17 January 2005 METHOD TO FORM SELF-ALIGNED, L-SHAPED SIDEWALL SPACERS
BACKGROUND OF THE INVENTION (1) Field of the Invention The invention rel?;%gntorai&%thod of
fabricating semiconductor structures, and more particularly, to a method of forming seffighgned,
L-shaped sidewall spacers adjacent to polysilicon traces and transistor gates in the manufacture of

integrated circuit deviegsi{2) Pesetiptionsefithe BriosMurt Sidewalspasersrareused istthe gegeration of
the lightly doped drain (LDD) region in transistor structures. The move from 0.35 microns to 0.25
microns and below necessitates the use of silicon nitride and silicon dioxide. The migration to silicon
nitride provides an improved margin for the pre-salicide clean process. As the physical geometry of the
emerging technologies is getting smatter; ey processmgeor patternitcansfer and deposition becomes
more challenging, especially the interlevel dielectric (ILD) gap fill process. Forming the silicon 1 17
January 2005

(1) Field of the Invention

The invention relates to a method of fabricating
semiconductor structures, and more particularly, to a
method of forming self-aligned, L-shaped sidewall spacers
adjacent to polysilicon traces and transistor gates in the

manufacture of integrated circuit devices.

(2) Description of the Prior Art

Sidewall spacers are used in the generation of the
lightly doped drain (LDD) region in transistor structures.
The move from 0.35 microns to 0.25 microns and below
necessitates the use of silicon nitride and silicon
dioxide. The migration to silicon nitride provides an
improved margin for the pre-salicide clean process. As the
physical geometry of the emerging technologies is getting
smaller, the processing for pattern transfer and deposition
becomes more challenging, especially the interlevel

dielectric (ILD) gap fill process. Forming the silicon



nitride spacer by a conventional dry etch process proves very challenging. The complexity of such an etch
process results in too much variation in the width of the spacer. This variation is ticuIaEIy gensitive to
. . . . . . . . anuary 2005 ~. .
variations in the concentration of devices across the circuit. Fig. 1 illustrates an in egrafled circuit device
of the prior art. A partially completed LDD transistor is shown. A semiconductor substrate 10 is shown.

Shallow trench; iselationsgk-STIharesfosmeddn the semicondustasio piselates thesactivedevice area. A

transistor gate is shown comprised of a thin gate oxide 22 and a polysilicon gate electrode 26. In
practice, this pelysilican gate glestrode T26 mayne eamprised of iHtiple levels.obpelysikeon or may
include other resistivity lowering layers. The lightly doped drains 18 are implanted after the formation of
the transistorgateland are, thesefarehsetalignetsto the aate. Andxidelinerdayers3t-isrfformed overlying
the polysilicon gate electrode 26. This oxide liner layer improves the adhesion of the silicon nitride. The
silicon nitriderlayer 34 is depesitetlsovestyingctheoxide krersiayer80to variations in

the concentration of devices across the circuit.

Fig. 1 illustrates an integrated circuit device of the
prior art. A partially completed LDD transistor is shown.
A semiconductor substrate 10 is shown. Shallow trench
isolations 14 (STI) are formed in the semiconductor to
isolate the active device area. A transistor gate is shown
comprised of a thin gate oxide 22 and a polysilicon gate
electrode 26. In practice, this polysilicon gate electrode
26 may be comprised of multiple levels of polysilicon or
may include other resistivity lowering layers. The lightly
doped drains 18 are implanted after the formation of the
transistor gate and are, therefore, self-aligned to the

gate.

An oxide liner layer 30 is formed overlying the
polysilicon gate electrode 26. This oxide liner layer
improves the adhesion of the silicon nitride. The silicon
nitride layer 34 is deposited overlying the oxide liner

layer 30.



2 17 January 2005 Referring now to Fig. 2, the silicon nitride layer 34 and the oxide liner layer 30 are
anisotropically etched, as conventional in the art, to form sidewall spacers adjac Q[ to th gglysmcon
gates. The conventional etching process produces spacers with curved profiles 3 J\?\?”t?h e decreasing
device size, there are two main problems with the silicon nitride spacers formed in this process. First, it
is difficult to produce consistent, low variation spacer widths because of the etching process. Second,
though the sidewalls are curved, the sidewall profiles are too sharp. As the distance between polysilicon

gates is decreased, itdrecomasyverywiffieult-tafjll the gap between adjacent gateswithout greating voids
in the interlevel dielectric material. Several prior art approaches disclose methods to form and fabricate

sidewall spacersi U.5e Patantd,661649 1o yldir et @l teaches iasprocess taforgn sidewalls for dransistors.
Voids are formed in the sidewalls for stress relief. Polysilicon is used for a portion of the sidewalls. U.S.
Patent 5,013,6Fbte:Bhesretlal disctosesaat, to form sidewall spacers adjacent

to the polysilicon gates. The conventional etching process

produces spacers with curved profiles 38.

With the decreasing device size, there are two main
problems with the silicon nitride spacers formed in this
process. First, it is difficult to produce consistent, low
variation spacer widths because of the etching process.
Second, though the sidewalls are curved, the sidewall
profiles are too sharp. As the distance between polysilicon
gates is decreased, it becomes very difficult to fill the
gap between adjacent gates without creating voids in the

interlevel dielectric material.

Several prior art approaches disclose methods to form
and fabricate sidewall spacers. U.S. Patent 5,661,049 to
Lur et al teaches a process to form sidewalls for
transistors. Voids are formed in the sidewalls for stress
relief. Polysilicon is used for a portion of the
sidewalls. U.S. Patent 5,013,675 to Shen et al discloses a

process to form polysilicon sidewall spacers and to remove



process to form polysilicon sidewall spacers and to remove 3 17 January 2005 them using an etchant.
Silicon dioxide is used as a gate liner underlying the polysilicon spacers. U.S. Patlg glm?,rs%gogzz to
Huang teaches a process to form sidewall spacers of silicon nitride by anisotropically e%@hlng a silicon
nitride layer. U.S. Patent 5,498,555 to Lin discloses processes to form sidewall spacers of: oxide-

polysilicon, oxiderpolysilicon-exide,axide-nitride,1and oxidespitride-9xidg sUS.Ratent5,:891,788 to Fazan
et al teaches a process to form local oxidation of silicon (LOCOS) isolations using polysilicon spacers
around a maskingmatesial: Gorpgnding B S1 Patant Applisgtien: Serial INos 094839368 (CS-99-066) to P.

Yelehanka et al, filed on Oct. 28, 1999, teaches a 2-step insitu etch to form L-shaped nitride spacers.
SUMMARY QF, $biE, INVEN TGN A prineipatehject g the present infvention isitorpravide an effective and
very manufacturable method of fabricating silicon nitride sidewall spacers adjacent to polysilicon traces
and polysilicosdisanrsistobgateslindlag nitride by anisotropically etching a

silicon nitride layer. U.S. Patent 5,498,555 to Lin

discloses processes to form sidewall spacers of: oxide-

polysilicon, oxide-polysilicon-oxide, oxide-nitride, and

oxide-nitride-oxide. U.S. Patent 5,891,788 to Fazan et al

teaches a process to form local oxidation of silicon

(LOCOS) isolations using polysilicon spacers around a

masking material. Co-pending U.S. Patent Application

Serial No. 09/439,368 (CS-99-066) to P. Yelehanka et al,

filed on Oct. 28, 1999, teaches a 2-step insitu etch to

form L-shaped nitride spacers.

SUMMARY OF THE INVENTION

A principal object of the present invention is to
provide an effective and very manufacturable method of
fabricating silicon nitride sidewall spacers adjacent to
polysilicon traces and polysilicon transistor gates in the

manufacture of integrated circuits.



manufacture of integrated circuits. 4 17 January 2005 A further object of the present invention is to
provide a method to fabricate silicon nitride sidewall spacers with L-shaped profil?;,]trlllﬁlztlrir%)q] ve
dielectric material gap fill. Another further object of the present invention is to providae a method to
fabricate L-shaped sidewall spacers with improved process control of the width of the spacers. In

accordance with thezobjegts1of this innentiop ra tnew piethed of forming siigon gitdde sidewall spacers
has been achieved. A semiconductor substrate is provided. An isolation region is provided overlying the

semiconducteyr sybstrate. Relysiieon races are pravided everlying thei drsuateeiayer. A liner oxide layer
is formed overlying the polysilicon traces and the insulator layer. A silicon nitride layer is formed
overlying the §ipacexide layeat. A-polysiieonobambephatisssilicemlayetisdieposied iaverlying the silicon
nitride layer. The polysilicon or amorphous silicon layer is completely oxidized to form a temporary
silicon dioxidentatyer.i Ehe tempparary silicon

Another further object of the present invention is to
provide a method to fabricate L-shaped sidewall spacers

with improved process control of the width of the spacers.

In accordance with the objects of this invention, a
new method of forming silicon nitride sidewall spacers has
been achieved. A semiconductor substrate is provided. An
isolation region is provided overlying the semiconductor
substrate. Polysilicon traces are provided overlying the
insulator layer. A liner oxide layer is formed overlying
the polysilicon traces and the insulator layer. A silicon
nitride layer is formed overlying the liner oxide layer. A
polysilicon or amorphous silicon layer is deposited
overlying the silicon nitride layer. The polysilicon or
amorphous silicon layer is completely oxidized to form a
temporary silicon dioxide layer. The temporary silicon
dioxide layer is rounded in the corners due to volume
expansion during the oxidation step. The temporary silicon

dioxide layer is anisotropically etched through to expose



dioxide layer is rounded in the corners due to volume expansion during the oxidation step. The temporary
silicon dioxide layer is anisotropically etched through to expose 5 17 January 200@ }he hoEion%ntaI

e . . . . . 17/ January. .
surfaces of the silicon nitride layer while leaving the vertical sidewalls of the temporary sflicon dioxide
layer. The temporary silicon dioxide layer and the silicon nitride layer are anisotropically etched to

remove all ofthe temporanysilicog diexide dayer anctodonm csjlican nitride-sideyalt spagers. The
presence of the specially shaped temporary silicon dioxide layer causes the silicon nitride sidewall
spacers to foma anilnghaped prefilecihe ytegraied siredit dewice isnpmpleed; Alse dhaccordance with

the objects of this invention, L-shaped silicon nitride sidewalls having an improved interlevel dielectric
gap filling abilityatedestebed. A semicenducionsybsirale isprovided An insylatordayer: averlays the
semiconductor substrate. Polysilicon traces overlay the insulator layer. A liner oxide layer overlays the
polysilicon tracesi Shicon hitride sidewall-spacers nwith @ndp-shapead peafile, aihgeiherperisneter of the

all of the temporary silicon dioxide layer and to form

silicon nitride sidewall spacers. The presence of the

specially shaped temporary silicon dioxide layer causes the

silicon nitride sidewall spacers to form an L-shaped

profile. The integrated circuit device is completed.

Also in accordance with the objects of this invention,
L-shaped silicon nitride sidewalls having an improved
interlevel dielectric gap filling ability are described. A
semiconductor substrate is provided. An insulator layer
overlays the semiconductor substrate. Polysilicon traces
overlay the insulator layer. A liner oxide layer overlays
the polysilicon traces. Silicon nitride sidewall spacers,
with an L-shaped profile, ring the perimeter of the
polysilicon traces and overlay the insulator layer. An
interlevel dielectric layer overlays the polysilicon
traces, silicon nitride sidewall spacers, and the insulator
layer and fills the spaces between the silicon nitride

sidewall spacers to complete the device.



polysilicon traces and overlay the insulator layer. An interlevel dielectric layer overlays the polysilicon
traces, silicon nitride sidewall spacers, and the insulator layer and fills the spaces %twee e silicon
nitride sidewall spacers to complete the device. 6 17 January 2005 BRIEF DESCRI HO 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 a partially completed prior art integrated circuit
device. Figs. 3 through 8 schematically illustrate in cross- sectional representation the preferred
embodiment of the present invention: Fig.c2 schematically itustrates mmiadternative cross- sectional

representation of the preferred embodiment of the present invention. Fig. 10 illustrates a process flow
chart of part of the fabrication sequence of the present invention. 7

In the accompanying drawings forming a material part

of this description, there is shown:

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

device.

Figs. 3 through 8 schematically illustrate in cross-
sectional representation the preferred embodiment of the

present invention.

Fig. 9 schematically illustrates an alternative cross-
sectional representation of the preferred embodiment of the

present invention.

Fig. 10 illustrates a process flow chart of part of

the fabrication sequence of the present invention.



17 January 2005 DESCRIPTION OF THE PREFERRED EMBODIMENTS The embodiment discloses the
application of the present invention to the formation of silicon nitride sidewall spalclet]rsuiglr tggognanufacture
of an integrated circuit device. It should be clear to those experienced in the art tha the 5resent invention
can be applied and extended without deviating from the scope of the present invention. Referring now

particularly to Fig. 3, there g shewp 81 crossrsection of @rpattially completed-igtegrated circuit device of
the preferred embodiment. In this embodiment, the present invention is used to form silicon nitride

sidewall spacers in the fabrication of a lightly doped drain (LDD) MOSFET. Alternatively, the key process
steps could be used to create silicon nitride sidewall spacers for a variety of situations where a
polysilicon trace is formedmavedyingra: sdlisitate oA segteondusiarcsubstrates £0; hypically consisting of
monocrystalline silicon, is provided. Shallow trench isolations 44 (STI) are formed in the semiconductor
substrate 40 ppra senventionahwayn Alternatehy, tacat dxidation of silicon (LQCOS)asolation

sidewall spacers in 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. In this embodiment,
the present invention is used to form silicon nitride
sidewall spacers in the fabrication of a lightly doped
drain (LDD) MOSFET. Alternatively, the key process steps
could be used to create silicon nitride sidewall spacers
for a variety of situations where a polysilicon trace is
formed overlying a substrate. A semiconductor substrate
40, typically consisting of monocrystalline silicon, is
provided. Shallow trench isolations 44 (STI) are formed in
the semiconductor substrate 40 in a conventional way.
Alternatively, local oxidation of silicon (LOCOS) isolation

could be used for isolating active areas.



could be used for isolating active areas. 8 17 January 2005 A MOS transistor gate electrode 50 is formed
overlying the semiconductor substrate 40. The MOS transistor gate electrode 501i7s mm%gezwsof a gate
oxide layer 52 and a polysilicon gate layer 56. The MOS transistor gate electrode g@ Is formed in a
conventional way. First, a thin gate oxide layer 52 is either grown or deposited overlying the
semiconductor substrate 40. The polysilicon gate layer 56 is then deposited, typically by a chemical
vapor deposition (CVD) process, overlying the gate oxide layer 52. The polysilicon gate layer 56 and the

gate oxide layer 52 areithen patternedde forat thesindividuai MGS  transistargate electrodes 50. The
LDD regions 48 are then formed. lons are implanted into the semiconductor substrate 40 using the MOS

transistor gate iedeciranies asdimasks. Kutbissway cthed DD Tegions 48tarerseifalignedde the MOS
transistor gate electrodes. These first steps of the process are shown in the process flow of Fig. 10 as
step 100. Refelrng nowdo Fig.i4k amsipantans aspeciaféhexide layer 52 and a
polysilicon gate layer 56. The MOS transistor gate
electrode 50 is formed in a conventional way. First, a
thin gate oxide layer 52 is either grown or deposited
overlying the semiconductor substrate 40. The polysilicon
gate layer 56 1is then deposited, typically by a chemical
vapor deposition (CVD) process, overlying the gate oxide
layer 52. The polysilicon gate layer 56 and the gate oxide
layer 52 are then patterned to form the individual MOS
transistor gate electrodes 50. The LDD regions 48 are then
formed. Ions are implanted into the semiconductor
substrate 40 using the MOS transistor gate electrodes as
masks. In this way, the LDD regions 48 are self-aligned to
the MOS transistor gate electrodes. These first steps of

the process are shown in the process flow of Fig. 10 as

step 100.

Referring now to Fig. 4, an important aspect of the
present invention is shown. A liner oxide layer 60 is
formed overlying the MOS transistor gate electrodes 50 and

the semiconductor substrate 40. The liner oxide layer 60



present invention is shown. A liner oxide layer 60 is formed overlying the MOS transistor gate electrodes
50 and the semiconductor substrate 40. The liner oxide layer 60 9 17 January 2005 impro the
adhesion of the subsequently formed silicon nitride layer 64. The liner oxide layer corﬁprlses silicon
dioxide and may be formed either by a thermal oxidation or by a CVD deposition process. The liner oxide

layer 60 is formgd-preferabhstosa thicknessof between ahaut SQARgstoMms and 300 Angstroms. This

step of the process is shown in the process flow of Fig. 10 as step 104. A silicon nitride layer 64 is
formed overlying theidineroxide dayer 66, d hisiissan imypartant fgatures of thempreseatinvention because

the sidewall spacer will be formed in this layer. The silicon nitride layer 64 may be formed by a thermal
furnace processlardayna €\IX precessdasds cosventionad irethenart. Dye to thegievel features of the
present invention, the thickness of the silicon nitride layer 64 formed will determine the thickness of the
sidewall spacex.ilndhe preferredyermbadimentibe silicon process. The liner oxide

layer 60 is formed preferably to a thickness of between

about 50 Angstroms and 300 Angstroms. This step of the

process is shown in the process flow of Fig. 10 as step

104.

A silicon nitride layer 64 is formed overlying the
liner oxide layer 60. This is an important feature of the
present invention because the sidewall spacer will be
formed in this layer. The silicon nitride layer 64 may be
formed by a thermal furnace process or by a CVD process, as
is conventional in the art. Due to the novel features of
the present invention, the thickness of the silicon nitride
layer 64 formed will determine the thickness of the
sidewall spacer. In the preferred embodiment, the silicon
nitride layer 64 is formed to a thickness of between about
100 Angstroms and 700 Angstroms. This step of the process

is shown in the process flow of Fig. 10 as step 108.

A silicon layer 68, made up of either polysilicon or

amorphous silicon, is deposited overlying the silicon

10



nitride layer 64 is formed to a thickness of between about 100 Angstroms and 700 Angstroms. This step
of the process is shown in the process flow of Fig. 10 as step 108. A silicon layer %&2 adg WP of either
polysilicon or amorphous silicon, is deposited overlying the silicon 10 17 January 20 é n&/rl € layer 64.
The purpose of the silicon layer 68 is to subsequently form a silicon dioxide layer overlying the silicon

nitride layer 64: ThesiliconJayerds is deposigdpising a eonyentional VD peoeess ¢a aithickness of
between about 50 Angstroms and 400 Angstroms. This step of the process is shown in the process flow

of Fig. 10 as stepdbiRetesting newda Fig.s5, anetherdmpertast feafdre ofvthelgresgntinyention is
shown. The silicon layer 68 is completely oxidized to form a temporary silicon dioxide layer 72. The
temporary silison tioxide fayer d2 is sgundesi in theneorpensi &b due 4 yolusee expansion during the
oxidation step. This rounded corner profile 74 of the temporary silicon dioxide layer 72 is key to achieving
the novel L-shapesidewal:spacers inctheveresentiaveatian.process to a thickness

of between about 50 Angstroms and 400 Angstroms. This step

of the process is shown in the process flow of Fig. 10 as

step 112.

Referring now to Fig. 5, another important feature of
the present invention is shown. The silicon layer 68 is
completely oxidized to form a temporary silicon dioxide
layer 72. The temporary silicon dioxide layer 72 is rounded
in the corners 74 due to volume expansion during the
oxidation step. This rounded corner profile 74 of the
temporary silicon dioxide layer 72 is key to achieving the
novel L-shape sidewall spacers in the present invention.
The oxidation step is performed using a low temperature
oxidation process with an oxidation temperature of between
about 650 degrees C and 800 degrees C, ambient gases
comprising either 0O, and H, or O, and N;, and additive gases
comprising chlorine containing gases. This step of the
process is shown in the process flow of Fig. 10 as step

116.

11



The oxidation step is performed using a low temperature oxidation process with an oxidation temperature
of between about 650 degrees C and 800 degrees C, ambient gases comprising e/ijther O% %gud H2 or 02

L .. . .. . 17 January 20 .
and N2, and additive gases comprising chlorine containing gases. This step of the procgss IS shown in
the process flow of Fig. 10 as step 116. 11 17 January 2005 Referring now to Figs. 6 and 7, another

important aspect ofthe presant inwention is sBewn sA Jwa-part etehrisdrerformedemtihe device. During
the first part of the etch, the temporary silicon dioxide layer 72 is anisotropically etched through to

expose the harzontal surfaces ehthesiliconfjtigde layeried yetdeaving the ovastical sidevvalls of the
temporary silicon dioxide layer 72. This step forms the novel shape of the sidewalls into the temporary
silicon dioxide layes 72@asnddsteatediir kigve.dauringthei secaneepart ekthepeteh, the silicon nitride layer
64 is etched to complete the sidewall spacers 64 as illustrated in Fig. 7. The two-part anisotropic etching
step is performedhysing eeactive dam etching (RIEx) dioxide layer 72 is

anisotropically etched through to expose the horizontal

surfaces of the silicon nitride layer 64 yet leaving the

vertical sidewalls of the temporary silicon dioxide layer

72. This step forms the novel shape of the sidewalls into

the temporary silicon dioxide layer 72 as illustrated in

Fig. 6. During the second part of the etch, the silicon

nitride layer 64 is etched to complete the sidewall spacers

64 as illustrated in Fig. 7. The two-part anisotropic

etching step is performed using reactive ion etching (RIE)

with an etching chemistry comprising combinations of gases

of the group of: CF,, CHFj3, CyF¢, Cy4Hg, Ar, CO, O,, CHsF.

Preferably, an etching chemistry of C4Hg and Ar is used

during the silicon dioxide etching an etching chemistry of

CHsF and O; is used during the silicon nitride etching.

This step of the process is shown in the process flow of

Fig. 10 as step 120.

Note that the profile of the temporary silicon dioxide
layer 72 formed after the first part of the etching

effectively transferred to the underlying silicon nitride

12



with an etching chemistry comprising combinations of gases of the group of : CF4r CHF3, C2F6, C4HS8,
Ar, CO, 02, CH3F. Preferably, an etching chemistry of C4H8 and Ar is used durin%t\lg si%gp dioxide
etching an etching chemistry of CH3F and 02 is used during the silicon nitride etching. This step of the
process is shown in the process flow of Fig. 10 as step 120. Note that the profile of the temporary silicon

dioxide layersizitopaed aftex dhe frst pagtof the etching affectively transterreditastherinderlying silicon

nitride 12 17 January 2005 sidewall spacers 64 during the second part of the etching step. The presence
of the speciallyshapedrtemporarye sticon diaxide lyer 72 provides phardenguring-the spacer etch that

inhibits lateral etching of the silicon nitride layer 64. Therefore, the novel L-shape 74 is etched into the
silicon nitride dayer &4 Il addition, hegause thestesrpierary silicen-dioxidedayemnd? wihibits lateral etching,
local and global etch microloading effects do not effect the final dimensions of the silicon nitride sidewall
spacers as indhe @sior atickinallyranyhwhibits lateral etching of the silicon

nitride layer 64. Therefore, the novel L-shape 74 is

etched into the silicon nitride layer 64. 1In addition,

because the temporary silicon dioxide layer 72 inhibits

lateral etching, local and global etch microloading effects

do not effect the final dimensions of the silicon nitride

sidewall spacers as in the prior art. Finally, any

remaining temporary silicon dioxide layer 72 that is not

removed during the etch is removed during the subsequent

pre—-salicide cleaning step. The two-part etching step of

the process is also shown in the process flow of Fig. 10 as

step 120.

Referring now to Fig. 8, one completed transistor
formed using the present invention is shown. For example,
highly doped source and drain regions 76 are implanted into
the semiconductor substrate using the silicon nitride
sidewall spacers 64 as masks. These regions 76 are
therefore self-aligned to the sidewall spacers 64. A pre-
salicide clean is performed (which removes any residual

temporary silicon dioxide layer 72). A self-aligned

13



remaining temporary silicon dioxide layer 72 that is not removed during the etch is removed during the
subsequent pre-salicide cleaning step. The two-part etching step of the process 'ﬁ ?JE&S'}{M” in the
process flow of Fig. 10 as step 120. Referring now to Fig. 8, one completed transistor formed using the
present invention is shown. For example, highly doped source and drain regions 76 are implanted into

the semicondgictor sustratgyising the silicor: nitrde sidewalhspacsrs f4asnipasks Thwsedegions 76 are
therefore self-aligned to the sidewall spacers 64. A pre- salicide clean is performed (which removes any

residual temperaryisiicen dioxidei layer 72). A self-alignad 347 Jansar-20Q2 silisigedayer (salicide) 82
is formed overlying the source and drain junctions 76. An interlevel dielectric layer 80 is deposited
overlying the {fransistor gates 50ythelsilicon tiede sidewiallspacess 64, atd thersilicide layer 82. This
interlevel dielectric layer 80 is preferably comprised of: TEOS undoped oxide, boron phosphosilicate
glass (BPSG) itindepedssiicarndidxisiea and anceptionabietchesteppingide layer 82.

This interlevel dielectric layer 80 is preferably comprised

of: TEOS undoped oxide, boron phosphosilicate glass (BPSG),

undoped silicon dioxide, and an optional etch stopping

layer of either silicon nitride or silicon oxynitride.

Openings are etched through the interlevel dielectric layer

80 for contacts. A metal layer 84 is deposited overlying

the interlevel dielectric layer 80 and filling the contact

openings. The metal layer 84 is patterned to form

connective traces. A passivation layer is deposited

overlying the metal layer 84 and the interlevel dielectric

layer 80 to complete the integrated circuit device.

Referring now to Fig. 9, an alternative cross section
of a partially completed integrated circuit device of the
present invention is shown. This detail shows the positive
effect of the unique silicon nitride sidewall spacer L-
shape 74. Two polysilicon gates 50 with the silicon
nitride sidewall spacers 64 are formed in close proximity.
The interlevel dielectric layer 80 is deposited overlying

the two polysilicon gates 50, the silicon nitride sidewall

14



layer of either silicon nitride or silicon oxynitride. Openings are etched through the interlevel dielectric
layer 80 for contacts. A metal layer 84 is deposited overlying the interlevel dielec&icj:allﬁger 6)5and filling

i : . 2 :
the contact openings. The metal layer 84 is patterned to form connective traces. pasé}(vatlon layer is

deposited overlying the metal layer 84 and the interlevel dielectric layer 80 to complete the integrated

circuit device sRetesting now torkig+ 9.cansakarnative srass seetion refrapadially campleted integrated
circuit device of the present invention is shown. This detail shows the positive effect of the unique silicon

nitride sidewall-spagee - shape 74. bwotolysilicongates bowithetheisiicon nitdde sideyvallsspacers 64
are formed in close proximity. The interlevel dielectric layer 80 is deposited overlying the two polysilicon
gates 50, the siliconditride sidewall 2447 Janvas-200% spacers 640 and tiie semicendygtor substrate 40.

The L-shaped profile of the silicon nitride sidewall spacers 64 allows the interlevel dielectric layer 80 to
fill the gap 84 betweercthe gates HSOuwithdul creatinguanycveids.iHysany voids. This
allows the two polysilicon gates 50 to be placed closely

together and improves the density of the design.

Referring again to Fig. 9, the novel device formed by
the process of the present invention is illustrated. An
insulator layer 52, also described as the thin gate oxide
layer 52, overlies the semiconductor substrate 40.
Polysilicon traces 56, also described as the polysilicon
gate layer 56, overlies the insulator layer 52. A liner
oxide layer 60 overlies the polysilicon traces 56. Silicon
nitride spacers 64 adjoin sidewalls of the polysilicon
traces 56 and overlies the liner oxide layer 60. The
silicon nitride spacers 64 have an L-shape profile 74. An
interlevel dielectric layer 80 overlies the polysilicon
traces 56, the silicon nitride spacers 64, and the liner

oxide layer 60.

As shown in the preferred embodiments, the present
invention provides a very manufacturable process for

fabricating silicon nitride sidewall spacers in an

15



allows the two polysilicon gates 50 to be placed closely together and improves the density of the design.
Referring again to Fig. 9, the novel device formed by the process of the present iq\églg%ié)p [ Oblgustrated. An
insulator layer 52, also described as the thin gate oxide layer 52, overlies the semiconducitor substrate
40. Polysilicon traces 56, also described as the polysilicon gate layer 56, overlies the insulator layer 52. A

liner oxide layar6Q pyedigsthe polysiligen tases 56- Siligant nitdide spacsrs B4radiviasidewalls of the
polysilicon traces 56 and overlies the liner oxide layer 60. The silicon nitride spacers 64 have an L-shape

profile 74. Ans interdevel dielectde layes SP0verlkiestherpalysilicore trages &b thessiliconrniéride spacers
64, and the liner oxide layer 60. As shown in the preferred embodiments, the present invention provides
a very manufaetusahle progessdob fabrigatingsiliconenitiideisidewath spacersyn angdsol A dgnuary 2005
integrated circuit device. In addition, a novel L-shaped silicon nitride sidewall spacer profile is achieved.
The dielectric gap fill between adjacent polysilicon gates or

traces. It also improves the device to device process

control by eliminating the effect of etch microloading

during the sidewall spacer etch.

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
that various changes in form and details may be made
without departing from the spirit and scope of the

invention.

What is claimed is:
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present invention improves the device density by improving dielectric gap fill between adjacent
polysilicon gates or traces. It also improves the device to device process control l‘l)y ]%nggrln%—xé g the effect
of etch microloading during the sidewall spacer etch. While the invention has been partlc,yu arly shown
and described with reference to the preferred embodiments thereof, it will be understood by those skilled

in the art that various-ehangesdn fanm apd detailsimay bernade quithaui departing ey the spirit and
scope of the invention. What is claimed is: 16 17 January 2005 1. A method to fabricate silicon nitride

sidewall spacers inthenmansifacture-ofan wtegratesheirotitdeyica ¢ompiisingsproviding an insulating
layer overlying a semiconductor substrate; providing polysilicon traces overlying said insulating layer;
forming a linet exjtleilayegaverlying said polysilicon
providing an insulating layer overlying a
semiconductor substrate;
providing polysilicon traces overlying said insulating
layer;
forming a liner oxide layer overlying said polysilicon
traces and said insulating layer;
forming a silicon nitride layer overlying said liner
oxide layer;
depositing a silicon layer overlying said silicon
nitride layer;
oxidizing completely said silicon layer to form a
temporary silicon dioxide layer wherein the corners of said
temporary silicon dioxide layer are rounded due to volume
expansion during said oxidizing step;
anisotropically etching said temporary silicon dioxide
layer to expose horizontal surfaces of said silicon nitride
layer while leaving vertical surfaces of said
temporary silicon dioxide layer remaining; and
thereafter anisotropically etching said exposed
silicon nitride layer to form said silicon nitride sidewall

spacers in the manufacture of the integrated circuit
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traces and said insulating layer; forming a silicon nitride layer overlying said liner oxide layer; depositing
a silicon layer overlying said silicon nitride layer; oxidizing completely said siliconllg}/e{lgp opn a
temporary silicon dioxide layer wherein the corners of said temporary silicon diOX|deaInaerr are rounded
due to volume expansion during said oxidizing step; anisotropically etching said temporary silicon dioxide
layer to exposg fhigrzontal surfaces of said silicon nitride layer while leaving vertical surfaces of said
temporary silicon dioxide layer remaining; and thereafter anisotropically etching said exposed silicon
nitride layer to form said silicon nitride sidewall spacers in the manufacture of the integrated circuit 17 17
January 2005 device. 2. The method according to Claim 1 wherein said polysilicon traces comprise
transistor gates. Inkhemdethaed accosdingrio Glaint 1avhereingaiddiner exide polysilicon

traces comprise transistor gates.

3. The method according to Claim 1 wherein said liner oxide
layer is formed to a thickness of between about 50

Angstroms and 300 Angstroms.

4. The method according to Claim 1 wherein said silicon
nitride layer is formed by one of the group of: growing by
thermal process and depositing by chemical wvapor

deposition.

5. The method according to Claim 1 wherein said silicon
nitride layer is formed to a thickness of between about 100

Angstroms and 700 Angstroms.
6. The method according to Claim 1 wherein said silicon

layer is deposited to a thickness of between about 50

Angstroms and 400 Angstroms.
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layer is formed to a thickness of between about 50 Angstroms and 300 Angstroms. 4. The method
according to Claim 1 wherein said silicon nitride layer is formed by one of the groch)g‘dag{r%g g by
thermal process and depositing by chemical vapor deposition. 5. The method accorélng o Claim 1
wherein said silicon nitride layer is formed to a thickness of between about 100 Angstroms and 700

Angstroms. 67 Theraethedrasgording taClaimeb whesain saidssiieen dayeris depasitechto a thickness of
between about 50 Angstroms and 400 Angstroms. 18 17 January 2005 7. The method according to

Claim 1 whereisysaid siligpn ilayer eeraptases aae ¢f theogresp afopglysilicern,and namorphous silicon. 8.
The method according to Claim 1 wherein said step of oxidizing completely is by a low temperature
oxidation progess wthian exidatoemtemperature of between about 650 degrees C and 800 degrees C,
additive gases comprising chlorine containing gases, and ambient gases comprising one

8. The method according to Claim 1 wherein said step of

oxidizing completely is by a low temperature oxidation

process with an oxidation temperature of between about 650

degrees C and 800 degrees C, additive gases comprising

chlorine containing gases, and ambient gases comprising one

of the group of: O, with H; and O, with Ny,

9. The method according to Claim 1 wherein said silicon

nitride sidewall spacers have an L-shaped profile.

10. A method to fabricate transistors with silicon nitride
sidewall spacers in the manufacture of an integrated
circuit device comprising:

providing a semiconductor substrate;

providing polysilicon transistor gates overlying said
semiconductor substrate wherein said polysilicon transistor
gates comprise: a thin gate oxide layer overlying said
semiconductor substrate, a polysilicon gate electrode
overlying said thin gate oxide layer, and lightly doped

drains formed in said semiconductor substrate;
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of the group of : 02 with H2 and 02 with N2. 9. The method according to Claim 1 wherein said silicon

nitride sidewall spacers have an L-shaped profile. 10. A method to fabricate transiﬁtgrs Witl21 gyicon nitride
. . . L . .. anuary 20 .

sidewall spacers in the manufacture of an integrated circuit device comprising: prowcﬁng a sémiconductor

substrate; providing polysilicon transistor gates overlying said semiconductor substrate wherein said

polysilicon transistors gateseomprise;&-thiyk gate axide layeroverying said sepriagnauctaissubstrate, a
polysilicon gate electrode overlying said thin gate oxide layer, and lightly doped drains formed in said

semiconductey=substraig] 19:1 4 Jaruary 2005Jesningu linerspxdde layer overlying said polysilicon gates
and said semiconductor substrate; forming a silicon nitride layer overlying said liner oxide layer;
depositing a silicon layemaverlyng saidsiliconi pitride layey sheseinrsayd sijcen fayer camprises one of
the group of: polysilicon and amorphous silicon;
oxide layer;
depositing a silicon layer overlying said silicon
nitride layer wherein said silicon layer comprises one of
the group of: polysilicon and amorphous silicon;
oxidizing completely said silicon layer to form a
temporary silicon dioxide layer wherein the corners of said
temporary silicon dioxide layer are rounded due to volume
expansion during the oxidation step;
anisotropically etching said temporary silicon dioxide
layer to expose horizontal surfaces of said silicon nitride
layer while leaving vertical surfaces of said temporary
silicon dioxide layer remaining;
anisotropically etching said exposed silicon nitride
layer to form L-shaped silicon nitride sidewall spacers;
and
depositing an interlevel dielectric layer overlying
said polysilicon transistor gates and said silicon nitride

sidewall spacers to complete transistors in the manufacture

of said integrated circuit device.
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oxidizing completely said silicon layer to form a temporary silicon dioxide layer wherein the corners of
said temporary silicon dioxide layer are rounded due to volume expansion durinq_}?goxic&?gg)n step;
0

. . . . e . . . uar . -
anisotropically etching said temporary silicon dioxide layer to expose horizontal surface said silicon

nitride layer while leaving vertical surfaces of said temporary silicon dioxide layer remaining;

anisotropically etching saickexposed silicontitride tayer to fosmirshaped shican nitride sidewall spacers;
and depositing an interlevel dielectric layer overlying said polysilicon transistor gates and said silicon

nitride sidewalt spacersite.completetransistorssinithe maruHactyre 19f saikintegsaied circuit device. 20
17 January 2005 11. The method according to Claim 10 wherein said liner oxide layer is formed to a
thickness of betyeen @about b Angstroms anddd0 Angstroms. 12. The method according to Claim 10
wherein said silicon nitride layer is formed by one of the group of: growing by

12. The method according to Claim 10 wherein said silicon

nitride layer is formed by one of the group of: growing by

thermal process and depositing by chemical vapor

deposition.

13. The method according to Claim 10 wherein said silicon
nitride layer is formed to a thickness of between about 100

Angstroms and 700 Angstroms.

14. The method according to Claim 10 wherein said silicon
layer is deposited to a thickness of between about 50

Angstroms and 400 Angstroms.

15. The method according to Claim 10 wherein said step of
oxidizing completely is by a low temperature oxidation
process with an oxidation temperature of between about 650
degrees C and 800 degrees C, additive gases comprising
chlorine containing gases, and ambient gases comprising one

of the group of: O, with H, and O, with Ny,
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thermal process and depositing by chemical vapor deposition. 13. The method according to Claim 10
wherein said silicon nitride layer is formed to a thickness of between about 100 Al\ggasntrg%&nd 700
Angstroms. 14. The method according to Claim 10 wherein said silicon layer is deposﬁe(‘ﬁ 0 a thickness
of between about 50 Angstroms and 400 Angstroms. 15. The method according to Claim 10 wherein said
step of oxidiziag completelyis by-a-lovttemperature oxidation prasess with-anyoxidation temperature of
between about 650 degrees C and 800 degrees C, additive gases comprising chlorine containing gases,
and ambient gases-ceraprising onec ot the grovp:of ¢ Opwiths B2 and-B2mithd¥2.c21 17 January 2005 16.
The method according to Claim 10 wherein said interlevel dielectric layer comprises a combination
material fromnthe grau oft A0S dgpedoxisie; borws phospbesilicate ggss(BRSG), undoped silicon
dioxide, silicon nitride, and silicon oxynitride. 22

phosphosilicate glass (BPSG), undoped silicon dioxide,

silicon nitride, and silicon oxynitride.
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