
200203j~JAN10024  CS-00-157 1  A NEW METHOD FOR PRE-STI-CMP PLANARIZATION
USING POLY-SI  THERMAL OXIDATION BACKGROUND. OF THE'INVENTION  (1) Field of
the Invention The invention relates to a method of  fabricating
semiconductor structures, and morn 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  commonly used in the art as an alternative
to. local oxidation  of silicon(LOCO.),for.forming isolations between
active  device areas in the integrated circuit. STI offers the  advantages
of smaller isolation area and better surface  planarization when compared
to LOCOS. However, the STI  process suffers from non-uniform planarization
and dishing.,  especially over large trenches because of poor initial wafer
topology. Dishing can cause excessive device leakage in some  cases.
Currently, reverse masking, dummy active structures,  and more recently,
nitride capping layers, are the most  commonly employed methods to prevent
dishing during the STI  



chemical mechanical polishing (CMP) process. However, CS-00-157 2  reverse
masking steps incur additional processing costs.  ti Dummy structures, on
the other ,hand, cause rn increase in  parasitic capacitance that is not.
favorable,. especially in  mixed signal processes. These processes are
expensive and  time-consuming. Co-pending U.S. Patent Applications  Serial
No. 09/439,357 (CS-99-059) to James Lee, filed on  11/15/99, and
(CS-00-138) to V.S.K. Lim et al,  filed on , teach nitride capping
techniques  for. preventing dishing in an STI process using HDP-CVD oxide.
.Several prior art approaches disclose methods to form.and  planarize
shallow trench isolations. U.S.: Patent 5,173,439  to Dash et al teaches an
STI process using a polysilicon  layer to shield the oxide in wide
trenches, etching away the  oxide not covered by the polysilicon, and
finally a CMP of  the polysilicon and remaining oxide. U.S. Patent
5,880,007  to Varian et al teaches a polysilicon layer over HDP oxide
within trenches. CMP exposes the oxide, then the polysilicon  and oxide are
etched separately followed by an-oxide CMP.  U.S. Patent 6,048,775 to Yao
et al shows a process in which a  



silicon nitride capping Inyer is used. U.S. Patent 5,721,173  to Yano et al
uses a polysilicon capping process in which the  polysilicon is subjected
to CMP, the oxide not covered by the  polysilicon is etched away, and the
remaining polysilicon is CS-00-157 3  polished by CMP. J.S. Patents,
6,001,706 to Tan et al and  6,107,159 to Chuang show other STI methods.
SUMMARY OF THE INVENTION A principal object of the present invention  is to
provide an effective and very manufacturabla 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  where oxide dishing is eliminated. Another
object of the present invention is  .to provide a method to fabricate
shallow trench isolations  having better planarity control. Yet another
object of the invention is to  -provide a method to fabricate shallow
trench Itolations  wherein oxide dishing is eliminated and better planarity
control is achieved. In accordance with the objects of this  



invention, a new method of forming shallow trench isolations CS-00-157 4
has been achieved. An etch step layer is deposited on the  surface of a
semiconductor substrate. A plurality of  isolation trenches are etched
through the etch stop layer  into the semiconductor substrate to-separate
active areas.  An oxide layer is deposited over the etch stop layer and
within the isolation trenches wherein the oxide fills the  isolation
trenches and overlies the etch stop laver on the  active areas. A
polysilicon layer is deposited overlying  the oxide layer within the
isolation trenches and the oxide  layer overlying the etch stop layer. The
polysilicon layer  is polished away until the oxide layer overlying the
etch  stop layer is exposed and the polysilicon layer rsx;ains only
overlying the oxide layer in the isolation trenches. The  polysilicon layer
is. oxidized whereby the oxidized  polysilicon..layer has'a height close to
the height of the  oxide laver overlying the etch stop layer. The oxidized
polysilicon layer,.the oxide layer overlying the.etch stop  layer, and the
oxide layer in the isolation trenches is  polished down until the etch stop
layer is reached thereby ..planarizing the isolation trenches to
complete`planarized  shallow trench isolation regions in the manufacture of
an  



integrated circuit device. CS-00-157 5  BRIEF DESCRIPTION OF THE DRAWINGS
1  in the accompanying drawings forming a material part of this scription,
there is shown: Figs. '_ through 7 schematic: i :- illustrate in
cross-sectional repres:ntation a preferred embodiment of the.  present
invention. DESCRI^TION OF THE :REFERRED EMBODIMENTS  R.eferr;.ng now more
particularly to Fig.. 1,  there is shown a cross section of a partially
completed  integrated circuit device of the preferred embodiment. A
semiconductor substrat^ 10, typically consisting of  monocrvstalline.silicc
, is provided.. A pad oxide layer 12  is formed by oxidizing the silicon
substrate surface. The  pad oxide layer has a =_'pical thickness of between
about 50  and 200 Angstroms. An -.':ch stop layer 14 is deposited over  the
pad oxide layer 12. The etch stop layer 14 is preferably  composed of
silicon nitride and is deposited by chemical.  vapor deposition (CVD) to a
thickness of between about 1000  and 3000 Angstroms. CS-00-157 



6  The etch stop .layer 14, pad dry layer 12,  and the semiconductor
substrate 10 are etched to form  trenches 15 and 16 for planned shallow
trench isolations.  For example, a narrow trench 15 having a width of
between  about 0.2 and 5 p.m and a wide trench 16 having a width of
between about 5 and 100 pm are formed, as shown Fig. 2.  Optionally, an
oxidation process forms a liner oxide 20  within the trenches 15 and 16.
Referring now to Fig. 3, a gap fill laver is  deposited within the trenches
15 and 16.. Gap fill oxides  include high density plasma (HDP) oxide,
tetraetlhoxysi lane  (TEOS) - ozone (03) deposited by sub-atmospheric
chemical  vapor deposition (SACVD), borophosphosilicate glass (BPSG),
TEOS.oxide, or TEO.S-03, for example, or any other dielectric  layer that
is able to fill the trench. The gap fill layer 22  fills. the trenches and
(24) covers the etch stop layer 14  overlying the active areas. Referring
now to Fig. 4, a layer of  polysilicon 26 is deposited overlying the gap
fill oxide  22/24. The polysilicon_ layer is deposited by low pressure  CVD
to a thickness of between about 2000 and 4000 Angstroms. CS-00-157 7  



Referring now to Fig. 5, a chemical  mechanical polishing (CMP) step is
performed to 'remove the  polysilicon layer 25 on top of the oxide peaks
24. The gap  fill oxide 24 acts -s a polish stop layer. Pol-:silicon 26
remains in the gaps between the oxide peaks 24. Now, a thermal oxidation of
the polysilicon  26 is performed. For example, the substrate. is heated to
a  temperature of between about 800 and 1100 C. The oxidation  reaction is
as follows: Si (s) + O2-(g) --> SiO2 (s) or: Si (s) + H2O (g)'--> SiOz (s)
+ 2H (-g) The thickness of the silicon dioxide layer 28 will increase
according to the formula: tst = 0.44 tsioa, where tsi = thickness of the
(poly)silicon  after CMP tsto2 = thickness of the Si07 after  oxidation By
controlling tsi, the final tsi.oa height can be determined.  Hence, the
SiO2 thickness can grow to approximately the  height of the highest oxide
peaks 24. Oxidation is continued  until a good planarizatic' height is
reached. A.wet or dry  oxidation may be used. CS-00-157 



8  Finally, refertsrg to Fig. the. oxide 28  and 24 is polished by CHIP
with a polish stop at to etch stop  layer 14, completing formation of
shallow trench isolation  regions. 22 having. good planarity and no dishng.
Alternatively, the oxide 28 and 24 can hs planarizsd by an  etching
process. For example, for a CM? process; a  polyurethane pad with or
without a subpad may be used. A  silica-based or potassium-based slurry may
be used. The'pad  may have a down force of 3 to 7 psi and the tablejh ad.
speed  may be 30 to 100 rpm. For an etching process, a d=y etch  using an
reactive ion etching (RIE) process or a wet etch  using hydrofluoric acid
(FIF) may be used. This completes fabrication of the shallow  trench
isolation regions. The shallow trench isolation has  been formed without
dishing and with gocd planarity control.  No reverse mask, no dummy active
areas, and no nitride cap  has been used in this process. The thermal
oxidation of  polysilicon can be controlled so that excellent planarization
can be achieved. While the invention has bean 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 



CS-00-157 9  made without departing from the' spirit and scope,. of the
invention. What is claimed is CS-00-157 10  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  5 of a
semiconductor substrate; etching a plurality of isolation trenches through
said etch stop layer into said semiconductor substrate  to separate active
areas of said semiconductor  substrate; 10 depositing an oxide layer over
said etch stop layer  and within said isolation trenches wherein said oxide
layer fills said is^lation trenches and overlies said  etch stop layer on.
raid active areas;. depositing a polysilicon layer overlying said oxide  15
layer within said isolation trenches. and said oxide  layer overlying said
etch stop layer; polishing away said polysilicon layer until said  oxide
layer overlying said etch stop layer is exposed  



and said polysilicon layer remains only overlying said  20 oxide'layer in
said isolation trenches; thereafter oxi'izing said polysilicon laser
;whereby  oxidized said polysilicon layer has a height close to  the height
of said oxide layer overlying said etch stop  layer; and 25 polishing down
said oxidized polysilicon . {1~1{11111111{11111{1{llllll 11* C L M S
CS-00-157 11  layer, said oxide layer oVe.rlying said etch stop  layer, and
said oxide layer in said isolati.bn trenches  until said etch stop layer is
reached thereby  planarizing said isolation trenches to complete 30
planarized said ;hallow 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 an said semiconductor  substrate
underlying said etch stop laver. 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 1000 and 3000 Angstroms. 4. The method according to Claim 1 wherein
said oxide  layer is selected from the group consisting of: !MP-CVD  oxide,
TEOS oxide, TEOS-03, SACVD TEOS-03; and BPSG. 5. The method according to
Claim 1 wherein said  polysilicon layer is deposited by low pressure
chemical  vapor deposition to a thickness of between abc4t 2000  and 4000
Angstrom:, I I!IIIIIIlIvIOjIIItI1IIiII CS-00-157 12  6. The method
according to-Claim 1 wherein said step of  polishing away said polysilicon
layer compr'-sez chemical  mechanical polishing (CMP). 7. The method
acc=iing to Claim 1 wherein said step of  oxidizing said polysilicon layer
is a wet or dry  oxidation. 8. The method according to Claim ? wherein
sa.c'l  polishing down step comprises chemical mechanical  polishing (CMP).
9. The method according to Claim 1 wherein said  polishing down step
comprises wet or dry etching. 10. The metbcd according to Claim 1 further
comprising  



fabricating semiconductor device structures in and on  said semiconductor
substrate between said isolation  trenches. 1.1. A method of forming
shallow trench isolation regions  in the manufacture of an integrated
circuit device  comprising: oxidizing the surface of a semiconductor
substrate  5 to form a pad oxide layer; CS-00-157 13  depositing a
i.licon'$itride layer overlying said  pad oxide layer; etching a
p7.:x:.:aiity of isolate ion trenches through  said silicon layer and said
pad oxide. layer into  10 said semiconductor. substrate to separate active
areas of said semiconductor substrate; depositing an oxide layer over said.
silicon nitride  layer and within r i.c1 isolation trenches wherein said
oxide layer fills said isolation trenches and overlies  15 said silicon
nitrf layer on said active areas; depositing a :~o'_ysilicon layer
overlying said oxide  layer within said isolation trenches ar4 said oxide
layer overlying &P.-id silicon nitride layer; polishing aw:._ said
polysilicon layer until said  



20 oxide layer overlying said silicon nitride layer is  exposed and said
r-: silicon layer remains only  overlying said ox=.-'-, layer in said
isolation trenches; thereafter o:idizing said polysilicon layer whereby
oxidized said poly silicon layer has a height close to. 25 the height of
sai_'7 oxide layer overlying said silicon  nitride layer; and polishing
down said oxidized polysilicon layer,  said oxide layer ^verlying said
silicon nitride layer,  and said oxide la nar in said isolation trenches
until 30 said silicon nits:.de layer is reached thereby CS-00-157 14
planarizing said .solatior'trenches to complete  planarized said V allow
trench isolation regions in said me .facture of said integrated circuit
device. .12. The method according to Claim 11 wherein said  silicon nitride
oyet has a thickness of between about  1000 and 3000 Angstroms. 13. The
method ac--ing to Claim 11 wherein said oxide  layer is selec'-.-Y : rom
the group consisting of: HDP-CVD  oxide, TEOS oxid.': TEOS-03, SACVD
TEOS-03, and BPSG.  14. The method <-'ording to Claim 11 wherein said  



polysilicon laye: is deposited by low pressure chemical  vapor deposition
to a thickness of between about 2000  and 4000 Angstror : 15 . The method
r^.< ,ording to Claim 11 wherein said step  of polishing away .aid
polysilicon layer'comprises  chemical mechanic' 1 polishing (CMP). 16. The
method ac^"rding to Claim 11 wherein said step  of oxidizing sa.r'
polysilicon layer is a wet or dry  oxidation. 14 L S CS-00-157 15  17. The
method ac^_ording (o Claim 11 wherein s---.id  polishing down step
comprises chemical mechar:ai  polishing (CMP). .18. The method according to
Claim 11 wherein said  polishing down step comprises wet or dry etching..
19. The method according to Claim 111 further comprising  fabricating
semiconductor de-rice structures is and on  said semiconductor substrate
between said isolation  trenches. 20. A method of farming shall;w trench
isolation regions  in the manufacture of an integrated circuit device
comprising: 



oxidizing the surface of a semiconductor substrate  5 to form a pad oxie i
laver; depositing a silicon nitride layer overlying. said  pad oxide layer;
etching a plurality of isolation trenches through  said silicon nitr:-_?e
layer and said pad oxide layer into  10 said semiconductor substrate to
separate active areas of said semiconductor n-.bstrate wherein at least one
narrow trench of than 5 microns is formed and at  least one wide tr.:. of
greater than 5 microns is lIllJlIlIi1lOhlII111111111 M S CS-00-157 16
formed; 15 depositing a-? oxide layer over said silicon nitride  layer and
within said isolation trenches wherein said  oxide layer fills said
isolation trenches and overlies  said silicon nitr:de layer on said active
areas; depositing a polysilicon layer overlying said oxide  20 layer within
said isolation trenches and said oxide  laver overlying s;id silicon
nitride layer; polishing aw y said polysilicon laver until said  oxide
layer overlying' said silicon nitride layer is  



exposed and said polysilicon layer remains only 25 overlying said ox-.de
layer in said isolation trenches;  thereafter oxidizing said polysilicon
layer whereby  oxidized said polysilicon layer has a height close to  the
height of sail- oxide layer overlying said silicon  nitride layer; ant" 30
polishing doin said oxidized polysilicon layer,  said oxide layer overlying
said Silicon nitride layer,  and said oxide layer in said isol-.=ion
trenches until  said silicon nitride layer is reached thereby  planarizing
said isolation trenchs!~: without dishing over 35 said at least one wide
trench to complete planarized  said shallow trench isolation regions in
said  manufacture of sa:.d integrated circuit device. I I I I I I I I I
1111111111 III, M 1111111 cS-00-157 17  21. The method according tb Claim
20 wherein said oxide  layer is selected from the group consisting`of:
HDP-CVD  oxide, TEOS oxide, TEOS-03, SACVD TEAS-03, and BPSG.  22.. The
method according to Claim 20 wherein said  polysilicon layer is deposited
by lcw pressure chemical  vapor deposition to a thickness of between about
2000  



and 4000 Angstrom;. 23. The method according to Claim 20 wherein said step
of polishing away said polysilicon layer comprises.  chemical mechanical
polishing.(CMP). 24. The method according to Claim 20 wher-:.,in said step
of oxidizing said polysilicon layer is a wet or dry  oxidation. 25. The
method according to Claim 20 further comprising  fF.bricating semiconductor
device structures in-and on  sr'id semiconductor substrata between
saidisolation  trenches. C L 


