
;e3ea^d40$T6TGO0I~~~~b~~~ *159159* A NOVEL METHOD TO ACHIEVE STI
PLANARIZATION BACKGROUND OF THE INVENTION (1`~ Field of the Invention The
invention relates to a method of fa:ricating semiconductor structures, and
more particularly, to a method of forming planarized shallow trench
isolation structures in the manufacture of integrated circuit devices. (2~
Description of the Prior Art Shallow trench isolation (STI) is now
co::.monly used in the art as an alternative to local oxidation , of
silicon (LOCOS) for forming isolations between active de~ice areas in the
integrated circuit. STI offers the adt,antages of smaller isolation area
and better surface pl~narization when compared to LOCOS. However, the STI
prc.cess suffers from dishing, especially over large trenches. Di:,hing can
cause excessive device leakage in some cases. Currently, reverse masking,
dummy active areas, and a newer nitride cap are the most commonly employed
methods to prevent di~zing during the STI chemical mechanical polishing
(CMP) prc~ess. Unfortunately, these processes are expensive and tiny
consuming. Furthermore, CMP is a "dirty" process that neE3s many subsequent
cleaning steps. If CMP could be 1 I~~~m~~~d   el'_minated, many trench
isolation problems could be solved. Co-pending U.S. Patent Application
Serial No. 09/439,357 (CS-99-059) to 3ames Lee, filed on 15 November 1999,
now U.S. Patent 6,197,691, teaches a new _ technique for preventing dishing
in an STI process. This pr;cess requires an additional HF dip step.
Co-pending U.S. Paient Application Serial No. 09/803,187 (CS-00-138) to
V.I.S. Keong et al, filed on March 12, 2001, is an improvement over U.S.
Patent 6,197,691 where the HF dip step is :got required. Several prior art
approaches disclose metiods to form and planarize shallow trench
isolations. U.S. Patent 6,057,210 to Yang et al shows a process in which
cor.~ers of the silicon nitride areas are exposed using a wet etc::. U.S.
Patent 6,015,755 to Chen et al shows a partial revr_rse mask process in
which a reverse mask is formed over wid~. areas. CMP or etchback is used.
U.S. Patents 4,954,459 to vanzino et al and 5,961,794 to Morita teach
reverse mask processes. U.S. Patents 5,923,993 to Sahota, 6,057,207 to Lin
~t al, and 6,103,581 to Lin et al teach CMP processes. U.S. Patent
6,004,863 discloses isotropic etching of oxide peal:., . 2  



SUMMARY OF THE INVENTION A principal object of the present invention is to
provide an effective and very manufacturable method of fa.~ricating shallow
trench isolations in the manufacture of in~egrated circuits. A further
object of the present invention is to ?rovide a method to fabricate
planarized shallow trench isolations. Another object of the present
invention is to ;provide a method to fabricate planarized shallow trench
iso~.ations without using chemical mechanical polishing (CMP). Yet another
object of the invention is to pro~.ide a method to fabricate planarized
shallow trench iso'.ations without using CMP and without using dummy active
area a . In accordance with the objects of this inveition, a new method of
forming shallow trench isolations without using CMP is achieved. An etch
stop layer is deposited on the surface of a semiconductor substrate. A 3
p=urality of isolation trenches are etched through the etch stop layer into
the semiconductor substrate whereby narrow accive areas and wide active
areas are left between the isolation trenches. An oxide layer is deposited
over the et~:h stop layer and within the isolation trenches using a hi:jh
density plasma chemical vapor deposition process (HDPCV~) having a
deposition component and a sputtering component ` wherein after the oxide
layer fills the isolation trenches, thE: deposition component is
discontinued while continuing the spLttering component until the oxide
layer is at a desired depth in the isolation trenches whereby the oxide
layer wit~zin the isolation trenches is disconnected from the oxide lay`r
overlying the etch stop layer. The oxide layer ove-lying the etch stop
layer in the wide active areas is etc.~ed away wherein oxide layer residues
are left overlying the etch stop layer. The etch stop layer and the oxide
layer res~wdues are removed to complete planarized shallow trench iso;
.ation regions in the manufacture of an integrated circuit device. Also in
accordance with the objects of this 



inve.ztion, another method of forming shallow trench isolations without
using CMP is achieved. A pad oxide laye.: is grown on the surface of a
semiconductor substrate. A fi::st etch stop layer is deposited over the pad
oxide 4   ` r ^ 1~_yer. A plurality of isolation trenches are etched
through try first etch stop layer and the pad oxide layer into the
sEaiconductor substrate whereby narrow active areas and wide ac'.ive areas
are left between the isolation trenches. An ox.de layer is deposited over
the first etch stop layer and wi.hin the isolation trenches using a high
density plasma chemical vapor deposition process (HDP-CVD) having a
de~.osition component and a sputtering component wherein after the: oxide
layer fills the isolation trenches, the deposition r cor.~onent is
discontinued while continuing the sputtering component until the oxide
layer is sputtered back within the isc~ation trenches to the level of the
pad oxide layer. A second etch stop layer is deposited over the oxide layer
usi~:g a high density plasma chemical vapor deposition process (HD:'-CVD)
having a deposition component and a sputtering com~:onent whereby the
second etch stop layer is sputtered awat overlying the oxide layer
overlying the first etch stop layEr in the narrow active areas and whereby
the second etch stoF layer remains overlying the oxide layer overlying the
first etch stop layer in the wide active areas. The second etch stop layer
overlying the oxide layer in the wide active area; is etched away. Then the
oxide layer overlying the firs". etch stop layer in the narrow and wide
active areas is etch;_d away. The first and second etch stop layers are
remoed to complete planarized shallow trench isolation 5   reTions in the
manufacture of an integrated circuit device. BRIEF DESCRIPTION OF THE
DRAWINGS In the accompanying drawings forming a ma.erial part of this
description, there is shown: Fiqs. 1 through 7 schematically illustrate in
cress-sectional representation a first preferred embodiment of the present
invention. Figs. 8 through 14 schematically illustrate in :ross-sectional
representation a second preferred emb-~diment of the present invention.
DESCRIPTION OF THE PREFERRED EMBODIMENTS 



The present invention is an improvement over U.S. Patent 6,197,691 to James
Lee and the co-pending application Serial No. '03/$' (CS-00-138) to V.L.S.
Keor.~ et al. The present invention achieves the prevention of c;~ide
dishing and uniformity control of the oxide thic~ness as do the patent and
co-pending application. However, the present invention offers the further
advantage of e'.iminating the "dirty" CMP process. A first preferred
embo,:iment of the present invention will be described with 6   reference
to Figs. 1 through 7. A second preferred em~.~odiment of the present
invention will be described with re:erence to Figs. 8 through 14. Referring
now more particularly to Fig. 1, th~:re is shown a cross section of a
partially completed in_egrated circuit device of the first preferred
embodiment. A semiconductor substrate I0, typically consisting of
morocrystalline silicon, is provided. A pad silicon dioxide layer 12 is
thermally grown over the substrate surface to a th;~kness of between about
80 and 120 Angstroms. A first etcz stop layer 14 is deposited overlying the
semiconductor substrate 10. The first etch stop layer 14 acts as a stop for
the subsequent etching of the gap fill layer. The first etci stop layer 14
is preferably comprised of silicon nitride and is deposited by low-pressure
chemical vapor deposition (LP~':VD). The first etch stop layer 14 is
deposited to a thi~~~kness of between about 1500 and 2500 Angstroms.
Referring now to Fig. 2, the first etch stop layer 14 and the semiconductor
substrate 10 are etched to form trenches 15 fox planned shallow trench
isolations that define widE and narrow active areas. For example, narrow
active arec 16 has a width of less than about 0.3 um while wide acti,re
area 17 has a width of greater than about 100 um. The 7   trenches are
etched using a conventional etching process such a~ reactive ion etching
(RIE). A liner oxide layer 18 is grown within the trenches 15 to a
thickness of about 100 An jstroms . Referring now to Fig. 3, a gap fill
layer 20 of high de:sity plasma (HDP) oxide is deposited overlying the
first etch stop layer 14 and filling the trenches. HDP oxide is usE_d
because of the excellent gap filling properties of thz~ process. In an HDP
plasma process, the silicon dic~ide material is deposited and etched
simultaneously in the~same reaction. This process causes the silicon
dioxide to ae deposited very densely and with no voids. In add_tion, the
etching process causes the HDP oxide to assume the near 45 degree angle
profile at trench corners as shown in ~;he illustration. In addition, a
densification step may be ;. erformed . After the correct amount of HDP
oxide is deposited to fill the trenches, the deposition component of the
HDP proc=ss is turned off, but the Argon ion sputtering component is
continued. Under sputtering, the horizontal dimension reduces much faster
than the vertical dimension. The sele aivity between the slope of the oxide
to the planar surface is approximately 5-10 . 1. Sputtering is continued 8
ur.il the desired depth D of the final oxide is reached, as sewn in Fig. 4.
Notice that this sputtering step breaks the ccinection between the oxide 22
caithin the trenches and the ox_de 20 overlying the etch stop layer 14. The
deposition an.; sputter-back step just described are performed in-situ, 



as one step in the HDP chemical vapor deposition (CVD) process. Referring
now to Fig. 5, a reverse mask 25 is fo=ned aver the substrate exposing the
large active areas 17. The reverse mask has an over-bias. Now, the oxide
layer 20 is itched away over the large active areas 17 where it is not
covered by the mask 25, using the etch stop layer 14 as the etc_`~ stop.
After removing the mask 25, most of the etch stop layer 14 is exposed, as
shown in Fig. 6. Residue of the oxi~.e 20 remains on top of the etch stop
layer 14. Now, the etch stop layer 14 is removed by str_pping with
phosphoric acid, for example. This etch stop layEr removal will also remove
the oxide residues 20 overlying the etch stop layer. As an alternative, the
resi3ue oxide 20 could first be removed by etching selective to t.ie etch
stop layer before stripping the etch stop layer. Fig. 7 illustrates the
final planarity of the shallow trench isol aion regions 22, showing good
global uniformity without 9   dishing. Significantly, this good global
planarity was aczieved without chemical mechanical polishing, thus saving
ma.:y cleaning process steps and saving costs. A second preferred
embodiment of the present - in-~ention will be described with reference to
Figs. 8 through 12 The second embodiment of the invention is the same as
the first embodiment through the steps shown in Fig. 2. Re~erring now to
Fig. 8, a gap fill layer 20 of high density plasma (HDP) oxide is deposited
overlying the first etcz stop layer 14 and filling the trenches. HDP oxide
is usel because of the excellent gap filling properties of this process. In
an HDP plasma process, the silicon dioxide material is deposited and etched
simultaneously in the same reaction. This process causes the silicon
dioxide to :~e deposited very densely and with no voids. In add_tion, the
etching process causes the HDP oxide to assume the near 45 degree angle
profile at trench corners as shown in .he illustration. In addition, a
densification step is performed. A deposition to sputter ratio of about
3.6, +/200, is used to fill the trenches. After the correct amount of HDP
oxide is deposited to fill the trenches, the deposition component of the
HDP proc.as is turned off, but the Argon ion sputtering component 10   r is
continued. Under sputtering, the horizontal dimension re.uces much faster
than the vertical dimension. Sputtering is continued until the oxide is
etched back to about the le-.el of the pad oxide layer 12, as shown in Fig.
9. Notice th~.t in this embodiment, the sputtering step is shorter than 



- in the first embodiment so that it does not break the cor_zection between
the oxide within the trenches and the oxi3e overlying the etch stop layer
14. The deposition and spu=ter-back step just described are performed
in-situ, as one step, in the HDP chemical vapor deposition (CVD) process.
Referring now to Fig. 10, a second etch stop lay;.r 24 is deposited
overlying the HDP oxide layer 20. The second etch stop layer 24 comprises
silicon nitride deposited usir_g HDP-CVD with a deposition to sputtering
ratio of about 2, T/- 200. The HDP-CVD silicon nitride 24 is deposited onto
the HDP-CVD oxide layer 20 to a thickness of between about 500 and 2000
Angstroms. The silicon nitride on the sidewall of t.ze oxide 20 above the
trenches is removed by this sput~ering step. Referring now to Fig. I1, a
reverse mask 25 is f;.rmed over the substrate exposing the large active
areas 17. Now, the silicon nitride layer 24 is etched away over the urge
active areas where it is not covered by the mask I1   25 using the oxide
layer 20 as the etch stop. After et~hing, the mask 25 is removed, as shown
in Fig. 12. Now the exposed oxide 20 on top of the active ar.:as is
removed, as shown in Fig. 13. Referring now to Fig. - 14, the etch stop
layers 24 and I4 are removed by stripping wi-,~h phosphoric acid, for
example. Fig. 14 illustrates the final planarity of thf shallow trench
isolation regions 20, showing good global un:.formity without dishing.
Significantly, this good global pl~_narity was achieved without chemical
mechanical polishing, th~~~s saving many cleaning process steps and saving
costs. Thr planarity is~better in this second embodiment even than in the
first embodiment because the nitride layer prevents an, dishing. This
completes fabrication of the shallow trEnch isolation regions. The shallow
trench isolation has been formed without dishing and without CMP and the
sutsequent cleaning steps. While the invention has been particularly shown
and described with reference to the preferred em4odiments thereof, it will
be understood by those skilled 



12   i: the art that various changes in form and details may be m~:de
without departing from the spirit and scope of the ir-~ention. What is
claimed is: 13   1. A method of forming shallow trench isolation regions in
the manufacture of an integrated circuit device comprising: depositing an
etch stop layer on the surface of a semiconductor substrate; etching a
plurality of isolation trenches through said etch stop layer into said
semiconductor substrate whereby narrow active areas and wide active areas
of said semiconductor substrate are left between said isolation trenches;
depositing an oxide layer over said etch stop layer and within said
isolation trenches using a high density plasma chemical vapor deposition
process (HDP-CVD) having a deposition component and a sputtering component
wherein after said oxide layer fills said isolation trenches, said
deposition component is discontinued while continuing said sputtering
component until said oxide layer is at a desired depth in said isolation
trenches whereby said oxide layer within said isolation trenches is
disconnected from said oxide layer overlying said etch stop layer;
thereafter etching away said oxide layer overlying said etch stop layer in
said wide active areas wherein oxide layer residues are left overlying said
etch stop 



layer; and 14   removing said etch stop layer and said oxide residues to
complete planarized said shallow trench isolation regions in said
manufacture of said integrated circuit device. 2. The method according to
Claim 1 further comprising growing a pad oxide layer on said semiconductor
substrate before said step of depositing said etch stop layer. 3. The
method according to Claim 1 wherein said etch stop layer comprises silicon
nitride and is deposited by chemical vapor deposition to a thickness of
between about 1500 and 2500 Angstroms. 4. The method according to Claim 1
further comprising growing a liner layer within said isolation trenches
before said step of depositing said oxide layer within said isolation
trenches. 5. The method according to Claim I wherein said step of removing
said etch stop layer and said oxide residues comprises a hot phosphoric
acid (H3P04) dip. 15   6. The method according to Claim 1 wherein said step
of removing said etch stop layer and said oxide residues comprises: etching
away said oxide residues using an etching recipe selective to oxide with
respect to said etch stop layer; and thereafter removing said etch stop
layer using a hot phosphoric acid (H3P04) dip. 



7. The method according to Claim 1 further comprising fabricating
semiconductor device structures in and on said semiconductor substrate
between said isolation trenches. 8. A method of forming shallow trench
isolation regions in the manufacture of an integrated circuit device
comprising: growing a pad oxide layer on the surface of a semiconductor
substrate; depositing a first etch stop layer overlying said pad oxide
layer; etching a plurality of isolation trenches through said first etch
stop layer and said pad oxide layer into said semiconductor substrate
whereby narrow active areas and wide active areas of said semiconductor
substrate 16   are left between said isolation trenches; depositing an
oxide layer over said first etch stop layer and within said isolation
trenches using a high density plasma chemical vapor deposition process
(HDPCVD) having a deposition component and a sputtering component wherein
after said oxide layer fills said isolation trenches, said deposition
component is discontinued while continuing said sputtering component until
said oxide layer is sputtered back within said isolation trenches to the
level of said pad oxide layer; depositing a second etch stop layer over
said oxide layer using a high density plasma chemical vapor deposition
process (HDP-CVD) having a deposition component and a sputtering component
whereby said second etch stop layer is sputtered away overlying said oxide
layer overlying said first etch stop layer in said narrow active areas and
whereby said second etch stop layer remains overlying said oxide layer
overlying said first etch stop layer in said wide active areas; thereafter
etching away said second etch stop layer overlying said oxide layer in said
wide active areas; thereafter etching away said oxide layer overlying said
first etch stop layer in said narrow and said wide active areas; and 



removing said first and second etch stop layers to 17   complete planarized
said shallow trench isolation regions in said manufacture of said
integrated circuit device. 9. The method according to Claim 8 wherein said
first etch stop layer comprises silicon nitride and is deposited by
chemical vapor deposition to a thickness of between about 1500 and 2500
Angstroms. 10. The method according to Claim 8 further comprising growing a
liner layer within said isolation trenches before said step of depositing
said oxide layer within said isolation trenches. 11. The method according
to Claim 8 wherein said step of depositing said oxide layer by HDP-CVD has
a deposition to sputter ratio of about 3.6. 12. The method according to
Claim 8 wherein said step of depositing said second etch stop layer by
HDP-CVD has a deposition to sputter ratio of about 2. 13. The method
according to Claim 8 wherein said second etch stop layer comprises silicon
nitride having a thickness of between about 500 and 2000 Angstroms. 18
14. The method according to Claim 8 wherein said step of removing said
first and second etch stop layers comprises a hot phosphoric acid (HsP04)
dip. 15. The method according to Claim 8 further comprising fabricating
semiconductor device structures in and on 



said semiconductor substrate between said isolation trenches. 16. A method
of forming shallow trench isolation regions whereby a polishing process is
not used in the manufacture of an integrated circuit device comprising:
depositing an etch stop layer on the surface of a semiconductor substrate;
etching a plurality of isolation trenches through said etch stop layer into
said semiconductor substrate whereby narrow active areas and wide active
areas of said semiconductor substrate are left between said isolation
trenches; depositing an oxide layer over said etch stop layer and within
said isolation trenches using a high density plasma chemical vapor
deposition process (HDP-CVD) having a deposition component and a sputtering
component wherein after said oxide layer fills said isolation trenches,
said deposition component is discontinued 19   while continuing said
sputtering component until said oxide layer is at a desired depth in said
isolation trenches whereby said oxide layer within said isolation trenches
is disconnected from said oxide layer overlying said etch stop layer;
thereafter etching away said oxide layer overlying said etch stop layer in
said wide active areas wherein oxide layer residues are left overlying said
etch stop layer; and removing said etch stop layer and said oxide residues
without using a polishing process to complete planarized said shallow
trench isolation regions in said 



manufacture of said integrated circuit device. 17. The method according to
Claim 16 further comprising growing a pad oxide layer on said semiconductor
substrate before said step of depositing said etch stop layer. 18. The
method according to Claim 16 wherein said etch stop layer comprises silicon
nitride and is deposited by chemical vapor deposition to a thickness of
between about 1500 and 2500 Angstroms. 20   19. The method according to
Claim 16 further comprising growing a liner layer within said isolation
trenches before said step of depositing said oxide layer within said
isolation trenches. 20. The method according to Claim 16 wherein said step
. of removing said etch stop layer and said oxide residues comprises a hot
phosphoric acid {H3POn) dip. 21. The method according to Claim 16 wherein
said step of removing said etch stop layer and said oxide residues
comprises: etching away said oxide residues using an etching recipe
selective to oxide with respect to said etch stop layer; and thereafter
removing said etch stop layer using a hot phosphoric acid (H3P0~) dip. 22.
The method according to Claim 16 further comprising fabricating
semiconductor device structures in and on said semiconductor substrate
between said isolation trenches. 23. A method of forming shallow trench
isolation regions whereby a polishing process is not used in the 21   



manufacture of an integrated circuit device comprising: growing a pad oxide
layer on the surface of a semiconductor substrate; depositing a first etch
stop layer overlying said pad oxide layer; etching a plurality of isolation
trenches through said first etch stop layer and said pad oxide layer into
said semiconductor substrate whereby narrow active areas and wide active
areas of said semiconductor substrate are left between said isolation
trenches; depositing an oxide layer over said first etch stop layer and
within said isolation trenches using a high density plasma chemical vapor
deposition process (HDPCVD) having a deposition component and a sputtering
component wherein after said oxide layer fills said isolation trenches,
said deposition component is discontinued while continuing said sputtering
component until said oxide layer is sputtered back within said isolation
trenches to the level of said pad oxide layer; depositing a second etch
stop layer over said oxide layer using a high density plasma chemical vapor
deposition process (HDP-CVD) having a deposition component and a sputtering
component whereby said second etch stop layer is sputtered away overlying
said oxide layer overlying said first etch stop layer in said 22
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