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A METHOD FOR MAKING IMPROVED SHALLOW.TRENCH ISOLATION 

FOR SEMICONDUCTOR INTEGRATED CIRCUITS 

BACKGROUND OF THE INVENTION 

{1) FIELD OF THE· INVENTION 

The present invention relates to the fabrication 

of integrated circuits, and more particularly to a method 

for forming improved shallow trenches which minimizes the 

wrap-around corner effect that enhances the gate control of 

·the top ~rench conduction.path along the isolation edge 

between the source and drain, and causes sub-threshold 

"hunip" of Id-VG curves at substrate back bias. 

(2) DESCRIPTION OF THE PRIOR ART 

Various field oxide (FOX) isolations are used to 

electrically isolate the discrete semiconductor devices, 

such as field effect transistors (FETs), formed in and on 

semiconductor substrates. This FOX is formed on single 

crystal silicon (Si) for Ultra Large Scale· Integration 

(ULSI) circuit applications. ·One ~ommon method of f.orming 

the field oxides in the semiconductor industry is by the 

local oxidation of silicon (LOCOS) method. LOCOS uses a 
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patterned silicon nitride {Si3N4 ) as an ox;dation barrier 

mask and the silicon substrate ·is selectively oxidized to 

form the semi-planar isolation. However, this method 

requires long oxidation times (excessive thermal budgets) 

and the lateral oxida.tion under the barrier mask limits the 

minimum spacing between adjacent active device areas and 

therefore prevents further increase in device packing 

density. 

In more advanced isolation schemes, to minimize 

the FOX feature size for ULSI, it is common practice to etch 

shallow trenches in the silicon substrate which are then · 

filled with a chemical vapor deposited (CVD) silicon oxide 

(Si02)- The CVD oxide is then either etched back or 

chemical mechanical polished (CMP) back to form the FOX, 

which is commonly ref erred to as Shallow Trench Isolation 

(STI). 

However, there are several problems associated 

with the conventional or prior art shallow trench isolation 

methods. . These problems are best understood by referring to 

the prior art shown in Figs. 1 through 6 in which a sequence 

of schematic cross-sectional views is shown of the process 

steps. As shown in Fig. 1, the prior· art method starts· by · 

forming a stress-release pad oxide (Si02 ) layer 12 on the 

silicon substrate 10, and then depositing a chemical vapor 
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deposited (CVD) silicon nitride (Si3N4) layer 14. Conven­

tional photolithoqraphic techniques are then used to pattern 
-· 

the silicon nitride layer 14, the pad oxide 12 and to etc~ 

trenches 1 in the substrate- 10. After removing the photo-· 

resist mask (not shown) a liner oxide layer 16 is grown on 

the exposed silicon surf ace in the trenches 1 by thermal 

oxidation, as shown in Fig. 2. A Low Pressure CVD (LPCVD), 

a Sub-A"til'.tosphere cvD (SACVD), or High-Density P.lasma CVD 

(HDP-CVD) silicon oxide 18 is.then deposited to fill the 

trenches 1, as shown in Fig. 3. Now as shown in Fig. 4, the 

CVD silicon oxide is etched back or CMP back to the silicon 

nitride layer 14. Typically the etch back or polish back of 

the·cvn oxide layer 18 to the silicon nitride hard mask 14 

is not very selectiv~ and it is difficult to control the 

etch or polish back within the required processing 

tolerances. Next, as shown in Fig. 5, the silicon nitride 

layer 14 is selectively removed.using a hot phosphoric acid 

etch, and the pad oxide layer 12 is removed using dilute 

hydrofluoric (HF) acid to expose the active device areas. 

Unfortunately this results in a recess 2 in the field oxide 

at the edge of the device areas 3. 

Now as shown in Fig. 6, when the FET gate oxide 20 

is grown on the device areas. 3, a polysilicon layer 22 is 

deposited and patterned to form the FET gate electrod~s 22. 

The wrap-around corner effect in the recess 2 at the edge of 
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the device area results in a ~rowded gate electric field (E) 

that causes an enhanced corner conduction.path alo~g the 

isolation edge between the source and drain, and results in 

a subthreshold "hump" of Id-VG -curves.at substrate back bias 

(increase of Id at low VG). Furthermore, the non-uniformity 

from the CMP across the substrate results in large 

variations in the gate threshold voltage {Vth) due to the 

variation in electric field (E) FET. The wrap-around corner 

effect-can also increase the sub-threshold current which is 

also very undesirable for low voltage applications. 

Several related references include "Character­

istics of CMOS Device Isolation for the ULSI Age," by A. 

Bryant et al., IEDM Tech. Dig., pages 671-674, 1994, in 

which the enhanced corner edge conduction is observed at low 

gate voltages with high substrate doping and back bias. "A 

Study of Integration Issues in Shallow Trench isolation for 

Deep Submicron CMOS Technologies," by A. Chatterjee et al., 

SPIE, Vol. 2·875, pages 39-47, 1996, in which the various 

process choices for making a shallow trench isolation 

structure are described,'and particularly in relation to 

forming the liner oxidation for the shallow trench. 

Another approach is described in u. s. Patent No. 

-5,567,553 by L. L. Hsu et al. in which the gate electrode is 

patterned to have a wider channel length over the shallow 
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trench edge relative to the channel length between the 

trench edges. Still another approach is described in U. S. 

Patent No. 5, 580, 815 by T. C. Hsu et al. in which -·an 

annealed amorphous silicon layer is used to minimize the 

encroachment of the·field oxide (bird's beak) into the 

device area. Another approach is described by Mandelman in 

U. s. Patent No. 5,521,422 in which gate wrap-around and 

corner p~rasitic leakage are· prevented by using a sidewall 

·on the shallow trench isolation. 

Although there are a number of methods for forming 

shallow trenches, there is still a strong need to provide an 

improved method for forming: shallow trenches which circum­

vent the wrap-around corner effect to improve the device 

reliability. 

SUMMARY OF THE INVENTION 

It is a principal object of this invention to 

. provide an improved shallow trench isolation (STI) on 

silicon substrates having sub-threshold hump-free device~ 

characteristics by eliminating the wrap-around corner effect 

~t results from the recess in the fi·eld oxide aftex­

chemical mechanical polish. 
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It is another object of this invention to provide 

a polysilicon hard.mask over the device areas that is 

laterally oxidized to provide a portion of the fi.eld oxide 

extending over the device areas-thereby eliminating the 

wrap-around corner effect. And further also provide greater 

latitude for the·CMP process window. 

The method begins by providing a semiconductor 

substrate composed of a single crystal silicon, which can be 

either N- or P-doped. A first thermal oxide layer is grown 

on the s\,ll:>strate surf ace to provide a stress-release pad 

oxide layer. A doped polysilicon layer is deposited on the 

pad oxide layer, for example by low pressure chemical vapor 

deposition (LPCVD) and then a silicon nitri.de layer is 

deposited by LPCVD on the polysilicon layer. Alternatively, 

the silicon nitride can be omitted. Conventional photo­

lithographic techniques and anisotropic plasma etching are 

used to etch the silicon nitride layer, the polysilicon 

layer, pad oxide layer aJ:ld to partially etch into the 

silicon sUbstrate to form trenches where the shallow trench 

isolation (STI) aroUn.d device areas is required. 

Now, by the method of this invention, a second 

thermal oxidation is carried out to form a liner oxi.de layer 

on the exposed surfaces of the silicon substrate in the 

trenches to eliminate an~ plasma etch damage. Concurrently 
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the sidewalls of the polysilicon layer are oxidized at a. 

higher oxidation rate (about 2-3 times faster than the 

silicon substrate), thereby forming a polysilicon·· oxide ·that 

extends over the edge of the. device areas. The· .polysilicon 

oxide later serves as.a portion of the field oxide extending 

over the device areas and eliminates.the wrap-around corner 

effect that would otherwise result in the more conventional 

method o( forming the field oxide~ 

Now continuing with the process, a conformal CVD 

silicon oxide is deposited to fill the trenches to form a 

gap fill oxide. The CVD oxide is preferably deposited using 

a LPCVD, a sub-atmosphere CVD (SACVD),·or a high-density 

plasma CVD (HDP-CVD). The gap fill oxide is then chemical 

mechanical polished back to the silicon nitride layer, and 

the silicon nitride hard mask is selectively removed in a 

hot phosphoric acid etch. Alternatively, if the silicon 

nitride hard mask is not needed for CMP, the gap fill oxide 

can be CMP back selectivity to the polysilicon, wherein the 

polish selectivity of the gap fill oxide to polysilicon is 

between about 6:1 and 10:1. ·In either approach a larger 

processing tolerance is achieved than would otherwise be 

possible with a single silicon nitride hard.mask as in the 

prior art. 
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The polysilicon layer is then removed by using a 

selective plasma etch, for example using an etchant gas 

containing chlorine species or in a wet etch using potassium 

hydroxide (KOH) or isopropanol alcohol (IPA) mixed with KOH, 

thereby completing the shallow trench isolation having 

raised field oxide regions extending over the edge of the 

device areas~ Since the liner oxiqe formed by thermal 

oxidatio~ (which includes the oxide on the polysilicon 

sidewalls) etches at a slower rate than the gap fill oxide 

during polysilicon etch removal, the portion of the field 

oxide over the edge of device areas remains to prevent the 

unwanted wrap-around corner effect. The thin pad oxide is 

then removed by a dilute HF acid. · A gate oxide is grown on 

the exposed device areas and a second polysilicon layer is 

deposited ·and patterned to form the ga~e electrodes for the 

FETs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The objects and other advantages of this invention 

are best understood in the preferred embodiment with 

reference to the attached drawings ~at include: 
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Figs. 1 through 6 are schematic cross-sectional 

views showing a sequence of steps for forming a shallow 

trench isolation by the prior art. 

Figs. 7 through 12 are schematic cross-sectional 

views for a series of steps for fabricating the improved .· 

shallow trench isolation, by the method of this invention, 

with improved threshold voltages. 

Fig. 13 shows a schematic cross-sectional view of 

a computer-simulated profile showing the formation of the 

polysilicon oxide extending over the device area during the 

formation of liner oxide. The broken lines depict the 

profile of the field oxide after CMP and polysilicon etch. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

The method for making the shallow trench isolation 

having field oxide regions extending over and self~aligned 

to the edges of device areas for eliminating the wrap-around 

corner effect is now described in detail. Although the 

method is· f.iescr;i.bed for a single sha11·ow trench isolation on 

a silicon ~ubstrate, it should be well understood by one 

skilled in the art that a multitude of shallow trenches are 

formed concurrently on the substrate, and further that the 
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trenches can be formed in either P-doped or N-doped 

substrates. More particularly the improved field oxide 

isolation can be formed in and on substrates having both P 

and N wells for· forming N-channel and P-channel field effect 

transistors (FETs) such as are used to fabricate CMOS or 

Bipolar/CMOS (BiCMOS) circuits. 

Referring now to Fig 7, the method for forming the 

improved shallow trench isolation starts by providing a 

silicon substrate 10. The preferred substrate is com.posed 

of a single crystal silicon with a preferred <100> crystal­

lographic orientation. A pad oxide 12 is formed on the 

substrate 10, for example by thermal oxidation·· in an oxygen 

ambient. Typically the pad oxide 12 is formed on the 

substrate surf ace to provide a stress-release layer to 

protect the.substrate from stress-induced crystalline 

damage. The pad oxide 12 is preferably formed by subjecting 

the substrate to a dry oxygen ambient in an oxidation 

furnace at a temperature of between about 850 and iooo0 c. 
The pad oxide is preferably grown to-a thickness of between 

about 50 and 400 ·Angstroms, and more specifically to a 

thickness of about 200 Angstroms. 

Next, also shown in Fig. 7, a polysilicon.layer 13 

is deposited on the pad oxide layer 12. The polysilicon 

layer 13 can be deposited by low pressure chemical vapor 
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deposition (LPCVD) using a reactant gas such as silane 

(SiH4) and in a temperature range of between about 600 and 
-· 

6so0 c. The polysilicon layer 13 is deposited to a preferred 

thickness of between about 1000 and 3000 Angstroms. To · 

enhance the oxidation rate of layer 13, which is important 

to the method of the invention, the polysilicon layer 13 is 

doped by ion implantation or alternatively can be doped in 

situ during the polysilicon deposition. Preferably layer 13 

is doped with phosphorus (P) to a concentration of between 

about 5.0 E 19 ·and 5.0 E 20 atoms/cm3. 

Next a hard mask·layer 14 is deposited on the 

polysilicon layer 13. ·preferaJsly layet" l4 is composed of .. 

silicon nitride (Si3N4 ). For example the Si3N4 can be 

deposited by LPCVD using a reactant gas mixture, such as 

silane (SiH4 ) and ammonia (~3 ) ancl is deposited at a 

temperature of between about 650 and 800°C. Alternatively, 

layer 14 can be a silicon oxide (Si02) 1 for example 

depo.sited by LPCVD using TEOS and ozone as the reactant gas. 

The Si3N4 layer 14 is deposited to a preferred thickness of · 

between about 1000 and· -3000 Angstroms. 

Still referring to Fig. 7, conventional photo­

lithographic techniques ·and· anisotropic plasma etching are 

·then used to etch trenches 1 through the multilayer composed 

of layers 14, 13 and 12 and partially into the silicon 
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substrate 10 where .the field oxide (shallow trench 

isolation) surrounding device areas 2 is ·required. The 

trenches are formed having essentially vertical sidewalls, 

and are preferably·etched using a reactive ion etcher (RIE) 

or a high-density plasma (HDP) etcher. The preferred 

etchant gas mixture for the Si3N4 layer ·is sulphur 

hexafluoride (SF6 ), trifluoromethane (CHF3 ), and helium (He) 
.. 

as the main etchant gases; and hydrogen bromide (HBr), SF6 , 

and oxygen (02 ) is the gas mixture for the overetch. The 

preferred etchant gas mixture fo.r etching the polysilicon is 

carbon tetrafluoride (CF4 ) and He as the break-through etch, 

and a gas mixture of HBr/Cl~/He/02 as the main etching gas. 

Preferably the trenches are etched to a depth of 0.3·to 1.0 

micrometers (um) as measured from the silicon substrate 10 

surface. 

Now as shown in Fig. SA, a liner oxide layer 16 is 

formed by thermal oxidation on the exposed silicon substrate 

10 in the trenches 1, and concurrently a thicker sidewall 

oxide 16' is grown on the sidewalls of the polysilicon layer 

13. Typically the oxidation rate of the polysilicon is. 

between about 2 and 3· times faster than the oxidation rate 

of the single crystal silicon This is· an important feature. 

of the invention, because as will later be seen, this 

provides a thicker self-aligned silicon oxide.extending over 

the edge of the device areas 3 that prevents the wrap-around 
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.corner effect from occurring. Preferably the liner oxide 16 

on the single crystal silicon is grown to a thickness of 

between about 300 and 500 Angstroms while the polysilicon 

sidewall oxide 16' grows· to a thickness of between about 600 

and 1500 Angstroms. More specifically, when the liner oxide 

16 is grown to a thickness of 400 Angstroms, the polysilicon 

oxide 16' grows to a thickness of about 800 Angstroms. 

Alternatively, as shown in Fig. SB, the Si3N4 hard mask 14 

can be removed, fo~ example, using a hot phosphoric acid 

etch, and then the.liner oxide 16 can be grown by thermal 

oxidation while a thicker oxide layer 16' is grown on the 

polysilicon layer 13, as depicted in Fig. SB. Preferably 

the _thermal oxidation, in either approach, is achieved in an 

oxidation furnace by performing a dry oxidation in oxygen at 

a temperature of between about 900 and ioso0 c. 

To better appreciate the advantages -of.the 

invention, an enlarged schematic cross-sectional view of the 

results of a computer simulation is shown in Fig 13 for one 

corner (edge) of .the trenches 1 after the thermal oxidation 

to form the liner oxide 16 and the polysilicon oxide 16'. 

The Si3N4 layer 14 is about 1500 Angstroms, the polysilicon 

layer 13 is about 2550 Angstroms and is doped with 

phosphorus (P) to a concentration of about. 2.0 E.20 

atoms/cm3 using an implant dose of 5 E 15 and implant energy 

of 40 Kev. After a 1000°c dry oxidation for SS minutes, the 
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liner oxide is about 450 Angstroms thick, and the poly-

silicon oxide 16'. is about 800 Angstroms thick. But more 
.. 

importantly, the polysilicon oxide 16' extends over the edge 

E of ·the device area and forms a portion of field oxide 18 

over the device area edge E, as will become clear in the 

continuing process description. 

Continuing with the process, and as depicted in 

Fig 9A, a conformal CVD silicon oxide is deposited to a 

thickness sufficient to completely fill the trenches 1 and 

form a gap fill oxide 18. The corresponding structure for 

the alternate approach without the Si3N4 hard mask is shown 

in Fig. 9B. The gap fill oxide 18 is preferably deposited 

using LPCVD, sub-atmosphere CVD {SACVD) or a High-Density 

Plasma-CVD (HDP-cVD) and a reactant gas such as tetraetho­

siloxane (TEOS). The layer 18 is deposited to a thickness 

that is greater than the trench depth, but is typically 

deposited to a thickness of between about 6000 and 10000 

Angstroms. 

Referring now to Fig. lOA, the gap fill oxide 

layer 18 is chemical mechanical polished (CMP) back to the 

silicon nitride layer 14 using an ·appropriate polishing tool,:,_· 

and slurry. Alte.rnatively, as shown in Fig. lOB the. gap 

fill oxide layer 18 can be polished back to the polysilicon 

layer 13. Since the polish removai rate of silicon oxide to 
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polysilicon is between about 6:1 and 10:1, there is greater 

processing latitude in polishing back the gap fill layer 18 

in the current invention than is achievable in tne prior 

art, thereby providing a more manufacturable process. 

Referring now to Fig. 11, the silicon nitride 

layer 14, shown in Fig. lOA, is selectively removed using an 

etching ~elution of· hot phosphoric acid. The polysilicon 

layer 13 is then selectively removed using a plasma etch 

(dry etch), such as in a RIE etcher using a selective etch 

gas containing chlorine and o2 , or usinq an etchant gas 

mixture such as HBr/c12;o2 . Alternatively, the polysilicon 

layer 13 can also pe removed using a wet etch solution of 

potassium hydroxide (KOH) or a solution containing KOH and 

IPA. The etch rate selectivity of the polysilicon layer 13 

to the gap fill oxide layer 18 is greater than 10 to 1, and 

therefore provides additional latitude in the polysilicon 

etching·process. In addition, the liner oxide 16 and the 

liner oxide 16' on the polysilicon layer 13 sidewalls, 

formed by the thermal oxidation, etch slower than the gap 

fill .oxide 18 during the polysilicon etch. This provides 

better etch bias control and is a key feature of the 

invention, since it retains the portion of the thicker field 

oxide formed from the liner oxide 16 and 16' over the edg~ A 

·Of the device area 3, as shown in Fig. 13 after the polish 

back and removal of the polysilicon layer 13. Also shown in 
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Fig. 13 by the dashed lines A and B are profiles of the 

field oxide formed from the gap fill oxide 18 and the liner 

oxides 16 ans 16' after two different CMP rates and removal 

of the polysilicon layer.13. For example, the dashed lines 

A and B show the improved profile of the polished back field 

oxide (layers 18, 16 and 16') for two different polishing 

rates, such as can occur across the substrate (wafer) due to 

non-unif9rm polishing. In both cases the thicker oxide 16' 

over the silicon edge E is essential to avoid the wrap­

around corner effect mentioned earlier. 

Referring now to Fig. 12, a cross-sectional view 

is shown through an FET gate electrode 22 formed ove~· two 

adjacent device areas 3 separated by the field oxide 18 

having the improved profile form from the polysilicon oxide 

16'. After removing the pad oxide 12, an FET gate oxide 20 

is grown having a thickness of between about 50 and 120 

Angstroms. The gate electrode 22 is then formed by 

depositing a second polysilicon layer 22 which is conduc­

tively doped and patterned using conventional photolitho­

graphic techniques and plasma etching. As can be seen in 

Fig. 12, the gate electrode 22 is formed over the raised 

portions having rounded top-corners 4 of the field oxide 18 

(and 16') whic~ are self-aligned and ·extend over the device 

areas 3. This pre:vents the wrap-around corner effect 2 of 

the prior art in Fig. 6, and provides much improved FET 
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threshold voltages (Vth> and better sub-threshold currents 

when the integrated circuit is completed and powered up. 

While the invention has been particularly 

shown and described with reference to the preferred 

embodiments thereof, it will be understood by those skilled 

in the art that various changes in form and details may be 

made without departing from the spirit and scope of the 

invention. 
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1. A method for fabricating shallow trench isolation 

on a semiconductor substrate having raised field oxide 

regions extending over edges of device areas comprising 

the steps of: 

forming a pad oxide layer by thermal oxidation on 

said substrate; 

depositing a polysilicon layer on said pad oxide 

lay~r; 

depositing a hard mask layer on said polysilicon 

layer; 

forming trenches in said substrate by photoresist 

maski~g and anisotropic etching said hard mask, said 

polysilicon layer, said first pad oxide layer and 

partially into said substrate, while leaving portions 

of said polysilicon layer over said device areas; 

forming a liner oxide by thermal oxidation in said 
.• 

trenches on said exposed surf ace of said substrate and 

further concurrently forming a thicker silicon oxide 

on sidewalls of said polysilicon layer extending over 

said edges of said device areas; 

depositing a conformal chemical vapor deposited 

silicon oxide and filling said trenches, thereby 

formin~ a gap fill oxide; . 

chemical .mechanical polishing back said gap fill 

oxide to said hard mask 

removing said hard mask layer by selective etching; 
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removing said polysilicon layer over said 

device areas, thereby completing said shallow 
-· 

trench isolation having raised field oxide regions 

extending over said device areas. 

2. The method of claim 1, wherein said pad oxide layer 

has a thickness of between about SO and 400 Angstroms. 

3. The method of claim 1, wherein said polysilicon 

layer has a thickness of between about 1000 and 3000 

Angstroms. 

4. The method of claim 1, wherein said hard mask is a 

chemical vapor deposited silicon oxide and has a 

thickness of between about 1000 and 3000 Angstroms. 

S. The method of claim 1, wherein said sUbstrate is 

single crystal silicon and said trenches are etched to 

a depth of between about 0.3 and 1.0 micrometers (um) 

in said substrate. 

6. The method of claim l, wherein said liner oxide is 

grown to a thickness of between about 300 and 500 

Angstroms. 
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7. The method of claim 1, wherein said gap fill oxide 

is deposited to a thickness sufficient to completely 

fill said trenches. 

8. The method of claim 1, wherein said chemical 

mechanical polishing back is carried out using a 

polishing slurry having a polish rate ratio of silicon 

oxi~e to hard mask in a range of 6:1 to 10:1. 

9. The method of claim 1, wherein said removing of 

said portions of said polysilicon layer is by plasma 

etching having an etch rate ratio of polysilicon to 

silicon oxide of greater than 10:1. 

10. The method of claim 1, wherein said removing of 

said portions of said polysilicon layer is by wet 

etching in potassium hydroxide (KOH) having an etch 

rate ratio of polysilicon to silicon oxide of greater 

than 10:1. 

11. A method for fabricating shallow trench isolation 

on a semiconductor substr~te having raised field oxide 

regions extending over edges of device areas comprising 

the steps of: 

forming a pad oxide layer by thermal oxidation on 

said substrate; 
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depositing a polysilicon layer on said pad oxide 

layer; 
..• 

depositing a hard mask layer on said polysilicon 

layer; 

forming trenches in said substrate by photoresist 

masking and anisotropic etching said hard mask, said 

polysilicon layer, said first pad oxide layer and 

partially into said substrate, while leaving portions 

of said polysilicon layer over said device areas; 

removing said hard mask; 

forming a liner oxide by thermal oxidation in said 

trenches on said exposed surf ace of said substrate and 

further conc~rrently forminq a thi~ker silicon ozide 

on sidewalls·of said polysilicon layer extending over 

said edge of said device areas; 

depositing a conformal chemical vapor deposited 

silicon oxide and filling said trenches, t~ereby 

forming a gap fill oxide; 

chemical mechanical polishing back said gap 

fill oxide to said portions of said polysilicon 

layer; 

removing said portions of said·polysilicon layer 

over said device areas, there~y completing said shallow 

trench isolation having raised field oxide regions 

extending over the edges of said device areas. 
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12. The method of claim 11, wherein said pad oxide 

layer has a thickness of between about 50 and 400 

Angstroms. 

13. The method of claim 11, wherein said polysilicon 

layer has a thickness of between about 1000 and 3000 

Angstroms. 

14. The method of claim 11, wherein said hard mask is 

a chemical vapor deposited silicon nitride and has a 

thickness of between about 1000 and 3000 Angstroms. 

15. The method of claim 11, wherein said substrate is 

single crystal silicon and said trenches are etched to 

a depth of between about 0.3 and 1.0 micrometers (um) 

in said substrate. 

16. The method of claim 11, wherein said liner oxide 

is grown to a thickness of between ab~ut 300 and 500 

Angstroms. 

17. The method of claim 11, wherein said gap fill· 

oxide is deposited to a thickness sufficient to 

completely fill said trenches. 
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18. The method of claim 11, wherein said chemical/ 

mechanical polishing back is carried out using a 

polishing slurry having a polish rate ratio of silicon 

oxide to polysilicon in a range of 6:1 ··to 10:1. 

19. The method of claim 11, wherein said removing of 

said portions of said polysilicon layer is by plasma 

et~hing having an etch rate ratio of polysilicon to 

silicon oxide of greater than 10:1. 

20. The method of claim 11, wherein said removing of 

said portions of said polysilicon layer is by wet 

etching in potassium hydrol::ide (KOH) having an etch 

rate ratio of polysil_icon to silicon oxide of greater 

than 10:1. 

.. 
21. A shallow trench isolation structure on a semi-

conductor substrate having raised field oxide regions 

extending over the edges of device areas comprising of: 

a substrate having trenches surrounding device 

areas; 

an insulating material filling said trenches and 

having portions extending over the edges of said device 

areas formed from oxidation of exposed sidewalls of. a 

patterned polysilicon layer aligned over said device 
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areas, wherein said polysilicon layer is removed from 

said final shallow trench structure. 

22. The shallow trench isolation structure of claim 21, 

wherein said substrate is sinqle crystal silicon and 

said trenches are etched to a depth of between about 

0.3 and 1.0 micrometers (um) in said substrate. 

23. The shallow trench isolation structure of claim 21, 

wherein said insulating material is silicon oxide. 


