
WO 03/058709 PCT/US02/39739  A SHALLOW TRENCH ISOLATION APPROACH FOR
IMPROVED STI CORNER ROUNDING  5 FIELD OF THE INVENTION The present
invention relates to semiconductor processing, and more particularly to a
method for  performing trench isolation during semiconductor device
fabrication. BACKGROUND OF THE INVENTION 10 Shallow trench isolation (STI)
technology uses shallow, refilled trenches for isolating devices of the
same type as replacements for LOCOS isolation. The process begins by
depositing a layer of pad oxide on a  silicon substrate and patterning a
nitride mask to define active regions on the silicon substrate. Shallow
trenches are then etched into the silicon substrate in the openings in the
nitride mask between the active  regions. A liner oxidation process is
performed in the recesses in which a thin layer of oxide is grown. Next, 15
an oxide (e.g., SiO2) is deposited over the silicon substrate and is then
etched back so that it remains only in  the trenches, its top surface level
with the nitride mask. After the oxide is etched back, the nitride mask is
stripped to expose the pad oxide and a dip back process is performed on the
pad oxide. Thereafter, a layer of  polysilicon (Polyl) may be patterned to
define floating gate structures for the semiconductor device. 20 Although
the STI process has the advantages of eliminating birds beak of the LOCOS
process and of  providing a planar surface, the STI process has several
drawbacks. FIG. 1 is a block diagram illustrating a  cross-sectional view
of a portion of a semiconductor fabricated during a conventional STI
process. Trenches  10 have been etched in isolation regions 18 of the
substrate 12 adjacent to active regions 20 on which a layer  of polysilicon
14 has been deposited. The silicon substrate 12 in the active regions 20
form the side walls 22 25 of the trenches 10. Conventional STI processing
results in the trenches 10 having sharp corners 16, as shown.  Because both
the silicon substrate 12 and the polysilicon 14 are conductive, the sharp
corners 16 increase the  chance of electron leakage (E) between the
polysilicon 14 and the silicon substrate 12 due to the presence of an
electric field, which is increased with by the sharpness of the substrate
corners 16. 



30 Conventional approaches for rounding the trench corners 16 include 1)
performing a single liner  oxidation with a double sacrificial oxidation or
2) performing a double liner oxidation with a single sacrificial  1 WO
03/058709 PCT/US02/39739  oxidation. Both the approaches, however, fail to
sufficiently round the trench corners 16 to reduce electron  leakage to an
acceptable level. Accordingly what is needed is a STI process that has
improved trench corner rounding that  significantly prevents electron
leakage between the polysilicon and the active regions of the substrate.
The  5 present invention addresses such a need. SUMMARY OF THE INVENTION
The present invention provides a method for performing shallow trench
isolation during  semiconductor fabrication that improves trench corner
rounding. The method includes etching trenches into a  10 silicon substrate
between active regions, and performing a double liner oxidation process on
the trenches. The method further includes performing a double sacrificial
oxidation process on the active regions, wherein  corners of the trenches
are substantially rounded by the four oxidation processes. According to the
present invention, the trench corners are substantially rounded, which
significantly  15 reduces electron leakage between the polysilicon and the
active regions of the substrate and increases  performance of the
semiconductor devices. BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 is a block
diagram illustrating a cross-sectional view of a portion of a semiconductor
fabricated  20 during a conventional STI process. FIG. 2 is a flow chart
illustrating the STI spacer process in accordance with one preferred
embodiment of the present invention. 25 FIGS. 3A-3N are cross-sectional
views of the substrate corresponding to the steps illustrated in FIG.  2. 



DETAILED DESCRIPTION The present invention relates to a method for
performing trench isolation during semiconductor device  2 WO 03/058709
PCT/US02/39739  fabrication. The following description is presented to
enable one of ordinary skill in the art to make and use the  invention and
is provided in the context of a patent application and its requirements.
Various modifications to  the preferred embodiments and the generic
principles and features described herein will be readily apparent to  those
skilled in the art. Thus, the present invention is not intended to be
limited to the embodiments shown but 5 is to be accorded the widest scope
consistent with the principles and features described herein. The present
invention provides a method for performing shallow trench isolation that
improves STI  corner rounding in a semiconductor device. After etching
shallow trenches into a substrate, the process  includes performing a
double liner oxidation process on the trenches prior to STI fill.
Thereafter, a double  10 sacrificial oxidation process is performed,
resulting in improved STI corner rounding. FIG. 2 is a flow chart
illustrating the STI spacer process in accordance with one preferred
embodiment of the present invention. FIGS. 3A-3G are cross-sectional views
of the substrate corresponding to  the steps illustrated in FIG. 2. 15 The
process begins by providing a silicon substrate 24 with a layer of pad
oxide 26 (S102) and a  masking material, such as a layer of silicon nitride
28, defining active regions 30 and isolation regions 32 on  the substrate
24 in step 50 (FIG. 3A). Trenches 34 are then etched into the silicon
substrate 24 using the  nitride 28 as a mask in step 52 (FIG. 3B). As
shown, the active regions 30 of the substrate 20 form the walls  20 and
corners 35 of the trenches 34. After the trenches 34 have been formed, the
substrate 24 is precleaned in step 54, creating undercuts  36 in the pad
oxide 26, as shown in FIG. 3C. Undercutting the pad oxide 26 is necessary
to expose the trench  corners 35 for subsequent rounding steps. In a
preferred embodiment, a HF solution is used for the 



25 precleaning, where the amount of the undercut 36 is a function of the HF
time used. In a preferred  embodiment, approximately 100-300 A of the pad
oxide 26 is removed in the undercut 36. After the preclean, a first liner
oxidation is performed in which a thin layer of oxide 38 is grown in the
trenches 34 in step 56 (FIG. 3D). In a preferred embodiment, an oxidation
temperature of 900-1100 degrees  3 WO 03/058709 PCT/US02/39739  Celsius is
used to grow the oxide 38 to a thickness of approximately 100-300 A. As it
is well-known in the  art, one-half of the material used to grow the oxide
comes from the silicon substrate 24. Accordingly, 50-150  A of the
substrate 24 in the trenches 34 is consumed during this process, which
rounds the trench corners 35. 5 After the first liner oxidation, a dip back
is performed to remove the oxide 38 from the surface of the  trenches 34 in
step 58 (FIG. 3E). After the oxide 38 is removed, a second liner oxidation
is performed in  which a second layer of oxide 40 is again grown in the
trenches 34 in step 60 (FIG. 3F). In a preferred  embodiment, the second
liner oxidation grows approximately 100-500 A of oxide 40, which is thicker
than that  grown in the first liner oxidation. Accordingly another 50-250 A
of trench substrate 24 is consumed during  10 this process, which rounds
the trench corners 35 a second time. After the second lincer oxidation, the
trenches 34 are filled by depositing an isolation oxide 42 over  the
substrate 24 in step 64, such as TEOS (tetraethyl orthosilicate) or HDP
(high-density plasma) (FIG. 3H).  After the isolation oxide 42 is
deposited, the isolation oxide 42 is polished back in step 66 so that its
top 15 surface in the trenches 34 is approximately level with the nitride
mask 28 (FIG. 31). The nitride 28 is then  stripped to expose the pad oxide
26 in step 68 (FIG. 3J). After the nitride 28 is stripped, a standard RCA
clean  is performed on the active regions 30 of the silicon substrate 24 in
step 70, which oxidizes a small portion of  the pad oxide 26 (e.g., 4-5 A).
20 FIGS. 3K-3N are zoomed-in cross-sectional views of portions showing a
filled trench 34 and the  silicon substrate 24 under an active region 30.
Referring to both FIGS. 2 and 3K-3N, after the clean, a first  sacrificial
oxidation is performed in which a thin layer of oxide liner 44 is grown on
the active regions 30 of  



the silicon substrate 24 in step 72 (FIG. 3K). In a preferred embodiment,
an oxidation temperature of 900- 1000 degrees Celsius is used to grow the
oxide 44 to a thickness of approximately 50-150 A. Because one 25 half of
the material used to grow the oxide 44 comes from the silicon substrate 24,
approximately 25-75 A of  the substrate 24 is consumed during this process,
rounding the trench corners 35 for a third time. After the first
sacrificial oxidation, a dip back is performed to remove the oxide 44 in
step 74. In a  preferred embodiment, the dip back removes approximately 200
A of material, which is slightly larger than the  4 WO 03/058709
PCT/US02/39739  thickness of the oxide 44 grown during the first oxidation.
Thus, the dip back removes not only the oxide 44,  but also a portion of
the fill material 42, which exposes the corner of the trench for a second
sacrificial  oxidation, as shown in FIG. 3L. 5 After the oxide 44 is
removed, a second sacrificial oxidation is performed in which a second
layer of  oxide 46 is again grown on the active regions 30 of the silicon
substrate 24 in step 76 (FIG. 3M). In a  preferred embodiment, the second
sacrificial oxidation is performed under the same conditions as the first
sacrificial oxidation. Accordingly another 50-75 A of the substrate 24 is
consumed during this process, which  rounds the trench corners 35 for a
fourth time. 10 Semiconductor fabrication then proceeds as normal in step
78, including removing the oxide 46,  performing implants, and patterning
at least one a layer of polysilicon 48 over the active regions 30 (FIG.
3N).  Because the trench corners 35 are significantly rounded due to the
four separate corner-rounding processes,  the present invention
substantially reduces electron leakage between the polysilicon 48 and the
active regions  15 30 of the substrate 24, thereby increasing performance
of the semiconductor device. A method for performing STI has been disclosed
in which two liner oxidations are performed in the  trenches, followed by
two sacrificial oxidations. The present invention has been described in
accordance with  the embodiments shown, and one of ordinary skill in the
art will readily recognize that there could be variations to 



20 the embodiments, and any variations would be within the spirit and scope
of the present invention. Accordingly,  many modifications may be made by
one of ordinary skill in the art without departing from the spirit and
scope of  the appended claims. 5 WO 03/058709 PCT/US02/39739  CLAIMS  What
is claimed is: 5 1 A method for performing shallow trench isolation during
semiconductor fabrication that improves trench  corner rounding, the method
comprising the steps of: (a) etching trenches (34) into a silicon substrate
(24) between active regions (30); (b) performing a double liner oxidation
process (72) and (76) and on the trenches (34); and (c) performing a double
sacrificial oxidation process (72) and (76) and on the active regions  10
(30), wherein corners (35) of the trenches (34) are rounded in each of the
four oxidation  processes. 2 The method of claim 1 wherein the silicon
substrate (24) includes a layer of pad oxide (26) and a masking  material
(28) that defines active regions (30) and isolation regions (33) on the
substrate (24), step (a) further  15 including the step of G) precleaning
the silicon substrate (24) prior to the double liner oxidation, thereby
creating undercuts in the pad oxide (26) to expose the trench corners (35)
for the  subsequent oxidation processes (72) and (76). 20 3 The method of
claim 2 wherein step (a) further includes the step of (i) removing
approximately 100-300 angstroms of the pad oxide (26).  4 The method of
claim 2 wherein step (b) further includes the steps of: (i) performing a
first liner oxidation process (56) and on the trenches (34) in which a  25
first layer of oxide (38) is grown in the trenches (34); 



(ii) removing the first layer of oxide (38) from the trenches (34); and
(iii) performing a second liner oxidation process (60) on the trenches (34)
in which a  second layer of oxide (40) is grown in the trenches (34). 30 5
The method of claim 4 wherein prior to step (c), the method further
includes the steps of- 6 WO 03/058709 PCT/US02/39739  depositing an
isolation oxide (42) over the substrate (24); polishing the isolation oxide
(42) back so that the isolation oxide (42) is approximately level with the
masking material (28); and removing the masking material (28).  5 6 The
method of claim 5 further including the step of. performing a standard
clean on the active regions (30)  of the substrate (24) after removing the
masking material (28). 7 The method of claim 4 wherein step (c) further
includes the steps of (i) performing a first sacrificial oxidation process
(72) on the substrate (24) in which a  10 first layer of oxide (44) is
grown on the substrate (24); (ii) removing the first layer of oxide (44)
from the trenches (34); and (iii) performing a second sacrificial oxidation
process (76) on the substrate (24) in  which a second layer of oxide (40)
is grown on the substrate (24). 15 8 The method of claim 7 further
including the steps of: d) continuing with the fabrication process,
including patterning a layer of polysilicon over the  substrate (24) in the
active regions (30), wherein due to the rounded trench corners, electron
leakage between the polysilicon and the silicon substrate (24) is
substantially reduced. 20 9 A method for performing shallow trench
isolation during semiconductor fabrication that improves trench  corner
rounding, the method comprising the steps of: 



(a) on a silicon substrate (24) having a layer of pad oxide (26) and a
masking material (28) that  defines active regions (30) and isolation
regions (32) on the substrate (24), etching trenches  (34) into the silicon
substrate (24) in the isolation regions (32); 25 (b) performing a first
liner oxidation process (56) on the trenches (34) in which a first layer of
oxide (38) is grown in the trenches (34); (c) removing the first layer of
oxide (38) from the trenches (34); (d) performing a second liner oxidation
process (60) on the trenches (34) in which a second  layer of oxide (40) is
grown in the trenches (34); 7 WO 03/058709 PCT/US02/39739  (e) removing the
mask a material (28); (f) performing a first sacrificial oxidation process
(72) on the substrate (24) in which a first  layer of oxide (44) is grown
on the substrate (24); (g) removing the first layer of oxide (44) from the
substrate (24) ; 5 (h) performing a second sacrificial oxidation process
(76) on the substrate (24) in which a  second layer of oxide (46) is grown
on the substrate (24); and (i) removing the second layer of oxide (46) from
the substrate (24), wherein corners (35) of the  trenches (34) are rounded
in each of the four oxidation processes. 10 10 The method of claim 9
wherein step (a) further includes the step of (i) precleaning the silicon
substrate (24) prior to the double liner oxidation, thereby  creating
undercuts in the pad oxide (26) to expose the trench corners (35) for the
subsequent oxidation processes. 15 11 The method of claim 10 further
including the steps of. (j) continuing with the fabrication process,
including patterning a layer of polysilicon over the  substrate (24) in the
active regions (30), wherein due to the rounded trench corners, electron
leakage between  



the polysilicon and the silicon substrate (24) is substantially reduced. 20
12 The method of claim 11 wherein prior to performing the first sacrificial
oxidation process (72), the method  further includes the steps of. (a)
depositing an isolation oxide (42) over the substrate (24); and (b)
polishing the isolation oxide (42) back so that the isolation oxide (42) is
approximately level  with the masking material (28). 25 13 The method of
claim 12 further including the step of, performing a standard clean on the
active regions  (30) of the substrate (24) after removing the masking
material (28). 8 WO 03/058709 PCT/US02/39739  14 A transistor structure in
a semiconductor substrate that has isolation regions and active regions
(30) at a  stage in fabrication processing, comprising: trenches (34) in
the isolation regions (32) of the substrate (24) having walls formed by the
substrate  (24) in the active regions (30); 5 a first layer of polysilicon
deposited on the active regions (30); and substantially rounded trench
corners (35) adjacent to the first layer of polysilicon that significantly
reduces electron leakage between the polysilicon and the substrate in the
active regions (30), thereby  improving performance of the transistor
structure, wherein the trench corners (35) are formed during  fabrication
processing by performing a double liner oxidation (56) and (60) on the
trenches (34) followed by 10 performing a double sacrificial oxidation
process (72) and (76).  9 


