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A METHOD TO FORM NARROW AND WIDE SHALLOW TRENCH 

ISOLATION_S W°ITH DIFFERENT TRENCH DEPTHS TO ELIMINATE 

ISOLATION OXIDE DISHING 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

The invention relatS!s t.o .a method of fabricating 

silicon structuref?, and more particularly, to the formation 

of narrow and wide shallow trench isolations_ with different 

depths to eliminate isolation oxide dishing problems. 

(2) Description of the -Prior Art 

The use of shallow trench isolation (STI) for the 

formation of integrated circuit isolations has grown in the 

art due to the reduced surf ace area and improved topology 

of STI when compared.to traditional local oxidation of 

·silicon (LOCOS) schemes. One p~oblem that is encountered 

in the use of STI is oxide dishing. Oxide dishing occurs, 

in part, due to.pad deformation in the chemical mechanical 

polish (CMP) process used to planarize the ST! structures. 

It is called dishing because the STI isolation oxide takes 
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on the shape of a dish as the.oxide in the trench is 

thinned by the CMP process. Dishing is especially 

pronounced on large or wide STI structures because the 

isolation oxide over these trenches is typically thinner 

than the oxide deposited over narrow trenches due to 

topological effects. Narrower STI structures demonstrate 

little or no dishing .. 

Referring to Fig. 1, a cross-section of a partial LY-· 

completed prior art integrated circuit is shown. A silicon 

substrate 10 is shown. A pad oxide layer 19 overlies the 

silicon substrate 10. A silicon nitride layer 20 overlies 

the pad oxide layer 19 as a polishing stop. Two narrow 

trenches 14 and one wide trench 18 have bee~ .etched into 

through the pad oxide layer 19 and the silicon nitride · 

layer 20 and into the surface of the silicon substrate 10. 

The trenches have a common depth of Ll because all were 

formed by the same reactive ion etch {RIE) process. 

Referring to Fig. 2, an isolation oxide layer 22 has 

been deposited overlying the silicon nitride layer 20 and 

filling the tren_ches. Note how the topology of the 

trenches affects the topology of the isolation oxide layer 

22. Where the isolation c;>xide layer 22 overlies the narrow 
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trenches 14, it is relatively thick. Conversely, the 

isolation oxide layer 22 is ~elatively thin overlying the 

wide trench 18. 

Referring to Fig. 3, the result of the chemical 

mechanical polish (CMP) is shown. The isolation oxide 

layer22 has been polished down to the top surface of the 

silicon nitride layer 20 to complete the shallow trench 

isolations. Following the polish, howeve~, significant 

dishing 24 is seen over th~ wide trench 18. This dishing 

24 can cause increased current leakage and ~ecreased gate 

oxide voltage breakdown. These problems at the active area 

interface reduce device yield. 

Several prior art approaches disclose methods to 

create trenches having different depths into the substrate. 

U.S. Patent 5,776,817 to Liang teaches a method to form 

trenches of different depths comprising: forming 

sacrificial refractory metal layers of different thickness, 

annealing the metal layers to create metal silicide layers 

of different depths into the underlying silicon substrate, 

and then removing the refractory metal and silicide layers 

to reveal trenches of different depths. U.S. Patent 

5,814,547 to Chang discloses a process to etch tr~nches 
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using a microloading effect to cause the trenches to be 

etched to different depths. U.S. Patent 5,851,928 to Cripe 

et al discloses a process to.etch fe~tures of different 

depths in a single wet isotropic etchin~ step by using a 

mask layer with different sized openings. U.S. Patent 

5,157,003 to Tsuji et al teaches a process to etch trenches 

of different d~pths. · Selective exposure of pheriol resin 

positive photoresist is used to define etching areas. Two 

etching steps are pe~fornie~--·~o form shallow trench.es of. two 

different depths. 

SUMMARY OF THE INVENTION 

A principal object of the present invention is to ·. 

provide an effective and very manufacturable method of 

fabricating shallow trench isolations in the manufacture of 

integrated circuits. 

A further object of the present invention is to 

provide a method to fabricate shallow trench isolations in 

which isolation oxide dishing is eliminated. 
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A yet further object of the present invention is to 

eliminate.isolation oxide dishing in shallow trench 

isolations by f orrning wide trenches of lesser depth than 

narrow trenches. 

Another object of the present invention is to provide 

.a me-thod to fabricate shallow trenches of different depths 

in the same etching step. 

In accordance with the objects of this invention, a 

new method of fabricating shallow trench isolations has 

been.achieved. A silicon substrate is provided. A pad 

oxide layer is formed overlying the silicon substrate. A 

polishing stop layer is formed overlying the pad oxide 

layer. An oxide layer is-deposited overlying the polishing 

stop layer. The oxide layer, polishing stop layer, and pad 

oxide layer are etched through to the top surface of the 

silicon substrate to form openings for planned first 

trenches. A polysilicon layer is deposited overlying the 

oxide.layer and filling the openings for the planned first 

trenches. The polysilicon.layer is polished down to the 

top surface of the oxide layer such that.the polysilicon 

layer remains only in the openings of the planned first 

trenches. The oxide layer, polishing stop layer, and pad 
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oxide. layer are· etched through to the top surface of the 

silicon substrate to form openings for planned second 

trenches. The po~ysilicon layer and the silicon substrate 

are etched simulataneously to complete .. the first trenches 

and the second trenches where the second trenches are 

etched deeper than the first trenches and where· the oxide 

layer acts as an etching mask~ An isolation oxide layer is 

deposited overlying the oxide layer and filling the first 

trenches and the second trenches. The isolation oxide 

layer and the oxide layer are polished down to the top .. . .. 

surface of the polishirig stop layer to complete the shallow 

trench isolations, and the integrated circuit device is 

completed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings forming a material part 

of this description, there is shown: 

Figs. 1 through 3 schematically illustrate in cross-

section partially completed p·rior art shallow trench 

isolations in .an integrated circuit device. 
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Figs. 4 through 11 schematically illustrate in. crOss-
·. 

sectional· representation a preferred embodiment .of the 

present invention. 

DESCRIPTION OF THE PREFERRED EMBOD.~MENTS 

Referring now more particularly to Fig. 4, there is 

illustrated a cross section of a partially completed 

integrated circuit device. The silicon substrate 30 is 

preferably composed of monocrystalline silic.on. A pad 

oxide layer 31 is grown overlying the silicon substrate 30. 

The pad oxide layer 31 comprises silicon dioxide grown by 

thermal oxidation of the silicon substrate 30. A polishing 

stop layer 32 is deposited overlying the pad oxide layer 

31. The polishing stop layer 32 comprises silicon nitride 

deposited by CVD. An oxide layer 34 is deposited overlying 

the polishing stop layer 32. The oxide layer 34 is silicon 

dioxide deposited by .a CVD process. 

The thickness L2 of the combined stack of the pad 

oxide layer 31, polish stoppipg layer 32, and the oxide 

layer 34 is an important feature of the present invention. 

It is a goal of the present invention to create shallow 
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trenches of different depths. More particularly, narrow 

width trenches will be formed to a greater depth than wide 

width trenches. By making the narrow trenches deeper, the 

present ·invention will _eliminate isolation oxide thinning 

over the wide trenches. In this way, the dishing problem 

over the wide trenches will also be eliminated. As will be 

seen, the thickness L2 of the combined stack directly 

controls th~ difference in depth between the narrow and 

wide trenches. This is advantageous because the thickness~ -

of· the combined st~ck of pad oxide layer 31, polishing stop 

.. layer 32, and oxide layer 34 can be controlled precisely 

using conven~ional processes. In the preferred embodiment, 

the pad oxide layer 31 is deposited to a thickness of 

between about 1_00 Angstr~ms and 200 Angstroms. The 

polishing stop layer 32 is deposited to a thickness of · 

between about 1000 Angstroms and 2000 Angstroms. The oxide 

layer 34 is deposited to a thickness of between about 1,000 

Angstroms and 3,000 Angstroms. 

Typically, wide trenches are between about 1 micron 

and 100 microns wide. Narrow trenches are between about 

0.24 microns and 0.5 microns wide. The depth of the narrow 

trenches can vary depending on the process set up. The 

overall thickness of the composite stack, made up of the 
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pad oxide layer 31, the polishing stop layer 32, and the 

oxide layer 34, will depend directly on the depth of the 

narrow trenches. Ih the preferred embodiment, the 

thickness of the composite stack is between about ~ and ~ 

of the depth of the narrow trenches. 

~eferring now to Fig~ 5, the oxide layer 34, the 

polishing stop layer 32, and the pad oxide layer 31 are 

etched through where not protected by a mask, that is not 

shown, to the top surface of the silicon substrate 30 to 

form openings 38 for planned wide trenches .. ·The oxide etch 

step is performed using conventional reactive ion etching 

(RIE) or plasma dry etching. 

Referring now to Fig. 6, a polysilicon layer 42 is 

deposited overlying the oxide layer 34 and filling the 

openings 38 for the planned wide trenches. The polysilicon 

layer 42 is preferably deposited using a bonventional low 

pressure chemical vapor deposition (LPCVD) process. The 

polysilicon layer is deposited to a thickness of between 

about 2,000 Angstroms and 4,000 Angstroms. The thickness 

of the polysilicon layer 42 depends on the thickness of the 

composite stack of the pad oxide layer 31, the polishing 

stop layer 32, and the oxide layer 34. 
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Referring now to Fig. 7, another important aspect of 

the present invention is shown. The polysilicon layer 42 

is polished down to the top surface of .the oxide layer 34 

such that the polysilicon layer 42 remains only in the 

openings 38 of the planned wide trenches. This step is 

performed using a conventional· chemical mechanical 

polishing (CMP) step that selectively polishes away 

polysilicon while stoping at silicon. oxide. As can be 

seen, the combined thickness of the oxide layer 34, the 

.. polishing stop layer 32, and the pad oxide layer 31 

establishes ~he thickness of the polysilicon layer 42 

following the CMP step. 

Referring rtow to Fig. 8, the oxide layer 34, the 

polishing layer 32, and the pad oxide layer 31 are etched. 

through, where not protected by a mask that is not shown, 

to the top surface of the silicon substrate 30 to form 

openings 46 for planned narrow trenches. This etching step 

is performed using a conventional RIE oxide etch or a 

plasma dry etch. 

Referring.now to Fig. 9, another important aspect of 

. the present invention is shown. The polysilicon layer 42 
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is etched through and the silicon substrate 30 is etched. 

The oxide ·layer 34 acts as a hard mask. This etching step 

completes the wide trenches and the narrow trenches. The 

polysilicon layer 42 is complet,ely etched away. The narrow 

trenches are etched deeper into the silicon substrate 30, 

than the wide trenches. 

The preferred re~ctive ion et6h (RIE) process for the 

trench etch uses a conventional etching chemistry 

comprising HBr, Cl2 and 0 2 • With this chemistry, the etch 

rate for the silicon substrate 30 and the po_l_ysilicon layer 

42 are nearly the same. Therefore, the difference in the 

depth L4 of the narrow trenches and the depth L3 of the 

wide trenches is s~mply the thickness L2 of the polysilicon 

layer 42. As was shown earlier, the polysilicon layer 42 

was polished down to the same thickness as the composite 

stack. Therefore, the differ~nce in trench thickness is 

controlled by the thickness L2 of the combined oxide layer 

34, polishing stop layer· 32, and pad oxide layer 31. For 

example, the narrow. trenches may_be between about 3,000 

Angstroms and 5,000 Angstroms deep and the wide trenches 

rn~y be between about 1,000 Angstroms and 3,000 Angstroms 

deep. 
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Referring now to Fig. 10, an isolation oxide layer 50 

is deposited overlying the oxide layer 34, the ~ilicon 

substrate 30 and filling the wide trenches and the narrow 

trenches. The isol~tion oxide layer SQ is preferably 

deposited by chemical vapor deposition (CVD). The 

isolation oxide layer is deposited to a thickness of 

between about 5,000 Angstroms and 10;000 A!lgstroms. The 

importance of the different trench depths can now be. seen. 

Because of the more shallow depth of the wide-trench when 

compared to the na!r~w .trenches, little or no isolation 

.oxide layer 50 thinning· is seen the region overlying wide 

trench 54. ~Y eliminating thinning of the isolation oxide 

layer 50, dishing is also eliminated. 

Referring now to Fig. 11, the isolation oxide layer 50 

and the oxide layer 34 are polished down to the top surface 

of polishing stop layer 32 to complete the shallow trench 

isolations. The polishing step is completed using a 

chemical mechanical polishing operation. The integrated 

circuit device is then completed as is conventional in the 

art. Significantly, no dishing is ·seen overlying the wide 

trench region 58. Elimination of dishing will also 

eliminate the dishing induced problems of increased current 
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leakage, decreased gate oxide voltage breakdown, and 

reduced device yield. 

As shown in the preferred embodiment, the present 

invention provides a very manufacturable process for 

fabricating.shallow trench isolations of different depths 

·that eliminate isolation .. oxide dishing in the manufacture 

of integrated circuit davices. 

Whil~ the invention has been parti~ularly shown and 

described with reference to the preferred e~odiments 

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. 

13 



.. 

111111111111111111111111111111 
* C L M S i 

CLADIS 

1. A method of forming trenches having two different depths 

into a silicon substrate in the fabrication of an 

integrated circuit ctevlce comprising: 

providing a silicon substrate; 

5 depositing an oxide layer overlying said silicon 

~ubstrate; 

etching through said oxide· layer to the top surface of 

said silicon substrate to form openings for·planned first 

.:trenches; 

10 depositing a p~lysilicon .layer overlying said oxide 

layer and filling said openings for said planned first 

trenches; 

polishing down said polysilicon layer to the top 

surface of said oxide layer such that said polysilicon 

15 layer remains only in said openings of said planned first 

trenches; 

thereafter etching through said oxide layer to the top 

surf ace of said silicon substrate to form openings for 

planned second trenches; 

20 etching simultaneously said silicon substrate and said 

polysilicon to complete said first trenches and said second 

trenches, wherein .said etching forms said second trenches 

deeper than said first trenches and wherein said oxide 

.layer acts as a hard mask;· and 
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25 completing the fabrication of the integrated circuit 

device. 

2. The method according to Claim 1 wherein said oxide layer 

is deposited to a thickness of between about 1,000 

Angstroms an~ 3,000 Angstroms. 

3. The method according to Claim 1 wherein said 

polysilicon layer is deposited to a th.ickness .of. between 

about 2,000 Angstroms and 4,000 Angstroms. 

4. The method according to Claim 1 wherein said first 

trenches are wider than said second trenches. 

5. The method according to Claim 1 wherein said step 

of polishing down said polysilicon layer is by chemical 

mechanical polishing. 

6. The method.according to Claim 1 wherein said step 

of etching simultaneously said silicon substrate and said 

polysilicon layer is by a reactive ion etch using etching 

chemistry comprising HBr, Cl2 and 02. 
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7. A method of forming shallow trench isolations in the 

fabrication of an integrated circuit device comprising: 

providing a silicon substrate; 

grb~ing a pad oxide layer overlying said silicon 

5 substrate; 

depositing a polishing stop layer overlying·.said pad 

oxide layer; 

depositing a oxide layer overlying said polishing stop 

layer; 

10 etching throug~ said oxide layer, said polishing stop 

layer, and said pad oxide layer to the top surface of said 

silicon substrate to form openings for planned first 

trenches; 

depositing a polysilis:on layer overlying said oxide 

15 layer and filling said openings for-said planned first 

trenches; 

polishing down said polysilicon layer to the top 

surface of said oxide layer such that said polysilicon 

layer remains only in said openings of said planned first 

20 trenches; 

thereafter etching through said oxide layer., said 

polishing stop layer, and said pad oxide layer to the top 

surf ace of said silicon substrate to form openings for 

planned second trenches; 
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25 etching s~multaneously said silicon substrate and said 

polysilicon layer ~o complete s~id first trenches and said 

second tren·ches wherein said etching forms said second 

trenches deeper than said first trenches and wher~in said 

oxide layer acts as a hard mask; 

30 depositing an isolation oxide layer overlying said 

oxide layer and said silicon substrate and filling said 

first trenches and said second trenches; 

polishing down said isolation·· oxide layer a"f1d said 

oxide layer to said-polishing stop layer to complete the 

35 shallow trench isolations; and 

completing the fabrication of the integrated circuit 

device. 

8. The method according to. Claim 7 wherein said pad oxide 

layer is grown to a thickness of between about 100 

Angstroms and 20Q Angstroms. 

9. The method according to Claim 7 wherein said polishing 

stop layer comprises silicon nitride deposited to a 

thickness of_ b(:!tween about 1,000 Angstroms and 2,000 

Angstroms. 
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10. The method-according to Claim 7 wherein said oxide 

layer is deposited to a thickness of between about 1,000 

Angstroms and 3,000 Angstroms. 

11. The method according to Claim 7 wherein said 

polysilicon layer is deposited to a thickness of-between 

about 2,000 Angstroms and 4,000 Angstroms. 

12. The method acc·ordirig to Claim ·7 wherein said first 

·trenches are wider th~~ said second trenches. 

13. The method according to Claim 7 wherein said step of 

polishing down said polysilicon layer is by chemical 

mechanical polishing. 

14. The method according to Claim 7 wherein said step of 

etching simultaneously said silicon substrate and said 

polysilicon layer is by a reactive ion etch using etching 

chemistry comprising HBr, Cl2 and 02. 

15. The method according to Claim 7 wherein said 

isolation oxide ·1ayer is deposited by chemical vapor 

deposition to ·a thickness of between. about 5,000 Angstroms 

and 10,000 Angstroms. 
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16. The method according to Claim 7 wherein said step 

of polishing down said isolation oxide layer is by chemical 

mechanical polishing. 

17. A method of forming shallow trench isolations in the 

fabrication o;f an integrate<;i circuit device comprising: 

providing a silicon substrate; 

growing a pad oxide layer overlying said silicon 

5 substrate; 

depositing a polishing stop layer of -silicon nitride 

overlying said pad oxide layer; 

depositing an oxide layer overlying said polishing 

stop layer; 

10 etching through said oxide layer, said polishing stop 

layer, and said pad oxide layer to the top surface of said· 

silicon substrate to form openings for planned wide 

trenches; 

depositing a polysilicon layer overlying said oxide 

. 15 layer and filling said openings for said planned wide 

trenches; 

polishing down said polysilicon layer to the top 

surface of said oxide layer such th~t said polysilicon 

layer remains only· in said.openings of said·planned wide 
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20 trenches wherein said polishing down is by chemical 

mechanical polishing; 

thereafter ~tching through said o~ide layer, said 

polishing stop layer, and said pad oxide layer to the top 

surf ace of said silicon substrate to form openings for 

25 planned nariow trenches; 

etching simultaneously said silicon su.bstrate and said 

polysilicon layer to complete said wide trenches and said 

narrow-trenches wherein said etching forms said narrow 

trenches deeper than said wide ·trenches and wherein said 

30 oxide layer acts as a hard mask; 

depositing an isolation oxide layer overlying said 

oxide layer and said silicon substrate and filling said 

wide trenches and said narrow trenches; 

polishing down said isolation oxide layer and said 

35 oxide layer to said polishing stop layer to complete the 

shallow trench isolations wherein said polishing down is by 

chemical mechanical polishing; and 

completing the fabrication of the integrated circuit 

device. 

18. The method according to Claim 17 wherein said polishing 

stop layer is grown to a .thickness of between· about 1,000 

Angstroms and 2,000 Angstroms. 
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19. The method according to Claim 17 wherein said.oxide 

lay~r is grown to a thickness of between about 1,000 

Angstroms· and 3,000 Angstroms. 

20~ The method according to Claim 17 wherein said step of 

etching simultaneously said silicon substrate and said 

polysilicon layer is by a reactive ion etch. using etching 

···chemistry comprising HBr; Cl2 and··o2 • 

. I 
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