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(57) ABSTRACT 

The invention includes polishing processes, methods of 
polishing materials, methods for slowing a rate of material 
removal of a polishing process, and methods of forming 
trench isolation regions. In one aspect, the invention 
includes a method comprising: a) forming a material over a 
Surface of a Substrate; b) providing a Substantially nonpo 
rous polishing pad and a chemical composition proximate 
the material, the material being Substantially wettable to the 
chemical composition, the Substrate Surface and Substan 
tially non-porous polishing pad being Substantially non 
wettable to the chemical composition; and c) polishing the 
material with the Substantially non-porous polishing pad and 
the chemical composition. In another aspect, the invention 
includes a method comprising: a) forming a first Silicon 
dioxide layer over a Substrate; b) forming a polysilicon layer 
over the first Silicon dioxide layer, the polysilicon layer 
having an upper Surface; c) forming an opening through the 
polysilicon layer, through the first Silicon dioxide layer, and 
into the Substrate; d) forming a second layer of Silicon 
dioxide within the opening and over the polysilicon layer 
upper Surface, the Second layer of Silicon dioxide Substan 
tially completely filling the opening; and e) polishing the 
Second Silicon dioxide from over the polysilicon layer upper 
Surface utilizing a Substantially non-porous hydrophobic 
material polishing pad and a water-comprising chemical 
composition. 
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METHODS OF POLISHING MATERIALS, 
METHODS OF SLOWING ARATE OF MATERIAL 
REMOVAL OF A POLISHING PROCESS, AND 
METHODS OF FORMING TRENCH ISOLATION 

REGIONS 

TECHNICAL FIELD 

0001. This invention pertains to methods of polishing 
materials in Semiconductor assemblies and to methods of 
Slowing a rate of material removal of a polishing proceSS 
during formation of Semiconductor assemblies. 

BACKGROUND OF THE INVENTION 

0002. In modern semiconductor device applications, hun 
dreds of individual devices may be packed onto a single 
Small area of a Semiconductor Substrate. Many of these 
individual devices may 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 com 
prise a trench or cavity formed within the substrate and be 
filled with an insulative material, Such as Silicon dioxide. 

0.003 Prior art methods of forming trench structures are 
described with reference to FIGS. 1-4. 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. Nitride layer 16 com 
prises an upper Surface 17, upon which photoresist layer 18 
is Supported. Semiconductive material 12 commonly com 
prises monocrystalline Silicon which is lightly doped with a 
conductivity enhancing dopant. 

0004 Referring to FIG. 2, patterned photoresist layer 18 
is used as a mask for an etching process. During the etch, 
unmasked portions of nitride layer 16, oxide layer 14, and 
semiconductive material 12 are removed to form a trench 20 
extending within the Semiconductive material 12. 
0005 Referring to FIG. 3, photoresist layer 18 is 
removed. Subsequently, an oxide fill layer 24 is formed over 
nitride layer 16 and within trench 20. 
0006 Referring to FIG. 4, layer 24 is removed, generally 
by an abrasion technique Such as chemical-mechanical pol 
ishing (CMP), inwardly to about upper surface 17 of nitride 
layer 16. Such polishing forms an oxide plug 26 within the 
Semiconductor material 12. 

0007. A difficulty of polishing processes can be in stop 
ping the polishing process at a desired level, Such as at about 
upper surface 17. It would therefore be desirable to develop 
improved polishing processes, and to apply Such polishing 
processes toward developing improved processes of forming 
field isolation regions. 

SUMMARY OF THE INVENTION 

0008. The invention encompasses polishing processes, 
methods of polishing materials, methods of Slowing a rate of 
material removal of a polishing process, and methods of 
forming trench isolation regions. 
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0009. In one aspect, the invention encompasses a method 
for polishing a material in which the material is formed over 
a Surface of a Substrate. A chemical composition and a 
Substantially non-porous polishing pad are provided proxi 
mate to the material. The material is substantially wettable 
to the chemical composition, while the Substrate Surface and 
Substantially non-porous polishing pad are Substantially 
non-wettable to the chemical composition. The material is 
polished with the Substantially non-porous polishing pad 
and chemical composition to expose at least Some of the 
Surface of the Substrate. 

0010. In another aspect, the invention encompasses a 
method for slowing a rate of material removal of a polishing 
process at a Surface. A first layer having an upper Surface is 
formed over a Substrate. A Second layer is formed over the 
first layer upper Surface. The Second layer is more hydro 
philic than the first layer. After the Second layer is formed, 
a Substantially non-porous hydrophobic material polishing 
pad and a water-comprising chemical composition are uti 
lized to polish to the first layer upper Surface. 
0011. In yet another aspect, the invention encompasses a 
method of forming a trench isolation region. A first Silicon 
dioxide layer is formed over a Semiconductive material 
Substrate. A polysilicon layer having an upper Surface is 
formed over the first Silicon dioxide layer. An opening is 
formed through the polysilicon layer, through the first Sili 
con dioxide layer, and into the Semiconductive material 
substrate. A second layer of silicon dioxide is formed within 
the opening and over the polysilicon layer upper Surface. 
The second layer of silicon dioxide substantially completely 
fills the opening. The Second layer of Silicon dioxide is 
polished from over the polysilicon layer upper Surface 
utilizing a Substantially non-porous hydrophobic material 
polishing pad and a water-comprising chemical composi 
tion. The polishing removes the Silicon dioxide at a material 
removal rate. The material-removal rate slows upon reach 
ing about the polysilicon layer upper Surface. After the 
polishing, a plug of Silicon dioxide remains within the 
opening in the Semiconductive Substrate. The plug is a 
trench isolation region. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012 Preferred embodiments of the invention are 
described below with reference to the following accompa 
nying drawings. 

0013 FIG. 1 is a schematic, cross-sectional, fragmentary 
View of a Semiconductor wafer fragment at a preliminary 
processing Step in accordance with a prior art processing 
Sequence. 

0014 FIG. 2 shows the FIG. 1 wafer fragment at a prior 
art processing Step Subsequent to that of FIG. 1. 
0.015 FIG.3 shows the FIG. 1 wafer fragment at a prior 
art processing Step Subsequent to that of FIG. 2. 
0016 FIG. 4 shows the FIG. 1 wafer fragment at a prior 
art processing Step Subsequent to that of FIG. 3. 
0017 FIG. 5 is a schematic, cross-sectional, fragmentary 
View of a Semiconductor wafer fragment at a preliminary 
processing Step of a method of the present invention. 
0018 FIG. 6 shows the FIG. 5 wafer fragment at a 
processing step subsequent to that of FIG. 5. 
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0019 FIG. 7 shows the FIG. 5 wafer fragment at a 
processing Step Subsequent to that of FIG. 6. 
0020 FIG. 8 shows the FIG. 5 wafer fragment at a 
processing step subsequent to that of FIG. 7. 

0021 FIG. 9 shows the FIG. 5 wafer fragment at a 
processing Step Subsequent to that of FIG. 8, processed 
according to a first embodiment of the present invention. 
0022 FIG. 10 shows the FIG. 5 wafer fragment at a 
processing Step Subsequent to FIG. 8, processed according 
to a Second embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0023 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). 
0024. One preferred embodiment of the present invention 
is described with reference to FIGS. 5-10. Referring first to 
FIG. 5, a wafer fragment 50 is illustrated at a preliminary 
step of a method of the present invention. Wafer fragment 50 
comprises a Semiconductive Substrate 52 upon which is 
formed a pad layer 54, a first material layer 56, and a 
patterned masking layer 58. Pad layer 54 comprises an upper 
surface 55 over which is formed first material layer 56, and 
first material layer 56 comprises an upper surface 57 over 
which is formed patterned masking layer 58. Patterned 
masking layer 58 covers a portion of first material layer 56, 
and leaves a portion of layer 56 exposed. 
0.025 To aid in interpretation of the claims that follow, 
the term "semiconductive Substrate' is defined to mean any 
construction comprising Semiconductive material, includ 
ing, but not limited to, bulk Semiconductive materials Such 
as a semiconductive 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 support 
ing Structure, including, but not limited to, the Semiconduc 
tive Substrates described above. For instance, the term 
“substrate” could encompass material 52 and/or one or both 
of layers 54 and 56. 
0.026 Semiconductive substrate 52 may comprise, for 
example, monocrystalline Silicon which is lightly doped 
with a conductivity-enhancing dopant. Pad layer 54 prefer 
ably comprises a material which is Selectively etchable 
relative to semiconductive substrate 52. Pad layer 54 may 
alternatively be referred to as an intermediate layer 54. First 
material layer 56 preferably comprises a material which is 
Substantially non-wettable by a polishing Solution under 
conditions which will be described in more detail below. In 
a particular embodiment of the present invention, Semicon 
ductive Substrate 52 comprises monocrystalline Silicon, pad 
layer 54 comprises Silicon dioxide, and first material layer 
56 comprises polysilicon. Patterned masking layer 58 can 
comprise, for example, photoresist. 

0027. Referring to FIG. 6, an opening 60 is formed 
through layers 54 and 56, and into substrate 52. Opening 60 
is formed by removing portions of layer 56, layer 54 and 
Semiconductive Substrate 52 exposed through patterned pho 
toresist 58. Opening 60 can be formed by methods known to 
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persons of ordinary skill in the art. Such methods will vary, 
depending on the composition of Semiconductive Substrate 
52 and layers 54 and 56. For instance, if semiconductive 
substrate 52 comprises monocrystalline silicon, layer 54 
comprises Silicon dioxide, and layer 56 comprises polysili 
con, opening 60 can be formed by a wet etch. 
0028 Referring to FIG. 7, photoresist masking layer 58 
is removed and a Second material layer 62 is formed 
outwardly of layer 56 and within opening 60. Second 
material layer 62 may alternatively be referred to as a plug 
layer 62. In methods of forming a trench isolation region, 
plug material layer 62 will preferably comprise an insulative 
material. An example insulative material is Silicon dioxide. 
Plug material layer 62 can be formed by conventional 
methods. 

0029) Referring to FIG. 8, plug material 62 is removed 
from over first material layer upper surface 57 by a polishing 
method. In accordance with the present invention, layer 62 
is polished utilizing a Substantially non-porous material 
polishing pad and a chemical composition to which layer 62 
is substantially wettable and to which layer 56 and the 
polishing pad material are Substantially non-wettable. For 
instance, in applications in which layer 62 comprises a 
Substantially hydrophilic material, Such as Silicon dioxide, 
and layer 56 comprises a Substantially hydrophobic material, 
Such as polysilicon, an exemplary chemical composition of 
the present invention will be aqueous and pH about 11. 
Polishing particles, Such as alumina or Silica, could of course 
also be provided. 
0030 The polishing removes material of layer 62 
exposed to the polishing pad at a material-removal rate. 
After enough of the material of layer 62 is removed, at least 
Some of upper surface 57 of layer 56 is exposed to the 
polishing pad. The material of layer 62 exposed to the 
polishing pad is less readily removed by the polishing pad 
after upper Surface 57 is exposed to the polishing pad. Thus, 
the material-removal rate slows after the upper surface 57 of 
layer 56 is exposed to the polishing pad. The material 
removal rate can continue to slow as the amount of Surface 
57 exposed to the polishing pad increaseS relative to the 
amount of layer 62 exposed to the pad. The material 
removal rate can Slow to Zero, or about Zero, if a Sufficient 
amount of Surface 57 is exposed to the polishing pad. 
0031 One possible mechanism of the invention is that the 
Substantially non-porous, Substantially non-wettable polish 
ing pad and substantially non-wettable layer 56 inhibit the 
chemical composition from Seeping between the pad and 
layer 56, and actually repel the chemical composition there 
from. The material-removal rate becomes about Zero when 
the chemical composition is no longer between the polishing 
pad and layer 62. A polishing method which would likely 
Substantially Stop removing material when a chemical com 
position is no longer between a polishing pad and an 
underlying material is, for example, a chemical-mechanical 
polishing method. It is noted, however, that the Scope of the 
invention is to be limited only in accordance with the 
language of the claims that follow, properly interpreted in 
accordance with the doctrine of equivalents, and not Solely 
by the mechanism discussed above. 
0032. The polishing of layer 62 substantially removes 
layer 62 from outwardly of layer 56 and leaves a plug 64 
within opening 60 (shown in FIG. 7). Plug 64 preferably 



US 2001/0018314 A1 

comprises a Substantially planar upper Surface 65 which is 
substantially co-planar with upper surface 57 of layer 56. In 
applications in which plug 64 comprises an insulative mate 
rial, Such as, for example, Silicon dioxide, plug 64 can be a 
trench isolation region. 
0033 FIGS. 9 and 10 illustrate two alternative process 
ing embodiments which can occur after formation of a 
trench isolation, or other, region 64. In the embodiments of 
FIGS. 9 and 10, trench isolation region 64 comprises silicon 
dioxide, first material layer 56 comprises polysilicon, and 
pad layer 54 comprises a material to which polysilicon is 
Selectively etchable, Such as Silicon dioxide. 
0034) Referring to FIG. 9, polysilicon layer 56 (shown in 
FIG. 8) is selectively removed from over layer 54 to leave 
a step 66 of plug 64 exposed outwardly of upper surface 55 
of layer 54. Methods for selectively removing polysilicon 
layer 56 will vary depending upon the composition of pad 
layer 54. An example method when pad layer 54 comprises 
silicon dioxide would be a wet etch utilizing KOH or 
NHOH. 
0035) Referring next to FIG. 10, polysilicon layer 56 
(shown in FIG. 8) can be oxidized to form an insulative 
silicon dioxide layer 70 over intermediate layer 54. Methods 
for oxidizing polysilicon layer 56 are known to perSons of 
ordinary skill in the art and can comprise, for example, 
oxidation in a furnace utilizing an ambient comprising O 
and H2O. 
0.036 Intermediate layer 54 is an optional layer. In 
embodiments, such as that of FIG. 9, wherein layer 56 is 
ultimately to be removed from over semiconductive sub 
Strate 52, layer 54 can be advantageous. For instance, layer 
54 can enable a layer 56 to be selectively removed from over 
a Semiconductive Substrate 52 comprising a material to 
which layer 56 is not readily or easily selectively etchable. 
Such circumstance can occur if layer 56 comprises polysili 
con and Semiconductive Substrate 52 comprises monocryS 
talline silicon. In such embodiments, optional layer 54 is 
preferably provided. 
0037. In embodiments in which layer 56 would be selec 
tively etchable relative to semiconductive substrate 52, or in 
which layer 56 is not ultimately to be removed from over 
semiconductive substrate 52, layer 54 might not be pro 
Vided. Such embodiments comprise, for example, the 
embodiment of FIG. 10 wherein layer 56 is polysilicon and 
ultimately oxidized to form an insulative material which 
remains on Semiconductive Substrate 52. 

0.038 Although the invention has been described with 
layers 54 and 56 formed outwardly of semiconductive 
Substrate 52, it is to be understood that in alternative 
applications, which are not shown, layers 54 and 56 could be 
eliminated. In Such alternative applications, layer 62 could 
comprise a material Substantially wettable to a chemical 
composition, and Semiconductive Substrate 52 and the pol 
ishing pad could comprise materials Substantially non-wet 
table to the chemical composition. Further, it is to be 
understood that, although the invention has been described 
in an application in which an opening was formed within a 
material, the invention has application to any method in 
which a material is to be selectively polished relative to 
another material. Such applications, as will be recognized by 
perSons of ordinary skill in the art, extend beyond applica 
tions of forming and filling openings in materials. 
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0039. Additionally, it is to be understood that, although 
the invention has been described in an application wherein 
a material which is to be polished (layer 62 in the above 
description) is formed over a Substrate upper Surface, the 
invention also applies to applications in which Such material 
is formed outwardly of a Substrate upper Surface, without 
necessarily extending over the Substrate upper Surface. Such 
applications would include, for example, applications in 
which the material is formed as a pillar extending through an 
opening in a Substrate and outwardly of a Substrate upper 
Surface. 

0040. 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. A method of polishing a material comprising: 

forming a material over a Surface of a Substrate; 
providing a Substantially non-porous polishing pad and a 

chemical composition proximate the material, the 
material being Substantially wettable to the chemical 
composition, the Substrate Surface and Substantially 
non-porous polishing pad being Substantially non-wet 
table to the chemical composition; and 

polishing the material with the Substantially non-porous 
polishing pad and the chemical composition to expose 
at least Some of the Surface of the Substrate. 

2. The method of claim 1 wherein the polishing removes 
material exposed to the polishing pad at a material-removal 
rate, and wherein the material-removal rate slows as the 
Surface of the Substrate is exposed to the polishing pad. 

3. The method of claim 1 wherein the polishing removes 
material exposed to the polishing pad at a material-removal 
rate, wherein the chemical composition is between the 
polishing pad and the material during the polishing, wherein 
the chemical composition is displaced from under the pol 
ishing pad as the Surface of the Substrate is exposed to the 
polishing pad, and wherein the material-removal rate slows 
as the Surface of the Substrate is exposed to the polishing 
pad. 

4. The method of claim 1 further comprising: 

continuing polishing of the material at least until an 
exposed Surface area of the Substrate exceeds all 
remaining eXposed Surface area of the material. 

5. The method of claim 1 wherein the material is hydro 
philic. 

6. The method of claim 1 wherein the material is not 
hydrophilic. 

7. A method of polishing a material comprising: 

blanket depositing a material within an opening in a 
Substrate and outwardly of a Surface of the Substrate; 

providing a Substantially non-porous polishing pad and a 
polishing is Solution proximate the material, the mate 
rial being Substantially wettable to the polishing Solu 
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tion, the Substrate Surface and Substantially non-porous 
polishing pad being Substantially non-wettable to the 
polishing Solution; and 

polishing the material with the Substantially non-porous 
polishing pad and the polishing Solution to expose at 
least Some of the Surface of the Substrate and form at 
least one isolated region of the material. 

8. The method of claim 7 wherein the material is formed 
over the Surface of the Substrate. 

9. The method of claim 7 wherein the material is hydro 
philic. 

10. The method of claim 7 wherein the material is not 
hydrophilic. 

11. A method of polishing a hydrophilic material com 
prising: 

forming hydrophilic material within an opening in a 
Substrate, the Substrate having a hydrophobic Surface, 
the hydrophilic material being formed outwardly of the 
hydrophobic Surface; and 

polishing the hydrophilic material with a Substantially 
non-porous hydrophobic material polishing pad and a 
water-comprising chemical composition to expose at 
least Some of the hydrophobic Surface. 

12. The method of claim 11 wherein the hydrophilic 
material is formed over the hydrophobic surface of the 
Substrate. 

13. A method of polishing a Second material comprising: 

forming a Second -material outwardly of a first material 
outer Surface and within an opening of the first mate 
rial, the first material being more hydrophobic than the 
Second material; and 

polishing the Second material with a Substantially non 
porous hydrophobic material polishing pad and a 
water-comprising chemical composition, the polishing 
removing Second material exposed to the polishing pad 
at a material-removal rate, the material-removal rate 
slowing after polishing inwardly to the first material 
outer Surface. 

14. The method of claim 13 wherein the material-removal 
rate becomes Zero after polishing inwardly to the first 
material outer Surface. 

15. The method of claim 13 wherein the polishing com 
prises is chemical-mechanical polishing. 

16. The method of claim 13 wherein the first material 
comprises polysilicon and the Second material comprises 
Silicon dioxide. 

17. The method of claim 13 wherein the first material 
comprises polysilicon, the Second material comprises Silicon 
dioxide and the water-comprising chemical composition 
comprises polishing particles and a pH of about 11. 

18. A method of Slowing a polishing rate at a Surface 
comprising: 

forming a first layer over a Substrate, the first layer having 
an upper Surface and comprising a first material; 

forming a Second layer over the first layer upper Surface 
and below the first layer upper Surface, the Second layer 
being more hydrophilic than the first layer and com 
prising a Second material; and 
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after forming the Second layer, polishing the materials 
utilizing a Substantially non-porous hydrophobic mate 
rial polishing pad and a water-comprising chemical 
composition, the polishing removing Second material 
exposed to the polishing pad at a material-removal rate, 
the material-removal rate slowing after etching to about 
the first layer upper Surface. 

19. The method of claim 18 wherein the first layer 
comprises polysilicon and the Second layer comprises sili 
con dioxide. 

20. A method of forming a trench isolation region com 
prising: 

forming a first material layer over a Semiconductive 
material Substrate, the first material layer having an 
upper Surface, 

forming an opening through the first material layer and 
into the Semiconductive material Substrate; 

forming a layer of insulative material within the opening 
and over the first material layer upper Surface, the first 
material being more hydrophobic than the insulative 
material; 

polishing the insulative material layer utilizing a Substan 
tially non-porous hydrophobic material polishing pad 
and a water-comprising chemical composition, the pol 
ishing removing insulative material exposed to the 
polishing pad at a material-removal rate, the material 
removal rate slowing after the insulative material layer 
is removed from over the first layer upper Surface, and 

a plug of insulative material remaining within the opening 
in the Semiconductive Substrate after the material 
removal rate slows, said plug being a trench isolation 
region. 

21. The method of claim 20 wherein the material-removal 
rate slows to about Zero after the insulative layer is removed 
from over the first layer upper Surface. 

22. The method of claim 20 wherein the first material 
comprises polysilicon and the insulative material comprises 
Silicon dioxide. 

23. The method of claim 20 wherein the first material 
comprises polysilicon and the insulative material comprises 
Silicon dioxide, the method further comprising: 

forming an intermediate layer over the Semiconductive 
Substrate; 

forming the first material layer over the intermediate 
layer; and 

after the polishing, removing the first material layer from 
Over the intermediate layer. 

24. The method of claim 23 wherein the intermediate 
layer comprises Silicon dioxide. 

25. The method of claim 20 wherein the first material 
comprises polysilicon and the insulative material comprises 
Silicon dioxide, the method further comprising: 

after the polishing, oxidizing the polysilicon of the first 
material layer to convert the polysilicon to Silicon 
dioxide. 

26. A method of forming a trench isolation region com 
prising: 

forming a first silieon dioxide layer over a Semiconductive 
material Substrate; 
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forming a polysilicon layer over the first Silicon dioxide 
layer, the polysilicon layer having an upper Surface; 

forming an opening through the polysilicon layer, through 
the first Silicon dioxide layer, and into the Semiconduc 
tive material Substrate; 

forming a Second layer of Silicon dioxide within the 
opening and over the polysilicon layer upper Surface, 
the Second layer of Silicon dioxide Substantially com 
pletely filling the opening, 

polishing the Second Silicon dioxide from over the poly 
Silicon layer upper Surface utilizing a Substantially 
non-porous hydrophobic material polishing pad and a 
water-comprising chemical composition; and 
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a plug of Silicon dioxide remaining within the opening in 
the Semiconductive Substrate after the polishing, Said 
plug being a trench isolation region. 

27. The method of claim 26 wherein the polishing com 
prises chemical-mechanical polishing. 

28. The method of claim 26 further comprising: 
after the polishing, removing the polysilicon layer from 

over the first silicon dioxide layer. 
29. The method of claim 26 further comprising: 
after the polishing, oxidizing the polysilicon to convert 

the polysilicon to Silicon dioxide. 

k k k k k 


