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(57) ABSTRACT 

A method of manufacturing a metal-oXide-semiconductor 
(MOS) transistor device is disclosed. A semiconductor sub 
strate having a main surface is prepared. A gate dielectric 
layer is formed on the main surface. A gate electrode is 
patterned on the gate dielectric layer. The gate electrode has 
vertical sideWalls and a top surface. A liner is formed on the 
vertical sideWalls of the gate electrode. A silicon nitride 
spacer is formed on the liner. The main surface is then ion 
implanted using the gate electrode and the silicon nitride 
spacer as an implantation mask, thereby forming a source/ 
drain region of the MOS transistor device in the main 

(21) Appl, No.1 10/904,210 surface. The silicon nitride spacer is removed. A silicon 
nitride cap layer that borders the liner is deposited. The 

(22) Filed: Oct. 28, 2004 silicon nitride cap layer has a speci?c stress status. 
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METHOD OF MANUFACTURING 
SEMICONDUCTOR MOS TRANSISTOR DEVICE 

BACKGROUND OF INVENTION 

[0001] 
[0002] The present invention generally relates to the ?eld 
of semiconductor transistor devices, and more particularly to 
a method of manufacturing silicon nitride spacer-less semi 
conductor NMOS and PMOS transistor devices having 
improved saturation current (Idsat). 

[0003] 2. Description of the Prior Art 

[0004] High-speed metal-oxide-semiconductor (MOS) 
transistor devices have been proposed in Which a strained 
silicon (Si) layer, Which has been groWn epitaxially on a Si 
Wafer With a silicon germanium (SiGe) layer disposed 
therebetWeen, is used for the channel area. In this type of 
strained SiiFET, a biaxial tensile strain occurs in the 
silicon layer due to the SiGe Which has a larger lattice 
constant than Si, and as a result, the Si band structure alters, 
the degeneracy is lifted, and the carrier mobility increases. 
Consequently, using this strained Si layer for a channel area 
typically enables a 1.5 to 8 fold speed increase. 

1. Field of the Invention 

[0005] FIGS. 1-3 are schematic cross-sectional diagrams 
illustrating a prior art method of fabricating a semiconductor 
NMOS transistor device 10. As shoWn in FIG. 1, the 
conventional NMOS transistor device 10 generally includes 
a semiconductor substrate generally comprising a silicon 
layer 16 having a source 18 and a drain 20 separated by a 
channel region 22. The silicon layer 16 is typically a strained 
silicon layer formed by epitaxially groWing a silicon layer 
on a SiGe layer (not shoWn). Ordinarily, the source 18 and 
drain 20 further border a shalloW-junction source extension 
17 and a shalloW-junction drain extension 19, respectively. 
A thin oxide layer 14 separates a gate 12, generally com 
prising polysilicon, from the channel region 22. 

[0006] In the device 10 illustrated in FIG. 1, the source 18 
and drain 20 are N+ regions having been doped by arsenic, 
antimony or phosphorous. The channel region 22 is gener 
ally boron doped. A silicon nitride spacer 32 is formed on 
sideWalls of the gate 12. A liner 30, generally comprising 
silicon dioxide, is interposed betWeen the gate 12 and the 
silicon nitride spacer 32. A salicide layer 42 is selectively 
formed on the exposed silicon surface of the device 10. 
Fabrication of an NMOS transistor such as the device 10 
illustrated in FIG. 1 is Well knoWn in the art and Will not be 
discussed in detail herein. 

[0007] Referring to FIG. 2, after forming the NMOS 
transistor device 10, a silicon nitride cap layer 46 is typically 
deposited thereon. As shoWn in FIG. 2, the silicon nitride 
cap layer 46 covers the salicide layer 42 and the silicon 
nitride spacer 32. The thickness of the silicon nitride cap 
layer 46 is typically in the range of betWeen 200 angstroms 
and 400 angstroms for subsequent etching stop purposes. A 
dielectric layer 48 such as silicon oxide or the like is 
deposited over the silicon nitride cap layer 46. The dielectric 
layer 48 is typically much thicker than the silicon nitride cap 
layer 46. 

[0008] Referring to FIG. 3, subsequently, conventional 
lithographic and etching processes are carried out to form a 
contact hole 52 in the dielectric layer 48 and in the silicon 
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nitride cap layer 46. As aforementioned, the silicon nitride 
cap layer 46 acts as an etching stop layer during the dry 
etching process to alleviate source/drain damages caused by 
the etchant substances. 

[0009] HoWever, prior art techniques involving the depo 
sition of a graded SiGe layer underneath the silicon channel 
have several draWbacks. The SiGe layer tends to introduce 
defects, sometimes called threading dislocations, in the 
silicon, Which can impact yields signi?cantly. Also, the 
graded SiGe layer is deposited across the Wafer, making it 
harder to optimiZe the NMOS and PMOS transistors sepa 
rately. And the silicon germanium layer has poor thermal 
conductivity. Another concern With the conventional 
approach is that some dopants diffuse more rapidly through 
the SiGe layer, resulting in a non-optimium diffusion pro?le 
in the source/drain regions. 

[0010] Thus, a need exists in this industry to provide an 
inexpensive method for making a MOS transistor device 
having improved functionality and performance. 

SUMMARY OF INVENTION 

[0011] It is the primary object of the present invention to 
provide a method of manufacturing a silicon nitride spacer 
less semiconductor MOS transistor devices having 
improved performance. 
[0012] According to the claimed invention, a method of 
manufacturing a metal-oxide-semiconductor (MOS) transis 
tor device is disclosed. A semiconductor substrate having a 
main surface is prepared. A gate dielectric layer is formed on 
the main surface. A gate electrode is patterned on the gate 
dielectric layer. The gate electrode has vertical sideWalls and 
a top surface. A liner is formed on the vertical sideWalls of 
the gate electrode. A silicon nitride spacer is formed on the 
liner. The main surface is then ion implanted using the gate 
electrode and the silicon nitride spacer as an implantation 
mask, thereby forming a source/drain region of the MOS 
transistor device in the main surface. The silicon nitride 
spacer is removed. A silicon nitride cap layer that borders the 
liner is formed on the liner. The silicon nitride cap layer has 
a speci?c stress status. 

[0013] From one aspect of the present invention, a MOS 
transistor device is provided. The MOS transistor device 
includes a semiconductor substrate having a main surface; a 
gate dielectric layer on the main surface; a gate electrode on 
the gate dielectric layer, Wherein the gate electrode has 
vertical sideWalls and a top surface; a liner on the vertical 
sideWalls of the gate electrode; a source region in the main 
surface; and a drain region separated from the source region 
by a channel region under the gate electrode. The channel 
region is strained by a stressed silicon nitride cap layer, 
Which borders the liner. 

[0014] Other objects, advantages and novel features of the 
invention Will become more clearly and readily apparent 
from the folloWing detailed description When taken in con 
junction With the accompanying draWings. 

BRIEF DESCRIPTION OF DRAWINGS 

[0015] The accompanying draWings are included to pro 
vide a further understanding of the invention, and are 
incorporated in and constitute a part of this speci?cation. 
The draWings illustrate embodiments of the invention and, 
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together With the description, serve to explain the principles 
of the invention. In the drawings: 

[0016] FIGS. 1-3 are schematic cross-sectional diagrams 
illustrating a prior art method of fabricating a semiconductor 
NMOS transistor device; and 

[0017] FIGS. 4-9 are schematic cross-sectional diagrams 
illustrating a method of fabricating semiconductor MOS 
transistor devices in accordance With one preferred embodi 
ment of the present invention. 

DETAILED DESCRIPTION 

[0018] Please refer to FIGS. 4-9. FIGS. 4-9 are schematic 
cross-sectional diagrams illustrating a method of fabricating 
semiconductor MOS transistor devices 10 and 100 in accor 
dance With one preferred embodiment of the present inven 
tion, 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. It is to be understood that some litho 
graphic and etching processes relating to the present inven 
tion method are knoWn in the art and thus not explicitly 
shoWn in the draWings. 

[0019] The present invention pertains to a method of 
fabricating MOS transistor devices or CMOS devices of 
integrated circuits. A CMOS process is demonstrated 
through FIGS. 4-9. As shoWn in FIG. 4, a semiconductor 
substrate generally comprising a silicon layer 16 is prepared, 
Wherein region 1 thereof is used to fabricate an NMOS 
device 10, While region 2 is used to fabricate a PMOS device 
100. According to this invention, the semiconductor sub 
strate may be a silicon substrate or a silicon-on-insulator 

(SOI) substrate, but not limited thereto. A shalloW-junction 
source extension 17 and a shallow-junction drain extension 
19 are formed in the silicon layer 16 Within the region 1. The 
source extension 17 and drain extension 19 are separated by 
N channel 22. In region 2, likeWise, a shalloW-junction 
source extension 117 and a shalloW-junction drain extension 
119 are formed in the silicon layer 16 and are separated by 
P channel 122. 

[0020] Athin oxide layer 14 and 114 separate gates 12 and 
112 from the channels 22 and 122, respectively. The gates 12 
and 112 generally comprise polysilicon. The oxide layer 14 
and 114 may be made of silicon dioxide. HoWever, in 
another case, the oxide layer 14 and 114 may be made of 
high-k materials knoWn in the art. Silicon nitride spacers 32 
and 132 are formed on respective sideWalls of the gates 12 
and 112. Liners 30 and 130 such as silicon dioxide are 
interposed betWeen the silicon nitride spacer and the gate. 
The liners 30 and 130 are typically L shaped and have a 
thickness of about 30~l20 angstroms. The liners 30 and 130 
may further comprise an offset spacer that is knoWn in the 
art and is thus omitted in the ?gures. An X-Z coordinate is 
speci?cally demonstrated through FIG. 4 to FIG. 9, Wherein 
x-axis represents channel direction betWeen the shalloW 
junction source extension 17 and a shalloW-junction drain 
extension 19, Z-axis represents the direction betWeen the 
channel and gate. 

[0021] As shoWn in FIG. 5, after forming the silicon 
nitride spacers 32 and 132, a mask layer 68 such as a photo 
resist layer is formed to mask the region 2 only. An ion 
implantation process is carried out to dope N type dopant 
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species such as arsenic, antimony or phosphorous into the 
silicon layer 16, thereby forming source region 18 and drain 
region 20. The mask layer 68 is then stripped off. 

[0022] As shoWn in FIG. 6, a mask layer 78 such as a 
photo resist layer is formed to only mask the region 1. An ion 
implantation process is carried out to dope P type dopant 
species such as boron into the silicon layer 16, thereby 
forming source region 118 and drain region 120. The mask 
layer 78 is then stripped off using methods knoWn in the art. 
It is to be understood that the sequence as set forth in FIGS. 
5 and 6 may be converse. That is, the P type doping for the 
region 2 may be carried out ?rst, then the N type doping for 
the region 1. After the source/drain doping, the substrate 
may be subjected to an annealing and/or activation thermal 
process that is knoWn in the art. 

[0023] As shoWn in FIG. 7, a conventional salicide pro 
cess is performed to form a salicide layer 42 such as nickel 
salicide layer on the gates 12 and 122, on the exposed source 
regions 18 and 118 and on the exposed drain regions 20 and 
120. Subsequently, the silicon nitride spacers 32 and 132 are 
stripped aWay, leaving the liners 30 and 130 on the sideWalls 
intact. According to one preferred embodiment, phosphoric 
acid is employed to remove the silicon nitride spacers 32 and 
132. The present invention features that both the NMOS 
transistor device 10 and the PMOS transistor device 100 do 
not have silicon nitride spacers (silicon nitride spacer-less) 
compared to the prior art MOS transistor devices. After 
removing the silicon nitride spacers, approximately L 
shaped liners are left. However, this invention is not limited 
to an L shaped liner. It is to be understood that a mild etching 
process may be carried out to slightly etch the liner, thereby 
shrinking its thickness. In another case, the liner may be 
etched aWay. In general, the liners 30 and 130 have a 
thickness of about 0 to 500 angstroms. 

[0024] As shoWn in FIG. 8, in accordance With one 
preferred embodiment, a conformal silicon nitride cap layer 
46 is deposited on the substrate. Preferably, the silicon 
nitride cap layer 46 has a thickness of about 30~2000 
angstroms. The silicon nitride cap layer 46 borders the liners 
30 and 130 on the sideWalls of the gates 12 and 122 of the 
NMOS transistor device 10 and the PMOS transistor device 
100, respectively. The silicon nitride cap layer 46 is initially 
deposited in a ?rst stress status such as a compressive 
stressed status (ex. —0.l Gpa~—3 Gpa). The silicon nitride 
cap layer 46 Within the region 2 is then masked by a mask 
layer 88. 
[0025] The exposed silicon nitride cap layer 46 Within the 
region 1 is altered to a second stress status that is opposite 
to the ?rst stress status, i.e., a tensile-stressed status (ex. 0.1 
Gpa~3 Gpa) in this case. By doing this, the channel region 
22 is tensile-stressed by the silicon nitride cap layer 46, 
While the channel region 122 is compressively stressed by 
the silicon nitride cap layer 46, both in the aforesaid channel 
direction (x direction or x-axis). According to the preferred 
embodiment, the alteration of the stress status of the exposed 
silicon nitride cap layer 46 Within the region 1 is accom 
plished by using a germanium ion implantation. HoWever, it 
is to be understood that the alteration of the stress status of 
the exposed silicon nitride cap layer 46 Within the region 1 
may be accomplished by using other methods knoWn to 
those skilled in the art. 

[0026] As shoWn in FIG. 9, subsequently, a dielectric 
layer 48 is deposited over the regions 1 and 2 on the silicon 
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nitride cap layer 46. The dielectric layer 48 may be made of 
silicon oxide, doped silicon oxide or other suitable materials 
such as loW-k materials. According to another embodiment 
of this invention, the dielectric layer 48 is stressed. For 
example, the dielectric layer 48 Within region 1 is tensile 
stressed, While the dielectric layer 48 Within region 2 is 
compressively stressed. Conventional lithographic and etch 
ing processes are then carried out to form contact holes 52 
in the dielectric layer 48 and in the silicon nitride cap layer 
46. The contact holes 52 communicate With the source/drain 
regions of the devices 10 and 100. In another case, a contact 
hole may be formed to communicate With the gate electrode. 
From one aspect of the present invention, the silicon nitride 
cap layer 46 acts as an etching stop layer during the dry 
etching of the contact holes 52 for alleviating surface 
damages caused by the etchant substances. 

[0027] It is advantageous to use the present invention 
method because the NMOS transistor 10 is capped With a 
tensile-stressed silicon nitride cap layer and the PMOS 
transistor device is capped With a compressive-stressed 
silicon nitride cap layer. Since the silicon nitride spacers are 
removed, the stressed silicon nitride cap layer is therefore 
disposed more closer With the channels 22 and 122 of the 
devices 10 and 100, respectively, resulting in improved 
performance in terms of increased saturation current. 

[0028] Those skilled in the art Will readily observe that 
numerous modi?cation and alterations of the invention may 
be made While retaining the teachings of the invention. 
Accordingly, the above disclosure should be construed as 
limited only by the metes and bounds of the appended 
claims. 

1. A method of manufacturing a metal-oxide-semiconduc 
tor (MOS) transistor device, comprising: 

providing a semiconductor substrate having a main sur 

face; 

forrning a gate dielectric layer on the main surface; 

forming a gate electrode on the gate dielectric layer, 
Wherein the gate electrode has vertical sideWalls and a 
top surface; 

forming a liner on the vertical sideWalls of the gate 
electrode; 

forming a silicon nitride spacer on the liner; 

ion implanting the main surface using the gate electrode 
and the silicon nitride spacer as an implantation mask, 
thereby forming a source/drain region of the MOS 
transistor device in the main surface; 

removing the silicon nitride spacer; and 

forming a cap layer that borders the liner, Wherein the cap 
layer has a speci?c stress status. 

2. The method of manufacturing a MOS transistor device 
according to claim 1 Wherein the liner is made of silicon 
oxide. 

3. The method of manufacturing a MOS transistor device 
according to claim 1 Wherein the cap layer is made of silicon 
nitride. 

4. The method of manufacturing a MOS transistor device 
according to claim 1 further comprising the step of forming 
a source/drain extension under the liner. 
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5. The method of manufacturing a MOS transistor device 
according to claim 1 further comprising the step of forming 
a salicide layer on the source/drain region. 

6. The method of manufacturing a MOS transistor device 
according to claim 1 further comprising the step of anneal 
ing the source/drain region. 

7. The method of manufacturing a MOS transistor device 
according to claim 1 Wherein the cap layer has a thickness 
of about 30~2000 angstroms. 

8. The method of manufacturing a MOS transistor device 
according to claim 1 Wherein the cap layer acts as an etching 
stop layer during etching of a contact hole. 

9. The method of manufacturing a MOS transistor device 
according to claim 1 Wherein the MOS transistor device is 
an NMOS transistor device and Wherein the cap layer is 
tensile-stressed. 

10. The method of manufacturing a MOS transistor device 
according to claim 1 Wherein the MOS transistor device is 
a PMOS transistor device and Wherein the cap layer is 
compressive-stressed. 

11. A metal-oxide-semiconductor (MOS) transistor 
device, comprising: 

a semiconductor substrate having a main surface; 

a gate dielectric layer on the main surface; 

a gate electrode on the gate dielectric layer, Wherein the 
gate electrode has vertical sideWalls and a top surface; 

an L-shaped liner on the vertical sideWalls of the gate 
electrode; 

a source region in the main surface; and 

a drain region separated from the source region by a 
channel region under the gate electrode, Wherein the 
source region and the drain region de?ne a channel 
direction, and Wherein the channel region is strained in 
the channel direction by a stressed cap layer, Which 
borders the L-shaped liner. 

12. The MOS transistor device according to claim 11 
Wherein the MOS transistor device is an NMOS transistor 
device and Wherein the stressed cap layer is tensile-stressed. 

13. The MOS transistor device according to claim 11 
Wherein the MOS transistor device is a PMOS transistor 
device and Wherein the stressed cap layer is compressive 
stressed. 

14. The MOS transistor device according to claim 11 
Wherein the semiconductor substrate is silicon substrate. 

15. The MOS transistor device according to claim 11 
Wherein the liner comprises silicon oxide. 

16. The MOS transistor device according to claim 11 
further comprising a salicide layer on the source region and 
the drain region. 

17. The MOS transistor device according to claim 11 
Wherein the stressed cap layer has a thickness of about 
30~2000 angstroms. 

18. The MOS transistor device according to claim 11 
Wherein the cap layer covers the source region, the drain 
region, the liner, and the top surface of the gate electrode. 

19. The MOS transistor device according to claim 11 
Wherein the cap layer is made of silicon nitride. 

20. The MOS transistor device according to claim 11 
Wherein the cap layer is made of silicon oxide. 
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21. The MOS transistor device according to claim 11 
wherein the cap layer is further laminated by at least one 
dielectric layer. 

22. The MOS transistor device according to claim 21 
Wherein the dielectric layer is stressed. 

23. The MOS transistor device according to claim 21 
Wherein the MOS transistor device is NMOS transistor 
device and the dielectric layer is tensile-stressed. 
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24. The MOS transistor device according to claim 21 
Wherein the MOS transistor device is PMOS transistor 
device and the dielectric layer is compressive-stressed. 

25. The MOS transistor device according to claim 11 
Wherein the liner has a thickness of about 0 to 500 ang 
stroms. 


