
-1 [17 JAN 2006 PREVENTING PLASMA INDUCED DAMAGE RESULTING FROM HIGH
DENSITY PLASMA DEPOSITION 5 BACKGROUND OF THE INVENTION FIELD OF THE
INVENTION The present invention relates to the field of semiconductor
devices.  More particularly, the present invention relates to a method and
apparatus for  10 preventing plasma induced damage that results from high
density plasma  deposition processes. RELATED ART In conventional in
Complimentary Metal Oxide Semiconductor (CMOS)  15 device fabrication
processes, semiconductor devices are formed on a  semiconductor substrate
using a thin gate oxide layer that forms gates between  conductive regions
in the semiconductor substrate. Overlying metal  interconnect structures
provide for electrical connection to the underlying  semiconductor devices.
20 As semiconductor devices continue to be reduced in size, fabrication
process have evolved that use ultra-thin gate oxide layers. These
ultra-thin  gate oxide layers are desirable for forming semiconductor
devices having sizes  



smaller than 0.18 microns. However, one problem that arises in the
fabrication 25 of sub 0.18 micron semiconductor devices is that high
density plasma -2  [1 7 JAN 2606  deposition processes can damage the
underlying ultra-thin gate oxide layer, leading to device failures. More
particularly, when a high density plasma  deposition process is performed
over a metal interconnect structure, plasma  charge is conveyed through the
metal interconnect structure to the underlying 5 devices, damaging the thin
gate oxide layer and resulting in device failure. As CMOS processes
continue to scale down, the deposition-to-sputter  ratio of high density
plasma chemical vapor deposition processes has to be  further reduced in
order to deliver a void-free dielectric layer. However, 10 deposition with
low deposition-to-sputter ratio can generate non-uniform  plasma and can
cause radiation damage to underlying semiconductor devices. Recent
semiconductor fabrication processes have used a Un-doped  Silica Glass(USG)
liner that is deposited immediately before high density 15 plasma
deposition processes to protect the underlying devices from high  density
plasma related damage. However, it is difficult to optimize the thickness
of the pre-deposited liner. A thin liner is not sufficient to protect the
underlying  gate oxide from high density plasma related damage. A thick
liner is effective  for preventing charging damage, but strongly reduces
the gap-fill capability of 



20 the high density plasma deposition process. Therefore, it is difficult
to obtain a  USG liner that is effective for protecting the metal
interconnect from plasma  charge and that does not significantly reduce the
gap-fill capabilities of the high  density plasma deposition process. Thus,
plasma related damage often occurs  in spite of the use of a USG
liner(e.g., as a result of nonuniformities in the USG 25 liner or as a
result of corner clipping). -3 [17 JAN 2006 What is needed is a method and
apparatus for preventing plasma  induced damage resulting from high density
plasma deposition processes. In  addition, a method and apparatus is needed
for preventing plasma induced 5 damage to the ultra-thin gate oxide of the
underlying devices. In addition, a  method and apparatus is needed that is
suitable for sub 0.18 micron fabrication  processes. Moreover, a method and
apparatus is needed that does not reduce  the gap-fill capability of the
high density plasma deposition process. The present invention provides a
solution to the above needs. -4 [17 JAN 2006 SUMMARY OF THE INVENTION The
present invention provides a method and apparatus for preventing  plasma
induced damage resulting from high density plasma deposition  



processes. More particularly, the method and apparatus of the present 5
invention prevents plasma-induced damage to ultra-thin gate oxide of
underlying semiconductor devices. In addition, the method and apparatus of
the present invention is suitable for sub 0.18 micron fabrication processes
and  does not reduce the gap-fill capability of the high density plasma
deposition  process. 10 In the present embodiment, semiconductor devices
are formed on a  semiconductor substrate using conventional methods. In the
present  embodiment, semiconductor devices are formed using an ultra-thin
gate oxide  layer that forms gates between conductive regions in the
semiconductor 15 substrate. These devices are connected to an overlying
metal interconnect  structure that connects to the underlying semiconductor
devices. The method and apparatus of the present invention includes the
deposition of Un-doped Silica Glass(USG) to form a USG liner. In the
present 20 embodiment, the USG liner directly overlies the metal structure.
A silicon-rich oxide is then deposited to form a silicon-rich oxide liner.
In  the present embodiment, the silicon-rich oxide liner is deposited
in-situ  immediately following deposition of the USG liner such that the
silicon-rich 25 oxide liner directly overlies the USG liner. The
silicon-rich oxide liner protects -5 



11. l JAN 2006 the metal structure from plasma charge during the subsequent
high density plasma deposition process. The high density plasma deposition
process can then be performed. 5 During the high density plasma deposition
process, the underlying silicon-rich  oxide liner prevents damage to
underlying structures. More particularly,  because silicon-rich oxide has
lower high density plasma removal rate than a  conventional USG liner, the
use of a silicon-rich oxide liner is more effective  than conventional USG
liners in preventing damage during high density plasma 10 deposition
processes. In addition, because the silicon-rich liner is more dense  than
a conventional USG liner, a thin silicon-rich liner is sufficient to
protect the  underlying metal structures from corner clipping; thereby
preventing metal  structures from being exposed to plasma charge. By
preventing exposure of  metal structures to plasma charge, damage to the
ultra-thin oxide layer of 15 underlying devices is avoided. The thin
silicon-rich liner of the present invention does not significantly  reduce
the gap-fill capability of the high density plasma deposition process.
Thereby, a structure with good fill characteristics is obtained. 20 In the
present embodiment, the deposition of the USG liner, the  deposition of
silicon-rich oxide liner, and the high density plasma deposition  



step are performed sequentially, without removing the substrate from the
deposition chamber. Because the method and apparatus of the present -6- [17
JAN 2006  invention is formed using sequential in-situ deposition steps,
the present invention does not significantly affect process flow or process
throughput. The method and apparatus of the present invention is suitable
for sub  5 0.18 micron fabrication processes. Thus, as geometry's continue
to shrink in size, the method and apparatus of the present invention
effectively allows for  production of CMOS devices, preventing device
failures associated with  plasma-induced damage resulting from high density
plasma deposition  processes. 10 The present invention provides a method
and apparatus for preventing  plasma induced damage resulting from high
density plasma deposition  processes. In addition, the present invention
provides a method and apparatus  for preventing plasma induced damage to
the ultra-thin gate oxide of underlying 15 devices. In addition, the
present invention provides a method and apparatus  that is suitable for sub
0.18 micron fabrication processes. Moreover, the present  invention
provides a method and apparatus that does not reduce the gap-fill
capability of the high density plasma deposition process. 20 These and
other objects and advantages of the present invention will  



become obvious to those of ordinary skill in the art after having read the
following detailed description of the preferred embodiments that are
illustrated  in the various drawing figures. -7 117 JAN 2006 BRIEF
DESCRIPTION OF THE DRAWINGS Figure 1 shows a method for preventing plasma
induced damage  resulting from high density plasma deposition in accordance
with one  embodiment of the present invention. 5 Figure 2 is a side
cut-away view of a semiconductor substrate having  devices formed thereover
and having interconnect structures formed thereon in  accordance with one
embodiment of the present invention. 10 Figure 3 is a diagram that
illustrates deposition of USG so as to form a  USG liner that overlies the
structure of Figure 2 in accordance with one  embodiment of the present
invention. Figure 4 is a diagram that illustrates the deposition of
silicon-rich oxide  15 so as to form a silicon-rich oxide liner that
overlies the structure of Figure 3 in  accordance with one embodiment of
the present invention. Figure 5 is a diagram of the structure of Figure 4
after a high density  plasma deposition step has been performed in
accordance with one 



20 embodiment of the present invention. Q -8 5 [1 7 JAN 2006 DETAILED
DESCRIPTION OF THE INVENTION In the following detailed description of the
present invention, numerous  specific details are set forth in order to
provide a thorough understanding of the  present invention. However, it
will be recognized by one skilled in the art that  the present invention
may be practiced without these specific details or with  equivalents
thereof. In other instances, well known methods, procedures,  components,
and circuits have not been described in detail as not to  unnecessarily
obscure aspects of the present invention. 10 Figure 1 shows a method for
preventing plasma induced damage  resulting from high density plasma
deposition processes in accordance with  one embodiment of the present
invention. First, as shown by step 101, Un- doped Silica Glass(USG) is
deposited. In the present embodiment, USG is  deposited in-situ so as to
form a USG liner. 15 10 Continuing with step 101, in the present
embodiment, USG is deposited  



so as to form a USG liner having a thickness of from 50 to 200 Angstroms,
However, the present invention is well adapted for use of a USG liner
having  other thicknesses. Still referring to step 101, in one embodiment
of the present invention,  the reflective index of the USG liner is
controlled in the range of 1.45 to 1.46.  This is accomplished by tuning
the O. to USG ratio and the source RF power to  achieve USG deposition
having the desired reflexivity index. In the present 25 embodiment, bias
power is not used in deposition step 101. -9 117 JAN 2606 Figure 2 shows an
exemplary structure that can be damaged by plasma  charge produced in a
high density plasma deposition process. In this  embodiment, semiconductor
substrate 200 is shown to have structures 201 5 formed thereover. In the
present embodiment, structures 201 include  semiconductor devices(not
shown) that are formed on silicon substrate 200. In one embodiment,
semiconductor devices are formed using an ultra-thin oxide  layer that
extends between conductive regions formed within the silicon  substrate
200. 10 Continuing with Figure 2, in the present embodiment, structures 201
include interconnect structures 202 that are selectively electrically
connected to  



the underlying semiconductor devices. In the present embodiment,
interconnect structures 202 are metal interconnects. However, the present
15 invention is well adapted for the use of interconnect structures 202
that are  made of other materials. Structures 201 formed on semiconductor
substrate 200 are  representative of structures that can be protected
according to method 100 of 20 Figure 1. However, method 100 of Figure 1 is
well adapted for protecting other  types of structures that are susceptible
to damage as a result of high density  plasma deposition processes.
Referring now to Figure 3, the structure of Figure 2 is shown after 25
deposition of USG thereover in accordance with step 101 of Figure 1 to form
_10 117 JAN 2006  USG liner 203. It can be seen that USG liner 203 directly
overlies the structures that are to be protected from plasma charge(i.e.,
interconnect structures 202). Next, as shown by step 102, silicon-rich
oxide is deposited. In the 5 present embodiment, the silicon-rich oxide is
deposited in-situ immediately  following the deposition of the USG liner so
as to form a silicon-rich oxide liner.  In the present embodiment, the
in-situ deposition process results in a silicon- rich oxide liner that
directly overlies the USG liner. 10 Continuing with step 102, in the
present embodiment, silicon-rich oxide is  



deposited so as to form a silicon-rich oxide liner having a thickness of
from 300  to 600 Angstroms. However, the present invention is well adapted
for use of a  silicon-rich oxide liner having other thicknesses. 15
Continuing with step 102, in the present embodiment, the reflective index
of the silicon-rich oxide liner is controlled in the range of 1.50 to 1.70.
This is  accomplished by tuning the 02 to SIH4 ratio and the source RF
power to  achieve silicon-rich oxide deposition having the desired
reflexivity index. In the  present embodiment, bias power is not used in
deposition step 102. 20 Figure 4 shows the structure of Figure 3 after
deposition of a layer of  silicon-rich oxide so as to form silicon-rich
oxide liner 204. It can be seen that  silicon-rich oxide liner 204 directly
overlies USG liner 203. -11 Steps 101-102 of Figure 1 illustrate specific
deposition parameters such  as power levels, thicknesses, etc, These
process parameters are exemplary  only. The method and apparatus of the
present invention is well suited to the  use of other processes and
deposition parameters for forming a USG liner and  5 an overlying
silicon-rich oxide liner Referring now to step 103, the high density plasma
deposition process is  performed. In the present embodiment, a dielectric
material such as, for  example USG, is deposited using a high density
plasma chemical vapor 



10 deposition process. However, the present invention is well adapted for
use of  any of a number of different high density plasma deposition
processes and the  deposition of other materials. Figure 5 shows the
structure of Figure 4 after a high density plasma 15 deposition process has
been performed so as to form dielectric layer 205. It can  be seen that
dielectric layer 205 directly overlies silicon-rich oxide liner 204. Steps
101 and 102 of Figure 1 result in the formation of a silicon-rich  oxide
liner 204 that prevents damage resulting from high density plasma 20
deposition step 103. More particularly, silicon-rich oxide liner 204 covers
and  protects metal structures 201 of Figures 2-5 during high density
plasma  deposition step 103. This prevents plasma induced damage to
underlying  devices and/or structures(e.g., metal structures 202 and
underlying structures  201 of Figures 2-5) that can occur as a result of
high density plasma deposition  25 step 103. -12 [17 JAN 2006 In the
present embodiment, the USG liner prevents current leakage in the  event
that the deposited silicon-rich liner is too silicon rich. That is, in the
example shown in Figures 2-5, USG liner 201 prevents current leakage in the
5 event that silicon-rich liner 202 is too silicon rich(thereby possibly
conducting  current to metal structures 202). 



Because silicon-rich oxide has lower high density plasma removal rate  than
a conventional USG liner, the use of a silicon-rich oxide liner is more 10
effective than conventional USG liners in preventing damage during high
density plasma chemical vapor deposition processes. In addition, because
the  silicon-rich liner is more dense than a conventional USG liner, a thin
silicon-rich  liner is sufficient to protect the underlying metal
structures(e.g., metal structures  202 of Figures 2-5) from corner
clipping; thereby preventing metal structures 15 from being exposed to
plasma charge. The thin silicon-rich liner of the present invention does
not significantly  reduce the gap-fill capability of the high density
plasma deposition process.  Thereby, a structure with good fill
characteristics is obtained. 20 In the present embodiment, steps 101-103
are performed sequentially in  an in-situ process. That is, USG deposition
(step 101) is performed, followed  immediately by silicon-rich oxide
deposition(step 102), which is immediately  followed by high density plasma
deposition(step 103). Each of steps 101-103 25 are performed sequentially,
without removing the substrate from the deposition -13 117 JAN 2006
chamber. Because the method and apparatus of the present invention is
formed using sequential in-situ deposition steps, the present invention
does not  



significantly affect process flow or process throughput. 5 The method and
apparatus of the present invention is suitable for sub  0.18 micron
fabrication processes. Thus, as geometry's continue to shrink in  size, the
method and apparatus of the present invention effectively allows for
production of CMOS devices, preventing device failures associated with
plasma-induced damage resulting from high density plasma deposition  10
processes. The present invention provides a method and apparatus for
preventing  plasma induced damage resulting from high density plasma
deposition  processes. In addition, the present invention provides a method
and apparatus 15 for preventing plasma induced damage to the ultra-thin
gate oxide of underlying  devices. In addition, the present invention
provides a method and apparatus  that is suitable for sub 0.18 micron
fabrication processes. Moreover, the present  invention provides a method
and apparatus that does not reduce the gap-fill  capability of the high
density plasma deposition process. 20 In the present embodiment, steps 101
and 102 of Figure 1 are described  as forming a USG liner and a
silicon-rich oxide liner, respectively. However, it  is appreciated that
the term "liner" refers to a layer of material. Thus, the USG  liner formed
in step 101 is a layer of USG material. Similarly, the silicon-rich 25
oxide liner formed in step 102 is a layer of silicon-rich oxide. 



-14 [17 JAN 2696 While the present invention has been described in
particular  embodiments, it should be appreciated that the present
invention should not be  construed as limited by such embodiments, but
rather construed according to 5 the below claims. [17 JAN 2006 1/5 100
DEPOSIT USG  101 DEPOSIT SILICON-RICH OXIDE  102 PERFORM HIGH DENSITY
PLASMA DEPOSITION  103 FIG. 1  17 JAN 2006 -15 CLAIMS  What is claimed is: 



1. A method for preventing plasma induced damage resulting from high
density plasma deposition processes, said method comprising the steps of:
a) depositing Un-doped Silica Glass(USG) over a semiconductor substrate
having structures formed thereon so as to form a USG liner that overlies
said  structures; b) depositing silicon-rich oxide over said USG liner so
as to form a silicon-rich  liner that directly overlies said USG liners; c)
performing a high density plasma deposition process, said silicon-rich
oxide  liner preventing damage resulting from plasma change to said
structures during said  high density plasma deposition process; and d)
tuning 02 to SiH4  gas ratio and a source RF power to achieve a desired
reflexivity index of said silicon-rich oxide liner, deposited without bias
RF power. 2. The method of Claim 1 wherein step a) is performed such that
the reflective index of said USG liner is in the range of 1.45 to 1.46. 3.
The method of Claim I wherein step b) is performed such that the reflective
index of said silicon-rich liner is in the range of 1.50 to 1.70. [17 JAN
2006 -16 4. The method of Claim 2 wherein step a) is performed such that
said USG liner has a thickness of between 50 and 200 Angstroms. 5. The
method of Claim 3 wherein step b) is performed such that said silicon 



rich liner has a thickness of between 300 and 600 Angstroms. 6. The method
of Claim 1 wherein steps a) through c) are performed  sequentially in a
deposition chamber, without removing said substrate from said  deposition
chamber. 7. The method of Claim 6 wherein step c) is a high density plasma
chemical vapor deposition process that deposits a dielectric material. 8.
The method of Claim 7 wherein step c) is a high density plasma chemical
vapor deposition process that deposits USG. 9. A method for preventing
plasma induced damage resulting from high density  plasma deposition
processes, said method comprising the steps of: a) forming, on a
semiconductor substrate, a plurality of semiconductor devices  and at least
one conductive interconnect, said at least one conductive interconnect
selectively electrically coupled to ones of said plurality of semiconductor
devices; i 7 JAN 2606 -17 b) depositing Un-doped Silica Glass(USG) over
said semiconductor substrate  so as to form a USG liner that directly
overlies said at least one conductive  interconnect; c) depositing
silicon-rich oxide over said USG liner so as to form a silicon-rich  liner
that directly overlies said USG liner; d) performing a high density plasma
deposition process, said silicon-rich oxide  



liner preventing damage to said semiconductor devices during said high
density  plasma deposition process; and e) tuning 02 to SiH4 gas ratio and
a source RF power to achieve a desired  reflexivity index of said
silicon-rich oxide liner, deposited without bias RF power. 10. The method
of Claim 9 wherein step b) is performed such that the reflective  index of
said USG liner is in the range of 1.45 to 1.46 and such that said USG liner
has a thickness of between 50 and 200 Angstroms. 11. The method of Claim 9
wherein step c) is performed such that the reflective  index of said
silicon-rich liner is in the range of 1.50 to 1.70 and such that said
silicon- rich liner has a thickness of between 300 and 600 Angstroms. 12.
The method of Claim 9 wherein steps b) through d) are performed
sequentially in a deposition chamber without removing said substrate from
said  deposition chamber. 117 JAN 2006 _18 13. The method of Claim 9
wherein step d) is a high density plasma chemical vapor deposition process
that deposits USG. 14. A structure formed over a semiconductor substrate,
said structure  comprising: (a) a USG liner, said USG liner disposed over
said semiconductor substrate  such that said USG liner overlies an
interconnect structure; 



(b) a silicon-rich oxide liner, said silicon-rich oxide liner directly
overlying said  USG liner; and (c) a layer of dielectric material deposited
using a high density plasma  deposition process, said layer of dielectric
material directly overlying said layer of  silicon-rich oxide; wherein 02
to SiH4 gas ratio and a source RF power is tuned to  achieve a desired
reflexivity index of said silicon-rich oxide liner, deposited without  bias
RF power. 15. The structure of Claim 14 wherein the reflective index of
said USG liner is between 1.45 and 1.46. 16. The structure of Claim 14
wherein the reflective index of said silicon-rich liner is between 1.50 and
1.70. 11 7 JAN 200$ -19 17. The structure of Claim 15 wherein said USG
liner has a thickness of between 50 and 200 Angstroms. 18. The structure of
Claim 16 wherein silicon-rich liner has a thickness of between 300 and 600
Angstroms. 19. The structure of Claim 14 wherein said layer of dielectric
material deposited is USG deposited using a high density plasma chemical
vapor deposition process. 20. The structure of Claim 14 wherein said
interconnect structure electrically  connects to semiconductor devices,
said silicon-rich oxide liner preventing damage to  



said semiconductor devices resulting from plasma charge to said
interconnect  structure during said high density plasma deposition process.


