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(57) ABSTRACT 

In one aspect, the invention includes an isolation region 
forming method comprising: a) forming an oxide layer over 
a Substrate; b) forming a nitride layer over the oxide layer, 
the nitride layer and oxide layer having a pattern of openings 
extending therethrough to expose portions of the underlying 
Substrate; c) etching the exposed portions of the underlying 
Substrate to form openings extending into the Substrate; d) 
after etching the exposed portions of the underlying Sub 
Strate, removing portions of the nitride layer while leaving 
Some of the nitride layer remaining over the Substrate; and 
e) after removing portions of the nitride layer, forming oxide 
within the openings in the Substrate, the oxide within the 
openings forming at least portions of isolation regions. In 
another aspect, the invention includes an isolation region 
forming method comprising: a) forming a Silicon nitride 
layer over a Substrate; b) forming a masking layer over the 
Silicon nitride layer; c) forming a pattern of openings 
extending through the masking layer to the Silicon nitride 
layer; d) extending the openings through the Silicon nitride 
layer to the underlying Substrate, the Silicon nitride layer 
having edge regions proximate the openings and having a 
central region between the edge regions; e) extending the 
openings into the underlying Substrate, f) after extending the 
openings into the underlying Substrate, reducing a thickness 
of the Silicon nitride layer at the edge regions to thin the edge 
regions relative to the central region; and g) forming oxide 
within the openings. 
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SOLATION REGON FORMING METHODS 

TECHNICAL FIELD 

0001. The invention pertains to methods of forming iso 
lation regions and can have particular application to methods 
of forming shallow trench isolation regions. 

BACKGROUND OF THE INVENTION 

0002. In modern semiconductor device applications, 
numerous individual devices are packed onto a single Small 
area of a Semiconductor Substrate. Many of these individuals 
devices need to be electrically isolated from one another. 
One method of accomplishing Such isolation is to form a 
trenched isolation region between adjacent devices. Such 
trenched isolation region will generally comprise a trench or 
cavity formed within the substrate and filled with an insu 
lative material, Such as, for example, Silicon dioxide. Trench 
isolation regions are commonly divided into three catego 
ries: shallow trenches (trenches less than about one micron 
deep); moderate depth trenches (trenches of about one to 
about three microns deep); and deep trenches (trenches 
greater than about three microns deep). 
0.003 Prior art methods for forming trench structures are 
described with reference to FIGS. 1-12. Referring to FIG. 1, 
a Semiconductor wafer fragment 10 is shown at a prelimi 
nary Stage of a prior art processing Sequence. Wafer frag 
ment 10 comprises a Semiconductive material 12 upon 
which is formed a layer of oxide 14, a layer of nitride 16, and 
a patterned layer of photoresist 18. Semiconductive material 
12 commonly comprises monocrystalline Silicon which is 
lightly doped with a conductivity-enhancing dopant. To aid 
in interpretation of the claims that follow, the term “semi 
conductive Substrate” is defined to mean any construction 
comprising Semiconductive material, including, but not lim 
ited to, bulk Semiconductive materials Such as a Semicon 
ductive wafer (either alone or in assemblies comprising 
other materials thereon), and Semiconductive material layers 
(either alone or in assemblies comprising other materials). 
The term “Substrate” refers to any Supporting Structure, 
including, but not limited to, the Semiconductive Substrates 
described above. 

0004 Oxide layer 14 typically comprises silicon dioxide, 
and nitride layer 16 typically comprises Silicon nitride. 
Nitride layer 16 is generally from about 400 Angstroms 
thick to about 920 Angstroms thick. 
0005 Referring to FIG. 2, patterned photoresist layer 18 

is used as a mask for an etching process. The etch is typically 
conducted utilizing dry plasma conditions and CHF/CF 
chemistry. Such etching effectively etches both silicon 
nitride layer 16 and pad oxide layer 14 to form openings 20 
extending therethrough. Openings 20 comprise peripheries 
defined by nitride sidewalls 17 and oxide sidewalls 15. The 
etching StopS upon reaching Silicon Substrate 12. 
0006 Referring to FIG. 3, a second etch is conducted to 
extend openings 20 into Silicon SubStrate 12. The Second 
etch is commonly referred to as a "trench initiation etch.” 
The trench initiation etch is typically a timed dry plasma 
etch utilizing CF/HBr, and typically extends openings 20 to 
less than or equal to about 500 Angstroms into substrate 12. 
A purpose of the trench initiation etch can be to clean an 
exposed Surface of Silicon Substrate 12 within openings 20 
(i.e., to remove defects and polymer material) prior to final 
trenching into Substrate 12. Another purpose of the trench 
initiation etch can be to form polymer over exposed Sidewall 
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edges 15 and 17 of oxide layer 1411 and nitride layer 16, 
respectively. Such polymer can alleviate erosion of Sidewall 
edges 15 and 17 during Subsequent etching of Substrate 12. 

0007 Referring to FIG. 4, a third etch is conducted to 
extend openings 20 further into substrate 12 and thereby 
form trenches within Substrate 12. Extended openings 20 
comprise a periphery 22 defined by substrate 12. The third 
etch typically utilizes an etchant consisting entirely of HBr, 
and is typically a timed etch. The timing of the etch is 
adjusted to form trenches within substrate 12 to a desired 
depth. For instance, if openings 20 are to be shallow 
trenches, the third etch will be timed to extend openings 20 
to a depth of less than or equal to about one micron. 
0008 Referring to FIG. 5, photoresist layer 18 (FIG. 4) 
is removed and a first oxide layer 24 is thermally grown 
within openings 20 and along the periphery 22 (FIG. 4) 
defined by silicon Substrate 12. The growth of oxide layer 24 
can form Small birds beak regions 26 underlying Sidewall 
edges 17 of nitride layer 16. 
0009 Referring to FIG. 6, a high density plasma oxide 
28 is formed to fill openings 20 (FIG. 5) and overlie nitride 
layer 16. High density plasma oxide 28 merges with oxide 
layer 24 (FIG. 5) to form oxide plugs 30 within openings 20 
(FIG. 5). Oxide plugs 30 have laterally outermost periph 
eries 33 within openings 20. 
0010 Referring to FIG. 7, wafer fragment 10 is subjected 
to planarization (Such as, for example, chemical-mechanical 
polishing) to planarize an upper Surface of oxide plugs 30. 
The planarization Stops at an upper Surface of nitride layer 
16. 

0011 Referring to FIG. 8, nitride layer 16 is removed to 
expose pad oxide layer 14 between oxide plugs 30. 

0012 Referring to FIG. 9, pad oxide layer (FIG. 8) is 
removed. The removal of the pad oxide layer leaves dips 32 
at edges of oxide plugs 30. 

0013 Referring to FIG. 10, a sacrificial oxide layer 34 is 
grown over substrate 12 and between oxide plugs 30. 

0014) Referring to FIG. 11, sacrificial oxide layer 34 
(FIG. 10) is removed. Formation and removal of sacrificial 
oxide layer 34 can be utilized to clean a Surface of Substrate 
12 between oxide plugs 30. As such surface of substrate 12 
can be ultimately utilized to form an active area of a 
transistor device, it is desired that the Surface be Substan 
tially free of defects. The removal of sacrificial oxide layer 
34 can also undesirably exacerbate dips 32. 

0.015 Referring to FIG. 12, a silicon dioxide layer 36 is 
regrown between oxide plugs 30, and a polysilicon layer 38 
is formed over oxide plugs 30 and oxide layer 36. Polysili 
con layer 38 can ultimately be formed into a word line 
comprising transistor gate regions. Such transistor gate 
regions can lie between oxide plugs 30. Plugs 30 can then 
function as trenched isolation regions between transistor 
devices. Dips 32 can undesirably result in formation of 
parasitic devices adjacent the transistor devices and ulti 
mately have an effect of lowering a threshold Voltage for the 
transistor devices. Accordingly, it would be desirable to 
alleviate dips 32. Dips 32 can also interfere with Subsequent 
fabrication processes and, for this reason as well, it would be 
desirable to alleviate dips 32. 
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SUMMARY OF THE INVENTION 

0016. In one aspect, the invention encompasses an iso 
lation region forming method. An oxide layer is formed over 
a Substrate. A nitride layer is formed over the oxide layer. 
The nitride layer and oxide layer have a pattern of openings 
extending therethrough to expose portions of the underlying 
Substrate. The exposed portions of the underlying Substrate 
are etched to form openings extending into the Substrate. 
After etching the exposed portions of the Substrate, portions 
of the nitride layer are removed while leaving some of the 
nitride layer remaining over the Substrate. After removing 
portions of the nitride layer, oxide is formed within the 
openings in the Substrate. The oxide within the openings 
forms at least portions of isolation regions. 
0.017. In another aspect, the invention encompasses 
another embodiment isolation region forming method. A 
Silicon nitride layer is formed over a Substrate. A masking 
layer is formed over the Silicon nitride layer. A pattern of 
openings is formed to extend through the masking layer and 
to the Silicon nitride layer. The openings are extended 
through the Silicon nitride layer to the underlying Substrate. 
The Silicon nitride layer has edge regions proximate the 
openings and has a central region between the edge regions. 
The openings are extended into the underlying Substrate. 
After extending the openings into the underlying Substrate, 
a thickness of the Silicon nitride layer is reduced at the edge 
regions to thin the edge regions relative to the central region. 
Oxide is formed within the openings that are extended into 
the Substrate. The oxide within the openings forms at least 
portions of isolation regions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0018 Preferred embodiments of the invention are 
described below with reference to the following accompa 
nying drawings. 

0.019 FIG. 1 is a diagrammatic, fragmentary, cross 
Sectional view of a Semiconductor wafer fragment at a 
preliminary Step of a prior art processing Sequence. 

0020 FIG. 2 shows the FIG. 1 wafer fragment at a prior 
art processing Step Subsequent to that of FIG. 1. 

0021 FIG.3 shows the FIG. 1 wafer fragment at a prior 
art processing Step Subsequent to that of FIG. 2. 

0022 FIG. 4 shows the FIG. 1 wafer fragment at a prior 
art processing Step Subsequent to that of FIG. 3. 

0023 FIG. 5 shows the FIG. 1 wafer fragment at a prior 
art processing Step Subsequent to that of FIG. 4. 

0024 FIG. 6 shows the FIG. 1 wafer fragment at a prior 
art processing step subsequent to that of FIG. 5. 

0025 FIG. 7 shows the FIG. 1 wafer fragment at a prior 
art processing Step Subsequent to that of FIG. 6. 

0026 FIG. 8 shows the FIG. 1 wafer fragment at a prior 
art processing step subsequent to that of FIG. 7. 

0027 FIG. 9 shows the FIG. 1 wafer fragment at a prior 
art processing step subsequent to that of FIG. 8. 

0028 FIG. 10 shows the FIG. 1 wafer fragment at a prior 
art processing step subsequent to that of FIG. 9. 
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0029 FIG. 11 shows the FIG. 1 wafer fragment at a prior 
art processing step subsequent to that of FIG. 10. 

0030 FIG. 12 shows the Fig, 1 wafer fragment at a prior 
art processing Step Subsequent to that of FIG. 11. 

0031 FIG. 13 is a schematic, fragmentary, cross-sec 
tional view of a Semiconductor wafer fragment in proceSS 
according to a first embodiment method of the present 
invention. The processing step illustrated in FIG. 13 is 
Subsequent to the prior art processing Step shown in FIG. 3. 

0032 FIG. 14 shows the FIG. 13 wafer fragment at a 
processing step subsequent to that of FIG. 13. 

0033 FIG. 15 shows the FIG. 13 wafer fragment at a 
processing step subsequent to that of FIG. 14. 

0034 FIG. 16 shows the FIG. 13 wafer fragment at a 
processing step subsequent to that of FIG. 15. 

0035 FIG. 17 is a schematic, fragmentary, cross-sec 
tional view of a Semiconductor wafer fragment in proceSS 
according to a Second embodiment method of the present 
invention. The wafer fragment of FIG. 16 is shown at a 
processing Step Subsequent to the prior art processing Step of 
FIG. 4. 

0036 FIG. 18 shows the FIG. 17 wafer fragment at a 
processing step subsequent to that of FIG. 17. 

0037 FIG. 19 shows the FIG. 17 wafer fragment at a 
processing step subsequent to that of FIG. 18. 

0038 FIG. 20 shows the FIG. 17 wafer fragment at a 
processing step subsequent to that of FIG. 19. 

0039 FIG. 21 shows the FIG. 17 wafer fragment at a 
processing step subsequent to that of FIG. 20. 

0040 FIG. 22 is a schematic, fragmentary, cross-sec 
tional view of a Semiconductor wafer fragment in proceSS 
according to a third embodiment method of the present 
invention. The wafer fragment of FIG. 20 is shown at a 
processing Step Subsequent to the prior art processing Step of 
FIG. 4. 

0041 FIG. 23 shows the Fig, 22 wafer fragment at a 
processing Step Subsequent to that of FIG. 22. 

0042 FIG. 24 shows the FIG. 22 wafer fragment at a 
processing step subsequent to that of FIG. 23. 

0043 FIG. 25 shows the FIG. 22 wafer fragment at a 
processing Step Subsequent to that of FIG. 24. 

0044 FIG. 26 is a schematic, fragmentary, cross-sec 
tional view of a Semiconductor wafer fragment in proceSS 
according to a fourth embodiment method of the present 
invention. The wafer fragment of FIG. 26 is shown at a 
processing Step Subsequent to the prior art processing Step of 
FIG 3. 

004.5 FIG. 27 shows the FIG. 26 wafer fragment at a 
processing step subsequent to that of FIG. 26. 

0046 FIG. 28 shows the FIG. 26 wafer fragment at a 
processing step subsequent to that of FIG. 27. 

0047 FIG. 29 shows the FIG. 26 wafer fragment at a 
processing step subsequent to that of FIG. 28. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0.048. This disclosure of the invention is submitted in 
furtherance of the constitutional purposes of the U.S. Patent 
Laws “to promote the progreSS of Science and useful arts” 
(Article 1, Section 8). 
0049. The present invention encompasses methods which 
can alleviate the dips 32 described above with reference to 
the prior art processing shown in FIGS. 1-12. A first embodi 
ment of the present invention is described with reference to 
FIGS. 13-16. In describing the first embodiment, similar 
numbering to that utilized above in describing the prior art 
processing of FIGS. 1-12 will be used, with differences 
indicated by suffix “a” or by different numerals. 
0050 FIG. 13 illustrates a semiconductor wafer fragment 
10a at a preliminary stage of the first embodiment method. 
Specifically, wafer fragment 10a is illustrated at a processing 
step subsequent to the prior art step of FIG. 3. Wafer 
fragment 10a comprises a Semiconductive Substrate 12, an 
oxide layer 14, a nitride layer 16, and a photoresist layer 18. 
Openings 40 extend through oxide layer 14 and nitride layer 
16 and into substrate 12. Oxide layer 14 and nitride layer 16 
ultimately function as masking layers during formation of an 
isolation region, and So can be referred to as a first masking 
layer 14 and a Second masking layer 16. 
0051. The formation of openings 40 can be initiated by 
processing identical to that described above with reference 
to prior art FIG. 3. Specifically, openings 20 (FIG. 3) are 
formed by transferring a pattern from photoresist layer 18 
through first and second masking layers 14 and 16. Openings 
20 (FIG. 3) are then extended into openings 40 by etching 
photoresist layer 18. Such etching reduces a horizontal 
width of photoresist layer 18 and thereby exposes portions 
of underlying Second masking layer 16. The etch of photo 
resist layer 18 can comprise, for example, a dry etch utilizing 
a mixture of an oxygen-containing material and He. The 
oxygen-containing material can comprise, for example, O. 
present in a concentration greater than or equal to about 
10%. Alternatively, the etch can be a dry etch utilizing 100% 
O. The etch will generally remove photoresist faster with 
higher concentrations of O. utilized in the etch than with 
lower concentrations of O. In embodiments in which mask 
ing layerS 14 and 16 comprise oxide and nitride, respec 
tively, the above-described etch conditions can also remove 
polymer from exposed portions of nitride layer 16 and oxide 
layer 14. Such polymer is described in the “Background” 
Section of this disclosure with reference to FIG. 3, and is 
described as protecting nitride Sidewalls 17 and oxide Side 
walls 15 during a silicon etch described with reference to 
FIG. 4. Accordingly, removal of Such polymer layer can 
increase Susceptibility of layerS 14 and 16 to a Subsequent 
Silicon etch. 

0.052 Referring to FIG. 14, wafer fragment 10a is sub 
jected to a Silicon etch, Such as, for example, the HBr etch 
described above with reference to FIG. 4. Such etch extends 
openings 40 into Substrate 12 and also removes exposed 
portions of nitride layer 16 and oxide layer 14. Accordingly, 
the etch moves a furthest lateral periphery of the Second 
masking layer (defined by sidewalls 17) outward from the 
opening without reducing a thickness of the Second masking 
layer. After the etching, openingS 40 comprise a step 42 
(corresponding to rounded corners) below oxide layer 14. 
Step 42 defines a region where a wider upper portion of an 
opening 40 joins to a narrower lower portion of the opening 
40. 
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0053) Referring to FIG. 15, photoresist layer 18 (FIG. 
14) is removed and an oxide layer 44 is thermally formed 
within openingS 40 by, for example, a proceSS analogous to 
that discussed above with reference to the prior art wafer 
fragment of FIG. 5. An exemplary process for thermally 
growing oxide is to expose wafer fragment 10a to a mixture 
of Ar and O, at a temperature of about 1050 C. and a 
pressure of about 1 atmosphere, for a time of from about 10 
to about 15 minutes. After the formation of oxide layer 44, 
Subsequent processing analogous to that discussed above 
with reference to FIG. 6-12 can then be conducted to form 
isolation regions within openingS 40. 
0054 FIG. 16 illustrates wafer fragment 10a after such 
Subsequent processing. Specifically, FIG. 16 shows wafer 
fragment 10a after isolation regions 46 have been formed 
within openings 40 (FIG. 15), and after a polysilicon layer 
38 is provided over the isolation regions. As shown, steps 42 
define an outer lateral periphery of isolation regions 46. 
Such outer periphery is further outward than an outward 
periphery 33 of isolation regions 30 of FIG. 12. Such has 
resulted in the alleviation (shown as elimination) of dips 32 
(FIG. 12) of the prior art isolation regions. 
0055. A second embodiment method of the present inven 
tion is described with reference to FIGS. 17-21. In describ 
ing the Second embodiment, Similar numbering to that 
utilized in describing the prior art of FIGS. 1-12 will be 
used, with differences indicated by the suffix "b" or by 
different numerals. 

0056 Referring to FIG. 17, a wafer fragment 10b is 
illustrated at a preliminary processing Step of the Second 
embodiment method. Specifically, wafer fragment 10b is 
illustrated at a processing Step Subsequent to the prior art 
step illustrated in FIG. 4, with photoresist layer 18 (FIG. 4) 
having been removed. Wafer fragment10b comprises silicon 
substrate 12, oxide layer 14, and nitride layer 16, with layers 
14 and 16 alternatively being referred to as first and second 
masking layers, respectively. OpeningS 50 extend through 
nitride layer 16 and oxide layer 14, and into Substrate 12. 
Openings 50 can be formed in accordance with the methods 
described above with reference to FIG. 4 for forming 
openings 20. 
0057 Referring to FIG. 18, wafer fragment 10b is 
exposed to a wet etch which isotropically etches nitride layer 
16 relative to oxide layer 14 and silicon substrate 12. Such 
etch can comprise, for example, a dip of wafer fragment 10b 
into phosphoric acid (HPO) at a temperature of 150° C. 
and ambient pressure. Such dip has been found to consis 
tently etch Silicon nitride at a rate of about 55 Angstroms per 
minute. The etch reduces a thickness of nitride layer 16 and 
at the same time moves sidewalls 17 of nitride layer 16 
outwardly from openings 50 to widen a top portion of 
openings 50. The nitride etch thus results in the formation of 
steps 52 within openings 50. Steps 52 define a location 
where a wider upper portion of openingS 50 joins a narrower 
lower portion of openings 50. Steps 52 have an upper 
Surface comprising Silicon oxide of oxide layer 14. 
0.058 Preferably, nitride layer 16 has a thickness of at 
least about 600 Angstroms over substrate 12 after the 
above-discussed phosphoric acid etch. If remaining nitride 
layer 16 is less than 600 Angstroms thick, it is found to be 
less capable of functioning as an etch Stop for Subsequent 
etching (such as the etching described with reference to prior 
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art FIG. 7). Typically, from about 50 Angstroms to about 
250 Angstroms of nitride is removed from nitride layer 16 
during the phosphoric acid etch. 

0059 Referring to FIG. 19, substrate 10b is exposed to a 
hydrofluoric acid etchant to Selectively remove portions of 
pad oxide layer 14. The removal of portions of pad oxide 14 
drops StepS 52 to an upper Surface of Substrate 12. In Some 
applications, it can be equally preferable to forego Such pad 
oxide etch and proceed directly to the oxidation described 
with reference to FIG. 20. 

0060 Referring to FIG. 20, wafer fragment 10b is 
exposed to oxidizing conditions which form an oxide layer 
56 within openings 50. Oxide layer 56 overlies steps 52. 
0061 Referring to FIG. 21, wafer fragment 10b is 
exposed to Subsequent processing analogous to the prior art 
processing described above with reference to FIGS. 6-12 to 
form isolation regions 58 and a polysilicon layer 38 over 
lying isolation regions 58. AS shown, StepS 52 define an 
outer lateral periphery of isolation regions 58. Such outer 
periphery is further outward than an outer periphery 33 of 
isolation regions 30 of FIG. 12. Such has resulted in the 
alleviation (shown as elimination) of dips 32 (FIG. 12) of 
the prior art isolation regions. 

0062) A third embodiment of the invention is described 
with reference to FIGS. 22-25. In describing the third 
embodiment, Similar numbering to that utilized above in 
describing the first two embodiments will be used, with 
differences indicated by the suffix “c” or by different numer 
als. 

0063 Referring to FIG. 22, a wafer fragment 10c is 
shown at a preliminary Stage of the third embodiment 
processing. Wafer fragment 10c is shown at a processing 
step Subsequent to that of FIG.4, with a photoresist layer 18 
(FIG. 4) having been removed. Wafer fragment 10c com 
prises a Semiconductor Substrate 12, a pad oxide layer 14, 
and a silicon nitride layer 16, with layers 14 and 16 
alternatively being referred to as first and Second masking 
layers, respectively. OpeningS 60 extend through layerS 16 
and 14, and into Substrate 12. 

0064) Referring to FIG. 23, nitride layer 16 is subjected 
to a facet etch to reduce a thickness of portions of nitride 
layer 16 proximate edges 17. The facet etching can com 
prise, for example, a plasma etch utilizing argon in combi 
nation with a fluorine-containing compound (e.g., CHF). 
Preferably, the mixture of argon and fluorine-containing gas 
comprises less than or equal to about 5% fluorine-containing 
gas (by volume). An exemplary pressure condition of the 
facet-etching is from about 2 mTorr to about 20 mTorr. 

0065. Either before or after the facet etching, wafer 
fragment 10c is subjected to HF etching to remove portions 
of oxide layer 14 from under edges 17 of nitride layer 16. 
The removal of the portions of oxide layer 14 leaves exposed 
corners 61 of an upper Surface of Silicon Substrate 12. 

0.066 Referring to FIG. 24, wafer fragment 10c is sub 
jected to oxidation which forms an oxide layer 62 within 
openings 60. The facet etching of nitride layer 16 prior to 
thermal oxidation results in rounding of corners 61 due to 
lifting of the edges of faceted nitride layer 16. The rounding 
of cornerS 61 is more pronounced than rounding of any 
analogous corners in the prior art processing described 
above with reference to FIG. 5. 
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0067 Subsequent processing analogous to the prior art 
processing of FIGS. 6-12 results in a structure shown in 
FIG. 25 comprising isolation regions 64 and a polysilicon 
layer 66 overlying isolation region 64. It is noted that the 
faceted edges of nitride layer 16 can lead to overhanging 
oxide ledges (not shown) of the isolation oxide formed 
during application of the Subsequent processing of FIGS. 
6-12 to the structure of FIG. 24. If such overhanging oxide 
ledges are formed, they are preferably removed prior to 
formation polysilicon layer 66. Such overhanging oxide 
ledges can be removed by, for example, chemical-mechani 
cal polishing of the isolation oxide. 
0068 FIG. 25 illustrates that rounded corners 61 have 
alleviated formation of dips 32 (FIG. 12) of the prior art. 
0069. A fourth embodiment of the present invention is 
described with reference to FIGS. 26-29. In describing the 
fourth embodiment, similar numbering to that utilized above 
in describing the first three embodiments will be used, with 
differences indicated by the suffix "d” or by different numer 
als. 

0070 Referring to FIG. 26, a wafer fragment 10d is 
shown at a preliminary Stage of the fourth embodiment 
method. Specifically, wafer fragment 10d is shown at a 
processing Step Subsequent to the prior art processing Step of 
FIG. 3. Wafer fragment 10d comprises a substrate 12, a pad 
oxide layer 14 and a nitride layer 16, with layers 14 and 16 
alternatively being referred to as first and Second masking 
layers, respectively. Additionally, Substrate 12 comprises a 
photoresist layer 18 and openings 70 extending through 
layers 18, 16 and 14, and into substrate 12. Openings 70 can 
be formed by, for example, prior art methods described 
above for forming openings 20 of FIG. 3. After formation of 
openings 70, photoresist layer 18 is etched back by, for 
example, a dry etch utilizing an oxygen-containing material, 
Such as the etch described above with reference to FIG. 13. 
Such etch exposes portions of nitride layer 16, while leaving 
other portions covered by photoresist 18. 
0071 Referring to FIG. 27, the exposed portions of 
nitride layer 16 are exposed to addition etching conditions, 
Such as, for example, a phosphoric acid etch as described 
above with reference to FIG. 18, to reduce a thickness of the 
exposed portions of the nitride layer. Specifically, the origi 
nal nitride layer had a thickness of “A” (which remains the 
thickness of an unetched central region of the nitride layer), 
and the etched portion of the nitride layer (the edge regions) 
has a thickness of “B”. Preferably, “B” is about one-half 
“A”. The etching does not move the furthest lateral periph 
ery of nitride layer 16 (defined by sidewall 17) outward from 
openings 70. 

0072 Referring to FIG. 28, wafer fragment 10d is 
exposed to oxidizing conditions which grow an oxide layer 
72 within openings 70. The thinned regions of nitride layer 
16 are relatively easily lifted by the growing oxide such that 
“birds beaks” are formed under the thinned regions of nitride 
layer 16. The birds beaks are extended relative to any birds 
beaks formed during the prior art processing described 
above with reference to FIG. 5. Photoresist layer 18 is 
removed prior to the exposure of wafer fragment 10d to 
oxidizing conditions. 
0073) Referring to FIG. 29, wafer fragment 10d is 
exposed to Subsequent processing conditions analogous to 
the prior art processing described above with reference to 
FIGS. 6-12 to form isolation regions 74 and polysilicon 
layer 38 overlying isolation regions 34. It is noted that the 
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reduced-thickness edges of nitride layer 16 can lead to 
overhanging oxide ledges (not shown) of the isolation oxide 
formed during application of the Subsequent processing of 
FIGS. 6-12 to the structure of FIG. 27. If such overhanging 
oxide ledges are formed, they are preferably removed prior 
to formation polysilicon layer 38. Such overhanging oxide 
ledges can be removed by, for example, chemical-mechani 
cal polishing of the isolation oxide. 
0074 The processing of FIGS. 26-29 alleviates the prior 
art dips 32 described above in the “Background” section 
(shown as elimination of dips 32). 
0075. In compliance with the statute, the invention has 
been described in language more or leSS Specific as to 
Structural and methodical features. It is to be understood, 
however, that the invention is not limited to the specific 
features shown and described, Since the means herein dis 
closed comprise preferred forms of putting the invention 
into effect. The invention is, therefore, claimed in any of its 
forms or modifications within the proper Scope of the 
appended claims appropriately interpreted in accordance 
with the doctrine of equivalents. 

1. An isolation region forming method comprising: 
forming openings through first and Second masking layers 

over a Substrate, the Second masking layer being over 
the first masking layer; 

after forming the openings, removing portions of the 
Second masking layer while leaving Some of the Second 
masking layer remaining over the Substrate; and 

after removing portions of the Second masking layer, 
forming an insulative material within the etch open 
ings, the insulative material within the etch openings 
forming at least portions of isolation regions. 

2. The method of claim 1 wherein the first masking layer 
comprises Silicon dioxide and the Second masking layer 
comprises Silicon nitride. 

3. The method of claim 1 wherein the Substrate comprises 
Silicon and the forming insulative material comprises: 

thermally growing a first Silicon dioxide layer from the 
Substrate within the openings, and 

depositing a Second Silicon dioxide layer within the 
openings and over the first Silicon dioxide layer. 

4. The method of claim 1 wherein the removing portions 
of the Second masking layer reduces a thickness of the 
Second masking layer without moving a lateral periphery of 
the Second masking layer outward from the opening. 

5. The method of claim 1 wherein the removing portions 
of the Second masking layer moves a lateral periphery of the 
Second masking layer outward from the opening without 
reducing a thickness of the Second masking layer. 

6. The method of claim 1 wherein the removing portions 
of the Second masking layer moves a lateral periphery of the 
Second masking layer outward from the opening and reduces 
a thickness of the Second masking layer. 

7. The method of claim 1 further comprising forming a 
patterned layer of photoresist over the Second masking layer 
before forming the openings through the first and Second 
masking layers, the forming the openings through the first 
and Second masking layerS comprising transferring a pattern 
from the patterned photoresist to the first and Second mask 
ing layers, at least Some of the photoresist remaining over 
the Second masking layer during the removing portions of 
the Second masking layer. 
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8. The method of claim 1 further comprising: 
forming a patterned layer of photoresist over the Second 

masking layer before forming the openings through the 
first and Second masking layers, the forming the open 
ings through the first and Second masking layers com 
prising transferring a pattern from the patterned pho 
toresist to the first and Second masking layers, and 

removing the photoresist from over the Second masking 
layer prior to the removing portions of the Second 
masking layer. 

9. An isolation region forming method comprising: 
forming openings through first masking and Second mask 

ing layerS and into a Substrate underlying the first and 
Second masking layers, the Second masking layer being 
Over the first masking layer; 

removing portions of the Second masking layer while 
leaving Some of the Second masking layer remaining 
Over the Substrate; and 

after removing portions of the Second masking layer, 
thermally oxidizing the Substrate within the openings to 
form an oxide layer within the openings, the oxide layer 
within the openings forming at least portions of isola 
tion regions. 

10. The method of claim 9 wherein the first masking layer 
comprises Silicon dioxide and the Second masking layer 
comprises Silicon nitride. 

11. The method of claim 9 wherein the Substrate com 
prises Silicon and further comprising depositing a Second 
Silicon dioxide layer within the openings and over the 
thermally grown oxide layer. 

12. The method of claim 9 wherein the removing portions 
of the Second masking layer reduces a thickness of the 
Second masking layer without moving a lateral periphery of 
the Second masking layer outward from the opening. 

13. The method of claim 9 wherein the removing portions 
of the Second masking layer moves a lateral periphery of the 
Second masking layer outward from the opening without 
reducing a thickness of the Second masking layer. 

14. The method of claim 9 wherein the removing portions 
of the Second masking layer moves a lateral periphery of the 
Second masking layer outward from the opening and reduces 
a thickness of the Second masking layer. 

15. The method of claim 9 further comprising forming a 
patterned layer of photoresist over the Second masking layer 
before forming the openings through the first and Second 
masking layers, the forming the openings through the first 
and Second masking layerS comprising transferring a pattern 
from the patterned photoresist to the first and Second mask 
ing layers, at least Some of the photoresist remaining over 
the Second masking layer during the removing portions of 
the Second masking layer. 

16. The method of claim 9 further comprising: 
forming a patterned layer of photoresist over the Second 

masking layer before forming the openings through the 
first and Second masking layers, the forming the open 
ings through the first and Second masking layers com 
prising transferring a pattern from the patterned pho 
toresist to the first and Second masking layers, and 

removing the photoresist from over the Second masking 
layer prior to the removing portions of the Second 
masking layer. 
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17. An isolation region forming method comprising: 
forming a first masking layer over a Substrate; 
forming a Second masking layer over the first masking 

layer, the first and Second masking layerS having a 
pattern of openings extending therethrough to expose 
portions of the underlying Substrate, 

etching the exposed portions of the underlying Substrate 
to form openings extending into the Substrate; 

after etching the exposed portions of the underlying 
Substrate, removing portions of the Second masking 
layer while leaving Some of the Second masking layer 
remaining over the Substrate; and 

after removing portions of the Second masking layer, 
forming an insulative material within the openings in 
the Substrate, the insulative material within the open 
ings forming at least portions of isolation regions. 

18. The method of claim 17 wherein the first masking 
layer comprises Silicon dioxide and the Second masking 
layer comprises Silicon nitride. 

19. The method of claim 17 wherein the second masking 
layer comprises lateral Sidewalls along the openings extend 
ing through the Second masking layer, and wherein the 
removing portions of the Second masking layer displaces the 
lateral Sidewalls away from the openings. 

20. The method of claim 17 wherein the second masking 
layer comprises a thickness over the first masking layer, and 
wherein the removing portions of the Second masking layer 
reduces the thickness of at least Some of the remaining 
Second masking layer. 

21. The method of claim 17 wherein the second masking 
layer comprises a thickness over the first masking layer, and 
wherein the removing portions of the Second masking layer 
reduces the thickness of an entirety of the remaining Second 
masking layer. 

22. The method of claim 17 wherein the removing por 
tions of the Second masking layer comprises facet etching 
the Second masking layer. 

23. The method of claim 17 further comprising: 
after removing portions of the Second masking layer, 

etching the Substrate to extend the openings formed in 
the Substrate further into the Substrate. 

24. An isolation region forming method comprising: 
forming a masking layer over a Substrate; 
forming a pattern of openings extending through the 

masking layer and into the underlying Substrate; 
after forming the openings, facet etching the first masking 

layer; and 
after the facet etching, forming insulative material within 

the openings extended into the Substrate, the insulative 
material within the openings forming at least portions 
of isolation regions. 

25. The method of claim 24 wherein the masking layer 
comprises Silicon nitride. 

26. The method of claim 24 wherein the Substrate com 
prises Silicon and the forming insulative material comprises: 

thermally growing a first Silicon dioxide layer from the 
Substrate within the openings, and 

depositing a Second Silicon dioxide layer within the 
openings and over the first Silicon dioxide layer. 
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27. An isolation region forming method comprising: 
forming a masking layer over a Substrate; 
forming a pattern of openings extending through the 

masking layer and into the underlying Substrate, the 
first masking layer having edge regions proximate the 
openings and having a central region between the edge 
regions; 

after extending the openings into the underlying Substrate, 
reducing a thickness of the first layer at the edge 
regions to thin the edge regions relative to the central 
region; and 

forming insulative material within the openings extended 
into the Substrate, the insulative material within the 
openings forming at least portions of isolation regions. 

28. The method of claim 27 wherein the masking layer 
comprises Silicon nitride. 

29. The method of claim 27 wherein the Substrate com 
prises Silicon and the forming insulative material comprises: 

thermally growing a first Silicon dioxide layer from the 
Substrate within the openings, and 

depositing a Second Silicon dioxide layer within the 
openings and over the first Silicon dioxide layer. 

30. The method of claim 27 further comprising forming a 
patterned photoresist layer over the masking layer, and 
wherein the forming openings comprises transferring a 
pattern from the patterned photoresist layer to the masking 
layer, the reducing the thickness of the Silicon nitride layer 
at the edge regions comprising: 
removing a portion of the photoresist overlying the mask 

ing layer edge regions while leaving another portion of 
the photoresist overlying the masking layer central 
region; and 

after removing the portion of the photoresist, and while 
Said other portion of the photoresist is over the masking 
layer central region, exposing the masking layer to 
etching conditions which reduce the thickness of the 
masking layer at the edge regions. 

31. An isolation region forming method comprising: 

forming a Silicon nitride layer over a Substrate, the Silicon 
nitride layer having a pattern of openings extending 
therethrough to expose portions of the underlying Sub 
Strate, 

etching the exposed portions of the underlying Substrate 
to form openings extending into the Substrate; 

after etching the exposed portions of the underlying 
Substrate, wet etching the Silicon nitride layer to 
remove portions the Silicon nitride layer while leaving 
other portions of the silicon nitride layer over the 
Substrate; and 

after the wet etching, forming oxide within the openings 
in the Substrate, the oxide within the openings forming 
at least portions of isolation regions. 

32. The method of claim 31 further comprising: 
forming a Silicon oxide layer over the Substrate; and 
the forming the Silicon nitride layer comprising forming 

the Silicon nitride layer over the Silicon oxide layer. 
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33. The method of claim 31 wherein said other portions of 
the silicon nitride layer have a thickness of at least about 600 
A after the wet etching. 

34. The method of claim 31 the wet etching comprises 
exposing the Silicon nitride layer to phosphoric acid. 

35. An isolation region forming method comprising: 
forming a Silicon nitride layer over a Substrate; 
forming a masking layer over the Silicon nitride layer; 
forming a pattern of openings extending through the 

masking layer to the Silicon nitride layer; 
extending the openings through the Silicon nitride layer to 

the underlying Substrate with a first etch, the Silicon 
nitride layer comprising edge regions proximate the 
openings and having a central region between the edge 
regions, 

extending the openings into the underlying Substrate with 
a Second etch, the Second etch forming a polymer Over 
the edge regions, 

after extending the openings into the underlying Substrate, 
exposing the Silicon nitride layer and masking layer to 
dry etching conditions to remove the polymer from the 
edges of the Silicon nitride layer and to remove portions 
of the masking layer while leaving other portions of the 
masking layer remaining over the Silicon nitride layer; 

after the dry etching, further extending the openings into 
the Substrate; and 

after the further extending, forming oxide within the 
openings in the Substrate, the oxide within the openings 
forming at least portions of isolation regions. 

36. The method of claim 35 wherein the second etch 
comprises different conditions than the first etch. 

37. The method of claim 35 wherein the second etch 
comprises a dry plasma etch utilizing CF/HBr and the first 
etch comprises a dry plasma etch utilizing at least one of CF 
and CHF. 

38. The method of claim 35 further comprising: 
forming a Silicon oxide layer over the Substrate; and 
the forming the Silicon nitride layer comprising forming 

the Silicon nitride layer over the Silicon oxide layer. 
39. The method of claim 35 wherein the dry etching 

comprises exposing the Silicon nitride layer and masking 
layer to an OXygen-containing gas. 

40. The method of claim 35 wherein the masking layer 
comprises photoresist and the dry etching comprises expos 
ing the Silicon nitride layer and masking layer to an oxygen 
containing gas. 

41. The method of claim 35 wherein the dry etching 
comprises exposing the Silicon nitride layer and masking 
layer to O. 

42. An isolation region forming method comprising: 
forming a Silicon nitride layer over a Substrate; 
forming a masking layer over the Silicon nitride layer; 
forming a pattern of openings extending through the 

masking layer to the Silicon nitride layer; 
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extending the openings through the Silicon nitride layer to 
the underlying Substrate, the Silicon nitride layer having 
edge regions proximate the openings and having a 
central region between the edge regions, 

extending the openings into the underlying Substrate; 
after extending the openings into the underlying Substrate, 

reducing a thickness of the Silicon nitride layer at the 
edge regions to thin the edge regions relative to the 
central region; and 

forming oxide within the openings extended into the 
Substrate, the oxide within the openings forming at 
least portions of isolation regions. 

43. The method of claim 42 further comprising forming a 
Silicon oxide layer over the Substrate, the forming the Silicon 
nitride layer comprising forming the Silicon nitride layer 
over the Silicon oxide layer. 

44. The method of claim 42 wherein a thickness of the 
central region is Substantially unchanged as the thickness of 
the edge regions is reduced. 

45. The method of claim 42 wherein the reducing the 
thickness of the Silicon nitride layer at the edge regions 
comprises: 

removing a portion of the masking layer overlying the 
Silicon nitride layer edge regions while leaving another 
portion of the masking layer overlying the Silicon 
nitride central region; and 

after removing the portion of the masking layer, and while 
Said other portion of the masking layer is over the 
Silicon nitride central region, eXposing the Silicon 
nitride layer to etching conditions which reduce the 
thickness of the Silicon nitride layer at the edge regions. 

46. The method of claim 45 wherein the etching condi 
tions anisotropically etch the Silicon nitride layer. 

47. The method of claim 42 wherein the reducing the 
thickness of the Silicon nitride layer at the edge regions 
comprises: 

removing the masking layer; and 
facet etching the Silicon nitride layer to form faceted 

edges at the edge regions. 48. The method of claim 42 
further comprising: 

forming a Silicon oxide layer over the Substrate; 
the forming the Silicon nitride layer comprising forming 

the Silicon nitride layer over the Silicon oxide layer; 
after forming the Silicon nitride layer and extending the 

openings into the underlying Substrate, removing a 
portion of the Silicon oxide layer underlying the Silicon 
nitride layer edge regions to undercut the edge regions, 
and 

the reducing the thickness of the Silicon nitride layer at the 
edge regions comprising: 
removing the masking layer; and 
facet etching the Silicon nitride layer to form faceted 

edges at the edge regions. 
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