r..r A METHOD TO FORM MOS TRANSI STORS WTH A COVON SHALLOW TRENCH

1 SOLATI ON AND | NTERLEVEL DI ELECTRIC GAP FILL BACKGROUND OF THE | NVEREI ™ 2004
(1) +Field of the Invention The invention relates to a method of fabricating
sem conductor structures, and nore particularly, to a method of formng

MOS transistors with a common shallow trench isolation and interleve
dielectric gap fill in the manufacture of integrated circuit devices. (2)
Description of the Prior Art Shallow trench isolation (STI) has replaced

| ocal  oxidati @nMETHESID TooroRMOPOS) TRaNSTeroRLi RNTRf A aChinvEy as @R, 1,0
isolations in integrated circuits with feature sizes of 0.25 mcrons and

bel ow. STl i s TRENEH qrsolmTII@ﬁOﬁNbomtrhﬁiﬁvmpl@kEﬁﬁémﬂé Gggapsgr of smaller
area requirenents and better planarity. Referring nowto Fig. 1, a cross

section of a prior art integrated circuit device is showmn. This cross
section I3 SEP w 13 SEP 2004

' . BACKGROUND QOF THE INVENTION
(1) Field of the Invention

The invention relates to a method of fabricating
semiconductor structures, and moré particularly, to a
method of forming MOS transistors with a common shallow
trench isolation and interlevel dielectrie gap f£ill in the

manufacture of integrated circuit devices.
(2) - Description of the Prior Art

Shallow trench isclation (STI) has replaced local
oxidation of silicon (LOCOS) for formation of active area
isolations in integrated circuits with feature sizes of
0.25 microns and below. STI is superior to LOCOS for these
applications because of smaller area requirements and

better planarity.

Referring now to Fig. 1, a cross section of a prior

art integrated circuit device is shown. This cross section




illustrates sonme of the potential problens in the prior art. A

sem conductor substrate 10 is provided. Two STI structures 14 have been
formed in the senmiconductor substrate 10. The STl structures 14 hawed BEENMY
formed using conventional processes. In the |leftnost exanple, a trench is

etched into the sem conductor substrate 10. A trench filling oxide |ayer
14 is deposited overlying the sem conductor substrate 10 and filling the
trench. The trench filling oxide layer 14 is polished down to the top

surface 0hi?§t§§@é§°§%¥3§t&f ﬁ@%é@%rﬁei]aolct Soml.et.e tt@l%T St Note that

sonme overetching 18 and roundi ng o rners occurs. ese topol ogi cal

f eatures caus | e .Cc ts An the I\/[)Sqd viges. f d
adj acent %%Qt heiﬁil %ﬁgﬁig%ld%ﬁg&f%gﬁf%o%?@ee?adnp e P efcg'r e(r;lfﬁmprsgl(’:fggs
“approach _is taken. Typicall a silicon nitride |ayer ot shown, is
deposi teds%ﬁ%? \aRale %%gh%‘@?ﬁ% %‘Hu@?%r?etgdﬁ-éﬁ}b‘? esefﬁelgﬂﬁjémnctorrench i s etched
t hrough the sjilicon 61i tride | ayer and the sem conductor_ substrate 10. The

trench fifHPRGrakFdelt ayer® A4l S Hpdsited HRaTsitfen e EEeh doridiset or

substrate 10 and filling the trench. The trench filling oxide layer 14 s
pol i shed BOWCEBIPRRL SPTPERPSTT ¢ ri He thgeteilpostheexaginlicoor finande | ayer
is then renoved to conplete the STI.

is etched into the semiconductor substrate 10. A trench

filling oxide layer 14 is deposited overlying the
semiconductor substrate 10 and filling the trench. The
trénch filling oxide layer 14 is polished down to the top
surface of the semiconductor substrate 10 to complete the
STI. Note that some overetching 18 and rounding of the
corners occurs. These topological features can cause high
leakage currents in the MOS devices formed adijacent to the

STI.

In the rightmost example, a different process approach
is taken. Typically, a silicon nitride layer, not shown,
is deposited overlying the semiconductor substrate 10. The
trench is etched through thé silicon nitride layer and the
semiconductor substrate 10. The trench filling oxide layer
14 is deposited overlying the semiconductor substrate 10
and filling the trench. The trench filling oxide layer 14
is polished down to the silicon nitride layer 14, The

silicon nitride layer is then removed to complete the STI.




2,13 SEP 2004 In this exanple, the topology problenms of the |eftnost

exanpl e are prevented. However, the STI now has an elevation thatéign

cause other problems in the formation of surface features near thedSTPEP 2004
Referring nowto Fig. 2, the use of the STl structures wth a MOS
transistor is illustrated. The STl structures 34 are typically fornmed
first into the sem conductor substrate 30. The MOS gate structure,
conprising .a gate oxide 38 and a polysilicon gate electrode 42, is then

formed overl yhDg £Rermseo] CORLUCLON) SAPSEF A D o £ThE e itk doped drains
50 are inplanted self-aligned to the " gate el ectrode 42 and the STI

StrUCture§X§ﬂplgh§réigfﬁgéﬁtE§P:ﬁ$%§e§€#${@ﬁérﬁ%%f#%ﬂﬁﬁ%? The source or

drain regions 54 are ninp al i gne si dewal | spacers

16 2nd thEolls Shr ULy &g, Sauflnalhdy n@p%l%g%g{)[gyeahe BELLGLE dAver

(ILD) 58 s deposited overlying the co transi stor ‘and the STI

structureg _34. Th Lnterlevel diel ric layer 58 is typically polished
dowmn to 385?39% geakgﬁeﬁlaﬁﬁfigg?igﬁi‘Cbserve that typically both the ST
trench filling oxide |ayer 34 and the interlevel dielectric |ayer 58 are
conposed of silicon .

Reférring now to Fig. 2, the use of the STI structures
with a MOS transistor is illustrated. The STI siructures
34 are typically formed first intoc the semiconductor
substrate 30. The MOS gate structure, comprising a gate
oxide 38 and a polysilicon gate-electrode 42, is then
formed overlying the semiconductor substrate 30. The
lightly doped drains 50 are implanted self-aligned toc the
gate electreode 42 and the STI structures 34. The sidewall
spacers 46 are then formed. The source or drain regions 54
are then implanted self-aligned to the sidewall spacers 46
and the STI structures 34. Finally, an interlevel
dielectric layér (ILD) 58 is deposited overlying the
completed MOS transistor and the STI structures 34. The
interlevel dielectric layer 58 is typically polished down
to achieve a good planarization. Observe that typically
both the STI trench filling oxide laver 34 and the
interlevel dielectric layer 58 are compesed of silicon
dioxide. In addition, both layers are polished down in

separate chemical mechanical polishing (CMF) operations.




~dioxide. In addition, both layers are polished down in separate chem cal
nmechani cal - poli shing (CWP) operations. 3 13 SEP 2004 Several prior art
appr.oaches di scl ose nmethods to formtransi stors and shallowtrencfkié
isolations in the manufacture of an integrated circuit device 3 BER awt
5,856,225 to Lee et al discloses a nmethod to forma MOSFET wth a

sel f-aligning channel. A tenporary polysilicon gate 1is used in the
formati on of the transistor using a process that is conventional excepting
del aying the threshold voltage and anti-punchthrough inplants until after
the MOSFET is fornmed. The tenporary polysilicon gate is renoved, the

inplants are perforied,,and alﬂ’te%p%f?;%‘%he%o'cb&%'c'l'o%%nmle%}‘l%s' %od%%' ted and
pol i shed down to form fhe per manent. gate. U.S. Patent 5,786,255 to Yeh et

al teach@§ A et éjén E Ovehrqgigjgﬁgggﬂgghd%%rQ%t%%%s A thick silicon

nitride Iayer 'S ep05| em conduct or substrate The
silicon nitri a nd t conduct ar bstrate are to form
Gpent ngs o1 e 46T o £ i e SN RN R, ol BopeATRDE are
et ched thro%gh the silicon nitride |layer where tranS|stors aE%E%%anned.—

Gate oxi der 330 forneel ikfe i t3larkistisises a method to form a

with a self-aligning channel. A temporary peclysilicon gate
is used in the formation of the transistor using a process
that is conventional excepting delaying the threshold
voltage and anti-punchthrough implants until after the
MOSFET is formed. The témporary polysilicon gate is
removed, the implants are performed, and then a new
polysilicon layer is deposited and polished down toc form
the permanent gate. U.S. Patent 5,786,255 to Yeh et al
teaches a method to form a MOSFET with STI structures. A
“thick silicon nitride layer is deposited overlying the
semicenductor substrate. The silicon nitride layer and the
semiconducltor substrate arxe etched to form openings for the
STI. The STI is filled and planarized. OCpenings are
etched through the silicon nitride layer where transistors
are planned. Gate oxide is formed in the transistor
openings. Silicide is formed in the transistor openings.
The silicon nitride is removed. Sidewalls are formed on
both the transistor gates and on the STI. Drains and

sources are implanted. An interlevel dielectric layer is




openrngs Silicide is formed in the transistor openings. The silicon
nitride is removed. Sidewalls are formed on both the transistor gates and
on the STI. Drains and sources are inplanted. An interl evel dieIe §E Ak
| ayer is 4 13 SEP 2004 deposited and planarized. U S. Patent 5, 915 ?
Ganbino et al discloses a nethod to formraised drains and sources. A
thick silicon nitride |ayer and the sem conductor substrate are etched to
formtrenches for STI. The STl are filled and planarized. Openings are

etched thaopghi the asd | b Lo Middd de f ayerpfiqr, IHPEQ@Q%dl%%a@%'%Eﬁbl%%tes
Pol ysilicon is deposited and planarized. The sili’con’ nitride layer is

etched to.fofm g deyelds SPAGENTH PN 4 k% %ayzﬁ dd ¢ ;9at e and the 3Tl A

second polysrlrcon layer is posrt spaces betmeenughe STl and

the polysi g@ gf#e§0n1g§%§a on( onsu% on Ia polrshed down. The
second po ys| icon Tayer 1s recess arﬁ NEHGFO& regions are

formed in_the second poI icon_la er U.S. Patent 5, 346,584 to Nasr et
al  teachtPa i RedEe toF C#n for érﬁﬁﬂé"slea‘sr &%t cHed tH‘rh@uéH“I &iei con

nitride, d oxi de and the substrate An oxide fill layer is deposited. A
polysilic %@eqnﬁsp%ﬁﬁﬁﬁﬁqegj Openings are etched through the

silicon nitride layer for planned transistor gates.
Polysilicon is deposited and planarized. The silicon
nitride layer is etched to form sidewall spacers on the
polysilicon gate and the STI. 2 second polysilicon layer
is deposited to fill spaces between the STI and the
polysilicon gates. The second polysilicon layer is
polished down. The second polysilicon layer i1s recessed.
The drain and source regions are formed in the second
polysilicen layer. U.S. Patent 5,346,584 to Nasr et al
teaches a process to form STI. Trenches are etched through
silicon nitride, pad oxide, and the substrate. An oxide
fill layer is deposited. A polysilicon layer is deposited
overlying the oxide fill layer. The polysilicon laver is
patterned and oxidized to improve the oxide layer topology.

The surface is then planarized.




overlying the oxide fill layer. The polysilicon layer is patthgﬁd and
oxi di zed to inprove the oxide |layer topology. The surface.|s| en |
planarized. 5 13 SEP 2004 SUMVARY OF THE | NVENTI ON Adpr|n0|ggnu?a£§5%gg$gmh
nt invention is to provide an effective and very
;thgéeif formng MOS transistors in the nanuf?pture OIolnEEgL?égda thod
i its. A further object of the present invention is .
fgr?gin1transistors with shallow trench isolations and an interlevel

dielectric layer. A still quUMMARbeﬁc?%@fI$$€§ égiﬁntdzgrggtlﬁg :Zy;?
formthe shallow trench isolations an e i _ t
i ' i i ther object of the presen
ng a conmon dielectric layer. Another fur
?ﬁbegtion is to inprove the characteristics of the shallow trench

' ' .S [ new net hod
[ [ . I n acpeifansel Wwhbhedhe,pbigcts. of this invention, a 1 _
IofSO:c gﬁ Im'ozz MOS trgnsi stlgrs i n:h? he manu]?a i ee%tf TR VY rist € circuit

i _ . i s provided. A pad
devi ce haSpBQQBdQCQhe&??ecf&véeﬁﬂ&oagﬂftégné JE%Jfgéie mé%hod of
oxi de layer is

forming MOS transistors in the manufacture of intearated

circuits.

A further object of the present invention is to
provide a method to form transistors with shallow trench

isolations and an interlevel dielectric laver.

A still further object of the present invention is to
form the shallow trench isolations and the interlevel

dielectric layer using a common dielectric layer.

Another further object of the bresent invention is to

improve the Characteristics of the snhallow trench

isolations.

In accordance with the objects of this invention, a
new method of forming MOS transistors in the manufacture of
an integrated circuit device has heen achieved. P
semiconductor substrate is provided. A pad oxide layer is

deposited overlying the semiconductor substrate. A silicon




deposi-ted overlying the sem conductor substrate. A silicon 6 13 SEP 2004
nitride |layer is deposited overlying the pad oxide |layer. The silicon
nitride | ayer, pad oxide |ayer, and the seniconductor substrate ankd SEP 2004
patterned to formtrenches for planned shallow trench isol ations.” The
sidewal | s of the trenches are oxidized. A photoresist |layer is deposited
overlying the silicon nitride layer and filling the ‘trenches. The
photoresi st |layer is etched down to below the top surface of the silicon

nitride |@yersad onsyar e idmlantat iha1LG Semkoaduekan syhstrate to form

transistor wells. e silicon nitride layer is patterned to or m dummy

gate ele wggﬁ ; | ecty odes, are_ pl anned. . The presence of
t he phot gffﬁeés)id%?ljhas ?t e %?l:alﬁgehrgs %rC{)r(ﬁ %ﬁiee [%(;‘Fi‘tyteéfr’niarlrllg:1 éctheep. | ons are

i npl ant ed_ | nt he sem conduct or_ substrate to formlightly doped drain
junctions§é¥3ékﬁéﬁ?t%ﬁnﬁf§é?Eﬁ%?f%ﬁ%ﬁﬁ??ﬁ?ﬁﬂﬁg &ﬁnﬁfr&agéenépgétﬁ86es. | ons
are inplanted into the sem conductor substrate to formdrain and source
j'unct i onsP LA pA bl stendy érs q le tigisired Then srisleriedl s @fditlicect ri ¢

|l ayer is deposited overlying the dunmmy gate el ectrodes and the trenches.
The di el ekftneheayare jaxpblighed Mahrttarasist layer is deposited

overlying the silicon nitride layer and filling the
trenches. The photoresist la?er is etched down to below
the top surface of the silicon nitride layer. Ions are
implanted into the semiconductor substrate to form
transistor wells. The silicon nitride layer is patterned to
form dummy gate electrodes where dummy gate electrodes are
planned. The presence of the photoresist masks the
trenches from the patterning step. Ions are implanted into
the éemiconductor substrate to form lightly doped drain
junctions. Sidewall spacers are formed on the dummy gate
electrodes. ZIons are implanted into the semiconduﬁtor
substrate to form drain and source junctions. The
photoresist layer is removed. Thereafter, a dielectric
layer is deposited overlying the dummy gate electrodes and
the trenches. The dielectric layer is polished down to the
top surface of the dummy gate electrodes to thereby
complete the shallow trench isolation and to form the
interlevel dielectric layer. The silicon nitride layer is

etched away leaving openings for the planned transistor




top surface of the dummy gate electrodes to thereby conplete the shall ow
trench isolation and to formthe interlevel dielectric |ayer. Theriéli on
nitride layer is etched away | eaving openings for the planned tra HESr W
13 SEP 2004 gates. The pad oxide |ayer is etched away. A gate oxide |ayer
is formed in the openings for the planned transistor gates. A gate

el ectrode layer is deposited overlying the dielectric layer and filling
the openings for the planned transistor gates. The gate el ectrode layer is
pol i shed gafowwn. t dCi@rpad hex tdeansiwior gattehHednadayhe angageabeddeCi rcuit is
conpl eted. BRI EF DESCRI PTI ON OF THE DRAW NGS | n the acconpanyi ng draw ngs

form ng alapterisal f@andd ofn thlie ARSGHIY iJy HhRera dnseshewanskisgsr 1 and 2
schematically illustrate in cross- section partially conpleted prior art

| ntegrat eghad CUIR g RSt RS 13 dNTQUALESEROIRLLGELLY [hlustrate in

cross section the preferred enbodi nent of the present invéention. 8 40

. ~ dielectric layer and filling the openings for the planned
transistor gates. The gate electrode layer is polished

down to form the transistor gates, and the integrated

circuit is completed.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a material part

of this description, there is shown:

Figs. 1 and 2 schematically illustrate in cross-—
section partially completed prior art integrated circuit

devices.

Figs. 3 through 17 schematically illustrate in cross-

section the preferred embodiment of the present invention.




‘ The enbodi nent
13 SER 2004 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS _
di scl oses the application of the present invention to the formation of MOS

[ rs with shallow trench isolations and interlevel
5{2P225£?c-layefs in the manufacture of an integrated circuit dey#@%gEifmﬁ
shoul d be clear to those experienced in the art that the presept anen (e}
can be applied and extended without deviating fromthe scope of t ﬁ .
present invention. Referring now particularly to Fig. 3, there is shown

; ; : i i rcui devi ce of the
cross section of a parsdmtpyr@enpt efgd E}su %ﬁ%%@ﬁ%&q@g

i i 1y consisting
referred enbodi ment. A sem conduct or ( ( _
gf'nnnocrystaliine silicon, is provided. A pad oxide layer 74 is dep05|t2d
overlying the sem conductor substrate 70 as shown. The pad oxide |ayer 7

i ! deposi tion

Dot veen anaur° C0 AELTYSRE it 300 TATGRoN OAVGE! koons akorbde kayer 78
is depositqgl_veruying the pad oxide layer 74. The silicop nitride Iazgr
78 will be uasgld”‘fo TGEEt & % lakimny gace leitectieodd andlastaipohbghbi-ag st.op.

ilicaon
The si 1n the manufacture of an integrated circuit device. It
should be clear to those experienced in the art that the
present invention can be applied and extended without

deviating from the scope of the present invention.

Referring now particularly to Fig. 3, there is shown a
cross section of a partially completed integrated circuit
device of the preferred embodiment. A semiconductor
substrate 70, typically consisting of monocrystalline
silicon, is provided. A pad oxide layer 74 is deposited
overlying the semiconductor substrate 70 as shown. The pad
oxide layer 74 relieves surface stress and provides better
adhesion for the subsequently deposited silicon nitride
layer. The pad oxide layer is deposited by a conventiocnal
chemical vapor deposition (va) process to a thickness of
between about 50 Angstroms and 200 Angstroms. A silicon
-nitride layer 78 is deposited overlying the pad oxide layer
74. The silicon nitride layer 78 will be used to create a

dummy gate electrode and as a polishing stop. The silicon




9 nitride layer 78 is deposited using a conventional CVD process to a

t hi ckness of between about 1,000 Angstrons and 2,500 Angstrons. The

conbi ned thickness of the silicon nitride |ayer 78 and the pad Oxﬁ%?Skﬁﬁﬁﬂ
74 is inportant because it determ nes the thickness of the final,™ )
transistor gate electrode. Referring nowto Fig. 4, the silicon nitride

| ayer 78, the pad oxide |layer 74, and the sem conductor substrate 70 are
patterned to formtrenches for planned shallow trench isolations. The
patterning is conventionally perfornmed using a photolithographic sequence
of coati ngitwiide Jghotordsiist depopdsiedgusingughcanmaskicdaveCdpi ng, and
etching. The trenches for the planned shallow trench isolations are etched
to a deptgrafehretieen HHiakned0QEF bARgekhoaBoand160000AAggstoaRBanBef erring
now to Fig. 5, the trenches are oxidized to forman oxide |ayer 82. The

presence ofsdheyaxddedayenf2 caHee@ihy phekhe 3i dawakhs; ckgduces the

parasitic junction | eakage for devices fornmed adjacent to the STI. This
step is opti r t Nt ¢ S: €. 0X] ' t
oo or mod by I Al G i B ChARPIGES 10 ToeuRbdethen step T

because it determines the thickness of the final transistor

gate electrode.

Referring now to Fig. 4, the silicon nitride layer 78,
the pad oxide layer 74, and the semiconductor substrate 70
are patterned to form trenches for planned shallow trench
isolations. The patterning is conventionally performed
using a photolithogfaphic sequence of coating with
photoresist, exposing through a mask, developing, and
etching. The trenches for the planned shallow trench
isclations are etched to a depth of between about 3,000

Angstroms and 6,000 Angstroms.

Referring now to Fig. 5, the trenches are oxidized to

form an oxide layer 82. The presence of the oxide lavyer
82, especially on the sidewalls, reduces the parasitic
ﬁunction leakage for devices formed adjacent to the STI.
This step 1is optional to the present invention process.

The oxidation step is performed by a thermal oxidation.

10




13 SEP 2004 The oxide |layer 82 is grown to a thickness of between about 100
Angstrons and 400 Angstronms. Referring nowto Fig. 6, an inportant H ature

of the present invention is illustrated. A photoresist l|ayer 86 is+% SEP 20
deposited overlying the silicon nitride layer 78 and filling the trenches.
The photoresist layer 86 will protect the STI trench during the processing

steps used to define the dumry transistor gate and to create the source
and drain junctions. The photoresist |layer 86 is deposited using a spin-on

process a%hésorbavehiyenat? fos phokorasistehi Jhe 2heoneshsten] ayeh+86 is
. deposited to a thickness of between about 4,000 Angstrons and 8, 000

Angst roms10feAgf st NEMHONMA 046 ngfat A4S her inportant feature is shown.
The photoresist |ayer 86 is etched down to below the top surface of the

silicon nitride layer 78. This etching down step exposes the silicon
nitride layer 78 for subsequent processing while maintaining a protective

covering of ph ist over_the STI.trenches. The etching down is
per f or med usi ngégéggln?? of B d" Priocts L ¢ FhriR g2 ¢HE e e e odhithG, CF4 for

pol ymer formation, and Ar for ' bombardnent.
present invention is illustrated. A photoresist layer 86

is deposited overlying the silicon nitride layer 78 and
filling the trenches. The photoresist layer 86 will
protect the STI trench during the processiné steps used to
défine the dummy transistor gate and to cﬁeate the socurce
and drain junctions. The photoresist layer 86 is deposited
using-a spin-on process as is conventional for photoresist.
The photoresist layer 86 is deposited to a thickness of

between about 4,000 Angstroms and 8,000 Angstroms.

Referring now to Fig. 7, another important feature is
shown. The photoresist layer 86 is etched down to below
the top surface of the silicon nitride layer 78. This
etching down step exposes the silicon nitride layer 78 for
subsequent processing while maintaining a protective
covering of photoresist over the STI trenches. The etching
down is performed using a controlled process comprising: CH,
for etching, CF; for polymer formation, and Ar for

bombardment.

i1




|3 13 SEP 2004 Referring nowto Fig. 8, ions are inplanted 94 into the

séeni conduct or substrate to formtransistor wells 98. Dependi-ng upon“;F%%P o004
transistor type, specific ions are inplanted to formeither p-type~of " t
n-type wells 98 in the transistor region. The presence of the photoresi st
layer 86 overlying the STl trenches protects the trenches from dopant
contam nation. The wells 98 so fornmed have a junction depth of between
about 0.5 mcrons and 1.5 microns and a dopant concentration of between

about 1X105 atRutkdwenthg afh 161046 atoMe/6B 2 Bt GLE LAYAOW,t 0, FL. 9, the
silicon nitride |ayer g78 and thgg pad oxXi dealrayer£)7§, are pat glélrﬁed to form

durmy gatene dlaptearas shersihe JiAts) ston gaLg eLeetrodes age pl anned

The patterning is perforned using a convenhl on;a ( o Ei c ’
sequence Jdepasi t t ist .(not _shown),  exposing rough a mask,
de\cjel opi n]'gé,(p andq{}t chi ng. e]gé:?aﬁsﬁlgﬁngwttyé’elri Spefé,%lFoh%nﬁ_r@r?rrpl ant edlll(r)\t 0
the sem of substrate 70 to formlightly doped drain regions

for the p nﬂaqﬁ%&; AnsiSPet S1EATE BoddPEnaT Bnérgy BEliRe2fnmphahbei s such
that inplantation is self- aligned to the dumy gate electrode 78 and the
STI OVEF|EE%PSlSt0r region. The presence of the photoresist layer

86 overlying the STI trenches protects the trenches from
dopant contamination. The wells 98 so formed have a
junction depth of between about 0.5 microns and 1.5 microns
and a dopant concentration of between about 1X10' atoms/cm®

and 1X10'® atoms/cm?®.

Referring now to Fig. 9, the silicon nitride layer 78
and the pad oxide layer 74 are patterned to form dummy gate
electrodes where the transistor gate electrodes are
planned. The patterning is performed using a conventiocnal
photolithographic sequence of depositing photoresist (nét

shown), exposing through a mask, developing, and etching.

Referring now to Fig. 10, ions are implanted into the
semiconductor substrate 70 to form lightly doped drain
fegionsrllo for the planned transiétors. The dose and
energy of the implant is such that implantation is self-
aligned to the dummy gate electrode 78 and the STI overlaid

by the photoresist layer 86. The ionic species is selected

12




by the photoresist layer 86. The ionic species is selected 12 13 SEP 2004
to formeither p--type or n-type junctions, depending upon the transj Esr
type. The lightly doped drain regions have a junction depth of bet SEF 2004
about 0.1 mcrons and 0.2 mcrons and a dopant concentration of between
about 1X10'*' atons/cnB and 1X10'8 atons /CMB. Referring nowto Fig. 11,

si dewal | spacers 112 are forned on the dummy gate el ectrode. The sidewal |
spacers 112 conprise silicon dioxide that is deposited using a

convent i dmalfdringle idenrsi t-tplpasor nspybkehuderesht, AEPERSISng hPRs are
i npl anted 114 into the sem conductor subStrate 70 to form Source and drain

junctionaj&;&ﬂgygﬂggbgnﬁﬂﬁistqh 11 honi eglL.es i elected to create
either p-type or n--typeé junctigns gg%ﬁdpﬁaégna%ﬁgnt?%ﬁ%?%?oﬁa¥§pe. The

junctions, 118 ane . selfsali he, si dewal | spacers_112 and the STI
regi ons. Réferrfhg E%ﬁﬁ%bcg?ggt%%?%t%goﬁgopghe??gfoPﬁy%?éB%'?s r emoved.
The phot%ﬁ%§k§k |_.a %_%% i%5preferabl renoved b{ a conventional, oxygen

ashing process.. Referringa WCchﬁpﬁ?gfé?naﬁgtHE "EaPorbant 18&Pure of the

resent invention is.ill rated. A dielectric |ayer
pres atoms CHP and 1X¥8Ia atoms/cmg{ y

Referring now to Fig. 11, sidewall spacers 112 are
formed on the dummy gate electrode. The sidewall spacers
112 comprise silicon dioxide that is deposited using a
conventional high density plasma “sputter-deposit” process.
ions are implanted 114 into the semiconductor substrate 70
to form source and drain junctions 118 for the transistor.
The ionic species is selected to create either p-type or
n~type junctions depending on the transistor type. The
junctions 118 are self-aligned to the sidewall spacers 112

and the STI regions.

Referring now to Fig. 12, the photoresist layer 86 is
removed. The photoresist layer 86 is preferably removed by

a conventional oxygen ashing process.

Referring now to Fig. 13, another important feature of
the present invention is illustrated. A dielectric layer

122 is deposited overlying the dummy gate electrode 78, the

13




is deposited overlying the dunmy gate electrode 78, the 13 13 SEP,2004
%?Eraﬁsisgor structureY tge sem conductor substrate 70, and f||||ng§§h§EP3mﬁ
STl .trenches. The dielectric |ayer 122 conprises a silicon dioxide
material that is preferably deposited using a high density plasma (HDP)
process. ‘The wuse of an HDP process insures the formation of a high
quality oxide and conplete filling of any gaps and trenches. The
dielectric layer is deposited to a thickness of between about 8, 000

Angst r one- T 158,000 6 tAngsurens thkmpekt abhlyictbie sdh ek 85 &1 6 248l 122
serves two purposes. First deposition of the dielectric | ayer 2

| ectric | ayer
conpl et estitiie riorumat isTT @frehi@eldl! ShEUGH W ES PRC 0 t d|e
122pmnll serve additionally as the interlevel di ? g?rl ayer (ILD) to

d cngh e ot ompl n |s o] eferrln now to Fig. 14,
fﬁ;rgrglectrfggﬁﬁisrSf%g%ﬁg EH %eg g ﬁ QPHE f%ppgﬁ FERRIBf the

silicon I ste | anari zes the dielectric |layer 122 to
i?eate a?é%EFggﬁgi%%% nghdg§P§9t9Tﬁ ASPR; BHE hiPFP@EesSt ayBRe78 acts as

h al
a pol i shing %%O%nf%thg%o%egg]gnsures the formation of a high
quality oxide and complete filling of any gaps and
trenches. The dielectric layer is deposited to a thickness

of between about 8,000 Angstroms and 15,000 Angstroms.

Importantly; the dielectric layer 122 serves two
purposes. First deposition of the dielectric layer 122
completes the formation of the STI structures. Second, the
dielectric layer 122 will serve additionally as the

interlevel dielectric layer (ILD) to surround and isolate

the completed transistor.

Referring now to Fig. 14, the dielectric layer 122 is
polished down to the top surface'of the silicon nitride
layer 78. This step planarizes the dielectric layer 122 to
create an optimum ILD for the device. The silicon nitride
layer 78 acts as a polishing stop for the chemical

" mechanical polishing process used in this step. Note
especially, that only one CMP polish is reguired to define

and planarize both the STI and the ILD.




i cal i shi i i ially t hat only
hani cal polishing process used in this step. Note especia ,
gﬁg CVP poIPsh i's rgquired to define and planarize both the STI and the

) 13 SEP 2004. Referring now to Fig. 15, the silicon nitride4l Ezﬂﬁ
;hg t%g pad oxide layer 74 are etched away. This step creates opeﬁtﬁégte
where the permanent gate electrodes will be formed. The_e;ch!ng am?y step

is performed using a conventional etching process conpr|3|ng.‘$H3 for Cow

etching, CF4 for polynmer formation, and Ar for bonbardment. Referring

[ [ [ ited overlying the
to Fig. 16, a gate oxide |ayer 126 is deposite
senicgnductor substrate 70 in the openings created for the gate

i i ited via a conventional CVD
el ectrodes. Thg.galg; QX | ayer 126 _is deposite aa
process. The ggtg gi?ﬁeﬁl %yte? ]%2% |£Sﬂe%%|§Jé&Q%l atftHiiclendsyeof et ween

d_200 Angstrons. A gate el ectrode .Iayer 130 is
ggogtsi ? (e)dég%ﬁﬁ[‘%rﬁaggtn‘ﬁ%l%%t@ 5T det | e ugted avey .di dlhect rsited ayer 122,
ang filli t@e openings for the gate electrodes. The gate el ectrode | ayer
130 conpr?lg%% N @%%%@W VISR e prtnaidit aater atetal-odBre wate
el ectrod | ayer 130 is deposited to a thickness of between about 2,000
Angstrongb%. 5o Astetorsing away step is performed using a

conventional etching process comprising: CH; for etching,

CFy for polymer formation, and Ar for bombardment .

Referring now to Fig. 16, a gate oxide layer 126 is
deposited overlying the semiconductor substrate 70 in the
openings created for the gate electrodes. The gate oxide
layer 126 is deposited via a conventional CVD process. The
lgate oxide layer 126 is depesited to a thickness of between
about 50 Angstroms and 200 Angstroms. A gate electrode
layer 130 is deposited overlying the gate oxide layer 126,
the dielectric layer 122, and filling the openings for the
gate electrodes. The gate electrode layer 130 comprises a
conductive such as polysilicon or metal. The gate electrode
layer 130 is deposited to a thickness of between about

2,000 Angstroms and 5,000 Angstroms.

Referring now to Fig. 17, a final important part of
the present invention is illustrated. The gate electrode

layer 130 is polished down to the top surface of the




ing nowto Fig. 17, a final inportant part of the present invention
iRgf ielrlr‘us'?rat ed. Theggate el ectrode layer 130 is polished down to the top
surface of the 15 13 SEP 2004 | dielectric layer 122 to conplete thel3 Sgp o
formation of the transistor gate electrode and the transistor in the 20
manuf acture of the integrated circuit device. The gate electrode |ayer ﬁ
is polished down using a chem cal nechanical polishing (CVP) process. The
conpl et ed device has several advantages over the prior art structure.

i i €l i i Tl and the |ILD
First, theéidietesicitaf@werod2y,is, §Sg across .the ST
structures. This el iarl%!’nat es potentr?a curreen? rérﬁ%a}é’él P t &€ Second, there

[ STI over difficulties. Third, the CW
Ipfoggss uggﬁﬁfgs%%%ﬁggéjt%e@%cg eacptcfi © | GhAS IEiPdpeii€ones cl ose to

i cRnduE  di shi l'i shing can
h em bstrate . 70. Therefore, no dishing or overpoli
E)Cgu?. Ascrﬁ)shom‘%&lf‘ﬁls hoe% pt(ra}é(?c e EP FSHiHEtE.t O iseesefhe igavent i on

. . it h
i des ver uf act urabl e process for formng M3S transistors w
Ohal | &e%hy‘?{egﬁaﬂ%sl%dls iBftlerghareIdagine luedtgi @ kagergailn an

shal | ow tfFen
; dcircuit
|ntegrate]m éﬁanlcal polishing (CMP) process.

e

The completed device has several advantages ovei_the
prior art structure. First, the dielectric layer 122 is
seamless across the STI and the ILD structures. -This
eliminates potential current leakage paths. Second, there

1s noJSTI notch to present step coverage difficﬁlties.
“Third: the CMP process used to planarize the‘dielectric
ilayér 122 never comes close to the semiconductor substrate

“70. Therefore, no dishing or overpolishing can occur.

As shown in the preferred embodiments, the present
invention provides a very manufacturable prccess for
forming MOS transistors with shallow trench isclations and
interlevel dielectric layers in an integrated circuit

device.

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




device. Wile the invention has been particularly shown and described with
reference to the preferred enbodinments thereof, it wll be understood by
those skilled in the art 16 18 SEP 2004 that various changes in fonpa&&%
details may be nade without departing fromthe spirit and scope of 2004
invention. 17 1 3 SEP 2004 CLAIMS 1. A nethod to formtransistor gates and
shal l ow trench isolations in the manufacture of an integrated circuit
device conprising: providing a sem conductor substrate; 5 depositing a pad
oxi de | ayEr2tover] oy duinyssenircoiductord siehstinat eaydeposiatieng a sili con
nitride |layer overlying said pad oxide |layer; patterning said silicon
nitride l'ayerquisalabauadiraxifieon khd ayemi s aicdpserircepduct or substrate
to formtrenches for planned shallow trench isol ations;

invention. '

17




depositing a photoresist |ayer overlying said silicon nitride |ayer and
fi'lling said trenches; ‘etching down said photoresist |ayer to below the top
15 surface of said silicon nitride layer the trench remaining filled3d SEP 2004
patterning said silicon nitride |layer and said pad oxide |ayer to frorm:
dummy gates where said transistor gates are planned and wherein the
presence of saiglsphotoresist |ayer protects said trenches from patterning;
20 renoving sald photoresist |ayer; thereafter depositing a dielectric '

| ayer over | ying2 sattodutmyfgat esransi sgdd daenchesi aghhsh Agcdeyn sald

dielectric layer to the top surface of said dummy gates to thereby form

sai d shal | ovisha ak3 oBiEP 12004 e2hahieneh ui-s0Lat LQNS 9%&195 orma planarized
interlevel dielectric layer; etching away said au ga es 1% ¥ orm

openi ngs foﬁeV$ﬁedcﬁh@ﬁﬁ%qanansistor gate el ectrodes; depositing a gate
el ectrode | ayer overlying said 30 dielectric layer and filling said

SRS Gare o ootr SAEIENED (LSRR haPshsBbsELgEy: and polishing cow
5 depositing a pad oxide layer overlying said
semiconductor substraﬁe;
depositipg a silicon nitride layer overlying said pad
oxide layer;
patterning said silicon nitride layer, said pad oxide
10 layer, and said semiconductor substrate to form trenches
for planned shallow trench isolations;
depositing a photoresist layer overlying sald silicon
nitride layer and filling said trenches;
etching down said photoresist layer to below the top
15 surface of said silicon nitride layer the trench remaining filled;
patterning said si;icon nitride layer and said pad
oxide layer to form dummy gates where said transistor gates
are planned and wherein the presence of salid photoresist
layer protects said trenches from patterning;
20 removing said photoresist layer;
thereafter depositing a dielectric layer overlying
said dummy gates and said trenches;

polishing down said dielectric layer to the top

surface of said dummy gates to thereby form said shallow




transistor gates and to conplete said integrated circuit device. 2. The
net hod according to Claim1 wherein said pad oxide |ayer is deposited to a
t hi ckness of between about 50 Angstronms and 200 Angstrons. 3. The ggh@@ﬂh
according to Claim1l wherein said silicon nitride layer is deposited t¥ o 2k
t hi ckness of between about . 1,000 Angstrons and 2,500 Angstrons. 4. The

nmet hod according to Caim1 wherein said photoresist |ayer is deposited to
a thickness of between about 4,000 Angstrons and 8,000 Angstrons. 19 13
SEP 2064 5. tTReChethedagéoosding to Cbaimmelphheseinesaifrdielestric |ayer
conprises a silicon dioxide deposited by a high density plasm process. 6.
The met hod déededitmgct da@kaim 1 wherein said dielectric |ayer is deposited
to a thickness of between about 8,000 Angstrons and 15, 000 Angstrons. 7.

The nethod accor eicegihg ElayMsiiwhangin éé&gsgéBefoF$?8%é99§ Layer
conprises a conductive material of the group contail ning: o?y5| Icon, W

Vi, ,, Wi NsaW¥, plaaRddTkMNan8isThe gEEBOM1AGCREGED9 to claim 1 further
conpri sing
depositing a gate electrode layer overlying said
30 dielectric layer and filling said openings for said planned
transistor gate electrode; and

polishing down said gate electrode layer to form said

transistor gates and to complete said integrated circuit

device.

2. The method according to Claim 1 wherein said rad oxide
layer is deposited to a thickness of between about 50

Angstroms and 200 Angstroms.

3. The method according to Claim 1 wherein said silicon
nitride layer is deposited to a thickness of between about

1,000 Angstroms and 2,500 Angstroms.

4. The method according to Claim 1 wherein said photoresist

- layer is deposited to a thickness of between about 4,000

Angstroms and 8,000 Angstroms.




oxi dizing said trenches to forman oxide |ayer on the inside surfaces of
said trenches wherein said oxidizing is perforned after said step o% EP 2004
patterning said silicon 5 nitride |layer, said pad oxide |ayer, and é?ﬂ&
sem conductor substrate to formsaid trenches and wherein said oxidizing
is perforned before said step of depositing said photoresist |ayer. 9. The
nmet hod according to Caim1l1 further conprising 20 13 SEP 2004 form ng
sidewal | spacers on said dummy gate el ectrodes wherein said formng is
after said stepllof PRiEhed megesding tst 1G]com i twtade iayen card S aid fHad
oxide layer to formsaid 5 dummy gate el ectrodes and wherein said formng
is before shidestepnofisesoying said ot il o d 1Rl HylQ HA giet hod to
formMOS transistors with shallow trench isolations in the manufacture of
an integratetecsittpiplaseyimecodgri sing: providing a sem conduct or
substrate; 5 depositing a pad oxide |ayer overlying said sem conductor
substrate; depositing a silicon nitride |ayer overlying said pad oxide

| ayer;
6. The method according to Claim 1 wherein said dielectric

layer is déposited to a thickness of between about 8,000

Angstroms and 15,000 Angstroms.

7. The method according to Claim 1 wherein said gate
electrode layer comprises a conductive material of the

group containing: polysilicon, W, WSi,, WSiN, WNy, and TiN.

8. The method according to Claim 1 further comprising
oxidizing said trenches to form aﬁ oxide layer on the
inside surfaces of said trenehes wherein-said oxidizing is
performed after said step of patterning said silicon

5 nitride layer, said pad oxide layer, and said semiconductor
substrate to form said trenches and wherein said oxidizing
is performed before said step of depositing said

photoresist layer.

9. The method according to Claim 1 further comprising

20




patterning said silicon nitride layer, said pad oxide 10 |ayer, -and said
semni conductor substrate to formtrenches for planned shallow trench

i sol ations; depositing a photoresist |ayer overlying said silicon 13 rSgpeng

layer and filling said trenches; inplanting ions into said sen conductor
substrate to . 15 formtransistor well junctions; etching down said
photoresist.layer to below the top surface of said silicon nitride |ayer,
the trench remaining filled; 2] 13 SEP 2004 t patterning said silicon
nitride |layer and said pad oxide layer to formdumy gates where said

transi stor géremiag aieephbhngshant Wiekeia Bignpr §5€8C8 Oft
photoreS|stg | ayer protects said trenches from pat ernlng E&#antlng i ons

into said sewhemadncsatd5£¢§miﬁ§fiéfhfﬂéQr@hlﬁgg£é pRed- drain, i unctions;
form ng sidewall spacers on said dumry gate ect des |nﬁ#aﬁpl g ions

into-said SEEEEQBdHCthrﬁﬁ@Siéfgfféﬂa saﬁﬁ”bﬁaugﬁfdgnﬂa§g§uto é¥%|§gE%
renmovi ng said photoresist |ayer;
' 5 dummy gate electrodes and wherein sald forming is before

said step of removing said photoresist layer.

10. A methed to form MbS transistors with shallow trench
isolations in the manufacture of an integrated circuit
device comprising:
providing a semiconductor substrate;
5 L depositing a pad oxide layer overlying said
semiconductor substrate; |
depositing a silicon nitride layer overlying said pad
OQide layer:;
patterning said silicon nitride layer, said pad oxide
16 layer, and said semiconductor substrate to form trenches
for planned shallow trench isolations:
depositing a photoresist layer overlying said silicon
nitride layer and filling said trenches;
implanting ions intec said semiconductor substrate to
15 form transistor well junctions;
etching down said photoresist layer to below the top

surface of said silicon nitride layer. the trench femainiﬁé filled.
N M- I
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t hereafter dep05|t|ng a dielectric |layer overlylng 30 said dummy gates and
said trenches; polishing down said dielectric layer to the top surfag QS%P 2004
said dummy gates to thereby formsaid shallow trench isolations and to
forma planarized interlevel dielectric layer; 35 etching away said dummy
gates to formopenings for said planned transistor gate el ectrodes;
depositing a gate el ectrode |ayer overlying said dielectric |layer and

filling said openings for said planned transistor gate electrode; and 22
13 SEP 2004 40 polishing down said gate el ectrode | ayer toI formsaid
transistor gates gmegtdenfrof Msai dilnapsi stersqantLiQ. Somlet

integrated circuit devi cerQ;r 11. The net hod accordlag to dié’ %nerel n

said pad oxbdeqd aygfei St SRS (RGO (AL LDi S etyeen about 50
AngstPoms and 200 Aﬁ%‘?strorrs 12. Thg et %gdﬁig%%%r 0 TSR GAMEr ei n

sai d si bpcongraigti ayey osi.te t hi knes f between about
1,000 Angstrons Lréndﬁ’}geé%oo Ar;Jghs%tr(régL%B%h Br%%egce Ciéi%ci%tr?&ers&sél aim 10

Whereln Saldlayer protects said trenches from patterning:;
| ‘implanting ions into said semiconductor substrate to
form lightly doped drain junctions;
forming sidewall spacers on said dummy gate
25 electrodes;
implanting ions into said.semiconductor substrate to
form source and drain junctions;
rembving said photoresist layer;
thereafter depositing a dielectric layer overlying
30 said dummy gates and said trenches;
polishing down said dielectric layer to the top
surface of said dummy gates to thereby form said shallow
trench isolations and to form a planarized interlevel
dielectric layer;
35 etching awayrsaid dummy gates to form openings for
sald planned transistor gate electrodes;
depositing a gate electrode layer overlying said
dielectric layer and filling said openings for said planned

transistor gate electrode; and

22




photoresist layer is deposited to a thickness of between about

4, 000. Angstrons and 8,000 Angstrons. 14. The nethod according to Cbgg ,&0
wherein said dielectric layer conprises a silicon dioxide deposit g? 2004
hi gh density plasma process. 15. The nmethod according to Claim 10 wherein
said dielectric layer is deposited to a thickness of between about 8, 000
Angstrons and 15,000 Angstrons. 23 13 SEP 2004 16. The nethod according to
Claim 10 wherein said gate electrode |ayer conprises a conductive nateri al
of the roup containing: polysilicon, W Wi, WaiN, WN, and Ti N. 17. The
met hod égcording pol Gilaimy Idovrurstehier gedrpeilsthgodoxi et g Fairgh tgmgrches to
forman oxide |ayer on the inside surfaces of said trenches wherein said
oxi di zi ng i strpesfstmedyafderarghitd soep ehipatteksi g saidhsidd con 5
nitride |ayer, said pad oxide |layer, and said sem conductor substrate to
form sai d treoohestansh idheireidysaicd @%irdiiZiNgevise performed before said

step of depositing said photoresist layer. 18. A nethod to form MOS

‘transistors with shallow trench isolations in the manufacture of an

integrated circuit

' 11. The method according to Claim 10 wherein said pad
oxide layer is deposited to a thickness of between about 50

Angstroms and 200 Angstroms.

12. The method according to Claim 10 wherein said silicon

nitride layer is deposited to a thickness of between about

1,000 Angstroms and 2,500 Angstroms.

13. The method according to Claim 10 wherein said
photoresist layer is deposited to a thickness of between

about 4,000 Angstroms and 8,000 Angstroms.

14. The method according to Claim 10 wherein said
dielectric layer comprises a silicon dioxide deposited by a

high density plasma process.

15. The method according to Claim 10 wherein said
dielectric layer is deposited to a thickness of between

about 8,000 Angstroms and 15,000 Angstroms.




i i sing: i di i trate; 5 depositing a pad
evice conprising: providing a sem conductor subs at e, dej g ¢
gxide Iang over?ying said sem conductor substrate; depositing a silicon

[ [ [ [ [ d'S|H
i de | ayer overlying said pad oxide |layer; patterning sai P ﬁﬂ#
Eztizdg Iaier, saidypad oxide 10 |layer, and said sem conductor subs &gi

to formtrenches for planned shallow trench isolations; 24 13 SEP 2004 ?
oxidi zing said trenches to forman oxide layer on the inside ;Fyfaceslg
sai d trenches; depositing a photoresist |layer overlying said si |gon
nitride Iayer g‘fl||ln said trenches; inplanting ions into sai g

seni conduct or' %&u §FrEF§ § PEEATHEBASEEtGraimell0 wueekiansaiet ghtog omg
sai d phot or esi_st Iayer to below the top surface of said silicon nltgl e
| ayer the tr&HEFTFERRI ARKEET FPRRBISC208 patitoaraniing s@kdrshbi 6ONCRLLT i e
| ayer and said pad oxide |layer to formdummy gates where said transis
gates are pﬁéﬁ#@dcaﬁaamhén@FnPQIEBxﬂﬁaﬁncevOMSSQJdw@ﬂ@tqh@5|ghd TN,

17. The method according to Claim 10 further comprising
oxidizing said trenches to form an oxide layer on the
inside surfaces of said trenches wherein said oxidizing 1is
performed after said step of patterning said silicon

5 nitride layer, said pad oxide layer, and said semicpnductor
substrate to form said trenches and wherein said oxidizing
is performed before said step of depositing said

photoresist layer.

18. A method to form MOS transistors with shallow trench
isolations in the manufacture of an integrated circuit
device comprising:
providing a semiconductor substrate;
5 depositing a pad oxide layer overlying said
semiconductor substrate;
depositing a silicon nitride layer overlying said pad
oxide layer;
patterning said silicon nitride layer, said pad oxide
10 layer, and said semiconductor substrate to form trenches

for planned shallow trench isolations;
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| ayer protects said trenches frompatterning; inplanting ions into said

sem conductor substrate to 25 fornmli?htly goped_drﬁgﬂt%Egc}gﬁgs;nigrgg?%m4
i i trodes; inp :
sidewal | spacers on said dunmy gate elec o _ . ?
em drain junctions;. 30 renoving
sem conductor substrate to formsource and _ ( movi ng
[ [ ; depositing a dielectric layer overlying
sai d photore5|§t |l ayer; thereafter posi o Gelearie Py R Ying
id du ates and said trenches wherein sai ie :
Zagilicggyd?oxide deposited by a high density plasma process; 25 13 SEP

[ .sai [ [ face of said
i sh .said dielectric layer to the top sur.
éggﬁyBSanLIfolPﬂe?%%@lfépﬁ1EEFQ EREPFloRr &9 divaim asobat iensagad. of OrKer m a

i i nt.er.l. dielectric layer; etching away said dummy gates to
?L?R?LLéﬁ?nbgg'%P%%2%u§g$8eﬁlaﬁn%@i r e e gafe elect&ogefi_ﬁgpgzzélng a

| ectrode | ayer overlying said dielectric layer an |‘ i g
ggéﬁiﬁggcfor saidy FRARGEINEr ankhet oregite lelyent bodel yangd said silicon

! 15 nitride layer and filling said trenches;

implanting ions into said semiconductor substrate to
form transistor well junctions;
etching down said photoresist layer to below the top
surface of said silicon nitride layer=the trench remaining filled;
20 patterning said silicon nitride layer and said pad
oxide layer to Fform dummy gates where said transistor gates
'_are plarned and wherein the presence of said phétoresist
layer protects said trenches from patterning;
implanting ions into said semiconductor substrate to
25 form lightly doped drain junctions;
forming sidewall Spacers on said dummy gate
electrodes;
implanting ions inteo said semiconductor substrate to
form source and drain junctions;
30 removing said photoresist layer;
thereafter depositing a dielectric layer overlying
said dummy gates and said trenches wherein said dielectric
layer comprises a silicon dioxide deposited by a high

density plasma process:;
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pol i shing down said gate electrode |ayer to formsaid- 45 trans!stortgates
and to formsaid transistors and to conplete said integrated CIrCSEBSEP 4
device. 19. The nethod according to Claim 18 mhereln said photoredi E 200
| ayer is deposited to a thickness of between about 4,000 Apgstrpgs a?e
8,000 Angstroms. 20. The nethod according to O aim 18 wherein sai ga_n
eiectrode | ayer conprises a conductive material of the group containing:

polysilicon, W WS x, Wi N, WNx, and Ti N. 26

35 polishing down said dielectric layer to the top
surface of said dummy gates to thereby form said shallow
trench isolations and te form a planarized interlevel

- : dielectric layer; |
etching away said dumnmy gates to form openinés for
40 said planned transistor gate electrodes;
depositing a gate electrode layer overlying saig
dielectric layer and filling said openings for said planned
'transistor gate electrode; and
polishing down said gate electrode layer to form said-:
45 transistor gates and to form said transistors and to

complete said integrated circuit device.

19. The method according to Claim 18 wherein said
photoresist layer is deposited to a thickness of between

about 4,000 Angstroms and 8,000 Angstroms.
20. The method according to Claim 18 wherein said gate

electrode layer comprises a conductive material of the

group containing: polysilicon, W, WSi,, WSiN, WN«, and TiN.
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