
Title METHOD FOR FORMING AN OFFSET SPACER OF A MOS DEVICE Background of the
Invention I. Field of the Invention The invention relates to a method for
forming an offset spacer of a metal-oxide semiconductor (MOS) device. 2.
Description of the Prior Art As MOSFET and CMOS device characteristic sizes
are scaled below 0.13 microns including below 0.1 micron, the process
window for wet and dry etching processes are increasingly difficult to
control to achieve desired critical dimensions. For example, in forming
dielectric offset spacers, also referred to as sidewall spacers, the
required width of the offset spacer is increasingly smaller. For example,
the width of the offset spacer may be as small as 100 Angstroms (10
nanometers) or less in 65 nanometer characteristic dimensioned CMOS
devices. The offset spacer dielectric is formed adjacent either side of the
gate structure and serves to allow the formation of source/drain extensions
(SDE) or lightly doped drains (LDD). For instance, after the offset spacer
is formed on the sidewall of the gate structure, a relatively lower amount
of N or P-type doping is formed in the substrate adjacent to two sides of
the offset spacer for forming lightly doped drain. Offset spacer formation
typically requires both deposition and etching processes, for example, to
first deposit a single silicon oxide layer or a composite layer of a
silicon oxide layer and a silicon nitride layer and subsequently remove
portions of the deposited silicon oxide or silicon nitride layers. In
conventional approach, the removal of portions of the deposited silicon
oxide or silicon nitride layers is usually accomplished by a dry etching
process, such as a plasma etching. However, plasma charging from the dry
etching process not only penetrates the gate electrode to damage the gate
oxide underneath, but also induces a silicon loss in the substrate adjacent
to two sides of the offset spacer. It is therefore desirable to come up
with a novel fabrication for improving the drawback caused by conventional
approach. Summary of the Invention It is therefore among the objects of the
present invention to provide an improved method for dielectric offset
spacer formation to overcome the shortcomings of the prior art. According
to a preferred embodiment of the present invention, a method for forming an
offset spacer of a MOS device is disclosed. The method includes the steps
of: providing a substrate having a gate structure thereon; forming a
dielectric stack on the substrate and the gate structure, wherein the
dielectric stack comprises a first dielectric layer, a second dielectric
layer, a third dielectric layer, and a fourth dielectric layer; and
performing an etching process on the dielectric stack to form an offset
spacer around the gate structure. According to another aspect of the
present invention, a method for forming an offset spacer of a MOS device is
disclosed. The method includes the steps of: providing a substrate having a
gate structure thereon; forming a dielectric stack on the substrate and the
gate structure, 



wherein the dielectric stack comprises a first dielectric layer, a second
dielectric layer, a third dielectric layer, and a fourth dielectric layer;
performing a first etching process for removing a portion of the fourth
dielectric layer; performing a second etching process for removing a
portion of the third dielectric layer; and performing a third etching
process for removing a portion of the second dielectric layer for forming
an offset spacer around the gate structure. It is another aspect of the
present invention to provide a metal-oxide semiconductor (MOS) device. The
MOS device includes: a substrate; a gate structure disposed on the
substrate; an offset spacer disposed around the gate structure, wherein the
offset spacer comprises a ONO stack and a silicon nitride spacer sitting on
the ONO stack; and a lightly doped drain disposed in the substrate adjacent
to two sides of the offset spacer. 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 Figs. 1-4 illustrate a method
for fabricating an offset spacer of a MOS device according to a preferred
embodiment of the present invention. Detailed Description Referring to
Figs. 1-4, Figs. 1-4 illustrate a method for fabricating an offset spacer
of a MOS device according to a preferred embodiment of the present
invention. As shown in Fig. 1, a substrate 12, such as a silicon substrate
or a silicon-on-insulator substrate is provided. A gate insulating layer
(not shown) and a polysilicon layer (not shown) are deposited sequentially
on the substrate. The gate insulating layer is preferably composed of
dielectric material such as oxides or nitrides, and the polysilicon layer
is composed of undoped polysilicon or polysilicon having dopants therein,
which are all within the scope of the present invention. A photo-etching
process is then conducted by first forming a patterned photoresist (not
shown) on the polysilicon layer, and an etching process is carried out by
using the patterned photoresist as mask to remove a portion of the
polysilicon layer and the gate insulating layer for forming a gate
structure 14 composed of patterned polysilicon layer 16 and patterned gate
insulating layer 18. Next, a dielectric stack 20 preferably composed of a
first dielectric layer 22, a second dielectric layer 24, a third dielectric
layer 26, and a fourth dielectric layer 28 is formed on the substrate 12
and the gate structure 14. In this embodiment, the four dielectric layers
of the dielectric stack 20 are deposited in-situly and the dielectric stack
20 is preferably an oxide-nitride-oxide-nitride (ONON) dielectric stack.
Hence, the first dielectric layer 22 is composed of silicon oxide, the
second dielectric layer 24 is composed of silicon nitride, the third
dielectric layer 26 is composed of silicon oxide, and the fourth dielectric
layer 28 is composed of silicon nitride. As shown in Fig. 2, a dry etching
process is performed by removing a portion of the fourth 



dielectric layer 28, such as the top silicon nitride layer of the ONON
dielectric stack 20 for  forming a silicon nitride spacer 32. The dry
etching process is controlled to have a high selectivity on SiN/SiO such
that the dry etching would partially remove the fourth dielectric layer 28
composed of silicon nitride and stop at the third dielectric layer 26
composed of silicon oxide underneath. In this embodiment, the dry etching
process is preferably a plasma etching process, and the dry etching
preferably removes the fourth dielectric layer 28 disposed on top of the
gate structure 14 and a portion of the fourth dielectric layer 28 disposed
on the substrate 12 while the rest of the fourth dielectric layer is
remained on the sidewall of the gate structure 14. As the ONO stack
disposed under the fourth dielectric layer 28 during the plasma etching
approach preferably has a thickness between 50 Angstroms to 70 Angstroms,
charging from the plasma etching step is preferably blocked by the ONO
stack for protecting the gate insulating layer 18 underneath as a portion
of the top silicon nitride layer 28 is removed. Next, as shown in Fig. 3, a
wet etching process is conducted by using diluted hydrofluoric acid (DHF)
to remove portions of the third dielectric layer 26, such as the top oxide
layer of the ONO stack from the top of the gate structure 14 and the
surface of the substrate 12. Thereafter, another wet etching process is
carried out by using sulfuric peroxide mixtures (SPM) to remove portions of
the second dielectric layer 24, such as the middle nitride layer of the ONO
stack from the top of the gate structure 14 and the surface of the
substrate 12. After portions of the third dielectric layer 26 and the
second dielectric layer 24 are removed to expose a portion of the bottom
oxide layer of the ONO stack, an offset spacer 30 is formed around the gate
structure 14. The offset spacer 30 preferably includes a silicon nitride
spacer 32 and a ONO stack 34 composed of an L-shaped first dielectric layer
36, an L-shaped second dielectric layer 38, and an L-shaped third
dielectric layer 40. Next, as shown in Fig. 4, an ion implantation in is
performed to implant either p-type dopants or n-type dopants into the
substrate 12 adjacent to two sides of the offset spacer 30 for forming a
lightly doped drain 42. After the lightly doped drain 42 is formed, a main
spacer 44 is formed through a series of deposition and etching back process
around the offset spacer 30, and another ion implantation is carried out to
implant p-type dopants or n-type dopants into the substrate 12 adjacent to
two sides of the main spacer 44 for forming a source/drain region 46.
Despite only one main spacer 44 is revealed in this embodiment, the main
spacer 44 could also be a composite spacer composed of silicon nitride and
silicon oxide, which is also within the scope of the present invention.
After the source/drain region 46 is formed, typical MOS structures such as
salicides, interlayer dielectric layer, and contacts could be formed and as
these structures are commonly known to those skilled in the art, the
details of which are not explained herein for the sake of brevity Referring
again to Fig. 4, a metal-oxide semiconductor (MOS) device structure is also
disclosed. As shown in the figure, the MOS device includes a substrate 12;
a gate structure 14 disposed on the substrate 12; an offset spacer 30
disposed around the gate structure 14, a lightly doped drain 42 disposed in
the substrate 12 adjacent to two sides of the offset spacer 30, a main
spacer 44 disposed around the offset spacer 30, and a source/drain region
46 disposed in the substrate 12 adjacent to two sides of the offset spacer
30. In this embodiment, the offset spacer 30 is composed of an L-shaped ONO
stack 34 and a silicon nitride spacer 32 sitting on the L-shaped ONO stack
34. The L-shaped ONO stack 34 preferably includes a first L-shaped silicon
oxide layer 36, a first L-shaped silicon nitride layer 38, and a second
L-shaped silicon oxide layer 40, in which the first L-shaped silicon  oxide
layer 36 is disposed to cover the substrate 12 and the sidewall and top of
the gate structure 14 while the first L-shaped silicon nitride layer 38 and
the second L-shaped silicon oxide layer 40 are only formed adjacent to two
sides of the gate structure 14 and between the silicon nitride spacer 32
and the first L-shaped silicon oxide layer 36. Overall, the present
invention first deposits an ONON dielectric stack on a substrate and a gate
structure, partially removes the top silicon nitride layer from the ONON
dielectric stack through a plasma dry etching process, and then partially
removes the first silicon oxide layer and second silicon nitride layer from
the ONO stack through two separate wet etching processes for foiming an
offset spacer around the sidewall of the gate structure. As the ONO stack
disposed under the top silicon nitride layer preferably has a thickness
between 50 Angstroms to 70 Angstroms, charging from the plasma dry etching
step is blocked by the ONO stack for protecting the gate insulating layer
underneath as a portion of the top silicon nitride layer is removed, and as
the first silicon oxide layer and second silicon nitride layer are
partially removed through two separate wet etching processes, the profile
of the bottom silicon oxide layer from the ONO stack is maintained
throughout the fabrication and silicon loss in the substrate is also
prevented. 



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.  Claims What is claimed is: I. A method for
forming an offset spacer of a MOS device, comprising the steps of:
providing a substrate having a gate structure thereon;     forming a
dielectric stack on the substrate and the gate structure, wherein the
dielectric stack comprises a first dielectric layer, a second dielectric
layer, a third dielectric layer, and a fourth dielectric layer; and
performing an etching process on the dielectric stack to form an offset
spacer around the gate structure.  2. The method of claim 1, wherein the
etching process comprises: performing a dry etching process for removing a
portion of the fourth dielectric layer; performing a first wet etching
process for removing a portion of the third dielectric layer; and
performing a second wet etching process for removing a portion of the
second dielectric layer.  3. The method of claim 2, wherein the first
dielectric layer comprises silicon oxide, the second dielectric layer
comprises silicon nitride, the third dielectric layer comprises silicon
oxide, and the fourth dielectric layer comprises silicon nitride.  4. The
method of claim 2, wherein the dry etching process comprises a plasma
etching process. 



5. The method of claim 3, wherein the first wet etching process comprises
using diluted hydrofluoric acid (DIU) for removing a portion of the third
dielectric layer.  6. The method of claim 3, wherein the second wet etching
process comprises using sulfuric peroxide mixtures (SPM) for removing a
portion of the second dielectric layer.  7. The method of claim I, wherein
after forming the offset spacer around the gate structure comprises:
performing an ion implantation in the substrate adjacent to two sides of
the offset spacer for forming a lightly doped drain. 8. A method for
forming an offset spacer of a MOS device, comprising the steps of:
providing a substrate having a gate structure thereon;     forming a
dielectric stack on the substrate and the gate structure, wherein the
dielectric stack comprises a first dielectric layer, a second dielectric
layer, a third dielectric layer, and a fourth dielectric layer; performing
a first etching process for removing a portion of the fourth dielectric
layer; performing a second etching process for removing a portion of the
third dielectric layer; and     performing a third etching process for
removing a portion of the second dielectric layer for forming an offset
spacer around the gate structure.  9. The method of claim 8, wherein the
first etching process comprises a dry etching process, the second etching
process and the third etching process comprise wet etching processes.   10.
The method of claim 9, wherein the first dielectric layer comprises silicon
oxide, the second dielectric layer comprises silicon nitride, the third
dielectric layer comprises silicon oxide, and the fourth dielectric layer
comprises silicon nitride.  11. The method of claim 9, wherein the dry
etching process comprises a plasma etching process. 



12. The method of claim 10, wherein the second etching process comprises
using diluted hydrofluoric acid (DHF) for removing a portion of the third
dielectric layer.  13. The method of claim 10, wherein the third etching
process comprises using sulfuric peroxide mixtures (SPM) for removing a
portion of the second dielectric layer.  14. The method of claim 8, wherein
after forming the offset spacer around the gate structure comprises:
performing an ion implantation in the substrate adjacent to two sides of
the offset spacer for forming a lightly doped drain.  15. A metal-oxide
semiconductor (MOS) device, comprising: a substrate; a gate structure
disposed on the substrate;     an offset spacer disposed around the gate
structure, wherein the offset spacer comprises a ONO stack and a silicon
nitride spacer sitting on the ONO stack; and a lightly doped drain disposed
in the substrate adjacent to two sides of the offset spacer.  16. The MOS
device of claim 15, wherein the ONO stack comprises an L-shaped ONO stack.
17. The MOS device of claim 16, wherein the L-shaped ONO stack comprises a
first L-shaped silicon oxide layer, a first L-shaped silicon nitride layer,
and a second L-shaped silicon oxide layer.  18. The MOS device of claim 17,
wherein the first L-shaped silicon oxide layer covers the substrate, the
sidewall and the top of the gate structure. 


