
A METHOD TO REDUCE TRENCH CONE FORMATION IN THE 

FABRICATION OF SHALLOW TRENCH ISOLATIONS 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

The inv~ntion. relates to. a method of f abric.ating 

semiconductor devices, and m.ore particularly, to· the 

reduction of trench cones in the fabrication of trenches iri 

the manufacture of an integrated circuit device. 

(2) Description of the Priqr Art-

. -: .. ·· .. . ... -· .... - -· The. ·-us_e_ of shallow trench isolation (STI) for the 

f orm.ation 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 

silicpn (LOCOS) schemes. One· problem that is encountered 
-. ·-r,·•· .• - - • ••• • •••"' •'• 

.... ...: .......... -- - ··--·- . . ···-······ ........ . 

in the use of _STI is the formation of trench cones during 

the· trench ·etching process . 

. ~ -· ........ -~ ... ·· ... . "" . 

Referring to Fig. 1, .a c=oss-section of a partially 

completed prior art integrated circuit is shown. A 
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semiconductor substrate 10 is shown. A silicon dioxide, or 

pad oxide, layer 14 overlies.the semiconductor substrate 

10. A silicon nitr{de liyer 18 overlies the silicon.dioxide 

layer 14. The silicon nitride layer 18 and the silicon 

-
dioxide layer 14 are pattern~d to thereby expose the 

semiconductor substrate· 10-where shailow trench isolations· 

are planned. The sili~on nitride layer 18 forms a hard 

mas~ for· the subsequent trench etching. 

Note that": a residue of··pa-ssive surface material 22 

overlies the semiconductor substrate 10 after the 

patterning step. This p~ssive surface material 22 may. 
,,.. 

comprise silicon ni.tride or silicon .dioxide residue that 

remains after the hard.mask is etched. In addition, the 
.... ·-·-- --···· .... 

passive surface material 22 may comprise native oxide or 

another material. 

Referring now to Fig. 2, the trench for the STI is 

etched into· the semiconductor substrate 10. The trench 

etching process uses the silicon nitride layer 18 as a hard 

mask.· During the etching process, trench cones 26, also 

called silicon· cones 26, are formed. The presence of the 
-· ·-··. ····--•. . ... -· - ... 

passive surface material 22 inhibits substrate etching and 
. . 

thereby causes the formation of these cones 26. The gases 
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used in the dry etching process are not able to remove this 

passive surface material 22. The presence of the cones 29 

within the tren~h i~ detrimental to the isolation 

performance of the ST!. 

-Several prior -art approaches disclose methods to farm 

shallow trench isolation in the semiconducto_r substrate. 

U.S. Patep:t 4,534,824 to Chen discloses a method to form 

STI. with impr.oved surface inversion. immunity. The· 

oxide-nitride-oxide layer overlying· t_he substrate ·is 

patterned to expose the substratei-where a trench is 

planned. Stop junctions are implanted into the substrate. 

The junctions are laterally diffused· beyond the opening 

. boundary by heat t;_:eatment. Sidewall. spacers· are formed on 

the oxide-_ni tride'-oxide. la ye~ to n~~~~;· .th·~··_ operii;,_g. ·The 

·substrate is then etched~through the opening. The 

laterally· diffused part of the stop junctions remains after 

the trench etch. \J •. S. £latent 5,780,353 to Omid-Zohoor · 

teaches a method to form STI with doped sidewalls. The 
··-· ·---· .... . .... - -······ 

silicon nitride layer overlying the substrate is patterned 

to expose the substrate where trenches are_pla:hned. Ions 

are implanted th~ough the.opening to· form a junction. The 
-·· ... -·· -...... · . . .. -.- .. · -- .. ·- ..... . 

junction is laterally diffused beyond the opening boundary 

by heat treatment. The trench is etched into the 
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substrate. The doped junction rims the top of the trench. 

U.S. Patent 5,118,636 to Hosaka discloses a method to form 

STL - The oxide layer overlying the substrate is patterned 

to expose the substrate. Ions are implanted through the 

opening to form a doped junction. An anneal is performed 

to laterally diffuse the doped junction beyond the opening 

boundary. The trench is etched into the substrate through 

the opening. The dop_ed junction' thereby surrounds the top· 

of the trench .. U.S. ?atent 5,668,044 to Ohno teaches a 

·method to form STI. An ........ .:j,nsulator layer ·that overlies the 

substrate is patterned to expose the substrate where the 

trench is planned. Ions are implanted through the opening 

to form. a dope~ junction. An anneal is performed to 

l~tera·Ily...:.diffuse. the junction beyond the opening b"oundary. 

The trench ·Is etched throug_h the op_ening and a stop12ing 

junction is thereby formed surrounding the top of the 

trench- . u·~ s·. Patent 6, 004 I 864 to Huang et al discloses a 

method to ·form STI. An insulator layer that overlies the 

substrate is· patterned· to expose the substrate where.the 
-. ~- -... :.,. -- - ~ -- •'" --·-·-· .. - -- ----- .. -- . ' ................... ·- . ·- -· 

trench is planned. Ions are implanted through the opening 

to form a heavily-doped junction in the substrate. A rapid 

thermal ~nneal J RTA) is pe3:f armed to_, activate the implant_ed 

ions. An aqueous HF wet etch is performed to etch the. 

trench. The presence of the heavily-doped junction greatly 
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increases the wet etch rate of the substrate. The heavily-

doped junctioh thereby facilitates wet etching the 

substrate to form the trench. 

SUMMARY OF THE INVENTION 

A principal object of the present. invention is to 

provide an effective and very manufacturable method of 

reducing trench cories in the.fabrication Qf trenches in the 

manufacture of integrated circuits. 

A furthe~. object of the p~esent invention is to 

provide· a method to reduce the occurrence of trench cones 
... ·- -· .· . - ... -

· ···· -·by --damaging the pas·sive· ·surface materials overlying the 

semiconductor substrate. 

A-yet further object of the present· invention is to 

reduce the occurrence of trench cones by removing the 
. . ... 

- - .. - .• , .. -P--· - •f' -

.;:.;. ____ ..... ·- ..,. .... ·-
. .. . . --· -·-··. --.- - -·-- , ..... 

.... damaged passive surface materials during the trench etch. 

Another further object-of the present invention is to 

provide a method to form trenches with fewer trench cones . 

. -...... 
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Another further object of the present invention is to 

provide a method to form shallow trench isolations with 

fewer trench cones. 

In accordance with the objects of this invention, a 

new method of fabricating shallow trench ·isolations has 

been achieved. A silicon dioxide layer is formed overlying 

a semiconductor substrate .. A 'silicon nitride la_yer is 

deposited overLying the silicon dioxide layer. The ·silicon 

nitride layer is patterned to expose the· semiconductor 

substrate where shallow trench isolations are planned. Ions 

are implanted into the exposed semicondu~tor substrate. 

The i~planting damages any passive surface materials 

· overlying the serniconducto.r substrate. The exposed 

~femico-nductor s'uf>"stra.te is etched dO"N'n to form trenches. 

The damaged passive surface materials are removed during 

the etching down to thereby prevent trench cone formation. 

A trench filling layer is deposited to fill the trenches. 

The trench filling layer is polished down to complete the 
·-'· .. -:. -·:--··~····-

..... · .... · ..... 
shallow trench isolations in the-manufacture of the 

integrated 'circuit device. 

. . -··-·· ... .:.:. -·-··· ,.. --
..... ·- - ...... ·- .. -··'"'" ··-- ... ·-·-·' ... -
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BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying d:i:awings·farming a rnate.=ial 9art: 

of this description, thez=e is shown: 

Figs. 1 and 2 schematically illustrate in ·cr-oss- .. 

section a partially completed prior art integrated circuit: 

devices. 

·-. . 

Figs. 3 through Ji schematically.illustrate in cross-' 

sectional representation a preferred embodiment of the 

present invention. 

.. 
·-· ····· OE.SCRIPTION. ·aF THE. -PREFERRED EMBODIMENTS 

The method of the present invention is applied to the 

formation of a shallow trench isolation in a semiconduct.Qr 

substrate. In should be clear to those experienced in tne· 
. : .. ·- --~:- -:.""'" . .... -··--:- ... ·-·· .. . - - . • .-· ................. ··-·r-.· . ... ..:..·· -- - · .. _ -·---·· ..... ..:. .:..,.;· . - : ...... :... ··:· .. 

art that the present invention can be applied and extended 

without deviating from the· scope of the present invention. 

. - •·l."'.-.---·--- . 
.. ·-

Referring now more particularly to Fig. 3~ there is 
- . 
illustrated a cross-section of a partially completed 
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integrated circuit device of the preferred embodiment. A 

semiconductor substrate 30 is provided. Preferably, the 

--
s emico nducto r subst.rate 30 comprises monocrystalline 

silicon fabricated by methods well known in the art. A 

silicon dioxide layer 34 is formed O'Terlyi.hg the 

semiconductor substrate 30: The silicon dioxide layer 34 

is typically called the· pad oxide layer. and is used to 

improve the adhesion of the subsequently d~posited silicon 

nitride layer .. The silicon dioxide layer 34 is typically 

formed by .thermal oxidation.of the semiconductor substrate 

30. 

A silicon nitride layer 38 is deposited overlying the -

silicon dioxide layer 34. · The sil"icon nitride layer 38 
. - . -----··---- . -. -- . ·-- . 

.. wTlf-· serve as a hard mask ··during trench etching. The 
•." 

silicon nitride layer 38 may be deposited by, for example, 

a low-pressure chemical vapor deposition (L.PCVD) process. 

Referring_now to Fig. 4, the silicon nitride layer 38-
-·· ~ ... -·.:-:-.. ·=···· -~ ..• 

·7 • : •.•.•• : •• -
. -. -··--· - .:· .. _ ... -·.;,..... : .... -. - ... ·'· .. ~-. --- - .. 

and the silicon dioxide layer 34 are patterned to expose 

the semiconductor substrate 30 where shallow trench 

isola-t;ions are ·planned. The patterning. is accomt:>l~shec::L by, 
. .. - -.. ·- ·- . . .. 

for example, depositing a photoresist layer overlyir.g the 

silicon nitride layer 38. The photoresist layer, not 
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shown, would then be exposed to actinic light through a 

mask. After development, the silicon nitride layer 38 is 
.. 

exposed where trenches are planned. The silicon nitride 

layer 38 and the silicon dioxide layer 34 are then etched 

·through using, for· example, a· plasma d·ry etch p~ocess .. The 

silicon nitride layer 38 the:z:eby f·arms a aard mask ·far the 

trench etching step. Finally, the remaining pho.toresist is 

stripped· away. 

Note that, as in ·the prior art example, passive 

surface material 42 is left on the surface of the 

semiconductor substrate· 30. Thi~ passi"?"e sur.face material 

42 m~y comprise silicon ·nitride ·or silicon dioxide that was 

not completely etched· during the silicon nitride hard mask 

·etch:·-·· i1ferriatlve1y;· ·-t11e·· :Passiv~·':surf~~e ~t~ria1 42 may 

comprise a native oxide layer on the substrate surface. 

Finally, the· pass·i ve surface· material may comprise some 

other passive material introduced onto the substrate 

surface during _manufacturing. As noted in ·the prio·r art .. . -- - . . . . - . . -· :.- ..... -. - . .. . . ~-·= --··-· - .-... .. ·-··. ... .. .. ---~ ~ ~ .. -··. ··- ... -- .... ·-- - . --······:· 

a_nalysis, the presence of the passive surface material 42 

will likely cause a trench cone to be formed because the 
. 

·tren~~ etching ·process is not capable· of -~em<:>~i·ng._ the · 

passive surface material 42. 

9 
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Referring now to Fig. 5, an important feature of the 

present invention is illustrated. Ions are implanted 42 

into the exposed semiconductor substrite 30. m·- I • .1.ne .l.on 
. . 

implantation 42 damages the passive surface material 42. 

The structure of the passive surface· material 42 is broken, 

or made amorphous, by t{l.e ion. bombardment 42. The result 

is· a weakening of the passive surface material 42 to the 

point where it ca-n be removed d~ring the· t:rench, etching 

process. 

To optimally damage the structure of the passive 

surface material 42, the ion implantation -46 is perfo.::med. 

It is not the purpose of the ion implantation 42 to create 

a doped junction in the semiconductor substrate 30. 

, ....... Rath-er, the·· purpos·e is·-·only to· sufficiently damage any 
· .. 

passive surface material 42 overlying the semiconductor 

substrate . ., Various ion species- may be used. The species 

may include those, such as phosphorous and boron, that can 

create either n-type ·or }?-type junctions. However, other . 
. • ·! ,;.,. 

-·"speci"es,·. such" as·· silico"n' or argon, that are not donor or 

acceptor ions, may be used. In addition, the ion 

implantation 42 may use a variety of dosages and energies .. 

lO . 
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Ion species that can be used in the implantation 42 

include Si, Ar, Ne, Kr, P, As, B, or In. The implant 

energy is preferably between about 1 KeV ·:and 700 KeV. The 

implant dose is preferably between about lxl012 atom/cm2 and 

lxl016 atom/cm2
• The ion implantation 42 is preferably 

.performed at an implantation angle of between about O 

degrees and 45 degrees with respect to the surface of the 

integrated circuit deyice~ As an example, phosphorous ions 

can. be implante_d at a dose of about 2xl013 ato~/ cm.2 and an 

ene~gy of about SOO KeV. This ~ovel. ion bombardment · 

sufficiently damages the passiye surface material 42 to 

facilitate its removal during· the trench etch and to-

thereby reduce the occurrence of trench cones. 

·-·Rere·rrin9-"'now· to· Fig.· 6; the. exposed semiconductor 

substrate 30 is etched down to form trenches. The trenches 

are etched.to the expected. profile 50 and trench cones are 

eliminated. By damaging the passive surface materi.al 42 

prior to the trench etch, the material ·is easily removed by 
- .. • -··· ·- ·="-. • 

.... the we~"<:liirig··\;·~c)°c~~~-.:. The·-t·~~~ch etching. process may 
... ---·-.:- -~ .· ·:.:· -:;":""· ... ··;7"' ...•... -~- ___ ,.... -··- ::-· 

comprise,. for example, a plasma, dry etching process using 

a chlorine-based or bromine-based cheI[\istry as is ~ell 
. .:-··--·--:-· ~-.---:. 

known in the art. 
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Referring now to Fig. 7, the STI structure is 

completed. The silicon nitride layer 38 and the si:icon 

dioxide layer 34 m~y be~tched away oi may be :etained as 

an etchirig or poliShin~ stop. A trench filling layer 54 is 

then deposited o.verlyi-ng the semiconductor subs':rat.e 30 aI)d 

filling the tre~ches. The trerich fillin~ layer 54 

comprises a dielectric material, such as silicon dioxide. 

A polish down pro~ess, such as a chemical mechanical 

polish, is performed. to· remov.e excess trench filling layer 

_54. and to complete the STI in the. manufacture· of the 

integrated circuit device. 

Experimental data confirms the capability of the 

method of the present.invention to reduce the occurrence of 
. - ' · . 

.. trent;:h cones. An integrated. c~rcuit ·wafer was proce~sed 

using the novel method of the present invention. Half of 

the integrated circuit. wafer· received the ion implantation. 

A masking layer blocked.the implantation from the other 

half of the wafer. The ion implantation comprised - · . 
.... _--:- ···::_··.·..:.: __ :: .. ·-..: ... ";..;..:..~.: -:-;-.:. 

.. -- - ....... -· .•.. 

·-····· ·.phosp"t1c>"~ous '"ions implanted at a dose "of about 2xl0 13 

atom/cm2 and an energy of about 500 KeV.. A KLA scan of the 

i~tegrated-circuit wafer revealed 575 cones on.the non-
.. -·· ····--· ·····-· .. ···-··•-·· --· 

· ·-········ ·'- impta:nted half of the wafer and only 205 cones on the 

implanted half of the wafer. 

12 
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The advantages of the process of the present invention 
can now be enumerated. First, an effective process for 
reducing trench cone formation has been demonstrated. 
Second! the novel process, utilizing an ion implantation 
into the exposed semiconductor substrate where the trenches - . -

. . are planned, damages any passive surface material overlying 
the semiconductor substrate. Third, damaged passive 
surface mater.ial is easily removed dui;ing the etching 
-proc~ss to eliminate trench. cone formation. . Finally I . the .... 
elimination of these trench cones improves the trench 
profile and the STI performance. 

As shown in the preferred embodiment, the present 
invention provides ~ very rnanufac~li~able process_ for 
fabricating shallow trench isolations, with reduced 
occurrence · o·f trench _cones, in the manufacture of an 
integrated circuit device. 

... -· . .. - ··-. --- - ·--·- -· .. - ·- --··-····-· :='while ··fhe invention ha·s been particularly shown and 
described with reference to the preferred_ embodiments 
the~~of, it wiil be understo9d by those skilled in the art 

·- tha·t· various· changes in form and details may be made 
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without departing from the spirit and scope of the 

invention. 

What is claimed i's: 

' . .. :·· 

. .:.·-····. - .: . - --·····. 

:·~·. 

····-··. 
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1. A method of reducing trench cone formation in the 

fabrication of trenches in an integrated circuit device 

comprising: 

providing a silicon nitride layer overlying a 

s~miconductor substrate wherein openings are formed in said 

silicon nitride layer ~o expose said semiconductor 

substrate where trenches are planned;. 

implanting ions into said exposed semiconductor. 

substrate to . damage passive surface materials overlying .. 

said semic9nductor substrate; and ··· 

etching down.· said exposed. semiconductor substrate 

wherein said damaged passive materials are removed and.the 

occurrence of trench cones is thereby reduced. 

·· 2. The·· method' ·according to Claim 1 wherein said 

· semiconductor substrate comprises monocrystalline silicon. 

3. The method according to Claim 1 wherein said step 

implanting ions comprises implanting an ion species of the 
........ · .. - ..... 

group- containing: Si, N21 Ar, Ne, Kr, P, As, B, In. 

_ 4. The method.according to Claim .. l.wherein said step of 
. -····- -- ·-- -·-·· 

~ - . - . 

imp~ianti.rig -ions comprises implanting at a dosage of between 

about lxl012 atoms/cm2 and lxl016 atoms/cm2 • 

IS 

1 
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5. The method according to Claim 1 wherein said s~ep of 
implanting ions comprises implanting at an energy of 
bet~een ·about 1 KeV and 700 KeV. 

6. The method ~ccording to Claim 1 wherein said step of 
implan:ting ions comprises implanting at an angle of betwe~n 
about 0 degrees and 45 degrees with respect.to the surface 
of said integrated circuit device. 

7. The method according to. Claim 1 further comprising 
forming a silicon dioxide layer overlying s~id 
semicond_µctor substrate prior to_ s.aid step of providing 
said si.licon nitride layer-. 

8. The method according to Claim l wherein said trenches 
comprise·trenches_for·planned shallow trench isolations. 

9. A method of forming trenches in the manufacture of an ... -.. ---···;.: .. ... · . .. :-: .. . .. ...... -~-" iri. tegrated -circuit device comprising: 

forming a silicon dioxide layer overlying a · 
semiconductor substrate; 

·- . ·- ... ·-·····- - .. .. ·-· .... 
depositing a silicon nitride layer overlying said 

-silicon dioxide layer; 

16 \ \11\11\ \\\I\\ Ill\\ \\l\l \\ \ti\ * C L M S 
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patterning said silicon nitride layer and said silicon 
dioxide layer to expose said semiconductor substrate where 
trenches are planned; 

implanting ions into said exposed semiconductor 
- substrate to damage passive surface materiais overlying 

said semiconductor substrate; and 

etching down said exposed semiconductor substrate to 
form trenches wherein said damaged passive materials are 

. . removed and the occurrence of trench cones is thereby 
rec;iuced. 

10. The method according to Claim 9 wherein said 
.· semiconductor substrate comprises monocrystalline silicon. 

11. The· method according to Claim·9-wherein said step 
implanting ions comprises ·implanting an ion species of the 
group co~taining: Si-, Na,. Ar, Ne, Kr, P, As, B, In. 

12 The method_accordin_g to Claim 9 wherein said step of ...... _. . -----· ···•·· --implanting io-zis -conipris.es-. i.inpia"nting at a dosage of between 
about lxl012 atoms/cm2 and lxl0~ 6 atoms/cm2

• 
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13. The method according to Claim 9 wherein said step of 
implanting ions comprises implanting at an energy of 
between abou't 1 KeV and.. 700 KeV. 

-14. 'I'.he met-hod according to Claim 9 wherein said step of 
implanting ions comprises implanting-at an angle of between-
about 0 degrees and 45 degrees with respect to the surface 
of said integrated circuit device. 

15 .. The method: according to Claim 9 further comprising: 
depositing a·trench filling layer to fill said 

trenches; and 

polishing down said trench.filling layer to form -
shallow trench isolations. 

16. A method of forming shallow trench isolations in the 
manufacture of an integrated circuit device comprising: 

· .. ;: 

forming a silicon dioxide layer overlying a 
semiconductor ·substrate; 

..•. -··-··-;;.;:-::..::-··· ····· .:- - · · : ·deposftlng a silicon nitride iayer overlying said 
silicon dioxide layer; 

patterning said silicon nitride layer and.said silicon 
.. 

dioxide layer to expose said semiconductor substrate where 
shallow trench isolations are planned; 
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implanting ions into said exposed semiconductor 
substrate to damage passive surface materials overlying 
said semiconductor- substrate; 

etching down-said exposed semiconductor substrate to 
form trenches wherein said damaged passive materials are 
removed and the occurren~e of trench cones is thereby 
reduced; 

depositing a trench f~lling layer to fill. said-
trenches·;: anq: · 

- polishing down said trench= filling layer to complete· · ·. · 
said shal·low trench isolations in the manufacture of said 
integrated circuit device . 

. 1 7. The method according to Claim 16. wherein said step 
implanting ions comprises implanting an ion species of the 
group containing: Si, Nz, Ar, Ne, Kr, P, As, B, In. 

18. The method according to Claim 16 wherein said step of 
implanting ions comprises implanting at a dosage of between 

.. -.. · ... 
- . - . about"" lx1012· ~toms/cm2 :·and ix-10 16 .. atoms/em2 • 

19. The method according to Claim 16.wherein said step of 
. . .... ·--- .. -implanting ions comprises implanting at an energy of 
-between about 1 Kev and 700 Kev. 
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20. The method according to Claim 16 wherein said step of 

- -implanting ions comprises implanting at an angle of between 

about 0 degrees and 45 degrees with respect to the surface 

0f said integrated. circuit device. · 
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