separates a gate electrode 12 from the 
channel region 22. A liner 30, generally comprising silicon 
dioxide, is interposed between the gate electrode 12 and the 
silicon nitride spacer 32. Subsequently, a metal silicide layer 
42 is formed on the top of the polysilicon gate electrode 12 
and the surface of the source and drain regions 18 and 20, and 
a silicon nitride cap layer 46 is formed on the entire area of the 
semiconductor Substrate having the source and drain regions 
18 and 20 and the shallow-junction source extension 17 and 
the shallow-junction drain extension 19, so that the polysili 
congate electrode 12 can be covered. Next, a dielectric layer 
48 is formed on the nitride layer 46. The silicon nitride cap 
layer 46 is usually between about 300 and about 1000 A 
(angstrom) in thickness, and is formed by a plasma enhanced 
chemical vapor deposition (PECVD) process. 
0008 Next, referring to FIG. 2, the nitride layer 42 and the 
dielectric layer 48 are polished by a CMP process until the top 
of the polysilicon gate electrode 12 is exposed. The CMP 
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process is performed by over polishing so that the top of the 
polysilicon gate electrode 12 can be exposed completely. 
0009 Subsequently, referring to FIG. 3, the remaining 
polysilicon gate electrode 12 is removed by a plasma reactive 
ion etch (RIE) using chlorine or a wet polysilicon etch using 
conventional etch chemistry to form an opening (i.e. recess) 
54. Referring to FIG. 4, a barrier metal layer 56 may be 
formed on the sidewall of the recess 54 and on the surface of 
the dielectric layer 48, the nitride layer 46, the spacers 32, and 
the liner 30, and then a metal layer 58 is deposited to fill the 
recess and on the barrier metal layer 56. Finally, referring to 
FIG. 5, the surplus portion of metal layer 58 is polished away, 
forming a MOS transistor 10 having a metal gate. 
0010. The fabrication method described above includes an 
integration flow of metal gate replacement process consisting 
of an ILD (inter-layer dielectric) CMP (chemical mechanical 
polishing) after a transistor being built, a removal of a metal 
silicide layer and a polysilicon plug, a metal layer deposition, 
and a metal CMP. However, it is very difficult to remove the 
metal silicide by a CMP process. 
0011 FUSI gates (fully silicided polysilicon gates) offer a 
potential metal gate alternative due to a relative simplicity of 
the integration process. Referring to FIG. 2, the nitride layer 
42 on the top of the gate electrode 12 and the dielectric layer 
48 are polished by a CMP process until the top of the poly 
silicon gate electrode 12 is exposed. Then, referring to FIG. 6, 
a metal layer 50 is deposited on the exposed region of the 
polysilicon gate electrode 12, the nitride layer 46, the spacers 
32, the liner 30, and the dielectric layer 48. The metal layer 50 
is usually less than about 1000A and, in some cases, may be 
between about 500 and about 1000A in thickness. The metal 
layer 50 may be a multilayer of Ti/TiN, Co/TiN, or Co/Ti/TiN. 
0012. A thermal treatment is performed on the substrate 
having the metal layer 50 to transform the polysilicon gate 
electrode into a metal silicide gate electrode 52. The thermal 
treatment process may be performed through two steps, i.e., a 
first step at a temperature of about 400°C. to about 600°C., 
and a second step using a rapid thermal process (RTP) at a 
temperature of about 800° C. to about 1000° C. Subsequently, 
the residual metal layer, which has not reacted, is removed. 
The resultant MOS transistor 15 having a fully silicided gate 
electrode is shown in FIG. 7. 
0013. In the fabrication method including a FUSI metal 
gate integration process described above, NiSi polycide is 
removed through a direct ILD CMP step and the full silici 
daton of polysilicon is followed to form a NiSi metal gate. 
However, the difficulty to remove the metal silicide by a CMP 
process also exists in this method. It is very hard to control 
and polish the NiSipolycide layer with good removal unifor 
mity directly using a CMP process. 
0014. Therefore, there is still a need for a better method to 
remove a salicide layer in a semiconductor device manufac 
turing process. 

SUMMARY OF THE INVENTION 

0015. An object of the present invention is to provide a 
method of removing a metal silicide layer on a gate electrode 
in a semiconductor manufacturing process, to effectively and 
uniformly remove metal silicide layers on a gate electrode, 
Such that the Subsequently process can be performed advan 
tageously. 
0016. In an aspect of one embodiment according to the 
present invention, a wet etching method is also provided to 
effectively and uniformly remove metal silicide layers. 
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0017. In an aspect of another embodiment according to the 
present invention, a dry etching method is also provided to 
effectively and uniformly remove metal silicide layers. 
0018. In the method of removing a metal silicide layer on 
a gate electrode in a semiconductor manufacturing process 
according to the present invention, the gate electrode is dis 
posed on a semiconductor Substrate, the gate electrode has a 
top surface coated with a metal silicide layer, a spacer is 
disposed on each side wall formed by the gate electrode and 
the metal silicide layer together, a silicon nitride cap layer 
covers the metal silicide layer, the spacers, and the semicon 
ductor Substrate, and a dielectric layer covers the silicon 
nitride cap layer. The method of removing a metal silicide 
layer on a gate electrode in a semiconductor manufacturing 
process comprises steps of performing a chemical mechani 
cal polishing process to polish the dielectric layer using the 
silicon nitride cap layer as a polishing stop layer to expose the 
silicon nitride cap layer over the gate electrode; removing the 
exposed silicon nitride cap layer to expose the metal silicide 
layer; and performing a first etching process to remove the 
metal silicide layer on the gate electrode. 
0019. The wet etching method according to the present 
invention comprises a step of performing a wet etching pro 
cess on a metal silicide layer using an etching Solution. The 
etching solution comprises HF, NHF, at least one selected 
from a group consisting of ethylene glycol and propylene 
glycol, and water. 
0020. The dry etching method according to the present 
invention comprises a step of performing a dry etching pro 
cess on a metal silicide layer using an etching recipe. The 
etching recipe comprises argon, at least one selected from a 
group consisting of hydrogen gas and chlorine gas, and car 
bon monoxide. 

0021. The removal of metal silicide layers in the prior art 
is performed by means of a CMP process, and it is not easy to 
obtain a good polishing result. Contrarily, the method of the 
present invention has good etching selectivity, and thus an 
effective and a uniform removal of metal silicide layers on 
gate electrodes can be obtained to benefit the subsequent 
manufacturing process, therefore a semiconductor device 
with better quality can be obtained. 
0022. These and other objectives of the present invention 
will no doubt become obvious to those of ordinary skill in the 
art after reading the following detailed description of the 
preferred embodiment that is illustrated in the various figures 
and drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0023 FIGS. 1 to 5 are cross-sectional views illustrating a 
MOS transistor having a metal gate electrode fabricated 
according to a known process; 
0024 FIGS. 6 to 7 are cross-sectional views illustrating a 
MOS transistor having a FUSI gate electrode fabricated 
according to a known process; 
0.025 FIGS. 8 to 17 are schematic cross-sectional dia 
grams illustrating a method of fabricating a semiconductor 
MOS transistor device having a metal gate inaccordance with 
one preferred embodiment of the present invention; and 
0026 FIGS. 18 to 19 are schematic cross-sectional dia 
grams illustrating a method of fabricating a semiconductor 
MOS transistor device having a FUSI gate in accordance with 
one preferred embodiment of the present invention. 
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DETAILED DESCRIPTION 

0027. The present invention pertains to a method of fabri 
cating MOS transistor devices, such as NMOS, PMOS, and 
CMOS devices of integrated circuits, and especially to a 
removal method of a metal silicide layer on a gate electrode. 
0028 Please refer to FIGS. 8 to 17. FIGS. 8 to 17 are 
schematic cross-sectional diagrams illustrating a method of 
fabricating a semiconductor MOS transistor device 40 in 
accordance with one preferred embodiment of the present 
invention, wherein like number numerals designate similar or 
the same parts, regions or elements. It is to be understood that 
the drawings are not drawn to scale and are served only for 
illustration purposes. 
0029. As shown in FIG. 8, a semiconductor substrate gen 
erally comprising a silicon layer 16 is prepared. According to 
this invention, the semiconductor Substrate may be a silicon 
substrate or a silicon-on-insulator (SOI) substrate, but is not 
limited thereto. An electrode, Such as a gate electrode 12, is 
defined on the semiconductor Substrate. A shallow-junction 
Source extension 17 and a shallow-junction drain extension 
19 may be formed in the silicon layer 16. The source exten 
sion 17 and the drain extension 19 are separated by a channel 
22. 
0030 Agate dielectric layer 14 may beformed to separate 
the gate electrode 12 from the channel 22. The gate electrode 
12 generally comprises polysilicon. The gate dielectric layer 
14 may be a silicon dioxide film formed with thermal oxida 
tion, or a silicon oxide/silicon nitride (ON) composite film 
formed with thermal oxidation and subsequent thermal nitri 
dation. However, in another case, the gate dielectric layer 14 
may be made of high-k materials known in the art, with a 
thickness between about 50A and about 200 A, for example, 
formed by conventional methods of deposition, Such as 
chemical vapor deposition. Typical materials that may be 
used in the high kgate dielectric layer 14 include ZrO, Hf), 
INO, LaC), and TaC), for example. Subsequently, a silicon 
nitride spacer 32 is formed on sidewalls of the gate electrode 
12. A liner 30, such as silicon dioxide, may be interposed 
between the silicon nitride spacer 32 and the gate electrode 
12. The liners 30 are typically L shaped and have a thickness 
of about 30 to 120 A. The liner 30 may further comprise an 
offset spacer that is known in the art and is thus omitted in the 
drawings. 
0031. As shown in FIG.9, after forming the silicon nitride 
spacer 32, a source region 18 and a drain region 20 may be 
further formed in the semiconductor substrate by an ion 
implantation process carried out by doping dopant species, 
Such as N type dopant species (such as arsenic, antimony or 
phosphorous) for making an NMOS or P type dopant species 
(such as boron) for making a PMOS, into the silicon layer 16. 
After the source/drain doping, the Substrate may be subjected 
to an annealing and/or activation thermal process that is 
known in the art. 
0032. As shown in FIG. 10, a layer, such as a metal silicide 
layer 42, is formed on the gate electrode 12, on the exposed 
source region 18 and on the exposed drain region 20. The 
metal silicide layer 42 may be formed using the process 
known as self-aligned silicide (salicide) process, in which, 
after a source/drain region is formed, a metal layer is disposed 
on the source/drain region and the gate structure by a sputter 
ing or plating, and a rapid thermal process (RTP) is performed 
to react the metal layer with the silicon contained within the 
gate structure and the Source? drain region to form a metal 
silicide. The metal silicide may be, for example, nickel silicon 
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compound or nickel cobalt compound. Such as, nickel silicide 
(NiSi) or cobalt silicide (CoSi). The temperature for RTP 
may be in the range of 700° C. to 1000° C. After the salicide 
layer is formed, the spacer 32 may be removed or retained as 
desired. 

0033 Subsequently, as shown in FIG. 11, a conformal 
silicon nitride cap layer 46 is further deposited on the sub 
strate. The silicon nitride cap layer 46 covers the metal sili 
cide layer 42 and the SiN spacer 32 and has a thickness of 
about 200 to 400 A. The silicon nitride cap layer 46 may 
function as a stop layer for an etching Subsequently per 
formed for making a contact hole. The silicon nitride cap 
layer 46 may be deposited in a compressive-stressed status to 
give the underlying Source? drain region a strained structure 
for enhancement of electron or electric hole mobility of the 
channel region 22. A dielectric layer 48 is deposited after the 
silicon nitride cap layer 46 is deposited. The dielectric layer 
48 may comprise silicon oxide or high dielectric material, 
such as, multilayered metal oxide or perovskite. The dielec 
tric layer 48 is typically much thicker than the silicon nitride 
cap layer 46. The portion with a thickness A from top of 
dielectric layer 48 to the silicon nitride cap layer 46 over the 
gate electrode 12 is the portion to be removed using a CMP 
process in the method according to the present invention. 
0034 FIG. 12 shows a resulting structure after a portion of 
the dielectric layer 48 shown in FIG, 11 is removed through 
the CMP process. The silicon nitride cap layer 46 may be used 
as a polishing stop layer, and then be removed by an etching. 
A hot phosphoric acid solution may be used as an etchant to 
etch away the exposed silicon nitride cap layer 46. Alterna 
tively, the silicon nitride cap layer 46 may be removed directly 
by CMP. FIG. 13 shows a resulting structure with an exposed 
metal silicide layer 42 on the gate after the silicon nitride cap 
layer 46 is removed. 
0035) Subsequently, the metal silicide layer 42 on the gate 
electrode 12 is removed by etching. A wet etching may be 
performed using an etching solution comprising HF, NH.F. 
and at least one selected from a group consisting of ethylene 
glycol and propylene glycol in water. In the etching solution, 
the weight ratio for HF:NHF: the at least one selected from 
a group consisting of ethylene glycol and propylene glycol is 
preferably 0.5 to 6: 15 to 25:30 to 40. In one embodiment 
according to the present invention, the etching Solution 
includes about 3.5 weight % of HF, about 20 weight % of 
NHF, about 35 weight % of ethylene glycol or propylene 
glycol, and the balanced water. The etching solution has an 
etching rate of 60.5 and 50.4 A/min respectively for NiSi and 
CoSi, and 4.77. 6.01, and 1.4 A/min respectively for SiO, 
polysilicon, and SiN. at 25°C. Therefore, the etching solution 
has a high selective ratio to effectively remove NiSiand CoSi 
layers and the SiO, polysilicon, and SiN structures remain. 
In the prior art, it is difficult to remove a NiSior CoSilayer 
by a CMP process. 
0036. The metal silicide layer 42 on the gate electrode 12 
may be also removed by a dry etching process. An etching gas 
may be used to perform the dry etching process on the metal 
silicide layer 42 on the gate electrode 12. The etching recipe 
includes Ar, any one of H and Cl-, and CO. In the dry etching 
process, it is presumed that CO reacts with the metal of the 
metal silicide to produce a volatile by-product having carbo 
nyl groups, such as, Ni(CO). He removes carbide film pro 
duced from chemical sputtering processes or formed from 
diluents for precursors of deposition. Ar ion bombardment 
may improve removal of products from etching. In the etch 
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ing recipe, a flow rate ratio for argon: chlorine gas : carbon 
monoxide is preferably 5 to 15:15 to 25:5 to 15, or a flow rate 
ratio for argon: hydrogen gas: carbon monoxide is preferably 
10 to 20:20 to 30:5 to 15. 
0037. In another embodiment according to the present 
invention, an etching recipe of CO., Cl, and Ar is used. The 
flow rates of CO, C1, and Arare respectively 100 sccm, 200 
sccm, and 100 sccm. An etching tool, Model TCP9400, is 
used to perform the dry etching under a pressure of 10 mTorr 
at a temperature of 75° C. with a top power (TP) of 500 watts 
and a bottom power (BP) of 50 watts. In still another embodi 
ment according to the present invention, an etching recipe of 
CO, H, and Ar is used. The flow rates of CO, H, and Arare 
respectively 100 sccm, 250 sccm, and 150 sccm. An etching 
tool, Model DRM85, is used to perform the dry etching under 
a pressure of 30 mTorrata temperature of 60°C. with a power 
of 1000 watts. The metal silicide layer 42 can be effectively 
removed in both embodiments. 
0038. The metal silicide layer 42 mentioned above may be 
a metal silicide layer formed by a salicide process to a silicon 
layer or a polysilicon layer. After the metal silicide layer 42 is 
removed, a resulting structure is as shown in FIG. 14. Subse 
quently, an opening 60 can be formed as shown in FIG. 15 
using a conventional plasma reactive ion etching (RIE) or a 
polysilicon wet etching. A barrier metal layer 62 may be 
formed on the sidewalls of the opening 60 and the surface of 
the dielectric layer 48, and a metal layer 64 is subsequently 
deposited to fill the opening 60, as shown in FIG. 16. Finally, 
the portion of the metal layer 64 on the dielectric layer 48 is 
removed, obtaining a MOS transistor 40 having a metal gate, 
as shown in FIG. 17. 
0039. In case that a FUSI gate is desired to be manufac 
tured, a structure as shown in FIG. 14 may be referred to. In 
this structure, the metal silicide layer 42 has been removed 
using the etching method of the present invention and the 
polysilicon gate electrode 12 is exposed. Next, please further 
refer to FIG. 18, a metal layer 66, with a thickness of about 
500 to about 1000 A or less than 1000 A as a conventional 
thickness, may be deposited on the polysilicon gate electrode 
12 and the silicon nitride cap layer 46. The metal layer 66 may 
comprise Ni, Co, Ti, Ti/TiN, Co/TiN, Co/Ti/TiN, or the like, 
or a multi-layer thereof, for example. The resulting substrate 
is subjected to a thermal treatment to allow reaction of the 
polysilicon with the metal, forming a metal silicide. The 
unreacted metal is removed, and a MOS transistor 70 having 
a full metal polycide gate is obtained, as shown in FIG. 19. 
0040. As compared with the conventional metal gate pro 
cess or FUSI gate process using a CMP process to remove 
metal silicide layers on original gates, the method according 
to the present invention, in which a means of etching to 
remove the metal silicide layer on the polysilicon gate elec 
trode is used, has a Superioretching selectivity and thus has an 
excellent removing result, Such that the metal gate process or 
FUSI gate process can be proceeded satisfactorily. 
0041 Those skilled in the art will readily observe that 
numerous modifications and alterations of the device and 
method may be made while retaining the teachings of the 
invention. Accordingly, the above disclosure should be con 
strued as limited only by the metes and bounds of the 
appended claims. 
What is claimed is: 
1. A dry etching method, comprising: 
performing a dry etching process on a metal silicide layer 

using an etching recipe, wherein the etching recipe com 
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prises argon, carbon monoxide, and at least one selected 
from the group consisting of hydrogen gas and chlorine 
gaS. 

2. The method of claim 1, wherein in the etching recipe, a 
flow rate ratio for argon: hydrogen gas: carbon monoxide is 
10 to 20:20 to 30:5 to 15. 

3. The method of claim 2, wherein in the etching recipe, a 
flow rate ratio for argon: hydrogen gas: carbon monoxide is 
15:25:10. 
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4. The method of claim 1, wherein in the etching recipe, a 
flow rate ratio for argon: chlorine gas: carbon monoxide is 5 
to 15:15 to 25:5 to 15. 

5. The method of claim 4, wherein in the etching recipe, a 
flow rate ratio for argon: chlorine gas: carbon monoxide is 
10:20:10. 

6. The method of claim 1, wherein the metal silicide layer 
comprises at least one selected from the group consisting of 
nickel silicide and cobalt silicide. 

c c c c c 


