
14 February 2007  STRAINED SILICON MOS DEVICES FIELD OF THE INVENTION
[0001] The present invention relates to MOS devices on integrated circuits,
and more  particularly to strained silicon MOS devices. BACKGROUND  [0002]
A conventional metal-oxide-semiconductor (MOS) transistor generally
includes a  semiconductor substrate, such as silicon, having a source, a
drain, and a conductive gate. The  conductive gate is typically located
above a gate dielectric layer that is formed on the  semiconductor
substrate. The mobility of carriers in a channel region in the
semiconductor  substrate underneath the conductive gate determines the
quality of MOS devices. [0003] Generally, for a given electric field across
the channel of an MOS device, the  amount of current that flows through the
channel is directly proportional to a mobility of carriers  in the channel.
Thus the higher the mobility of the carriers in the channel, the more
current can  flow and the faster a circuit can perform when using high
mobility MOS transistors. [0004] As the demand for faster devices
continually grows in the industry, the desire for  a device having an
increased mobility also increases. Thus, a method for fabricating. a device
having an increased carrier mobility would be desirable. SUMMARY OF THE
INVENTION [0005] A structure to improve carrier mobility of a MOS device in
an integrated circuit.  The structure comprises a semiconductor substrate,
containing a source region and a drain  region; a conductive gate overlying
a gate dielectric layer on the semiconductor substrate; a  conformal stress
film covering the source region, the drain region, and the conductive.
gate. In  addition, the structure may comprise a semiconductor substrate,
containing a source region and a  drain region; a conductive gate overlying
a gate dielectric layer on the semiconductor substrate; a  plurality of
stress films covering the source region, the drain region, and the
conductive gate.  Moreover, the structure may comprise a semiconductor
substrate, containing a source region and  a drain region; a conductive
gate overlying a gate dielectric layer on the semiconductor substrate; 



z 14 February 2007  a spacer disposed adjacent to the conductive gate, the
spacer having a width less than 550  angstroms; a. stress film covering the
source region, the drain region, the conductive gate, and the  spacer.
BRIEF DESCRIPTION OF THE DRAWINGS [0006] A more complete understanding of
the present invention can be obtained by  reference to the detailed
description of embodiments in conjunction with the accompanying  drawings,
in which: [0007] FIG. 1 illustrates an: cross-sectional view of MOS devices
with a conformal stress  film; j [0008] FIG. Till es across-sectional view
of a MOS device with two stress films,  [0009] FIG : 3 illustrates a
cross-sectional view of a MOS device as shown in FIG. 2'  where an inner
stress film covers source region and drain region; [0010] FIG. 4
illustrates a: cross-sectional view of a MOS device with spacers adjacent
to  a conductive gate: DETAINED: DESCRIPTION [0011] This description' of
the exemplary embodiments is intended to be read in  connection: with the
accompanying drawings, which are to be: considered part of the entire
written description, In the description, the term "cover" should be
constructed to include "fully  cover" and "partially cover". Moreover, the
term "cover" should be constructed to include  "located directly on" and
"located above." [0012] As shown: in FIG. l an exemplary embodiment of
strained silicon MOS devices  comprises a semiconductor substrate 110
containing source regions 120, 130, and drain regions  122, 132, conductive
gates 124,134 overlying agate dielectric layer 126,136, and a conformal
stress film:1150. The conformal stress film 150 covers the source regions
120, 130, drain regions  122; 132, and conductive gates 124, 134. The
conformal stress film 150can be a tensile stress  film or a compressive
stress film. This embodiment includes two MOS devices: The first MOS  



device has the source region 120, the drain region 122, and the conductive
gate 164. A thickness  of conformal stress film 150' is TSI 160 on the
source region 120, Tat 166 on the drain region 122,  and Tit 164 on the
conductive gate 124. Likely, the second MOS device has the source region 2
14 February 2007  130, the drain region 132, and the conductive gate 134. A
thickness of conformal stress film 150  is Ts2 170 on the source region
130, Td2176 on the drain region 132, and Tg1 174 on the conductive gate
134. The conformal stress film 150 is relatively uniform. A variance of
thickness between Ts1, Td1, and Tg1 is less than 150 angstroms. In
addition, a variance of  thickness between Ts I, Ts2, Tdl, Tdl, Tgl, and
Tg1 is less than 150 angstroms although the first  MOS and the second MOS
may have different dimensions. In an alternative embodiment, an  integrated
circuit can comprise one MOS device or a plurality of MOS devices. In some
other  embodiments, spacers with a width less than 800 angstroms can be
disposed adjacent to the  conductive gates 124, 134. [0013] The first and
second MOS are separated from each other and from other  components by
passivation regions 140, 142, and 144. The passivation regions 140, 142,
and  144 can be shallow trench isolation (STI) or field oxide comprising,
for. example, silicon dioxide.  A thickness of conformal stress film 150 is
Tp1 180 on the passivatoin region 140, Tp2 182 on the  passivation region
142, and Tp3 184 on the passivation region 144. A variance of thickness
between Tp1, Tp2, and Tp3 is less than 150 angstroms. In another
embodiment, a variance of  thickness between passivation regions and active
regions, that includes source regions, drain  regions, and conductive
gates, is less than 150 angstroms. [0014] The conformal stress film 150
comprises silicon dioxide, silicon nitride, silicon  oxynitride, silicon
carbide, SiCN, or a combination thereof. The conformal stress film 150 can
be formed by Rapid Thermal Chemical Vapor Deposition (RT-CVD), Atomic Layer
Chemical  Vapor Deposition (AL-CVD), Low Pressure ChemicalVapor Deposition
(LP-CVD), or Plasma  Enhanced Chemical Vapor Deposition (PE-CVD). The
conformal stress film 150 can be a  tensile stress film with a stress
ranging approximately from 100 to 2000 M Pascals or a  



compressive stress film with a stress ranging approximately from -100 to
-2000 M Pascals. The  strength of conformal stress film 150 is determined
by reaction parameters during a chemical  vapor deposition process such as
temperature, pressure, and flow rates of reacting gases. The  tensile or
compressive stress caused by the conformal stress film 150 affects the
lattice structure  of nearby semiconductor material to improve carrier
mobility. [0015] The conformal stress film 150 can be further doped with at
least one material  selected from a group comprising antimony, indium,
silicon, arsenic, phosphorous, boron, argon,  or oxygen. The doped
conformal stress film is then annealed at least one time. The. annealing 3
14 February 2007  process is to raise a temperature approximately from 350
to 700-Celsius degrees for les& than 90  minutes. In addition, nitrogen gas
is introduced in the annealing process. [0016] In one embodiment,.the
conformal stress film 150, is a tensile stress film deposited  by RT-CVD.
During the deposition process,the temperature:is about 750 Celsius,.
degrees;. the- pressure is about 240 torrs, the flow rate of SiH4 is about
50 seem, the flow rate of NH3 is about  5500 sccm and the flow rate of N2
is about 1500 seem. After about: 34 minutes;. the conformal,  stress film
150 comprising silicon, nitride. with a thickness of 1000 angstroms is
formed. The  maximum variance of a thickness of conformal stress film 150
is 63; angstroms.The conformal  stress film 150 has a tensile stress of
1.59 Giga Pascals. In an alternative embodiment, the  thickness of
conformal: stress film.150=ranges approximately from 200 to 500angstroms.
The 3 process temperature ranges approximately from 200 to 600 Celsius
degrees: The uniformity of  conformal-Stress film: 15.0 is: decided by
reaction parameters such as; temperature, pressure, flow  rates of various
gases in the process. [0017] The MOS devices can be formed by conventional
materials and methods known.  to people in the art. For example, the
conductive gates 124, 134 can comprise polysilicon, metal,  or SiGe with a
thickness ranging approximately from 40D to 2000: angstroms.The gate
dielectric  layer 126,136 can comprise silicon dioxide, hafnium oxide,
silica or zirconium oxide with a.  thickness. ranging approximately from 8
to 50 angstroms. 



[0018] As shown in FIG.2, another exemplary embodiment of strained
silicon-MOS  devices comprises a.substrate. 210: containing a source region
220 and a drain regions 222; a  3 conductive : gate 224 overlying a
gatedielectric: layer 226, and two: stress: films containing an inner
stress film 230 and an outer stress film240. Stress films.230,240:cover
the:source-:region  220, the drain region 222,and the conductive gate 224:.
The stress of inner stress : film. 230: may  be less than the stress of
outer film 240. In addition,the stress films 230 and 240 may comprise.
different materials and be formed by different:methods. Because stress
films 230 and 240 can be  formed by methods mentioned in the above, the
related description is omitted here. [0019] FIG. 3 illustrates an
alternative: embodiment where two stress : films cover a MOS  device. The
MOS device contains a substrate 310 with a source:region 320 and
and,asdrain- region 322, and &conductive gate 324 . overlying a gate,.
dielectric layer-326:. The . source region 320, the  drain region-322, and
. the. conductive: gate 324 are-collectively called an: active: region. An
inner  stress film 340 comprises nitrogenized salicide on -the source
region. 320 and the drain region 322.  4 14 February 2007  The inner stress
film maybe inside the substrate 310 or on the top of the substrate. An
outer  stress film 350 with larger stress than that of the inner stress
film 340 covers the inner stress film  340 and the conductive gate 324. In
other words, the inner stress film 340 can only cover a  portion of the
active region. In some embodiments,. spacers 328 are disposed adjacent to
the  conductive gate 324. A thin film of oxide liner with a thickness
ranging approximately from 20  to 200 angstroms may be disposed between the
conductive gate 324 and spacers 328. [0020] The inner stress film 340 is
formed by silicidation and nitrogenization. Materials  such as Cobalt, or
Nickel, may be used to silicidate the active region. A silicidation layer
such as  TO is formed in or on the substrate 310. Nitrogen plasma is then
employed to form  nitrogenized silicide film. [0021] As shown in FIG. 4, an
exemplary embodiment of a strained silicon MOS device  comprises a
substrate 410 containing a source region 420 and a drain region 422, a
conductive  gate 424 overlying a gate dielectric layer 426, and spacers 430
disposed adjacent to the 



conductive gate 426. The spacer 430 has a width 435 less than 550
angstroms. The width of a  spacer is measured from the edge of a conductive
gate to the edge of the spacer. A stress film  440 covers the source region
420, the drain region 422, the conductive gate 424, and the spacers  430.
The spacer 430 can be of a round shape or L shape. A thin film of oxide
liner with a  thickness ranging approximately from 20 to 200 angstroms
maybe disposed between the  conductive gate 424 and spacers 430. In this
situation, the thickness of the oxide liner is  included in the thickness
of a spacer. The stress film 440 can be formed by methods mentioned  above.
[0022] Although the invention has been described in terms of exemplary
embodiments, it  is not limited thereto. Rather, the appended claims should
be construed broadly, to include other  variants and embodiments of the
invention, which maybe made by those skilled in the art  without departing
from the scope and range of equivalents of the invention. 5 14 February
2007  What is claimed is 1. A structure to improve carrier mobility of a
MOS device  in an integrated circuit, comprising: a semiconductor
substrate, containing a source region and  a drain region; a conductive
gate overlying a gate dielectric layer on  said semiconductor substrate;
and at least one conformal stress film overlying said source  region, said
drain region; and said conductive gate; wherein said stress film is a
compressive stress film in  a range of approximately from -100 to -2000
MPascals or a  tensile stress film in a range of approximately from 100 to
2000 MPascals. 2. The structure of claim 1 wherein a variance of a  



thickness of said conformal stress film on said source region,  said drain
region, and said conductive gate is less than 150  Angstroms. 3. The
structure of claim 1 wherein said integrated circuit  contains at least two
MOS devices and said conformal stress  film covers said source region, said
drain region, and said  conductive gate of each MOS device. 4. The
structure of claim 3 wherein a variance of a  thickness of said conformal
stress film on said source  regions, said drain regions, and said
conductive gate is less  than 150 Angstroms. 5. The structure of claim 3
further comprising a plurality  of passivation regions adjacent to said
source regions and  said drain regions wherein a variance of a thickness of
said  conformal stress film on said passivation regions is less than  150
Angstroms. 6 14 February 2007  6. The structure of claim 1 further
comprising a spacer disposed adjacent to said conductive gate, said spacer
having  a width less than 800 Angstroms. 7. The structure of claim 6
wherein a variance of a  thickness of said conformal stress film on said
source region,  said drain region, and said conductive gate, and said
spacer  is less than 150 Angstroms. 8. The structure of claim 1 wherein
said stress film  comprises silicon dioxide, silicon nitride, silicon
oxynitride, silicon carbide, SiCN, or a combination thereof.  



9. The structure of claim 8 wherein said stress film is  doped with at
least one material selected from a group  comprising antimony, Indium,
silicon, arsenic, phosphorous,  boron, argon or oxygen. 10. The structure
of claim 9 wherein said stress film is  annealed at least one time. 11. The
structure of claim 10 wherein said stress film is  annealed approximately
from 350 to 700 Celsius degree. 7 14 February 2007  12. The structure of
claim 11 wherein said stress film is  annealed for a period of time less
than approximately 90  minutes. 13. The structure of claim 10 wherein said
stress film is  annealed when nitrogen is introduced. 14. The structure of
claim 1 wherein a thickness of said  stress film ranges approximately from
200 to 500 Angstroms.  15. The structure of claim 1 wherein said stress
film is  formed by RT-CVD, AL-CVD, LP-CVD, or PE-CVD. 16. The structure of
claim 1 wherein said stress film is  formed in a temperature ranging
approximately from 200 to 600  C. 17. The structure of claim 1 wherein said
conductive gate  comprises polysilicon, metal, or SiGe. 18. The structure
of claim 1 wherein a thickness of said  conductive gate ranges
approximately from 400 to 2000  Angstroms. 19. The structure of claim 1
wherein said gate dielectric  



layer comprises silicon dioxide, hafnium oxide, silica, or  zirconium
oxide. 20. The structure of claim 1 wherein a thickness of said gate
dielectric layer ranges approximately from 8 to 50 Angstroms.  21. A
structure to improve carrier mobility of a MOS device  in an integrated
circuit, comprising: a semiconductor substrate, containing a source region
and  a drain region; a conductive gate overlying a gate dielectric layer on
said semiconductor substrate; and 8 14 February 2007  a plurality of stress
films overlying said source region, said drain region, and said conductive
gate; wherein said stress film is a compressive stress film in  a range of
approximately from -100 to -2000 MPascals or a  tensile stress film in a
range of approximately from 100 to  2000 MPascals. 22. The structure of
claim 21, wherein an inner stress film  of said plurality of stress films
has a stress less than that  of an outer stress film of said plurality of
stress films. 23. The structure of claim 21, wherein an inner stress film
covers a portion of said source region, said drain region, and  said
conductive gate, and an outer stress film with larger  stress than said
inner stress film covers said inner stress  film, said source region, said
drain region, and said  conductive gate. 24. The structure of claim 23,
wherein said inner stress film  



comprises nitrogenized silicide. 9 14 February 2007  25. The structure of
claim 21 wherein said stress film comprises silicon dioxide, silicon
nitride, silicon  oxynitride, silicon carbide, SiCN, or a combination
thereof.  26. The structure of claim 25 wherein said stress film is  doped
with at least one material selected from a group  comprising antimony,
Indium, silicon, arsenic, phosphorous,  boron, argon or oxygen. 27. The
structure of claim 26 wherein said stress film is  annealed at least one
time. 28. The structure of claim 27 wherein said stress film is  annealed
approximately from 350 to 700 Celsius degree. 29. The structure of claim 28
wherein said stress film is  annealed for a period of time less than
approximately 90  minutes. 30. The structure of claim 27 wherein said
stress film is  annealed when nitrogen is introduced. 31. The structure of
claim 21 wherein a thickness of said  stress film ranges approximately from
200 to 500 Angstroms.  32. The structure of claim 21 wherein said stress
film is  formed by RT-CVD, AL-CVD, LP-CVD, or PE-CVD. 33. The structure of
claim 21 wherein said stress film is  formed in a temperature ranging
approximately from 200 to 600  C. 34. The structure of claim 21 wherein
said conductive gate  comprises polysilicon, metal, or SiGe. 



10 14 February 2007  35. The structure of claim 21 wherein a thickness of
said  conductive gate ranges approximately from 400 to 2000 Angstroms.  36.
The structure of claim 21 wherein said gate dielectric  layer comprises
silicon dioxide, hafnium oxide, silica, or  zirconium oxide. 37. The
structure of claim 21 wherein a thickness of said  gate dielectric layer
ranges approximately from 8 to 50  Angstroms. 38. A structure to improve
carrier mobility of a MOS device  in an integrated circuit, comprising: a
semiconductor substrate, containing a source region and  a drain region; a
conductive gate overlying a gate dielectric layer on  said semiconductor
substrate; a spacer disposed adjacent to said conductive gate, said  spacer
having a width less than 550 Angstroms; and a stress film overlying said
source region, said drain  region, said conductive gate, and said spacer;
wherein said stress film is a compressive stress film in  a range of
approximately from -100 to -2000 MPascals or a  tensile stress film in a
range of approximately from 100 to  2000 MPascals. 11 - ------- ---- --- 14
February 2007 



39. The structure of claim 38 wherein said stress film  comprises silicon
dioxide, silicon nitride, silicon  oxynitride, silicon carbide, SiCN, or a
combination thereof.  40. The structure of claim 39 wherein said stress
film is  doped with at least one material selected from a group  comprising
antimony, Indium, silicon, arsenic, phosphorous,  boron, argon or oxygen.
41. The structure of claim 40 wherein said stress film is  annealed at
least one time. 42. The structure of claim 41 wherein said stress film is
annealed approximately from 350 to 700 Celsius degree. 43. The structure of
claim 42 wherein said stress film is  annealed for a period of time less
than approximately 90  minutes. 44. The structure of claim 41 wherein said
stress film is  annealed when nitrogen is introduced. 45. The structure of
claim 38 wherein a thickness of said  stress film ranges approximately from
200 to 500 Angstroms.  46. The structure of claim 38 wherein said stress
film is  formed by RT-CVD, AL-CVD, LP-CVD, or PE-CVD. 47. The structure of
claim 38 wherein said stress film is  formed in a temperature ranging
approximately from 200 to 600  C. 48. The structure of claim 38 wherein
said conductive gate  comprises polysilicon, metal, or SiGe. 12 14 February
2007  49. The structure of claim 38 wherein a thickness of said  



conductive gate ranges approximately from 400 to 2000 Angstroms.  50. The
structure of claim 38 wherein said gate dielectric  layer comprises silicon
dioxide, hafnium oxide, silica, or  zirconium oxide. 51. The structure of
claim 38 wherein a thickness of said  gate dielectric layer ranges
approximately from 8 to 50  Angstroms. 52. A method of improving carrier
mobility of a MOS device in  an integrated circuit, said MOS device
comprising a  semiconductor substrate containing a source region and a
drain  region, and a conductive gate overlying a gate dielectric  layer on
said semiconductor substrate, said method comprises a  step of forming a
conformal stress film over said source  region, said drain region, and said
gate; wherein said stress  film is a compressive stress film in a range of
approximately  from -100 to -2000 MPascals or a tensile stress film in a
range of approximately from 100 to 2000 MPascals. 53. A method of improving
carrier mobility of a MOS device in  an integrated circuit, said MOS device
comprising a  semiconductor substrate containing a source region and a
drain  region, and a conductive gate overlying a gate dielectric  layer on
said semiconductor substrate, said method comprises a  step of forming a
plurality of stress film over said source  region, said drain region, and
said gate wherein said stress  film is a compressive stress film in a range
of approximately  from -100 to -2000 MPascals or a tensile stress film in a
range of approximately from 100 to 2000 MPascals. 



13 14 February 2007  54. A method of improving carrier mobility of a MOS
device in  an integrated circuit, said MOS device comprising a
semiconductor substrate containing a source region and a drain  region, and
a conductive gate overlying a gate dielectric  layer on said semiconductor
substrate, and a spacer with a  width less than 500 angstroms disposed
adjacent to said  conductive gate, said method comprises a step of forming
a  stress film over said source region, said drain region, said  gate, and
said spacer; wherein said stress film is a  compressive stress film in a
range of approximately from -100  to -2000 MPascals or a tensile stress
film in a range of  approximately from 100 to 2000 MPascals. 14 


