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POLYSILICON PULLBACK  BACKGROUND OF THE INVENTION  5 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
preventing dishing that results from chemical mechanical polishing of
shallow trench isolation structures. 10 Related Art As semiconductor
devices continue to be reduced in size) Complimentary Metal Oxide
Semiconductor (CMOS) device fabrication processes have evolved that use
shallow trench isolation structures for isolating device regions. These
shallow trench isolation structures are typically 15 formed by etching
trenches within the semiconductor substrate in a pattern that achieves the
desired isolation between adjoining device regions. The trenches are filled
with dielectric material. A chemical mechanical polishing process is then
performed to form a dielectric plug that fills the trench. 20 In
conventional shallow trench isolation processes, the chemical mechanical
polishing process results in "dishing" of the dielectric plug. More
particularly, the chemical mechanical polishing process results in a top
surface   -2 of the plug that is not planar. Instead, the top surface of
the plug is recessed in a concave pattern with respect to the top surface
of rest of the substrate. Because the top surface of the semiconductor
substrate is not planar as a 5 result of dishing during chemical mechanical
polishing) layers and structures that are subsequently formed over the
semiconductor substrate are not uniform. This leads to manufacturing
problems and device failure. 



What is needed is a method and apparatus that produces shallow trench 10
isolation structures that are planar. In addition, a method and apparatus
is needed that eliminates or reduces dishing of dielectric material that
results from chemical mechanical polishing of shallow trench isolation
structures. The method and apparatus of the present invention provides a
solution to the above needs.   -3 SUMMARY OF THE INVENTION The present
invention provides a method and apparatus that reduces dishing of
dielectric material that results from chemical mechanical polishing of
shallow trench isolation structures. Also, the method and apparatus of the
5 present invention provides for forming shallow trench isolation
structures that are planar. A method for shallow trench isolation is
disclosed that forms a shallow trench isolation structure having a planar
top surface. First, a layer of silicon 10 nitride (Sin) is deposited over a
semiconductor substrate. A layer of polysilicon is then deposited over the
silicon nitride layer. A layer of tetraethylorthosilicate (TEOS) is
deposited over the polysilicon layer. Mask and etch steps are performed to
form an opening that extends 15 through the TEOS layer and through the
polysilicon layer. An etch step is then performed to etch the exposed side
surfaces of the polysilicon layer. In the present embodiment, the etch step
is a selective etch that selectively etches polysilicon. Thereby, the
exposed side surfaces of the polysilicon layer are moved laterally. 20 An
etch step is then performed so as to form a trench that extends into the
semiconductor substrate. Optionally, an oxidation step and a TEOS removal
-4 step can be performed. The optional oxidation step repairs damage caused
by the trench etch step. The optional TEOS removal step removes the TEOS
layer. 



Dielectric material is deposited such that the dielectric material fills
the 5 trench and fills the opening that extends through the polysilicon
layer and the silicon nitride layer. In the present embodiment, silicon
dioxide is used as a dielectric material and a high-density plasma
deposition process is used to deposit the silicon dioxide. Because the
selective etch moves the side surfaces of the polysilicon layer laterally,
the deposited dielectric material extends past 10 the edges of the trench.
Thus, the dielectric material overlies the silicon nitride layer near the
edges of the trench. The substrate is then polished using a chemical
mechanical polishing process. The chemical mechanical polishing step
removes the polysilicon layer 15 and forms a plug of dielectric material
that fills the trench. In the present embodiment, a silica-based slurry is
used. Because polysilicon has a higher removal rate as compared to silicon
dioxide under normal silica-based slurry chemical mechanical polishing
processes, a hump will develop within the top surface of the silicon
dioxide. As the chemical mechanical polishing process 20 progresses, the
hump acts as a cushion in reducing the dishing of silicon dioxide. Thereby)
the chemical mechanical polishing process produces a plug of dielectric
material that has a top surface that is planar with respect to the top of
the silicon nitride layer. More particularly, the top surface is only
slightly    recessed, if recessed at all, as a result of dishing caused by
the chemical mechanical polishing process. Because the top surface of the
semiconductor substrate is planar as a 5 result of elimination or
minimization of dishing during chemical mechanical polishing, the method
and apparatus of the present invention provides a superior shallow trench
isolation structure as compared to prior art shallow trench isolation
structures having significant dishing. Therefore, the method and apparatus
of the present invention allows for formation of overlying layers 10 and
structures that are more uniform than those formed over prior art shallow
trench isolation structures having significant dishing. Thus;) the present
invention provides manufacturability and yield improvements as compared to
prior art processes. 15 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.   -s Brief Description of the Drawings
Figure 1 shows a method for shallow trench isolation in accordance with one
embodiment of the present invention. 5 Figure 2 is a side cut-away view of
a semiconductor substrate having a layer of silicon nitride, a layer of
polysilicon and a layer of TEOS deposited thereover in accordance with one
embodiment of the present invention. 10 Figure 3 is a diagram that
illustrates the structure of Figure 2 after mask and etch steps have etched
through the TEOS layer in accordance with one embodiment of the present
invention. Figure 4 is a diagram that illustrates the structure of Figure 3
after an etch 15 step has etched through the polysilicon layer in
accordance with one embodiment of the present invention. Figure 5 is a
diagram of the structure of Figure 4 after a selective etch step has been
performed so as to etch the exposed side surfaces of the 20 polysilicon
layer in accordance with one embodiment of the present invention.   -7
Figure 6 is a diagram of the structure of Figure 5 after an etch step has
been performed so as to form a trench in accordance with one embodiment of
the present invention. 5 Figure 7 is a diagram of the structure of Figure 6
after an oxidation step has been performed in accordance with one
embodiment of the present invention. Figure 8 is a diagram of the structure
of Figure 7 after a TEOS removal 10 step has been performed in accordance
with one embodiment of the present 



invention. Figure 9 is a diagram of the structure of Figure 8 after a
dielectric deposition step has been performed so as to fill the trench and
the opening in 15 the polysilicon layer in accordance with one embodiment
of the present invention. Figure 10 is a diagram of the structure of Figure
9 during the chemical mechanical polishing process in accordance with one
embodiment of the 20 present invention.   _g_ Figure 1'1 is a diagram of
the structure of Figure 10 after completion of the chemical mechanical
polishing process in accordance with one embodiment of the present
invention.    -9 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 5
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
illustrates a method for shallow trench isolation in accordance with one
embodiment of the present invention. As shown by step 101, a layer of
silicon nitride (SiN) is deposited over a semiconductor substrate. In the
present embodiment, the layer of silicon nitride is deposited directly over
the semiconductor substrate. In one embodiment, a layer of silicon nitride
is 15 deposited having a thickness of from 1000 to 1500 Angstroms. A layer
of-polysilicon is then deposited as shown by step 102. In the present
embodiment, the Layer of polysilicon is deposited directly over the 



silicon nitride layer. In one embodiment, a layer of polysilicon is
deposited 20 having a thickness of from 900 to 1500 Angstroms. As shown by
step 103) a layer of tetraethylorthosilicate (TEOS) is deposited. In the
present embodiment, the layer of TEOS directly overlies the   -10
polysilicon layer. In one embodiment, a layer of TEOS is deposited having a
thickness of from 1000 to 1500 Angstroms. Figures 2-11 show an exemplary
semiconductor substrate 1 after steps 5 101-103 of Figure 1 have been
performed so as to form layer of silicon nitride (SiN) 2, layer of
polysilicon (POLY) 3) and layer of TEOS 4. It can be seen that, in the
present embodiment) the layer of silicon nitride directly overlies the
semiconductor substrate and the layer of polysilicon directly overlies the
layer of silicon nitride. The layer of TEOS directly overlies the layer of
polysilicon. 10 However, the present invention is well adapted for the use
of other structures and materials including other layers that can be
disposed between layers 2-4. Mask and etch steps are performed as shown by
step 104. In the present embodiment mask and etch steps form an opening
that extends through the 15 TEOS layer and through the polysilicon layer.
!n the present embodiment, a layer of photoresist (not shown) is formed
over TEOS layer 4 and is exposed so as to form a desired shallow trench
isolation pattern. The photoresist is then etched during a first etch so as
to remove portions of TEOS layer 4 in the desired pattern. In one
embodiment, a wet etch process is used to etch TEOS 20 layer 4. Figure 3
shows the structure of Figure 2 after mask and etch steps have etched
opening 5 that extends through TEOS layer 4. Continuing with step 104, in
the present embodiment) the photoresist is removed and a second etch is
performed so as to etch through the polysilicon   -11 layer. In the present
embodiment the second etch is a selective etch that ,selectively removes
polysilicon. Thus) the overlying TEOS layer acts as a mask for etching the
polysilicon layer in the same pattern as that of the TEOS layer and the
silicon nitride layer acts as an etch stop. In one embodiment, the 5 second
etch is a dry etch process for selectively removing polysilicon. In the
embodiment shown in Figure 4 mask and etch step 104 is shown to have etched
through both TEOS Layer 4 and polysilicon layer 3 so as to form opening 5.
Thereby, side surfaces 6 of polysilicon layer 3 are exposed. 10 Referring
now to step 105 of Figure 1, an etch is performed to etch the exposed side
surfaces of the polysilicon layer. In the present embodiment, the etch of
step 105 is a selective etch that selectively etches polysilicon. More
particularly) the polysilicon is etched while little or no TEOS or silicon
nitride is removed. In one embodiment) etch step 105 is a wet etch in which
the structure 15 of Figure 4 is dipped into a potassium hydroxide etchant
solution. However, alternatively, other etchants could be used for
selectively etching the exposed side surfaces of the polysilicon layer.
Figure 5 shows the structure of Figure 4 after step 105 has been 20
performed so as to etch polysilicon layer 3, forming side surfaces 7. )t
can be seen that side surfaces 7 are moved laterally with respect to side
surfaces 6 of Figure 4 a distance D.   -12 Referring back to Figure 1, an
etch step is performed as shown by block 106 so as to form a trench. In the
present embodiment, a dry etch is used to form a trench. In the embodiment
shown in Figure 6, etch step 106 is shown to form trench 10 that extends
into semiconductor substrate 1. 



5 An oxidation step is performed as shown by step 107. In the embodiment
shown in Figure 7, oxidation step 107 oxidizes the exposed surfaces of
trench 10 and oxidizes side surfaces 7 so as to form a thin layer of oxide
11. Thin layer of oxide 11 acts to repair damage along the edges of
polysilicon layer 3 and 10 trench 10 resulting from etch step 106. A TEOS
removal step is performed as shown by step 108 to remove the TEOS layer. In
the present embodiment) hydrofluoric acid is used to remove the TEOS layer.
Figure 8 shows the structure of Figure 7 after TEOS removal step 15 108 has
removed TEOS layer 4 shown in Figures 2-7. Dielectric material is deposited
as shown by step 109 of Figure 1. In the present embodiment, silicon
dioxide is used as a dielectric material and a high density plasma
deposition process is used to deposit the silicon dioxide. 20 Figure 9
shows the structure of Figure 8 after step 109 has deposited dielectric
material 15. It can be seen that dielectric material 15 fills trench 10. In
-13 addition, dielectric material 15 fills the opening that extends through
polysilicon layer 3 and the opening that extends through silicon nitride
layer 2. The substrate is polished as shown by step 109. In the present 5
embodiment) the substrate is polished using a chemical mechanical polishing
process. Referring now to Figure 10, the chemical mechanical polishing step
109 removes polysilicon layer 3 shown in Figures 2-9 and forms a top
surface 20 that extends past the sides of trench 10. 10 As a result of the
extension of dielectric material 15 past the edges of the trench prior to
beginning the chemical mechanical polishing process) dishing of dielectric
during the chemical polishing process is minimized. More particularly, due
to the different removal rate between polysilicon layer 3 and the oxide
material of dielectric material 15, an oxide hump or protrusion develops
across 15 the trench that is illustrated in Figure 10. This hump is useful
as it acts as a cushion during the chemical mechanical polishing process.
Thereby the oxide dishing effect is reduced, giving a planar top surface.
Figure 11 shows the structure of Figure 10 after the chemical mechanical 20
polishing process has been completed. Upon completion of the chemical
mechanical polishing process as shown in Figure 11, the top surface 20 of
dielectric material 15 is planar with respect to the top of silicon nitride
layer 2. More particularly) the top surface is only slightly recessed, if
recessed at all, with respect to the top surface of silicon nitride layer
2.   -14 The methods of the present invention have been found to form
shallow trench isolation structures having a protrusion of 2.1 manometers
or for edge die and protrusion of approximately 3 manometers for center die
(when the chemical mechanical polishing process removes approximately 59
Angstroms 



5 of the silicon nitride layer). When 124 Angstroms of the silicon nitride
layer is removed during the chemical mechanical polishing process, shallow
trench isolation structures are formed having recesses of approximately .8
manometer for center die and recesses of approximately 1.8 manometers for
edge die. When more polishing is performed so as to remove 260 Angstroms of
the 10 silicon nitride layer, shallow trench isolation structures are
formed having recesses of approximately 4 .8 manometers for center die and
recesses of approximately 5.2 manometers for edge die. When even more
polishing is performed so as to remove 370 Angstroms of the silicon nitride
layer) shallow trench isolation structures are formed having recesses of
approximately 6.3 15 manometers for center die and recesses of
approximately 5.8 manometers for edge die. For purposes of the present
invention, any surface having a deviation (recess or protrusion) of less
than 6.5 manometers is considered to be planar. 20 Accordingly) even when
as much as 370 Angstroms of silicon nitride layer are removed, the method
and apparatus of the present invention produces a planar top surface.   -15
Though method 100 of Figure 1 and Figure 7 show an oxidation step 107 to be
performed, oxidation step 107 (liner oxidation) is optional. Also) TEOS
removal step 108 is optional. When TEOS removal step 108 is not performed,
the chemical mechanical polishing process of step 110 is used to remove the
5 TEOS layer. Because the top surface of the semiconductor substrate is
planar as a result of elimination of all, or at least substantially of the
dishing during chemical mechanical polishing, the method and apparatus of
the present invention 10 provides a superior shallow trench isolation
structure as compared to prior art shallow trench isolation structures
having significant dishing. Therefore, the method and apparatus of the
present invention allows for formation of overlying layers and structures
that are more uniform than those formed over prior art shallow trench
isolation structures having significant dishing. Thus;) the present 15
invention provides manufacturability and yield improvements as compared to
prior art processes. The foregoing descriptions of specific embodiments of
the present invention have been presented for the purposes of illustration
and description. 20 They are not intended to be exhaustive or to limit the
invention to the precise forms disclosed, and obviously many modifications
and variations are possible in light of the above teaching. The embodiments
were chosen and described in order to best explain the principles of the
invention and its practical application) to thereby enable others skilled
in the art to best utilize the   -16 invention. It is intended that the
scope of the invention be defined by the Claims appended hereto and their
equivalents.   -17 CLAIMS What is claimed is: 5 1. A method for shallow
trench isolation, said method comprising: depositing a layer of polysilicon
over a semiconductor substrate; depositing a layer of
tetraethylorthosilicate over said layer of polysilicon; 



etching said layer of tetraethylorthosilicate and said layer of polysilicon
such that an opening is formed that extends through said layer of 10
tetraethylorthosilicate and said layer of polysilicon, said opening
exposing side surfaces of said layer of polysilicon; etching said side
surfaces of said layer of polysilicon such that said side surfaces are
extended laterally; and wherein, upon subsequently forming a trench beneath
said opening, and 15 subsequently depositing dielectric material such that
said dielectric material fills said opening and fills said trench) said
lateral extension of said side surfaces reducing dishing_of said dielectric
material during chemical mechanical polishing of said dielectric material.
20 2. A method for shallow trench isolation as recited in Claim 1 further
comprising: removing said layer of tetraethylorthosilicate prior to
depositing dielectric over said semiconductor substrate.   _18 3. A method
for shallow trench isolation as recited in Claim 2 wherein said layer of
tetraethylorthosilicate has a thickness of between 1000 and 1500 Angstroms.
5 4. A method for shallow trench isolation as recited in Claim 3 wherein
said polysilicon layer has a thickness of between 900 and 1500 Angstroms.
5. A method for shallow trench isolation as recited in Claim 1 wherein 10
said step of etching said side surfaces of said layer of polysilicon
further comprises dipping said semiconductor substrate in a potassium
hydroxide etchant solution. 6. A method for shallow trench isolation
comprising: 15 depositing a layer of silicon nitride over a semiconductor
substrate; depositing a layer of polysilicon over said layer of silicon
nitride; 



depositing a layer of tetraethylorthosilicate over said layer of
polysilicon; etching said layer of tetraethylorthosilicate and said layer
of polysilicon such that an opening is formed that extends through said
layer of 20 tetraethylorthosilicate and said layer of polysilicon, said
opening exposing side surfaces of said layer of polysilicon; etching said
side surfaces of said layer of polysilicon;   _19_ performing a dry etch
step so as to form a trench within said semiconductor substrate, said
trench isolating regions of said semiconductor substrate; depositing
dielectric material over said semiconductor substrate, said 5 dielectric
filling said trench; and polishing said substrate so as to form a structure
that includes a top surface of said dielectric material, said top surtace
of said dielectric material having reduced dishing. 10 7. A method for
shallow trench isolation as recited in Claim 6 wherein depositing
dielectric over said semiconductor substrate further comprises depositing
silicon dioxide over said semiconductor substrate. 8. A method for shallow
trench isolation as recited in Claim 7 further 15 comprising: removing said
layer of tetraethylorthosilicate prior to depositing dielectric over said
semiconductor substrate. 9. A method for shallow trench isolation as
recited in Claim 8 wherein 20 said layer of tetraethylorthosilicate has a
thickness of between 1000 and 1500 Angstroms.   -20 10. A method for
shallow trench isolation as recited in Claim 9 wherein 



said polysilicon layer has a thickness of between 900 and 1500 Angstroms.
11. A method for shallow trench isolation as recited in Claim 6 wherein 5
said step of polishing said substrate further comprises performing a
chemical mechanical polishing process so as to form a dielectric plug
having a planar top surface. 12. A method for shallow trench isolation as
recited in Claim 6 wherein 10 said step of polishing said substrate further
comprises performing a chemical mechanical polishing process so as to
remove said polysilicon layer, thereby forming a dielectric plug that fills
said trench and that has a planar top surface. 13. A method for shallow
trench isolation as recited in Claim 12 wherein 15 said step of etching
said side surfaces of said layer of polysilicon further comprises dipping
said semiconductor substrate in a potassium hydroxide etchant solution. 14.
A method for shallow trench isolation as recited in Claim 11 further 20
comprising: depositing a layer of polysilicon prior to etching said silicon
nitride layer and said substrate so as to form a trench.   -21 15. A method
for shallow trench isolation as recited in Claim 14 further comprising:
performing an oxidation step prior to said step of depositing dielectric
over said semiconductor substrate. 5 16. A shallow trench isolation
structure comprising: a semiconductor substrate having a trench disposed
therein; and a dielectric layer disposed within said trench and having a
top surface that is formed by chemical mechanical polishing of said
dielectric layer, said top 10 surface planar as a result of extending the
lateral edges of said dielectric layer beyond the edges of said trench
prior to the chemical mechanical polishing of 



said dielectric layer. 17. The shallow trench isolation structure of Claim
16 further comprising: 15 a layer of silicon nitride disposed over said
semiconductor substrate, said trench extending through said layer of
silicon nitride, and said layer of silicon nitride having a fop surface
that is planar with said top surface of said dielectric layer. 20 18. The
shallow trench isolation structure of Claim i 7 wherein said dielectric
layer comprises silicon dioxide.   -22 19. The shallow trench isolation
structure of Claim 17 wherein said lateral edges of said dielectric layer
are extended beyond the edges of said trench by depositing a layer of
polysificon over said layer of silicon nitride, depositing a layer of
tetraethyiorthosilicate over said layer of silicon nitride, 5 etching said
layer of tetraethylorthosilicate and said layer of polysilicon such that
side surfaces of said layer of polysilicon are exposed) and dipping said
semiconductor substrate in an etchant solution so as to etch said side
surfaces of said polysilicon prior to deposition of said dielectric layer.
10 20. The shallow trench isolation structure of Claim 17 wherein said
lateral edges of said dielectric layer are extended beyond the edges of
said trench by depositing a layer of polysilicon over said layer of silicon
nitride, depositing a layer of tetraethylorthosilicate over said layer of
silicon nitride, etching said layer of tetraethylorthosilicate and said
layer of polysilicon such 15 that side surfaces of said Payer of
polysilicon are exposed, and dipping said semiconductor substrate in a
potassium hydroxide etchant solution so as to etch said side surfaces of
said polysilicon prior to deposition of said dielectric layer.
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