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SHALLOW TRENCH ISOLATION STRUCTURES 
COMPRISING A GRADED DOPED SACRIFICIAL 
SILICON DIOXIDE MATERIAL AND A METHOD 
FOR FORMING SHALLOW TRENCH ISOLATION 

STRUCTURES 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to inte 
grated circuits and more particularly to a method for forming 
a shallow trench isolation (STI) structure Within an inte 
grated circuit, Wherein the shalloW trench isolation structure 
comprises a graded doped silicon dioxide material, and 
further to a shalloW trench isolation structure comprising 
graded doped silicon dioxide material. 

BACKGROUND OF THE INVENTION 

[0002] Integrated circuits (or chips) typically comprise a 
silicon substrate and semiconductor devices, such as tran 
sistors, formed from doped regions Within the substrate. 
Interconnect structures disposed in parallel-like layers over 
lying the semiconductor substrate provide electrical connec 
tion betWeen doped regions to form electrical devices and 
circuits. A conventional interconnect system comprises a 
plurality of substantially vertical conductive vias or plugs 
interconnecting substantially horiZontal conductive traces, 
With a dielectric layer disposed betWeen tWo vertically 
adjacent horizontal conductive traces. 

[0003] Within an integrated circuit substrate it may be 
necessary to isolate certain doped regions to avoid the effects 
of parasitic devices that are formed by interaction of doped 
regions. For example, in a CMOSFET device (complimen 
tary metal-oxide semiconductor ?eld effect device) compris 
ing n-channel and p-channel metal-oxide semiconductor 
?eld effect transistors (MOSFETS) formed in oppositely 
doped adjacent Wells, a parasitic bipolar structure, i.e., a 
p-n-p-n thyristor, is inadvertently formed. Although the 
thyristor is off under normal operating conditions, if the 
isolation betWeen doped regions is not su?icient, under 
certain bias conditions the p-n-p regions can supply base 
current to the n-p-n regions, causing a large current leakage 
betWeen adjacent MOSFETS that can latch-up the CMOS 
device. 

[0004] A thick oxide region, Whether formed according to 
a local oxidation of silicon (LOCOS) process or an STI 
process as described beloW, electrically isolates adjacent 
transistors and other devices to minimize current therebe 
tWeen and reduce these parasitic effects. The local oxidation 
of silicon process forms recessed LOCOS isolation regions 
in a non-active area (also referred to as a ?eld region) of the 
semiconductor substrate. For example, LOCOS regions are 
formed in an area betWeen the p-channel and n-channel 
devices of a CMOS device. According to a one LOCOS 
process, a layer of silicon nitride is deposited over the 
substrate and patterned according to conventional masking 
and etching steps to form openings that expose underlying 
substrate silicon. The isolating LOCOS regions are formed 
by oxidiZing the exposed silicon through the openings. No 
oxidation occurs in the masked regions. 

[0005] ShalloW trench isolation enjoys certain advantages 
over the LOCOS method. An STI structure comprises a 
dielectric-?lled substrate trench that electrically isolates 
doped regions of active devices, including CMOS devices, 
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MOSFETS and bipolar transistors. STI is an important 
technology for device siZes beloW about 0.25 microns, as the 
trenches consume a smaller surface area and exhibit a ?atter 
upper surface topology than the LOCOS structures. Since 
the shalloW trench isolation structure consumes less sub 
strate surface than the LOCOS structure, more transistors 
per unit area can be fabricated in an integrated circuit 
employing STI isolation techniques. STI structures also 
provide superior isolation because sharp comers at the 
bottom of the STI trench form voltage barriers that tend to 
block leakage currents betWeen adjacent doped regions. 
LOCOS regions generally present rounded corners and thus 
may permit some leakage current. STI trenches are typically 
about 3000 Angstroms deep. 

[0006] As is knoWn, a plurality of integrated circuits are 
fabricated in a semiconductor Wafer, each integrated circuit 
comprising doped regions formed in a Wafer substrate, With 
dielectric layers and conductive interconnect layers formed 
over an upper surface of the substrate. FIGS. 1-6 are 
cross-sectional vieWs, not draWn to scale, illustrating suc 
cessive prior art processing steps across a common plane for 
forming a shalloW trench isolation structure in a substrate of 
one integrated circuit of the plurality of integrated circuits. 

[0007] A semiconductor substrate 30 in FIG. 1 comprises 
active devices formed Within doped regions depicted gen 
erally by a reference character 32. It is desired to isolate 
these doped regions With a shalloW trench isolation structure 
therebetWeen. A stress-reducing silicon dioxide layer 36 
(also referred to as a pad oxide layer 36) is deposited or 
groWn over an upper surface 37 of the substrate 30. Next, a 
silicon nitride layer 38 is deposited overlying the silicon 
dioxide layer 36. As is knoWn, the silicon nitride layer 38 
imposes stresses on the substrate 30, With the stresses 
increasing With increasing thickness of the silicon nitride 
layer. The pad oxide layer 36 isolates the substrate 30 from 
the silicon nitride layer 38 to reduce these stresses. 

[0008] A photoresist layer 40 is deposited, exposed and 
developed according to knoWn processes to form an opening 
41 therein. 

[0009] Using the photoresist layer 40 as an etch mask, an 
opening 46 (see FIG. 2) is etched in the silicon nitride layer 
38, preferably using a plasma etching process. During the 
etching process, sideWalls 47 of the opening 46 are formed 
With a positive taper angle. 

[0010] The photoresist layer 40 is removed and the Wafer 
is cleaned. As shoWn in FIG. 3, a trench 48 is formed in the 
silicon dioxide layer 36 and the silicon substrate 30 during 
an etching step that uses the opening 46 as a mask. The 
positive taper angle in the sideWalls 47 of the opening 46 
creates a positive taper angle in sideWalls 49 of the trench 
48. 

[0011] A trench silicon dioxide liner 50 is then formed or 
deposited in the trench 48. See FIG. 4. 

[0012] As illustrated in FIG. 5, a shalloW trench isolation 
(STI) structure 55 is formed Within the trench 48 according 
to a silicon dioxide deposition step (e.g., a high density 
plasma oxide deposition), during Which silicon dioxide is 
also deposited on an upper surface 59 of the silicon nitride 
layer 38. A chemical-mechanical polishing (CMP) step 
removes the silicon dioxide from the upper surface 59, 
stopping on the silicon nitride layer 38. Since the CMP 
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polishing rate for silicon dioxide is different than the CMP 
polishing rate for silicon nitride, an upper surface 60 of the 
STI structure 55 is recessed beloW the upper surface 59. 

[0013] To complete formation of the STI structure 55, the 
Wafer is cleaned, the silicon nitride layer 38 and the pad 
oxide layer 36 are removed and ?nally the Wafer is cleaned 
again. FIG. 6 illustrates the structural elements following 
these processing steps. 

[0014] As can be seen from FIG. 6, due to the positive 
taper angle of the sideWalls 47 and 49 (see FIG. 3) the STI 
structure exhibits a re-entrant pro?le such that a top left 
comer 64 and a top right comer 66 together With sideWalls 
67 and 68 de?ne an oxide-undercut shape above the surface 
37. Further, it is knoWn that conventional cleaning steps 
folloWing formation of the STI structure 55 may cause 
additional undercutting in the sideWalls 67 and 68, espe 
cially Within notch regions 69. The undercut pro?les Weaken 
the STI structure 55. 

[0015] According to subsequent processing steps a gate 
polysilicon layer is deposited on the surface 37. During this 
polysilicon deposition, undesired polysilicon stringers can 
form around the sideWalls 68 and 69 and the left and right 
corners 64 and 66, creating short circuits that defeat the STI 
isolation function, thereby degrading performance of the 
integrated circuit. Thus, a process technology to avoid 
formation of the polysilicon stringers is highly desired. 

[0016] According to one technique, to reduce the prob 
ability of polysilicon short circuits, it is knoWn to minimiZe 
the oxide undercut by reducing a duration of the clean step 
(typically a hydro?uoric acid clean) that folloWs removal of 
the silicon nitride layer 38 and the pad oxide layer 36. 
HoWever, it is also knoWn that the shorter cleaning step 
causes material residues and contaminants to remain on the 
substrate, possibly causing undesirable short circuits or 
leakage current Within the STI structure 55 and the substrate 
30. 

BRIEF SUMMARY OF THE INVENTION 

[0017] According to one embodiment, the present inven 
tion comprises a method for forming a shalloW trench 
isolation structure in an integrated circuit. The method 
comprises providing a silicon substrate, forming a sacri?cial 
layer having a graded doped concentration overlying the 
substrate, etching the sacri?cial layer to form an opening 
therein, Wherein sideWalls of the opening present a negative 
taper angle, etching the substrate in a region beloW the 
opening to form a trench therein and forming the shalloW 
trench isolation structure by forming an insulating material 
in the opening and the trench, Wherein the insulating mate 
rial in the opening exhibits a negative taper angle. 

[0018] According to another embodiment of the invention, 
a semiconductor device, comprises a substrate, a device 
isolation structure formed on the substrate, the device iso 
lation structure further comprising a trench formed Within 
the substrate and an insulating ?lm ?lling the trench, the 
insulating ?lm extending above an upper surface of the 
substrate and presenting a negative taper angle With respect 
to the substrate 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] The present invention can be more easily under 
stood and the advantages and uses thereof more readily 
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apparent When the folloWing detailed description of the 
present invention is read in conjunction With the ?gures 
Wherein: 

[0020] FIGS. 1-6 are cross-sectional vieWs of a substrate 
during successive processing steps to form a prior art 
shalloW trench isolation structure. 

[0021] FIG. 7 is a cross-sectional vieW of a substrate 
during a processing step to form a shalloW trench isolation 
structure according to the teachings of the present invention. 

[0022] FIG. 8 illustrates a doping pro?le for the graded 
doped silicon dioxide layer of the present invention. 

[0023] FIGS. 9-12 are cross-sectional vieWs of a substrate 
during successive processing steps to form a shalloW trench 
isolation structure according to the present invention. 

[0024] FIG. 13 is a cross-sectional vieW of a substrate 
illustrating different sideWall pro?les for the shalloW trench 
isolation structure according to another embodiment of the 
present invention. 

[0025] In accordance With common practice, the various 
described features are not draWn to scale, but are draWn to 
emphasiZe speci?c features relevant to the invention. Ref 
erence characters denote like elements throughout the ?g 
ures and text. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0026] Before describing in detail the particular method 
and apparatus according to the present invention, it should 
be observed that the present invention resides primarily in a 
novel and non-obvious combination of elements and process 
steps. Accordingly, so as not to obscure the disclosure With 
details that Will be readily apparent to those skilled in the art 
having the bene?t of the description herein, in the descrip 
tion that folloWs, certain elements and process steps have 
been described With lesser detail, While the draWings and 
speci?cation describe in greater detail other elements and 
steps pertinent to understanding the invention. The folloW 
ing embodiments are not intended to de?ne limits as to the 
structure or use of the invention, but only to provide 
exemplary constructions. The embodiments are permissive 
rather than mandatory and illustrative rather than exhaus 
tive. 

[0027] The process steps and structures described beloW 
do not comprise a complete process How for fabricating 
integrated circuit devices or a completed device. Only the 
process steps and structures necessary to understand the 
present invention are described. 

[0028] The present invention comprises a technique for 
forming an STI structure having a negative taper angle 
above the substrate surface 37, in contrast to the positive 
taper angle formed according to the prior art processes. A 
preferred methodology for forming the negative taper angle 
employs a graded doped sacri?cial silicon dioxide layer 70 
(see FIG. 7) disposed (e.g., deposited) betWeen a silicon 
nitride layer 71 and the pad silicon dioxide layer 36. The 
negative taper angle increases With increasing dopant con 
centration in the graded doped silicon dioxide layer 70. 
Additionally, the silicon nitride layer 71, Which functions as 
a CMP stop layer, is thinner according to the present 
invention than the silicon nitride layer 38 of the prior art 
process. 
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[0029] In one embodiment, the graded doped silicon diox 
ide layer 70 comprises a layer about 1000 Angstroms thick 
comprising boron and phosphorous-doped oxide ?lm (e.g., 
TEOS, plasma-deposited silane, LPCVD-deposited silane). 
In another embodiment, the layer 70 comprises a layer 
doped With either boron or phosphorous dopants. According 
to yet another embodiment, the graded doped oxide layer 70 
comprises a plurality of sublayers of different dopant con 
centrations and/or dopant types. 

[0030] The graded doped silicon dioxide layer 70 can be 
doped in situ by introducing a gas or liquid containing the 
desired dopant into the atmosphere of the deposition cham 
ber. Depending on the desired doping concentration, it may 
also be possible to dope the layer 70 using an implant doping 
process. 

[0031] In an embodiment Wherein the graded doped sili 
con dioxide layer 70 or one or more of the doped sublayers 
thereof comprises a phosphoborosilicate glass (BPSG) 
material layer. According to one embodiment, the BPSG 
material layer can be formed by a loW-pressure chemical 
vapor deposition (LPCVD) process, a plasma CVD process 
or a sub-atmospheric CVD (SACVD) process. An exem 
plary SACVD process for depositing the BPSG material 
layer is performed at about 480 degrees C. and about 200 
Torr. The constituent gas ?oW rates are oZone (03) at about 
4000 sccm and helium at about 6000 sccm. The remaining 
liquid chemicals and their ?oW rates are: TEOS (tetraethyl 
orthosilicate) at about 550 mg/minute, triethylborate (TEB) 
at about 178 mg/minute and triethylphosphate (TEPO) at 
about 32 mg/minute. As is knoWn by those skilled in the art, 
these are merely exemplary sources and recipe parameters, 
Where the latter can be varied by at least 110%. Further, 
these parameters can be varied to achieve different doping 
densities and in response to process variants. 

[0032] In an embodiment Wherein the graded doped sili 
con dioxide layer 70 or one or more of the doped sublayers 
thereof comprises a phosphosilicate glass (PSG) material 
layer. According to one embodiment, the PSG material layer 
can be formed by a plasma-enhanced chemical vapor depo 
sition (PECVD) process. An exemplary PECVD process for 
depositing the PSG material layer is performed at about 480 
degrees C. and about 2 Torr With 500 W applied to the 
plasma chamber. The constituent gas ?oW rates are oxygen 
(0) at about 1400 sccm and helium at about 800 sccm. The 
liquid chemicals and their ?oW rates are: TEOS (tetraethyl 
orthosilicate) at about 800 mg/minute and triethylphosphate 
(TEPO) at about 18 mg/minute. As is knoWn by those skilled 
in the art, these are merely exemplary material source and 
recipe parameters, Where the recipe parameters can be varied 
by at least 110% With acceptable results. 

[0033] A doping concentration of the graded doped silicon 
dioxide layer 70 decreases from a ?rst concentration (e.g., a 
maximum dopant concentration) at a surface 72 proximate 
the pad oxide layer 36, to a second concentration, e.g., a 
minimum concentration, at a surface 76 proximate the 
silicon nitride layer 71. A representative doping pro?le is 
illustrated in FIG. 8. 

[0034] According to a preferred embodiment, both the 
boron and phosphorous doping the concentrations decrease 
in a direction aWay from the surface 72 of the layer 70, but 
the boron and phosphorous dopant concentrations may differ 
With respect to a slope of the doping concentration curve (the 
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rate at Which the doping concentration changes) and a 
magnitude of the doping concentration at any depth Within 
the layer 70. Both the rate of change of the concentration and 
the concentration magnitudes can be selected to achieve a 
desired etch pro?le for the STI structure. Also, in an embodi 
ment Wherein the graded doped silicon dioxide layer 70 
comprises a plurality of sublayers, the shape of the doping 
pro?le may vary from the representative doping pro?le of 
FIG. 8, as each sublayer may have a different doping 
concentration magnitude and slope as a function of layer 
depth. 
[0035] It is knoWn that a phosphorous-doped silicon diox 
ide layer etches faster than a boron-doped silicon dioxide 
layer. Further, a phosphorous-doped plus boron-doped sili 
con-dioxide layer etches faster than a solely phosphorous 
doped silicon dioxide layer. Thus the STI etch rate and the 
STI sideWall pro?le can be controlled by varying the relative 
dopant concentrations of phosphorous and boron, the rate at 
Which the concentrations change, the concentration magni 
tudes Within the layer 70 and the thickness of the layer 70. 

[0036] According to a preferred embodiment, the dopant 
concentration ranges from about 5% to about 1% for boron 
and about 5% to about 1% for phosphorous Within the 
graded doped silicon dioxide layer 70. A combined dopant 
concentration, i.e., boron plus phosphorous, of up to about 
10% is permitted, but it may not be desirable for either 
concentration to exceed about 5%. Thus, for example, a 
boron concentration of 3% plus a phosphorous concentration 
of 4% is acceptable, but a boron concentration of 3% plus a 
phosphorous concentration of 6% may not be desired since 
the phosphorous concentration exceeds 5%. 

[0037] As is knoWn in the art, other doping pro?les can be 
created by adjusting the dopant gas concentrations during 
formation of the graded doped silicon dioxide layer 70. Such 
other dopant concentrations vill affect the etch rate of the 
layer 70 and thus the taper angle of the STI structure. In 
particular, if the layer 70 comprises a plurality of differently 
doped sublayers having different doping concentrations (and 
in one embodiment different dopants) each sublayer exhibits 
a different etch rate, resulting in a different sideWall pro?le 
corresponding to each sublayer. 

[0038] Using the photoresist layer 40 as an etch mask, the 
opening 46 (see FIG. 9) With the sideWalls 47 is formed in 
the silicon nitride layer 71. 

[0039] The photoresist layer 40 is removed and using the 
opening 46 as an etch mask, an opening 80 having negative 
taper angle sideWalls 82 is formed in the graded doped 
silicon dioxide layer 70 and the pad oxide layer 36, prefer 
ably using a Wet etching process. In another embodiment the 
layer 70 is etched using a plasma etching process. 

[0040] During etching of the graded doped silicon dioxide 
layer 70 the sideWall pro?les are substantially controlled by 
the doping of the layer 70. It is knoWn that an etch rate of 
a doped silicon dioxide material is a direct function of the 
doping concentration, i.e., the etch rate increases With 
increasing doping concentration. Thus because the doping 
concentration increases in a direction toWard the pad silicon 
dioxide layer 36, the etch rate increases With etch duration, 
forming the sideWalls 82 With a negative taper angle. 

[0041] As shoWn in FIG. 10, according to a subsequent 
etch process, a trench 88 having positive taper sideWalls 90, 
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is formed in the substrate 30. The substrate etch is termi 
nated after a predetermined etch duration or according to an 
etch endpoint technique. 

[0042] The silicon dioxide liner 50 is then formed or 
deposited in the trench 88. Typically, the liner 50 is formed 
by oxidizing exposed silicon in the trench 88 to form a high 
quality silicon dioxide material layer. However, it may be 
possible to form a suitably high-quality liner 50 by depos 
iting silicon dioxide to form the liner 50. 

[0043] In another embodiment of the invention, the pad 
silicon dioxide layer 36 is not etched during etching of the 
graded doped silicon dioxide layer 70. According to this 
embodiment the pad silicon dioxide layer 36 is etched 
during substrate etching. 

[0044] As illustrated in FIG. 11, a shalloW trench isolation 
structure 92 is formed Within the trench 88 according to a 
silicon dioxide deposition step during Which silicon dioxide 
is deposited Within the trench 80 and on an upper surface 94 
of the silicon nitride layer 71. A CMP step removes silicon 
dioxide from the upper surface 94, stopping on the silicon 
nitride layer 71. Since the CMP polishing rate for silicon 
dioxide is higher than the polishing rate for silicon nitride, 
an upper surface 95 of the STI structure 92 is recessed beloW 
the upper surface 94. 

[0045] The Wafer is cleaned, the silicon nitride layer 71 
and the pad silicon dioxide layer 36 are removed and the 
Wafer is cleaned again. See the ?nal structures in FIG. 12. 
Typically, a distance “d” is about 100-300 Angstroms. Note 
sideWalls 100 of the STI structure 92 exhibit only a negative 
taper angle. No regions of positive taper angle or undercuts 
are present. 

[0046] HoWever, as can be seen in FIG. 11, When formed 
in the trench 80, the STI structure 92 may exhibit a slight 
positive taper angle in a region of the structure 92 adjacent 
the silicon nitride layer 71. This region is removed by a 
combination of the CMP step that recesses the surface 95 
beloW the surface 94 and the etching step that removes the 
silicon nitride layer 71. Thus the ?nal STI structure exhibits 
only a negative taper angle on the sideWalls 100. In a plan 
vieW the STI structure exhibits a square or rectangular 
shape. 

[0047] In yet another embodiment (not illustrated) to 
avoid a possible positive taper angle in the region of the STI 
structure 92 adjacent the silicon nitride layer 71, the layer 71 
is removed prior to forming the STI silicon dioxide in the 
trench 80, see FIG. 11. Thus the sideWalls 100 do not exhibit 
any positive taper angle regions or undercuts. 

[0048] The STI structure 92 formed according to the 
teachings of the present invention does not exhibit the 
disadvantageous re-entrant pro?les and Weak notch regions 
that are knoWn to occur according to the prior art processes. 
Therefore, the STI structure 92 avoids the formation of 
polysilicon stringers and shorts When the polysilicon gate is 
formed later. By drastically reducing or eliminating the 
polysilicon shorts and leakage paths, fabrication processes 
employing the present invention enjoy a higher, more con 
sistent yield and improved device performance. 

[0049] By controlling the dopant concentration during 
formation of the graded doped sacri?cial silicon dioxide 
layer 70, different sideWall pro?les can be achieved. See for 
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example, sideWalls 110, 111 and 112 ofFIG. 13. Also, ifthe 
liner 50 is thicker than a conventional liner, then it may be 
advantageous to increase the sideWall taper angle by accord 
ingly adjusting the dopant concentration. 

[0050] The silicon nitride layer 71 preferably comprises a 
thinner material layer than the silicon nitride layer 38 of the 
prior art. According to the present invention, a thickness of 
the silicon nitride layer 71 can be reduced substantially from 
about 1600 Angstroms to about 500 to about 800 Angstroms 
since the graded doped silicon dioxide layer 70 can serve as 
a material stop layer for the chemical mechanical polishing 
step that removes silicon from the surface 94. A thinner 
silicon nitride layer imposes less stress on the silicon sub 
strate compared With the thicker silicon nitride layer that is 
required according to the prior art process. Improved Wafer 
?atness, due to this stress reduction, results in better STI 
planariZation. 
[0051] An architecture and process have been described as 
useful for forming STI structure in a semiconductor sub 
strate. Speci?c applications and exemplary embodiments of 
the invention have been illustrated and discussed, Which 
provide a basis for practicing the invention in a variety of 
Ways and in a variety of circuit structures. Numerous varia 
tions are possible Within the scope of the invention. Features 
and elements associated With one or more of the described 
embodiments are not to be construed as required elements 
for all embodiments. The invention is limited only by the 
claims that folloW. 

1. A method for forming a shalloW trench isolation 
structure in an integrated circuit, the method comprising: 

providing a silicon substrate; 

forming a sacri?cial layer having a graded doped con 
centration overlying the substrate; 

etching the sacri?cial layer to form an opening therein, 
Wherein sideWalls of the opening present a negative 
taper angle; 

etching the substrate in a region beloW the opening to 
form a trench therein; and 

forming the shalloW trench isolation structure by forming 
an insulating material in the opening and the trench, 
Wherein the insulating material in the opening exhibits 
a negative taper angle. 

2. The method of claim 1 Wherein the step of forming the 
sacri?cial layer further comprises forming the sacri?cial 
layer having a graded doped concentration comprising 
dopants from the group comprising boron and phosphorous. 

3. The method of claim 1 Wherein the step of forming the 
sacri?cial layer further comprises forming the sacri?cial 
layer having a graded doped concentration comprising boron 
dopants and phosphorous dopants. 

4. The method of claim 1 Wherein the step of forming the 
sacri?cial layer further comprises forming the sacri?cial 
layer having a declining dopant concentration in a direction 
aWay from the substrate. 

5. The method of claim 1 Wherein the step of forming the 
sacri?cial layer further comprises forming the sacri?cial 
layer having a maximum dopant concentration along a 
surface adjacent the substrate. 

6. The method of claim 1 Wherein a slope of the negative 
taper angle is related to the graded doped concentration. 
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7. The method of claim 1 further comprising selecting a 
desired negative taper angle and selecting a graded dopant 
concentration to achieve the desired negative taper angle. 

8. The method of claim 1 Wherein the step of forming the 
sacri?cial layer further comprises forming the sacri?cial 
layer comprising doped sublayers, Wherein the sublayers 
exhibit a declining dopant concentration in a direction aWay 
from the substrate. 

9. The method of claim 8 Wherein the doped sublayers 
comprise a number of doped sublayers having numerically 
di?cerent dopant concentrations. 

10. The method of claim 8 Wherein the doped sublayers 
comprise a number of doped sublayers comprising di?cerent 
dopant materials. 

11. The method of claim 8 Wherein a pro?le of the 
negative taper angle is responsive to the doped sublayers. 

12. The method of claim 7 Wherein the doped sublayers 
comprise boron-doped sublayers and phosphorous-doped 
sublayers. 

13. The method of claim 7 Wherein each one of the doped 
sublayers comprises a boron-doped sublayer or a phospho 
rous-doped sublayer. 

14. The method of claim 1 Wherein a pro?le of the 
negative taper angle is related to the graded doped concen 
tration. 

15. A method for forming a shalloW trench isolation 
structure in an integrated circuit, the method comprising: 

providing a silicon substrate; 

forming a pad oxide layer overlying the silicon substrate; 

forming a sacri?cial layer having a graded doped con 
centration overlying the pad oxide layer; 

forming a silicon nitride layer overlying the sacri?cial 
layer; 

forming a photoresist layer overlying the silicon nitride 
layer; 

forming a ?rst opening in the photoresist layer; 

using the ?rst opening as a pattern, etching the sacri?cial 
layer and the pad oxide layer to form a second opening 
therein, Wherein sideWalls of the second opening 
present a negative taper angle; 
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etching the substrate in a region beloW the second opening 
to form a trench therein; and 

forming an insulating material in the second opening and 
the trench, Wherein the insulating material in the sec 
ond opening exhibits a negative taper angle. 

16. The method of claim 15 further comprising removing 
the photoresist layer after forming the second opening. 

17. The method of claim 15 further comprising removing 
the silicon nitride layer, removing the sacri?cial layer and 
removing the pad oxide layer after the step of forming the 
insulating material. 

18. The method of claim 15 further comprising forming a 
liner in the trench prior to the step of forming the insulating 
material. 

19. The method of claim 15 Wherein the step of forming 
the sacri?cial layer further comprises forming the sacri?cial 
layer having a graded doped concentration comprising 
dopants from the group comprising boron and phosphorous. 

20. The method of claim 15 Wherein the step of forming 
the sacri?cial layer further comprises forming the sacri?cial 
layer having a graded doped concentration comprising boron 
dopants and phosphorous dopants. 

21. The method of claim 15 Wherein the step of forming 
the sacri?cial layer further comprises forming the sacri?cial 
layer having a declining dopant concentration in a direction 
aWay from the substrate. 

22. The method of claim 15 Wherein the step of forming 
the sacri?cial layer further comprises forming the sacri?cial 
layer having a maximum dopant concentration along a 
surface adjacent the substrate. 

23. The method of claim 15 Wherein a slope of the 
negative taper angle is related to the graded doped concen 
tration. 

24. The method of claim 15 further comprising selecting 
a desired negative taper angle and selecting a graded dopant 
concentration to achieve the desired negative taper angle. 

25. The method of claim 15 Wherein the step of forming 
the silicon nitride layer further comprises forming a silicon 
nitride layer having a thickness of about 500 to about 800 
Angstroms. 

26-29. (canceled) 


